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Benefits and Safety of Astaxanthin in
the Treatment of Mild-To-Moderate
Dry Eye Disease
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Objectives: To evaluate the effect of astaxanthin in the treatment of mild-to-moderate

dry eye disease (DED) in middle-aged and elderly patients.

Methods: 120 eyes of 60 middle-aged and elderly patients with mild-to-moderate DED

were enrolled in this prospective, one-group, quasi-experimental study. Six milligram

Astaxanthin tablets (Weihong Haematococcus Pluvialis Astaxanthin, Hangzhou Xinwei

Low Carbon Technology R&D Co., Ltd., China) were administered orally, twice daily for

30 ± 2 days. History of eye diseases, treatment, systemic disease, and medication

before the test were recorded. In addition, the ocular surface disease index (OSDI)

questionnaire, non-invasive tear break-up time (NIBUT), fluorescein break-up time

(FBUT), corneal fluorescein staining (CFS) score, eyelid margin signs, meibomian gland

(MG) expressibility, meibum quality, meibomian gland dropout (MGDR), Schirmer I test

(SIt), tear meniscus height (TMH), bulbar conjunctiva congestion degree, blink frequency,

incomplete blink rate, and thickness of tear film lipid layer were collected before

treatment, 2 weeks after the initiation of treatment, and at the end of treatment. Visual

acuity (VA), intraocular pressure (IOP), anterior segment, fundus, discomfort symptoms

and other adverse reactions were also monitored throughout the study to assess

the safety.

Results: OSDI score, NIBUT, BUT, CFS score, eyelid margin signs, MG expressibility,

meibum quality, and blink frequency improved significantly to varying degrees after

treatment compared with those before the treatment (P < 0.05), while TMH, SIt,

conjunctival congestion, the thickness of tear film lipid layer, MGDR, incomplete blink

rate, VA and IOP did not differ (P > 0.05).

Conclusions: Oral administration of astaxanthin improves the symptoms and signs of

middle-aged and elderly patients with mild-to-moderate DED.

Keywords: astaxanthin, dry eye disease, ocular surface, antioxidant, oxidative stress
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INTRODUCTION

According to the TFOS DEWS II published in 2017, dry
eye disease (DED) is a multifactorial disease of the ocular
surface characterized by the loss of homeostasis of the tear
film and ocular symptoms, in which tear film instability and
hyperosmolarity, ocular surface inflammation and damage, and
neurosensory abnormalities play etiological roles (1). DED can
cause a variety of ocular symptoms, such as dryness, burning,
and blurred vision. If not treated properly, it causes ocular surface
damage, leading to corneal complications and permanent vision
loss (2). With the improvement in people’s life and accelerated
population aging, the prevalence of DED increases gradually.
Currently, the global prevalence of DED ranges from 5 to 50%
(3), and it is about 21–58% in China (4, 5). As a common ocular
disease, DED affects patients’ health and quality of life, and has
even been associated with increased prevalence of depression (6).

DED is a disease caused by many factors such as environment,

diet, trauma, drugs, local inflammation, living habits, and

changes in body hormone levels (7). Among them meibomian
gland dysfunction (MGD) is one of the most common causes
of DED, resulting in lipid abnormalities of tear and evaporative
DED (3). In middle-aged and older people (>40-years-old), the
prevalence of MGD can reach 38–68% (3). This is probably
due to the increase in oxidative stress with advanced age may
lead to the loss of function of ocular surface glands, such as
lacrimal glands and meibomian glands, resulting in reduced tear
secretion and MGD (8, 9). Decreased tear secretion can lead
to aqueous-deficient DED and MGD can lead to evaporative
DED (1). The reduced secretion and increased evaporation cause
hyperosmosis of tears, which increases the generation of reactive
oxygen species (ROS) in corneal epithelial cells, disrupts the
balance of oxygenase and antioxidants, and eventually induces
oxidative stress (10). ROS cause membrane lipid peroxidation
and mitochondrial DNA damage (11). These phenomena lead
to mitochondrial dysfunction and increase cell damage in
conjunctival epithelial tissue, lacrimal glands, meibomian gland,
and other tissues secreting tears, thereby aggravating DED (12).
Furthermore, oxidative stress can activate multiple inflammatory
pathways and lead to ocular surface inflammation (10, 13). The
concentration of inflammatory cytokines in tears of patients with
DED is higher than that in healthy individuals and positively
correlated with the severity of symptoms and signs of DED
(14, 15). Oxidative stress and ocular surface inflammation
complement each other in the pathogenesis of DED, suggesting
that the oxidative stress pathway may be a new target for
DED treatment. Presently, the mechanism of oxidative stress
and related therapies of DED has gained increasing attention.
Previous studies have shown that the human meibomian gland
and conjunctival tissue contain a natural antioxidant system that
resists the oxidation of secreted lipids and proteins (16). The
imbalance of the local antioxidant system alters the lipid and
mucin layers of the tear film, resulting in excessive evaporation
and instability of the tear film and eventually DED (13).
Some clinical studies have shown that the oral administration
of compound preparations containing antioxidants, such as
anthocyanin, astaxanthin, and vitamins A, C, and E, can reduce

the concentration of ROS in tears, thereby increasing the
production of tears and improving the stability of tear film
(17, 18).

Astaxanthin is a naturally occurring carotenoid and the
highest grade product of carotenoid synthesis that is recognized
as one of the strongest antioxidants in nature (19). A series of in
vitro and in vivo cell and animal experiments have demonstrated
that astaxanthin increases local antioxidants, inactivates and
scavenges oxygen free radicals, and inhibits the rise in age-related
oxidative stress markers, such as p53, p21, and p16 (20, 21).
Moreover, it downregulates the inflammatory factors, such as
interleukin (IL)-1β, IL-6, and tumor necrosis factor-alpha (TNF-
α) (22–24), and its antioxidant and anti-inflammatory effects
are dose-dependent (25). These findings suggest that astaxanthin
can reduce oxidative stress damage and inhibit the inflammatory
response. In an in vitro study, astaxanthin was shown to inhibit
the increase in the age-related oxidative stress markers in corneal
epithelial cells (20) and the ocular surface inflammation by
downregulating the expression of high mobility group box 1
protein (HMGB1) and inflammatory cytokines (TNF-α and IL-
1β) (26), which has a potential therapeutic effect on DED.
However, its clinical effect on DED is yet to be investigated. The
present study aims to investigate the efficacy of astaxanthin in
the treatment of mild-to-moderate DED through a single-group
pretest-posttest study.

MATERIALS AND METHODS

Study Design, Patients, and Ethics
Approval
A prospective, single-center, one-group, pretest-posttest quasi-
experimental study was conducted in 60 middle-aged and
elderly patients with mild-to-moderate DED admitted to
the Ophthalmology Department of Beijing Tongren Hospital,
Capital Medical University from March 2021 to May 2021. A
total of 120 eyes were assessed, including 18 eyes of 9 males
and 102 eyes of 51 females with an average age of 60 (range:
51 to 72 years). The diagnosis of DED was based on the
Diagnostic Methodology Report published by the Tear Film and
Ocular Surface Society (TFOS) Dry Eye Workshop (DEWS)
in 2017 (2). This study was reviewed and approved by the
Ethics Committee of Beijing Tongren hospital and registered in
the Chinese Clinical Trial Registry (Clinical Trial Registration
No. ChiCTR2100044243). The patients and their families were
informed of the examination content, treatment items, and
matters needing attention before treatment, and all patients
signed the informed consent.

Inclusion Criteria
The patients in this study conformed to all the following
inclusion criteria: (1) voluntarily participated in the clinical study
and signed the informed consent; (2) no gender limitation, aged
50–80 years; (3) presence of clinical signs and symptoms of DED,
and the clinical examination conformed to the diagnostic criteria
for mild-to-moderate DED; (4) no staining or spotty staining of
corneal fluorescein ≤ 30 points or no more than two quadrants;
(5) tear film break-up time ≥ 2 s; (6) Schirmer I test (SIt) > 0
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mm/5min; (7) tear meniscus height (TMH) > 0mm; (8) had
not participated in clinical trials of other drugs within the past
2 weeks; and (9) had not taken any other medication for DED, or
had stopped taking any other medication for > 2 weeks.

Exclusion Criteria
Patients with a diagnosis not consistent with DED or any of the
following conditions were excluded: (1) allergic to any ingredient
in the test drug; (2) the patients were presumed to be at the active
stage of fungal, bacterial, or viral keratitis and conjunctivitis;
(3) the total corneal staining points were >30 points or more
than two quadrants, with patchy staining fusion or filamentous
material; (4) tear film break-up time < 2 s; (5) Schirmer I test
(SIt) = 0 mm/5min; (6) tear meniscus height (TMH) = 0mm;
(7) severe MGD patients (grade 4); (8) prolonged systemic or
ocular medication may affect the study evaluation of patients; (9)
Sjögren’s syndrome, systemic diseases, and other ocular diseases
that affect the evaluation of efficacy; and (10) any other condition
that affecting the ocular surface and was not appropriate for
inclusion in the study such as eye surgery, abnormal eyelid
structure and so on.

Treatment and Follow-Up
A total of 120 eyes of 60 middle-aged and elderly patients with
mild-to-moderate DED who met the standards of enrollment
were enrolled. The patients’ history of eye diseases, treatment,
systemic diseases, medication, subjective symptoms and
objective signs before the test were recorded. Six milligram
Astaxanthin tablets (6mg astaxanthin/tablet, Weihong
Haematococcus Pluvialis Astaxanthin, Hangzhou Xinwei Low
Carbon Technology R&D Co., Ltd., China) were administered
orally, twice daily for 30± 2 days. Then, the subjective symptoms
and objective signs 2 weeks after the initiation and at the end
of the treatment were recorded. All the objective checks
were performed by the same experienced operator using the
same equipment.

Evaluation of Symptoms and Signs
Ocular Surface Disease Index (OSDI) Questionnaire
The OSDI questionnaire was used to evaluate the subjective
ocular symptoms of patients in the past week (2). The
questionnaire consisted of 12 questions, with a total score of
0–100, and assessed the severity of subjective symptoms of
DED from three aspects: ocular symptoms, visual function, and
environmental triggers. The higher the score, the more severe the
dry eye symptoms.

Eyelid Margin Signs
The eyelid margin was observed and scored under the slit lamp
based on the severity of signs. DED can cause inflammation of
the eyelid margins (27) and the increase of inflammatory factor
concentration in eyelid margin can lead to blood vessel dilation,
new capillary formation, proliferation and keratosis of epithelial
cells (28). This results in redness, thickening and blunt round
eyelid margins. Moreover, meibum will also easily coagulate
and be mixed with keratinized duct epithelial cells, blocking
meibomian gland orifices (29). Eyelid margin signs were closely

related to meibomian gland dropout (30), leading to MGD and
eventually DED. The composite eyelid score was used to evaluate
the eyelid margin signs (31), including blunt rounding shape
of the eyelid margin, thickened lid margin, hyperkeratinization
of the lid margin, congestion of the anterior lid margin, and
vascularity and telangiectasia around meibomian gland orifices.
Each clinical symptom was allocated a score of 1 point, on a
scale of 0–5 points. The higher the score, the more severe the
inflammation of eyelids and the more severe the MGD.

Meibomian Gland (MG) Expressibility
The central five glands of the lower eyelids were pressed with
Meibomian Gland Evaluator (MGE; Tear Science, Inc., Milpitas,
USA), and the amount of meibum extruded was observed to
judge its expressibility (32).Meibum expressibility was thought to
reflect meibomian gland function (2). The scoring criteria were as
follows: 0, all glands expressible; 1, 3–4 glands expressible; 2, 1–2
glands expressible; 3, no glands expressible. The higher the score,
the worse the MG expressibility.

Meibum Quality
Meibumwas extracted from the central fivemeibomian glands by
gently pressing 1–2mm below the eyelid margin. The properties
of meibum were observed and scored according to a previously
proposed method (33). Meibum quality was also used to assess
meibomian gland function (2). The scoring criteria were as
follows: 0, clear fluid; 1, cloudy fluid; 2, cloudy particulate fluid; 3,
inspissated, toothpaste-like discharge. The total score is between
0 and 15. The higher the score, the worse the quality of meibum.

Meibomian Gland Dropout (MGDR)
The meibomian gland was photographed by the Meibo-Scan
of Oculus Keratograph 5M (K5M, Oculus Optikgerate GmbH,
Germany). In infrared light, the meibomian gland showed white
lines, while the other parts showed dark gray background.
Blockage of the meibomian gland orifices leads to increased
pressure in the meibomian gland, degenerative dilation, and
eventual loss (30). The loss of the glands was divided into four
grades (34): grade 0, no loss of meibomian glands; grade 1, loss
of meibomian glands below 1/3rd of the total area; grade 2, loss
of meibomian glands accounting for 1/3rd−2/3rd of the total
area; and grade 3, loss of meibomian glands accounting for 2/3rd
or more of the total area. The higher the score, the greater the
meibomian gland loss area.

Tear Meniscus Height (TMH)
The white light tool of Oculus Keratograph 5M was used to
measure the TMH image of the patient. TMH was formed
by the tear gathered at the upper and lower eyelid margin,
representing the amount of tear secretion and lacrimal gland
function (35). The central TMH data of the lower eyelid was
acquired by the measuring tool in the system and recorded
in millimeters (mm). The higher the TMH value, the more
tear secretion.

Schirmer I Test (SIt)
After the tears gathered at the lower eyelid margin were wiped, a
35mm × 5mm filter paper strip was placed in the conjunctival
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sac under the patient’s eyes without topical anesthesia. SIt
was mainly used to measure the basal and reflex secretions
amount of the main and accessory lacrimal glands (36). The
wetted length of the filter paper strip was observed after
5min, and the tear secretion of the left and right eyes was
recorded in mm. The longer the wetted paper, the more the
tear secretion.

Corneal Fluorescein Staining (CFS)
One to two percentage fluorescein sodium dye was dropped
into the conjunctival sac of the patient’s lower eyelid. After
1min, the cornea was observed under the cobalt blue light
of a slit lamp microscope. The corneal epithelial defect site
showed yellowish-green staining, and the fluorescein break-
up time (FBUT) was recorded in second (s) for the unit.
The corneal fluorescence staining was scored according to
the American NEI scale (37). The cornea was divided into
five regions and graded based on dye distribution. The CFS
score was between 0 and 15, ranging from 0 to 3 in each
region as follows: 0, no staining; 1, 1–30 punctate staining;
2, punctate staining >30; and 3, diffuse staining, filaments,
and ulcer. The higher the score, the more severe the corneal
epithelial defect. The longer the FBUT time, the more stable the
tear film.

Noninvasive Tear Break-Up Time (NIBUT)
NIBUT was recorded using Oculus Keratograph 5M.
After blinking twice, the patients were instructed to
keep their eyes open. The system automatically recorded
NIBUT and showed broken parts according to the
inspection procedures for the formula to calculate the
average NIBUT, with second (s) as the measuring unit
(38). The longer the NIBUT time, the more stable the
tear film.

Degree of Conjunctival Congestion
The conjunctival images of the patients were taken by
the white light tool of Oculus Keratograph 5M, and the
conjunctival congestion was evaluated and recorded by the
image analysis technique. Inflammation is an important factor
in the occurrence and development of DED, and conjunctival
congestion is one of the most significant signs of ocular
surface inflammation. The higher the grade, the more serious
the congestion.

Lipid Layer Thickness (LLT) and Blink Analysis
The LipiView was used to measure LLT, blink frequency
and incomplete blink proportion of eyes in 20 s. LLT reflects
the ability of meibomian gland to secrete lipids (39). Blink
abnormality is closely related to the occurrence and development
of DED (40). The color unit of the interference image was
converted to the thickness of the lipid layer of the tear film on
the eye surface, the number of blinks in 20 s, and the proportion
of incomplete blinks.

Safety Assessment
Visual acuity (VA) was measured using a standard logarithmic
eye chart and intraocular pressure (IOP) was measured using a

TABLE 1 | Changes in OSDI score before and after treatment.

Time Number OSDI score

Before 60 52 ± 19

14 days later 60 42 ± 15a

30 days later 60 30 ± 16ab

P-value <0.001

aP < 0.05 vs. before treatment; bP < 0.05 vs. 14 days after treatment.

Data are mean and standard deviation (SD).

OSDI, ocular surface disease index.

non-contact tonometer. Both eyes in all patients were monitored
and recorded at the first and last follow-up. At the same time,
the patients’ anterior segment, fundus, discomfort symptoms and
other adverse reactions were questioned and recorded.

Statistical Analysis
SPSS 20.0 software was used for statistical analysis. In this
study, the total OSDI score, NIBUT, FBUT, TMH, SIT, degree
of conjunctival congestion, and LLT conformed to a normal
distribution by W test, and the data are represented by mean ±

standard deviation (X ± s). Before treatment, at 2 weeks after the
initiation of treatment, and the end of treatment, no correlation
was established between the OSDI score and the left and right eye
data. One-way repeated-measures analysis of variance (ANOVA)
was used for overall comparison, and Least Significant Difference
(LSD)-t-test was used for pairwise comparison at different time.
NIBUT, FBUT, TMH, SIt, degree of conjunctival congestion, LLT,
and other data involving the correlation between the left and right
eyes were collected bilaterally, and thus, a mixed-effect model
was used for analysis. The corneal fluorescence staining score,
eyelid margin changes, meibomian gland expressibility, meibum
quality, meibomian gland dropout, blink frequency, incomplete
blink proportion, VA and IOP did not conform to a normal
distribution by W test and are represented by median (the first
quartile value, the third quartile value) as M (Q1, Q3). Before
treatment, 2 weeks after the initiation of treatment, and at the
end of the treatment, the corneal fluorescence staining score,
eyelid margin changes, meibomian gland expressibility, meibum
quality, meibomian gland dropout, blink frequency, incomplete
blink proportion, VA and IOP data were collected bilaterally,
which were analyzed by mixed-effects model. P < 0.05 indicated
statistical significance.

RESULTS

Changes in OSDI Score, NIBUT, FBUT,
TMH, SIt, LLT, and Severity of Conjunctival
Congestion Before and After Treatment
The overall OSDI scores before and after treatment showed
a statistically significant difference (Table 1). Moreover, a
statistically significant difference was detected in the overall
NIBUT, FBUT of patients before and after treatment (Table 2).
Before and after treatment, no statistically significant difference
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TABLE 2 | Changes in NIBUT, FBUT, TMH, SIt, LLT, and conjunctival congestion degree before and after treatment.

Time Number NIBUT (s) FBUT (s) TMH (mm) SIt (mm) Conjunctival congestion degree LLT (nm)

Before 120 7.18 ± 3.28 3.94 ± 1.58 0.23 ± 0.11 7.74 ± 6.33 1.34 ± 0.44 71.90 ± 23.77

14 days later 120 8.31 ± 3.91a 4.53 ± 2.29a 0.23 ± 0.09 7.70 ± 6.42 1.42 ± 0.45 74.55 ± 25.27

30 days later 120 8.34 ± 3.44a 4.69 ± 2.12a 0.23 ± 0.07 6.98 ± 6.61 1.39 ± 0.46 75.00 ± 24.03

P-value 0.016 0.011 0.880 0.458 0.397 0.567

aP < 0.05 vs. before treatment.

Data are mean and standard deviation (SD).

NIBUT, noninvasive tear break-up time; FBUT, fluorescein break-up time; TMH, tear meniscus height; SIt, Schirmer I test; LLT, lipid layer thickness.

TABLE 3 | Changes in CFS score, eyelid margin changes, MG expressibility, meibum quality, MGDR, blink frequency, and incomplete blink proportion before and after

treatment.

Time Number CFS score Eyelid margin

signs

MG expressibility Meibum quality MGDR (upper

eyelid)

MGDR (lower

eyelid)

Blink

frequency

(per minute)

Incomplete

blink

proportion

Before 120 1 (0, 1) 1 (1, 1) 1 (1, 2) 1 (1, 1) 1 (1, 2) 1 (1, 2) 27 (12, 33) 0.75 (0.22, 1.00)

14d later 120 1 (0, 1) 1 (1, 1) 1 (1, 2) 1 (0, 1)a 1 (1, 2) 1 (1, 2) 18 (12, 27)a 0.88 (0.50, 1.00)

30 d later 120 0 (0, 2)ab 1 (0, 1)ab 1 (1, 1)ab 1 (0, 1)a 1 (1, 2) 1 (1, 1) 18 (9, 27)a 0.88 (0.50, 1.00)

P-value <0.001 <0.001 <0.001 <0.001 0.183 0.407 0.020 0.086

aP < 0.05 vs. before treatment; bP < 0.05 vs. 14 days after treatment.

Data are median, the first quartile and the third quartile.

CFS, corneal fluorescein staining; MG, meibomian gland; MGDR, meibomian gland dropout.

TABLE 4 | Changes in VA and IOP before and after treatment.

Time Number VA IOP (mmHg)

Before 120 0.3 (0.6, 0.8) 12.5 (10.8, 14.9)

30 days later 120 0.3 (0.7, 0.9) 13.0 (11.8, 14.8)

P-value 0.812 0.387

Data are median, the first quartile and the third quartile.

VA, visual acuity; IOP, intraocular pressure.

was observed in the TMH, SIt, conjunctival congestion degree,
and LLT of the tear film (all P > 0.05) (Table 2).

Changes in CFS Score, Eyelid Margin
Changes, MG Expressibility, Meibum
Quality, MGDR, Blink Frequency, and
Incomplete Blink Proportion Before and
After Treatment
The overall comparison of CFS score, eyelid margin signs,
MG expressibility, meibum quality, blink frequency before
and after treatment showed a statistically significant difference
(Table 3). The mean blink frequency was 24.9, 21.3, and 20.4 per
minute before, 14 and 30 days after the initiation of treatment,
respectively. Before and after treatment, no statistical significance
was detected in the MGDR and incomplete blink proportion (all
P > 0.05) (Table 3).

Changes in VA, IOP, and Other Safety
Assessment Before and After Treatment
There were no significant changes in visual acuity and intraocular
pressure before and after treatment (all P > 0.05) (Table 4).
The anterior segment and fundus in all patients also had no
significant changes. None of the patients complained of other
adverse reactions.

DISCUSSION

With the deepening of the understanding of the etiology and
pathogenesis of DED, the promotion of inflammation and
oxidative stress on the occurrence and development of DED and
their interaction has been under intensive focus (13, 41, 42).
Currently, anti-inflammatory drugs, including glucocorticoid,
cyclosporine A, and tacrolimus, have been marketed for the
treatment of DED (43). Only a few clinical studies have
addressed the application of antioxidants in DED. A study
found that oxidative stress promotes the production of reactive
oxygen molecules, induces ocular surface epithelial damage,
and promotes the occurrence and development of DED (44).
Therefore, it is crucial to explore the effects of oxidative stress
and antioxidant therapy on DED to elucidate the pathogenesis
of DED and explore novel therapeutic targets. Astaxanthin has
good antioxidant properties and can be industrially produced.
Presently, the main industrial production method of astaxanthin
is through the culture of Rhodococcus (45). Some studies have
shown that the accumulation of astaxanthin in the ocular tissues
of rats fed with astaxanthin-rich Rhodococcus can reach the
maximum level within 6 h (46), indicating good bioavailability
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and the potential of achieving an effective blood concentration
and playing a role in resisting oxidative stress in the eye.
Therefore, astaxanthin from Rhodiococcuswas selected to explore
its therapeutic effect on mild to moderate middle-aged and
elderly patients with DED.

This prospective, single-center, one-group pretest-posttest
quasi-experimental study was conducted to observe the
improvement in subjective symptoms and objective signs of
mild-to-moderate DED in middle-aged and elderly patients with
different etiologies after a daily supplement of 12mg astaxanthin
for 14 and 30 days. The results showed that OSDI score, CFS
score, NIBUT, FBUT, meibum quality, and blink frequency
were significantly improved on day 14 after daily astaxanthin
supplementation compared with that before treatment. Both
OSDI score and CFS score showed a tendency to improve with
the duration of treatment. NIBUT, FBUT, and blink frequency
were significantly improved 14 days after the initiation of
the treatment. Although MG expressibility and eyelid margin
signs were not significantly improved on day 14, they were
significantly improved on day 30 compared with that before
administration. Also, no significant differences were detected in
the MGDR, TMH, SIt, LLT, conjunctival congestion degree, and
incomplete blink.

OSDI is the score representing patients’ subjective symptoms
related to the severity of DED signs. In the current study,
the patients’ OSDI scores continued to decline, which might
be attributable to astaxanthin blocking oxidative stress injury
by increasing the level of antioxidant substances in the eye
and inactivating and scavenging oxygen free radicals while
downregulating inflammatory factors, such as interleukin (IL)-
1β, IL-6, and tumor necrosis factor (TNF-α) (26). Therefore,
astaxanthin may alleviate local inflammatory response, reduce
the severity of DED signs and relieve the symptoms.

Corneal fluorescence staining score reflects the degree of the
corneal epithelial defect and is an objective index to measure
the severity of DED. The results of this study showed that after
oral astaxanthin tablets, the CFS score of patients showed a
downward trend compared with that before the treatment, and
the corneal epithelial defect was improved continuously, which
was greater at 30 days than at 14 days after oral administration.
Some animal experiments have shown that astaxanthin improved
the corneal fluorescence staining and reduced the expression
of age-related markers in the dry eyes of rats (47). Thus, this
phenomenon may be related to the fact that astaxanthin is
an effective antioxidant, reduces local oxidative damage and
inflammatory response, and provides a local microenvironment
for the repair of corneal epithelial cells. It usually takes a while
before the local microenvironment becomes suitable for corneal
epithelial proliferation and hence, the speed of corneal epithelial
repair is slow in the initial 14 days. Well-controlled inflammation
and a local microenvironment suitable for cell proliferation could
explain the marked improvement of corneal epithelial defect at
day 30.

NIBUT and FBUT mainly reflect the stability of the tear
film. The tear film stability is related to several factors, such
as the changes in tear composition, tear secretion, and mucin
secretion (7). In the current study, NIBUT and FBUT showed

an overall upward trend, and the increase was obvious in the
first 14 days, which might be related to the improvement in
the secretion properties of the ocular glands. Since the control
of inflammation in the first 14 days improved the structure
and composition and greatly increased the stability of the
tear film, the NIBUT and FBUT were prolonged. The level
of oxidative stress in conjunctival goblet cells in middle-aged
and elderly individuals with DED is high (48). The antioxidant
and anti-inflammatory effects of astaxanthin may improve the
inflammatory response of conjunctival goblet cells, thereby
promoting mucin secretion, playing the role of mucin anchor,
and increasing tear film stability.

The eyelid margin signs, MG expressibility, meibum
quality, and MGDR could reflect the degree of eyelid margin
inflammation and the function of the meibomian gland.
Compared with before treatment, all three parameters were
improved continuously, and the improvement in meibum
quality was significant at 14 days after the initiation of treatment,
while the changes in eyelid margin signs and the enhanced MG
expressibility were more obvious at 30 days. The meibomian
gland of DED patients is in a state of high oxidative stress (16, 41).
Astaxanthin could improve the surrounding environment of
meibomian gland cells, reduce oxidative stress and inflammation,
which would help improve the amount and quality of meibum
secretion. However, the increase of MG expressibility was a
slow process, and hence, its improvement lagged slightly behind
that of meibum quality. Astaxanthin improved the oxidative
stress and inflammation of the eyelids, which helped reduce
inflammation edema, inhibit angiogenesis, vasodilatation and
keratosis. Therefore, the eyelid margin signs score decreased.
However, the improvement of eyelid margin was not obvious
in the first 14 days, which was believed to be the reason that
keratosis of the eyelid margin and congested vessels needed a
period of time to be absorbed. No significant difference was
detected in MGDR before and after treatment, which was related
to the irreversibility.

LLT is affected by the amount and quality of meibum secreted
by the meibomian glands (49). The lipid layer of the tear film
is composed of meibum secreted by the meibomian glands.
The decrease in meibum secretion can directly lead to the
decrease of LLT (50). Reduced meibum quality can increase tear
film instability, resulting in uneven distribution of tear film on
the ocular surface, and thereby affecting the LLT value. LLT
increased after the treatment, albeit not significantly. Moreover,
this phenomenon could also be accounted for a low baseline
level of tear film lipid layer thickness in patients with mild-to-
moderate DED. The improvement in the secretion capacity of
the meibomian gland was not obvious in the first 14 days, and
it would result in less increase in the thickness of the lipid layer
of the tear film.

Change in the blink characteristics is a major contributing
factor to DED, mainly including blink frequency and incomplete
blink proportion. These two characteristics are affected by many
factors, such as mental state, attention, physical activity, eye
contact, and environment (40). Under normal circumstances, the
average number of blinks perminute is 15–20 (7), i.e., the number
of blinks per 20 s is about 5–7. In the current study, the number
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of blinks in 20 s was measured. According to the results, the blink
frequency decreased gradually. Pretreatment blink frequency was
higher than the normal value, which might be related to ocular
surface symptoms and signs of patients with DED. Patients
with poor tear film stability, shortened BUT, and severe DED
symptoms, could only rely on increased blink frequency to
achieve an optimal visual effect. However, after treatment, the
blink frequency decreased gradually, albeit in some individuals, it
was still higher than normal levels. Combined with the BUT, the
time also increased but was still shorter than normal, which could
be attributed to the blink frequency limited by the short BUT.
In addition, the patients’ OSDI score decreased but was higher
than normal, indicating that the patients’ symptoms had not
disappeared completely, and long-term efficacy of astaxanthin is
yet to be observed. Incomplete blinks are usually associated with
long-term use of video terminals or other factors that impede
eyelid closure (51, 52). Incomplete blink proportion had no
significant change before and after treatment. This indicated that
astaxanthin could not affect the method of blinking.

Conjunctival congestion degree is a major indicator of ocular
surface inflammation. In this study, the degree of conjunctival
congestion in patients was not significantly improved compared
with that before the treatment, which might be due to the fact
that the local anti-inflammatory effect of astaxanthin takes a long
time to effectuate, the degree of ocular surface inflammation in
patients with mild-to-moderate DED was mild or the short test
time and small sample size.

The TMH and SIt reflected the lacrimal gland secretion
capacity. In this study, TMH and SIt of patients before and after
treatment did not improve significantly, which is similar to the
results of previous animal experiments (47). This phenomenon
could be attributed to the lack of a promoting effect on lacrimal
gland secretion or failure to achieve an effective concentration of
astaxanthin in the local lacrimal gland, thereby resulting in an
inadequate improvement of lacrimal eye inflammation. It may
also be related to the short test time and small sample size.

There were no significant changes in visual acuity, intraocular
pressure, anterior segment and fundus before and after
treatment. During the experiment, the subjects showed
adaptability and no adverse reactions or complications. Given
astaxanthin is administered orally, there is no ocular irritation.
These results indicated that astaxanthin tablets could exert
antioxidant, anti-inflammatory, ocular surface repair functions
without causing discomfort. Additionally, the patients showed
high medication compliance. Therefore, oral astaxanthin could
be considered a safe method for the treatment of DED.

Nevertheless, the present study has some shortcomings. First,
this study was a single-group design and had no control group.
Although the changes in patients’ conditions before and after
astaxanthin intervention could be obtained, the placebo effect
was ignored. Second, the observation time of this study was only
about 1 month, and hence, it is impossible to predict the long-
term efficacy of astaxanthin on DED. Third, the tear composition
of the patients was not tested and systemic and local oxidative
stress was not measured, rendering it impossible to observe
whether astaxanthin reduces the oxidation in the tear. However,
a range of measures were taken to improve the credibility of our

study. The authors ensured that all patients were examined by
the same experienced ophthalmologist, explained the questions
before completing the OSDI questionnaire and allowed adequate
time to answer it. Herein, the authors would propose a follow-up
study to set up a reasonable control group, prolonged observation
time for the observation of long-term curative effect and adverse
reactions, in which case the sample size would be increased
and the tear composition detection would be added, so that the
efficacy of the astaxanthin in patients of different gender and age
groups could be observed.

CONCLUSIONS

In conclusion, as a comfortable option with fewer adverse
reactions, oral administration of astaxanthin could serve as
an effective treatment of DED by improving the tear film
stability, the repair of corneal and conjunctival epithelial
cells and the secretion function of the meibomian gland,
improving subjective symptoms of DED. However, its effect
on promoting lacrimal gland secretion was observed to
be limited. The single-group design and lack of molecular
biological detection constitute limitations of the current study,
thus further studies with more robust methodology, such
as randomized controlled trials and tests for inflammatory
factors and oxidative stress are needed. Astaxanthin is of the
potential to be a new choice for the treatment of mild to
moderate DED.
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Objectives: Higher levels of vegetable consumption have been associated with a lower

risk of cardiovascular disease (CVD), but the independent effect of raw and cooked

vegetable consumption remains unclear.

Methods: From the UK Biobank cohort, 399,586 participants without prior CVD were

included in the analysis. Raw and cooked vegetable intakes were measured with a

validated dietary questionnaire at baseline. Multivariable Cox regression was used to

estimate the associations between vegetable intake and CVD incidence and mortality,

adjusted for socioeconomic status, health status, and lifestyle factors. The potential effect

of residual confounding was assessed by calculating the percentage reduction in the

likelihood ratio (LR) statistics after adjustment for the confounders.

Results: The mean age was 56 years and 55% were women. Mean intakes of raw

and cooked vegetables were 2.3 and 2.8 tablespoons/day, respectively. During 12

years of follow-up, 18,052 major CVD events and 4,406 CVD deaths occurred. Raw

vegetable intake was inversely associated with both CVD incidence (adjusted hazard

ratio (HR) [95% CI] for the highest vs. lowest intake: 0.89 [0.83–0.95]) and CVD mortality

(0.85 [0.74–0.97]), while cooked vegetable intake was not (1.00 [0.91–1.09] and 0.96

[0.80–1.13], respectively). Adjustment for potential confounders reduced the LR statistics

for the associations of raw vegetables with CVD incidence and mortality by 82 and

87%, respectively.

Conclusions: Higher intakes of raw, but not cooked, vegetables were associated

with lower CVD risk. Residual confounding is likely to account for much, if not

all, of the observed associations. This study suggests the need to reappraise the

evidence on the burden of CVD disease attributable to low vegetable intake in the

high-income populations.

Keywords: vegetable intake, raw vegetable, cooked vegetable, cardiovascular diseases, UK biobank,

cardiovascular mortality
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INTRODUCTION

There exists a large body of research evidence to suggest that
a high vegetable intake may protect against a wide range of
health outcomes, including cardiovascular disease (CVD) (1, 2).
Although dietary guidelines have consistently recommended a
high consumption of vegetables to the general population (3, 4)
as a source of beneficial macronutrients andmicronutrients, such
as dietary fiber, vitamins, and phytochemicals (5), it is estimated
that inadequate vegetable consumption accounts for about 1.5
million premature deaths from CVD alone each year (6).

However, little is known about the independent effects of
cooked vegetables and raw vegetables on health outcomes.
Previous epidemiological studies have demonstrated inconsistent
findings. The EPIC study (7) of 450,000 participants recruited
across Europe found that both cooked and raw vegetable intake
was associated with lower CVDmortality and all-cause mortality.
The PURE study (8) of 135,000 participants reported an inverse
association with all-cause mortality for raw vegetable intake,
but not for cooked vegetable intake, and neither cooked nor
raw vegetable intake was associated with CVD incidence. An
Australian cohort study (9) of 150,000 participants reported that
only cooked vegetable intake was associated with lower overall
mortality, but did not investigate cardiovascular outcomes. The
reason for the discrepancies in these findings is unclear, but
may reflect variation in the dietary patterns between populations
and also methodological differences, such as dietary assessment
methods and insufficient adjustment for potential confounders.

The UK Biobank is a cohort of half-million participants with
over a decade of follow-up (10). A wide range of participant
characteristics were measured at baseline using standardized
methods, minimizing measurement error and allowing for
adjustment for a broad set of potential confounders. During
follow-up, a large number of incident CVD and CVD deaths
have been recorded, allowing for well-powered epidemiological
investigations on cardiovascular outcomes (11). The objective
of this study was to examine the effect of vegetable intake, and
specifically the independent effects of raw and cooked vegetable
intake, on CVD incidence and mortality in UK Biobank.

METHODS

Study Design and Participants
The UK Biobank is a population-based prospective cohort
study (10). Between 2006 and 2010, half-million participants
aged 40–69 years were recruited across England, Wales, and
Scotland. Participants attended assessment centers, during which
time they completed a touchscreen questionnaire that collected
information on sociodemographic characteristics, lifestyle, health
status, medication use, reproductive history, and environmental
factors. In addition, anthropometric and other physical measures
were taken using standardized procedures, and blood, urine, and
saliva samples were collected.

The health of the participants was followed-up via linkage
to hospitalization databases (the National Health Service
[NHS] Hospital Episode Statistics for participants in England;
the Scottish Morbidity Record for participants in Scotland;
and the Patient Episode Database for participants in Wales)

and national death registries (NHS Information Center for
participants in England and Wales; and NHS Central Registry
for participants in Scotland). UK Biobank was approved by
the North West Multicenter Research Ethics Committee, the
National Information Governance Board for Health and Social
Care in England and Wales, and the Community Health Index
Advisory Group in Scotland. All the participants provided the
informed consent.

This study excluded participants that withdrew their consents
during follow-up, had missing data on vegetable intake, had
prior CVDs, had conditions likely to change dietary patterns
(e.g., pregnancy and cancer). Furthermore, 5,885 participants had
missing data on other key covariates (body mass index [BMI],
meat consumption, and Townsend deprivation index), and were
excluded. In total, 399,586 participants were included in the
analysis (Figure 1).

Measurement of Exposures and Outcomes
Information was collected at baseline on the total daily intake of
raw vegetables and cooked vegetables. Participants were asked
in the dietary questionnaire “On average how many heaped
tablespoons of salad or raw vegetables would you eat per day?
(including lettuce, tomato in sandwiches)” and “On average how

many heaped tablespoons of cooked vegetables would you eat
per day? (do not include potatoes)”. Total vegetable intake was
calculated as the sum of raw and cooked vegetable intakes.
Vegetable intake was categorized into four levels, using cutoff
values of 0, 1–2, 3–4, and≥ 5 tablespoons/day for raw and cooked
vegetable intake, and cutoff values of 0–1, 2–3, 4–7, and ≥ 8 for
total vegetable intake. Previous analyses have demonstrated high
repeatability and validity of vegetable consumption measured in
this baseline dietary questionnaire: repeatability over a 4-year
period is 82% for cooked vegetables and 72% for raw vegetables,
with high agreement also observed when compared with 24-h
dietary assessment (12).

The primary outcomes were CVD incidence and mortality.
The secondary outcomes were incident myocardial infarction
(MI), incident stroke, and all-cause mortality. Incident CVD
was defined as hospitalization or death from MI or stroke
(13). CVD mortality was defined as death due to any CVD.
For analyses of disease incidence, participants were censored
at the date of hospitalization, date of death, or last date
of follow-up (March 31, 2021 for participants from England
and Scotland, and February 28, 2018 for participants from
Wales), whichever occurred first. In the mortality analysis,
participants were censored at the date of death or last date of
follow-up (February 28, 2021), whichever occurred first. Health
outcomes were defined using the International Classification of
Disease (ICD) codes. The exact ICD codes used are shown in
Supplementary Table 1.

Statistical Analysis
Cox proportional hazard models were used to yield hazard
ratios (HR) and 95% CI for the associations between health
outcomes and vegetable intake. Models were adjusted by age
(<50, 50–60, ≥ 60 years), sex, ethnicity, and region, and
adjusted for educational attainment, Townsend deprivation
index (continuous), hypertension, diabetes, physical activity
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FIGURE 1 | Flowchart of participant included in the main analysis.

level, smoking, alcohol consumption, BMI (continuous),
use of mineral supplements, use of vitamin supplements,
aspirin/ibuprofen, antihypertensive drugs, statins, insulin
treatment, intake of fresh fruits, red meat, processed meat, oily
fish, and non-oily fish. The definition and measurement of the
covariates are shown in the Supplementary Materials. The
lowest intake level was used as the referent group. Test of the
linear trend was obtained by fitting the mean values of each
vegetable intake level. The proportional hazards assumption
was assessed using scaled Schoenfeld residuals (no violation
was found in this study). Raw and cooked vegetable intake
were mutually adjusted when investigating their independent
effects. Variance inflation factor values were used to examine
potential multicollinearity.

We calculated the increase in the likelihood ratio (LR)
chi-squared statistics on the addition of the vegetable intake
term (raw, cooked, and total) to the Cox models with various
levels of adjustment of potential confounders. This provides a
quantitative measure of the extent to which vegetable intake
improves risk prediction for the outcome in different models.
Comparisons of the changes in the LR chi-squared statistic
between a model with minimal adjustments (e.g., age, sex,
ethnicity, and region) to those with a more comprehensive set
of confounders (“fully-adjusted” models) is therefore measure
of the extent to which the confounders account for minimally
adjusted associations between vegetable intake and the outcome
of interest. Furthermore, given that many confounders are
measured imperfectly, the proportional change in this LR chi-
squared statistic is a semiquantitative method of assessing
for residual confounding, as models with perfectly measured
confounders would be expected to further reduce the LR chi-
squared statistic in fully adjusted models (14). More details are
shown in the Supplementary Materials.

For sensitivity analysis, we first excluded participants who
developed the outcomes of interest during the first 2 years
of follow-up, to minimize reverse causation. Second, we
investigated the effect of the proportion of raw vegetables in
total vegetable intake (raw vegetables divided by total vegetables),
conditional on total vegetable intake and other covariates, after
excluding the participants with the total vegetable intake of zero
tablespoon/day (n = 5,304). We conducted subgroup analysis
based on ethnicity (White vs. non-White), to examine potential
ethnic differences in the associations. All the analysis were
performed using R (version 3.6.0; R Development Core Team,
Vienna, Austria).

RESULTS

After exclusion, 399,586 participants were included in the
main analysis (Figure 1). The baseline characteristics of these
participants are shown in Table 1 (Supplementary Table 2). The
mean age of participants was 56.1 (SD 8.1) years, 55.4% were
women, and 90.9% were of White ethnicity. Mean BMI was 27.3
(4.7) kg/m2, 41.3% reported high levels of physical activity, and
4.7% had a self-reported history of diabetes. Mean intakes of
total vegetables, raw vegetables, and cooked vegetables were 5.0
(3.4), 2.3 (2.2), and 2.8 (2.2) tablespoons/day, respectively; the
distributions of total, raw and cooked vegetable intakes are shown
in Supplementary Figure 1.

Participants with higher levels of total vegetable intake
were more likely to be women, better educated, and residents
of an affluent area, with lower mean BMI and higher
levels of physical activity, and less likely to be smokers.
Raw and cooked vegetable intake were weakly correlated
(Pearson correlation coefficient = 0.30). Variance inflation
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TABLE 1 | Baseline characteristics of the 399,586 participants in the main analysis, by total vegetable consumption.

≤1 tablespoon/day

(n = 15 902)

2–3 tablespoons/day

(n = 109 536)

4–7 tablespoons/day

(n = 216 499)

≥8 tablespoons/day

(n = 57 649)

Overall

(n = 399 586)

Female (%) 6 174 (38.8) 54 948 (50.2) 126 375 (58.4) 33 997 (59.0) 221 494 (55.4)

Age (years) 54.0 (8.1) 55.3 (8.2) 56.5 (8.0) 56.4 (8.0) 56.1 (8.1)

Total vegetable intake

(tablespoons/day)

0.7 (0.5) 2.6 (0.5) 5.1 (1.0) 10.7 (5.0) 5.0 (3.4)

Raw vegetable intake

(tablespoons/day)

0.1 (0.3) 0.9 (0.6) 2.2 (1.1) 5.5 (3.5) 2.3 (2.5)

Cooked vegetable intake

(tablespoons/day)

0.5 (0.5) 1.7 (0.6) 2.8 (1.0) 5.3 (3.4) 2.8 (1.9)

White ethnicity (%) 14 782 (93.3) 104 731 (95.9) 206 372 (95.6) 52 143 (90.9) 378 028 (94.9)

Townsend Deprivation

index*

−0.2 (3.5) −1.4 (3.0) −1.5 (2.9) −1.1 (3.1) −1.4 (3.0)

University educated (%) 3,321 (21.3) 37,040 (34.3) 73,733 (34.6) 19,483 (34.5) 133,577 (34.0)

Body mass index (kg/m2 ) 28.0 (5.2) 27.2 (4.7) 27.3 (4.7) 27.4 (4.8) 27.3 (4.7)

Current smoker (%) 3 485 (22.0) 11 828 (10.8) 19 427 (9.0) 5 506 (9.6) 40 246 (10.1)

Current drinker (%) 13 817 (87.1) 101 873 (93.1) 201 964 (93.3) 52 123 (90.5) 369 777 (92.6)

High physical activity

level (%)†
3 971 (32.2) 31 459 (35.0) 75 528 (42.5) 24 328 (51.0) 135 286 (41.3)

Self-reported

hypertension (%)

4 172 (26.2) 26 482 (24.2) 55 071 (25.4) 15 131 (26.2) 100 856 (25.2)

Self-reported diabetes (%) 994 (6.2) 4 859 (4.4) 9 904 (4.6) 3 009 (5.2) 18 766 (4.7)

Regular use of

aspirin/ibuprofen (%)

4 065 (25.6) 26 039 (23.8) 53 667 (24.8) 14 394 (25.0) 98 165 (24.6)

Regular use of mineral

supplement (%)

2 869 (18.0) 25 789 (23.5) 61 980 (28.6) 17 955 (31.1) 108 593 (27.2)

Regular use of vitamin

supplement (%)

1 760 (11.1) 13 223 (12.1) 30 534 (14.1) 9 756 (16.9) 55 273 (13.8)

Use of antihypertensive

drugs (%)

938 (5.9) 8 133 (7.4) 20 449 (9.4) 5 628 (9.8) 35 148 (8.8)

Use of statin (%) 696 (4.4) 5 426 (4.9) 13 443 (6.2) 3 822 (6.6) 23 387 (5.9)

Use of insulin (%) 58 (0.4) 375 (0.3) 855 (0.4) 275 (0.5) 1 563 (0.4)

Fruit intake ≥5 pieces/day

(%)

684 (4.3) 4 659 (4.3) 15 781 (7.3) 10 076 (17.5) 31 200 (7.8)

Oily fish intake >1

times/week (%)

3 267 (20.7) 39 335 (36.0) 88 514 (41.0) 21 682 (37.7) 72 515 (18.2)

Non-oily fish intake >1

times /week (%)

1 565 (9.9) 13 441 (12.3) 37 587 (17.4) 13 698 (23.8) 66 291 (16.6)

Processed meat intake ≥2

times/week (%)

6 949 (43.8) 38 331 (35.0) 62 278 (28.8) 14 132 (24.5) 121 690 (30.5)

Red meat intake

(times/week)

2.0 (1.6) 2.1 (1.4) 2.1 (1.4) 2.0 (1.6) 2.1 (1.4)

Data are mean (SD) or frequency (percentage). Vegetable consumption was self-reported in number of heaped tablespoons/day. People with baseline angina, stroke, myocardial

infarction, cancer, pregnancy, and missing data on vegetable consumption and other important covariates were excluded.

*Area-level measure of material deprivation.
†High physical activity defined based on International Physical Activity Questionnaire and WHO guideline.

factor values for raw and cooked vegetable intake were 1.32
and 1.29, respectively, indicating very low collinearity (< 10).
Supplementary Tables 3, 4 showed the baseline characteristics
of the participants across different raw vegetable intake levels
and the cooked vegetable intake levels, respectively. The
distributions of baseline characteristics by raw and cooked
vegetable intake were similar to the distributions by total
vegetable intake.

During a median follow-up of 12.1 years for CVD incidence
outcomes, 18,052 participants developed CVD (11,317 MI and
6,969 strokes). There was an inverse association between incident
CVD and total and raw vegetable intake, but not cooked vegetable
intake (Figure 2; Supplementary Figure 2). Compared with the
lowest level of total vegetable intake, the highest level was
associated with 10% lower CVD incidence (HR [95% CI] 0.90
[0.83–0.97]). Higher intake of raw vegetable intake was inversely
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associated with incident CVD (HR [95% CI] for the highest vs.
lowest intake: 0.89 [0.83–0.95]) and incident MI (0.88 [0.81–
0.96]; Figure 2), whereas cooked vegetable intake showed null
associations with incident CVD (1.00 [0.91–1.09]) or incidence
MI (0.97 [0.86–1.08]). We noted a potential inverse association
between raw vegetable intake and incident stroke, although this
was not statistically significant. No evidence was found for an
association between incident stroke and total or cooked vegetable
intakes (Figure 2).

During a median follow-up of 12.0 years for mortality
outcomes, 13,398 participants died, of which 2,589 deaths were
due to CVD. Consuming 2 or more heaped tablespoons/day of
total vegetables was associated with a lower risk of CVDmortality
(HR [95%CI] for the highest vs. lowest intake: 0.83 [0.71–0.96]),
but there was little evidence of a trend in risk with higher levels
of intake (Figure 3). Similarly, there was evidence of an inverse
association of CVD mortality with raw vegetable intake (0.85
[0.74–0.97]) but little evidence of a trend (p = 0.164), and there
was no evidence of an association of CVD mortality with cooked
vegetables. For all-cause mortality, there was a strong inverse
association with eating some vegetables (1 or more tablespoons
of raw or cooked vegetables per day), and strong evidence of a
trend with increasing raw vegetable intake (p < 0.001) but not
cooked vegetables (p= 0.932).

Progressive adjustment for potential confounders attenuated
HR estimates and substantially reduced the LR chi-squared
statistics in adjusted models (Table 2). For models of CVD
incidence and raw vegetable intake, covariate adjustment
attenuated HR (highest vs. lowest intake groups) from 0.79
(0.74–0.84) to 0.88 (0.83, 0.94), with the LR chi-squared statistic
declining by 81.9%. This substantial attenuation suggests that
were the potential confounders measured perfectly, much, if not
all, of the observed association with reported vegetable intake,
would be explained by residual confounding, although one
cannot rule out the possibility of a true causal protective effect.
Similar findings were observed for MI, CVD mortality, and all-
cause mortality with both raw and cooked vegetable intake, with
the proportional changes in the LR chi-squared statistic of about
80% or more (Table 2, Supplementary Table 5). Adjustment
for socioeconomic (including educational attainment, and
Townsend deprivation index) and lifestyle factors (including
physical activity, smoking, drinking, use of mineral supplements,
use of vitamin supplements, fruit intake, oily fish intake, non-oily
fish intake, red meat intake, and processed meat intake) results in
most of the reductions in LR chi-squared statistic, while further
adjustment for BMI and baseline health status resulted in only
slight further reductions (Supplementary Table 5), suggesting
that the observed associations are likely to be accounted
for by residual confounding from socioeconomic status and
lifestyle factors.

In the sensitivity analyses, when adjusting for total
vegetable intake, a higher proportion of raw vegetable
intake in total vegetable intake was associated with lower
CVD incidence and all-cause mortality, but not with other
outcomes (Supplementary Table 6). Furthermore, excluding
the participants who had outcome events within the first 2
years of follow-up did not materially change the main findings

(Supplementary Table 7). Subgroup analyses restricted to White
participants (n = 378,028) showed similar results to the primary
analysis (Supplementary Table 8); and there was no evidence
that the associations differed from those of non-White ethnicity,
although there were substantially fewer non-White participants
(n = 21,558) (Supplementary Table 9), and as such limited
power to assess for heterogeneity.

DISCUSSION

In this large prospective cohort study, total vegetable intake was
associated with reduced risks of CVD incidence, CVD mortality,
and all-cause mortality. When assessing the independent effect
of raw and cooked vegetable intake, only raw vegetable intake
showed inverse associations with CVD outcomes, whereas
cooked vegetables showed no association. However, given the
large reductions in the predictive values of total and raw vegetable
intake after adjustment for socioeconomic and lifestyle factors,
residual confounding is likely to account for much, if not all, of
the remaining associations.

The modest inverse associations of total vegetable intake
with CVD outcomes and all-cause mortality in our analyses are
consistent with previous large-scale observational evidence. For
example, a meta-analysis of 24 cohort studies estimated that
high vegetable intake reduced all-cause mortality by about 13%
(relative risk 0.87 [0.82–0.92]) (15). Previous systematic reviews
showed total vegetable consumption was associated with a risk
reduction in CVD incidence by 11 (15) to 18% (16), similar to
the ∼10% lower risk in this study. Our findings of the inverse
association with MI are also in line with published meta-analyses
with effect sizes ranging from 9 to 15% (15–17). Although
previous studies have also demonstrated an association with a
reduced risk of stroke (15–17), we did not find sufficient evidence
for such an association.

In contrast to a large number of studies on total vegetable
intake, there is limited evidence on the independent effect of
raw and cooked vegetables on all-cause mortality. Aune et al.
(15) conducted a meta-analysis that found cooked vegetable
was associated with 13% (relative risk 0.87 [0.80–0.94]) lower
risk of all-cause mortality, and raw vegetable was associated
with 12% (relative risk 0.88 [0.79–0.98]) lower risk of mortality,
although the analyses of raw and cooked vegetables were not
mutually adjusted. Studies that have attempted to assess the
independent effects of raw and cooked vegetable intakes on all-
cause mortality have reported conflicting results. Our results are
broadly consistent with the EPIC study (7), in which both raw
vegetable intake and cooked vegetable intake were associated
with reduced risk of all-cause mortality. By contrast, the PURE
study (8) reported an inverse association with all-cause mortality
for raw vegetable intake, but not for cooked vegetable intake,
while an Australian cohort study (9) reported that only cooked
vegetable intake was associated with lower overall mortality. The
characteristics andmain findings of these studies are summarized
in Supplementary Table 10.

In this study, cooked vegetable intake and raw vegetable intake
showed different associations with cardiovascular outcomes. We
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FIGURE 2 | (A) incident CVD. (B) incident MI. (C) Incident stroke. Incident cardiovascular disease (CVD), myocardial infarction (MI), and stroke vs. vegetable

consumption. Hazard ratios (HR; fully adjusted models) and 95% confidence interval (CI) by the level of total, raw, and cooked vegetable consumption (heaped

tablespoons/day), relative to the lowest (reference) consumption level. Exclusions as in Table 1. The model was stratified by age (<50, 50–60, 60 years), sex, ethnicity,

and region, and adjusted for educational attainment, Townsend deprivation index (continuous), hypertension, diabetes, physical activity level, smoking, alcohol

consumption, BMI (continuous), use of mineral supplements, use of vitamin supplements, aspirin/ibuprofen, antihypertensive drugs, statins, insulin treatment, intake of

fresh fruits, red meat, processed meat, oily fish and non-oily fish.

FIGURE 3 | (A) CVD mortality. (B) All-cause mortality. Cardiovascular disease (CVD) mortality and all-cause mortality vs. vegetable consumption. Hazard ratios (HR;

fully adjusted models) and 95% confidence interval (CI) by the level of total, raw, and cooked vegetable consumption (heaped tablespoons/day), relative to the lowest

(reference) consumption level. Exclusions as in Table 1. The model was stratified by age (<50, 50–60, 60 years), sex, ethnicity, and region, and adjusted for

educational attainment, Townsend deprivation index (continuous), hypertension, diabetes, physical activity level, smoking, alcohol consumption, BMI (continuous), use

of mineral supplements, use of vitamin supplements, aspirin/ibuprofen, antihypertensive drugs, statins, insulin treatment, intake of fresh fruits, red meat, processed

meat, oily fish and non-oily fish.

found inverse associations of raw vegetables with CVD incidence
and mortality, but null associations with cooked vegetables. This
is consistent with the MORGEN study, a Dutch cohort (18), in
which raw, but not processed, vegetables were associated with
a reduced risk of ischemic stroke. In the EPIC cohort (7), there
was a stronger inverse association of CVD mortality with raw
than cooked vegetables. Whereas the PURE study (8) found no
evidence of an association of CVD and raw vegetable intake, and
high intakes levels of cooked vegetable was positively associated
with CVD incidence.

Previous studies that reported associations of higher levels of
vegetable intake with lower risk of CVD have proposed various
mechanisms by which these associations might be mediated.
For example, it has been suggested that diets high in vegetables

have, on average, fewer calories and replace foods that are
high in fat, sodium, and glycemic load (15, 19). It has also
been hypothesized that the lower risk might be mediated by
micronutrients, namely, higher intake of vitamins, polyphenols,
and antioxidant compounds (2, 5), which are required for
regulating various biological processes, including anti-oxidation,
anti-inflammation, lipid metabolism, and endothelial function
(20). As for the different associations of raw and cooked
vegetables observed in this and other studies, several possible
mechanisms have been proposed in previous studies. First, it
has been proposed that the kinds of vegetables that are usually
consumed cooked (e.g., beans, peas, eggplant) may differ from
those typically consumed raw (e.g., lettuce). Second, cooking
processes can alter the digestibility of food as well as the
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TABLE 2 | Associations between vegetable intake with CVD incidence, myocardial infarction incidence, stroke incidence, CVD mortality and all-cause mortality in basic

model and fully-adjusted model.

Basic model Fully-adjusted model Attenuation (% reduction in χ
2)†

Improvement in fit (χ2) HR (95% CI)* Improvement in fit (χ2) HR (95% CI)*

CVD incidence

Total vegetable intake 87.8 0.74 (0.69, 0.80) 10.1 0.90 (0.83, 0.97) 88.6

Raw vegetable intake 127.9 0.79 (0.74, 0.84) 23.2 0.89 (0.83, 0.95) 81.9

Cooked vegetable intake 53.0 0.77 (0.71, 0.84) 1.5 1.00 (0.91, 1.09) 97.2

MI incidence

Total vegetable intake 75.1 0.71 (0.65, 0.78) 11.1 0.87 (0.79, 0.95) 85.2

Raw vegetable intake 88.8 0.78 (0.72, 0.84) 13.3 0.88 (0.81, 0.96) 85.0

Cooked vegetable intake 42.8 0.74 (0.67, 0.83) 0.6 0.97 (0.86, 1.08) 98.5

Stroke incidence

Total vegetable intake 18.8 0.84 (0.74, 0.95) 2.2 1.01 (0.89, 1.15) 88.1

Raw vegetable intake 31.7 0.85 (0.77, 0.94) 5.6 0.92 (0.83, 1.03) 82.2

Cooked vegetable intake 19.1 0.87 (0.75, 1.01) 6.1 1.09 (0.94, 1.27) 68.3

All CVD mortality

Total vegetable intake 58.2 0.63 (0.55, 0.73) 8.0 0.83 (0.71, 0.96) 86.3

Raw vegetable intake 63.8 0.74 (0.65, 0.84) 8.2 0.85 (0.74, 0.97) 87.2

Cooked vegetable intake 53.9 0.67 (0.57, 0.78) 6.3 0.96 (0.80, 1.13) 88.4

All-cause mortality

Total vegetable intake 298.7 0.61 (0.57, 0.65) 57.9 0.80 (0.74, 0.85) 80.6

Raw vegetable intake 352.7 0.69 (0.65, 0.73) 57.3 0.82 (0.77, 0.87) 83.8

Cooked vegetable intake 347.8 0.57 (0.53, 0.61) 72.0 0.81 (0.75, 0.87) 79.3

Improvement in the prediction of relative risk (LR chi-squared statistic) by the addition of the given vegetable intake term to the basic model (in which the relative risk depends only

on age, sex, ethnicity, and region), and to the fully-adjusted models with all major potential confounders, including mutual adjustment for raw and cooked vegetables, as described in

the Methods.

*Hazard ratio for the highest vs. lowest vegetable intake group.
†Proportional reduction in chi-squared for the improvement in model fit relative to the basic model, equivalent to the proportion of the association attenuated by the potential confounders.

bioavailability of nutrients (21). For example, Lee et al. found
that vitamin C retention after cooking ranged from 0 to 91%
for various combinations of cooking methods and vegetable,
with higher retention after microwaving and lower retention
after boiling (22). Third, the seasoning and oils used in cooking
vegetables often increase intake of sodium and fat, which are
known risk factors for CVD incidence and mortality (23, 24).

Despite these proposed mechanisms, this study indicates that
observed associations of vegetable intakes with CVD risk and
all-cause mortality are likely to be mostly accounted for by
residual confounding. Studies using Mendelian randomization
(which are less susceptible to confounding, and other biases of
observational studies) might be particularly useful in reliably
assessing the associations of diet on disease risk. For example,
a recent Mendelian randomization study that used genetic
determinants of plasma vitamin C concentration as a surrogate
for vegetable intake reported a null association with ischemic
heart disease (odds ratio 0.90 [0.75–1.08]) and all-cause mortality
(odds ratio 0.88 [0.72–1.08]), despite strong inverse associations
between vitamin C and these outcomes in observational
analyses (25).

This study found the observed associations were mainly
accounted for by socioeconomic status and lifestyle factors
(26). Both the low socioeconomic status and major lifestyle

factors, such as smoking and alcohol intake, are established risk
factors for CVD, and there is strong evidence that the effect
of socioeconomic status is partially mediated by the known
lifestyle factors (27). For example, one study reported that
an unhealthy lifestyle (including smoking, drinking, obesity,
physical inactivity, and others) mediated 34–38% of the
association between socioeconomic status and all-cause death
(28). Therefore, given the complicated inter-relationship between
socioeconomic status, lifestyle, and health outcomes, adjustment
of measures of both socioeconomic status and lifestyle factors is
likely to be important.

This study has some limitations. First, we did not measure
intake of specific types of raw or cooked vegetables, nor
were we able to account for differences in cooking methods.
Second, vegetable intakes are self-reported in the baseline dietary
questionnaire, although the validity and repeatability of the UK
Biobank baseline dietary questionnaire have been evaluated and
confirmed in previous studies (12). Third, we did not adjust for
total calorie intake because such information was not available
from the baseline dietary questionnaire, but we did adjusted
for physical activity level and BMI, which has been shown as
a valid method for isocaloric adjustment (29). Future studies
should seek to address these limitations. However, such studies
should also be aware of the importance of assessing reliably for
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residual confounding using similar methods to this report, or
other approaches, such as Mendelian randomization.

Although this report does not find strong evidence of an
association between higher vegetable intake and reduced risk
of major CVD, the wider literature suggests that increasing
vegetable intake is likely to reduce the risk of some other common
diseases (4). As such, the public health recommendations on the
benefits to health and the environment of a diet that is high in
vegetable intake remain.

CONCLUSION

In this study of 0.4 million middle-aged adults with 12-year
follow-up, higher intakes of raw but not cooked vegetables
were associated with lower CVD risk. However, given the large
reductions in the predictive values of raw vegetable intake
after adjustment for socioeconomic and lifestyle factors, residual
confounding is likely to account for much, if not all, of the
remaining associations. This study highlights the need for
rigorous assessment for residual confounding in studies of the
effects of diet and other lifestyle factors on disease risk and
suggests the need to reappraise the evidence on the burden
of CVD disease attributable to low vegetable intake in high-
income populations.
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A Commentary on

Raw and Cooked Vegetable Consumption and Risk of Cardiovascular Disease: A Study of

400,000 Adults in UK Biobank

by Feng, Q., Kim, J. H., Omiyale, W., Bešević, J., Conroy, M., May , M., Yang, Z., Wong, S. Y. S., Tsoi,
K. K. F., Allen, N., and Lacey, B. (2022). Front. Nutr. 9:831470. doi: 10.3389/fnut.2022.831470

INTRODUCTION

The purpose of this commentary is to offer a constructive critique on one of the principal findings of
this important and interesting study. As described, the objective of the study is to learn more about
the independent effects of raw and cooked vegetable consumption on cardiovascular disease (CVD)
(1). Associations between vegetable intake and two primary outcomes, namely CVD incidence and
CVDmortality, are modeled, and the key quantities of interest are adjusted hazard ratios (HR). The
claim is made that cooked vegetable intake and raw vegetable intake showed different associations
with both cardiovascular outcomes. In the Discussion section (1), Feng et al. write “When assessing
the independent effect of raw and cooked vegetable intake, only raw vegetable intake showed
inverse associations with CVD outcomes, whereas cooked vegetables showed no association.” The
problem with this claim is that, in the case of one of the two primary outcomes, CVDmortality, the
evidence does not seem to support such a conclusion.

EVIDENCE AND INTERPRETATION

What does the evidence seem to indicate? Figure 3 presents the HR estimates of the relationship
between the level of vegetable intake, relative to the lowest consumption level, and CVD mortality,
along with 95% CIs, from the fully adjusted models (1). For both raw vegetables and cooked
vegetables, the levels of intake were categorized into four levels (tablespoons/day): 0, 1–2, 3–4,
and >4. Using zero as the reference category, the HR estimates for raw vegetables for the three
categories above the reference category are 0.89, 0.92, and 0.85. The equivalent HR estimates for
cooked vegetables are 0.88, 0.87, and 0.96. On its face, an examination of these HR estimates
suggests that raw vegetables and cooked vegetables have similar relationships with CVD mortality.
In other words, if it is reasonable here to draw a substantive conclusion that raw vegetable
intake showed an inverse association with CVD mortality, then the same ought to be said for
cooked vegetables.

Why is there a discrepancy between the evidence offered in Figure 3 and the prose
characterization of the results? The reason for the discrepancy is a common error in interpretation.
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The mistake is to conflate a binary statistical declaration with
a substantive conclusion. In particular, a declaration of no
statistically significant association is conflated with a scientific
conclusion that no evidence was found for an association or
simply of “no association.” The interpretation of the results, as
presented, is based on a binary declaration regarding statistical
significance, or, equivalently, whether a 95% CI for the HR
includes one, rather than on an evaluation of the magnitude of
the HR estimates. Feng et al. happen to focus on comparing
the highest (>4) vs. the lowest level of vegetable intake,
though the aforementioned inappropriate conflation would yield
similar interpretational errors if considering other levels of
vegetable intake. In short, we shouldn’t conclude that there is
no association because of a binary statistical decision (e.g., p >

0.05, 95% CI for HR includes one), and we should not conclude
that two results are different because of differences in statistical
significance (2).

What about uncertainty in the HR estimates? The
presentation of 95% CIs in Figure 3 is helpful for quantifying
uncertainty in HR estimates. Across all levels of intake for both
raw and cooked vegetables, the plausible true values of reduction
in risk in CVD mortality, compared to the reference category,
range from a high of 20–25% to something close to zero. In
other words, if uncertainty is taken into account, the difference
in ranges of plausible true HR values that are compatible with
the data seem clinically indistinguishable when comparing raw
and cooked vegetable intake. Embracing this uncertainty in HR
estimates further supports the notion that the evidence is not
consistent with an interpretation that raw and cooked vegetables
showed different associations with CVD mortality.

How do the findings align with previous studies? Given
that both raw vegetable intake and cooked vegetable intake are
associated with a reduced risk of CVD mortality (and all-cause
mortality), it seems that the findings are entirely consistent
with the EPIC study, in this regard. The two other identified
prior studies examined the relationship between vegetable intake
by type and all-cause mortality. In the case of reviewing the
Prospective Urban Rural Epidemiology (PURE) study, Feng et al.
mischaracterize the findings. In the Introduction, Discussion,

and Table 10, they describe the PURE study as having found
an inverse association with all-cause mortality for raw vegetable
intake, but not for cooked vegetable intake (1). However, the
PURE paper explicitly says that “In the fully adjusted models,
both raw and cooked vegetable intakes were inversely associated
with total mortality” (3). In the case of reviewing the Australian
cohort study, Feng et al. again conflate a statistical declaration
with a substantive conclusion, when they write that “only cooked
vegetable intake was associated with lower overall mortality”
(1). In the Results section of the Australian cohort study paper,
the authors note that “The association with raw vegetable
consumption showed estimates (and CIs) that were consistent
with those for cooked vegetables” (4). Examination of Table 2
suggests that this clinical interpretation is reasonable. Therefore,
from a meta-analytic perspective, the findings with regard to
all-cause mortality are actually consistent across all four studies.

DISCUSSION

The concern described here might be considered an example of a
more general century-old problem of not distinguishing between
statistical inference and scientific inference (5). Empirical
examinations of the literature in various disciplines suggest that
associated interpretational errors happen more often than not
(2). For example, the PURE study authors prominently make this
sort ofmistake in their “Interpretation,” as they write that “Higher
fruit, vegetable, and legume consumption were associated with a
lower risk of non-cardiovascular, and total mortality,” explicitly
excluding the association with CVD mortality, despite the fact
that it was with CVD mortality that the highest reduction in
risk was observed (3). While statistics offers useful tools for
quantifying some types of uncertainty, generating cumulative
knowledge depends on summaries of findings that have fidelity
to the evidence.
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Background: Malnutrition is a significantly poor prognostic factor for a variety of

cardiovascular diseases. However, its prevalence and prognostic value in hypertensive

patients is still unclear. The present study sought to determine the prevalence and

prognostic value of malnutrition in hypertensive patients in a community setting.

Methods: We included 9,949 hypertensive patients from the National Health and

Nutrition Examination Survey (NHANES) (2005–2014). The Controlling Nutritional Status

(CONUT) score, the Nutritional Risk Index (NRI), and the Naples Prognostic Score (NPS)

were applied to assess the nutritional status of participants. A Cox regression model

was established to examine the association between malnutrition and cardiovascular

and all-cause mortality.

Results: In all, 19.9, 3.9, and 82.9% hypertensive patients were considered to have

malnutrition as evaluated by the CONUT, NRI, and NPS, respectively. Malnutrition

assessed by CONUT and NRI was independently associated with cardiovascular

mortality (HR [95% CI]) for mild and moderate-to-severe degree of malnutrition,

respectively: 1.41 (1.04–1.91) and 5.79 (2.34–14.29) for CONUT; 2.60 (1.34–5.07) and

3.30 (1.66–6.56) for NRI (all P < 0.05), and for all-cause mortality (HR [95% CI]) for mild

and moderate-to-severe degree of malnutrition, respectively: 1.48 (1.30–1.70) and 4.87

(3.40–6.98) for CONUT; 1.72 (1.24–2.39) and 2.60 (1.96–3.44) for NRI (all P < 0.01).

Naples Prognostic Score could only independently predict all-cause mortality.

Conclusions: Malnutrition was common among hypertensive patients and was closely

associated with both long-term cardiovascular and all-cause mortality.

Keywords: malnutrition, hypertension, Controlling Nutritional Status (CONUT) score, Nutritional Risk Index (NRI),

Naples Prognostic Score, cardiovascular mortality, all-cause mortality
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INTRODUCTION

The effect of nutritional state on a variety of cardiovascular
diseases is now the subject of increasing concern, as it is
modifiable compared to other clinical variables (1). Most
previous studies were focused on overnutrition and the
results suggested that it was a significant risk factor for
cardiovascular disease (2). However, recent studies have reported
that malnutrition is a significantly poor prognostic factor of
acute coronary artery disease, heart failure, atrial fibrillation, and
valvular heart disease (3–5).

Hypertension, one of the most commonly occurring diseases
worldwide (6), contributes to the risk of developing coronary
heart disease, stroke, and other cardiovascular disease (7). The
aged-standardized prevalence of hypertension reported on 2015
was 24.1% for men and 20.1% for women globally (8). Moreover,
nutritional factors such as nutrient intake, blood lipids, and
high Body Mass Index (BMI) have been shown to be associated
with blood pressure control and mortality (9, 10). However, less
attention has been paid to the prevalence and prognostic value of
malnutrition among hypertensive patients.

Thus, we aimed to determine the prevalence and prognostic
value of malnutrition among hypertensive patients in a
community setting by using three nutritional screening tools
(NSTs), namely Controlling Nutritional Status (CONUT),
Nutritional Risk Index (NRI), and Naples Prognostic
Score (NPS).

METHODS

Study Population
This retrospective observational study was based on National
Health and Nutrition Examination Survey (NHANES) (2005–
2014) (11)—a large nationwide survey on the civilian US
population conducted by the National Center for Health
Statistics of the Centers for Disease Control and Prevention.
All NHANES study protocols survey protocol was approved
by the Ethics Review Committee of NCHS of the Centers for
Disease Control and Prevention. All participants had provided
written, informed consent for the use of their data. All procedures
in this study were conducted in accordance with all the
relevant guidelines. We included participants aged ≥18 years
with hypertension. However, individuals with missing data on
lymphocyte count (n = 888), serum albumin (n = 1,060), serum
total cholesterol (n = 1,017), and height and weight (n = 532)
was excluded, leaving 9,949 participants for the final analysis
(Figure 1).

Baseline Assessment
The data on physical examination, questionnaires, and
laboratory examination was obtained from NHANES,
which were performed in a standardized manner. Covariates
including sociodemographic information; current smoking
status; current alcohol drinking, medical history (congestive
heart disease, coronary heart disease, diabetes, stroke,
emphysema, liver disease, and malignant tumor); BMI;
hemoglobin; albuminuria; and estimated glomerular

filtration rate (eGFR) were assessed. Body Mass Index
was defined as the weight in kilograms divided by the
square of height in meters. Albuminuria was defined by
urinary albumin creatine ratio ≥30 mg/g and eGFR was
calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation.

Definition of Hypertension
Hypertension and antihypertensive medication history were
collected by questionnaires. Blood pressure was obtained with
a mercury sphygmomanometer with an appropriately sized
cuff by a trained physician. Blood pressure measurement was
performed three times and the average value of the three
measurements was defined as the systolic blood pressure
(SBP) and diastolic blood pressure (DBP). Hypertension was
defined as having a self-reported hypertension history or using
antihypertensive medications or SBP ≥140 mmHg or DPB
≥90 mmHg.

Nutrition Status Assessment
The CONUT score (12), calculated based on the levels of serum
albumin, total cholesterol, and lymphocytes, was developed as a
screening tool for early detection ofmalnutrition.We categorized
the scores into three groups: normal, 0–1; mild, 2–4; and
moderate-to-severe, 5–12.

The NRI (13), a popular nutrition screening tool in recent
years, was originally defined as 1.519 × serum albumin (g/l) +
41.7 × (current body weight

[

kg
]

/usual body weight [kg]). The
actual body weight was usually replaced by ideal body weight
which is defined as height (cm) – 100 – ([height (cm) – 150]/2.5)
for women and height (cm) – 100 – ([height (cm) – 150]/4)
for men. Patients were categorized into three groups according
to their NRI: no nutritional risk (NRI ≥ 100), mild nutritional
risk (97.5≤NRI < 100), and moderate-to-severe nutritional risk
(NRI < 97.5).

The NPS (14), a tool to access the nutritional and
inflammatory status of patients, is often used among patients
with malignancies. The NPS takes into account serum albumin
(mg/dl), total cholesterol (mg/dl), the neutrophil:lymphocyte
ratio, and lymphocyte:monocyte ratio. A score of 0 is considered
normal; scores of 1–2 and 3–4 reflect mild and moderate-to-
severe malnutrition, respectively.

Outcomes
The endpoints were long-term cardiovascular or all-cause
mortality. The mortality status of participants was obtained by
data matching with death certificates in the National Death
Index until December 31, 2015. Cardiovascular death was
determined based on the International Classification of Diseases,
10th Edition, Clinical Modification System codes (I00–I09, I11,
I13, I20–I51).

Statistical Analysis
Baseline characteristics were expressed as a median with
interquartile range (25th-75th percentiles) for continuous
variables and with categorical data expressed as n (%).
Venn diagrams were used to illustrate the relationship
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FIGURE 1 | Flow diagram for the selection of the study population.

between the three malnutritional indices. Survival analysis
was performed with standardized Kaplan–Meier curves
and the log-rank test. Cox proportional hazards regression
models were used to estimate hazard ratios (HRs) and
95% confidence intervals (CIs) for cardiovascular and
all-cause mortality.

All statistical analyses were performed using SPSS v25.0
(IBM Corporation, Armonk, NY, USA) and eulerAPE v3
(15). A two-sided P < 0.05 was considered to indicate
statistical significance.

RESULTS

Baseline Characteristics of the Study
Population
The baseline characteristics of participants are summarized in
Table 1. The analysis included 9,949 hypertensive patients with
a mean age of 49.1 ± 17.8 years; 50.1% subjects were female.
Overall, 12.8% participants died during the survey with a mean
follow-up time of 5.48 years; of these, 244 (2.5%) participants died
from cardiovascular causes.

Frontiers in Nutrition | www.frontiersin.org 3 February 2022 | Volume 9 | Article 82237629

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Yang et al. Malnutrition in Hypertensive Patients

TABLE 1 | Baseline clinical characteristics of included patients.

Variables Total (n = 9,949)

Age, years 59.64 ± 15.20

Female gender, n (%) 4,992 (50.2)

Ethnicity, n (%)

Non-white 4,750 (47.7)

White 5,199 (52.3)

BMI 30.6 ± 7.2

BMI classification

Underweight 97 (1.0)

Normal 1,908 (19.2)

Overweight 3,251 (32.7)

Obesity 4,693 (47.2)

Current smoke, n (%) 1,896 (19.1)

Diabetes mellitus, n (%) 2,136 (22.1)

Stroke, n (%) 710 (7.2)

Emphysema, n (%) 321 (3.2)

Liver disease, n (%) 486 (4.9)

Malignant tumor, n (%) 1,367 (13.8)

Congestive heart failure, n (%) 608 (6.1)

Coronary heart disease, n (%) 763 (7.7)

Albuminuria, n (%) 1,949 (19.9)

Hemoglobin (g/L) 13.98 ± 1.58

Serum albumin (g/L) 41.84 ± 3.32

Lymphocyte count (109/L) 2.12 ± 1.14

Total cholesterol (mmol/L) 5.06 ± 1.12

eGFR(ml/min/1.73 m2 ) 79.11 ± 23.00

Follow-up time, years 5.47 ± 2.82

Long-term mortality*, n (%)

All-cause 1,254 (12.6)

Cardiovascular 241 (2.7)

BMI, Body Mass Index; eGFR, estimated Glomerular Filtration Rate.

Prevalence and Clinical Feature of
Malnutrition
The percentage of malnutrition was 19.9, 3.9, and 82.9% as
evaluated by CONUT, NRI, and NPS, respectively. Moreover,
the percentage of moderate-to-severe malnutrition varied from
0.7% with CONUT, 2.2% with NRI, and 15.4% with NPS
(Table 2). The correlation between three NSTs was weak but
significant (CONUT vs. NRI: r = 0.137, P < 0.01; CONUT
vs. NPS: r = 0.226, P < 0.01; NRI vs. NPS: r = 0.063, P <

0.01 Figure 2). Patients with malnutrition assessed by any of
the three NSTs were older, with lower BMI and hemoglobin
level, and worse renal function and more comorbidities than
those with normal nutritional status. The former group of
patients also had higher all-cause and cardiovascular mortality
(Table 3).

Malnutrition Score, All-Cause Mortality and
Cardiovascular Mortality
As shown by univariate Cox proportional hazard regression
(Tables 4, 5) and Kaplan–Meier survival curves (Figure 3),

TABLE 2 | Prevalence of malnutrition according to three nutritional screening

tools.

Nutritional indices Total (n = 9,949)

CONUT Normal, n (%) 7,950 (79.7)

Mild, n (%) 1,934 (19.4)

Moderate to severe, n (%) 65 (0.7)

NRI Normal, n (%) 9,566 (96.2)

Mild, n (%) 164 (1.6)

Moderate to severe, n (%) 219 (2.2)

NPS Normal, n (%) 1,691 (17.0)

Mild, n (%) 6,700 (67.3)

Moderate to severe, n (%) 1,558 (15.7)

CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; NPS, Naples

Prognostic Score.

compared to normal nutritional status, worse nutritional status
evaluated by any of three NSTs in both continuous form
and categorical form tended to have a higher cardiovascular
mortality and all-cause mortality. After adjusting for variables
such as age, sex, renal insufficiency, and other diseases that
could have influenced long-term mortality in univariate Cox
regression analyses (Table 4), malnutrition evaluated by NPS
was not associated with higher incidence of cardiovascular
death (mild: adjusted HR = 1.08, 95% CI: 0.69–1.73, P =

0.76; moderate-to-severe: adjusted HR = 1.54, 95% CI: 0.91–
2.63, P = 0.11 Table 5; Figure 4), but it was still significant
for all-cause mortality prediction (mild: adjusted HR =

1.65, 95% CI: 1.30–2.08, P < 0.01; moderate-to-severe:
adjusted HR = 2.90, 95% CI: 2.24–3.74, P < 0.01). Expect
for NPS, both CONUT and NRI could independently predict
cardiovascular mortality (adjusted HR (95%CI) for mild
and moderate-to-severe degree of malnutrition, respectively:
1.41 (1.04–1.91) and 5.79 (2.34–14.29) for CONUT; 2.60
(1.34–5.07) and 3.30 (1.66–6.56) for NRI, all P < 0.05)
and all-cause mortality (adjusted HR (95%CI) for mild and
moderate-to-severe degree of malnutrition, respectively: 1.48
(1.30–1.70) and 4.87 (3.40–6.98) for CONUT; 1.72 (1.24–
2.39) and 2.60 (1.96–3.44) for NRI, all P < 0.01) and further
adjustment for educational level, family income, current
smoking, alcohol intake, and diet health also showed a similar
result (Supplementary Tables 1A,B). By further stratified
by age, chronic disease, and blood pressure control, NRI
could only independently predict cardiovascular mortality
and all-cause mortality in hypertensive patient with aged
over 60 or comorbidities (Supplementary Tables 2A,B)
and had advantages on predicting cardiovascular mortality
among hypertensive patients with controlled blood pressure
(Supplementary Table 2C).

DISCUSSION

In this study, we reported the prevalence and prognostic value of
malnutrition among 9,949 hypertensive patients in a community
setting by three NSTs. Our research showed that malnutrition as
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FIGURE 2 | Venn diagram. The numbers in circles indicate the cumulative frequency of malnutrition [any degree (A) vs. moderate-severe (B)] according to each

malnutrition screening tool. The overlapping area of the circles indicate the patient which diagnosed with malnutrition by more than one malnutrition screening tool.

CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; NPS, Naples Prognostic Score.

TABLE 3 | Comparison of characteristics of study population by different nutritional status.

Variables COUNT NPS NRI

Normal Malnutrition P Normal Malnutrition P Normal Malnutrition P

Age, years 58.5 ± 14.9 64.3 ± 15.4 <0.01 55.5 ± 13.7 60.5 ± 15.4 <0.01 59.3 ± 15.1 67.2 ± 14.8 <0.01

Female gender, n (%) 4,226 (53.2) 766 (38.3) <0.01 1,040 (61.5) 3,952 (47.9) <0.01 4,785 (50.0) 207 (54.0) 0.14

Ethnicity(white), n (%) 3,703 (46.6) 1,047 (52.4) <0.01 579 (34.2) 4,171 (50.5) <0.01 4,569 (47.8) 181 (47.3) 0.88

BMI 30.8 ± 7.1 30.0 ± 7.3 <0.01 30.4 ± 6.8 30.7 ± 7.2 0.11 31.0 ± 7.0 21.0 ± 2.8 <0.01

Diabetes mellitus, n (%) 1,508 (19.7) 615 (31.9) <0.01 282 (17.3) 1,841 (23.2) <0.01 2,064 (22.4) 59 (25.6) <0.01

Stroke, n (%) 492 (6.2) 281 (10.9) <0.01 79 (4.7) 631 (7.7) <0.01 657 (6.9) 53 (13.9) <0.01

Emphysema, n (%) 221 (2.8) 100 (5.0) <0.01 32 (1.9) 289 (3.5) <0.01 287 (3.0) 34 (8.9) <0.01

Liver disease, n (%) 370 (4.7) 116 (5.8) 0.04 66 (3.9) 420 (5.1) 0.04 467 (4.9) 19 (5.0) 1.00

Malignant tumor, n (%) 944 (11.9) 423 (21.2) <0.01 134 (7.9) 1,233 (14.9) <0.01 1,293 (13.5) 74 (19.3) <0.01

Congestive heart failure, n (%) 370 (4.7) 238 (12.0) <0.01 48 (2.8) 560 (6.8) <0.01 576 (6.0) 32 (8.4) 0.07

Coronary heart disease, n (%) 475 (6.0) 288 (14.6) <0.01 52 (3.1) 711 (8.7) <0.01 737 (7.8) 26 (6.9) 0.59

Albuminuria, n (%) 1,425 (18.1) 524 (21.7) <0.01 248 (14.7) 1,701 (21.0) <0.01 1,833 (19.4) 116 (32.0) <0.01

Hemoglobin (g/L) 14.1 ± 1.5 13.5 ± 1.7 <0.01 14.1 ± 1.4 14.0 ± 1.6 <0.01 14.0 ± 1.6 13.0 ± 1.6 <0.01

eGFR(ml/min/1.73m2 ) 80.9 ± 22.0 71.9 ± 25.5 <0.01 85.3 ± 19.9 77.8 ± 23.4 <0.01 79.5 ± 22.8 70.4 ± 26.7 <0.01

Long-term mortality, (%)

All-cause 801 (10.1) 453 (22.7) <0.01 90 (5.3) 1,164 (14.1) <0.01 1,119 (11.7) 135 (35.2) <0.01

Cardiovascular 159 (2.2) 82 (5.0) <0.01 24 (1.5) 217 (3.0) <0.01 216 (2.5) 25 (9.2) <0.01

BMI, Body Mass Index; eGFR, estimated Glomerular Filtration Rate; CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; NPS, Naples Prognostic Score.

assessed by NSTs was common among hypertensive patients and
associated with both cardiovascular and all-cause mortality.

Hypertension is considered a nutritional factor-related
disease (16, 17). Few studies have analyzed the prevalence
of malnutrition in hypertensive patients. Sun et al. (18)
reported that the prevalence of malnutrition in elderly patients
with hypertension was 52.4 and 27.1% for mild malnutrition
and moderate-to-severe malnutrition, respectively, using the

CONUT scoring system in a cohort of 336 patients aged ≥80
years. In our study of hypertensive patients, the percentage
of individuals with malnutrition assessed by CONUT, NRI,
and NPS was 19.9, 3.9, and 82.9%, respectively. Moreover,
0.7, 2.2, and 15.4% of individuals with hypertension were
classified as having moderate-to-severe malnutrition assessed by
CONUT, NRI, and NPS, respectively. The remarkable difference
in malnutrition prevalence among the three screening tools
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TABLE 4 | Univariate Cox regression for long-term mortality.

Variables Cardiovascular death All cause death

HR 95%CI P HR 95%CI P

Age 1.10 1.09–1.12 <0.01 1.08 1.08–1.09 <0.01

Female gender 0.59 0.46–0.77 <0.01 0.79 0.70–0.88 <0.01

White race 1.79 1.38–2.32 <0.01 1.62 1.45–1.82 <0.01

BMI (continuous) 0.95 0.93–0.97 <0.01 0.95 0.94–0.96 <0.01

Current smoke 1.04 0.75–1.43 0.83 1.08 0.93–1.24 0.31

Diabetes mellitus 1.74 1.32–2.30 <0.01 1.61 1.42–1.82 <0.01

Stroke 3.28 2.34–4.60 <0.01 2.97 2.56–3.44 <0.01

Emphysema 3.44 2.13–5.57 <0.01 3.64 3.00–4.41 <0.01

Liver disease 0.72 0.36–1.46 0.34 1.21 0.94–1.54 0.14

Malignant tumor 1.95 1.43–2.65 <0.01 2.07 1.81–2.36 <0.01

Congestive heart failure 7.12 5.32–9.52 <0.01 3.69 3.18–4.29 <0.01

Coronary heart disease 4.49 3.34–6.04 <0.01 2.48 2.13–2.89 <0.01

Albuminuria 3.45 2.65–4.49 <0.01 3.16 2.81–3.54 <0.01

Hemoglobin 0.83 0.77–0.90 <0.01 0.81 0.78–0.84 <0.01

eGFR < 60 ml/min/1.73 m2 4.28 3.33–5.52 <0.01 3.55 3.18–3.97 <0.01

CONUT (continuous) 1.54 1.41–1.68 <0.01 1.51 1.46–1.58 <0.01

NRI (continuous) 0.96 0.95–0.96 <0.01 0.96 0.95–0.96 <0.01

NPS (continuous) 1.72 1.52–1.94 <0.01 1.71 1.62–1.81 <0.01

BMI, Body Mass Index; eGFR, estimated Glomerular Filtration Rate; CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; NPS, Naples Prognostic Score.

TABLE 5 | Univariate and multivariate Cox regression of three nutritional screening tools for cardiovascular death and all-cause death.

Variables Cardiovascular death All-cause death

Unadjusted Adjusted* Unadjusted Adjusted*

HR (95%CI) P HR (95%CI) P HR (95%CI) P HR (95%CI) P

CONUT Normal / / / /

Mild 2.52 (1.90–3.34) <0.01 1.41 (1.04–1.91) 0.03 2.51 (2.22–2.84) <0.01 1.48 (1.30–1.70) <0.01

Moderate to severe 9.01 (3.70–21.98) <0.01 5.79 (2.34–14.29) <0.01 8.35 (5.89–11.84) <0.01 4.87 (3.40–6.98) <0.01

NPS Normal / / / /

Mild 1.94 (1.23–3.07) <0.01 1.08 (0.67–1.73) 0.76 2.40 (1.91–3.02) <0.01 1.65 (1.30–2.08) <0.01

Moderate to severe 4.69 (2.86–7.70) <0.01 1.54 (0.91–2.63) 0.11 6.31 (4.96–8.01) <0.01 2.90 (2.24–3.74) <0.01

NRI Normal / / / /

Mild 3.89 (2.17–6.96) <0.01 2.60 (1.34–5.07) <0.01 2.64 (1.96–3.54) <0.01 1.72 (1.24–2.39) <0.01

Moderate to severe 3.88 (2.17–6.94) <0.01 3.30 (1.66–6.56) <0.01 4.28 (3.42–5.35) <0.01 2.60 (1.96–3.44) <0.01

*Adjusted with age, sex, white race, BMI, diabetes mellitus, stroke, emphysema, malignant tumor, congestive heart failure, coronary heart disease, hemoglobin, eGFR (estimated

Glomerular Filtration Rate), abuminuria.

might because of different parameters included or different
thresholds for the same parameter. The poor concordance
in identifying malnutrition among the three screening tools
suggest that they are not interchangeable. The nutritional
status of hypertensive patients evaluated by CONUT and
NPS suggest that malnutrition was quite common among
these patients. On the one hand, it might be owing to
the physiological interrelationship between hypertension and
inflammation (4, 19). Previous studies have reported that
hypertensive patients had higher plasma concentrations of
proinflammatory cytokines and acute phase proteins (20).

The activation of inflammatory pathways might increase the
catabolic demands and result in malnutrition. On the other
hand, vitamin D deficiency was prevalent among malnourished
patients (21) and its deficiency was highly associated with
incidence of metabolic syndrome (22) and cardiovascular disease
including hypertension (23), while vitamin D could act on
endothelial cells and smooth muscle cells to regulate blood
pressure (24).

The relationship between nutritional status and prognosis
has been confirmed in some cardiovascular diseases. In a
study including 5,062 acute coronary syndrome patients with
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FIGURE 3 | Kaplan–Meier curves of long-term cardiovascular and all-cause mortality for different nutritional status assessed by three nutritional screening tools.

a median age of 66.2 years, multivariate cox proportional
hazard regression analysis indicated that malnutrition assessed
by CONUT and NRI was an independent factor for all-
cause mortality and cardiovascular events (25). Another study
involving 336 elderly hypertensive patients confirmed that poor
nutritional status assessed by the CONUT score was significantly
associated with all-cause mortality (18). In the present study,
malnutrition evaluated by different NSTs was also significantly
associated with both cardiovascular and all-cause mortality in
hypertensive patients. The possible underlying mechanismmight
be explained by the following facts. First, tumor necrosis factor-
alpha (TNF-α), a key inflammatory mediator (26), was found to
be higher in patients with moderate-to-severe malnutrition. The
underlying inflammation process could involve the pathogenesis
and progress of some cardiovascular diseases (27, 28) such

as coronary artery disease (29, 30) and heart failure (31),
thereby supplementing the cardiovascular risk brought on
by hypertension (32) and finally leading to cardiovascular
events. Second, as mentioned previously, malnutrition patient
always comorbidity with vitamin D deficiency (21, 33).
The deficiency of vitamin D was reported associated with
higher risk of uncontrolled BP in hypertensive patients (34)
which was associated premature vascular death and CVD
mortality (35). Third, all three NSTs include serum albumin
as a parameter, while hypoalbuminemia was confirmed to be
associated with extremely poor prognosis and cardiac cachexia
(36, 37).

Given that malnutrition assessed by NSTs is now a
common occurrence among hypertensive patients and proved
to be associated with higher cardiovascular and all-cause
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FIGURE 4 | Unadjusted and adjusted hazard ratio for cardiovascular death and all-cause death by degree of malnutrition according to the three nutritional screening

tools.

mortality, the question remains, which NST is suitable for
clinicians to identify hypertensive patients with malnutrition.
Our study showed that NPS was not suitable for predicting
long-term cardiovascular mortality, while nutritional status
evaluated by NPS was significantly associated with all-cause
mortality but not cardiovascular mortality after adjustment
for potential confounding factors. This phenomenon might be
due to the threshold setting of its parameters. In the NPS
scoring system (14), patients with serum albumin <40 g/L
were considered to have malnutrition, while the threshold
for serum albumin was 35 g/L in the CONUT scoring
system (12), which led to its poor ability to distinguish
patients with and without malnutrition. Although nutritional
status assessed by NRI was significantly associated with both
all-cause mortality and cardiovascular mortality, it showed
poorer performance than CONUT in differentiating patients
with mild and moderate-to-severe malnutrition in terms of
mortality risk; this could be explained by the small number
of patients with malnutrition evaluated by NRI. Moreover,
NRI was recommended for identify malnutrition among elderly
hypertensive patients or with comorbidities, while the NRI
had advantages on predicting both cardiovascular mortality
and all-cause mortality among elderly hypertensive patients
or with comorbidities. Overall, CONUT was a more suitable

NST than NPS and NRI to identify malnutrition among all
hypertensive patients.

LIMITATION

There were some limitations to this study that should be
noted. First, the proportion of patients who were classified
with moderate-to-severe malnutrition was low leading to the
limited value of this study for those hypertensive patients
with extremely poor nutritional status. Second, because
of the retrospective study design, our findings should be
interpreted with caution. Finally, although the models were
adjusted for potential risk factors using multiple regression
analysis techniques, there may have been some residual
confounding factors.

CONCLUSION

Malnutrition evaluated by NSTs was common among
hypertensive patients and was closely associated with both long-
term cardiovascular mortality and all-cause mortality. Clinicians
should make additional efforts for the early identification and
management of malnutrition.
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Introduction: Diabetes mellitus (DM) is a pathological hyperglycemic state related
to the dysregulation of insulin. Chronic kidney disease (CKD) is a common chronic
complication in diabetic patients. A vegetarian diet could be one of the preventive
strategies for the occurrence of CKD in patients with diabetes mellitus. However, it is
still unknown whether a vegetarian diet lowers the occurrence of CKD in DM patients.

Research Design and Methods: This retrospective study was conducted at Taipei
Tzu Chi Hospital from 5 September 2005 to 31 December 2016. Subjects with an
HbA1c level > 6.5% or previous history of diabetes mellitus elder than 40 years were
grouped based on self-reported dietary habits (vegetarians, lacto-ovo vegetarians and
omnivores) in the structured questionnaire. Structural equation modeling (SEM) was
applied to estimate the direct and indirect effects of variables on the occurrence of
chronic kidney disease.

Results: Among these 2,797 subjects, the participants were grouped into dietary habits
as vegans (n = 207), lacto-ovo vegetarians (n = 941) and omnivores (n = 1,649). The
incidence of overall CKD was higher in the omnivore group [36.6% vs 30.4% (vegans)
and 28.5% (lacto-ovo vegetarian), p < 0.001]. In the SEM model, after adjusting for age
and sex, the lacto-ovo vegetarian [OR: 0.68, 95% confidence interval (CI): 0.57–0.82]
and vegan groups (OR 0.68, 95% CI: 0.49–0.94) were both associated with a lower
risk of CKD occurrence than the omnivore group. The vegan diet and lacto-ovo diet
lowered the risk related to a high BMI (OR: 0.45, p < 0.001, OR: 0.58, p < 0.001) and
hyperuricemia (OR: 0.53, p < 0.001; OR: 0.55, p < 0.001) for the occurrence of CKD.

Conclusion: Vegetarian dietary habits were associated with a lower occurrence of
CKD in DM patients.

Keywords: diabetes mellitus, chronic kidney disease, vegan diet, lacto-ovo vegetarian diet, obesity, hyperuicemia
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INTRODUCTION

Diabetes mellitus (DM) is the pathological hyperglycemic
state induced by insulin deficiency or resistance. A chronic
hyperglycemic status could contribute to multiple organ
dysfunction, including cardiovascular disease, peripheral
neuropathy, retinopathy and nephropathy (1). The complications
of diabetes mellitus influence patient survival and pose
an economic burden for health expenditures; therefore,
pharmacologic intervention and lifestyle modifications are
important for controlling diabetes mellitus and its complications
(2). Beyond pharmacologic strategies such as insulin or oral
hyperglycemic agents, lifestyle behavior changes play an
important adjunctive role in controlling hyperglycemic status.
The Diabetes Prevention Program involving body weight loss
and maintaining weekly physical activities has been advocated
as the cornerstone for managing diabetic control (2018;3).
Dietary counseling also plays an important role in preventing the
development of DM. An adequate reduction in calories and fat
helps lower the incidence of DM (4), and specific eating habits,
such as the Mediterranean-style, Dietary Approaches to Stop
Hypertension (DASH) or plant-based diet, are important for the
prevention of DM (3, 5,6).

Chronic kidney disease (CKD) is characterized by a
progressive decline in glomerular filtration rate or persistent
proteinuria for more than 3 months (7). Diabetes mellitus,
either type 1 or type 2, is a major metabolic etiology that
contributes to CKD (8). At the same time, CKD itself disturbs
insulin sensitivity by hyperactivity of the sympathetic tone,
renin-angiotensin-aldosterone system and chronic inflammation
(9–12). Hyperglycemic status enhances the hyperfiltration of
the glomerulus and therefore worsens glomerular hypertrophy
and sequential glomerular fibrosis (12). To lessen glomerular
hypertrophy and downstream glomerular fibrosis, protein
restriction is the main dietary intervention (13). As mentioned in
the previous section, a Mediterranean-style diet or plant-based
diet is suggested because the reduced protein content might
provide benefits in relieving glomerular hypertrophy (14,15).

A vegetarian diet is one strategy for lowering protein
ingestion. A vegetarian diet, which is composed of plant-based
food, involves the consumption of grains, fruit, vegetables and
unsaturated fat. Fish, meat and poultry products are excluded.
In the lacto-ovo vegetarian diet, milk, dairy products and eggs
are included. In the vegetarian diet, soy, wheat and nuts serve
as the major sources of protein without an excessive reduction
in calories. Previous studies indicate that a vegetarian-based diet
is safe for CKD patients (16), and it plays several protective
roles in delaying the initiation of renal replacement therapy (17).
Previous cohort studies also provided evidence that a vegetarian
diet influenced blood pressure control in CKD patients. Liu et al.
demonstrated that a lacto-ovo dietary habit was associated with
better blood pressure control in patients with proteinuria (18).
Lacto-ovo vegetarian habits also provided better phosphate and
lipid control in moderate CKD patients (19).

Based on the evidence above, a vegetarian diet might provide
a protective role in CKD patients when protein restriction is
the cornerstone of daily care. From our previous study, the

vegan and lacto-ovo vegetarian habits provided a protective role
in lowering the incidence of CKD (20). However, the role of
vegetarian dietary habits in protecting against the occurrence of
CKD in DM patients is unknown. The aim of the study was to
investigate whether healthy dietary habits, especially vegetarian-
based diets, are associated with the occurrence of chronic kidney
disease in DM patients.

RESEARCH DESIGN AND METHOD

Study Participants
This retrospective study was conducted at Taipei Tzu Chi
Hospital from 5 September 2005 to 31 December 2016 in Taiwan.
The database was composed of individuals receiving self-paid
health exams at the health checkup center in Taipei Tzu Chi
Hospital (New Taipei City, Taiwan). The inclusion criteria were
(1) subjects older than 40 years old and (2) subjects with serum
hemoglobin A1c (HbA1c) levels > 6.5% or previous history of
diabetes mellitus reported by the subjects. The exclusion criteria
included participants without correct identification numbers
or insufficient biochemical data. The study was approved by
the institutional board of Taipei Tzu-Chi Hospital based on
the Declaration of Helsinki (06-XD12-033). Further written
informed consent were waived in this retrospective study by the
ethical committee of Taipei Tzu-Chi Hospital.

Clinical Assessment
We used the structured questionnaire applied in the studies
by Chiu et al. except the food questionnaire (21) from Tzu-
Chi medical system. After enrollment, a comprehensive health
examination would be performed. Trained research nurse
interviewed the participants with the questionnaire with gender,
medical history, age, lifestyle habits (including smoking, alcohol
and physical activities) and dietary habit. The subjects were
grouped based on self-reported dietary habits: vegans, lacto-ovo
vegetarian and omnivore. The lacto-ovo vegetarian was defined
as an individual who consumed eggs or dairy products or both
but no other animal products; a vegan was defined as one who
consumed only plant-based foods; an omnivore was defined as
one who consumed both plant- and animal-based foods.

An automatic electronic meter (SECA GM-1000, Seoul,
South Korea) was used to measure height and weight. The body
mass index (BMI, kg/m2) was calculated based on the measured
body weight and height by a well-trained nurse. Blood pressure
was measured by an automatic blood pressure machine (Welch
Allyn 53000, NJ, United States).

Venous blood was drawn after patients had fasted for
at least 12 h. Measurements included levels of serum uric
acid, total cholesterol (TCH), triglycerides (TG), and high-
density lipoprotein cholesterol (HDL-C) (Dimension RXL Max
integrated chemistry system, Siemens, Erlangen, Germany).
Serum creatinine was measured using the alkaline picrate (Jaffe)
method. The estimated glomerular filtration rate calculation
was based on the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) from serum creatinine (22).
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Hyperuricemia was defined if the serum uric acid level was
higher than 7 mg/dL in males and 6 mg/dL in females (23).

Urine protein was determined by an automated urine analyzer
(Arkray 4030, Tokyo, Japan) analyzing a single dipstick. The
severity of proteinuria was graded into six categories: absent (less
than 10 mg/dL), trace (± ) (10 to 20 mg/dL), 1 + (30 mg/dL),
2 + (100 mg/dL), 3 + (300 mg/dL) or 4 + (1,000 mg/dL). Patients
with trace levels, 1 + level and above were defined as having
proteinuria. The presence of CKD was defined as either the
presence of proteinuria or an estimated glomerular filtration rate
(eGFR) ≤ 60 mL/min per 1.73 m2 (7).

Statistics
To compare the normal and continuous variables between the
three groups (vegan, ovo-lacto vegetarian, or omnivore), chi-
square and one-way ANOVA were applied. When there were
fewer than 5 observed values or the data did not conform to a
categorical distribution, Fisher’s exact test and the Kruskal–Wallis
test were used instead. A multivariable logistic model was used
to calculate the adjusted odds ratio (OR). Four separate logistic
regression models were applied: an unadjusted model; a crude
model (Model 1); a model adjusted for age and gender (Model
2); and a model adjusted for all the other parameters [full model
(Model 3)]. The stepwise backward and likelihood ratio test were
chosen as the approach for model selection.

Structural Equation Modeling Model
Structural equation modeling (SEM) with Bernoulli distribution
in a logistic regression model estimated the direct and indirect
effects of the vegetarian, lacto-ovo vegetarian and omnivore diets
and other research factors on CKD risk in diabetic patients. We
assessed the relationships at two levels, including (1) the direct
effects of CKD risk factors on CKD and (2) the indirect effects of
vegetarian, lacto-ovo vegetarian and omnivore diets on CKD risk
factors. We showed the adjusted odds ratios and 95% confidence
intervals and p values.

Variables Assessed in Structural
Equation Modeling
We estimated the association with several factors and CKD.
In addition, the model also assessed the biochemical values
and relative index mediated by the vegetarian and lacto-ovo
vegetarian diets compared to the omnivore diet in our SEM
model. The biochemical values and relative indices were SBP,
HbA1c level, BMI greater than 27, TG over HDL ratio, and
high uric acid level. The two-tailed test was used for statistical
significance testing, and a p-value < 0.05 was considered
significant. When we used the Bonferroni adjustment to assess
the difference between the variables, the value was still less than
0.05 for vegetarian versus both subgroups. The study assumes
that the statistical significance level was 95% and power was 80%,
and the proportion of CKD in diabetic patients was 40%. If the
odds ratio of vegetarians to CKD was 0.8, the required sample was
2,774. We assessed the adequacy of the sample size based on the
above calculations. All statistical analyses were executed with SAS

software version 9.4 (SAS Institute, Inc., Cary, NC, United States)
and STATA15.1 (Stata Corp, College Station, TX, United States).

RESULTS

Figure 1 illustrates the flow chart of the enrollment within
the study. The total database included 55,929 individuals.
After the first exclusion for individuals younger than 40 years
old (n = 4,086), individuals with incomplete identification
(n = 1,944), individuals with HbA1c levels < 6.5% (n = 50,695)
and individuals with incomplete or missing biochemical exam
results (n= 30), the total number of subjects with DM within the
cohort was 2,797. Among these 2,797 subjects, the participants
were grouped by dietary habits as vegans (n = 207), lacto-ovo
vegetarians (n= 941) and omnivores (n= 1,649).

Demographic Information of the
Subjects With Different Eating Habits
Table 1 displays the demographic information between the
groups. There were 207 and 941 participants with vegan and
lacto-ovo vegetarian diets, respectively, both of which were
lower than the number of participants with an omnivore diet
(n = 1,649, p < 0.001). The age of the participants with an
omnivore diet (61.8 ± 10.7 years old) was lower than that
of the participants with a vegan or lacto-ovo vegetarian diet

FIGURE 1 | The flow chart for subject selection process in this study.
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(67.5 ± 8.9 and 64.3 ± 8.4 years old, respectively, p < 0.001).
Females were less common in the omnivore group [38.7 vs 60.4%
(vegans) and 60.4% (lacto-ovo vegetarian), p < 0.001]. Chronic
exposure to cigarettes was more prevalent in the omnivore
group [12.6 vs 1.9% (vegans) and 1.1% (lacto-ovo vegetarian),
p < 0.001]. Among the physiological parameters, the omnivore
group had a higher BMI than the other groups [25.5 ± 4.1
(kg/m2) vs 24.4 ± 3.8 kg/m2 (vegans) and 24.3 ± 3.7 kg/m2,
(lacto-ovo vegetarians) p < 0.001]. The percentage of patients
with hypertension was higher in the omnivore group [38.6 vs
33.3% (lacto-ovo vegetarian) and 32.9% (vegans), p = 0.002].
Among the biochemical parameters, HbA1c level (7.2 ± 1.6%,
p < 0.001), the ratio of triglyceride/high-density lipoprotein
(5.7 ± 1.6, p < 0.001) and the percentage of participants with
hyperuricemia (14.8%, p< 0.001) were all higher in the omnivore
group. Regarding the parameters indicating CKD, the omnivore
group had a higher incidence of proteinuria [27.7 vs 21.7%
(vegans) and 20.5% (lacto-ovo vegetarian), p < 0.001]. The
proportion of participants with stage 1-2 CKD was also higher
in the omnivore group [21.4 vs 14.5% (vegans) and 16.6% (lacto-
ovo vegetarian), p = 0.002]. The incidence of overall CKD was

higher in the omnivore group [36.6 vs 30.4% (vegans) and 28.5%
(lacto-ovo vegetarian), p < 0.001].

The Odds Ratio for the Occurrence of
Chronic Kidney Disease by Demographic
Factors and the Different Dietary Habits
in DM Individuals in the Logistic
Regression Model
Table 2 displays the odds ratio for CKD by risk factors such as
physiological and biochemical parameters and dietary habits. In
the crude logistic regression model, older age (OR 1.03, 95% CI:
1.02–1.04), male sex (OR 1.41, 95% CI: 1.21–1.67), smoking habit
(OR 1.51, 95% CI: 1.15–2.00), BMI > 27 kg/m2 (OR 1.58, 95%
CI: 1.33–1.88), every 10 mmHg increase in systolic pressure (OR
1.18, 95% CI: 1.12–1.24), HbA1c level (OR 1.15, 95% CI: 1.10–
1.21), the ratio of triglycerides to high-density lipoprotein (OR
1.05, 95% CI: 1.02–1.07) and the occurrence of hyperuricemia
(OR 2.00, 95% CI: 1.60–2.53) all posed hazards for the occurrence
of CKD in diabetic patients. When compared with the omnivore
diet, the lacto-ovo vegetarian diet had a protective effect against

TABLE 1 | The demographic characteristic of subjects in the community.

Vegan Lacto-ovo vegetarians Omnivore diet p-value

N 207 941 1,649 <0.001

Age group, years-old, n (%)

40–49 5 (2.4) 26 (2.8) 109 (6.6) <0.001

50–69 14 (6.8) 150 (15.9) 376 (22.8) <0.001

60–69 77 (37.2) 386 (41.0) 583 (35.4) 0.016

>70 111 (53.6) 375 (39.9) 540 (32.7) <0.001

Age, years-old, mean(SD) 67.5 (8.9) 64.3 (8.4) 61.8 (10.7) <0.001

Gender, n (%)

male 82 (39.6) 373 (39.6) 1011 (61.3) <0.001

female 125 (60.4) 568 (60.4) 638 (38.7) <0.001

Current smoking, n (%) 4 (1.9) 10 (1.1) 208 (12.6) <0.001

BMI, Kg/m2, mean(SD) 24.4 (3.8) 24.3 (3.7) 25.5 (4.1) <0.001

> 27, n (%) 41 (19.8) 196 (20.8) 526 (31.9) <0.001

Systolic BP, mmHg, mean(SD) 126 (17) 125 (16) 126 (15) 0.42

Hypertension, n (%) 68 (32.9) 313 (33.3) 637 (38.6) 0.013

HbA1c,%, mean(SD) 7.1 (1.9) 6.8 (1.5) 7.2 (1.6) 0.002

TG/HDL ratio, mean(SD) 3.5 (3.2) 3.3 (3.1) 4 (4.2) <0.001

Uric acid, mg/dL, mean(SD) 5.2 (1.3) 5.3 (1.4) 5.7 (1.6) <0.001

Hyperuricemia, n (%) 15 (7.2) 77 (8.2) 244 (14.8) <0.001

Proteinuria, n (%) 45 (21.7) 193 (20.5) 457 (27.7) <0.001

Creatinine, mg/dL, mean(SD) 0.9 (0.7) 0.9 (0.4) 1.0 (0.4) <0.001

CKD-EPI eGFR, mL/min/1.73 m2, mean(SD) 76 (16) 79 (15) 78 (17) 0.99

CKD stage, n (%)

1–2 30 (14.5) 156 (16.6) 353 (21.4) 0.002

3 31 (15.0) 108 (11.5) 233 (14.1) 0.12

4–5 2 (1.0) 4 (0.4) 17 (1.0) 0.25

CKD, n (%) 63 (30.4) 268 (28.5) 603 (36.6) <0.001

SD: standard deviation.
BMI: body mass index, Systolic BP: systolic blood pressure, HbA1c: hemoglobin A1c.
TG/HDL ratio: triglyceride to high-density lipoprotein cholesterol ratio.
CKD, chronic kidney disease.
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TABLE 2 | Risk in different demographic characteristics and eating habits for
occurrence of CKD (n = 2,797).

Model 1
Odd ratio (95%

confidence
interval)

Model 2
Odd ratio (95%

confidence
interval)

Model 3
Odd ratio (95%

confidence
interval)

Vegan vs.
Omnivores

0.76 (0.56–1.04) 0.68 (0.49–0.94) 0.75 (0.54−1.04)

Lacto-ovo
vegetarian vs.
Omnivores

0.69 (0.58–0.82) 0.68 (0.57–0.82) 0.78 (0.65−0.95)

Age per years old 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02−1.04)

Male vs. female 1.42 (1.21–1.67) 1.38 (1.17–1.62) 1.24 (1.04−1.47)

Current smoking 1.51 (1.15–2.00) 1.40 (1.03−1.90)

BMI > 27 1.58 (1.33–1.88) 1.32 (1.09−1.59)

Systolic BP, per
10 mmHg

1.18 (1.12–1.24) 1.09 (1.04−1.16)

HbA1c 1.15 (1.10–1.21) 1.12 (1.07−1.18)

TG/HDL ratio 1.05 (1.02–1.07) 1.03 (1.01−1.05)

Hyperuricemia 2.00 (1.60–2.53) 1.80 (1.42−2.29)

MI: body mass index, Systolic BP: systolic blood pressure,
HbA1c: hemoglobin A1c.
TG/HDL ratio: triglyceride to high-density lipoprotein cholesterol ratio.
CKD, chronic kidney disease.
Model 1 crude model.
Model 2 adjusted age, gender, vegan, lacto-ovo vegetarians and omnivores.
Model 3 adjusted the variables in model 2 and current smoking, BMI > 27, systolic
BP, HbA1c, TG/HDL ratio and hyperuricemia.

the occurrence of CKD (OR 69, 95% CI: 0.58–0.82). The vegan
diet also had a lower risk of CKD (vs omnivores, OR 0.76, 95% CI:
0.56–1.04). When adjusting for age and sex, lacto-ovo vegetarian
(OR: 0.68, 95% CI: 0.57–0.82) and vegan habits (OR 0.68, 95% CI:
0.49–0.94) may both have a lower risk of CKD. In the full model
adjustment, lacto-ovo vegetarians showed a lower risk of CKD
occurrence (OR 0.78, 95% CI: 0.65–0.95).

The Adjunctively Lowering Effect of
Chronic Kidney Disease Occurrence by
Different Dietary Habits in DM Individuals
in the Structural Equation Modeling
Model
Figure 2 shows the effect of dietary habits on the interactions
of the risk factors for CKD in DM patients by using the SEM
model. The lacto-ovo diet had the direct effect on lowering
the occurrence of CKD. The vegan diet did not lower the
occurrence of CKD in SEM model, although it provided the
possible protective effect after adjusting age and gender in model
2. However, a vegan diet lowered the risk related to higher BMI
(OR: 0.45, p < 0.001) and hyperuricemia (OR: 0.53, p = 0.004)
for the occurrence of CKD. The lacto-ovo diet lowered the risk
of CKD directly, as illustrated in Table 2. The Lacto-ovo diet also
mitigated the risk related to higher BMI (OR: 0.58, p< 0.001) and
hyperuricemia (OR: 0.55, p < 0.001) for the occurrence of CKD.
It also meaning that the lacto-ovo-vegetarian diet also indirectly
affects occurrence of CKD through effects on hyperuricemia acid
and risk related to higher BMI.

DISCUSSION

We found that traditional risk factors, such as hypertension,
obesity, hyperuricemia and consumption of cigarettes, were
associated with the occurrence of CKD in DM patients and
that vegetarian dietary habits were associated with a lower risk
of hyperuricemia and BMI > 27 kg/m2 in the occurrence of
CKD in the SEM model. Among the different dietary patterns,
vegetarians and lacto-ovo vegetarians had a lower incidence of
CKD than the omnivores. While the traditional risk factors pose
hazards for the occurrence of CKD, lacto-ovo and vegetarian
diets provided protective effects after adjusting for sex and age
and other traditional risk factors in a multivariable logistic
regression model.

Dietary intervention has been applied to alleviate the
complications of metabolic diseases. In controlling hypertension,
a dietary approach to stop hypertension encourages reduced
ingestion of sodium and high consumption of whole grains
and low-fat dairy products. During the past 2 decades, the
dietary behavior trend changed in Taiwan. The concept of a
healthy diet encouraged adults to increase the ingestion of
vegetables, grains, and soy products and avoid excessive ingestion
of red meat or animal oils (24). Vegan and lacto-ovo vegetarian
diets also provide similar effects for controlling blood pressure.
The major components of the vegetarian diet are nuts, wheat
and soy-based protein. As described in the previous sections,
protein restriction is the cornerstone of dietary intervention
in treating CKD, and the proportion of protein might shift
from meat to whole grains, legumes or soy-based food (25). In
advanced CKD patients, the enhanced consumption of grains
might accompany hyperphosphatemia, but the calories from
grains could trade off energy and reduce total protein ingestion
(25, 26). Whole grain food also improved blood sugar control in
DM (26), which might reflect less severe CKD in DM patients
(27). A clinical trial by Dobre et al. showed that 12 weeks of
supplementation with β-glucan from the grains also lowered the
production of trimethylamine N-oxide within the body (28).
Soy-based foods are common in Eastern Asian countries, and

FIGURE 2 | The odds ratio of risk factors on CKD in SEM model.
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a soy-based diet habit was associated with a lower incidence of
mild cognitive impairment (29). A soy-based diet also improved
the survival associated with cognitive impairment (30). The soy-
base protein content also has a renoprotective effect. From the
in vivo study by Chen et al. soy β-conglycinin could directly
enhance insulin sensitivity and alleviate the activation of renin-
angiotensin-aldosteronism in streptozotocin-treated Wistar rats.
The histologic progression of DM nephropathy could be retarded
after the administration of soy β-conglycinin (31). The increased
expression of nephrin in streptozotocin-treated rats was noted
if soy β-conglycinin was given in the diet (32). From previous
in vivo studies, energy expenditure and energy gain increased in
rats receiving a low-protein diet compared with rats receiving
a normoproteic diet. At the same time, brown adipose tissue
could be lessened by increasing insulin sensitivity even when
sympathetic tone increased (33). Sympathetic hyperactivity is
common in DM patients, and sympathetic hyperactivity is
associated with higher cardiovascular comorbidity. Since a vegan
diet provides benefits for insulin sensitivity and metabolic
adjustment related to adipose tissue, our result is also consistent
with the conclusions from other studies. In the multivariates
logistic regression, the vegan diet, in comparison with lacto-ovo
vegetarians diet, did not provide the protective effect in CKD in
crude model. However, the protective effect was demonstrated
after adjusting age and gender. The demographic result illustrated
that the age in vegan group was higher than other groups, and
the advanced age was a risk factor for development of CKD.
Our result might illustrate that both lacto-ovo vegetarians and
vegan diet might provide a protective role in decreasing the
development of CKD in DM subjects.

The role of a vegan diet in alleviating CKD progression
has aroused growing attention. Dietary intervention for CKD
prevention or progression includes restriction of daily protein,
salt and inorganic phosphorus (15). From the aspect of protein
restriction, daily protein ingestion is an important strategy
for lowering intraglomerular hypertension and reducing the
generation of urea and acid accumulation within the body (13).
A protein restriction strategy reduces the decline in glomerular
filtration rate in CKD patients and therefore delays entry into
dialysis. In the daily diet, processed food and meat have been
regarded as sources of exogenous acid in CKD because of
excessive catabolism. In addition, animal-based proteins are
the major source of purine, which is converted to uric acid.
Hyperuricemia is an important risk factor for cardiovascular
comorbidities in patients with metabolic syndrome since it serves
as an important source of inflammation and oxidative stress.
The dietary approach to stop hypertension, which is composed
of grains, fish, and milk rather than red meat, might contribute
a partial effect in lowering serum uric acid. From the study
by Miller et al. the DASH diet lowered the serum uric acid
level compared with an omnivore diet (34). When comparing
the vegetarian diet with the omnivore diet, the urate-lowering
effects differed in different studies. The EPIC-Oxford study
enrolled 65,429 subjects in the United Kingdom, and the results
demonstrated that subjects fed vegetarian diets had higher serum
concentrations of uric acid (35). From a study by Chiu et al.
vegans had lower uric acid levels than non-vegetarians in the

cohort study initiated in the Buddhist hospital in Taiwan (36).
In a study by Chiu et al. a vegetarian diet lowered serum uric
acid levels, and the lowering effect was more obvious in patients
with hyperlipidemia and diuretic users. The urate-lowering effect
was not observed in the DM patients from the cohort study by
Chiu et al. but diuretics are commonly used in CKD patients
for adequate control of body fluid and blood pressure. However,
diuresis accompanies the enhanced reabsorption of urate from
the proximal tubules. Therefore, a vegetarian diet might be an
important intervention to manage hyperuricemia in patients
with DM nephropathy.

The safety of the low-protein diet has been confirmed in
multiple studies. Soy is an important component of the vegetarian
diet in Taiwanese society to replace the protein source from
red meat or fish. Such dietary habits could provide sufficient
calories compared with a non-vegetarian diet (36). It has been
confirmed that nutritional markers such as serum albumin and
BMI are similar when a low-protein diet is applied. From the
clinical evidence, the low-protein diet habit provided a protective
role in lowering the overall mortality in the younger population
from the NHANES III database (37). A recent meta-analysis from
Naghshi et al. also provided evidence that all-cause mortality
could be lessened by consuming a plant-based diet (38). From
the aspect of mortality, the plant-based diet provides a benefit
compared with a high-animal protein diet. In specific subgroups
of CKD, a low-protein diet also provided clinical benefits. In
pregnant CKD patients, the incidence of small for gestational
age or extreme preterm babies was lowered when the patients
used vegan-based protein restriction (16). From the aspect of
homeostasis of calcium and phosphate in CKD, a vegetarian diet
also played a conjunctive role in lowering the phosphate burden,
while the body mass or fat might not be influenced (21). Beyond
the consideration of religious beliefs, a vegetarian diet might be a
safe dietary intervention when managing CKD.

There are still several limits in this study. This cohort study did
not provide precise gradients of daily intake for all participants.
This category was defined by the reply from the participants. We
did not define the vegans by using the scales reflecting the daily
food frequency, and the vegans or lacto-ovo vegans would not be
digitalized. Further validated questionnaire such as 64-item food
frequency questionnaire might be helpful to validate the accuracy
of the self-report dietary habit. Therefore, the effect of calories
and the proportion of protein could not be reflected directly.
However, the study from Chiu et al. (21) demonstrated that the
caloric content in vegetarian and non-vegetarian was similar for
patients in Tzu-Chi medical system (1,705 vs 1,740 kcal, p= 0.11).
The percentage of protein was 13± 1% and 12± 1%, respectively.
The more precise measurement on the composition of diet in
each individual might be needed in future study. Second, the
study was a retrospective study, not a longitudinal study. We used
the SEM model to validate the effect of vegetarian diets. The SEM
model could express the interactions between different variables
to predict the specific disease. From a previous study, the SEM
model helped validate the efficacy of biomarkers for predicting
CKD, such as Kim-1 (22, 39). In DM patients, the SEM model
also played an important role in predicting the risk of CKD.
From a study by Lee et al. hyperuricemia also contributed to the
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occurrence of DM nephropathy based on the SEM model (10, 40).
However, such a model could not demonstrate the longitudinal
variation in physiological or biochemical parameters, such as the
change in blood pressure and decline in estimated glomerular
filtration. Third, the study population was from a single institute
with the foundation of the Buddhist religion. Forty-one percent
of the participants of the cohort study were vegans or lacto-
ovo vegetarians, which might be higher than that in other
cohort studies (40, 41). Therefore, further studies with large
populations and longitudinal follow-up might be needed. Finally,
our database used the result for the self-paid health exams
at the health checkup center. As the definition of American
Diabetes association, the diagnosis of diabetes mellitus should
be confirmed based on the random sugar, the fasting sugar and
glycosylated hemoglobin (HbA1c) and Oral Glucose Tolerance
Test (42). HbA1c was a convenient measurement for diagnosing
DM. Our database measured HbA1c only, and therefore the
diagnosis of diabetes mellitus could not be fulfilled according
to ADA. However, the HbA1c might not detect DM with
advanced CKD. However, the advanced CKD in our database
was 1%, and the false-negative effect of HbA1c might not
occurred. Besides, the effect of medication such as anti-diabetic
or anti-hypertensive medications and the legacy of diabetes
were not assessed in the study. The classification of diabetes
mellitus, such as insulin deficient diabetes mellitus or mature
onset of diabetes of the young could not be differentiated.
The connection between the self-paid examination with the
medical record in Tzu-Chi Medical system might provide more
comprehensive aspects to understanding the different effect of
diabetes mellitus.

In summary, the study investigated the role of lacto-ovo
vegetarian and vegan diets in DM nephropathy. In our study,
vegan and lacto-ovo vegetarian diets decreased CKD in DM
patients. The protective effect of a vegan diet might be mediated
by alleviating hyperuricemia.
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Background and Aims: Soluble Klotho (S-Klotho) is a protein that has anti-aging

properties. Dietary inflammation index (DII) is closely related to various age-related

diseases. However, whether DII is related to S-Klotho plasma levels is still controversial.

It was the goal of this study to examine the link between DII and S-Klotho in middle-aged

and elderly people.

Methods: Between 2007 and 2016, five NHANES cycles were conducted, with 12,315

middle-aged and elderly (aged 40–79) participants having S-Klotho tests and submitting

dietary recall data. The inflammatory potential of a diet was determined using the DII.

To determine the plasma levels of S-Klotho, we employed a solid-phase sandwich

enzyme-linked immunosorbent assay (ELISA).

Results: There was a negative correlation between DII and S-Klotho plasma levels. In the

threshold effect analysis model, the breakpoint was DII=1.3, and the negative correlation

wasmore obvious when DII< 1.3 (β=−10.6, p= 0.001). When DII> 1.3, the correlation

disappeared (p = 0.355). There may be a threshold saturation effect.

Conclusion: In middle-aged and older individuals, there is a negative connection

between the pro-inflammatory dietary pattern as evaluated by DII and the plasma level of

S-Klotho. Given the rationale for the findings and the study’s limitations, the fundamental

mechanisms generating inflammation warrant additional exploration.

Keywords: aging, dietary inflammatory index, Klotho, inflammation, diet

INTRODUCTION

Klotho, a transmembrane protein, possesses extraordinary anti-aging capabilities (1). Clotho is
the name of one of Greek mythology’s three fate goddesses, a just but forgiving divinity. As a
result, when researchers discovered a protein that “secures the human lifeline,” they gave it the
name Klotho. Klotho protein can be found in two different forms: membrane and secretory. The
hydrolysis of protein on the Klotho membrane produces the exfoliated form (S-Klotho) of Klotho
protein. In comparison to membrane Klotho protein, S-Klotho protein is more prevalent in the
human body, with S-Klotho found in urine, blood, and cerebrospinal fluid (CSF) (2–4). As a
humoral factor, it performs a variety of biological functions in the circulatory system, including
inflammation regulation, antioxidation, and senescence prevention (5, 6). By contrast, a shortage
of Klotho can result in a variety of age-related diseases, including atherosclerosis, endothelial
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dysfunction, decreased bone mineral density, osteoporosis, skin
atrophy, and cognitive impairment (7–11). As the population is
getting old, the number of the elderly population is growing, age-
related diseases are also on the rise, and the disability burden
of age-related diseases is expected to increase. Therefore, it is of
great significance to understand the factors related to anti-aging.

Dietary patterns largely determine life expectancy (12). There
is a great deal of evidence that many foods, nutrients, and
non-nutritious food ingredients can regulate inflammation in
both acute and chronic ways (13). Considering the anti-
inflammatory and pro-inflammatory regulatory potential of
nutrients, a lot of interest has been aroused by the inflammatory
burden of diet. The pro-inflammatory diet pattern is related to
some age-related systemic diseases, including malignant tumors,
cardiovascular metabolic diseases, diabetes, and so on (14–16).
Furthermore, given the frequency of food intake, the dynamic
equilibrium of chronic inflammation is more dependent on diet
than on medicine use. Then, by properly managing dietary
components associated with inflammation, several disorders
caused by inflammatory pathways can be avoided or cured.
Rather than a single assessment based on nutrition, the
inflammatory load of food is investigated more thoroughly in
certain ways. From this point of view, a method of describing
and measuring the inflammatory potential of a person’s diet
can help develop tailored and accurate dietary intervention and
health maintenance strategies. Using inflammatory biomarkers,
the dietary inflammation index (DII) has been validated in
several groups to help determine the inflammogenic potential of
certain people’s diets (17). Therefore, highDII (pro-inflammatory
diet) may be related to a grown risk of chronic disease or all-cause
death (18, 19).

Aging is an inevitable process throughout life. However,
dietary patterns reflect years to decades of inflammation in the
body, which can be inferred chronic inflammationmay be closely
related to aging. DII has been adopted for studies to better know
the relationship between DII and disease. However, as far as we
know, the relationship between the Mediterranean diet and S-
Klotho has been studied, and there is only one article on DII
and S-Klotho in middle-aged people, and the sample size is
small (n = 73) (2), so it seems to be very important to find
out whether the pro-inflammatory diet can regulate the plasma
level of S-Klotho in humans. The goal of this study is to explore
the connection between DII and S-Klotho in middle-aged and
elderly adults using data from the National Health and Nutrition
Examination Survey (NHANES 2007–2016).

MATERIALS AND APPROACHES

Participants
Because S-Klotho was evaluated exclusively within that period,
the research design comprised data from fiveNational Health and
Nutrition Examination Survey cycles (NHANES). The National
Center for Health Statistics undertakes a hierarchical, multi-
phase assessment of the non-institutionalized civilian population
in the United States of America and the District of Columbia
(NCHS). The NHANES is used to assess individuals’ health
and nutritional status and to monitor changes over time. Data

collection methods included interviews, physical examinations,
and laboratory testing, and all NHANES surveys conducted
between 2007 and 2016 were examined and approved by
the Centers for Disease Control and Prevention (CDC) and
the National Center for Health Statistical Research (NCHS)
Ethics Review Committees; All participants provided written
informed consent. For this research, data on NHANES2007-
2008, 2009-2010, 2011-2012, 2013-2014, and 2015-2016 were
searched. The inclusion criteria were as follows: original serum
samples of participants aged 40–79 were tested for S-Klotho
and answered dietary interviews on total nutrient intake.
Excluding people with unreliable dietary records, the total
sample size was 12,315. We follow the expansion of enhanced
observational research in Nutrition Epidemiology (STROBE-
NUT) (Supplementary Table S1) (20).

Dietary Inflammatory Index (DII)
The DII is a literature-based technique for continuously
classifying individual diets from the most anti-inflammatory
to the most pro-inflammatory. The DII’s development and
validation have been detailed elsewhere. DII is a scoring
approach that anticipates the mean and standard deviation (SD)
for each coefficient using dietary intake data from regionally
relevant world datasets. This study calculated the DII scores
for 26 commonly consumed foods: Energy (Kcal), Protein
(Gm), Carbohydrates (Gm), Total Sugar (Gm), Dietary Fiber
(Gm), Total Fat (Gm), Total Saturated Fatty Acids (Gm), Total
Monounsaturated Fatty Acids (Gm), Total Polyunsaturated Fatty
Acids (Gm), Cholesterol (Mg), Vitamin E, -tocopherol (Mg),
Flavane-3-ol, flavone, flavonol, and green/black tea. First, we
calculated every food coefficient and every participant’s Z-score.
Next, every individual Z-score is transformed into a central
percentile. Thirdly, a standardized global inflammatory effect
score was adopted to multiply every central percentile. Each
participant’s DII score is, then, summed up. We determined the
highest quartile of DII scores (representing a pro-inflammatory
diet) and the lowest quartile of DII scores (showing an anti-
inflammatory diet) based on Table 3 (17).

S-Klotho Plasma Levels
During the five cycles of the NHANES project, blood samples
were taken from the original serum samples that were available to
participants aged 40–79. The samples were stored on dry ice and
each package was examined by personnel in the receiving area
of the laboratory. The sample is scanned, the data is compared
with the data on the received electronic manifest, and input
into the laboratory information system. All samples are stored
at −80◦C until predetermined batches of samples are provided
to technicians for analysis every day. S-Klotho is on basis of a
solid-phase sandwich enzyme-linked immunosorbent assay kit
(IBL International, Japan). The analysis results are automatically
transmitted from the instrument to the laboratory Oracle
management system, and the regional supervisor evaluates the
results. Samples with repetitive results of more than 10% are
marked as repetitive analysis. If the value of the quality control
sample is not within the 2SD range of the specified value, the
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TABLE 1 | Baseline characteristics of participants (N =12,315).

Characteristic Klotho levels quartiles, pg/mL P-value

Q1 Q2 Q3 Q4

<654.7 ≥654.7 to <802.5 ≥802.5 to <993.3 ≥993.3

No. of participants 3,079 3,077 3,079 3,080

Age(years) 59.05 (11.11) 58.00 (10.85) 57.33 (10.70) 56.51 (10.60) <0.001

Sex (%) <0.001

Men 49.06 51.00 48.07 42.52

Woman 50.94 49.00 51.93 57.48

Race/ethnicity (%) <0.001

Mexican American 6.61 6.22 6.97 6.98

Other Hispanic 3.96 4.48 4.83 5.53

Non-Hispanic white 73.83 75.75 73.42 68.12

Non-Hispanic black 9.32 7.26 7.67 12.77

Other race/ethnicity 6.27 6.29 7.11 6.60

Energy intake (kcal/day) 1927.49 (882.96) 1936.99 (898.62) 1935.79 (893.63) 1916.92 (880.57) 0.800

DII 1.04 (1.75) 0.91 (1.80) 0.91 (1.80) 0.92 (1.83) 0.001

Body mass index (kg/m2 ) 29.99 (6.36) 29.82 (6.64) 29.72 (6.74) 29.64 (6.92) 0.196

Waist circumference (cm) 103.10 (14.67) 102.29 (15.18) 101.46 (15.21) 100.70 (15.78) <0.001

Use of medication % 72.26 69.00 68.14 67.20 <0.001

SBP(mmHg) 128.80 (18.36) 128.10 (17.96) 126.83 (18.09) 127.17 (17.95) <0.001

DBP(mmHg) 71.14 (12.48) 71.88 (12.25) 72.29 (11.63) 72.12 (12.22) 0.001

Mean (±SD) for continuous variables: the P-value was calculated by the weighted linear regression.

Percent for categorical variables: P-value was calculated by weighted chi-square test.

DII, dietary inflammatory index; SBP, Syst olic Blood, Pressure; DBP, Diastolic Blood pressure.

entire analysis run will be rejected and the sample analysis will
be repeated.

Assessment of Covariates
The calculation of body mass index (BMI) was made on basis of
height and weight (kg/m2). At the end of a normal exhalation,
the waistline at the midpoint between the ilium and the base of
the ribs was measured. Following a 5-min sit-down period and
establishing the maximum inflation level (MIL).

Blood Pressure

Blood pressure (BP) was manually measured in all eligible
patients using a Baumanometer-calibrated mercury real gravity
wall sphygmomanometer (W. A. Baum). The circumference of
the upper arm is used to calculate the size of the cuff. All
examiners have gone through a standardized training program.
After sitting silently for 5min in the mobile testing center, the
participants were measured three times in a row. Unless unique
participant conditions prevented it, measurements were taken
with the right arm, except when the left arm was used. The
measurement interval is 30 seconds.

Use of Medication

We used the NHANES variable “RXDUSE” to determine the
medication status. During the interview, participants were asked,
“have you used or taken any prescription drugs in the past
month?” Then, participants who reported the use of prescription

drugs were asked to show the container of prescription drugs,
so that the interviewer could record the relevant information.
The analysis did not include dietary supplements reported for
this concern.

Statistical Analysis
Data was collected from nhanesR (http://ckr123.synology.me:
3838/nhanesR/) on the NHANES project for five consecutive
complete cycles from 2007 to 2016. The statistical packages
R (The R Foundation; http://www.r-project.org; version 3.5.3)
and EmpowerStats (www.empowerstats.com; X&Y Solutions
Inc.) were adopted to analyze data. All analyses are calculated
using sample weights according to analysis guidelines edited
by the National Institutes of Health because NHANES aims at
producing data that represent the non-institutionalized civilian
population of the United States. The weighted chi-square test
was carried out for the classified variables, and the P-value of
the continuous variables was calculated with the weighted linear
regression model. A simple linear regression model was set up
to test the correlation between DII and S-Klotho plasma levels:
model 1, no elements have been adjusted; model 2, modified for
age, sex, and race; and model 3, the adjustment of all covariates
in Table 1 was made for further subgroup analysis. The additive
model and smooth curve fitting were generalized to explore
the potential non-linear correlation. Furthermore, the inflection
point is calculated by using a two-stage linear regression model.
P < 0.05 was of statistical significance.
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RESULTS

Table 1 displays the baseline features of the research participants.
A total of 12,315 participants participated in the current study.
According to the S-Klotho quartile, the characteristics of the
target population are shown in Table 1. Overall, there were
significant differences in age, sex, race, waist circumference, drug
use, and blood pressure distribution among S-Klotho quartiles.
Participants in the highest quartile were more likely to be middle-
aged, female, had lower DII scores, lower waistline, less drug
use, and lower systolic and diastolic blood pressure levels than
participants in the lowest quartile of S-Klotho. In terms of energy
intake and BMI, no significant difference was observed between
the quartiles of S-Klotho.

TABLE 2 | Univariate analysis for S-Klotho.

S-Klotho, pg/mL

β (95%CI) P-value

DII −2.64 (−5.52, 0.24) 0.0721

Energy intake −0.00 (−0.01, 0.00) 0.1335

Sex −36.32 (−46.73, −25.91) <0.0001

Body mass index −1.30 (−2.09, −0.51) 0.0013

Waist circumference −1.24 (−1.58, −0.90) <0.0001

Systolic blood pressure −0.83 (−1.13, −0.52) <0.0001

Diastolic blood pressure 0.57 (0.12, 1.02) 0.0133

Non–standardized β coefficient [95% confidence interval], p-values are provided. DII,

dietary inflammatory index.

Based on this univariate analysis, we found significant
differences in sex, waist circumference, use ofmedication, systolic
and diastolic blood pressure as a potential confounders (Table 2).

We discovered an inverse correlation between DII and
S-Klotho plasma levels: (β =−6.1, P = 0.001; Table 3).

In addition, we handled this relationship using weighted
generalized weighted models and smoothing curve fitting
(Figure 1). Based on this relationship, we performed an
additional threshold effect analysis and found a better fit relative
to the linear model to explain the relationship using a non-linear
model (log-likelihood ratio = 0.011, Table 4), When the DII
score increased by 1 unit, the plasma level of S-Klotho decreased
by-10.6 pg/ml (DII <-1.3). This result is consistent with the
previous curve fitting plots. Suggesting a possible threshold
saturation effect.

DISCUSSION

The current study first establishes a negative connection
between DII and S-Klotho plasma levels in middle-aged and
elderly subjects in this nationally representative cross-sectional
investigation. However, recent research on the DII-S-Klotho
connection has been inconclusive. While some feel that eating
a higher-quality diet or adopting healthier eating habits will help
prevent aging, others remain unsure. One possible explanation
for this discrepancy is that these studies used different methods
for assessing dietary quality, and dietary quality ratings are
dependent on sample data. The majority of research on the
link between diet and aging has been on the Mediterranean
diet. Studies in the United States (21), Spain (22), and Italy

TABLE 3 | Relationship between Dietary Inflammatory Index (DII) and S-Klotho pg/mL.

Outcome Crude Model Model I Model II

β (95%CI) P-value β (95%CI) P-value β (95%CI) P-value

DII −2.6 (−5.5, 0.2) 0.072 −5.5 (−8.4, −2.6) <0.001 −6.1 (−9.4, −2.7) 0.001

DII(quartile)

Q1 < −2.36 Reference Reference Reference

Q2 ≥ −2.36 to <0.23 −35.6 (−63.2, −8.1) 0.011 −39.4 (−66.8, −12.1) 0.004 −37.4 (−64.9, −9.8) 0.007

Q3 ≥ 0.23 to <1.90 −43.1 (−70.6, −15.9) 0.001 −54.4 (−81.6, −27.2) 0.001 −50.1 (−77.9, −22.1) 0.001

Q4 ≥ 1.90 −34.5 (−61.7, −7.3) 0.013 −50.5 (−77.7, −23.3) 0.001 −46.5 (−75.4, −17.6) 0.001

P for trend 0.251 0.003 0.004

Stratified by gender

Men −6.4 (−10.3, −2.5) 0.001 −6.4 (−10.4, −2.5) 0.001 −6.2 (−10.2, −2.3) 0.002

Woman −3.2 (−7.5, 1.1) 0.147 −4.6 (−8.9, −0.3) 0.035 −2.6 (−6.9, 1.7) 0.240

Stratified by race

Mexican American −0.6 (−8.8, 7.5) 0.879 0.2 (−8.2, 8.7) 0.955 0.8 (−7.6, 9.3) 0.845

Other Hispanic 4.7 (−4.5, 13.9) 0.319 2.6 (−6.8, 12.0) 0.591 3.4 (−6.0, 12.9) 0.480

Non-Hispanic white −4.9 (−8.9, −0.8) 0.019 −6.4 (−10.5, −2.2) 0.002 −5.0 (−9.2, −0.9) 0.018

Non-Hispanic black 2.3 (−6.3, 10.9) 0.600 −3.1 (−11.7, 5.5) 0.479 −1.4 (−10.0, 7.2) 0.750

Other race/ethnicity −8.2 (−18.0, 1.6) 0.103 −9.6 (−19.4, 0.2) 0.054 −8.7 (−18.5, 1.2) 0.085

Crude Model: There are no covariates were adjusted.

Model I: Age, sex, and race/ethnicity were adjusted.

Model II: Age, sex, and race/ethnicity, energy intake, BMI, waist circumference, use of medication, systolic blood pressure, and diastolic blood pressure were adjusted.
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FIGURE 1 | Relationship between DII and S-Klotho. (A) Each black dot represents A sample. (B) Solid lines represent smooth curve fitting between variables. The

black dotted line shows a 95% confidence interval (CI) for the fit. They adjusted for energy intake, age, sex, race, body mass index (BMI), use of medication, and

systolic and diastolic blood pressure.

(23) have shown that higher Mediterranean diet scores are
associated with anti-aging. In Australia, however, no correlation
between the Mediterranean diet and aging was observed (24).
Because the Mediterranean diet is not a realistic option for
the majority of American adults due to variations in dietary
culture and practicality, we employed the DII, an index based on
the representative range of dietary intake ingested by humans.
This is achieved through the construction of a comprehensive
database, including the NHANES database, so it is well-
represented nationwide. Only one study in Spain has utilized
the DII technique to investigate the association between DII
and S-Klotho plasma levels. Interestingly, Lucas et al.’s results
(2), based on a survey sample of sedentary middle-aged adults,
were just the opposite of ours. Our results support a negative
correlation between higher DII scores and higher S-Klotho levels
in middle-aged and elderly Americans, which is reasonable and
consistent with the hypothetical effect of DII.

Klotho has been linked to aging and is thought to regulate
oxidative stress and antioxidant enzymes. Overexpression
of S-Klotho can inhibit the expression of retinoic acid-
induced gene-I, the activation of NF-κB, and the secretion of
proinflammatory cytokines. By contrast, excessive S-Klotho
depletion increased the production of pro-inflammatory
cytokines, such as tumor necrosis factor-α and IL-1-β, while
decreasing the production of anti-inflammatory cytokines, such
as IL-10, IL-2, and IL-3 (25). Indeed, DII is a tool that reflects the
amounts of six inflammatory markers: IL-1-β, IL-4, IL-6, IL-10,
TNF-α, and CRP. The underlying molecular mechanism is that
pro-inflammatory substances elevate circulating interleukin (IL)
levels (particularly IL-6, IL-1-β, or IL−8) (26–28). As a result,

TABLE 4 | Threshold effect analysis of DII on S-Klotho using the two-piecewise

linear regression model.

Adjusted β(95% CI) P-value

Fitting by the standard linear model −6.1 (−9.4, −2.7) 0.001

Fitting by the two-piecewise linear model

Inflection point 1.3

DII <1.3 −10.6 (−15.4, −5.8) <0.001

DII > 1.3 4.0 (−4.5, 12.4) 0.355

Log-likelihood ratio 0.011

Age, sex, and race/ethnicity, energy intake, BMI, waist circumference, use of medication,

systolic blood pressure, and diastolic blood pressure were adjusted.

c-reactive protein is extensively generated and released into the
circulation by hepatocytes, resulting in more severe systemic
inflammation (28). Inflammatory food intake has been shown
in the past to have a considerable effect on S-Klotho plasma
levels. From a systemic perspective, a pro-inflammatory diet
contributes to the elevation of systemic inflammation. Thus,
there appear to be grounds to infer that chronic inflammation
induced by a pro-inflammatory diet pattern can decrease plasma
S-Klotho levels, thereby regulating diet-induced inflammation.

We observed that when the DII score increased by 1 unit,
the plasma levels of S-Klotho decreased by −10.6 pg/ml (DII <

1.3). These changes in plasma levels of S-Klotho have important
clinical significance. In previous studies, when patients with
cardiovascular disease were compared with healthy individuals,
there were differences in S-Klotho plasma levels in 45 pg/ml
(626 and 671 pg/ml, respectively) (29). Furthermore, participants
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with a blood sugar level of <575 pg/ml had a higher chance
of dying from any cause than those with a blood sugar level of
more than 763 pg/ml (30). As a result, our results have clinical
implications, because variations in DII can affect not only the risk
of cardiovascular disease and all-cause mortality but also the rate
of aging (29, 30).

The current research has some limitations. First of all,
it has a horizontal design that excludes the construction of
causality. Second, we don’t know whether these outcomes can
be extended to young people. More research is needed to see if
these benefits may be seen in different populations. Third, the
difficulties of correct dietary evaluation, which may be overstated
or misclassified, must be considered. Finally, because the level of
Klotho protein inmany tissues is unknown and can only be tested
by biopsy, the results of Klotho protein cannot be predicted.

CONCLUSION

In middle-aged and older individuals, there is a negative
connection between the pro-inflammatory dietary pattern as
evaluated by DII and the plasma level of S-Klotho. Given
the rationale for the findings and the study’s limitations,
the fundamental mechanisms generating inflammation warrant
additional exploration.
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Non-alcoholic fatty liver disease (NAFLD) has become prevalent in recent decades,
especially in developed countries; yet the approaches for preventing and treating NAFLD
are not clear. This study aimed to summarize meta-analyses of randomized controlled
trials that examined the effects of probiotics on NAFLD. We systematically searched
PubMed, Scopus, Embase, Web of Science, and Cochrane Central Library databases
up to August 2021. All Meta-analysis studies assessing the effect of probiotics on
liver function tests [alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and Gamma-glutamyl transferase (GGT)] were included. Meta-analysis was conducted
using a random-effects model. Sensitivity and subgroup analyses were also performed.
The umbrella study covered ten eligible studies involving 5,162 individuals. Beneficial
effects of probiotics supplementation were revealed on ALT (ES = −10.54 IU/L; 95% CI:
−12.70, −8.39; p < 0.001; I2 = 60.9%, p = 0.006), AST (ES = −10.19 IU/L, 95%CI:
−13.08, −7.29, p < 0.001; I2 = 79.8%, p < 0.001), and GGT (ES = −5.88 IU/L, 95%
CI: −7.09, −4.67, p = 0.009; I2 = 0.0%, p = 0.591) levels. Probiotics have ameliorating
effects on ALT, AST, and GGT levels in patients with NAFLD. Overall, Probiotics could
be recommended as an adjuvant therapeutic method for the management of NAFLD.

Keywords: non-alcoholic fatty liver disease, probiotics, liver enzyme, umbrella meta-analysis, systematic review

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is characterized by lipid deposition in liver cells (1).
On the other hand, untreated NAFLD can cause non-alcoholic hepatitis (NASH) as well as other
liver-related severe sicknesses like cirrhosis, liver failure, and liver cancer (2). Considering the
newest epidemiological studies, the estimated prevalence of NAFLD in Middle Eastern countries

Abbreviations: NAFLD, Non-alcoholic fatty liver disease; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
GGT, Gamma-glutamyl transferase; NASH, Non-alcoholic hepatitis; MTTs, microbiome-targeted treatments; ES, effect sizes;
CI, corresponding confidence intervals.
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is 31.8%, the highest in comparison with other regions in
the world (3). Also, studies display a higher prevalence of
NAFLD in patients having obesity or hyperlipidemia (4).
NAFLD has a strong relationship with metabolic syndromes like
obesity, insulin resistance, type 2 diabetes, dyslipidemia, and
hypertension (1, 5–8). Besides liver, this disease can progress
and affect many other organs, such as systemic arteries, heart
and kidneys, and causes irreversible problems and death (7).
It has been suggested that lifestyle changes such as diet and
exercise interventions, can help manage NAFLD and lead to
a decrease in occurrence and progression of NAFLD (6, 7, 9).
Therefore, studies showed that nutritional changes and exercise
could lower liver lipid, improve liver enzyme functions and
reduce plasma triglyceride (10, 11). However, earlier studies
reported that natural compounds can reduce the complications
caused by NAFLD (1, 12).

Some studies have shown that there is an association between
the gut-liver axis and NAFLD. More than 10,000 microbiomes
live in a synergetic relationship with the intestinal tract and
have different effects on the host’s health and disease condition
(13–15). Recently, microbiome-targeted treatments (MTTs) are
a proposed way to influence the gut microbiome. In this
regard, probiotics are used as a treatment strategy. Probiotics
are explained as live microbial organisms used as dietary
supplements that are beneficial for the human or animal host in
terms of health. Moreover, when provided in an adequate dosage
and for a capable duration, probiotics can improve intestinal
microbial balance (16) and cause disease occurrence to delay
by balancing intestinal flora, permeability, and inflammations
(17). Improved production of short-chain fatty acids such as
butyrate through microbial pathways impacts the metabolism of
energy in the intestine and overall body (18, 19). In addition,
probiotics can develop anti-microbial compounds and acidity
of the intestinal lumen and cause a reduction in generation
of pathogens (20). Finally, a variety of microorganism-based
products can impact the immunity of the host positively
(21, 22).

Although, many accumulative evidences have shown
the beneficial effects of probiotics on liver enzymes by
affecting specific biological processes; however, there are some
contradictions in this regard (23–27). For more definite results,
we aimed to investigate the effects of probiotics supplementation
on serum levels of alanine transaminase (ALT), AST, and GGT in
an umbrella meta-analysis study.

METHODS

Search Strategy and Study Selection
We followed standardized methods to carry out this umbrella
review (a systematic review of multiple meta-analyses) to provide
a clear understanding in terms of probiotics supplementation and
serum levels of ALT, AST, and GGT. The scientific international
databases including, PubMed, Scopus, EMBASE, Web of Science,
and Cochrane Central Library databases were searched for
relevant studies published up to August 2021. The pattern
of search strategy is provided in Supplementary Table 1. To

enhance the sensitivity of our search strategy, the wild-card
term “∗” was used. English-language articles were included in
this study.

Inclusion and Exclusion Criteria
Meta-analysis studies examining the effects of probiotics
supplementation on liver enzymes (ALT, AST, and GGT)
which reported the effect sizes (ES) and corresponding
confidence intervals (CI), were included in the umbrella
meta-analysis. Additionally, we excluded the following
studies: in vitro, in vivo, and ex-vivo studies, case reports,
observational studies, quasi-experimental studies, and controlled
clinical trials.

Quality Evaluation
The methodological quality of meta-analyses was evaluated
by two reviewers (VM and SSA) independently using the
AMSTAR questionnaire (28). The AMSTAR questionnaire
contains 11 items that asks reviewers to answer “Yes,” “No,”
“Can’t answer” or “Not applicable.” The maximum score is 11.
Articles with scores higher than seven are considered as high-
quality studies.

Study Selection and Data Extraction
Two independent reviewers (VM and SSA) screened the articles
based on mentioned eligibility criteria. After checking and
excluding irrelevant studies by the titles and abstracts, the
full text of the relevant articles was evaluated to identify
the study’s eligibility for the umbrella meta-analysis. Any
disagreement was resolved through the consensus with the third
author (PD).

The first authors’ name, year of publication, sample size,
study location, dosage, and duration range of supplementation,
ESs and CIs for ALT, AST, and GGT were extracted from the
selected meta-analyses.

Data Synthesis and Statistical Analysis
ESs and CIs were used to estimate the overall effect sizes.
Heterogeneity was determined by I2 statistics and Cochrane’s
Q-test. I2-value > 50% or p < 0.1 for the Q-test was considered
as significant between-study heterogeneity. A random-effects
model was applied to perform meta-analysis when the between-
study heterogeneity was significant; otherwise, the fixed-
effects model was employed. To detect probable sources of
heterogeneity, subgroup analyses were performed according to
the predefined variables, including type of effect size, study
duration, mean age, sample size, and study location. Sensitivity
analysis was used to identify the dependency of the overall
effect size on a special study. The Egger’s and Begg’s tests
was performed to detect a small-study effect. Publication bias
was identified by visual inspection of the funnel plot. If there
was any evidence of publication bias or small-study effect,
trim and fill analysis was carried out accordingly. The meta-
analysis was done using Stata, version 16 (Stata Corporation,
College Station, TX, US). P-value < 0.05 was considered as
significance level.
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RESULTS

Study Selection and Study
Characteristics
A total number of 85 articles were identified through a systematic
search of electronic databases. Putting aside the 31 duplicate
articles, 54 articles were screened carefully by titles and abstracts,
among which 22 articles were selected for consideration by full-
text evaluation. Considering the inclusion criteria, ten articles
were included in the umbrella meta-analysis. Figure 1 presented
the flow diagram of the study selection process. According to
the studied variables, the distribution of identified articles was
ten articles for ALT, nine for AST, and three for GGT. The
included studies were conducted between 2013 and 2019, and
the mean age of participants was 44 years. The average dose
of probiotics in studies was between 2.6 × 109 and 5 × 1011

CFU. Studies were fulfilled in China (23, 25, 26, 29, 30),
United States (31–33), India (34), and France (27). The duration
of studies ranged between 8 and 20 weeks. Cochrane Risk of
Bias Tool (35), adapted from Littell et al. (36), Physiotherapy

Evidence Database (PEDro) scale tool (37) and Jadad scores
(38) were used for quality assessment. Overall, almost 90%
of meta-analyses included high quality RCTs. The quality of
the RCTs included in the meta-analyses is summarized in
Table 1.

Methodological Quality
AMSTAR checklist assessments for the methodological quality of
the covered studies are summarized in Table 2. All meta-analyses
included in the umbrella meta-analysis had a high-quality.

Effect of Probiotics on Alanine
Aminotransferase
There was a significant reducing impact of probiotics on ALT
(Figure 2A). Notable heterogeneity was observed among studies
(I2 = 60.9%, p = 0.006). The high heterogeneity was reduced
after subgroup analysis based on the type of effect size, sample
size, study location, and duration of intervention. Reductions in
ALT levels were more pronounced in the subgroups of sample
size (<300) and an intervention duration ≥ 16 weeks when

FIGURE 1 | Flow diagram of study selection.
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TABLE 1 | Study characteristics of included studies.

References No. of studies in
meta-analysis

Location
duration (week)

No. of participants in
meta-analysis

Age
(year)

Dose (mg/day) Quality assessment scale
and outcome

Gao et al. (23) 9 China
16 week

268 37 Bifidobacterium, Lactobacillus,
Streptococcus, VSL#3

NR

Yes (Cochrane)
9/9 high

Khan et al. (32) 12 United States
17 week

292 50 Lactobacillus, Bifidobacterium,
probiotics yogurt

11.4*109

Yes (Cochrane)
9/13 high

Loman et al. (31) 11 United States
8 week

195 34 Lactobacillus, Bifidobacterium,
Streptococccus

2.6*109

Yes (adapted from Littell et al.)
7/11 high

Sharpton et al. (33) 16 United States
10 week

322 NR Lactobacillus, Bifidobacterium,
probiotics yogurt

NR

Yes (Cochrane)
11/16 high

Liu et al. (29) 15 China
11 week

673 37 Acetobacter, Bifidobacterium,
Lactobacillus, Streptococcus

Yes (Cochrane)
13/15 high

Lavekar et al. (34) 7 India
19.5 week

138 NR Lactobacillus
NR

Yes (Jodad)
7/7 high

Tang et al. (26) 22 China
13.5 week

879 30 Lactobacillus, Bifidobacterium,
Streptococccus, Bacillus,

Enterococcus
NR

Yes (Cochrane)
20/22 high

Xiao et al. (25) 28 China
16 week

420 40 Lactobacillus, Streptococcus,
Bifidobacterium,

Propionibacterium,
Acetobacter

NR

Yes (Cochrane)
20/28 high

Koutnikova et al. (27) 99 France
8 week

1971 NR Bifidobacteria, Streprococcus,
Salivarius, Lactobacilli

5 × 1011

Yes (PEDro scale tool)
84/99 high

Ma et al. (30) 4 China
17 week

268 44 Lactobacillus, Streptococcus,
Bifidobacterium, Lepicol

probiotic
NR

Yes (Jodad)
4/4 high

PEDro, Physiotherapy Evidence Database scale tool.

TABLE 2 | Detailed evaluation of the methodological quality with AMSTARa.

Study Q1b Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Quality score

Khan et al. (32) Yes Yes Yes Yes Yes NO Yes NO Yes NO Yes 8

Lavekar et al. (34) Yes CA NO Yes NO Yes Yes NO Yes CA NO 5

Xiao et al. (25) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11

Liu et al. (29) Yes Yes Yes Yes Yes Yes Yes Yes Yes NO Yes 10

Loman et al. (31) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11

Ma et al. (30) Yes Yes Yes Yes Yes Yes Yes NO Yes NO NO 8

Sharpton et al. (33) Yes Yes Yes Yes Yes CA Yes NO Yes Yes NO 8

Tang et al. (26) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11

Gao et al. (23) Yes Yes Yes Yes Yes Yes Yes NO NO NO NO 7

aAMSTAR, assessment of multiple systematic reviews; CA, can’t answer; Q, Question.
bQ1, Was an “a priori” design provided?; Q2, Was there duplicate study selection and data extraction?; Q3, Was a comprehensive literature search (at least two databases)
performed?; Q4, Was the status of publication (i.e., gray literature) used as an inclusion criterion?; Q5, Was a list of studies (included and excluded) provided?; Q6, Were
the characteristics of the included studies provided?; Q7, Was the scientific quality of the included studies assessed and documented?; Q8, Was the scientific quality of
the included studies used appropriately in formulation conclusions?; Q9, Were the methods used to combine the findings of studies appropriate?; Q10, Was the likelihood
of publication bias assessed?; Q11, Was the conflict of interest included?

compared to their counterparts (Table 3). The sensitivity analysis
revealed that the calculated overall effect sizes for ALT were not
significantly changed after omitting each study. No significant
small-study effects was found using Egger’s and Begg’s tests

(p = 0.1 and p = 0.074, respectively). Moreover, visual inspection
of the funnel plot indicated an asymmetric distribution of
studies (Figure 2B). Thus, trim and fill analysis was conducted
with ten studies (none imputed studies). The corrected effect
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FIGURE 2 | Forest plot (A) detailing mean difference and 95% confidence intervals (CIs) and funnel plot (B) displaying publication bias in the studies reporting, the
effects of probiotics supplementation on ALT levels.

TABLE 3 | Pooled estimates of probiotics effects on liver enzymes within different subgroups.

Variables No. study Pooled effect size (95% CI) p-value I2 (%) P heterogeneity

ALT
Total
Type of effect size
WMD
MD

10

5
5

−10.54 (−12.70, −8.39)

−11.61 (−15.24, −7.97)
−9.91 (−13.35, −6.46)

<0.001

<0.001
<0.001

60.9

74.4
44.0

0.006

0.004
0.129

Sample size
<300
≥300

5
5

−13.77 (−20.49, −7.05)
−9.96 (−11.98, −7.93)

<0.001
<0.001

74.5
45.4

0.004
0.119

Age (years)

≤45 3 −13.89 (−22.66, −5.13) 0.002 79.7 0.007

>45 3 −8.47 (−10.14, −6.80) <0.001 32.5 0.227

NR 4 −12.33 (−14.88, −9.77) <0.001 0.0 0.432

Intervention duration
(week)

<16
≥16

5
5

−8.76 (−11.25, −6.28)
−13.50 (−18.18, −8.81)

<0.001
<0.001

30.2
75.7

0.22
0.002

Country

China
Other

5
5

−11.66 (−15.21, −8.21)
−9.62 (−13.00, −6.23)

<0.001
<0.001

75.3
38.0

0.003
0.168

AST
Total
Type of effect size
WMD
MD

9

4
5

−10.19 (−13.08, −7.29)

−10.37 (−13.66, −7.07)
−10.58 (−16.13, −5.02)

<0.001

<0.001
<0.001

79.8

59.4
82.0

<0.001

0.06
<0.001

Age (years)

≤ 45 3 −11.51 (−17.80, −5.23) <0.001 52.6 0.121

> 45 3 −7.25 (−11.98, −2.52) <0.001 91.2 <0.001

NR 4 −12.85 (−17.00, −8.70) <0.001 44.7 0.164

Intervention duration
(week)

<16
≥16

4
5

−7.79 (−12.10, −3.49)
−12.89 (−17.13, −8.66)

<0.001
<0.001

77.0
64.7

0.005
0.023

Country

China
Other

5
4

−10.65 (−13.58, −7.71)
−10.02 (−16.24, −3.79)

<0.001
0.002

53.3
83.4

0.073
<0.001
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size for publication bias didn’t show any change after trim
and fill analysis.

Effect of Probiotics on Aspartate
Aminotransferase
Probiotics supplementation significantly reduced AST level
according to the meta-analysis of nine studies (Figure 3A).
Heterogeneity was observed between studies (I2 = 79.8%,
p < 0.001). For AST; pooled analysis, type of effect size, sample
size, study location, and duration of intervention were possible
sources of heterogeneity. Subgroup analysis indicated that
probiotics supplementation with an intervention duration ≥ 16
weeks and a sample size of < 300 contributes to a more significant
effect in lowering AST (Table 3). Sensitivity analysis revealed that
no single study likely affected the pooled results. No significant
small-study effect was shown using Egger’s and Begg’s tests
(p = 0.318 and 0.466, respectively). Visual inspection of the funnel
plot demonstrated a significant publication bias among included
studies (Figure 3B). In the following trim and fill analysis, the
effect size did not alter.

Effect of Probiotics on Gamma-Glutamyl
Transferase
The effect of probiotics on GGT level was reported in three
studies (Figure 4). Our analysis revealed a significant reduction
in GGT levels by probiotics intervention. No remarkable
heterogeneity was observed between studies (I2 = 0.0%,
p = 0.591). Subgroup analysis wasn’t conducted on studies.
Sensitivity analysis provided no evidence of the impact of an
individual study on the overall effect size. After performing the
Begg’s tests, no small-study effects was detected (p = 0.296).

DISCUSSION

Exposure to probiotics has been the subject of numerous meta-
analyses in the realm of health as well as a diverse range of

disorders. We conducted this umbrella review to summarize
the available evidence and draw conclusions for the effects of
probiotics in NAFLD treatment. We identified 10 meta-analyses
of RCTs which had high quality based on the AMSTAR checklist.
There seem to be beneficial associations between probiotic
consumption and liver function in terms of serum ALT, AST, and
GGT levels. All-inclusive, probiotic therapy generally appears to
be safe without any evidence of adverse effects.

Even though the findings suggest that probiotics
supplementation may be efficacious for controlling NAFLD, it
must be stated that, the effects of probiotics on liver enzymes
(ALT & AST) were heterogeneous. Differences in treatment
dosage, sample size, gender, and duration of intervention, mean
age of participants, study location, and population may explain
this heterogeneity. Also, the evidence from this study implies
that probiotic supplementation in studies with sample size < 300
and supplement duration ≥ 16 weeks can meaningfully decrease
ALT. In line with ALT reduction, probiotic supplementation
with an intervention duration ≥ 16 weeks and a sample size
of < 300 contributes to a more significant effect in lowering AST.
Also, probiotic consumption had beneficial effect on reducing
GGT level without any significant heterogeneity (39, 40).

NAFLD is a chronic liver disease with a worldwide prevalence
of 20–30%. It can be attributed to numerous roots, including
environmental parameters, metabolic, genetic, and gut microbial
factors (41). In the past decade, considerable evidence has
been accumulated regarding the critical role of gut microbiota
unbalance and various metabolic disorders, including NAFLD.
The causal role of gut microbiota dysbiosis (an imbalance in
microbial homeostasis) in NAFLD genesis and development
has been reported (42, 43). Host physiology, age, drugs like
antibiotics, diet, and environmental factors can influence the gut
microbial ecosystem (44).

The gut dysbiosis may influence the development of NAFLD
via various signaling pathways including (45, 46):

• Impact on intestinal hormone production affecting
glucose control.

FIGURE 3 | Forest plot (A) detailing mean difference and 95% confidence intervals (CIs) and funnel plot (B) displaying publication bias in the studies reporting, the
effects of probiotics supplementation on AST levels.
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FIGURE 4 | Forest plot detailing mean difference and 95% confidence intervals (CIs), the effects of probiotics supplementation on GGT levels.

• Effect on short-chain production affecting glucose and
lipid metabolism.

• Increasing liver toxicity and cardiovascular risk.
• Disturbance of bile acid homeostasis.
• Contribution in metabolic endotoxemia via bacterial

lipopolysaccharide (LPS) which subsequently triggers
intestinal and hepatic inflammation.

In addition, gut dysbiosis cause the intestinal more permeable
which leading to an elevation in fatty acid absorption,
migration of the bacteria via the gut epithelial barrier, release
of toxic bacterial products and pro- inflammatory cytokines
that can initiate an inflammatory cascade. Interestingly, recent
studies indicated that gut dysbiosis is related to higher fecal
concentrations of some metabolites (2-butanone and 4-methyl-
2-pentanone) which lead to hepatocellular toxicity (47).

Probiotics are believed to be important for liver health via
specific biological processes as follows: (1) increment in insulin
sensitivity; (2) decreasing the absorption of glucose and LDL
cholesterol; (3) modification of gut dysbiosis and inducing the
production of short-chain fatty acids; (4) decrement in endotoxin
concentrations; (5) reducing the oxidative stress status and
inflammatory markers; (6) diminishing total cholesterol levels
and (7) trapping of bile acids’ substances (48–51). Interestingly,
probiotics have been introduced as an effective agent in inhibiting
pathogens. The fermented products of many probiotic bacteria,
containing lactic and acetic acids, are significant causes of
probiotics’ antimicrobial features. Furthermore, bacteriocins
(small antimicrobial proteins secreted by some probiotics) are
another cause for this trait (52).

The overall evidence indicates that supplementation with
probiotics led to a reduced level of liver enzymes (53). ALT,

AST, and GGT are often used to indicate the quality of liver
function. The correlation of the entitled enzymes with NAFLD
has been shown in some previous studies (54, 55). In recent
prospective studies, GGT is considered as a sensitive indicator
of liver damage and a novel marker for oxidative stress as well
as for inflammation (56, 57). In addition, there is an association
between liver aminotransferase enzymes’ concentration (AST
and ALT) and the quality of liver function (58, 59). Based on
previous reports, increased ALT levels in patients with NAFLD
may be related to insulin resistance and intrahepatic fat content
(60). Lower AST and ALT levels were perceptible in various
meta-analyses following probiotics supplementation (25–27, 29–
34). Beyond that, microbial therapies reduced circulating GGT
according to other evidence-based meta-analyses (25, 27, 31).
Several probiotic strains have particular abilities to improve liver
function through the modulation of the gastrointestinal tract.
These improvements were mostly observed with Bifidobacterium,
Lactobacillus, and Streptococcus or multispecies probiotic therapy
(23, 27). Studies specifically analyzing the gut microbiome
composition revealed that the imbalanced gut–liver axis can
be a major factor in NAFLD development and progression
(61). In general, the potential therapeutic effects of the gut
microbiome manipulation by probiotics and changes in the
relative abundance of selective bacteria can be considered as an
alternative therapy in NAFLD patients.

STRENGTHS AND LIMITATIONS

This umbrella review used systematic methods with robust search
strategies of various databases and independent study selection
and extraction methods, which systematically summarized
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the current evidence regarding the effects of probiotics
supplementation on serum levels of ALT, AST, and GGT.
Moreover, the quality of covered systematic reviews and meta-
analyses were evaluated using the AMSTAR questioner. However,
the use of existing meta-analyses is the main limitation of the
umbrella review. The results may depend on what assessments
to choose from each preliminary study and how to report them
in the meta-analysis. Finally, the most critical limitation of this
study is to consider that an impressive body of pioneering studies
has supported the concept that in the absence of aminotransferase
levels abnormalities, the NAFLD may pretend (62–64). So in fact
these criteria may not be reliable for the diagnosis of NAFLD.

CONCLUSION

The beneficial impacts of probiotics as new promising
therapeutic agents for patients with NAFLD have been
summarized in this studies. Convincing evidence was obtained
regarding associations between probiotic intake and liver
function improvement reflecting as the serum levels of
ALT, AST, and GGT.

However, due to the high heterogeneity of the results and the
small number of studies included in each subgroup, the outcomes
of the present study should be interpreted with caution.

Even though most studies showed hepatic enzymes as
biomarkers for liver function, there is still no comprehensive
agreement on counting on the enzyme levels in order to indicate
liver function. Adding other non-invasive assessments in line
with enzyme levels in RCTs seems to be a necessity. Conclusively,
further studies need to be conducted for a definite presumption.
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Background: Low birthweight small-for-gestational-age (SGA-LBW) (birthweight below
the 10th percentile for gestational age; SGA-LBW) infants are at an increased risk of
poor postnatal growth outcomes. Linear growth trajectories of SGA-LBW infants are
less studied in South Asian settings including India.

Objectives: To describe the linear growth trajectories of the SGA-LBW infants
compared with appropriate-for-gestational-age LBW (AGA-LBW) infants during the
first 6 months of life. In addition, we estimated catch-up growth (1LAZ > 0.67)
in SGA-LBW infants and their performance against the WHO linear growth velocity
cut-offs. Additionally, we studied factors associated with poor catch-up growth in
SGA-LBW infants.

Methods: The data utilized came from an individually randomized controlled trial that
included low birthweight (LBW) infants weighing 1,500–2,250 g at birth. A total of 8,360
LBW infants were included. For comparison between SGA-LBW and AGA-LBW infants,
we presented unadjusted and adjusted estimates for mean differences (MDs) or risk
ratios (RRs) for the outcomes of length, linear growth velocity, length for age z-score
(LAZ) score, and stunting. We estimated the proportion of catch-up growth. Generalized
linear models of the Poisson family with log links were used to identify factors associated
with poor catch-up growth in SGA-LBW infants.

Results: Low birthweight small-for-gestational-age infants had a higher risk of stunting,
lower attained length, and a lower LAZ score throughout the first 6 months of life
compared with AGA-LBW infants, with differences being maximum at 28 days and
minimum at 6 months of age. The linear growth velocity in SGA-LBW infants compared
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with AGA-LBW infants was significantly lower during the birth–28 day period [MD
−0.19, 95% confidence interval (CI): −0.28 to −0.10] and higher during the 3- to
6-month period (MD 0.17, 95% CI: 0.06–0.28). Among the SGA-LBW infants, 55%
showed catch-up growth for length at 6 months of age. Lower wealth quintiles, high
birth order, home birth, male child, term delivery, non-exclusive breastfeeding, and
pneumonia were associated with the higher risk of poor catch-up in linear growth among
SGA-LBW infants.

Conclusion: Small for gestational age (SGA) status at birth, independent of gestational
age, is a determinant of poor postnatal linear growth. Promotion of institutional
deliveries, exclusive breastfeeding, and prevention and early treatment of pneumonia
may be helpful to improve linear growth in SGA-LBW infants during early infancy.

Clinical Trial Registration: [https://clinicaltrials.gov/], identifier
[NCT02653534].

Keywords: catch-up growth (CUG), linear growth, small for gestational age (SGA), low birthweight (LBW) infant,
growth faltering

INTRODUCTION

Small for gestational age (SGA) infants are at higher risk of
mortality, poor postnatal growth, morbidities, and long-term
neurodevelopmental outcomes compared with appropriate for
gestational age (AGA) infants (1–4). Estimates from 2012 suggest
that 62.5% of the SGA births globally are from South or Southeast
Asia. In India, 36.1% [95% confidence interval (CI): 25–52.8%]
of all live births are SGA, as per the INTERGROWTH 21st
standards (5). Evidence suggests that SGA infants account for
approximately 40% of the stunting among under-two children in
the Indian population (6). However, the postnatal linear growth
patterns of SGA infants have been less studied in South Asian
settings, including India.

Previous studies have used different definitions and country-
specific standards to define SGA births and catch-up growth,
which makes it difficult to compare across studies (7, 8).
The Brighton Collaboration Working Group has defined SGA
infants as those with birthweight below the 10th percentile for
gestational age, and for computing birthweight centiles, the
INTERGROWTH-21st standards are globally accepted (5, 7).
However, for measurement of catch-up growth, multiple cut-
offs have been used including a change in length for age z-score
(LAZ) of >0.67 between two-time points, or achieving an LAZ
of >2 SD or >1.3 SD, or growth above the third percentile for
LAZ of the WHO 2006 growth standards at any time during
follow-up (8–11). A systematic review by Campisi et al. in 2019
reported that ∼70–80% of the SGA infants showed catch-up
growth in the first year after birth and by 2 years of age, >85%
had catch-up growth (8). However, the studies included in the
review were from developed countries and had used inconsistent
definitions for catch-up growth. Moving forward to enable future

Abbreviations: AGA, appropriate for gestational age; CUG, catch-up growth;
GLMM, generalized linear mixed-effects model; IQ, intelligence quotient; KMC,
kangaroo mother care; LAZ, length for age z-score; LMIC, lower- and middle-
income countries; SD, standard deviation; SGA, small for gestational age.

international comparisons, Campisi et al. (8) have suggested
using the criteria of “>0.67 change in LAZ scores as per the WHO
2006 child growth standards” to define catch-up growth in SGA
infants over a specified time period as this represents a clinically
significant response.

In this analysis, using data from an intervention cohort
of 8,402 low birthweight (LBW) infants in North India
followed up from birth to 6 months of age, our first
objective was to describe the linear growth trajectories of the
low birthweight small-for-gestational-age (SGA-LBW) infants
compared with appropriate-for-gestational-age LBW (AGA-
LBW) infants. Second, to estimate the performance of SGA-LBW
infants against different growth indicators, such as catch-up
growth in length and the WHO linear growth velocity cut-offs at
3 and 6 months of age. Third, to study the factors associated with
poor catch-up growth in SGA-LBW infants at 6 months of age.

MATERIALS AND METHODS

Study Design and Population
The present study was a secondary analysis of data from an
individually randomized, controlled trial conducted between
2015 and 2018 to assess the efficacy of promoting community-
initiated kangaroo mother care (ciKMC) on post-enrollment
neonatal and 6-month mortality in 8,402 LBW weighing between
1,500 and 2,250 g within 3 days of birth. The study was
conducted in Faridabad and Palwal districts of Haryana, India.
The ciKMC intervention included promotion and support of
skin-to-skin contact and exclusive breastfeeding through home
visits on days 1–3, 5, 7, 10, 14, 21, and 28 of life (12). All
infants in the intervention and control arms received usual
care, i.e., home-based postnatal care visits (on days 3, 7, 14,
21, 28, and 42) as implemented through the health system
(13). The ciKMC intervention had a substantial effect on infant
6-month mortality but had no substantial effect on linear
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growth at 6 months of age (12). The trial was registered with
ClinicalTrials.gov, NCT02653534.

Procedures
Pregnant women were identified by a screening and enrollment
team and followed-up regularly and with increasing frequency
as the expected date of delivery approached. Newborn infants
weighing between 1,500 and 2,250 g were enrolled within 72 h
of birth if kangaroo mother care (KMC) was not initiated in
the facility and written informed consent was obtained from the
mothers or primary caregivers (12). We excluded infants who
were unable to feed, had difficulty in breathing, had less than
normal movements, had gross congenital malformations, KMC
was initiated the in hospital, or whose caregivers intended to
move away over the next 6 months or refused participation.
For the anthropometric assessments and obtaining other clinical
information, home visits were conducted at the age of 28,
90, and 180 days.

All anthropometric assessments were taken two times by a pair
of workers using the standard techniques (14). Standardization
exercises were conducted prior to study initiation and repeated
every 6 months (15). An infantometer (model 417; Seca, Chino,
CA, United States; sensitivity 0.1 cm) and a digital hanging
weighing scale (AWS-SR-20; American Weigh Scales, Cumming,
GA, United States; 10 g sensitivity) were used to assess length
and weight, respectively (15). Standard weights and length
measurement rods were used to calibrate the weighing scales
and infantometers at regular intervals, respectively (15). Detailed
methods of the primary trial are previously published (12, 16).

Assessment of Gestational Age, Small
for Gestation Age, and Appropriate for
Gestational Age Status
Gestational age at the time of delivery was estimated from
antenatal ultrasound reports in 5,372 (64.3%) women. If the
ultrasound was not available, we estimated gestational age based
on the last menstrual period as documented in hospital records
or as per maternal recall, in the given order of preference.
For defining SGA/AGA, we calculated birthweight centiles
using “growth standards” package based on INTERGROWTH-21
standards in R software (17). Infants with birthweight below the
10th percentile for their gestational age were classified as SGA,
and those with ≥10th percentile as AGA.

Study Outcomes
The study outcomes for linear growth in the first 6 months of
life were mean length, linear growth velocity, LAZ, and stunting
rates. Linear growth velocity was defined as the change in length
in centimeters with respect to previous time points, i.e., birth to
28, 28–90, 90–180, and birth to 180 days. LAZ according to the
WHO 2006 standards were generated using “zscore06” package
in Stata 16.0, TX, United States (18, 19) and scores <−6 were
excluded (14). Stunting was defined as LAZ score <−2.

Poor catch-up in linear growth was defined as 1LAZ ≤ 0.67
between two-time points, as per the WHO 2006 child growth

standards (8, 20). Catch-up growth was estimated in the SGA
infants for the periods of birth to 3 months and birth to 6 months.

Statistical Analysis
Analyses were done using STATA16.0 (Stata Corp., College
Station, TX, United States) and statistical software R version 3.3.3
(The R Foundation for Statistical Computing, Vienna, Austria).
To compare linear growth trajectories across the groups of LBW
infants, i.e., SGA and AGA, we estimated the mean and standard
deviation (SD) of absolute length in centimeters, LAZ scores,
and proportion stunted at birth, 28, 90, and 180 days of age. In
addition, we estimated the mean (SD) of linear growth velocity
for time periods of birth to 28, 28–90, 90–180, and birth to
180 days. To compare the two groups, i.e., SGA-LBW and AGA-
LBW infants, we estimated unadjusted mean difference (MD) for
continuous variables, e.g., length, LAZ scores, and risk ratio (RR)
for binary variables, e.g., stunting. We presented both unadjusted
estimates, and estimates adjusted for gestational age, intervention
using generalized linear models of the Poisson family with log
links. In a sensitivity analysis, we compared the linear growth
trajectories between SGA and AGA within the subgroup of
infants born preterm <37 weeks gestation.

We estimated the proportion of SGA-LBW infants showing
catch-up growth >0.67 SD during the birth to 3-month and birth
to 6-month periods. In addition, using the WHO linear growth
velocity standards (21), we estimated the proportion of SGA-
LBW infants who were above the median, −1 SD, and −2 SD
cut-offs during birth to 3-month, and birth to 6-month periods.

To identify the predictors of poor catch-up growth at 180 days,
we conducted univariable and multivariable regression analyses
using generalized linear models of the Poisson family with log
link. In the regression model, we included covariates that have
been previously shown to be associated with growth (22–26).
The covariates with p < 0.1 in the univariable analysis or those
biologically plausible were used in the multivariable model (27).
In the multivariable analysis, we adjusted for the intervention,
i.e., ciKMC and accounted for clustering within households.
We reported both unadjusted and adjusted RR and its 95%
CIs of poor catch-up growth for each predictor variable. We
have reported Akaike’s information criteria (AIC) and Bayesian
information criteria (BIC) value and have calculated the receiver
operating characteristic area under curve (ROC-AUC) as a part
of regression model diagnostics.

RESULTS

Of the total 8,402 LBW infants, 42 infants with an LAZ score
<−6 were excluded from the analysis. In the 8,360 LBW infants
included, 3,918 were AGA and 4,442 were SGA. In the included
infants, length measurements were available for almost all at
birth, 97% at 28 days, 85% at 90 days, and 79% at 180 days of
age (Figure 1). The mean (SD) gestational age of the AGA-LBW
infants was 34.2 (1.6) weeks and that of SGA-LBW infants was
37.1 (1.2) weeks. Overall, 64.2% (5,369/8,360) were preterm; all
AGA-LBW infants were preterm, and among SGA-LBW infants
32.6% (1,451/4,442) were preterm. The proportions of SGA and
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FIGURE 1 | Flowchart showing the number of infants with length measurements included in the analysis.

AGA infants exclusively breastfed at 3 months were 45.8 and
43.0%, respectively.

Growth Trajectory
In the SGA-LBW and AGA-LBW infants, the mean (SD) length
at birth was 44.7 (1.6) cm and 44.5 (1.5) cm, and that at 180 days
of age was 62.4 (2.4) cm and 62.5 (2.4) cm, respectively. The mean
difference (SD) in length between SGA-LBW and AGA-LBW
infants adjusted for gestational age was the highest at 28 days
(MD −0.98, 95% CI: −1.09 to −0.88) and the lowest at 180 days
of age (MD −0.73, 95% CI: −0.89 to −0.58, Table 1).

The 6-month linear growth velocity during the period from
birth to 180 days in SGA-LBW and AGA-LBW was 17.8 (2.2)
and 17.9 (2.2) cm. Compared with AGA-LBW infants, the linear
growth velocity in SGA-LBW infants was substantially lower
in the neonatal period (adjusted MD −0.19, 95% CI: −0.28 to
−0.10), and was significantly higher during the 90- to 180-day
period (adjusted MD 0.17, 95% CI: 0.06–0.28). The difference
in linear growth velocity during other time periods was not
statistically significant.

At birth, the LAZ score of SGA-LBW and AGA-LBW infants
was −2.7 (0.8) and −2.7 (0.8), respectively. At 180 days of age,
the LAZ scores in SGA-LBW and AGA-LBW infants were −1.9
(1.0) and −1.9 (1.1), respectively. Adjusted analysis showed that
the LAZ score of SGA-LBW infants was substantially lower than
AGA-LBW infants at all time points of measurement (Table 1).
The adjusted MD in LAZ score between SGA-LBW and AGA-
LBW infants was maximum at 28 days and (MD −0.53, 95% CI:
−0.59 to −0.48) and minimum at 180 days of age (MD −0.38,
95% CI: −0.45 to −0.31).

The proportion of stunting in SGA-LBW and AGA-LBW
infants at 28 days was 64 and 68%, and that at 180 days was
45 and 44%, respectively. Adjusted analysis showed that the
risk of stunting was higher by 24, 37, and 33% in SGA-LBW
infants against AGA-LBW infants at 28, 90, and 180 days of age,
respectively (Table 1).

The findings were similar in the subgroup of preterm infants
(Supplementary Table 1).

Catch-up Growth in Length Among Low
Birthweight Small-for-Gestational-Age
Infants
Among the SGA-LBW infants, 47% (1,760/3,724) showed catch-
up growth by 3 months, and 55% (1,908/3,477) showed catch-up
growth by 6 months. In AGA-LBW infants, 59% (1,890/3,226)
were above the cut-off for catch-up growth at 6 months. As per
the WHO length velocity standards from birth to 6 months, 65,
88, and 97% of the SGA-LBW infants were above the cut-offs
for median, −1 SD and −2 SD, respectively (Figure 2). Among
the AGA-LBW infants, 68, 88, and 97% were above the median,
−1 SD, and −2 SD of the WHO length velocity standards from
birth to 6 months, respectively.

Predictors of Poor Catch-up in Linear
Growth at 6 Months Among Low
Birthweight Small-for-Gestational-Age
Infants
Multivariable analysis showed that the adjusted risk of poor
catch-up growth was substantially lower in the infants born to

Frontiers in Nutrition | www.frontiersin.org 4 May 2022 | Volume 9 | Article 82758967

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-827589 May 24, 2022 Time: 11:5 # 5

Sinha et al. Linear Growth in SGA-LBW Infants

TABLE 1 | Linear growth patterns in small for gestational age (SGA) and appropriate for gestational age (AGA) low birthweight infants at different time points.

Characteristics Time-point SGA-LBW AGA-LBW Unadjusted mean
difference/IRR

Adjustedb mean
difference/RR

Attained length, cm:
mean (SD)

Birtha 44.67 (1.57) 44.54 (1.53) 0.12 (0.06 − 0.19) −0.82 ( − 0.91 to − 0.72)

28 days 49.40 (1.85) 49.22 (1.86) 0.18 (0.10 − 0.26) −0.98 ( − 1.09 to − 0.88)

90 days 56.20 (2.11) 56.11 (2.12) 0.08 ( − 0.02 to 0.18) −0.89 ( − 1.02 to − 0.75)

180 days 62.38 (2.35) 62.49 (2.35) −0.11 ( − 0.22 to 0.01) −0.73 ( − 0.89 to − 0.58)

Linear growth velocity,
cm: mean (SD)

Birtha-
28 days

4.72 (1.45) 4.66 (1.46) 0.05 ( − 0.01 to 0.12) −0.19 ( − 0.28 to − 0.10)

28-90 days 6.81 (1.45) 6.92 (1.46) −0.11 ( − 0.18 to − 0.04) 0.06 ( − 0.04 to 0.15)

90-180 days 6.23 (1.54) 6.37 (1.61) −0.14 ( − 0.22 to − 0.06) 0.17 (0.06 − 0.28)

Birth-
180 days

17.75 (2.19) 17.95 (2.23) −0.20 ( − 0.31 to − 0.10) 0.07 ( − 0.08 to 0.22)

LAZ score: mean (SD) Birtha
−2.66 (0.84) −2.73 (0.82) 0.06 (0.03 − 0.10) −0.46 ( − 0.51 to − 0.41)

28 days −2.40 (0.96) −2.49 (0.97) 0.09 (0.05 − 0.14) −0.53 ( − 0.59 to − 0.48)

90 days −2.06 (1.02) −2.11 (1.02) 0.04 ( − 0.01 to 0.09) −0.47 ( − 0.53 to − 0.40)

180 days −1.89 (1.04) −1.85 (1.05) −0.05 ( − 0.10 to 0.01) −0.38 ( − 0.45 to − 0.31)

Stuntingc: n/N (%) 28 days 2, 734/4, 314 (63.6) 2, 596/3, 836 (67.7) 0.94 (0.89 − 0.99) 1.24 (1.16 − 1.34)

90 days 1, 846/3, 730 (49.4) 1, 737/3, 345 (51.7) 0.95 (0.89 − 1.02) 1.37 (1.25 − 1.50)

180 days 1, 552/3, 483 (44.7) 1, 367/3, 128 (43.9) 1.02 (0.95 − 1.10) 1.33 (1.20 − 1.47)

aBirth measurements were within 3 days of birth. bAdjusted for gestational age and intervention. cFor stunting, i.e., length for age z-score (LAZ) < −2 SD, risk ratio
(RR) is estimated.

FIGURE 2 | Performance of low birthweight small-for-gestational-age (SGA-LBW) infants with respect to different growth cut-offs at 3 and 6 months of age.

the least poor (RR 0.74, 95% CI: 0.64–0.86; Table 2) or less
poor families (RR 0.86, 95% CI: 0.76–0.97) compared with the
poorest families. Infants born at hospitals had a lower risk of
poor catch-up growth against those born at home (RR 0.88,
95% CI: 0.81–0.96). Higher birth order infants (>4) had a

greater risk of poor catch-up growth compared with infants
born to primiparous mothers (RR 1.26, 95% CI: 1.09–1.47).
The RR of poor catch-up growth was 0.89 (95% CI: 0.83–0.96)
in the girl child vs. boys. Exclusive breastfeeding at 3 months
was associated with a lower risk of poor catch-up growth
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TABLE 2 | Factors associated with poor catch-up in linear growth status at 6 months among low birthweight small-for-gestational-age (SGA-LBW) infants.

Variables Unadjusted RR (95% CI) Adjusted1,4 RR (95% CI) P-value (adjusted)

Sociodemographic factors

Maternal age, year

≤20 Reference Reference

21–29 1.03 (0.95, 1.13) 0.98 (0.88, 1.08) 0.644

≥30 1.31 (1.15, 1.50) 1.04 (0.89, 1.22) 0.609

Maternal education

Educated Reference Reference

Not educated 1.30 (1.21, 1.39) 1.06 (0.97, 1.15) 0.191

Wealth quintile

Poorest Reference Reference

Very poor 0.91 (0.82, 0.99) 0.95 (0.86, 1.06) 0.361

Poor 0.84 (0.76, 0.93) 0.94 (0.84, 1.05) 0.254

Less poor 0.75 (0.67, 0.84) 0.86 (0.76, 0.97) 0.018

Least poor 0.60 (0.53, 0.68) 0.74 (0.64, 0.86) 0.000

Social category with reservations2

SC/ST Reference Reference

OBC 1.05 (0.98, 1.14) 1.04 (0.96, 1.12) 0.337

Unreserved 0.71 (0.63, 0.79) 0.82 (0.73, 0.93) 0.002

Birth-related factors

Birth order

1 Reference Reference

2–4 1.22 (1.13, 1.32) 1.15 (1.05, 1.27) 0.002

>4 1.53 (1.36, 1.72) 1.26 (1.09, 1.47) 0.002

Place of birth

Home Reference Reference

Hospital 0.78 (0.72, 0.84) 0.88 (0.81, 0.96) 0.006

Infant factors

Sex

Male Reference Reference

Female 0.90 (0.84, 0.97) 0.89 (0.83, 0.96) 0.001

Gestational age category

Term ≥37 weeks Reference Reference

Preterm <37 weeks 0.84 (0.78, 0.92) 0.82 (0.75, 0.89) 0.000

Exclusively breastfed at 3 months

No Reference Reference

Yes 0.90 (0.84, 0.97) 0.89 (0.83, 0.96) 0.004

Hospitalization at 6 months

No Reference Reference

Yes 1.12 (0.98, 1.26) 1.06 (0.94, 1.20) 0.329

H/O diarrhea3

No Reference Reference

Yes 1.04 (0.96, 1.13) 1.03 (0.95, 1.11) 0.485

H/O pneumonia3

No Reference Reference

Yes 1.35 (1.16, 1.57) 1.24 (1.07, 1.43) 0.004

Study group

Control Reference Reference

Intervention 1.00 (0.93, 1.08) 1.01 (0.94, 1.09) 0.684

1Adjusted estimates are based on multivariable regression (predictor model). We have also adjusted for the intervention and accounted for any household clustering.
2OBC (other backward class)—term used by the GOI to classify socially and educationally disadvantaged category of population, SC/ST (schedule caste/schedule
tribe)—historically disadvantaged indigenous people as identified by the Government of India.
3Based on history obtained (H/O) at 3 and 6 months visits (for last 14 days).
4Akaike’s information criteria (AIC) = 1.60, Bayesian information criteria (BIC) = −25705.1.
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FIGURE 3 | A receiver operating characteristic (ROC) curve of the multivariable model to predict poor catch-up growth in SGA-LBW infants.

FIGURE 4 | Mean difference (MD) in attained length and length for age z-scores (LAZ) between appropriate-for-gestational-age LBW (AGA-LBW) and SGA-LBW
infants.

(RR 0.89, 95% CI: 0.83–0.96). Preterm infants (<37 weeks
gestational age) had a lower risk of poor catch-up growth
(RR 0.82, 95% CI: 0.75, 0.89) than term infants. History
obtained (H/O) pneumonia was associated with a higher risk
(RR 1.24, 95% CI: 1.07, 1.44) of poor catch-up growth. We

did not find any substantial association between diarrhea,
hospitalization, or the study intervention, i.e., ciKMC with poor
catch-up growth. The ROC-AUC of our multivariable regression
model to identify predictors of poor catch-up growth was
63.2% (Figure 3).
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DISCUSSION

The findings showed that SGA-LBW infants in the study
population had a higher risk of stunting, lower attained length,
and LAZ score throughout the first 6 months of life compared
with AGA-LBW infants, with the differences being maximum
at 28 days and minimum at 6 months of age (Figure 4). The
linear growth velocity in SGA-LBW infants compared with the
AGA-LBW infants was lower during the neonatal period but
was substantially higher during the 3- to 6-month period. More
than half of the SGA-LBW infants met the criteria of catch-up
growth for length at 6 months of age. Poor catch-up in linear
growth among SGA-LBW infants was associated with lower
wealth quintiles, high birth order, home birth, male child, term
delivery, non-exclusive breastfeeding, and pneumonia.

Previous studies have observed the linear growth patterns in
SGA and/or LBW infants but reports on the longitudinal growth
of SGA-LBW infants is limited in Indian settings. In an earlier
study using data from the third national health and nutritional
examination survey in the United States (1988–1994), it was
shown that despite catch-up, the SGA infants remain shorter and
lighter compared with AGA or LGA infants from 2 to 47 months
of age (28).

A recent study in Australia suggested that catch-up growth
(defined by ≥0.67 SD change) is more frequent in SGA infants
compared with AGA infants with normal intrauterine growth
and most of the catch-up growth is observed at approximately
4 months of age (29). A systematic review in 2019 (8) that
included 11 studies with full-term SGA infants showed that
87% of the children achieved catch-up growth across all the
different definitions used, at latest follow-up (ranging between 1
and 18 years). The review reported that 58% of the SGA infants
achieve catch-up growth at 6 months age, while 69–82% infants
showed catch-up by 1 year of age. The most common definitions
used to classify SGA births were a birthweight of <–2 SD,
followed by a birthweight of less than the 10th percentile. To
define catch-up growth, the most common definitions used were
HAZ of >−2 SD or 1LAZ > 0.67. A study in Western India that
followed-up 247 LBW infants with 73% being SGA, reported
that 80% of the infants were above the −2 SD HAZ score at
4 years of age.

The observation from our study corroborates with the
previous reports and suggests that more than half of the SGA-
LBW infants in our population in North India demonstrate
catch-up growth during the first 6 months of life. However,
SGA-LBW infants continue to remain relatively shorter than the
AGA-LBW infants adjusted for gestational age at 6 months of
age. In a longitudinal survey of full-term SGA babies followed-up
to 1 year of age, belonging to upper socio-economic strata and
representing North-Western India, SGA infants had significantly
lower weight and length than AGA infants (30). Our study,
along with previous reports, suggests that SGA status at birth,
independent of gestational age, is a determinant with postnatal
growth trajectory (28). The accelerated linear growth in early
infancy in the SGA-LBW infants seems to compensate for
intrauterine growth restriction, and the SGA infants not showing
catch-up growth may be a high-risk group for short stature in
adult life (31–33).

The association of poor catch-up in linear growth with lower
wealth quintiles, high birth order, non-exclusive breastfeeding,
and pneumonia, found in our study was similar to observations in
previous studies (23, 34). We found that SGA-LBW infants born
at term are at a higher risk of poor catch-up growth compared
with preterm infants. This may be explained by the faster
compensatory postnatal growth rate in preterm infants as also
reported in previous studies (35). The observed lower risk of poor
catch-up growth in girls compared with the boys corroborates to
the fact that boys are born shorter than girls relative to the gender-
specific international norms and continue to remain below
these norms during the first 1,000 days (34, 36). The observed
reduced risk of poor catch-up growth in hospital-born infants
may be explained by better healthcare seeking. The findings
highlight the importance of improving modifiable factors, such
as institutional deliveries, exclusive breastfeeding, and prevention
or early treatment of pneumonia to promote better linear growth
of SGA-LBW infants in the first 6 months of life.

Beyond estimating catch-up growth by the definition of
>0.67 SD change, we used the different cut-points of the WHO
linear growth velocity standards to demonstrate the substantial
variability in the proportions when different definitions are used
(Figure 2). Currently, the definition of catch-up growth lacks
clear consensus. The findings underscore the critical need to have
standard definitions for catch-up growth in infants to enable
comparison across studies and settings (8).

Our study is one of the largest studies on LBW infants reported
to date in the Indian population with rigorous longitudinal
measurements of anthropometry till 6 months of age. However,
there are some limitations. First, ultrasound-based gestational age
was not available in 36% of the women. However, we checked the
proportions of catch-up growth and its determinants (results not
shown) among the infants where ultrasonography (USG)-based
gestational age was available, and the results were similar. Second,
additional information on the maternal and paternal height,
and fetal growth restriction could have been valuable, which
has known association with postnatal growth. Lastly, as rapid
catch-up growth in early life has implications on future cardio-
metabolic risks (37), longer follow-up with measures of body
composition could be helpful. In future, it may be worthwhile to
plan longitudinal follow-up cohorts where serial measurement of
fetal growth as well as postnatal growth is captured up to 2 years
of life to be able to study and compare growth patterns of different
subgroups of infants, such as LBW, SGA, preterm, as well as
normal term-AGA infants parallelly.
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Purposes: This study investigated the nutritional problems and risks of Chinese

non-hospitalized cancer survivors through an online survey.

Methods: The survey included nutritional and clinical questions distributed to

non-hospitalized cancer survivors. All data were screened and analyzed with strict quality

control. Nutrition Risk Screening-2002 (NRS-2002) was adopted and the related factors

were analyzed.

Results: Six thousand six hundred eighty-five questionnaires were included. The

prevalence of nutritional risk was 33.9%, which varied according to age, sex, cancer

type, TNM staging, oncologic treatment, time interval since last treatment, etc. In the

regression analysis, nutritional risk was associated with age, TNM staging, and nutrition

support. Patients with leukemia and digestive cancer had the highest NRS-2002 score

(3.33 ± 1.45 and 3.25 ± 1.61); the prevalence of nutritional risk (NRS-2002 ≥ 3) was

66.7 and 55.1%, respectively. Patients with a higher TNM stage had higher NRS-2002

scores in non-digestive cancer, which was not seen in digestive cancer. Among digestive,

bone, nervous, and respiratory cancer patients, the NRS-2002 score mainly consisted

of “impaired nutritional status,” which coincided with the “disease severity score” in

leukemia patients. Nutrition intervention was achieved in 79.7 and 15.2% of patients with

nutritional risk and no risk. Of the patients, 60.3% exhibited confusion about nutritional

problems, but only 25.1% had professional counseling.

Conclusions: Regular nutritional risk screening, assessment, and monitoring are

needed to cover non-hospitalized cancer survivors to provide nutrition intervention

for better clinical outcome and quality of life. By online survey, the nutritional risk of

non-hospitalized cancer survivors was found high in China, but the nutrition support or

professional consultation were not desirable. The composition of nutritional risk should

also be aware of.

Keywords: non-hospitalized cancer survivors, online survey, oncology, nutritional risk, nutrition intervention
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INTRODUCTION

It is estimated that about 10 million deaths from cancer in 2020
worldwide (1). Malnutrition is commonly seen among cancer
patients and account for 10–20% of cancer death (2). Weight loss
and dietary reduction promote the occurrence of malnutrition
in cancer patients, thus affecting oncologic treatments, overall
survival time, and quality of life (3–5). Standardized nutritional
support starts with nutritional risk screening, which is an
essential first step in structured process of nutrition care, aims
to identify nutritional risks, and to provide the appropriate
amount of nutritional support for improving patient outcomes
(6–8). European guidelines recommend immediate nutritional
screening for all patients after cancer detection (9, 10). The
Investigation on Nutrition Status and Its Clinical Outcome of
Common Cancer (INSCOC), which was conducted in 22 cities
covering more than 80 hospitals in China, found that 26.1,
32.1, and 22.2% of in-patients had severe, moderate, and mild
malnutrition (11). However, it is worth noting that a large
proportion (∼75%) of cancer survivors are non-hospitalized,
who are either in remission or between treatment cycles. To date,
large sample surveys investigating the nutritional status of this
population as well as their nutrition-related clinical problems
remain scarce. The nutritional risk and demand of these non-
hospitalized cancer survivors should be investigated, therefore
there is an urgent requirement for action to fill this blank. Since
it is hard for doctors or dietitians to reach this population and
provide nutrition service, with the support of online survey, we
can assess the nutritional status on non-hospitalized patients in a
wide range.

Malnutrition has adverse effect on quality of life and overall
survival (5, 12), thus understanding the nutritional status and
identification of the nutritional risk would bring benefit to
provide appropriate nutrition support in time, so as to improve
the clinical outcome. Among the numerous nutrition screening
tools used in clinical practice, the nutritional risk screening
2002 (NRS-2002) is a tool developed by Kondrup (8) and
an ESPEN working group in 2002, which is based on the
outcome observed in randomized controlled trials and identifies
patients who are likely to benefit from nutritional support by
an improved clinical outcome. As recommended by ESPEN,
NRS-2002 is content valid and could be done by various
health providers. Even though NRS-2002 is not designed for
cancer patients, the high validity is also confirmed by cancer
patients, that participants identified with nutritional risk by
NRS-2002 developed a decreased overall survival and worse
clinical outcome (13, 14). Moreover, the secondary analysis of
EFFORT study showed that for cancer patients at high risk,
personalized nutrition intervention resulted in increased survival
and better quality of life (15). The study suggests that NRS-2002
is also suitable for out-patients and community-living cancer
patients (16). Moreover, key influencing factors for nutritional
risk includes clinical diagnosis, oncologic treatment, gender,
gastrointestinal symptoms, education, and income, all of which
can also be collected by online survey.

During the era of COVID-19, in which face-to-face interviews
are limited, this study investigated the nutritional status targeting

non-hospitalized cancer survivors who are in remission or
between treatment cycles by an online questionnaire, and
hypothesized the nutritional status of this population was of
concern and required attention by physicians and dietitians.
Moreover, risk factors and composition of nutritional risk will
be analyzed.

MATERIALS AND METHODS

Subjects
These questionnaires were distributed through a network push
by three large social management institutions for cancer patients,
which have tens of thousands of registered cancer patients across
the country. This ensured that large-scale group surveys could
be promoted in a short span of time. The administrators of
the organizations emailed or sent WeChat messages containing
a study invitation to registered patients; “if you are a cancer
patient who is currently in the treatment interval or at the
end of treatment, you may consider completing the following
questionnaire survey.” If the patients opted to participate, they
will provide an electronic signature on the consent. Then a link
to an online questionnaire will be sent to the patients. The time
frame for recruitment was between February 2020 and June 2020.
The inclusion criteria were as follows: (1) age≥ 18y, regardless of
sex; (2) patients with pathological or clinical diagnosis of cancer
(unlimited tumor types); (3) non-hospitalized survivors who
were in remission or in between treatment cycles; (4) patients
who voluntarily participated in the survey. The exclusion criteria
were as follows was: (1) patients who refused to participate.

The protocol was approved by the Human Ethics Committee
of Peking Union Medical College Hospital (No. ZS-2601); all
participants provided written informed consent. The study was
registered at ClinicalTrials.gov (NCT 04778540).

Questionnaire Design and Data Collection
The survey aimed to identify the prevalence of nutritional
risks in non-hospitalized cancer survivors and describe their
nutritional status and support requirements. The questionnaire
was developed according to criteria of NRS-2002, including age,
nutritional status (percentage of weight loss, general condition,
and recent food intake), and disease severity (diagnosis and
stage) (8). Moreover, based on literature review, the general
risk factors, such as education, residence, payment methods,
recent treatment, the time interval between the survey taken
and last oncological treatment, and current nutrition support
were also listed in the questionnaire. The design followed the
principles of voluntariness, acceptability, objectivity, and non-
orientation. Patients were first introduced to the study purpose
and confidentiality principles. Objective and closed questions
were listed at the beginning, followed by subjective questions,
such as appetite, food intake, gastrointestinal symptoms, and
access to nutritional support. Factual personal questions, such
as education and insurance, were placed at the end. The survey
was concise and could be answered within 10-min timeframe.
Next, the multi-disciplinary research team of the Nationwide
Online Survey on Nutritional Risk and Clinical Outcome of
Non-hospitalized Cancer Patients (NOS-NOC), consisting of
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clinical dietitians, oncologists, epidemiologists, psychologists,
and nurses, discussed the questions summarized and evidence
from literature reviews with a focus on implementation and
domains for nutritional risk screening. During this process, the
questions were modified to be more understandable of patients
and added with attitudes and perspectives on nutrition, such as
the tendency and frequency of nutrition department visits.

The NRS-2002 score is calculated by adding the nutritional
status impaired score (0–3) to the severity of disease score (0–3)
plus a score of 1 for patients’ age ≥70 years. The total NRS-2002
score ranges from 0 to 7. The nutritional status impaired score
is determined by quartiles of decreased oral food intake in the
previous week, the presence of weight loss of at least 5% during
the previous 1–3 months, and a low body mass index (BMI)
combined the impaired general condition (7). In this study, we
adapted Chinese BMI criteria (normal range 18.5≤ BMI < 24.0)
established by Chinese ObeseWorking group, which is according
to population research (17). Weight loss and reduction of food
intake were self-reported. The severity of disease was evaluated
based on the patient’s choice of whether there is severe condition
listed in NRS-2002 criteria, and categorized as none, slight,
moderate, or severe, and converted to scores of 0-3. According
to the recommendations by ESPEN Screening Guideline, an NRS
score≥ 3 means nutritionally at risk and a NRS score < 3 means
no at nutritional risk (7).

Investigators distributed 150 questionnaires to perform a
pretest in order to assess reliability and validity and retrieved
121 (response rate 80.7%). Researchers conducted telephone
follow-ups to evaluate the participant’s nutritional status,
compared it with their answers to assess the agreement. Those
with a completion rate of more than 90% and agreement
of more than 95% were considered validated and reliable.
Finally 114 questionnaires were thought to be qualified (94.2%).
Moreover, the researchers also asked participants whether they
felt the questions were too long or complicated and found
good acceptability. Hence, the questionnaire was regarded as
reasonable, valid, and reliable (see Figure 1 Flowsheet).

Quality Control
Our research team recruited eight registered dietitians (RDs)
from the aforementioned social management institutions for
cancer patients; they underwent a 1-week research training for
conducting the purpose, methods, procedure, and quality control
requirements of this investigation. Furthermore, they became the
investigative assistants of the research team for data review and
logical inspection.

First, the questionnaires were scanned and filtered according
to the inclusion and exclusion criteria. Next, troubleshooting
was conducted, which was divided into an automatic program
error check and a manual check. Network engineers set up initial
graphic verification to intercept the questions answered by a
machine. Then, SMS verification was carried out to ensure the
real existence of the phone number. At the same time, each
IP address was limited to only one submission. The average
answering time of this questionnaire was about 300 seconds,
depending on the pretest; only those with more than 180 s of
answering time were considered valid. Common sense errors,

such as selecting EN and PN at the same time, choosing four
kinds of cancer at the same time, obviously wrong height and
weight reports, were excluded. Additionally, the RDs participated
in the audit with 30 working days and a total of more than 800 h.
As performed, 20% of randomly selected questionnaires were
checked by phone to confirm the accuracy.

Statistical Analysis
Categorical data were described as relative frequencies;
quantitative variables were described as means and standard
deviations. According to age, gender, different sites of the
primary tumor, and staging, we divided the data into different
subgroups; only subgroups with more than 30 participants were
included for statistical validity. The differences in nutritional
risk scores were compared among the subgroups using t-test or
analysis of variance (ANOVA). The NRS-2002 score was treated
as either a continuous or categorical variable for a nutritional risk
classification threshold of 3 (NRS-2002 < 3, NRS-2002 ≥ 3); this
was to classify the subjects with or without nutritional risk (7).
To investigate the reason for nutritional risk, we further analyzed
the composition of the NRS-2002 score. The association between
NRS-2002 score and age, gender, site of tumor, cancer stage,
therapy, interval of oncological treatment, and symptoms were
investigated by univariable and multivariable linear regression
analysis. NRS-2002 was alternatively treated as a continuous
variable, or as categorical toward a classification threshold of 3
(NRS <3, NRS ≥3). The data were entered into SPSS version
24.0; two-sided P < 0.05 was considered significant.

RESULTS

Demographic Characteristics
A total of 10,000 questionnaires were sent during the recruitment
period and received respondents of 8,429 (84.3%). 379 and 653
questionnaires were excluded because of the short answering
time and incompletion, respectively. According to the inclusion
and exclusion criteria, a total of 712 patients were excluded
as follows: 29 patients aged < 18 years; 402 patients currently
undergoing oncological treatment; 79 non-cancer patients; and
202 questionnaires foundwith common sense or logical mistakes.
Finally, 6,685 questionnaires were entered final analysis (see
Figure 1 for the flowsheet).

The online survey enrolled participants from 31 provinces,
autonomous regions, and municipalities of China. The
demographic characteristics are listed in Supplementary Table 1;
more females than males as well as more urban residences than
rural areas were recorded. The most frequently reported case
was lung cancer (2,492, 37.3%), while others included esophageal
(246, 3.7%), gastric (402, 6.0%), liver (158, 2.4%), breast (1,051,
15.7%), ovarian (706, 10.6%), and colorectal cancer (277, 4.2%);
1,219 cases were categorized as digestive system cancer, while
5,466 cases were of non-digestive system cancer. The majority
of participants suffered from diarrhea (1,416, 21.2%), abdominal
distension (1,501, 22.5%), nausea or vomiting (2,864, 42.8%),
acid reflux or heartburn (1,062, 15.9%), and constipation (2,230,
33.3%) for at least 1 week.
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FIGURE 1 | Flowsheet.

Weight Change
The following were revealed: 610 (9.1%) participants being
underweight (BMI < 18.5 kg/m2); 1,693 (25.3%) being
overweight; and 575 (8.6%) being obese. A total of 1,089 (16.3%),
417 (6.2%), and 327 (4.9%) patients had > 5% weight loss during
the past 3, 2, and 1 months, respectively, while 279 (4.2%)
patients reported visible wasting. More than 10% of patients with
laryngeal, esophageal, gastric, and bone cancer had > 5% weight
loss within 1 month (Table 1).

Dietary Intake and Nutrition Support
This part was based on the following parameters: recent dietary
change and any nutritional support received recently, such as oral
nutritional supplements, tube feeding, or parenteral nutrition.
As a result, 337 (5.0%) patients reported more than 75% dietary
reduction, while 598 (8.9%) and 741 (11.1%) had a reduction
of 50–75 and 25–50%, respectively. In addition, due to the
direct impact on food intake, digestion, and absorption, digestive
system cancer contributed to 38.6% of all food intake reduction
cases (Table 1).

In terms of nutritional support, 79.7% of patients with
nutritional risk and 15.2% of patients with no risk received
nutritional support. A total of 5,953 patients (89.1%) tolerated
oral meals. Among them, oral nutritional supplements (ONS)
were used in 1,249 cases; nasal enteral nutrition was needed in
365 cases; and parenteral nutrition was needed in 385 cases.
Lastly, 672 and 60 cases depended on total nasal feeding and total
parenteral nutrition, respectively.

Severity of Disease
This part was based on the questions regarding whether there was
any severe pneumonia, dialysis, bone marrow transplantation,

stroke, head injury, or organ dysfunction, and evaluated
by the experienced oncologist and clinical dietitians in the
research team. Patients with hematologic malignancies, severe
pneumonia, or stroke were thought to have a score of 2; patients
reported to have bone marrow transplantation or head injury
were regarded as having a score of 3. If there is nothing severe
complications, the score would be rated as 1 score due to cancer.
As a result, 19 (0.1%), 72 (1.1%), and 6,604 (98.8%) patients had
score of 3, 2, and 1.

Nutrition Risk Screening
Nutritional risk screening was based on the following parameters:
age, recent changes in weight, food intake, primary tumor site,
diagnosis, and disease severity. A total of 2,268 patients (33.9%)
had an NRS-2002 score ≥ 3; the prevalence of nutritional risk
varied among cancer types. Leukemia patients ranked the highest
by both the average score (3.33 ± 1.45) and the percentage of
nutritional risk (66.7%), followed by digestive system cancers
with a high incidence of nutritional risk (55.1%) and a high
NRS-2002 score. Leukemia and digestive system cancer were
the only two diseases with more than half of the patients at
nutritional risk. Patients with breast cancer had the lowest NRS-
2002 score and percentage (14.3%) with NRS ≥ 3 (see Table 1,
Supplementary Figure 1).

Age and Sex
The NRS-2002 scores varied significantly among the different age
groups. For < 45, 45–65, 65–85, and > 85-year-old groups, the
NRS-2002 scores were 1.72 ± 1.12, 1.83 ± 1.43, 2.39 ± 1.37, and
2.75 ± 1.72, respectively (P < 0.05). Subgroup analysis showed
that nutritional risk increased with age in patients with lung
and colorectal cancers. For gastric, esophageal, skin, and breast
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TABLE 1 | BMI, weight, and dietary reduction, NRS-2002 score of the participants.

Cancer

type

N NRS-2002 score BMI Weight change Dietary reduction

Average

score

<3

N (%)

≥3

N (%)

<18.5

N (%)

18.5–23.9

N (%)

24–27.9

N (%)

≥28

N (%)

>5% weight

loss within 3

months

N (%)

>5% weight

loss within 2

months

N (%)

>5% weight

loss within 1

month

N (%)

Visibly

wasting away

N (%)

25–50%

dietary

reduction in

the recent 1

week

N (%)

51–75%

dietary

reduction in

the recent 1

week

N (%)

76–100%

dietary

reduction in

the recent 1

week

N (%)

Lung 2454 1.89 ± 1.32 1709

(69.6)

745

(30.4)

229

(9.3)

1367

(55.7)

640

(26.1)

218

(8.9)

348

(14.2)

134

(5.5%)

99

(4.0)

114

(4.6)

274

(11.2)

209

(8.5)

125

(5.1)

Other

respiratory

system

50 1.74 ± 1.1 34

(68.0)

16

(32.0)

1

(2.0)

31

(62.0)

12

(24.0)

6

(12.0)

11

(22.0)

7

(14.0)

3

(6.0)

3

(6.0)

10

(20.0)

13

(26.0)

4

(8.0)

Oral 25 2.56 ± 1.29 10

(40.0)

15

(60.0)

1

(4.0)

16

(64.0)

7

(28.0)

1

(4.0)

6

(24.0)

5

(20.0)

1

(4.0)

2

(8.0)

4

(16.0)

5

(20.0)

2

(8.0)

Gastric 402 2.78 ± 1.38 166

(41.3)

236

(58.7)

56

(13.9)

254

(63.2)

70

(17.4)

22

(5.5)

98

(24.4)

47

(11.7)

40

(10.0)

21

(5.2)

58

(14.4)

65

(16.2)

47

(11.7)

Esophageal 245 2.62 ± 1.3 96

(39.2)

149

(60.8)

30

(12.2)

152

(62.0)

43

(17.6)

20

(8.2)

68

(27.8)

24

(10.0)

29

(11.8)

12

(4.9)

48

(19.6)

41

(16.7)

16

(6.5)

Liver 155 2.53 ± 1.21 73

(47.1)

82

(52.9)

16

(10.3)

96

(61.9)

33

(21.3)

10

(6.)

39

(25.2)

14

(9.0)

15

(10.0)

11

(7.1)

25

(16.1)

24

(15.5)

12

(7.7)

Colorectal 271 2.58 ± 1.26 138

(50.9)

133

(49.1)

29

(10.7)

156

(57.6)

67

(24.7)

19

(7.0)

56

(20.7)

18

(6.6)

20

(7.4)

15

(5.5)

38

(14.0)

34

(12.5)

16

(5.9)

Pancreas 45 2.59 ± 1.31 21

(46.7)

24

(53.3)

8

(17.8)

27

(60.0)

7

(15.6)

3

(6.7)

11

(24.4)

4

(8.9)

3

(6.7)

4

(8.9)

5

(11.1)

7

(15.6)

5

(11.1)

Gallbladder 27 2.56 ± 1.25 15

(55.6)

12

(44.4)

4

(14.8)

13

(48.1)

9

(33.3)

1

(3.7)

6

(22.2)

3

(11.1)

0 2

(7.4)

2

(7.4)

4

(14.8)

0

Bile duct 25 2.56 ± 1.29 11

(44.0)

14

(56.0)

3

(12.0)

17

(68.0)

4

(16.0)

1

(4.0)

8

(32.0)

2

(8.0)

1

(4.0)

2

(8.0)

3

(12.0)

3

(12.0)

1

(4.0)

Other

digestive

system

24 2.38 ± 1.62 17

(71.0)

7

(29.0)

5

(17.0)

8

(33.0)

8

(33.0)

3

(13.0)

5

(21.0)

0 1

(4.0)

0 3

(12.5)

0 2

(8.3)

Kidney 78 2.36 ± 1.1 51

(65.4)

27

(34.6)

3

(3.8)

38

(48.7)

18

(23.1)

19

(24.4)

11

(14.1)

3

(3.8)

3

(3.8)

1

(1.2)

5

(6.4)

6

(7.7)

4

(5.1)

Ureter 60 1.87 ± 1.17 39

(65.0)

21

(35.0)

4

(6.7)

40

(66.7)

12

(20.0)

4

(6.7)

12

(20.0)

9

(15.0)

4

(6.7)

3

(5.0)

5

(8.3)

4

(6.7)

1

(1.7)

Bladder 64 2.42 ± 1.31 36

(56.3)

28

(43.8)

12

(18.)

31

(48.4)

14

(21.9)

7

(10.9)

12

(18.8)

8

(12.5)

4

(6.3)

2

(3.1)

5

(7.8)

4

(6.3)

2

(3.1)

Prostate 67 2.13 ± 1.03 40

(59.7)

27

(40.3)

6

(9.0)

46

(68.7)

12

(17.9)

3

(4.5)

11

(16.4)

5

(7.5)

6

(9.0)

2

(3.0)

12

(17.9)

2

(3.0)

2

(3.0)

Other urinary

system

11 2.0 ± 1.34 8

(72.7)

3

(27.3)

0 5

(45.4)

4

(36.4)

2

(18.2)

4

(36.4)

0 0 1

(9.1)

1

(9.1)

1

(9.1)

1

(9.1)

(Continued)
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TABLE 1 | Continued

Cancer

type

N NRS-2002 score BMI Weight change Dietary reduction

Average

score

<3

N (%)

≥3

N (%)

<18.5

N (%)

18.5–23.9

N (%)

24–27.9

N (%)

≥28

N (%)

>5% weight

loss within 3

months

N (%)

>5% weight

loss within 2

months

N (%)

>5% weight

loss within 1

month

N (%)

Visibly

wasting away

N (%)

25–50%

dietary

reduction in

the recent 1

week

N (%)

51–75%

dietary

reduction in

the recent 1

week

N (%)

76–100%

dietary

reduction in

the recent 1

week

N (%)

Leukemia 33 3.33 ± 1.45 11

(33.3)

22

(67.7)

9

(27.3)

11

(33.3)

11

(33.3)

2

(6.1)

3

(9.1)

9

(27.3)

3

(9.1)

0 1

(3.0)

3

(9.1)

3

(9.1)

Lymphoma 53 2.68 ± 1.14 26

(49.1)

27

(50.9)

6

(11.3)

21

(39.6)

20

(37.8)

6

(11.3)

14

(26.4)

5

(9.4)

2

(3.8)

2

(3.8)

9

(17.0)

3

(

5.7%)

2

(3.8)

Other blood

system

20 2.55 ± 1.1 11

(55.0)

9

(45.0)

1

(5.0)

7

(35.0)

6

(3.0%)

6

(3.0)

4

(20.0)

2

(10.0)

1

(5.0)

3

(15.0)

1

(5.0)

1

(5.0)

1

(5.0)

Bone 120 2.34 ± 1.49 64

(53.3)

56

(46.7)

18

(15.0)

58

(48.3)

34

(28.3)

10

(8.3)

25

(20.8)

10

(8.3)

14

(11.7)

11(9.2) 21

(7.5)

16

(13.3)

10

(8.3)

Skin 150 1.82 ± 1.18 103

(68.7)

47(31.3) 16

(10.7)

81

(54.0)

38

(25.3)

15

(10.0)

29

(19.3)

14

(9.3)

7

(4.7)

5

(3.3)

19

(12.7)

9

(6.0)

7

(4.7)

Cerebral 79 2.2 ± 1.52 44

(55.7)

35

(44.3)

10

(12.7)

46

(58.2)

12

(15.2)

11

(16.5)

21

(26.6)

11

(13.9)

7

(8.9)

5

(6.3)

7

(8.9)

12

(15.2)

4

(5.1)

Uterus 246 2.45 ± 1.24 135

(54.9)

111

(45.1)

27

(11.0)

146

(59.3)

58

(23.6)

15

(6.1)

64

(26.0)

16

(6.5)

17

(6.9)

9

(3.7)

31

(12.6)

27

(11.0)

14

(5.7)

Ovary 698 2.29 ± 1.05 491

(70.3)

207

(29.7)

42

(6.0)

403

(57.7)

193

(27.7)

60

(8.6)

88

(12.6)

26

(3.7)

14

(2.0)

22

(3.2)

74

(10.6)

42

(6.0)

26

(3.7)

Other

gynecologic

124 2.12 ± 1.17 89

(71.8)

35

(28.2)

13

(10.5)

71

(57.3)

34

(27.4)

6

(4.8)

15

(12.1)

6

(4.8)

2

(1.6)

3

(2.4)

8

(6.5)

6

(4.8)

5

(4.0)

Breast 1,033 1.42 ± 0.94 885

(85.7)

148

(14.3)

56

(5.4)

586

(56.7)

297

(28.8)

94

(9.1)

104

(10.1)

27

(2.6)

24

(2.3)

19

(1.8)

61

(5.9)

41

(4.0)

21

(2.0)

Nasopharynx 112 1.66 ± 1.14 86

(76.8)

26

(23.2)

5

(4.5)

70

(62.5)

26

(23.2)

11

(9.8)

15

(13.4)

7

(6.3)

4

(3.6)

4

(3.6)

10

(8.9)

13

(11.6)

4

(3.6)

Larynx 14 2.07 ± 0.96 8

(57.1)

6

(42.9)

0 10

(71.4)

4

(28.6)

0 1

(7.1)

1

(7.1)

3

(21.4)

1

(7.1)

1

(7.1)

3

(21.4)

0

F 24.19

P <0.01
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cancer, the NRS-2002 score was like shaped like a “U,” that is,
high at < 45 years old, decreased at 45–65 years old, and then
increased at > 65 years old. Gastric and lung cancer patients in
the> 85 years old group had the highest NRS-2002 score (4.02±
1.01 and 4.10 ± 1.41, respectively), while breast cancer patients
aged 45–65 years old had the lowest score (1.46 ± 0.94). The
NRS-2002 scores of males were significantly higher than females,
which were 1.96± 2.09 and 1.25± 1.30, respectively (P = 0.001)
(Table 2).

TNM Staging and Oncological Treatment
The NRS-2002 scores for stages I to IV were 1.80 ± 1.06, 2.03 ±
1.25, 2.03± 1.24, and 2.08± 1.40, respectively (P= 0.001), which
increased along with the disease stage. A positive relationship
between the NRS-2002 score and the stage of lung, skin, uterine,
ovarian, and breast cancer was observed. However, the NRS-
2002 scores for digestive system and nasopharyngeal carcinoma,
which were closely associated with food intake, did not show
significant differences between the different stages (Table 2). In
addition, there was a significant difference in nutritional risk
among the different oncological treatments and the time interval
since last oncological treatment. The NRS-2002 score was higher
in patients who had bone marrow transplantation (4.32 ± 1.27)
than in those had surgery plus radio/chemotherapy, surgery,
and radio/chemotherapy, with scores of 2.14 ± 1.27, 2.10 ±

1.20, and 1.94 ± 1.31, respectively (P = 0.002). Moreover, the
combined treatment was more likely to be at nutritional risk
than monotherapy. According to the time interval since last
oncological treatment, we divided the participants into <1, 1–6,
6–12, and >12 months, and found the NRS-2002 score were 3.04
± 1.32, 1.50 ± 1.04, 1.44 ± 0.92, and 1.01 ± 0.71, respectively (P
= 0.032).

Medical Insurance and Education
Overall, the patients with commercial insurance had the lowest
NRS-2002 score (2.25 ± 1.22), followed by self-paid and urban
resident insurance (2.48 ± 1.45 and 2.66 ± 1.31, respectively);
those with rural cooperative medical insurance had the highest
score (2.86 ± 1.34, P = 0.002). In terms of education level, the
NRS-2002 score of patients with a bachelor’s degree or above was
1.91 ± 1.22, whereas those with a high school diploma was 2.32
± 1.28; on the other hand, those with a primary school diploma
and below was the highest (2.65± 1.45, P < 0.001).

Composition of NRS-2002 Score
We further analyzed the composition of the NRS-2002 score
as a source of nutritional risk. Subgroup analysis showed that
groups with nutritional impairment, which accounted for ≥

50% of the total NRS-2002 score, were digestive system (71.4%),
bone (67.6%), nervous system (64.2%), and respiratory system
cancers (51.2%). In those with hematological cancer, only 34.4%
of patients had a proportion of nutritional impairment exceeding
50% of the total score, thereby indicating that the nutritional
risk of these patients was mainly contributed by disease severity.
Figures 2, 3 shows the percentage of different degrees of weight
loss and different degrees of dietary reduction. Compared to the
average level, the percentage of severe weight loss (incidence

of > 5% weight loss within 1 month and obvious weight loss)
in respiratory system, digestive system, hematological, bone,
brain, and nasopharyngeal cancers was significantly higher.
Moreover, the percentage of more than 50% food reduction
in digestive system, bone, brain, and nasopharyngeal cancers
exceeded the average level. Moreover, in order to further
evaluate the relationship between nutritional impairment and
cancer advancement, we conducted the correlation between
TNM staging and nutritional impairment indices, and found a
significant correlation (r= 0.232, P = 0.030).

Nutrition Counseling
A total of 4,032 participants were confused about nutrition or
needing nutrition guidance; only 1,678 had visited the nutrition
department for counseling; and only 1,450 patients at nutritional
risk had ever consulted the clinical dietitians. When asked
about their willingness to obtain nutrition knowledge, most
participants (3,897) wanted to be guided by clinicians; only
585 wanted to be guided by dietitians. Furthermore, 2,099
(31.4%), 2,045 (30.59%), 3,089 (46.21%), and 908 (13.58%)
patients achieved nutrition knowledge from TV health programs,
nutrition books,WeChat official accounts, and nutrition lectures,
respectively. Compared with face-to-face offline consultations,
these multimedia platforms were more convenient to access.

The Association Between Influencing
Factors and Nutritional Risk
Based on previous analysis, there were significant differences in
age, sex, TNM staging, medical insurance, and education between
with and without nutritional risk groups. The regression analysis
showed that the association between nutritional risk and several
factors, including age (OR 1.114, 95%CI 1.106, 1.325), TNM
staging III (OR 1.891 95%CI 1.171, 3.916) and IV (OR 2.136,
95%CI 1.054, 4,222), bone marrow transplant (OR 1.427, 95%CI
1.191, 2.901), interval of oncological therapy <1 month (OR
1.472, 95%CI 0.312), and nutritional support (OR 0.497, 95%CI
0.287, 0.812) (Table 3).

DISCUSSION

To date, this study is the broadest online survey with the largest
sample size to investigate dietary intake and nutritional status of
non-hospitalized cancer survivors in China. Being regarded as
an early manifestation and an important cause of malnutrition
in cancer patients, anorexia was exhibited by 52.7% of patients,
thereby presenting with a high prevalence. Anorexia was the
main cause for reduced food intake and an important predictor
for mortality (18, 19). However, the presence/absence of anorexia
was not assessed by nutrition risk screening tools. In fact, patients
may present with anorexia but without experiencing significant
weight loss due to the administration of artificial nutrition.
Therefore, considering anorexia as an early event during cancer
progression, its evaluation would be useful in the screening
process to early discover of nutritional derangements. The study
showed that 31.6% of patients suffered from significant weight
loss in the past 3 months and 25.0% had reduced food intake
in the past week. In cancer patients weight loss is regarded as

Frontiers in Nutrition | www.frontiersin.org 7 June 2022 | Volume 9 | Article 92071480

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Wang et al. Nutritional Survey of Cancer Patients

TABLE 2 | NRS-2002 score of subjects according to different age and TNM staging.

Cancer type Age TNM staging

<45 45–65 65–85 >85 F P I II III IV F P

Lung 1.8 ± 1.25 1.88 ± 1.27 2.69 ± 1.51 4 ± 1.0 84.29 <0.01 1.57 ± 1.01 2.05 ± 1.32 1.88 ± 1.29 2.16 ± 1.41 10.58 <0.01

Gastric 3.13 ± 1.33 2.96 ± 1.31 3.73 ± 1.51 4 ± 1.41 6.47 0.002 2.73 ± 1.28 3.15 ± 1.36 3.31 ± 1.29 3.19 ± 1.49 2.19 0.069

Esophageal 3.1 ± 1.28 2.96 ± 1.35 3.02 ± 1.39 0 0.19 0.823 2.48 ± 1.24 3.18 ± 1.24 3.31 ± 1.39 2.52 ± 1.33 2.28 0.105

Liver – – – – – – 2.53 ± 1.12 2.93 ± 1.24 2.95 ± 1.15 3.25 ± 1.29 0 0.945

Colorectal 2.37 ± 1.11 2.79 ± 1.25 3.35 ± 1.49 0 7.63 0.001 2.55 ± 1.24 2.76 ± 1.04 2.89 ± 1.46 3.14 ± 1.59 1.68 0.172

Bone –

Skin 2.19 ± 1.38 1.68 ± 1.05 4 ± 0 0 4.39 0.039 1.53 ± 1.03 2.31 ± 1.32 1.71 ± 1.11 1 ± 0 8.71 0.004

Uterus 2.7 ± 1.36 2.72 ± 1.24 3.25 ± 1.82 0 0.01 0.904 2.32 ± 1.21 3.01 ± 1.31 3 ± 1.3 3.19 ± 1.05 7.81 0.001

Ovary 2.35 ± 1.12 2.4 ± 1.11 2.69 ± 0.87 0 1.29 0.275 2.2 ± 0.88 2.62 ± 1.22 2.37 ± 1.06 2.66 ± 1.27 4.63 0.003

Other gynecologic 2.33 ± 1.28 2.2 ± 1.2 2.11 ± 0.78 0 0.32 0.574 – – – – – –

Breast 1.54 ± 1.01 1.46 ± 0.94 2.43 ± 1.43 0 23.06 <0.01 1.4 ± 0.83 1.48 ± 0.96 1.58 ± 1.02 1.74 ± 1.22 4.15 0.002

Nasopharynx 1.61 ± 1.05 1.74 ± 1.14 3.2 ± 1.55 0 0.34 0.559 1.72 ± 1.02 2.08 ± 1.27 1.87 ± 1.41 1.31 ± 0.63 0.42 0.519

FIGURE 2 | Incidence of different degree of weight loss.

an early warning signal of wasting process involving, and an
involuntary body weight loss>5% calls for urgently performing
a systematic nutritional assessment in cancer (19).

Discover and diagnosis of nutritional risk and malnutrition
are crucial in cancer patients (1, 15). NRS-2002 and Malnutrition

Universal Screening Tool (MUST) are two of the most popular
tools used in clinical practice (20, 21), but there is no consensus
on which screening method is more efficient and appropriate
in an oncology population (22). NRS-2002 is widely used as
a valid nutrition screening tool in clinics for not only general
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FIGURE 3 | Incidence of different degree of food intake reduction.

population, but also cancer patients. The Patient-Generated
Subjective Global Assessment (PG-SGA), a broadly used for
nutrition assessment for cancer patients (6, 23), consists of the
patient-generated and the professional component (24). The
first part, also regarded as PG-SGA Short Form, is perceived
comprehensible and easy (25), and can be completed by the
patients or their carers quickly (6), while the professional
part, especially the physical examination (25), making it not
suitable for online survey. The mini-Nutritional Assessment-
Short Form (MNA-SF), in addition to the evaluation of current
BMI, weight loss, food intake reduction, burden of disease,
investigated the presence of neuropsychological problems and
low mobility, however it was specifically designed to evaluate
the malnutrition in elders (26). The Global Leadership Initiative
on Malnutrition (GLIM) has engaged several global clinical
nutrition societies to reach a consensus on the diagnostic criteria
of malnutrition in clinical settings (27). A study conducted in
cancer patients to compare different nutrition risk screening tools
found NRS-2002 was better correlated with the GLIM criteria
than MUST and PG-SGA, and could serve as a good candidate
for first-step malnutrition risk screening according to the GLIM
diagnostic scheme. Although the PG-SGA is a sensitive tool to
detect compromised nutritional status, the assessment had a low
specificity in the diagnosis ofmalnutrition according to theGLIM
criteria (28).

In this study, the overall prevalence of nutritional risk was
33.9%, as screened by NRS-2002; this was lower than the 40.2
and 50% reported among the Chinese population (28, 29). This
may be explained by the fact that the participants mentioned
above were hospitalized cancer patients, whose disease might
be of high severity or who were currently under treatment.
However, in this study, the participants were either in remission
or between treatment cycles, thereby rendering less treatment
effects or disease severity. Even so, the nutritional risk of this
population was still high and should not be ignored; even though
tumor burden is not severe, appropriate and early nutritional
intervention can help achieve a clinical benefit.

Nutritional risk varied according to personal characteristics.
The NRS-2002 scores tended to increase with age, which is
similar to previous study (30). Elderly patients with cancer are
more prone to nutritional problems due to organ dysfunction
and reduced treatment tolerance. Nevertheless, for some types
of cancer in our study, such as gastric, esophageal, skin,
and breast cancers, young and middle-aged patients showed
higher NRS-2002 scores. This may be related to the higher
malignancy of tumors that occur in young and middle-aged
patients. Meanwhile, the treatment plan for this population
may also be more aggressive, thus leading to a greater impact
on gastrointestinal symptoms and food intake. Besides, our
study showed the nutritional risk of this population is gradually
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TABLE 3 | The regression analysis of influencing factors and nutritional risk.

Variables OR (95% CI) P

Age

≤65 years old 1 0.036

>65 years old 1.114 (1.106, 1.325)

Sex

Male 1 0.391

Female 0.924 (0.843, 1.412)

Payment methods

Urban resident medical insurance 1 0.417

Commercial insurance 0.965 (0.834, 1.379) 0.312

Rural cooperative medical insurance 1.413 (0.812, 2.341) 0.712

Self-paid 1.109 (0.918, 1.293) 0.059

Education

Primary school or under 1 0.124

Middle school 0.642 (0.420, 1.012) 0.237

Bachelor’s or above 0.142 (0.024, 1.410) 0.062

TNM staging

I 1 0.118

II 1.452 (0.762, 3.462) 0.247

III 1.891 (1.171, 3.916) 0.030

IV 2.136 (1.054, 4.222) 0.037

Permanent residential

Capital city 1

Prefecture level cities 0.462 (0.302, 1.364) 0.248

Country-level city 0.681 (0.325, 1.572) 0.102

Rural areas 0.642 (0.423, 1.416) 0.174

Oncological therapy

Surgery 1 0.062

Chemotherapy 0.912 (0.791, 1.421) 0.263

Radiotherapy 0.879 (0.364, 1.880) 0.685

Bone marrow transplant 1.427 (1.191, 2.901) 0.037

Interval of oncological therapy

>12 months 1 0.074

6–12 months 1.082 (0.581, 2.012) 0.166

1–6 months 1.266 (0.481, 2.791) 0.104

<1 month 1.472 (1.112, 2.521) 0.030

Nutritional support

No 1 0.014

Yes 0.497 (0.287, 0.812)

deteriorating with malignancy of tumor, especially more than
stage III. Moreover, we found that the NRS-2002 scores
significantly differed according to education level and medical
insurance type. Cancer patients with higher education levels or
commercial insurance probably intend to perform early detection
and interventions, suggesting an imbalance of medical resources
at present.

Interestingly, for most non-digestive cancer survivors, a
higher NRS-2002 score seemed to be associated with a higher
TNM stage, which was comparable to the result of the largest
investigation of hospitalized cancer patient (11). However in
subgroup analysis of our study, no significant difference was

found between TNM stages in digestive system cancers. This
indicates that digestive system cancers could influence food
intake and body weight even at an early stage, thus leading to
increased nutritional risk. Therefore, nutritional risk screening
should be performed as early as possible. The NRS-2002
score was higher in patients who had combined surgery plus
radio/chemotherapy, followed by those received surgery or
radio/chemotherapy alone, thus suggesting that extra attention
should be paid to this population.

In the regression analysis, age, TNM staging, oncological
therapy, and time interval of treatment were associated with
NRS-2002, and also nutritional impairment score was close
correlated with TNM staging, indicating the intimate relationship
between nutritional risk and disease. However, the association
between nutritional risk and the demographic characteristics
was not found, it might be the complicated relationship among
these factors.

Patients spend the most time at home or in community
sanatoriums, especially in the era of COVID-19, patients had
fewer chances to visit a hospital for nutrition counseling.
However, the nutritional problems of these non-hospitalized
patients were distressingly undertreated. A large number of the
participants had nutrition-related queries, but only a minority
received professional guidance or intervention from dietitians. A
French study found that only 35.8% of cancer patients received
regular nutrition counseling; of which, 56.3% were provided by
nutritionists or dietitians, 31.9% by doctors, and 11.8% by other
medical staff (31). A Chinese study included 1,138 cancer patients
and found merely 14% of them had cancer counseling (32). This
shows that there are still gaps in the standardized treatment
as well as in clinical practice. In addition, the importance of
dietitians or nutritional support is not yet fully recognized by
clinicians or patients (33–35). This may be due to the insufficient
participation of dietitians during oncologic treatments or lack
of collaboration between oncologists and clinical nutritionists
(36), where nutritional intervention is not routinely included in
clinical practice (37).

Nutritional support benefits patients with nutritional risk as
to improving clinical outcomes (38); conversely, it may not
help but increase the costs for those with no risk. A Chinese
study focusing on hospitalized gastric cancer patients found that
59.1% of patients with malnutrition did not receive nutritional
support, while 25.5% at no risk were given needless intervention
(39). Only 30–60% of cancer patients with nutritional risk
were provided with nutritional support (32, 40). In this study,
a higher proportion of patients with and without nutritional
risk received support, indicating the inappropriate use of
nutritional intervention. Besides, nutrition support, such as ONS,
nasal enteral nutrition, and parenteral nutrition were used by
some non-hospitalized patients, but the appropriateness of the
application was not fully evaluated, and whether the nutrition
requirement was met remained unclear.

Few studies have focused on the composition of nutritional
risk screening to identify the main contributors to NRS-
2002. The proportion of nutritional impairment score ranged
from 50–70% in respiratory system, bone, and nervous system
cancers; however, they were mainly contributed by weight

Frontiers in Nutrition | www.frontiersin.org 10 June 2022 | Volume 9 | Article 92071483

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Wang et al. Nutritional Survey of Cancer Patients

loss, not dietary reduction. The incidence of weight loss
and dietary reduction was high in digestive system, nervous
system, and bone cancers, thus indicating that the nutritional
status of these patients was seriously impaired. For those with
nutritional impairment, proper nutritional intervention can
improve the nutritional status. However, for those with more
severe diseases, aggressive therapies for primary cancer may
bring more benefits. Therefore, in addition to paying attention
to the existence of nutritional risk, the composition of NRS-
2002 is also important for dietitians in choosing the appropriate
intervention. We further found the close correlation between
TNM and nutrition impairment, indicating that disease and
nutrition impairment have influence on each other and should
be paid attention.

Given the patients’ intention to acquire nutritional knowledge
and modern communication technology, results of this study
suggest that online survey is a convenient and quick method
to delivery nutritional risk screening for cancer survivors.
Several web-based lifestyle or psychological interventions for
cancer patients were conducted and shown acceptable and
feasible by patients (41, 42). More important, online survey
can reach non-hospitalized patients, so that nutrition support
can be integrated into patients’ daily life more deeply and
permanently. Compared to the largest survey of Chinese
hospitalized cancer patients conducted between 2013 to 2020
and enrolled 47,448 patients from 22 provinces (10), our
study enrolled 6,648 valid surveys covering 31 provinces,
autonomous regions, and municipalities within 6 months,
suggesting it is efficient. Strict quality control was performed
during the entire process. The “impaired nutritional status” part
of the NRS-2002 included age, recent food intake, and weight
change; these can be easily reported by the patients through
an online questionnaire. The “severity of disease” might be
difficult to assess; however, it can be evaluated by the site and
staging of the tumor as well as the recent therapy methods
reported by the subjects. Therefore, NRS-2002 can be conducted
online; this study provides evidence for an online-based NRS-
2002 evaluation.

This study had several limitations. First, the NRS-2002 score
is qualitative and simple; therefore, it may not be possible to
comprehensively evaluate complex nutritional problems. Second,
self-report measures may result in biased estimates; however,
these are presumably equally distributed among all participants.
Thirdly, the online survey may lose sight of people who are
incapable to use cellphone, which is a common problem of this
method. Lastly, since the limitation of online survey, whether the
nutrition requirement was meet by nutritional support cannot
be known because physical examination and medical status
evaluation cannot be done, which is important in nutrition care
practice. Therefore, further studies are warranted to assess the
nutritional status of non-hospitalized survivors based on more

objective and abundant data measures and to determine their
long-term clinical outcomes.

CONCLUSIONS

This study found a large proportion of these population
presenting dietary intake reduction, weight loss, and high
nutritional risk, and regular monitoring and assessment follow-
up system should be established to evaluate the nutritional status
of non-hospitalized cancer survivors. Moreover, based on our
practice, online survey may be a convenient and suitable method
for nutrition status investigation. Medical staff must be aware
of the nutritional risks, the contributors of the NRS-2002 score,
and provide nutrition intervention for non-hospitalized cancer
survivors to improve nutritional status and clinical outcomes.
Lastly, due to the low percentage of nutrition consultation
achieved, we recommend professional nutrition consultation and
education should be carried out in clinical practice.
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Background: Body mass index (BMI) and sarcopenia are common indicators of

nutritional status. Possible sarcopenia, defined as low muscle strength or performance,

was recently introduced by the Asian Working Group for Sarcopenia (AWGS) in 2019. We

investigated for association between all-cause mortality and BMI combined with possible

sarcopenia severity in Asian older adults.

Methods: This study included a subpopulation (8,195 participants aged ≥60 years;

male gender: 49.4%; mean age: 69.2 ± 6.8 years) from the Fourth Thai National Health

Examination Survey (NHES-IV). BMI was classified using Asia-Pacific cut-offs. Possible

sarcopenia was defined using quadriceps strength based on AWGS 2019 criteria, and

possible sarcopenia severity was determined using study population quartile cut-offs.

All-cause mortality data was derived from the national vital registry in 2020.

Results: The prevalence of underweight status and possible sarcopenia was 11.8 and

38.9%, respectively. Multivariate analysis showed underweight individuals with severe

possible sarcopenia to be at highest risk for increased mortality [adjusted hazard ratio

(aHR): 3.98, 95% confidence interval (CI): 2.89–5.48], and higher risk was found in men

compared to women (aHR: 5.35, 95% CI: 1.19–8.97). Obese status without possible

sarcopenia was an independent protective factor (aHR: 0.61, 95% CI: 0.38–0.97).

Conclusion: BMI combined with possible sarcopenia severity is a better predictor of

mortality risk than either parameter alone.

Keywords: bodymass index, BMI, possible sarcopenia status, all-causemortality, Asian community-dwelling older

adults
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INTRODUCTION

Malnutrition is a common and important public health problem
among older adults due to its strong association with morbidity
and mortality (1). Body mass index (BMI) is an anthropometric
parameter that is routinely used to assess nutritional status
(2). Although BMI is strongly correlated with health outcomes,
direct association between BMI and mortality among older
adults is still being investigated and debated. Many studies
have reported a reverse J curve or U curve association between
BMI and mortality; however, other studies that examined
these associations did not find a similar relationship between
BMI and mortality (3–5). Furthermore, the accuracy of BMI
measurement in older adults remains problematic. BMI is
calculated from body weight and height. A decrease in height
due to aging can increase the BMI value without any change
in body weight (6). As a result, no consensus has yet been
reached regarding the optimal cut-off point for optimal BMI in
older adults.

Apart from BMI—sarcopenia, which is defined as loss of
muscle mass plus low muscle strength and/or low physical
performance, is also strongly associated with malnutrition and
negative health consequences (7). Although sarcopenia is a
good predictor of nutritional status, diagnosis requires physical
performance measurement, and muscle mass measurement.
Dual energy X-ray absorptiometry (DEXA) and bioelectrical
impedance analysis (BIA) are the commonly used tools for
measuring muscle mass in a research setting; however, these
tools are not widely available in community setting, especially in
developing countries.

Recently, the Asian Working Group for Sarcopenia (AWGS)
introduced the term “possible sarcopenia,” which is defined
as low muscle strength or reduced physical performance (8).
Possible sarcopenia allows for an easier and earlier diagnosis of
sarcopenia, particularly in community setting. Limited evidence
currently exists specific to the association between possible
sarcopenia and mortality in Asian older adults. Therefore, the
aim of this study was to determine the optimal BMI in Asian older
adults that associates with the lowest all-cause mortality, and to
investigate for association between all-cause mortality and BMI
combined with various degrees of possible sarcopenia in Asian
community dwelling older adults.

MATERIALS AND METHODS

Study Design
This retrospective cohort study used data from the Fourth Thai
National Health Examination Survey (NHES-IV). The NHES-
IV was a national health examination survey of Thai population
that was conducted during August 2008 to March 2009. In
the survey, multistage cluster sampling was employed. The
sampling technique was described elsewhere (9). A total of 20,450
individuals were enrolled in the NHES-IV. The response rate was
85.5% for men, and 95.4% for women. The inclusion criteria
for the present study were age ≥60 years, having BMI data
and handgrip strength data. A total of 1,015 participants aged
≥60 years were excluded due to a lack of BMI and/or handgrip

FIGURE 1 | The flowchart of participants’ selection process.

strength data. A total sample size of 8,195 was included for the
final analyses (Figure 1).

Data Collection and Measurement
Data were obtained for the NHES-IV study via a semi-structured
face-to-face interview between the respondent and trained
personnel. Body weight and height were both measured by
standardized procedures, and BMI was calculated as weight in
kilograms divided by height inmeters squared. BMIwas classified
using the following Asia-Pacific cut-off values: BMI < 18.5
kg/m2 as underweight, 18.5–22.9 kg/m2 as normal weight, 23.0–
24.9 kg/m2 as overweight, and ≥25.0 kg/m2 as obese (10). In
the present study, to examine the optimal BMI for achieving
the lowest all-cause mortality, the BMI range in our study
population (14–36 kg/m2) was classified into subgroups for every
2 kg/m2 (e.g., 14–15.9, 16–17.9 kg/m2, etc.). Hand grip strength
was measured using a hydraulic hand dynamometer (Takei
Scientific Instrument; Product No. T.K.K.5401). The interface
reports grip strength in kilograms to one decimal point. All
participants were seated with the elbow flexed at 90◦, the,
forearm in neutral position and the wrist between 0 and 30◦.
Each participant was asked to have two assessments per arm
at 1-min intervals. The maximum handgrip strength was used
for analysis. Possible sarcopenia was defined by low muscle
strength using handgrip strength <28 kg for men, and <18 kg
for women according to the AWGS 2019 guideline (8). We
also set forth to examine the association between severity of
possible sarcopenia and all-cause mortality. Therefore, handgrip
strength was categorized using quartile cut-offs. The lowest
quartile represented the study subjects with the lowest handgrip
strength. Handgrip strength were categorized into quartile. The
cut-off values of handgrip strength in each quartile among male
older people were<24.6, 24.7–29.2, 29.3–33.8, and>33.9 kg. The
cut-off values of handgrip strength in each quartile for female
older people were <16.6, 16.7–19.7, 19.8–22.8, >22.9 kg. The
analysis was performed using the highest quartile as the reference
group (defined as no possible sarcopenia), and 1–3 quartiles
were sequentially defined as severe, moderate, and mild possible
sarcopenia. All-cause mortality data were retrieved in May 2020
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from the National Civil Registration and Vital Statistics System,
Ministry of Interior, Thailand.

Sociodemographic and clinical data, including age, gender,
residential region, years of education, smoking status, and
underlying diseases, were collected. Hypertension (HTN) was
defined as systolic blood pressure (SBP)≥140 mmHg or diastolic
blood pressure (DBP) ≥90 mmHg or self-reported diagnosis
of hypertension or use of any antihypertensive medications.
Diabetes was defined as a fasting plasma glucose level of
≥7.0 mmol/L or self-reported diagnosis of diabetes or use
of antidiabetic medications. Chronic kidney disease (CKD)
was defined as an estimated glomerular filtration rate (eGFR)
<60 mL/minute calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation (11). Depression was
diagnosed using the criteria published in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM
IV) (12). Cerebrovascular disease (CVD) was defined by the
self-reported diagnosis of CVD. Cardiovascular disease was also
defined by the self-reported diagnosis of coronary heart diseases.
Assessment of an individual’s ability to perform activities of
daily living (ADL) was measured using the Barthel Index (BI)
(13). Impaired ADL was defined as the need for partial or total
assistance in carrying out any basic ADL.

Statistical Analysis
All the statistical analyses were performed using STATA software
16.1 (StataCorp LP, College Station, TX, USA). Study data
were sample weighted against the total national registered
population of Thailand in 2009, and methods for complex survey
design analysis were applied (14). The baseline characteristics of
study subjects were compared between groups using descriptive
statistics. Parametric and non-parametric tests were applied
depending on the distribution of data. Kruskal-Wallis test
and chi-square test were used for continuous and categorical
variables, respectively. A p < 0.05 was considered statistically
significant for all tests. The association between groups and all-
cause mortality was explored using univariate and multivariate
Cox proportional hazards models. The proportional hazards
assumption was checked on the basis of Schoenfeld residuals.
There was no evidence that the proportional-hazards assumption
was violated. Multivariate models were adjusted for potentially
confounding factors, including age, residential area, diabetes,
chronic kidney disease, cardiovascular disease, cerebrovascular
disease, and history of smoking. The results of multivariate
analysis are shown as hazard ratio (HR) and 95% confidence
interval (CI) for univariate analysis, and as adjusted hazard ratio
(aHR) and 95% CI for multivariate analysis.

Ethical Considerations
Reporting of this study was in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guideline. The protocol for this study was approved by
the Institutional Review Boards of both the Faculty of Medicine
Ramathibodi Hospital, Mahidol University, and the Faculty of
Medicine Siriraj Hospital, Mahidol University. Written informed
consent was not obtained for this study because our data
was retrospectively collected, but written informed consent was

obtained when participants were originally invited to participate
in the NHES-IV survey.

RESULTS

A total 8,195 participants were analyzed in this study. The
mean age was 69.2 ± 6.8 years, and nearly half of participants
were men. Almost 46% of total participants required some
assistance in performing ADL. The prevalence of underweight,
normal weight, overweight, and obesity was 14.8, 38.6, 16.7,
and 29.9%, respectively. Female participants had a mean BMI
higher than that of male participants (23.9 vs. 22.5 kg/m2,
respectively). The prevalence of possible sarcopenia was 38.9%.
Regarding the BMI and possible sarcopenia categories, 61.3% of
underweight participants; 42.9% of normal weight participants;
35.2% of overweight participants and 26.8% of obese participants
had possible sarcopenia. Among male participants, 64.3% of
underweight participants, 46.2% of normal weight participants,
35.6% of overweight participants, and 28.3% of obese participants
had possible sarcopenia. For female participants, the possible
sarcopenia was identified at 57.6% for underweight participants;
38.7% for normal weight participants; 34.9% for overweight
participants; and 25.8% for obese participants.

There were 1,771 deaths among our study population
within 10 years of follow-up. Underweight and normal weight
participants had a higher death rate compared to overweight
and obese subjects. The all-cause mortality rate by BMI category
(underweight, normal weight, overweight, and obesity) was
53.6 [95% confidence interval (CI): 47.2–60.8], 31.2 (95% CI:
28.4–34.2), 25.6 (95% CI: 21.8–30.0), and 25.0 (95%CI: 21.8–
28.8) per 1,000 person-years, respectively, among older adult
men, and 45.1 (95% CI: 38.8–52.4), 22.5 (95% CI: 20.0–25.5),
18.1(95% CI: 15.0–21.9), and 16.1 (95%CI: 14.1–18.4) per 1,000
person-years, respectively, among older adult women. When
comparing according to BMI and possible sarcopenia status,
participants with underweight with possible sarcopenia status
had the highest mortality, while participants with obesity without
possible sarcopenia status had the lowest mortality with death
rates per 1,000 person-years of 65.7 (95% CI: 58.8–73.4) and 14.4
(95%CI: 12.7–16.4), respectively. The overall mortality according
to BMI categories and possible sarcopenia status among included
participants is shown in Figure 2. Sociodemographic, functional,
lifestyle, clinical, mental health, and mortality characteristics of
study participants for different BMI ranges compared between
Thai older adults with and without possible sarcopenia are shown
in Table 1.

Association between the ranges of BMI and all-causemortality
after adjustment for potentially confounding factors is shown
in Figure 3. BMI 26.0–27.9 kg/m2, the range with the lowest
mortality, was defined as the reference group. Compared
with the reference group, every range of BMI < 26.0 kg/m2

was significantly associated with increased all-cause mortality,
whereas the ranges of BMI > 28.0 kg/m2 were not significantly
associated with increased mortality. Older adults with a BMI <

14.0 kg/m2 had the highest risk for all-cause mortality with an
adjusted hazard ratio (aHR) of 6.61 (95% CI: 3.98–10.99).
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FIGURE 2 | Mortality rate among older people with difference BMI and possible sarcopenia categories.

TABLE 1 | Sociodemographic, functional, lifestyle, clinical, mental health, and mortality characteristics of study participants for different body mass index (BMI) ranges

compared between Thai older adults with and without possible sarcopenia (N = 8,195).

Total BMI < 18.5 kg/m2

(n = 1,090)

BMI 18.5–22.9 kg/m2

(n = 3,082)

BMI 23.0–24.9 kg/m2

(n = 1,439)

BMI > 25.0 kg/m2

(n = 2,584)

(n = 8,195) With

possible

sarcopenia

(n = 668,

61.3%)

Without

possible

sarcopenia

(n = 422,

38.7%)

With

possible

sarcopenia

(n = 1,321,

42.9%)

Without

possible

sarcopenia

(n = 1,761,

57.1%)

With

possible

sarcopenia

(n = 507,

35.2%)

Without

possible

sarcopenia

(n = 932,

64.8%)

With

possible

sarcopenia

(n = 692,

26.8%)

Without

possible

sarcopenia

(n = 1,892,

73.2%)

Age (year), mean (SD) 69.2 (6.8) 73.8 (7.2) 68.5 (6.3) 72.6 (7.1) 67.9 (6.2) 71.9 (7.2) 67.0 (5.5) 70.4 (6.8) 66-5 (5.4)

Male, n (%) 4,048 (49.4) 387 (57.9) 215 (51.0) 798 (60.4) 931 (52.9) 263 (51.9) 476 (51.1) 277 (40.0) 701 (37.1)

Education (year), mean

(SD)

5.1 (3.1) 4.1 (1.8) 4.6 (2.5) 4.7 (2.6) 5.3 (3.3) 4.7 (2.9) 5.7 (3.6) 4.9 (2.9) 5.5 (3.5)

Impaired ADL, n (%) 3,736 (45.6) 353 (52.8) 174 (41.2) 646 (48.9) 683 (38.8) 262 (51.7) 346 (37.1) 389 (56.2) 883 (46.7)

Urban, n (%) 4,369 (53.3) 285 (38.6) 167 (39.6) 594 (45.0) 885 (50.3) 281 (55.4) 545 (58.5) 428 (61.9) 1,211 (64.0)

Smoking, n (%) 1,583 (19.3) 228 (34.1) 140 (33.2) 327 (24.8) 424 (24.1) 59 (11.6) 147 (15.8) 72 (10.4) 186 (9.8)

Hypertension, n (%) 4,098 (50.0) 224 (33.6) 120 (28.4) 625 (47.3) 721 (41.0) 292 (57.8) 485 (52.1) 458 (66.2) 1,173 (62.1)

Diabetes, n (%) 1,335 (16.3) 36 (5.4) 14 (3.3) 174 (13.2) 182 (10.3) 101 (19.9) 163 (17.5) 202 (29.2) 463 (24.5)

Chronic kidney

disease, n (%)

2,368 (28.9) 184 (27.6) 82 (19.4) 459 (34.8) 403 (22.9) 184 (36.3) 255 (27.4) 239 (34.5) 562 (29.7)

Depression, n (%) 1,583 (19.3) 47 (7.0) 23 (5.5) 63 (4.8) 62 (3.5) 30 (3.9) 35 (3.8) 40 (5.8) 72 (3.8)

Cardiovascular

disease, n (%)

347 (4.2) 21 (3.1) 10 (2.4) 56 (4.2) 43 (2.4) 25 (4.9) 25 (2.7) 37 (3.4) 57 (3.0)

Cerebrovascular

disease, n (%)

251 (3.1) 31 (4.6) 6 (1.4) 39 (3.0) 31 (1.8) 29 (5.7) 33 (3.5) 54 (7.8) 101 (5.3)

Death per 1,000

person year (95% CI)

28.2 (27.0–29.4) 65.7

(58.8–73.4)

27.9

(22.8–34.1)

41.2

(37.5–45.4)

17.8

(15.8–20.1)

34.4

(29.2–40.7)

15.5

(13.0–18.5)

34.1

(29.6–39.3)

14.4

(12.7–16.4)

Association between 10-year all-cause mortality and BMI,
possible sarcopenia status according to AWGS 2019, and possible
sarcopenia severity according to quartile of handgrip strength
among Thai older adults who participated in the NHES-IV is
shown in Table 2. Concerning the BMI category, underweight
status associated with a significant risk of mortality (aHR:

1.81, 95% CI: 1.58–2.07), whereas obesity was found to be a
protective factor against death (aHR: 0.74, 95% CI: 0.63–0.87)
when compared with the normal BMI group. Older adults in the
overweight category appear to have similar mortality risk as those
in the normal weight group. The results showed similar trends
between genders.
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FIGURE 3 | Association between the ranges of body mass index (BMI) and all-cause mortality after adjustment for potentially confounding factors. aHR, hazard ratio;

CI, confidence interval.

Concerning possible sarcopenia status and defining older
adults using the AWGS 2019 cut-off point, participants with
possible sarcopenia had significantly higher mortality risk
compared to those without possible sarcopenia (aHR: 1.89, 95%
CI: 1.70–2.09). When classifying older adults by severity of
possible sarcopenia according to quartile group of handgrip
strength, the mortality risk was increased in a dose-response
manner according to the severity of possible sarcopenia. Older
adults with severe possible sarcopenia had the highest risk for
mortality (aHR: 2.46, 95% CI: 1.01–3.01) compared to those with
moderate or mild possible sarcopenia (aHR: 1.92, 95% CI: 1.65–
2.23, and aHR: 1.39, 95% CI: 1.20–1.61, respectively). Similar
results were observed between genders.

Association between 10-year all-cause mortality and BMI
category combined with possible sarcopenia status for all study
participants, and compared between male and female Thai
older adults who participated in the NHES-IV is shown in
Table 3. Multivariate analysis showed that older adults who
were underweight with possible sarcopenia were at highest risk
for mortality (aHR: 2.81, 95% CI: 2.32–3.40), whereas those
who were obese without possible sarcopenia were at lowest
risk for mortality (aHR: 0.67, 95% CI: 0.55–0.81) when using
normal weight with no possible sarcopenia as the reference
group. Our results showed improved classification for defining
the risk of death among older adults when BMI and possible
sarcopenia status were combined. Among normal weight and
overweight older adults, having possible sarcopenia significantly
increased mortality risk. In the underweight group, although
possible sarcopenia and no possible sarcopenia both exerted
increased risk of death, the possible sarcopenia group had
substantially higher risk. In the obese group, having possible
sarcopenia increased the risk of death with an aHR of 1.53 (95%

CI: 1.25–1.88), whereas not having possible sarcopenia was a
protective factor against death with an aHR of 0.67 (95% CI:
0.55–0.81). These associations were more pronounced in males
compared to females.

Association between 10-year all-cause mortality and BMI
category combined with severity of possible sarcopenia for all
study participants, and compared between male and female
Thai older adults who participated in the 4th Thai NHES-
IV is shown in Table 4. Multivariate analysis revealed older
adults with underweight and severe possible sarcopenia status
to be at the highest risk for increased mortality (aHR: 3.98,
95% CI: 2.89–5.48) when using normal weight without possible
sarcopenia status as the reference group. In the overweight
group, individuals with moderate-to-severe possible sarcopenia
showed higher mortality compared to the reference group.
Among those in the obesity group, having moderate-to-severe
possible sarcopenia posed a higher risk of death, while the
opposite was found among those who were obese without
possible sarcopenia. Multivariate analysis showed the strongest
risk of mortality among older adult males with underweight
and severe possible sarcopenia status (aHR: 5.35, 95% CI: 1.19–
8.97). In stark contrast, obesity without possible sarcopenia
status was a protective factor against mortality (aHR: 0.61, 95%
CI: 0.38–0.97).

DISCUSSION

The results of this study affirm the finding that being slightly
obese leads to better chance of survival among older adults. It has
been shown that higher BMI associated with lower risk of death
among older people (15–17). However, the proposed optimal
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TABLE 2 | Association between 10-year all-cause mortality and body mass index (BMI), possible sarcopenia status according to AWGS 2019, and possible sarcopenia

severity according to quartile of handgrip among Thai older adults who participated in the 4th Thai National Health Examination Survey (NHES-IV) (N = 8,195).

Total Male Female

Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

BMI categories

Underweight

(BMI < 18.5)

1.93

(1.70–2.19)

1.81

(1.58–2.07)

1.99

(1.63–2.43)

1.87

(1.53–2.29)

1.92

(1.50–2.45)

1.85

(1.48–2.31)

Normal weight

(BMI 18.5–22.9)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

Overweight

(BMI 23.0–24.9)

0.86

(0.74–1.00)

0.91

(0.78–1.05)

1.03

(0.87–1.22)

0.99

(0.82–1.18)

0.71

(0.56–0.89)

0.81

(0.64–1.03)

Obesity

(BMI > 25.0)

0.70

(0.60–0.82)

0.74

(0.63–0.87)

0.83

(0.68–1.02)

0.71

(0.57–0.89)

0.68

(0.54–0.87)

0.83

(0.66–1.04)

Possible sarcopenia categories

Possible sarcopenia 2.70

(2.45–2.98)

1.89

(1.70–2.09)

2.66

(2.27–3.12)

1.97

(1.65–2.35)

2.57

(2.20–3.00)

1.78

(1.51–2.11)

No possible sarcopenia 1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

Possible sarcopenia severity

Severe possible sarcopenia

(6.5–24.6 kg in male, 6–16.6 kg in female)

4.11

(3.45–4.89)

2.46

(1.01–3.01)

4.26

(3.48–5.21)

2.92

(2.25–2.78)

3.95

(3.11–4.99)

2.21

(1.72–2.85)

Moderate possible sarcopenia

(24.7–29.2 kg in male, 16.7–19.7 kg in

female)

2.60

(2.25–3.00)

1.92

(1.65–2.23)

2.77

(2.25–3.41)

2.19

(1.75–2.74)

2.42

(1.90–3.08)

1.72

(1.35–2.20)

Mild possible sarcopenia

(29.3–33.8 kg in male, 19.8–22.8 kg in

female)

1.59

(1.37–1.84)

1.39

(1.20–1.61)

1.61

(1.24–2.08)

1.48

(1.14–1.91)

1.58

(1.27–1.96)

1.32

(1.05–1.67)

No possible sarcopenia

(33.9–54.5 kg in male, 22.9–49.0 kg in

female)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

*Adjusted by age, residential area, diabetes, chronic kidney disease, cardiovascular disease, cerebrovascular disease, history of smoke.

TABLE 3 | Association between 10-year all-cause mortality and body mass index (BMI) category stratified by possible sarcopenia status for all study participants, and

compared between male and female Thai older adults who participated in the 4th Thai National Health Examination Survey (NHES-IV) (N = 8,195).

BMI categories Possible sarcopenia categories Total participants Male Female

Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

Underweight

(BMI < 18.5)

With 4.00

(3.35–4.79)

2.81

(2.32–3.40)

4.07

(3.00–5.52)

3.05

(2.21–4.22)

3.84

(2.89–5.11)

2.66

(2.00–3.53)

Without 1.53

(1.12–2.09)

1.58

(1.56–2.16)

1.46

(0.98–2.17)

1.54

(1.04–2.29)

1.62

(1.06–2.50)

1.65

(1.07–2.55)

Normal weight

(BMI 18.5–22.9)

With 2.26

(1.87–2.74)

1.60

(1.31–1.95)

2.25

(1.77–2.84)

1.67

(1.30–2.15)

2.18

(1.62–2.94)

1.47

(1.07–2.01)

Without 1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

Overweight

(BMI 23.0–24.9)

With 1.88

(1.53–2.32)

1.37

(1.10–1.72)

2.05

(1.61–2.60)

1.36

(1.03–1.79)

1.73

(1.25–2.39)

1.42

(1.04–1.95)

Without 1.01

(0.74–1.40)

1.00

(0.71–1.40)

1.40

(0.95–2.06)

1.28

(0.85–1.92)

0.67

(0.47–0.94)

0.70

(0.48–1.03)

Obesity

(BMI > 25.0)

With 2.16

(1.78–2.61)

1.53

(1.25–1.88)

3.10

(2.26–4.25)

1.77

(1.32–2.39)

1.70

(1.62–2.47)

1.43

(0.97–2.09)

Without 0.70

(0.58–0.84)

0.67

(0.55–0.81)

0.68

(0.51–0.91)

0.54

(0.39–0.76)

0.73

(0.57–0.94)

0.81

(0.62–1.04)

*Adjusted by age, residential area, diabetes, chronic kidney disease, cardiovascular disease, cerebrovascular disease, history of smoke.
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TABLE 4 | Association between 10-year all-cause mortality and body mass index (BMI) category stratified by possible sarcopenia severity for all study participants, and

compared between male and female Thai older adults who participated in the 4th Thai National Health Examination Survey (NHES-IV) (N = 8,195).

BMI categories Possible

sarcopenia severity

Total participants Male Female

Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

Underweight

(BMI < 18.5)

Severe 6.82

(4.92–9.47)

3.98

(2.89–5.48)

8.05

(5.00–12.98)

5.35

(1.19–8.97)

5.64

(3.76–8.48)

3.12

(2.06–4.72)

Moderate 4.09

(2.94–5.67)

2.97

(2.13–4.14)

4.36

(2.95–6.47)

3.35

(2.27–4.95)

3.83

(2.34–6.26)

2.81

(1.75–4.53)

Mild 2.83

(1.83–4.38)

2.72

(1.75–4.23)

3.03

(1.70–5.38)

3.08

(1.69–5.64)

2.70

(1.54–4.73)

2.56

(1.46–4.48)

None 0.76

(0.40–1.47)

0.78

(0.41–1.51)

0.63

(0.26–1.54)

0.65

(0.27–1.58)

0.85

(0.39–1.89)

0.92

(0.43–2.01)

Normal weight

(BMI 18.5–22.9)

Severe 3.73

(2.71–5.13)

2.18

(1.59–3.00)

4.23

(2.95–6.05)

2.74

(1.86–4.04)

3.22

(1.99–5.19)

1.79

(1.11–2.86)

Moderate 2.79

(1.92–4.05)

1.99

(1.40–2.82)

3.20

(1.97–5.21)

2.37

(1.46–3.85)

2.31

(1.42–3.76)

1.64

(1.02–2.64)

Mild 1.85

(1.33–2.57)

1.50

(1.10–2.03)

2.12

(1.46–3.04)

1.77

(1.21–2.59)

1.58

(0.91–2.73)

1.28

(0.75–2.18)

None 1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

1.00

(Reference)

Overweight

(BMI 23.0–24.9)

Severe 3.45

(2.34–5.09)

2.05

(1.39–3.02)

4.36

(2.83–6.72)

2.45

(1.49–4.05)

2.85

(1.73–4.70)

1.89

(1.15–3.10)

Moderate 2.21

(1.64–2.97)

1.58

(1.19–2.10)

3.13

(2.22–4.45)

2.13

(1.49–3.06)

1.44

(0.86–2.40)

1.13

(0.67–1.89)

Mild 1.38

(0.91–2.12)

1.17

(0.77–1.78)

1.58

(0.82–3.02)

1.26

(0.66–2.40)

1.20

(0.67–2.15)

1.06

(0.59–1.89)

None 1.63

(0.81–3.29)

1.48

(0.74–2.96)

2.85

(1.30–6.25)

2.44

(1.09–5.44)

0.67

(0.31–1.42)

0.65

(0.30–1.39)

Obesity

(BMI > 25.0)

Severe 3.45

(2.45–4.85)

1.98

(1.41–2.79)

5.60

(3.67–8.54)

2.68

(1.70–4.24)

2.64

(1.65–4.25)

1.76

(1.10–2.81)

Moderate 2.20

(1.56–3.11)

1.53

(1.10–2.79)

3.80

(2.20–6.58)

2.20

(1.35–3.58)

1.61

(1.08–2.42)

1.26

(0.83–1.90)

Mild 1.23

(0.87–1.74)

1.01

(0.71–1.42)

1.85

(1.16–2.96)

1.26

(0.79–1.99)

0.99

(0.64–1.53)

0.91

(0.58–1.41)

None 0.87

(0.59–1.29)

0.77

(0.52–1.14)

0.82

(0.53–1.26)

0.61

(0.38–0.97)

1.01

(0.51–1.62)

0.98

(0.55–1.73)

*Adjusted by age, residential area, diabetes, chronic kidney disease, cardiovascular disease, cerebrovascular disease, history of smoke.

BMI range varies widely (18, 19). A previous meta-analysis that
reported that older adults with a BMI of 27.0–27.9 kg/m2 had
the lowest mortality did not include Asian population in the
analysis (16). The present study proposes a BMI of 26.0–27.9
kg/m2 as the optimal BMI for Asian older adults since it was
found to be associated with the lowest mortality after adjusting
for potential confounders.

The present study showed the prevalence of underweight
status among older adults to be substantially high in Thailand
at approximately 15%. This finding is similar to those reported
from several studies conducted in Thailand (20, 21), and
in other countries in Asia (15, 17). However, these figures
are in stark contrast to the 3% rates reported from the US
(22) and Europe (23). Moreover, our study emphasizes the
higher mortality risk associated with underweight status (when
compared to obese status) among community-dwelling Thai
older adults. This association is similar to those reported
from other Asian countries (15, 17), but is different from
the results of studies conducted in non-Asian older adult

populations that found that the mortality risk associated
with underweight and overweight status increased at similar
magnitudes (16, 23, 24). A similar trend toward association
between underweight status and increased mortality was found
in a previous study of a large volume of pooled data from
younger Asian population (25); however, the magnitude of
increased mortality risk appears to be stronger among older
adults. The possible explanations for synergistic mortality risk
among older people with underweight status might stem from
the accumulation of several poor prognostic factors, such as risk
of infection (26), risk of falls (27), severe functional impairment,
and other geriatric syndromes (28). Importantly, some of these
factors are potentially modifiable. Since underweight status
is one of those potentially modifiable factors, underweight
status should be addressed at the healthcare policy level so
that appropriate nutritional strategies can be developed and
implemented, especially among Asian older adults.

In this study, we found the mortality rate of Thai older
people was higher than the European countries (29). Thailand, a
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middle-income country, has been undergoing an epidemiological
transition with predominant of non-communicable diseases.
Cardiovascular diseases accounted for almost one-third of all
deaths in Thai population (30). Compared to populations
in America and Europe with different stages of economic
development and earlier stage of cardiovascular epidemic; the
mortality rate in Thai population as with other low-and middle-
income countries are relatively higher than in high-income
countries where cardiovascular and NCD death rates are lower
(31). This might be due to the differences in socioeconomic,
health system resources, and system performance for rate of
awareness, coverage and treatment and control of the condition.

In contrast to BMI alone, this study showed that the
association between BMI and all-cause mortality in older adults
was modified by possible sarcopenic status, and was dependent
upon the severity of possible sarcopenia. Among underweight
older adults, the subgroup without possible sarcopenia was not
at elevated risk for mortality; however, the risk of mortality
increased in dose-response manner as the severity of possible
sarcopenia increased. Furthermore, the classification of possible
sarcopenia severity according to quartile of handgrip strength
was also able to differentiate mortality risk among older adults
in other weight groups. Among obese older adults, severity
of possible sarcopenia improved the ability to assess and
differentiate mortality risk. Obese people with moderate-to-
severe possible sarcopenia were at increased risk, while those
without possible sarcopenia realized protective effect relative to
mortality risk.

Sarcopenia in older adults increases their mortality risk,
as shown in a previous meta-analysis (32). The association
between severity of sarcopenia using handgrip strength and all-
cause mortality has also been addressed in previous studies
(33, 34). The combination of BMI and sarcopenia, however,
has been focused mostly on sarcopenia and obesity, namely
sarcopenic obesity, as a condition of increased mortality risk
(35). This finding has not been widely addressed in the literature.
The mechanisms of sarcopenic obesity are based on changes
in metabolism and body composition due to aging combined
with poor physical activity from both physical and mental
illnesses (36). The present study demonstrated similar association
with mortality in the sarcopenic obesity group. However, the
magnitude of risk in the present study was more pronounced in
the possible sarcopenic-undernutrition group. A recent review by
the UK group (37) included studies that investigated association
between body composition and mortality, and they found no
studies that used the combination of BMI and sarcopenia in
other form apart from sarcopenic obesity. A previous study
from Taiwan (38) reported synergistic mortality risk between the
combination of low physical activity with underweight status and
low physical activity with sarcopenia. An explanation for this
finding was not proposed.

The obesity paradox, which is defined as the finding that
people with a higher BMI are associated with a reduced risk of
mortality, has been repeatedly established in studies conducted
among older adults. Several attempts have been made to explore
the underneath mechanism for protective effect of obesity
paradox by combining additional measurements. A previous
systematic review (39) explored the effect of physical fitness on

this phenomenon in older adults, but they failed to arrive at a
robust conclusion, and they commented on the limited validity of
physical activity measurement in the included studies. A recent
study (40) attempted to stratify risk among middle-aged adults
according to BMI using cardiorespiratory fitness. They reported
that fitness modifiedmortality risk in obese men, but not in obese
women. The present study proposes the explanation for obesity
paradox by further stratified BMI using possible sarcopenia
status. We discovered a similar trend to previous study using
sarcopenic status as a fitness measurement for older adults. The
combination of BMI and possible sarcopenic status could better
classify obese older adults into different risk groups, which is in
accordance with the “fat, but fit” phenomenon (39).

Possible sarcopenic status in combination with BMI appears
to be a good body composition measurement for classifying
mortality risk among older adults. Possible sarcopenia enhances
mortality risk after classified by BMI in all categories. Previous
studies attempted to classify risk groups for mortality using
several body composition parameters that ranged from a single
parameter to a combination of parameters; however, their results
were inconclusive (37). One explanation could be that the
relationships between these parameters and mortality are not
linear and the method of combining matters.

The main strengths of this study include the use of data
from a nationwide survey from a representative group of
population with a long-term follow-up period. The mortality
outcome was assessed using mortality data from a national
registry that has been affirmed as a reliable database for
mortality data in Thailand. Moreover, the BMI categories used
ethnicity-specific cut-off points that were developed for Asia-
Pacific population. This study also used a recent definition of
possible sarcopenia that is specific for Asian population. The
classification of possible sarcopenia severity using quartile of
handgrip strength demonstrated robustness by showing a similar
trend in all subgroups, and the relationship with mortality
risk was in a dose-response manner. The important limitation
is that all information was collected only once during 2008–
2009, it is unknown whether those anthropometric measures
changed during last years of life. Additionally, many confounding
factors derived from self-report information, such as history
of stroke or cardiovascular disease, might be vulnerable to
underreporting bias. Furthermore, similar to other cohort study,
residual confounding factors could also be an issue in the
present study.

Implications for Policy and Practice
Optimal nutritional status is considered to be a key component
of healthy aging. This study demonstrates that a combination of
anthropometric measurements may be a better tool, compared
to BMI alone, for guiding optimal nutritional status, and
for reducing mortality risk. Moreover, parameters need to
be age group and ethnicity specific to improve the accuracy
and reliability of risk assessment. Among older adults, an
attempt should be made to maintain a slightly higher BMI,
and to avoid sarcopenic status. In addition to a proper diet,
resistance exercise is approved for improving muscle strength,
muscle mass, and physical function (41, 42). Therefore, an
exercise program should be included in the health promoting
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package in all settings (43). Among older adults who are
underweight, recommendations should be made to encourage
increased both body weight and muscle strength. This would
include adequate total caloric intake and increased protein intake
in combination with resistance exercise. Among those with
overweight/obesity status, possible sarcopenic status should be
measured. Appropriate recommendations should then be given.
Optimal resistance exercise should be considered in all older
people with possible sarcopenia.

In conclusion, the results of this study revealed that the
combination of BMI and possible sarcopenia could be a
better predictor of all-cause mortality among Asian older
adults compared to either parameter alone. In addition to
BMI measurement, handgrip strength should be included as
a nutritional assessment tool. Multivariate analysis showed
underweight individuals with severe possible sarcopenia to be at
highest risk for increased mortality, and higher risk was found in
men. Obese status without possible sarcopenia was found to be
an independent protective factor against mortality. Among older
adults with a high BMI, proper diet and resistance exercise should
be encouraged to prevent sarcopenia as opposed to encouraging
weight reduction alone. “Fat, but fit” might be the most favorable
outlook for older people.
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Background: Vitamin D, as an immunomodulator, may be related to the therapeutic
effect of asthma patients, but the research in this area is still controversial. The aim of
this meta-analysis was to analyze the role of vitamin D supplementation in the treatment
of asthma patients.

Materials and Methods: Randomized Controlled Trials (RCTs) of vitamin D
supplementation in asthma were searched in PubMed, EMBASE, and the Cochrane
library. Primary outcomes were forced expiratory volume in one second (FEV1), asthma
exacerbations, Asthma Control Test scores (ACT scores), and fractional exhaled nitric
oxide (FENO).

Results: A total of 10 RCTs were included, including 1,349 patients. Vitamin D
supplementation didn’t affect the ACT scores (SMD = 0.04, 95% CI = −0.13 to 0.21,
P = 0.87), FEV1 (SMD = 0.04, 95% CI = −0.35 to 0.43, P < 0.01) and FENO
(SMD = −0.01, 95% CI = −0.22 to 0.20, P = 0.27), but reduced the rate of asthma
exacerbations (RR = 0.69, 95% CI = 0.41 to 0.88, P < 0.01), especially in subgroups
of children (RR = 0.46, 95% CI = 0.30 to 0.70, P = 0.83) and follow up time less than
6 months (RR = 0.45, 95% CI = 0.32 to 0.63, P = 0.95). Additionally, though there was
only one study included in the subgroup, it significantly enhanced FEV1 at the last visit
for patients whose FEV1 baseline value was less than 70% (SMD = 0.94, 95% CI = 0.47
to 1.41).

Conclusion: Vitamin D supplementation can reduce asthma exacerbations, especially
in children, and within 6 months of follow up time. In addition, vitamin D has a positive
effect on improving FEV1 of patients whose FEV1 baseline value is less than 70%, but
more RCTs are still needed to support this conclusion.

Systematic Review Registration: [https://inplasy.com], identifier [10.37766/inplasy20
22.6.0049].

Keywords: vitamin D, asthma, FEV1, asthma exacerbations, children

INTRODUCTION

As one of the most common chronic, non-communicable diseases, asthma is a heterogeneous
clinical syndrome affecting approximately 334 million people worldwide (1). It is defined by
Expert Panel Report 3 (EPR-3) as “a chronic inflammatory disorder of the airways in which
many cells and cellular elements play a role: in particular, mast cells, eosinophils, neutrophils
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(especially in sudden onset, fatal exacerbations, occupational
asthma, and patients who smoke), T lymphocytes, macrophages,
and epithelial cells. In susceptible individuals, this inflammation
causes recurrent episodes of coughing (particularly at night
or early in the morning), wheezing, breathlessness, and chest
tightness. These episodes are usually associated with widespread
but variable airflow obstruction that is often reversible either
spontaneously or with treatment” (2). The global prevalence of
asthma in adults is 4.3% (3) but varies in different countries, 7.8–
11.9% in the United States (4–6), 10% in Japan (7), 2.38% in India
(8), and 1.2–5.8% in China (9). More than 400 thousand people
were estimated by the Global Burden of Disease collaboration to
die from asthma, mainly in low- and middle-income countries
(10). Airflow limitation, an important feature of asthma, is more
common in low-and middle-income countries due to the higher
prevalence of known risk factors and poor asthma management
compared to high-income countries (11). Asthma in children is
predominantly male, whereas in adults it is the opposite, probably
due to the effects of sex hormones (12).

The existent evidence indicates that asthma is a disease
associated with various factors, including environmental factors
[air pollution (13), climate change, pollen (14), microbial
exposure (15), and allergic triggers (16)], host factors [nutrition
state (17) and infection (18)], and genetic factors [genetic
susceptibility sites of asthma (19)]. Notably, many studies
have shown that dietary factors could affect the course and
development of asthma. High consumption of vegetables and
fruits (20–23), especially apples and oranges, could reduce the
risk of asthma. Pro-inflammatory cytokines associated with fruit
and vegetable intake were simultaneously decreased and anti-
inflammatory factors were increased (24, 25). In addition, there
was a positive association between the frequent consumption of
dairy products with asthma (26) and bronchial hyperreactivity
(27). However, acute effects of milk ingestion were not significant
in asthma patients (28–30). A diet that emphasizes fruits,
vegetables, and whole grains, but not high-fat meat and dairy
products, was related to reducing the risk of asthma (31–33).

As one of the fat-soluble vitamins required by the human
body, vitamin D is obtained mainly through the skin synthesis
pathway after ultraviolet B (UVB) radiation, and a small part
from food (oily fish, egg yolk, mushroom, liver, or organ meat)
and supplements. Cholecalciferol (vitamin D3) is derived from
animals and ergocalciferol (vitamin D2) is derived from plants
(34). Recently, vitamin D deficiency, one of the major risk
factors in asthma, has triggered more and more interest in
research, which was confirmed to involve in the development
and prognosis of a variety of diseases, including cancer (35),
inflammatory bowel disease (36), urinary tract infection (37),
respiratory infections (38), and asthma (39). It was reported
that the risk of acute respiratory infection (ARI) was reduced
in individuals with high serum 25(OH)D levels (40). What’s
more, a case-control study has reported that children who
require hospitalization for acute respiratory infections had a
significantly higher risk of vitamin D deficiency than children
with mild acute respiratory infections (41). 1,25 (OH) 2D exerts
antiviral activity and regulates inflammatory response to viral
infection by stimulating cathelicidin release, regulating toll-like

receptor expression, and inhibiting pro-inflammatory cytokines
production (42). An RCT has proved that supplementation
of vitamin D could protect against the development of
acute respiratory tract infection (43). As for the rise of the
COVID-19 pandemic, calcitriol non-significantly suppressed the
expression of angiotensin II (Ang II) receptor type 1 (AT1) and
angiotensin-converting enzyme (ACE), but markedly reduced
Ang II formation, which acts as host cell receptors mediating
SARS-CoV-2 infection (44). Evidence showed that vitamin D
supplementation might reduce the risk of infection and death in
COVID-19 (45, 46).

Furthermore, respiratory tract infection is the main cause of
asthma aggravation (47). A great many studies have found that
patients with low vitamin D levels were more likely to have
asthma exacerbations (48–50). In addition, there is sufficient
evidence that exposure to tobacco smoke and nicotine during
the prenatal and postnatal periods impairs lung development,
alters the immune response to viral infection, and increases the
prevalence and severity of childhood wheezing (51). Chinellato
I’s research demonstrated that vitamin D levels were significantly
higher in children with non-smoking parents than those with
both smoking parents, and were intermediate in those exposed
to single maternal or paternal smoking (52). It has been reported
that a modest reduction in 25- hydroxyvitamin D in pregnant
women exposed to cigarette smoke, is probably because of the
reduced ability of the placenta of women who smoke to transport
vitamin D (53). In addition, smoking in adults was associated
with osteopenia and decreased serum 25(OH)D and parathyroid
hormone (PTH) concentrations (54, 55). While for smokers,
Ben Michael Brumpton’s team found that Low serum 25(OH)D
levels had a weaker correlation with greater decreases in lung
function in adults with asthma, and a stronger correlation was
observed in non-smokers, but not in ever smokers (56). As for the
effect of vitamin D supplementation in smokers or non-smokers
with asthma, Sluyter J. D.’s study demonstrated that vitamin D
supplementation significantly improved the lung function of both
ever-smokers and non-smokers with asthma. However, there is
still a lack of RCTs on vitamin D supplementation in patients with
asthma varying by smoking status (57).

However, there are contradictions between the mechanism
research and clinical prognosis research on the effect of
vitamin D supplementation on asthma. Some research has
determined the relationship between vitamin D deficiency and
the overall worsening of lung function and symptoms in
patients with asthma (39, 58, 59). In terms of mechanism
research, some asthma mouse model studies have indicated
the protective effect of vitamin D supplementation. Serum IgE,
whose elevated expression is the characteristic of active airway
inflammation (60), could be reduced significantly via vitamin D
supplementation. What’s more, vitamin D exerted a protective
effect by reducing airway remodeling and inhibited airway
inflammation by reducing oxidative stress and regulating the
Th17/Treg balance and the NF-κB pathway (61). The classical
Wnt/β-catenin pathway plays a key role in cell proliferation,
cell migration, stem cell self-renewal, organogenesis, tissue
homeostasis under physiological conditions, and damaged tissue
repair (62). The intracellular accumulation and nuclear transfer
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of Wnt/β-catenin have a great impact on the maturation and
structural adaptation of the lung, including the development of
airway smooth muscle precursor cells, the maintenance of airway
smooth muscle growth, and the regulation of its contraction,
which was related to the pathogenesis of asthmatic airway
remodeling (63–65). And the research showed that vitamin D
improved airway remodeling in asthma by down-regulating the
activity of the Wnt/β-catenin signaling pathway (66). In contrast,
vitamin D deficiency aggravated the progression of asthma by
increasing eosinophils, decreasing T regulatory cells, increasing
NF-κB expression, and increasing pro-inflammatory cytokines
(67). So far, there have been a number of meta-analyses regarding
vitamin D supplementation in relation to asthma treatment.
Some meta-analysis (68–72) have manifested that vitamin D
supplementation reduced the rate of asthma exacerbations for
patients with systemic corticosteroid treatment, especially in
patients with vitamin D insufficiency, but didn’t affect the
lung function (FEV1 or FENO) and ACT scores. However,
there are still a few clinical studies manifesting that vitamin D
supplementation in vitamin D-deficient patients didn’t improve
the course and development of asthma (73, 74). Asthma control,
asthma exacerbations, and lung function were all unaffected by
vitamin D supplementation. The conclusions are not uniform,
and some study populations only include children or adults.
Therefore, a systematic meta-analysis of Randomized Controlled
Trials (RCTs) was conducted to investigate the role of vitamin D
supplementation and asthma treatment.

OBJECTIVES

The aim of this study was to evaluate the effect of vitamin
D supplementation on clinical outcomes (Asthma Control Test
scores, ACT scores; forced expiratory volume in 1 s, FEV1;
fractional exhaled nitric oxide, FENO; asthma exacerbations) in
asthma patients.

METHODOLOGY

Preferred reporting items (PRISMA) statements of systematic
review and meta-analysis were used for the meta-analysis (75).

Search Strategy
A comprehensive literature search using predefined keywords
from articles published over the last decade was conducted on
PubMed, EMBASE, and the Cochrane library.

Manually search to retrieve articles using keywords: {(Asthma
[Title/Abstract]) OR (asthma exacerbations [Title/Abstract])}
AND (vitamin D [Title/Abstract]) AND (supplementation
[Title/Abstract]) AND (RCTs [Title/Abstract]).

Inclusion Criteria
Randomized Controlled Trials published in English were
included, in which vitamin D was prospectively added after
the diagnosis of asthma to explore the role of vitamin D
supplementation in asthmatics. The intervention group consisted

of asthma patients who received any form or dose of vitamin
D supplementation in addition to standard treatment, while
those who did not receive vitamin D formed the control group.
Then, the asthma-related outcomes were analyzed, including
lung function (FEV1), FENO, ACT scores, and the rate of
asthma exacerbations.

Exclusion Criteria
Retrospective and observational studies, articles or preprints
not published in peer-reviewed journals, articles that did not
mention the results included in our study or for which the data
were incomplete, and retrospective vitamin D supplementation
studies were excluded.

Study Selection
All studies selected from the database were filtered by title
and abstract to exclude unrelated or duplicate articles. Two
authors screened independently, and a third co-author was
involved in resolving differences that arose during the literature
screening process.

Data Extraction
Two authors independently extracted the relevant data from the
article, including study population (age, country), intervention
measures (vitamin D administration method and dose), follow-
up time and outcomes (FEV1, FENO, asthma exacerbations and
ACT scores), and baseline data related to the results (mean age,
FEV1, ACT scores and vitamin D content).

Quality Assessment
The two authors independently evaluated the methodological
quality of the included studies based on Cochrane’s systematic
review guidelines and resolved the differences through discussion
with the third co-author. The risk of bias was plotted using
Review Manager 5.4 and individual quality analysis was
performed using the GRADE-PRO method.

Statistical Analysis
In this meta-analysis, we used risk ratio (RR) and standard
error (SMD) as the impact measurement standards, R software
version 4.1.1 (R project in Vienna, Austria) for statistical
analysis and forest mapping. The methodological quality of
the study was evaluated using Review Manager Version 5.4
following the Cochrane guidelines. A random effect model
was used for statistical analysis due to differences in the mix
of interventions and participants. The heterogeneity among
studies was assessed by Cochran Q-test, and P < 0.05 was
considered statistically significant. When data from three or more
studies were available, results were summarized using either the
standardized mean difference (SMD) for continuous variables or
the risk ratio (RR) for dichotomized variables. Statistical analysis
was performed using the Mann-Whitney U test, and a two-
sided P-value of <0.05 was considered statistically significant.
Using the I2 statistic to evaluate the degree of heterogeneity
between included studies. I2 values of 25, 50, and 75% were
considered low, medium, and high heterogeneity. In addition,
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in order to explore the impact and heterogeneity of each
outcome, prespecified subgroup analyses were stratified by FEV1
baseline values (less than 70% or greater), age (children or
adults), and follow up time. The use of funnel plots failed to
demonstrate potential publication bias since each result did not
reach 10 studies. Sensitivity analyses were performed to check the
robustness of the results by omitting one study and analyzing the
remainder in each round.

RESULTS

Study Characteristics
In this review, we used database search and a comprehensive
manual search strategy. A total of 259 studies was found in the
initial search, and 49 RCTs were screened out. After manual
deletion of duplicate references, the remaining 20 studies were
selected by title and abstract. There were 15 eligible articles
after excluding irrelevant articles. Among them, studies in which
outcome indicators were variation quantity before and after
intervention or the outcome indicators which had missing values
were excluded. Eventually, 10 studies were included in the review
and met the inclusion criteria through evaluating the full text
(Figure 1 and Table 1).

Description of the Included Studies
The characteristics and baseline data of included RCTs were
presented in Tables 1, 2 In this review, all the included studies

were RCTs, including the detailed information of 1,349 subjects,
with the sample size ranging from 15 to 207, and the locations
of the subjects involved in the United States (76), Holland (77),
United Kingdom (78), Egypt (79), Poland (80), Pakistan (81), and
India (73, 74, 82, 83).

Among the 10 included studies, one RCT (74) included
patients with allergic bronchopulmonary aspergillosis (ABPA)
complicating asthma, whereas the other nine RCTs included
patients with asthma (73, 76–81) or moderate persistent asthma
(82, 83). In addition, six studies in which participants were adults
(74, 76–79, 81), while the other four RCTs were children (73, 80,
82, 83).

There was significant heterogeneity in the doses of vitamin D
used in the intervention groups, with the control group receiving
an equal dose of placebo, and both two groups receiving a
standardized treatment, inhaled corticosteroid, according to the
guidelines. The follow-up time ranged from 1 week (77) to
12 months (78).

Two RCTs (78, 82) analyzed ACT score, asthma exacerbations,
FENO, and FEV1 as outcome measures. The other three studies
all analyzed FEV1 as the outcome in addition to ACT scores
(73), FENO (77), and asthma exacerbations (80), respectively.
Asthma exacerbations were used as an outcome in Castro’s (76),
Dodamani’s (74), Yadav’s (83), and Musharraf ’s (81) studies.
The rest of one RCT (79) used FEV1 to evaluate the outcome
of the two groups.

Baseline FEV1 values were reported in seven studies in the
two groups, six of which were greater than 70% (73, 76–78,

FIGURE 1 | Study flow diagram.
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TABLE 1 | Summary of the included articles in this review.

References Study design Country Age Sample
size (I/C)

Participants Basic treatment Intervention Control/
Placebo

Follow-up
time

Outcomes

Majak et al. (80) Randomized,
double-blind,
parallel-group

trial

Poland 5–18 years
old

24/24 Patients with
newly

diagnosed
asthma and

sensitive only to
house dust

mites

Budesonide
800 mg/d

Vitamin D-500
IU

Cholecalciferol

Placebo. 2 months
4 months

FEV1, the rate
of patients

with asthma
exacerbations.

Castro et al.
(76)

Randomized,
double-blind,
parallel-group

study

United
States

≥18 years
old

201/207 Participants
with asthma
and a serum

25-
hydroxyvitamin
D level of less
than 30 ng/mL

Inhaled ciclesonide
(320 µg/day) and

levalbuterol

Vitamin D3 100
000 IU once,
then 4,000

IU/day for 28
weeks

Placebo. 3 months
5 months
7 months

The overall
exacerbation

rate.

Yadav et al. (83) Randomized,
double-blind,

placebo-
controlled

trial

India 3–14 years
old

50/50 Children with
moderate to

severe asthma
as per GINA
guidelines

Steroid (As one of the
outcomes, the dose is

not constant)

Vitamin D3
(Cholecalciferol)
60,000 IU per

month

Placebo
powder in
the form of

glucose
sachet

1 month
2 months
3 months
4 months
5 months
6 months

Number of
exacerbations

de Groot et al.
(77)

Randomized,
double-blind,

placebo-
controlled

trial

Holland ≥18 years
old

22/22 Patients with
asthma

Budesonide (400–800
µg/day)

Single high
dose of

long-acting oral
vitamin D3
preparation
(400,000 IU)

Placebo 1 week
9 weeks

FEV and
FENO

Martineau et al.
(78)

Randomized,
double-blind,

placebo-
controlled

trial

United
Kingdom

16–80
years old

125/125 Patients with
asthma

Inhaled corticosteroids,
long-acting β-2 agonist,

oral corticosteroids
(The details are

unknown and the dose
is not constant)

Six 2-monthly
oral doses of
3 mg vitamin

D3

Placebo 2 months
6 months
12 months

Severe
asthma

exacerbation,
ACT score,
FEV1, and

FENO

Musharraf et al.
(81)

Randomized
controlled trial

Pakistan 16–46
years old

40/40 Patients were
diagnosed of

bronchial
asthma for at
least 1 year

with vitamin D
levels less than

30 ng/ml

Salmeterol/
fluticasone inhaler

preparation Salmicort§

25/250 µg twice daily,
Montelukast Montika§

10 mg at night

Vitamin D3
50,000 units

fortnightly for a
period of

3 months in
addition to
standard
treatment

Standard
treatment

3 months Asthma
exacerbations.

(Continued)
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TABLE 1 | (Continued)

References Study design Country Age Sample
size (I/C)

Participants Basic treatment Intervention Control/
Placebo

Follow-up
time

Outcomes

Dodamani et al.
(74)

Randomized,
parallel-group

study

India ≥12 years
old

15/15 Patients with
ABPA

complicating
asthma

Oral prednisolone 0.5
mg/kg/day for 4 weeks.
Prednisolone was then
tapered by 5 mg every

2 weeks and
discontinued.

Vitamin D3
60,000 IU once

weekly for 8
weeks

Placebo 2 months
4 months
6 months

Number of
asthma

exacerbations

Shabana et al.
(79)

Double blinded
randomized
controlled

interventional
study

Egypt ≥19 years
old

42/37 Patients with
asthma

Inhaled corticosteroids
(fluticasone,

budesonide, and
ciclesonide), leukotriene

antagonist
(montelukast),

long-acting beta
agonists (salmeterol
and formoterol), and

theophylline (The details
are unknown)

Single dose of
300,000 IU of
vitamin D3.

Placebo 3 months FEV1.

Jat et al. (73) Randomized,
double-blind,

placebo-
controlled

trial

India 4–12 years
old

125/125 Patients with
asthma

Inhaled corticosteroids,
long-acting β-2 agonist,

oral corticosteroids
(The details are

unknown and the dose
is not constant)

Vitamin D orally
1,000 IU/day
for 9 months.

Placebo 9 months CACT score,
FEV1.

Thakur et al.
(82)

Randomized,
blinded,

parallel-group,
placebo-
controlled

trial

India 6–11 years
old

30/30 Patients with
moderate
persistent
asthma

Inhaled corticosteroids,
long-acting β-2 agonist,

systemic steroid,
leukotriene receptor

antagonist (The details
are unknown)

Vitamin D orally
2,000 IU/day

Placebo 3 months CACT score,
FEV1, FeNO,
and Number
of patients

with
exacerbation
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TABLE 2 | Baseline characteristics of patients in the eight studies included.

References Age (years) Mean (SD) FEV1% Mean (SD) FENO Mean (SD) ACT score Mean (SD) 25-hydroxyvitamin D
Mean (SD)

I C I C I C I C I C

Majak et al. (80) 10.8 (3.2) 11.1 (3.3) 94.4 (13) 98.7 (12) NA NA NA NA NA NA

Castro et al. (76) 39.9 (13.1) 39.5 (12.7) 91.32 (13.83) 92.09 (13.65) NA NA 19.33 (3.73) 19.67 (3.73) 19.8 (7.8) 18.6 (7.7)

Yadav et al. (83) 9.15 (2.444) 10.00 (1.876) NA NA NA NA NA NA NA NA

de Groot et al. (77) 59.0 (9.7) 53.6 (16.7) 99.1 (15.7) 97.6 (18.1) 26.33 (9.51) 38.33 (41.21) NA NA 24.9 (9.9) 22.3 (9.5)

Martineau et al. (78) 49.4 (14.8) 46.4 (13.8) 82.0 (18.7) 81.0 (20.4) 38.1 (29.1) 37 (26) 19.2 (3.9) 18.9 (3.9) 19.97 (10.10) 19.81 (9.70)

Musharraf et al. (81) 29.70 (7.74) 29.43 (8.47) NA NA NA NA NA NA NA NA

Dodamani et al. (74) 33 (12.5) 32 (12.2) NA NA NA NA NA NA 23.07 (29.04) 20.97 (29.2)

Shabana et al. (79) 34.00 (7.40) 35.50 (7.00) 68.38 (12.00) 67.54 (9.93) NA NA NA NA 17.56 (2.74) 18.16 (2.89)

Jat et al. (73) 8.2 (2.3) 7.8 (2.2) 92.5 (21.7) 97.0 (17.5) NA NA 21.7 (4.2) 21.9 (3.6) 11.6 (4.6) 10.8 (4.4)

Thakur et al. (82) 9.0 (1.7) 8.7 (1.6) 75.3 (26.5) 75.6 (15.7) 19.77 (16.11) 22.27 (24.29) 18 (2.9) 15.5 (2.7) 15.8 (8.2) 16.5 (9.9)

80, 82), whereas one of which was less than 70% (79). Three
RCTs reported FENO baseline values, two of which were higher
than those in the intervention group (77, 82), and the other
was the opposite (78). Four RCTs counted the baseline values
of ACT scores, among which the median value of three RCTs
was greater than 19 points (73, 76, 78) and the other was
less than 19 points (82). Baseline data for 25-hydroxyvitamin
D were available for seven RCTs enrolled, with all the studies
less than 30 ng/ml, and two of them more than 20 ng/ml
(74, 77) and the others less than 20 ng/ml (73, 76, 78, 79,
82) (Table 2).

Methodological Quality of Study
According to Cochrane system evaluation guidelines, we
conducted a risk bias assessment for each study included in this
evaluation. A summary chart of bias risk was shown in Figure 2,
in which red represents high deviation risk, green represents low
deviation risk, and yellow represents ambiguous deviation risk.
Figure 3 showed the risk of bias graph, in which the authors
expressed our judgments on various risk items of bias in each
study in percentage form.

Grade summary Table 3 gave an overall rating for
the quality of evidence regarding the role of vitamin D
supplementation in asthma patients. The GRADE summary
demonstrated that the evidence for exacerbation of asthma
(in the adult and over 6 months of follow-up subgroup)
and FEV1 (in children, adults, and under 6 months of
follow-up subgroup) were very low, meaning that the
effect estimation was uncertain. It might be related to the
significant difference in the dose and mode of vitamin
D administration and the baseline data of patients across
different RCTs.

Efficacy Outcomes
Asthma Control Test Scores
Asthma Control Test (ACT) scores were reported in three studies
(73, 78, 82) involving 526 individuals (265 intervention and
261 placebo). The pooled data demonstrated that there was no
significant difference between the placebo and vitamin D groups

(SMD 0.04, 95% CI −0.13 to 0.21, low heterogeneity (I2 = 0%,
P = 0.87; Figure 4A).

Forced Expiratory Volume in One Second
Forced expiratory volume in one second was reported in six
studies (73, 77–80, 82) involving 651 subjects (331 intervention
and 320 placebo). The summary data showed that there was no
significant difference between the placebo group and vitamin
D group [SMD 0.04, 95% CI −0.35 to 0.43, high heterogeneity
(I2 = 78%, P < 0.01; Figure 4D)].

Subgroup analysis of the results for FEV1 was further
performed (Figure 5). For the age subgroups, there was no
significant difference between the placebo and vitamin D groups
in adults [SMD 0.39, 95% CI −0.15 to 0.93, high heterogeneity
(I2 = 81%, P < 0.01)], while vitamin D supplementation was
associated with a reduction of FEV1 at the last visit in children
[SMD −0.3, 95% CI −0.54 to −0.07, low heterogeneity (I2 = 0%,
P = 0.97; Figure 5A)]. Regarding different FEV1 baseline values,
there was no significant difference between the two groups for
patients with FEV1 baseline values exceeding 70% [SMD −0.12,
95% CI −0.34 to 0.10, low heterogeneity (I2 = 31%, P = 0.22)],
while vitamin D supplementation was related to the increase of
FEV1 at last visit for patients with FEV1 baseline values less
than 70% (SMD 0.94, 95% CI 0.47 to 1.41, without applicable
heterogeneity; Figure 5B). For different follow-up times, vitamin
D supplementation was not associated with FEV1 when the
follow-up time was less than 6 months [SMD 0.13, 95% CI −0.48
to 0.74, high heterogeneity (I2 = 82%, P < 0.01)] or more than
6 months [SMD 0.11 95% CI −0.35 to 0.43, low heterogeneity
(I2 = 39%, P = 0.53; Figure 5C)].

Asthma Exacerbations
Seven studies (74, 76, 78, 80–83) reported asthma exacerbations
involving 944 subjects (466 intervention and 478 placebo).
The pooled data showed that vitamin D supplementation was
associated with a reduced rate of asthma exacerbations (RR 0.60,
95% CI 0.41–0.88, high heterogeneity (I2 = 64%, P < 0.01;
Figure 4B)].

Subgroup analysis of asthma exacerbation results was
complicated (Figure 6). In terms of different age groups, there
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FIGURE 2 | Risk of bias summary based on Cochrane Systematic Review Guidelines for each included study included in this review (green for low risk of bias,
yellow for unclear risk of bias and red for high risk of bias).

was no significant difference between the placebo and vitamin D
groups in adults [RR 0.69, 95% CI 0.40 to 1.17, high heterogeneity
(I2 = 71%, P = 0.02)], while vitamin D supplementation was
related to reducing the rate of asthma exacerbations in children
[RR 0.46, 95% CI 0.30 to 0.70, low heterogeneity (I2 = 0%,
P = 0.83; Figure 6A)]. According to different follow-up time,
vitamin D supplementation was related to the reduction of
asthma exacerbations with less than 6 months of follow-up [RR

0.45, 95% CI 0.32 to 0.63, low heterogeneity (I2 = 0%, P = 0.95)],
but not with more than 6 months of follow-up [RR 0.87, 95% CI
0.50 to 1.50, high heterogeneity (I2 = 77%, P = 0.04; Figure 6B)].

Fractional Exhaled Nitric Oxide
Fractional exhaled nitric oxide was reported in three studies (77,
78, 82) involving 350 subjects (175 intervention and 175 placebo).
The pooled data indicated that there was no significant difference
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FIGURE 3 | Risk of bias graph review authors judgments about each risk of bias item presented as percentages across various study designs.

between the placebo and vitamin D groups [SMD −0.01, 95% CI
−0.22 to 0.2, low heterogeneity (I2 = 23%, P = 0.27; Figure 4C)].

Sensitivity Analysis
Sensitivity analysis of the outcomes using R language software
(4.1.1) indicated that, after omitting each individual study,
our results were consistent with the complete analysis of all
endpoints, and that there was no significant correlation between
vitamin D supplementation and the prognosis of patients with
asthma (Figure 7).

DISCUSSION

In this systematic meta-analysis, vitamin D supplementation in
asthmatics did not improve major health outcomes including
ACT scores, FEV1, FENO, and asthma exacerbations, but
contributed to increased FEV1 in subgroups with less than 70%
of FEV1 baseline. In addition, enrolled RCTs showed significant
baseline heterogeneity in both vitamin D dose and demographic
characteristics.

There are still no objective markers to assess asthma
severity. Although asthma patients have a certain degree of the
inflammatory response, some severe patients may also develop
exacerbation and deterioration of asthma after inflammation is
controlled (84). The Primary Care Asthma Control Screening
tool (adult) (85) or the Asthma Control Test [adults (86)
or children (87)] can be used to quickly assess control of
asthma symptoms with questionnaires. Clinical efficacy results
indicated a cutoff point of 19 or lower for C-ACT or ACT (86,
87), indicating incomplete asthma control. Over the years, the
definition of acute asthma or exacerbation has varied. Currently,
severe exacerbation is defined as requiring corticosteroid use for
at least 3 days or as an inpatient or emergency room visit due to
the need for corticosteroids for asthma. Moderate deterioration
was defined as an event that required modification of treatment
to prevent it from becoming severe and not so severe as to
require oral corticosteroids (OCS) by the American Thoracic
Society/European Respiratory Society (88). The transcriptomic
profile of bronchoscopy has identified high and low type 2
immunity asthma and other molecular phenotypes (89, 90).
Adaptive T helper 2 cell activation produces a series of cytokines

following allergen sensitization and stimulation of dendritic cells.
Eosinophils are recruited to the lung mucosa by chemokine
receptors and other eosinophil chemo-attractants (3). In non-
eosinophilic asthma, innate lymphoid cells, macrophages, and
neutrophils have an important role in stimulating the release of
cytokines (interleukin-33 and interleukin-25) or chemokines (C–
X–C motif chemokine ligand 8), to regulate the immune response
(91, 92).

With the development of economy and medical level, vitamin
D, a proline obtained from skin exposure to ultraviolet B (UVB)
light and dietary intake from the liver, fish, egg yolk, and other
sources, is transformed to 25-hydroxyvitamin D [25(OH)D] in
liver (93, 94), which has gradually attracted the attention of
the majority of domestic and foreign research scholars. Several
studies have demonstrated a correlation between vitamin D
deficiency and asthma prevalence and severity. Patients with
vitamin D deficiency have a higher prevalence of asthma,
which could be a strong prediction factor of asthma (95–
97). Additionally, vitamin D deficiency was also associated
with severe asthma exacerbations in multiple prospective and
retrospective (98–100). Compared with children with insufficient
or sufficient vitamin D, there was a correlation between
vitamin D deficiency and pulmonary dysfunction in asthmatic
children treated with inhaled corticosteroids (101). Although
as a nutrient that regulates metabolism, vitamin D has been
shown to immunomodulate various immune cells and structural
cells in the airway, by activating vitamin D receptors (VDR)
(102–105). Several in vitro and in vivo studies using asthma
murine models have also shown that vitamin D modulated the
inflammatory response. In vitamin D-treated asthmatic mice, the
Penh values, type 2 cytokines, perivascular and peribronchial
inflammation, goblet cell proliferation, total IgE and histamine,
and mucus hypersecretion were all significantly reduced
(106). Vitamin D deficiency also potentiated oxidative stress
and corticosteroid resistance in severe asthma exacerbations.
Vitamin D3 supplementation significantly increased the change
of FEV1, and effectively alleviated ROS and DNA damage,
which were related to a decrease in TNF-α and NF-κB in
epithelial cells (107). Oxidative stress-activated transcription
factors (TF) and signaling pathways, and partly activated the
innate immune response through toll-like receptors 2 (TLR-2)
and toll-like receptors 4 (TLR-4), thus promoting the release
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TABLE 3 | The overall rating for the quality of evidence profile for asthma related health outcomes based on the grading of Recommendations Assessment, Development, and Evaluation (GRADE) Working
group methodology.

Certainty assessment No. of patients Effect Certainty importance

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Vitamin D Placebo Relative (95%
CI)

Absolute
(95% CI)

Asthma exacerbations

7 Randomized trails Seriousa Seriousb Seriousc Not serious None 109/466
(23.4%)

163/478
(34.1%)

RR 0.59 (0.39
to 0.89)

140 fewer per
1,000 (from

208 fewer to 38
more)

Very low Critical

Asthma exacerbations children

3 Randomized trails Not serious Not serious Seriousc Seriousd None 22/102 (21.6%) 48/102 (47.1%) RR 0.46
(0.30–0.70)

254 fewer per
1,000 (from
329 fewer to
141 fewer)

Low Critical

Asthma exacerbations adults

4 Randomized trails Seriousa Seriousb Seriousc Not serious None 87/364 (23.9) 115/376
(30.6%)

RR 0.68
(0.40–1.18)

98 fewer per
1,000 (from

184 fewer to 55
more)

Very low Critical

Asthma exacerbations follow up time <6 months

5 Randomized trails Seriousa Not serious Seriousc Not serious None 31/157 (19.7%) 71/157 (45.2%) RR 0.45
(0.32–0.63)

249 fewer per
1,000 (from
308 fewer to
167 fewer)

Low Critical

Asthma exacerbations follow up time >6 months

2 Randomized trails Seriousa Seriousb Seriousc Not serious None 78/309 (25.2%) 92/321 (28.7%) RR 0.87
(0.49–1.52)

37 fewer per
1,000 (from
146 fewer to
149 more)

Very low Critical

ACT score

3 Randomized trails Seriousa Not serious Seriousc Not serious None 261 261 – SMD 0.04
higher (0.13
lower to 0.21

higher)

Low Critical

FENO

3 Randomized trails Seriousa Not serious Seriousc Not serious None 175 175 – SMD 0.63
higher (4.77
lower to 6.03

higher)

Low Critical

FEV1

6 Randomized trails Seriousa Seriousb Seriousc Not serious None 331 320 – SMD 0.04
higher (0.13
lower to 0.21

higher)

Low Critical

(Continued)

Frontiers
in

N
utrition

|w
w

w
.frontiersin.org

July
2022

|Volum
e

9
|A

rticle
860628

106

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-860628
June

30,2022
Tim

e:15:6
#

11

Liu
etal.

V
itam

in
D

and
A

sthm
a

TABLE 3 | (Continued)

Certainty assessment No. of patients Effect Certainty importance

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations Vitamin D Placebo Relative (95%
CI)

Absolute
(95% CI)

FEV1 children

3 Randomized trails Seriousa Not serious Seriousc Seriousd None 142 136 – SMD 0.29
lower (0.52

lower to 0.05
lower)

Very low Critical

FEV1 adults

3 Randomized trails Seriousa Seriousb Seriousc Not serious None 189 184 – SMD 0.39
higher (0.17
lower to 0.95

higher)

Very low Critical

FEV1 follow up time <6 months

4 Randomized trails Not serious Seriousb Seriousc Seriousd None 116 111 – SMD 0.13
higher (0.51
lower to 0.77

higher)

Very low Critical

FEV1 follow up time >6 months

2 Randomized trails Seriousa Not serious Seriousc Not serious None 215 209 – SMD 0.12
higher (0.07
lower to 0.31

higher)

Low Critical

FEV1 baseline <70%

1 Randomized trails Not serious Not serious Seriousc Not serious None 42 37 – SMD 0.94
higher (0.47

higher to 1.41
higher)

Moderate Critical

FEV1 baseline =V0%

5 Randomized trails Seriousa Not serious Seriousc Not serious None 289 283 – SMD 0.12
lower (0.33

lower to 0.10
higher)

Low Critical

aSome concern with method of randomization used, allocation concealment, binding of participants, binding of outcome assessment or selective reporting.
b Inconsistency was reported by moderate to high heterogeneity.
cThere were differences in the follow up time points to measure the outcomes and vitamin D dosages and duration.
dThe total sample size was less than 300.
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FIGURE 4 | Forest plot random effect model for vitamin D supplementation for various outcomes.

of cytokines and chemokines. In addition, oxidative stress
had an important role in affecting corticosteroid insensitivity
by inhibiting the activity and expression of HDAC-2 via
serine hyperphosphorylation (108). Although there has been
sufficient evidence that vitamin D deficiency was associated
with progression and exacerbation of asthma, there are many
inconsistencies in multiple prospective clinical studies. The
researches indicated that vitamin D supplementation was not
of use in preventing severe asthma exacerbations or control
of asthma in children (73, 82, 109) or adults (76, 78). High-
dose vitamin D supplementation during pregnancy did not
reduce the risk and improve the allergy outcomes of asthma

in children (under 6 years of age) compared to standard
doses (110).

Additionally, we further confirmed that it could effectively
alleviate the probability of asthma exacerbations in children
and when follow-up time was less than 6 months (Figure 6).
Noticeably, it significantly enhanced FEV1 in patients whose
FEV1 baseline value was less than 70%, though there was only
one study included in the subgroup. Only one former meta-
analysis (111) demonstrated that vitamin D supplementation
couldn’t reduce asthma exacerbations and FeNO, nor could
it improve lung function and asthma symptoms. Our meta-
analysis offers several advantages over previous meta-analyses.
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FIGURE 5 | Forest plot random effect model for vitamin D supplementation for FEV1 with subgroup by various factors.
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FIGURE 6 | Forest plot random effect model for vitamin D supplementation for asthma exacerbations with subgroup by various factors.

First, all included studies were RCTs, and the studies with
incomplete data were strictly excluded according to the standard.
Second, subgroup analyses of included studies were performed
to minimize heterogeneity for baseline values including age,
FEV1 values, and follow-up time in our analysis (Table 2).
Finally, the sensitivity analysis was similar to the above
results, indicating that the results of this meta-analysis were
reliable (Figure 7). However, there are still many defects in
our meta-analysis. First, heterogeneity in dose and mode of
administration of vitamin D in enrolled studies was unavoidable,
and not all subjects enrolled in various studies received
consistent basic anti-asthma therapy. Some studies standardized
the therapeutic dose of glucocorticoids for asthma (74, 76,

77, 80, 81), some observed it as an outcome variable (73,
78, 82, 83). And most studies didn’t mention whether the
hormone dose was changed during the follow up (73, 78,
79, 82), so we are not sure whether this will affect the
accuracy of the results of RCTs. Second, the sample size
of several studies included in this analysis was too small
to demonstrate the reliability of the results. Finally, not all
subjects enrolled in the study were asthmatics of the same
severity or etiology.

In conclusion, our meta-analysis demonstrated that there
was high heterogeneity in RCTs regarding improvement
in exacerbation of asthma and FEV1 with vitamin D
supplementation. Vitamin D supplementation led to a reduction
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FIGURE 7 | Forest plot random effect model of sensitivity analysis for vitamin D supplementation for various outcomes.

of asthma exacerbations, especially in children and with a
follow-up period of less than 6 months. In addition, it played
an important role in improving FEV1 in patients with FEV1
baseline values below 70%. Though evaluating the ACT scores

and FENO, we found that vitamin D worked the same way
as a placebo. Based on the results of the GRADE analysis,
all major findings were low or very low except for the FEV1
subgroup with baseline values below 70%. Therefore, a larger and
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well-designed RCT is needed to evaluate the effect of vitamin
D in the treatment of asthma, including uniform vitamin D
dosing and administration mode, follow-up time, and strict
inclusion and exclusion criteria. Furthermore, whether basic
asthma treatment should be standardized during follow-up or
used as an outcome measure of asthma treatment efficacy still
needs to be further explored.
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Background: It remains not well known whether skeletal muscle mass (SMM) loss has
any impact on the effectiveness of immune checkpoint inhibitors (ICIs) in patients with
advanced lung cancer. We aimed to evaluate the association between SMM and clinical
outcome of patients with advanced lung cancer receiving ICIs as first line or second line.

Materials and Methods: From March 1st, 2019 to March 31st, 2021 at our hospital,
34 patients with advanced lung cancer treated with first-line or second-line ICIs were
enrolled retrospectively. The estimation of skeletal muscle index (SMI) for sarcopenia
was assessed at the level of the third lumbar vertebra (L3) on computed tomography
(CT) images obtained within 4 weeks before initiation of ICIs treatment. The impact of
sarcopenia (low SMI) on progression free survival (PFS) was analyzed using Kaplan-
Meier method and log-rank tests. The effect of various variables on PFS was evaluated
using Cox proportional hazards regression model with univariate and multivariate
analysis. The impact on treatment response including objective response rate (ORR)
and disease control rate (DCR) and immunotherapy related adverse events (irAEs)
between patients with and without sarcopenia was compared by the chi-squared test.
The comparison of SMI value between patients with objective response (OR), disease
control (DC) and those without OR and DC was used student t-test or Mann-Whitney
U test.

Results: Both in univariate and multivariate analysis, sarcopenia and treatment lines
were the predictive factors for PFS (p < 0.05). Patients with sarcopenia had significantly
shorter PFS than that of non-sarcopenic ones [6.57 vs. 16.2 months, hazard ratios
(HR) = 2.947 and 3.542, and 95% confidence interval (CI): 1.123–13.183 and 1.11–
11.308, p = 0.022 and 0.033]. No significant difference in ORR and irAEs was found.
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Patients with sarcopenia had lower DCR than those without sarcopenia. The mean SMI
value of DCR group and non-DCR group was 32.94 ± 5.49 and 44.77 ± 9.06 cm2/m2,
respectively (p = 0.008).

Conclusion: Sarcopenia before immunotherapy might be a significant predictor for poor
prognosis including shorter PFS and lower DCR in patients with advanced lung cancer
treated with ICIs as first line or second line.

Keywords: skeletal muscle index (SMI), sarcopenia, advanced lung cancer, immune-checkpoint inhibitor,
progression free survival (PFS)

INTRODUCTION

Lung cancer is the second common malignant tumor and the
leading cause of cancer-related deaths worldwide (1). Nearly
70% of patients are at stage IV when initially diagnosed with
lung cancer (2), with 5-year survival rate as low as 16% (3).
With the introduction of immune checkpoint inhibitors (ICIs),
such as PD-1 (programmed cell death protein-1) and PD-L1
(programmed death ligand 1) inhibitors, 2 to 3-year survival rates
were increased by 15–20% (4, 5). However, not every eligible
candidate could benefit from ICIs. Although PD-L1 expression
and tumor mutational burden (TMB) have been reported as
potential predictors allowing for therapeutic effect prediction
for ICIs, even among lung cancer patients with positive PD-L1
(TPS ≥ 1%) or high expression (TPS ≥ 50%), only 10–20% of
patients could benefit from ICIs (6, 7). Therefore, it is essential at
present to find more reliable biomarkers that can identify patients
who are most likely to benefit from ICIs.

Sarcopenia, characterized by loss of skeletal muscle mass and
function (8), has been proposed to be associated with tumor-
induced increased protein degradation and decreased protein
synthesis caused by impaired Akt–mTORC1 pathway in the
presence of disturbed metabolic homeostasis, malnutrition, or
reduced activity (9, 10). Sarcopenia has been reported to be
associated with treatment efficacy, quality of life and clinical
outcomes of lung cancer patients receiving chemotherapy or
surgery (11–13). However, is sarcopenia associated with the
efficacy of ICIs? To investigate potential association, our team has
recently performed a systematic review which showed that the
PFS of patients with sarcopenia treated with ICIs was 1.46 times
shorter than those without sarcopenia in various types of cancer
(14), suggesting that sarcopenia may be a potential predictor for
the efficacy of immunotherapy. Besides, skeletal muscle is now
recognized as an immune regulatory organ that can regulates
immunological processes and the inflammatory response, and the
efficacy of ICIs is heavily dependent on the host’s immune system
(15). Therefore, sarcopenia is also very likely to be associated with
the efficacy of ICIs.

Previously, several studies have attempted to investigate
the potential impact of sarcopenia on the efficacy of ICIs,
but with inconsistent results (16–30). These results cannot be
directly compared, for their different inclusion criteria, different
definition of sarcopenia [total cross-skeletal muscle (16–18, 21–
25, 27, 29) vs. psoas muscle area (19, 20, 26, 28)], or different
methods for measuring muscle mass [CT (16–29) vs. DXA

(30)]. In addition, the majority of studies enrolled patients
receiving second or more treatment lines ICIs, while only
three studies enrolled a small proportion [13.4% (23), 16.5%
(17), and 38.3% (30), respectively] of patients receiving ICIs
as first-line treatment. Therefore, we designed a retrospective
study to investigate the potential impact of sarcopenia on the
efficacy of ICIs, in which sarcopenia was defined by averaging
muscle area on multiple consecutive CT images at L3 level
and a large proportion of patients receiving ICIs as first-line
treatment were included.

MATERIALS AND METHODS

Patients
In total, 34 consecutive patients with advanced lung
cancer treated with ICIs were enrolled in National Cancer
Center/National Clinical Research Center for Cancer/Cancer
Hospital and Shenzhen Hospital from March 1, 2019 to March
31, 2021. The inclusion criteria for eligible patients were as
follows: (1) Patients were diagnosed with stage IV lung cancer
including small cell lung cancer, adenocarcinoma, squamous cell
carcinoma, large cell neuroendocrine carcinoma, and other types.
(2) Patients were treated with ICIs in our hospital for the first
time, including PD-1 or PD-L1 inhibitors or CTLA-4 inhibitors
as first-line or second-line. (3) Patients received upper abdomen
CT scan within 4 weeks before ICIs therapy in our hospital. And
those patients with degraded CT images insufficient to perform
measurements of muscle area were also excluded.

Data Collection and Follow-Up
In total, 137 consecutive patients with lung cancer who treated
with ICIs from the electronic database of our hospital were
identified. After selection based on inclusion and exclusion
criteria, 34 eligible patients receiving first-line or second-line
immunotherapy were finally included (Figure 1).

The data of all eligible patients were obtained, including age,
sex, smoking histology, histopathology, TNM stage, ECOG PS,
height and weight at the time of ICI initiation, gene expression
status for EGFR and ALK, PD-L1 expression, treatment options,
and CT results, treatment response, date of progression defined
by CT, and date of the last follow-up. The follow-up date was
ended on September 30, 2021.

The primary endpoint was progression free survival (PFS)
defined as the time from initiation of immunotherapy to
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FIGURE 1 | Patient selection flow-chart. ICIs, immune checkpoint inhibitors;
CT, computed tomography.

disease progression or death. Secondary endpoints were
objective response rate (ORR), disease control rate (DCR)
and immunotherapy-related adverse events (irAEs). ORR was
defined as the sum of proportion of complete response (CR)
and partial response (PR), while DCR was defined as the sum
of proportion of CR, PR, and stable disease (SD) according to
iRECIST criteria (31). Any reported adverse events that might be
associated with immune therapy were obtained from the medical
records, mainly including immune pneumonitis, hepatotoxicity,
endocrine toxicity, cardiotoxicity, etc.

Body Composition Analysis
All the enrolled patients underwent CT scan on a GE scanner
(Revolution GE, United States) with following parameters:
voltage of 140 kvp, tube current of 740 mA and slice thickness
of 1.25 mm. The cross-sectional areas of muscle were quantified
on CT images acquired within 4 weeks before immunotherapy.
All consecutive axial CT slices covering the upper and lower
level of the third lumbar vertebra (around 20 slices for each
patient) at venous contrast-enhancement phase were chosen.
On the platform of sliceOmatic (TomoVision 5.0, Magog, QC,
Canada), muscle area (including the psoas, rectus abdominis,
transversus abdominis, internal and external abdominal oblique
muscles) were firstly manually outlined using morphology mode
by YR and PH both with 4 years of experience in abdominal
CT imaging and then reviewed by a senior radiologist (ZL with
more than 10 years of experience in abdominal CT imaging),
who were blinded for patient characteristics (Figure 2). The total
volume of skeletal muscle at the level of the third lumbar vertebra
was automatically calculated. The average skeletal muscle area
of all slices at the level of the third lumbar vertebra was
calculated by the following formula: Muscle area = Volume
(cm3)/(Thickness × Numbers of slice). Skeletal muscle mass
(SMM) was defined as the total cross-sectional skeletal muscle

FIGURE 2 | Skeletal muscle mass analysis of computed tomography images
on an L3 section by SliceOmatic.

area (TMA in cm2). SMI was calculated by dividing the total
cross-sectional skeletal muscle area (TMA-cm2) at the level
of lumbar vertebra L3 by height squared (m2), which could
proportionally reflect whole-body muscles of patients (32, 33).
And measurements of muscle on sectional CT is considered as the
gold standard method at present (34, 35). Sarcopenia was defined
as low SMI as following: (1) for women, SMI < 41 cm2/m2

regardless of their BMI; (2) for men, SMI < 43 cm2/m2

with a BMI < 25 kg/m2, or SMI < 53 cm2/m2 with a
BMI ≥ 25 kg/m2 (36).

Statistical Analysis
Statistical analysis was performed using SPSS software version
20.0 (IBM, Armonk, NY, United States). The PFS comparison
between patients with and without sarcopenia was evaluated
using Kaplan-Meier method and log-rank test. The impact
of sarcopenia and other factors on PFS were evaluated using
univariate and multivariate analysis by Cox proportional hazards
regression model. Chi-squared test was used to compare the
treatment response and occurrence of irAEs between the
sarcopenia and non-sarcopenia groups, while student t-test or
Mann-Whitney U test was used to test any difference in SMI
value between patients with objective response, disease control
and those without OR and DC. And two-sided p < 0.05 was
considered to be statistically significant.

RESULTS

Patients’ Characteristics
In total, 34 patients were included in the analysis. Baseline
characteristics of these patients are shown in Table 1.

The Effect of Sarcopenia on Clinical
Outcomes
Progression Free Survival
The median follow-up after immunotherapy was 11.67 months
(range: 3.50–35.67 months, 95% CI: 8.032–15.308). The median
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TABLE 1 | Baseline characteristics of the study population.

Characteristics N = 34

Gender

Male, N (%) 29 (85.3%)

Female, N (%) 5 (14.7%)

Median age (year), Median ± SD 63 ± 9.65

Smoking history

Yes, N (%) 20 (58.8%)

No, N (%) 14 (41.2%)

BMI (Kg/cm2)

<18.5, N (%) 5 (14.7%)

18.5–24.9, N (%) 22 (64.7%)

≥25, N (%) 7 (20.6%)

Histopathology

Adenocarcinoma, N (%) 23 (67.6%)

Squamous cell carcinoma, N (%) 7 (20.6%)

Small cell lung cancer, N (%) 3 (8.8%)

Large cell carcinoma, N (%) 1 (3.0%)

Driver gene expression

EGFR mutation, N (%) 0 (0%)

ALK mutation, N (%) 0 (0%)

KRAS mutation, N (%) 7 (20.1%)

PD-L1 expression

<1%, N (%) 5 (14.7%)

1–49%, N (%) 2 (5.9%)

≥50%, N (%) 9 (26.5%)

No record available, N (%) 18 (52.9%)

Treatment line

First-line immunotherapy, N (%) 26 (76.5%)

Second-line immunotherapy, N (%) 8 (23.5%)

SMI (cm2/m2), mean ± SD

Sarcopenic status 44.52 ± 9.56

Sarcopenia, N (%) 18 (52.9%)

Non-sarcopenia, N (%) 16 (47.1%)

SD, standard deviation; BMI, body mass index; EGFR, epidermal growth
factor receptor; ALK, anaplastic lymphoma kinase; KRAS, Kirsten Rat
Sarcoma Viral Oncogene Homolog; PD-L1, programmed death-ligand 1; SMI,
skeletal muscle index.

Progression Free Survival (PFS) was 9.3 months (range 2–
35 months, 95% CI: 4.817–13.783) for all enrolled 34 patients.
The Kaplan-Meier analysis revealed that patients with sarcopenia
had a significantly shorter PFS than those without sarcopenia
(6.57 vs. 16.2 months, p = 0.022; Figure 3A). Among gender,
age, smoking history, BMI and PD-L1 expression, sarcopenia
and received treatment line, gender, sarcopenia and treatment
line were significant prognostic factors for PFS in the univariate
analysis (all p < 0.05; Table 2). Patients with sarcopenia had
a significantly shorter PFS than those without sarcopenia (HR:
2.947, 95% CI: 1.123–7.733, p = 0.028).

In multivariate analysis, among gender, PD-L1 expression,
sarcopenia and treatment line, treatment line and sarcopenia
were independent prognostic factors for PFS (p < 0.05; Table 2).
The PFS was also significantly shorter in patients with sarcopenia
than those without sarcopenia (HR: 4.268, 95% CI: 1.248–14.598,
p = 0.021; Figure 3B).

Objective Response Rate and Disease Control Rate
Of 34 patients, 19 patients had objective response with Objective
Response Rate (ORR) of 58.8%. There was no significant
difference in ORR between sarcopenia and non-sarcopenia
groups (44.4 vs. 68.8%, p = 0.154). In contrast, Disease Control
Rate (DCR) of all patients was 85.3% (29/34). Patients with
sarcopenia had a significant lower DCR than those without
sarcopenia (72.2 vs. 100%, p = 0.022). Specifically, five patients
with sarcopenia experienced progressive disease (PD), while none
of the patients without sarcopenia experienced PD (Table 3). The
mean SMI of the DCR group was significantly higher than that of
the non-DCR group, with 44.77 ± 9.06 and 32.94 ± 5.49 cm2/m2,
respectively (p = 0.008; Figure 4A). No significant difference
was found in SMI between ORR group and non-ORR group
(42.37 ± 9.49 vs. 43.56 ± 9.84 cm2/m2, p = 0.725; Figure 4B).

Immune-Related Adverse Events
In our study, 11 patients (11/34, 32.4%) experienced Immune-
Related Adverse Events (irAEs). Seven cases with irAEs were in
sarcopenia group and four cases in non-sarcopenia group, with
no statistically significant difference (p = 0.388; Table 3). The
most frequent irAEs were increased aminotransferase (n = 3) and
pneumonitis (n = 2). Overall, three patients experienced ¾grade
irAEs, including arthralgia and myositis (n = 1), pneumonitis
(n = 1) and abnormal aminotransferase (n = 1).

DISCUSSION

This study investigated the prognostic value of sarcopenia
in patients with advanced lung cancer treated with first-line
or second-line ICIs. We found that patients with sarcopenia
receiving ICIs showed significantly shorter PFS than those
non-sarcopenic ones. Although ORR and irAEs were not
significantly different between patients with and without
sarcopenia, sarcopenic patients did show significantly lower DCR
than non-sarcopenic patients. And the mean value of SMI was
significantly higher in DCR group than that non-DCR group.

In our study, we found that patients with sarcopenia at the
initial stage before immunotherapy had significantly shorter PFS
than those without sarcopenia. Sarcopenia was shown as a poor
prognosis factor of PFS both at univariate and multivariate
analysis. Our results were in line with the previous reported result
(17, 19, 20, 22, 26, 27, 29, 30), but not with other studies (18, 23,
24, 28). The majority of studies enrolled patients receiving second
or more treatment lines ICIs, while only three studies enrolled a
small proportion of patients receiving ICIs as first-line treatment
(17, 23, 30). By contrast, in our study, 26 (76.5%) patients
received ICIs as first-line treatment. The results we obtained were
consistent with two studies focused on patients receiving ICIs
as first-line treatment (17, 30), but inconsistent with another
one (23). We speculate this may be due to different inclusion
criteria, different definition of sarcopenia, or different methods
for measuring muscle mass. Sarcopenia can be diagnosed by
dual-energy X-ray absorptiometry scan, bioelectrical impedance
analysis, CT, and magnetic resonance imaging (MRI) (35). In our
study, we chose to measure muscle area at the level of L3 using
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FIGURE 3 | Progression free survival (PFS) survival curves: estimated by Kaplan-Meier method and log-rank test (A) and estimated by multivariate analysis of Cox
proportional hazards regression model (B) for the sarcopenia and non-sarcopenia groups. The PFS was significantly worse in the sarcopenia group than the
non-sarcopenia group (6.57 vs. 16.2 months, p = 0.022, 0.021, respectively). *Indicates significant difference.

TABLE 2 | Univariate and multivariate cox-regression analysis of the risk of sarcopenia and clinicopathological factors on progression free survival (PFS) in patients
receiving immune checkpoint inhibitors (ICIs).

Variables Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Gender Male 1

Female 4.569 (1.599–13.057) 0.005* 2.120 (0.598–7.514) 0.245

Age – 1.014 (0.970–1.030) 0.546

Smoking history No 1

Yes 0.488 (0.201–1.185) 0.113

BMI (kg/cm2) <18.5 1

18.5–24.9 0.474 (0.146–1.540) 0.214

≥25 0.589 (0.147–2.366) 0.456

PD-L1 expression ≥50% 1 1

<50% 3.073 (0.880–10.730) 0.078 1.947 (0.515–7.365) 0.327

Unknown 1.24 (0.249–6.268) 0.787 0.608 (0.112–3.295) 0.564

Treatment line First line 1 1

Second line 4.656 (1.698–12.764) 0.003* 9.899 (2.699–36.709) 0.001*

Sarcopenia Non-low SMI 1 1

Low SMI 2.947 (1.123–7.733) 0.028* 4.268 (1.248–14.598) 0.021*

BMI, body mass index; PD-L1, programmed death-ligand 1. *Indicates significant difference.

TABLE 3 | Treatment response including ORR, DCR, and irAEs comparing sarcopenic vs. non-sarcopenic groups.

Variables CR (n) PR (n) SD (n) PD (n) ORR (%) DCR (%) irAEs (any grade)

Sarcopenia 0 8 5 5 44.4 72.2 7

Non-sarcopenia 0 11 5 0 68.8 100 4

χ2 value 2.03 5.211 0.747

P value 0.154 0.022* 0.388

Chi-Square Test. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate;
irAEs, immunotherapy-related adverse events. *Indicates significant difference.
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CT, like the majority of studies. However, unlike previous studies
using a single or two random slices at the level of L3 (16, 21,
25, 29), we measured 20 consecutive slices at the level of L3 and
average the muscle area to decrease the randomness and potential
selection bias. Besides, instead of using radiodensity threshold-
based segmentation, we used “Morphology mode” of sliceOmatic
that segment image not only based on image intensity, but also
local morphology of muscle by computing the Watershed of
the gradient of the image, which can avoid the bias caused by
radiodensity of skeletal muscle.

Also in our study, patients receiving ICIs as first line
had significantly longer PFS than those as second line in
both univariate and multivariate analysis, suggesting that
immunotherapy might be better prescribed as first-line
treatment. The similar results have been reported in previous
large cohort clinical studies (5, 37). Due to limited cases, we
did not perform subgroup analysis on the potential impact
of sarcopenia on the first-line treatment group and second-
line treatment group, respectively, which warrants further
investigation. Partially due to limited number of patients with
available PD-L1 testing, our study showed that PD-L1 expression
had no positive impact on PFS in the univariate analysis and
multivariate analysis, which was inconsistent with previous
study (38).

In addition, we found that patients with sarcopenia had
significantly lower DCR than those without sarcopenia, and
the mean SMI in the DCR group was significantly higher than
that in the non-DCR group. The result was in accordance
with the previous studies (17, 26, 30), but inconsistent with
other study (19, 23, 28). However, for ORR, we found that
sarcopenic patients had a trend toward lower ORR, but without
significance, which was consistent with some reports (16, 17, 24,
27, 28), but inconsistent with other studies (26). Previous article
showed that sarcopenia are associated with the development
of hyperprogressive disease after second-line pembrolizumab
in patients with non-small-cell lung cancer (39). In terms
of potential impact of sarcopenia on DCR and ORR, these
inconsistent results in different studies might come from different
study design, different inclusion and exclusion criteria, different
sample size and different way of measuring muscle area or
definition of sarcopenia, etc., which needs further investigation
in a prospective study with larger sample size.

In our statistical analysis, sarcopenia was not a significant
factor for predicting irAEs, which was similar to our previous
report (40) and other studies (16, 18, 27). However, previous
study found that patients with sarcopenia experienced
significantly increased risk of irAEs (22, 41). It is generally
believed that sarcopenia has been associated with a greater
incidence of chemotherapy toxicity, but the impact of sarcopenia
on irAEs remains controversial. These controversial results from
previous reports cannot be directly compared, due to varied
number of patients enrolled, inconsistent tools for measuring
muscle mass, different definition of sarcopenia, and different
treatment regimens including ICIs. A standardized workflow
of studying the impact of sarcopenia should be made before
sarcopenia as a reliable prognostic biomarker could be translated
into clinical practice.

FIGURE 4 | The mean skeletal muscle index (SMI) of the disease control rate
(DCR) group was significantly higher than that of the non-DCR group
(44.77 ± 9.06 vs. 32.94 ± 5.49 cm2/m2, p = 0.008) (A). No significant
difference in SMI values was found between ORR group and non-ORR group
(42.37 ± 9.49 vs. 43.56 ± 9.84 cm2/m2, p = 0.725) (B). *Indicates significant
difference.

With respect to the underlying mechanism of sarcopenia
affecting treatment efficacy of ICIs is still not fully known,
multiple studies have proposed chronic inflammation might
play a central role in adverse affecting immunotherapy,
such as increased neutrophil-to-lymphocyte ratio (NLR),
leukocyte/lymphocyte ratio (LLR), red blood cell distribution
width (RDW), TGF-α, Fibrinogen and CRP (26, 29, 30). Previous
studies found that IL-15 is as a myokine expressed in skeletal
muscle cells and regulates CD8 T-cell and promotes survival of
T-cells (42, 43), which is important in maintaining body immune
function. IL-15 serum levels decrease in older people with loss
of muscle mass (44), which suggested that sarcopenia may lead
to immune function impaired. And the expression of increased
IL-6 and decreased IL-7 in people with loss of muscle mass
effects immune system function through T-cell exhaustion (42,
44). CD4 + FoxP3 + Tregs infiltrate impaired skeletal muscle,
which suggested that sarcopenia may lead to tumor immune
escape (45).

Our study has several limitations. First, it is retrospective
study and sample size is relatively small. Second, sarcopenia
is merely defined according to SMI, without taking muscle
strength and function into account, for example grip. In addition,
the cut-off value of SMI was based on literature in white
people instead of Asian people. Third, due to short follow-up
time, the potential impact of sarcopenia on OS could not be
investigated in this study.

In conclusion, sarcopenia may be a poor prognostic factor
of patients with advanced lung cancer receiving ICIs as
first-line or second-line treatment. Patients with sarcopenia
had a significantly lower DCR and shorter PFS than those
without sarcopenia, suggesting sarcopenia should be taken into
consideration when using ICIs in clinical practice.
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Background: Evidence suggests the role of changing traditional lifestyle patterns, such

as Paleolithic, to the modern lifestyle in the incidence and epidemic of chronic diseases.

The purpose of this study was to investigate the associations between the Paleolithic

diet (PD) and the Paleolithic-like lifestyle and the risk of non-alcoholic fatty liver disease

(NAFLD) among an adult population.

Materials and methods: This case-control study was carried out among 206 patients

with NAFLD and 306 healthy subjects aged >18 years. PD score was evaluated using

a validated 168-item quantitative food frequency questionnaire. In addition, to calculate

the Paleolithic-like lifestyle score, the components of physical activity, body mass index

(BMI), and smoking status of the participants were combined with the score of the PD.

Results: The mean PD and Paleolithic-like lifestyle scores were 38.11 ± 5.63 and

48.92 ± 6.45, respectively. After adjustment for potential confounders, higher scores of

adherence to the PD diet conferred a protection for the presence of NAFLD [odds ratio

(OR): 0.53; 95% confidence interval (CI): 0.28–0.98; P for trend = 0.021]. Furthermore,

PD and healthy lifestyle habits were negatively associated with NAFLD (OR = 0.42, 95%

CI 0.23–0.78; P for trend = 0.007).

Conclusion: Our data suggest that the PD alone and in combination with lifestyle

factors was associated with decreased risk of NAFLD in a significant manner in the

overall population. However, prospective studies are needed to further investigate

this association.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is characterized by
excessive hepatic steatosis in the absence of other identifiable
causes, such as excessive alcohol use and viral hepatitis (1).
According to the systematic reviews and meta-analysis published
in 2016, the estimated pooled prevalence of NAFLD worldwide is
25.2% (2), while in Iran, this prevalence is∼34% (3).

Non-alcoholic fatty liver disease is considered the most
common cause of chronic liver disease worldwide, as well
as it can affect extra-hepatic organs, increasing the risk for
type 2 diabetes mellitus, cardiovascular diseases, and chronic
kidney disease (2, 4). Moreover, patients with NAFLD have an
increased risk of all-cause mortality (5), highlighting the need
for efforts to prevent, treat, and/or retard the progression of
the disease.

The pathophysiology underlying this disorder is complex
and incompletely understood. A decade ago, proposed that a
“multiple parallel hits hypothesis” in which insulin resistance,
lipids, mitochondrial function, innate immunity, intestinal
microbiota, genetic determinants, epigenetic mechanisms,
environmental factors, cytokines, and lifestyle contribute
to the evolution of inflammation and fibrosis in NAFLD
(6–10) so that lifestyle interventions can be important
for the management of patients with NAFLD (11). An
international panel of experts proposes clear and simple
criteria for a diagnosis of the fatty liver. The diagnosis
is based on the recognition of underlying abnormalities
in metabolic health with an acceptance that “MAFLD”
instead of NAFLD may commonly co-exist with other
conditions (12).

Modification in diet composition and eating patterns may
be a sustainable approach to NAFLD prevention and treatment
(13). A dietary pattern of growing interest is the Paleolithic diet
(PD) pattern, also known as the Hunter-Gatherer or Paleo diet
(14). This diet pattern, modeled after diets of people who lived
as hunter-gathers during the Paleolithic Era, is characterized as
a predominantly plant food-based diet, with a wide diversity
of fruits, nuts, and vegetables, such as wild-plant foods that
with high amounts of calcium and other minerals, includes lean
meat, and is low in dairy, grains, sugar, and salt (15). Based on
the nutrient profile, a PD may have potential benefits for the
prevention and treatment of NAFLD (13). Nevertheless, there are
relatively few studies that have examined its effects on NAFLD
(13, 16).

The Paleolithic diet score was constructed as discordance
between diet during the Paleolithic period and the present era (17,
18). However, considering the cumulative association between
diet and lifestyle factors, studies have used this score alone or
in combination with lifestyle factors (Paleolithic-like lifestyle
score) in relation to the incidence of some chronic diseases
and mortality, showing inverse associations (17–19). However,
studies investigating the relationship between these scores in the
NAFLD are still scarce.

Thus, the present study aimed to investigate the associations
between PD scores alone and in combination with lifestyle factors
and the risk of NAFLD among Iranian adults.

SUBJECTS AND METHODS

Study Design and Population
The study protocol was ethically approved by the Regional
Bioethics Committee of Shahid Beheshti University of Medical
Sciences, Tehran, Iran (No: IR.SBMU.RETECH.REC.1400.802).
The required sample size for the current work was calculated
based on the hypothesis of 1.5 times decreased odds of NAFLD by
PD in combination with lifestyle factors. Therefore, considering
a type I error of 5%, the study power of 80%, and the ratio
of controls to cases as ∼1.5, we needed 206 cases and 306
controls for this project. In this case-control study, the newly
diagnosed patients with NAFLD and healthy controls aged >18
years who attended the Hazrat Rasoul Hospital, Tehran, Iran
between 2020 and 2021 were selected. NAFLD diagnosis (20–
22) was based on the following criteria: chronic increment in
liver enzymes (liver enzymes >19 U/L for women and >30
U/L for men), abstinence from alcohol intake, liver ultrasound
compatible with NAFLD, having grades II and III NAFLD based
on liver biopsy, and exclusion of other causes of liver disorders.
Moreover, the case group was referred to our hospital for
evaluation by FibroScan (20), with the FibroScan results showing
a Controlled Attenuation Parameter (CAP) score of more than
237 and a fibrosis score of more than 7, and had the diagnosis
of NAFLD confirmed by a gastroenterologist. Additionally,
individuals without a history of NAFLD were recruited from
the same hospital for the control group. The control group
was selected from other outpatient clinics of our hospital,
e.g., ophthalmology, otorhinolaryngology, and dermatology.
The controls were required to have no history of chronic or
inflammatory diseases (e.g., diabetes, cancer, gastrointestinal, or
cardiovascular disorders, etc.) and to have a regular diet for the
past 6 months. Two dietitians (Mh.S. and E.M.) monitored the
sampling of the patients. The inclusion criteria for the control
group were defined based on laboratory tests and the liver
ultrasound (not suffering from any stages of hepatic steatosis).
The individuals with long-term diet changes (due to a particular
disease or weight loss), a history of renal and (or) hepatic
disease (Wilson’s disease, autoimmune liver disease, cirrhosis,
non-alcoholic steatohepatitis (NASH), hemochromatosis, viral
infections, or alcoholic fatty liver disease), cardiovascular disease,
diabetic patients, malignancy, thyroid disorder, and autoimmune
disease were not included in the study. At the beginning of
the study, all the participants were asked to carefully answer
the demographic, economic, and social questionnaire questions
that evaluated age, employment status, education, smoking
history, disease history status, use of specific medications (other
than regular NAFLD drugs), and history of dieting in the
past 6 months. The physical activity levels of the participants
were estimated by the use of a validated short form of the
International Physical Activity Questionnaire (Short IPAQ)
(23). Data collection was conducted through interviews by a
trained nutritionist.

Dietary Assessment
The dietary intake over the previous year was obtained using a
validated semi-quantitative food-frequency questionnaire (FFQ),
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which consisted of 168 food items (24). The FFQ consisted of
a list of usual Iranian dietary items with standard serving sizes.
For each food item, the average portion size consumed and
the frequency of intake were obtained from self-reports on the
FFQ. The frequency of intake for each food item included never,
2–3 times/month, 1 time/week, 2–4 times/week, 5–6 times/week,
and daily. The portion sizes were reported in grams by using
standard Iranian household measures (25). The daily nutrient
consumption for each person were estimated by applying the
United States Department of Agriculture’s (USDA) National
Nutrient Databank (26). The Nutritionist IV software (First
Databank, San Bruno, CA, USA—modified for Iranian foods)
was used to calculate the daily energy and nutrient intake of
each participant.

PD and Paleolithic-Like Lifestyle Scores
Measurement
The study of Whalen et al. (17) was used to calculate the score of
adherence to the PD. In summary, the food items obtained from
each individual using the FFQ were divided into 14 food groups
(such as vegetables, fruits, fruit and vegetable diversity score,
lean meat, fish, nuts, and calcium as more PD characteristics and
red and processed meat, dairy foods, sugar-sweetened beverages,
baked goods, grains and starches, sodium, and alcohol as less
characteristic PD). The fruit and vegetable diversity score in our
study was defined as the number of components of the fruit and
vegetable group consumed by each person. In order to score each
food group, the intake of each food component was classified as
quintiles (from 1 to 5, with “1” scores theminimum consumption
in each food group and “5” scores themaximum) according to the
distribution of consumption of the study population. PD scores
ranged from 13 to 65 and higher scores indicated higher levels of
adherence to the PD.

To calculate the Paleolithic-like lifestyle score according to the
study of Cheng et al. (27), the components of physical activity,
body mass index (BMI), and smoking status of the participants
were combined with the score of the PD. Lifestyle factors, with
the exception of smoking status, were classified according to the
tertile distribution. For physical activity, a score of 5 was assigned
to individuals with the highest tertile, and scores of 3 and 1 were
assigned to middle and lower tertiles, respectively. In contrast,
the scoring was reversed for BMI. In addition, for smoking
status, scores of 5, 3, and 1 were assigned to non-smokers, ex-
smokers, and smokers, respectively. Finally, all diet and lifestyle
values for each participant were summarized to reflect adherence
to the Paleolithic-like lifestyle score. The final score range in
our study ranged from 16 to 80, and higher scores indicated
better adherence.

Because all participants in the study were Muslim and did not
consume alcohol, alcohol intake was not considered a component
of these scores in our study.

Anthropometric Measurement
An anthropometric evaluation was performed by the researchers.
The patient’s weight was measured with a Seca Portable Digital
Scale made in Germany with an accuracy of 100 g with minimal
coverage and without shoes. The patient’s height needs were

assessed with a Seca portable height gauge with an accuracy of
0.1 cm. In addition, the waist circumference (WC) in the middle
area between the iliac crown and the last gear was determined
with a Seca waist measuring device. The hip circumference was
alsomeasured in centimeters using the samemeasuring tape at its
widest portion of the buttocks, with the tape parallel to the floor.
BMI, after measuring weight and height with the mentioned
method, was calculated using the formula weight (kg)/height2

(m). All anthropometric measurements were performed by the
researcher to minimize observational variations.

Biochemical Measurement
At the beginning and end of the study, after 10–12 h
of fasting, 10ml of venous blood was taken from the
subjects by the laboratory technician. After clotting in the
environment, the serum was isolated as soon as possible by
centrifugation and kept at −70◦C until sent to the laboratory for
testing. Triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), and fasting plasma glucose (FPG) concentration were
measured using the Pars Azmoon Company Kit (ParsAzmun,
Tehran, Iran) and enzymatic colorimetric method. Total
cholesterol (TC) concentration was measured by enzyme
photometry using the Pars Test Kit (ParsAzmun, Tehran, Iran).
Low-density lipoprotein cholesterol (LDL-C) concentration was
also calculated using the Friedewald formula (28): LDL-C= TC–
TG/6–(HDL-C). Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were determined by commercially
available enzymatic reagents (Pars Azmoon, Tehran, Iran) on
auto analysis (BT-3000).

Statistical Analysis
The Statistical Package Software for Social Science, version 21
(SPSS Inc., Chicago, IL, USA) was used for the statistical analysis.
Kolmogorov-Smirnov’s test and histogram charts were used to
test the normality of the data. The baseline characteristics and
dietary intakes were reported as mean ± standard deviation
(SD) for quantitative variables, and number and percentages
for qualitative variables. We compared the data between two
groups using independent sample t-tests and chi-squared tests
for continuous and categorical variables, respectively. The
association of PD and Paleolithic-like lifestyle scores with the
risk of NAFLD was assessed by applying logistic regression.
The analyses were adjusted for probable confounders, e.g., sex
and BMI, weight, WC, hip circumference, physical activity,
smoking, education, and energy intake, fasting blood glucose
(FBG), ALT, TG, HDL-C, and LDL-C. The odds ratio (OR)
with a 95% confidence interval (CI) of NAFLD across quartiles
of scores was calculated. P-values <0.05 were considered
statistically significant.

RESULTS

The mean (±SD) age of the study population was 37.84 ± 8.70
years. The mean (±SD) BMI was 26.99 ± 4.32 kg/m2. The mean
PD and Paleolithic-like lifestyle scores were 38.11 ± 5.63 and
48.92± 6.45, respectively.
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TABLE 1 | Demographic, anthropometric, and lifestyle characteristics of participants in the case and control groups.

Variables Groups, mean (SD) P-valuea

With NAFLD

(n = 206)

Without NAFLD

(n =306)

Age, years 38.15 (8.43) 37.63 (8.88) 0.508

Female, n (%) 125 (60.7) 233 (76.1) <0.001

BMIb, kg/m2 30.36 (3.77) 24.71 (2.97) <0.001

Weight, kg 83.80 (10.12) 66.92 (8.87) <0.001

Waist-circumference (cm) 102.34 (7.33) 85.17 (7.10) <0.001

Hip-circumference (cm) 104.56 (8.36) 96.14 (5.77) <0.001

Physical activity (Met.h/week) 1,114.57 (617.50) 1,625.59 (930.51) <0.001

Smoking (yes), n (%) 16 (7.8) 8 (2.6) 0.007

Drug use (other than regular

NAFLD drugs) (yes), n (%)

9 (4.4) 7 (2.3) 0.184

Metformin 7 (3.4) 3 (1.0)

Atorvastatin 2 (1.0) 4 (1.3)

ALT (mg/dl) 58.50 ±24.1 20.53 ±13.01 <0.001

AST (mg/dl) 34.88 ±17.2 23.76 ± 9.6 0.17

FPG (mg/dl) 109.28 (39.39) 92.20 (36.22) <0.001

TC (mg/dl) 184.79 (54.93) 182.84 (39.36) 0.728

TG (mg/dl) 180.39 (123.81) 130.98 (64.29) <0.001

LDL-C (mg/dl) 121.16 (43.03) 109.13 (31.07) 0.007

HDL-C (mg/dl) 41.26 (16.71) 48.05 (10.87) <0.001

Paleolithic diet (PD) score 41.4 (5.5) 44.2 (5.4) <0.001

Paleolithic-like lifestyle scores 50.4 (5.5) 56.2 (5.9) <0.001

Education status, n (%)

Lower than high school

28 (13.6) 37 (12.1) <0.001

High school 81 (39.3) 112 (36.6)

Higher than high school 97 (47.1) 166 (51.3)

aObtained from ANOVA for continuous variables and chi-square for categorical variables.
bBMI: body mass index.

FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine aminotransferase; AST,

aspartate aminotransferase.

The baseline characteristics of the study subjects are shown
in Table 1. Compared with controls, NAFLD subjects had
significantly higher BMI, weight, WC, hip circumference, ALT,
FBG, TG, and LDL-C concentration, but had lower physical
activity and HDL-C concentration. There was also a significant
difference in the level of education between the case and control
groups. However, no significant differences were found for other
characteristics among cases and controls.

Table 2 illustrates the macro- and micro-nutrients and the
intakes of food groups in NAFLD patients vs. controls. NAFLD
subjects had higher intakes of energy, carbohydrate, total fat,
zinc, folate, total dairy, refined grains, and red and processed
meats but lower intakes of total fiber, vitamin D, and vegetables
as compared to controls. There were no significant differences
between the NAFLD group and controls for all other dietary
intakes.

General characteristics and dietary intake of subjects across
the quartiles of PD scores are presented in Table 3. Compared
with those in the lowest quartile of PD, subjects in the highest
quartile had higher age but had lower weight and WC. No other

significant difference was found in other general characteristics
across quartiles of PD. In addition, individuals in the highest
quartiles of PD had a higher intake of protein, saturated fatty
acids (SFAs), cholesterol, potassium, iron, calcium, magnesium,
zinc, vitamin C, total dairy, nut, fish, fruits, and vegetables, as well
as a lower intake of sodium and refined grains.

The ORs and 95% CIs for NAFLD subjects based on quartiles
of PD and Paleolithic-like lifestyle scores are reported in Table 4.

In crude and first adjusted model (based on age and BMI),
there was a significant association for PD score in the highest
quartile when compared with the lowest quartile (OR = 0.35,
95% CI 0.20–0.59; P for trend <0.001; OR = 0.56, 95% CI
0.29–0.95; P for trend = 0.018, respectively). Furthermore, after
adjusting for confounders according to the final model, higher
scores of adherence to the PD conferred a protection for the
presence of NAFLD (OR: 0.53; 95% CI: 0.28–0.98; P for trend
= 0.021). There was a significant relationship between reduced
odds of NAFLD for those subjects with the highest score of
Paleolithic-like lifestyle, when compared to subjects with the
lowest score, both in the crude (OR = 0.42, 95% CI 0.24–0.73;
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TABLE 2 | Dietary intakes of study participants across case and control groups.

Groups, mean (SD) P-valuea

With NAFLD (n = 206) Without NAFLD (n = 306)

Nutrients

Energy (Kcal/day) 2,360.71 (583.87) 2,212.76 (625.54) 0.007

Carbohydrate (g/day) 338.19 (96.99) 319.69 (102.10) 0.041

Protein (g/day) 79.09 (23.12) 74.96 (23.70) 0.052

Fat (g/day) 82.76 (29.23) 76.72 (27.95) 0.019

SFA (g/day) 27.52 (10.83) 26.18 (10.62) 0.166

Cholesterol (mg/day) 225.40 (116.10) 234.43 (155.78) 0.478

Fiber (g/day) 36.33 (18.99) 40.46 (23.42) 0.029

Sodium (mg/day) 4,669.27 (4,289.44) 4,281.67 (2,609.36) 0.205

Potassium (mg/day) 3,649.90 (1,211.97) 3,539.10 (1,318.38) 0.336

Iron (mg/day) 27.07 (13.03) 25.59 (3.85) 0.226

Calcium (mg/day) 1,251.37 (453.92) 1,181.10 (447.17) 0.084

Magnesium (mg/day) 378.58 (115.44) 360.72 (132.99) 0.117

Zinc (mg/day) 11.66 (3.49) 10.95 (3.60) 0.026

Vitamin C (mg/day) 136.69 (83.83) 131.45 (88.73) 0.503

Folate (mcg/day) 552.33 (170.33) 510.68 (153.00) 0.004

Vitamin E (mg/day) 11.86 (4.50) 11.15 (5.37) 0.116

Vitamin D (mcg/day) 1.71 (1.34) 2.05 (1.66) 0.014

Caffeine (mg/day) 132.81 (118.55) 132.27 (122.22) 0.961

Food groups

Total dairy (g/day) 481.04 (251.80) 421.68 (240.13) 0.007

Legume (g/day) 17.43 (26.09) 16.07 (18.86) 0.492

Nut (g/day) 6.60 (8.83) 6.47 (9.43) 0.873

Coffee (g/day) 17.71 (61.32) 15.63 (53.26) 0.684

Fish (g/day) 9.37 (8.96) 9.18 (7.83) 0.808

Whole grains (g/day) 91.50 (87.38) 99.54 (114.65) 0.394

Refined grains (g/day) 382.95 (219.80) 316.09 (153.74) <0.001

Red and processed meat (g/day) 32.40 (25.12) 23.11 (19.58) <0.001

Fruits (g/day) 355.72 (264.11) 353.06 (280.78) 0.914

Vegetables (g/day) 249.88 (129.32) 281.56 (142.78) 0.011

SFA, saturated fatty acid.
aObtained from ANOVA.

P for trend= 0.005) and the final adjustment (OR = 0.42, 95%
CI 0.23–0.78; P for trend= 0.007) models.

DISCUSSION

In the present study, the consumption of PD was associated
with a lower chance of occurrence of NAFLD. Furthermore, the
Paleolithic-type lifestyle, characterized by the combination of the
PD and healthy lifestyle habits, was also negatively associated
with NAFLD.

Our results suggest that adherence to the PD can protect
the development of NAFLD. Recently, Fraczek et al. (29) in a
meta-analysis study of randomized clinical trials evidenced the
health benefits of adopting the PD. This meta-analysis found
that even with short-term consumption, the PD contributed
to normalizing blood pressure, improving lipid profile, with

a reduction in total cholesterol (TC), TG, and LDL-C and
increased HDL-C, sensitivity to insulin and glucose tolerance,
and decreased body weight, fat mass, and WC. These results
were also confirmed by Shah et al. (19) in a French prospective
study, in which the PD and adherence to a Paleolithic lifestyle
proved to be favorable alternatives for the prevention of type 2
diabetes and hypertension. Furthermore, it has been suggested
that adherence to the PD was associated with a lower chance of
systemic inflammation and oxidative stress (30). Considering the
evidence presented and the results found in the present study, the
PD can be an effective strategy for the prevention of NAFLD.

The potential benefits of PD on health may be due to a
food composition that is marked by high consumption of fruits,
vegetables, fish, and nuts, as well as limiting the consumption
of processed and ultra-processed foods, added sugar, salt, and
vegetable oils (31). As a result, a diet rich in antioxidants, fibers,
monounsaturated and polyunsaturated fatty acids, potassium
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TABLE 3 | Socio-demographic characteristics, anthropometric variables, and dietary intake across the quartiles of Paleolithic diet (PD) score.

Quartiles of PD score P-value

Q1 Q2 Q3 Q4

Demographic variables

Age, years 36.56 (8.21) 36.92 (8.73) 37.37 (7.79) 40.51 (8.9) 0.001

Female, n (%) 88 (68.8) 85 (65.9) 94 (74.0) 91 (71.1) 0.537

BMI kg/m2 27.1 (4.17) 27.09 (4.38) 27.44 (4.34) 26.30 (4.35) 0.189

Weight, kg 75.05 (11.65) 73.60 (12.86) 75.99 (12.95) 70.23 (11.93) 0.001

Waist-circumference (cm) 93.98 (9.94) 92.41 (11.76) 92.47 (11.43) 89.45 (10.72) 0.010

Hip-circumference (cm) 100.25 (7.38) 99.46 (7.67) 100.06 (9.91) 98.36 (6.96) 0.235

Physical activity (Met.h/week) 1,479.32 (856.11) 1,448.03 (903.68) 1,345.53 (782.58) 1,454.54 (863.20) 0.608

Smoking (yes), n (%) 6 (4.7) 3 (2.3) 11 (8.7) 4 (3.1) 0.079

Disease history (yes), n (%) 6 (4.7) 1 (0.8) 1 (0.8) 8 (6.3) 0.055

Drug use (yes), n (%) 6 (4.7) 6 (4.7) 4 (3.1) 0 (0.0) 0.104

ALT (mg/dl) 34.17 (22.25) 36.58 (52.15) 36.63 (39.12) 26.09 (38.18) 0.316

AST (mg/dl) 29.13 (20.15) 28.75 (16.91) 25.61 (17.58) 24.12 (29.17) 0.119

FPG (mg/dl) 107.51 (55.52) 98.63 (34.93) 94.30 (28.20) 91.98 (28.22) 0.077

TC (mg/dl) 189.31 (42.10) 185.43 (47.86) 181.01 (45.46) 178.81 (44.58) 0.509

TG (mg/dl) 145.26 (65.48) 155.45 (82.95) 152.36 (130.93) 134.44 (62.33) 0.510

LDL-C (mg/dl) 120.74 (40.28) 112.86 (35.81) 108.83 (30.71) 110.16 (35.52) 0.194

HDL-C (mg/dl) 44.91 (11.94) 45.36 (13.03) 46.97 (12.27) 46.87 (12.27) 0.736

Dietary intake

Energy (Kcal/day) 2,210.16 (621.36) 2,255.54 (600.48) 2,274.48 (650.04) 2,349.11 (576.52) 0.331

Carbohydrate (g/day) 320.72 (97.08) 323.09 (106.81) 325.04 (103.38) 339.70 (93.84) 0.426

Protein (g/day) 71.56 (23.68) 74.91 (22.21) 76.49 (24.26) 83.54 (22.55) <0.001

Fat (g/day) 75.30 (28.46) 79.33 (26.90) 80.62 (31.05) 81.36 (27.80) 0.331

SFA (g/day) 24.18 (9.50) 26.72 (9.83) 27.21 (11.12) 28.77 (11.86) 0.007

Cholesterol (mg/day) 203.50 (104.48) 228.97 (190.54) 229.86 (110.26) 260.86 (137.41) 0.014

Fiber (g/day) 38.79 (26.66) 36.60 (19.74) 37.26 (18.25) 39.31 (18.15) 0.703

Sodium (mg/day) 5,174.65 (4,737.77) 4,356.74 (2,979.33) 4,353.93 (2,670.70) 3,865.12 (2,614.64) 0.019

Potassium (mg/day) 2,897.19 (1,004.50) 3,406.99 (1,155.69) 3,627.33 (1,143.36) 4,404.92 (1,310.24) <0.001

Iron (mg/day) 24.25 (10.95) 24.85 (12.28) 25.82 (12.58) 29.84 (17.00) 0.004

Calcium (mg/day) 1,069.75 (434.33) 1,187.25 (441.69) 1,182.44 (419.21) 1,398.01 (448.60) <0.001

Magnesium (mg/day) 334.66 (121.38) 357.93 (133.32) 371.52 (33.78) 407.65 (105.23) <0.001

Zinc (mg/day) 10.56 (3.44) 11.16 (3.52) 11.14 (3.66) 12.08 (3.52) 0.007

Vitamin C (mg/day) 78.89 (44.81) 123.42 (90.13) 142.08 (64.99) 189.99 (97.43) <0.001

Folate (mcg/day) 539.98 (178.94) 517.38 (159.72) 520.56 (153.93) 531.85 (152.19) 0.660

Vitamin E (mg/day) 10.96 (4.86) 11.31 (4.42) 11.64 (5.05) 11.84 (5.77) 0.533

Vitamin D (mcg/day) 1.64 (1.42) 1.76 (1.49) 1.85 (1.39) 2.40 (1.75) <0.001

Caffeine (mg/day) 128.76 (125.16) 124.12 (101.01) 135.15 (113.79) 142.00 (139.94) 0.661

Food groups

Total dairy (g/day) 395.26 (245.21) 442.37 (233.14) 422.51 (213.92) 521.96 (273.79) <0.001

Legume (g/day) 17.23 (26.11) 14.90 (17.05) 15.48 (16.63) 18.85 (26.38) 0.471

Nut (g/day) 3.54 (5.06) 5.50 (5.29) 6.95 (9.95) 10.12 (12.81) <0.001

Coffee (g/day) 10.22 (29.65) 18.78 (69.35) 17.77 (57.45) 19.09 (61.91) 0.549

Fish (g/day) 6.49 (6.39) 7.99 (6.22) 9.50 (7.81) 13.07 (10.61) <0.001

Whole grains (g/day) 96.30 (106.01) 102.06 (129.65) 95.44 (100.36) 91.37 (75.68) 0.877

Refined grains (g/day) 429.21 (201.38) 346.40 (166.89) 326.55 (176.91) 269.65 (161.89) <0.001

Red and processed meat (g/day) 30.12 (20.62) 27.81 (19.95) 25.78 (17.37) 23.66 (29.57) 0.119

Fruits (g/day) 176.57 (115.13) 324.89 (258.85) 384.00 (229.34) 531.52 (322.05) <0.001

Vegetables (g/day) 183.68 (99.48) 243.22 (122.17) 284.96 (117.37) 363.74 (144.93) <0.001

Values are expressed as means [standard deviation (SD)] of 512 subjects.

P-values are resulted from the student’s t-test.
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TABLE 4 | Odds ratio (OR) and 95% confidence interval (CI) for NAFLD based on Paleolithic diet (PD score) alone and in combination with lifestyle factors (combined

score).

Quartiles of scores P for trend

Q1 Q2 Q3 Q4

PD score

Case/total 59/128 55/128 48/128 44/128

Crude model 1.00 (Ref) 0.70 (0.42–1.15) 0.42 (0.25–0.70) 0.35 (0.20–0.59) <0.001

Model 1* 1.00 (Ref) 0.74 (0.44–1.23) 0.59 (0.31–0.91) 0.56 (0.29–0.95) 0.018

Model 2 1.00 (Ref) 0.79 (0.46–1.35) 0.58 (0.31–0.94) 0.54 (0.29–0.98) 0.020

Model 3 1.00 (Ref) 0.80 (0.47–1.37) 0.55 (0.32–0.96) 0.53 (0.28–0.98) 0.021

Combined score

Case/total 68/128 59/128 47/128 36/128

Crude model 1.00 (Ref) 0.66 (0.38–1.14) 0.68 (0.39–1.19) 0.42 (0.24–0.73) 0.005

Model 1
†

1.00 (Ref) 0.66 (0.38–1.15) 0.73 (0.41–1.28) 0.45 (0.25–0.79) 0.012

Model 2U 1.00 (Ref) 0.77 (0.42–1.39) 0.69 (0.39–1.36) 0.44 (0.24–0.83) 0.006

Model 3 1.00 (Ref) 0.72 (0.39–1.33) 0.65 (0.35–1.20) 0.42 (0.23–0.78) 0.007

Binary logistic regression was used to obtain OR and 95% CI.

*Model 1: adjusted for sex and BMI.
†Model 1: adjusted for sex.
‡Model 2: Model 1 + weight, hip circumference, physical activity, smoking, education, and energy intake.
UModel 2: Model 1 + weight, hip circumference, education, and energy intake.

Model 3: Model 2 + fasting plasma glucose, ALT, triglyceride, HDL-C, and LDL-C.

(32), vitamins B, D, E, and K, coenzyme Q10, alpha lipoic acid,
and polyphenol acid (29).

Evidence suggests that micronutrients, such as vitamins A,
C, D, and E, carotenoids, zinc, copper, iron, selenium, and
magnesium, may have beneficial effects on NAFLD, due to its
antioxidant, antifibrotic, immunomodulatory, and lipoprotective
properties (33).

The findings of the present study are consistent with recent
studies that have highlighted the protective role of healthy
eating against NAFLD. In a case-control study conducted with
Iranian adults, it was observed that the consumption of a dietary
pattern characterized by the consumption of vegetables, legumes,
fruits, and dairy products with low-fat content was associated
with lower chances of occurrence of NAFLD (34). Another
case-control study with Iranian adults (35) found that NAFLD
was inversely associated with a healthy dietary pattern, which
consisted of relatively high consumption of fish, skinless poultry,
low-fat dairy products, fruits, vegetables, nuts, oil, and garlic. In
this study, the authors found that individuals in the highest tertile
of the healthy eating pattern scores had lower odds of NAFLD
than those in the lowest tertile, even after adjustment for potential
confounding factors (OR: 0.30; 95% CI: 0.13–0.68).

It is already established in the literature that unhealthy eating,
characterized by a diet rich in calories, sugars, saturated fats,
low in polyunsaturated fatty acids, fiber, and micronutrients, is
a determining factor for both the development and progression
of NAFLD (36). Recently, a review article highlighted that
individuals with NAFLD share a common dietary pattern,
identified by low consumption of whole grains, cereals, fruits,
and vegetables and high consumption of red meat, offal,
refined grains, and sugars (37). In addition, evidence from a

systematic review and meta-analysis demonstrated that Western
dietary patterns containing high consumption of processed
foods, red meats, high-fat dairy products, and refined grains
can significantly increase the occurrence of NAFLD (OR: 1.56;
95% CI: 1.27–1.92). In addition, pieces of evidence showed that
cooking meat at high temperatures for a long duration forms
heterocyclic amines (HCAs), which are related to oxidative stress
and NAFLD (38). In a systematic review study (39), in line
with our results, it has been stated that the PD has beneficial
effects on various risk factors related to NAFLD in various
ways. So PD modulates hyperglycemic carbohydrates and, on
the other hand, by eliminating insulin-tropic dairy, regulates
insulin/insulin-like growth factor 1(IGF-1) signaling, which has
recently been recognized as one of the risk factors associated with
NAFLD (39, 40). The study also found that PD improved insulin
resistance and dyslipidemia, thereby preventing the development
of NAFLD (39). This diet also has a lower fructose content than
other common diets, which can also prevent the development of
NAFLD (39).

It is important to note that the Paleolithic lifestyle score
also played a protective role against NAFLD in our study. This
demonstrates that in addition to diet, each of the healthy lifestyle
factors, which included physical activity, adequate BMI, and not
smoking, played an important role in preventing NAFLD. It
has been shown that NAFLD is affected by obesity, sedentary
lifestyle, and smoking, in addition to other individual factors and
environments (41).

Regarding anthropometric and metabolic markers, BMI, WC,
FPG, TG, and LDL-C were significantly higher in the NAFLD
group as compared to the control group, while HDL-C levels
were significantly lower in cases as compared to controls. Similar
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results were observed in other publications (42, 43). This finding
is expected since NAFLD is closely linked to obesity, insulin
resistance, and dyslipidemia (44), as well as being considered the
hepatic manifestation of the metabolic syndrome (45).

This study has strengths and limitations. Among the
limitations, the study design makes it impossible to assess
the causal relationship. Another limitation is that despite the
adjustment for several possible confounding factors, it is not
possible to exclude the possibility of the existence of some
potential confounding factor that has not been included in
the analyses. In addition, self-reported information about food
consumption can cause recall bias.

The current research has several strengths. As far as we
know, this is the first study to assess the association between
consumption of the PD alone and in combination with lifestyle
factors and the risk of NAFLD among Iranian adults, in which
trained personnel was employed to interview and collect food
frequency questionnaires. Our sample size was sufficient and we
tried to eliminate the impact of confounders by adjusting for a
wide range of variables and by using a validated questionnaire.
In addition, we could not examine the consumption of alcohol
due to the fact that the participants were Muslims can be another
limitation of this study. However, because both the control group
and the study case group did not consume alcohol, a review of
this component of the PD could not affect the results.

In conclusion, by calculating the study power by almost
80%, the present study provides pieces of evidence that PD and
adherence to a healthy lifestyle were associated with decreased
risk of NAFLD. Our results support previous findings of the
protective role of healthy eating and living habits for NAFLD.

Furthermore, they can serve as strategies for preventing and even
controlling the progression of NAFLD.
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Background: Plenty of observational studies suggested that vitamin D concentrations
were associated with psoriasis, but the causality of this relationship was elusive.

Objective: To investigate the causal relationship between vitamin D and psoriasis.

Methods: Cox proportional hazard model was used to investigate the association
between vitamin D status and psoriasis in a prospective cohort study from UK Biobank.
Single nucleotide polymorphisms (SNPs) that are strongly associated with circulating
25OHD were constructed as instrumental variables in Mendelian randomization (MR) to
determine the causality between vitamin D and psoriasis.

Results: During a median follow-up of 10.99 years, we identified 2,856 participants
with incident psoriasis. The prospective cohort study demonstrated individuals with
25OHD deficiency (< 25 nmol/L) at baseline were associated with approximately 20%
increased risk of incident psoriasis in different categories of sex, age, and body mass
index (BMI) after adjusting for covariates. The largest effect size was observed in the
obese group (BMI > 30 kg/m2), as 25OHD deficiency presented with 30% additional
risk of incident psoriasis compared to those with 25OHD > 50 nmol/L (HR = 0.701;
95% CI: 0.583–0.843; p < 0.001). Additionally, 69 independent SNPs associated with
circulating 25OHD level were selected for the MR analysis, and the result suggested that
genetically predicted one standard deviation (SD) increment in log-transformed 25OHD
was associated with 24% decreased risk of psoriasis (OR = 0.76; 95% CI: 0.60–0.98,
p = 0.020).
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Limitations: The association of 25OHD and severity of psoriasis could not be estimated
in the current study.

Conclusion: The combined prospective and MR analysis additionally provided
evidence that the epidemiologically and genetically determined level of 25OHD conferred
an increased risk of psoriasis.

Keywords: psoriasis, vitamin D, causality, MR, BMI

CAPSULE SUMMARY

The prospective cohort study indicated that circulating 25OHD
was inversely associated with the risk of incident psoriasis,
particularly in subgroups of obesity. Mendelian randomization
analysis further confirmed the causal relationship between
25OHD and psoriasis genetically. Randomized controlled trials
and real-world evidence are warranted to determine the efficacy
of systemic management of 25OHD in the prevention of
psoriasis, especially for obese individuals with 25OHD deficiency.

INTRODUCTION

Psoriasis is a common chronic, immune-mediated inflammatory
skin disorder that affects approximately 2% of the world
population, and markedly impaired quality of life (1, 2).
It is characterized by keratinocyte hyperproliferation and
dysregulated T-helper 17 immune response with markedly
altered inflammatory cytokine profiles (3). Although its
etiology has not yet been fully elucidated, genetic and
environmental factors are thought to play a critical role in
the pathogenesis of psoriasis.

To date, a large number of treatments have been used for
psoriasis, including phototherapy, topical, and oral medications,
conventional systemic drugs, and small molecules, and also
biologics (4). The topical vitamin D analogs, either alone,
or being adjunctive treatment of corticosteroids, is one
of the most well-known options for the management of
psoriasis (5). The compound 25-hydroxy vitamin D (25OHD)
exerts immunomodulatory and anti-inflammatory effect by
modulating the innate and adaptive immune system, blocking
proliferation, and boosting differentiation and maturation of
keratinocyte (6). It can ameliorate T-cell proliferation and
promote the differentiation of regulatory T cells (Tregs),
and it also can regulate macrophage response and prevent
proinflammatory cytokines release from macrophages (7).
And vitamin D treated in vitro differentiated DCs express
decreased levels of costimulatory molecules and increased
levels of inhibitory receptors. Moreover, they secrete lower
amounts of proinflammatory and higher amounts of anti-
inflammatory cytokines (8). Therefore, the deficiency of 25OHD
may contribute to the development of psoriasis via the reduction
in immunomodulatory, anti-inflammatory, and antiproliferative
activities. However, the causal relationship between 25OHD and
risk of psoriasis and the disease severity of psoriasis has not been
truly and consistently determined from previously retrospective
and cross-sectional studies (9–11).

To overcome the limitations of cross-sectional studies and
resolve inconsistencies, we conducted a prospective cohort study
in a large European adult population from the UK Biobank to
estimate the association of serum 25OHD levels with the risk of
psoriasis. We then performed a Mendelian randomization (MR)
analysis to genetically uncover the causal relationship between
25OHD and psoriasis.

MATERIALS AND METHODS

Study Design and Participant
The UK Biobank is a large-scale prospective cohort study
with more than 500,000 participants aged 40–69 from 22
medical centers throughout the United Kingdom, recruited
between 2006 and 2010 (12). The data used in the current
study was from the UK Biobank that had received an
approval from the North West Multi-Center Research Ethics
Committee and informed consents from all individuals
prior to participation. Medical history was provided for
each participant at baseline assessment through interviews,
touchscreen questionnaires, and physical measurements. The
participants also donated blood and urine samples for future
analysis and agreed to be followed up through linkage to
their health records. Analyses in this article were restricted to
individuals with complete information on both 25OHD and
genetic polymorphisms.

Ascertainment of Outcome
Based on the clarifications from the UK Biobank,
diagnosis of psoriasis was mainly confirmed using hospital
inpatient records obtained from the Hospital Episode
Statistics for England, Scottish Morbidity Record data
for Scotland, and the Patient Episode Database for
Wales. Additional cases were complemented through
linkage to self-report, primary care, and death register
data. The international classification of diseases (ICD)
coding system was used to record the diagnosis of
psoriasis as well.

Assessment of Exposure
The biological sample was obtained from each participant at
the initial assessment center visit. Serum 25OHD level was
determined by chemiluminescence immunoassay with high
sensitivity and precision (13).

Genetic instruments of independent common single
nucleotide polymorphisms (SNPs) that being closely associated
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with circulating 25OHD levels were extracted from a meta-
analysis of genome-wide association studies (GWAS), including
401,460 white British participants from the UK Biobank and
another dataset of 42,274 Europeans (14). Finally, 69 SNPs
with significant genome-wide 25OHD level were selected as
genetic instruments (p < 6.6 × 10−9). Only common SNPs
among the conditionally independent SNPs were included for
the MR analysis to ensure that our instruments were truly
in linkage equilibrium, since the r2 as a metric of linkage
disequilibrium (LD) is less accurate for rare variants. It
was estimated that these SNPs collectively explained about
3.1% of variance of circulating 25OHD levels, and the
variance explained for a given SNP was calculated using
the formula: variance explained = 2β 2 f (1–f ), where β

and f denote the effect of the SNP on 25OHD level and the
MAF, respectively. GWAS summary data of psoriasis from
MRC-IEU, OpenGWAS data1 were used for MR analysis
(15), after excluding instrumental variables with significant
genome-wide significance (p < 5 × 10−8) and minor allele
frequency (MAF) < 5% to prevent the effects of rare variants
and horizontal pleiotropy. Finally, we calculated the F statistics
of all instrumental variables included in MR analyses to confirm
that the F statistics of all SNPs included in the study were more
than 10 (16).

Mendelian Randomization Analysis
To investigate whether there is a causal relationship between
circulating 25OHD level and risk of psoriasis, a main analysis was
conducted to estimate the effect of one increment in SD of natural
log-transformed 25OHD on psoriasis using the inverse-variance
weighted (IVW) method as previously described (17). The IVW
method weighed the effect of each instrumental variable on
psoriasis susceptibility by its effect on 25OHD using the Wald
ratio method, and then combined these individual MR estimates
into a random effect inverse-variance meta-analysis (18).

In addition, three additional methods were applied to
control for pleiotropy (weighted median, MR-Egger, and
mode-based estimate) and to compare the respective MR
estimates. The MR-Egger method can evaluate the potential
pleiotropy in MR analysis, and offset its effect by intercepts
(19). The weighted median method uses weighted median
of ratios of all instrumental variables, and can tolerate
the weight of invalid SNPs up to 50% (20). Mode-based
estimate is a method to obtain causal effect estimate from
multiple genetic instruments, which can allow potential
pleiotropy in majority of instrumental variables (21). In
order to reduce the effect of outliers, robust regression
with penalized parameter was used in the MR Egger
and IVW methods.

Sensitivity analyses were conducted by excluding SNP variants
associated with potential confounders. The PhenoScanner
database was queried for each 25OHD-related instrumental
SNP to identify genetic variants (associating variants) related to
GWAS traits that are potential confounders or could introduce
horizontal pleiotropy in the exposure–outcome association.

1https://gwas.mrcieu.ac.uk/

Statistical Analysis
We assessed the association of baseline circulating 25OHD
level with the risk of incident psoriasis using Cox proportional
hazard models, and estimated the hazard ratios (HRs) and
95% confidence intervals (CIs) after adjusting for covariates.
The basically adjusted model included age, sex, and body mass
index (BMI); and the fully adjusted model additionally included
income, education, smoking status, and 25OHD supplements.

The dose–response relationship between 25OHD and incident
psoriasis was plotted using cubic splines. We then standardized
the serum 25OHD levels to a normal distribution and estimated
the HR corresponding one SD increment. We also divided the
25OHD levels into quartiles (25th, 50th, and 75th) as well as
clinical categories (deficient: < 25 nmol/L, insufficient: 25∼50
nmol/L, optimal: > 50 nmol/L). Subsequently, stratified analyses
were conducted based on sex, age group, and BMI.

The cohort data was analyzed by R Version 3.6.3. The GWAS
summary data was extracted by R package “TwoSampleMR”
and MR, and sensitivity analyses were performed using R
package “Mendelian Randomization.” A p-value less than 0.05
was considered of statistical significance (two sided). We also
applied the global test, outlier test, and distortion test using R
package “MR-PRESSO.”

RESULTS

Selection and Baseline Characteristics
of Participants
In the current study, 429,681 participants were included and
eligible for the analysis after excluding 9,953 participants with
prevalent psoriasis, 8,320 with no genetic data, and 54,551 with
missing data on serum 25OHD information (Supplementary
Figure 1). We identified 2,856 participants with incident psoriasis
during a median follow-up period of 10.99 years. Baseline
characteristics including age, sex, household income, background
of education, smoking status, BMI, serum 25OHD concentration,
and use of vitamin D supplements are presented in Table 1.

Association of Observed Circulating
25OHD Levels and Incident Psoriasis
The association between observed circulating 25OHD level and
risk of incident psoriasis was estimated in Cox models by
including covariates (Table 2). One SD increment in 25OHD
level was associated with 7.0% decreased risk of incident psoriasis
(HR = 0.930; 95% CI: 0.896–0.965; p < 0.001) in basically
adjusted model which included age, sex, and BMI. Similar effect
(HR = 0.938; 95% CI: 0.904–0.974; p = 0.001) was observed in
the fully adjusted model which additionally included household
income, education, smoking status, and 25OHD supplements.

Then, the participants were divided into four categories by
quartiles of serum 25OHD concentrations and three categories
by clinical cut-offs. The risk of incident psoriasis decreased
with increasing 25OHD concentration (ptrend = 0.002), and
individuals in the highest quartile of 25OHD concentration had
17.3% decreased risk of incident psoriasis (HR = 0.827; 95%
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TABLE 1 | Characteristics of participants from the UK Biobank.

Covariate Total (N = 429,681) Psoriasis (N = 2,856) No Psoriasis (N = 426,825) pb

Age at baseline (years), mean (SD) 56.50 (8.12) 57.17 (7.93) 56.49 (8.12) <0.001

Age category (years), N (%) <0.001

<50 101,816 (23.7) 569 (19.9) 101,247 (23.7)

50–59 142,255 (33.1) 969 (33.9) 141,286 (33.1)

> 60 185,610 (43.2) 1,318 (6.1) 184,292 (43.2)

Sex, N (%) 0.137

Female 230,896 (53.7) 1,495 (52.3) 229,401 (53.7)

Male 198,785 (46.3) 1,361 (47.7) 197,424 (46.3)

Average total household income before tax (€), N (%) <0.001

Less than 18,000 82,199 (19.1) 689 (24.1) 81,510 (19.1)

18,000–30,999 93,161 (21.7) 630 (22.1) 92,531 (21.7)

31,000–51,999 96,226 (22.4) 588 (20.6) 95,638 (22.4)

52,000–100,000 75,872 (17.7) 433 (15.2) 75,439 (17.7)

Greater than 100,000 20,262 (4.7) 95 (3.3) 20,167 (4.7)

Unknown 61,961 (14.4) 421 (14.7) 61,540 (14.4)

Education, N (%) <0.001

College or university degree 139,999 (32.6) 824 (28.9) 139,175 (32.6)

Professional qualifications 50,538 (11.8) 359 (12.6) 50,179 (11.8)

A Levels/AS levels or equivalent 47,823 (11.1) 265 (9.3) 47,558 (11.2)

O Levels/GCSEs or equivalent 113,917 (26.5) 748 (26.2) 113,169 (26.5)

None of the above 76,980 (17.9) 657 (23.0) 76,323 (17.9)

Smoking status, N (%) <0.001

Never 235,288 (54.8) 1,253 (43.9) 234,035 (54.9)

Previous 148,358 (34.6) 1,114 (39.0) 147,244 (34.5)

Current 43,925 (10.2) 473 (16.6) 43,452 (10.2)

Unknown 1,683 (0.4) 13 (0.5) 1,670 (0.4)

BMI (kg/m2), mean (SD) 27.40 (4.78) 28.37 (5.24) 27.39 (4.77) <0.001

BMI category, N (%) <0.001

Normal (<25) 142,528 (33.3) 744 (26.1) 141,784 (33.3)

Overweight (25∼30) 181,802 (42.5) 1,234 (43.3) 180,568 (42.5)

Obesity (> 30) 103,731 (24.2) 869 (30.5) 102,862 (24.2)

Vitamin D concentrations (nmol/L), Mean (SD) 48.26 (19.69) 46.68 (20.04) 48.27 (19.69) <0.001

Vitamin D concentrations (nmol/L)a, N (%) <0.001

12.7–32.6 106,657 (24.8) 812 (28.4) 105,845 (24.8)

32.6–46.8 107,675 (25.1) 703 (24.6) 106,972 (25.1)

46.8–62.0 107,454 (25.0) 697 (24.4) 106,757 (25.0)

62.0–104.0 107,895 (25.1) 644 (22.5) 107,251 (25.1)

Vitamin D category (nmol/L), N (%) <0.001

Deficient (<25) 54,306 (12.7) 460 (16.1) 54,306 (12.7)

Insufficient (25∼50) 183,631 (42.7) 1,210 (42.4) 182,421 (42.7)

Optimal (> 50) 191,284 (44.6) 1,168 (41.5) 190,098 (44.6)

Vitamin D supplements, N (%) 0.197

No 421,883 (98.2) 2,795 (97.9) 419,088 (98.2)

Yes 7,798 (1.8) 61 (2.1) 7,737 (1.8)

aThe data were divided by quartiles.
bContinuous data was presented as mean ± standard deviation, and between-group difference was tested using analysis of variance. Categorical data were presented
as number (%), and the between-group difference was tested using chi-squared test. p < 0.05 was considered statistically significant for all tests.

CI: 0.744–0.919; p = 0.002) compared to those in the lowest
quartile, after adjustment for age, sex, and BMI. Similar effect
was also observed in participants with higher 25OHD levels after
additional adjustment for income, education, smoking status,
and 25OHD supplements (ptrend = 0.010). Moreover, compared

to 25OHD deficiency, the risk of psoriasis was decreased by
18.6% (HR = 0.814; 95% CI: 0.731–0.907; p < 0.001) and 20.5%
(HR = 0.795; 95% CI: 0.712–0.887; p < 0.001) in participants
with insufficient and sufficient 25OHD levels, respectively, in the
fully adjusted model.
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TABLE 2 | Association of vitamin D concentrations with incident psoriasis.

Model 1a Model 2b

Vitamin D concentration N Person-years HR (95% CI) p HR (95% CI) p

Per SD in concentration 2,856 4,674,462 0.930 (0.896–0.965) <0.001 0.938 (0.904–0.974) 0.001

Quartiles

12.7–32.6 812 1,160,748 Ref Ref

32.6–46.8 703 1,171,944 0.865 (0.781–0.957) 0.005 0.882 (0.797–0.977) 0.016

46.8–62.0 697 1,168,501 0.874 (0.789–0.968) 0.010 0.896 (0.809–0.993) 0.037

62.0–104.0 644 1,173,269 0.827 (0.744–0.919) <0.001 0.841 (0.757–0.935) 0.001

ptrend = 0.002 Ptrend = 0.010

Category

Deficient (<25) 460 596,195 Ref Ref

Insufficient (25∼50) 1,210 1,998,285 0.791 (0.710–0.882) <0.001 0.814 (0.731–0.907) <0.001

Optimal (> 50) 1,186 2,079,982 0.770 (0.690–0.860) <0.001 0.795 (0.712–0.887) <0.001

ptrend < 0.001 ptrend < 0.001

aModel 1 was adjusted for age, sex, and BMI.
bModel 2 was additionally adjusted for income, education, smoking status, and vitamin D supplements.

Subgroup Analysis for the Association of
Observed 25OHD Level With Psoriasis
Stratified analysis based on sex (Supplementary Table 1), age
group (Supplementary Table 2), and BMI (Table 3) categories
were estimated by HR in fully adjusted model to determine
the relationship between serum 25OHD concentration and
risk of incident psoriasis. Overall, per one SD decrease of
25OHD level was associated with increased risk of psoriasis.
The prospective cohort study demonstrated individuals with
25OHD deficiency (<25 nmol/L) at baseline were associated
with approximately 20% increased risk of incident psoriasis when
compared to individuals with optimal 25OHD (>50 nmol/L)
in different categories of sex, age, and BMI after adjusting for
covariates. The largest effect size was observed in the obese
group (BMI > 30 kg/m2), as 25OHD deficiency presented with
30% additional risk of incident psoriasis compared to those
with 25OHD > 50 nmol/L (HR = 0.701; 95% CI: 0.583–0.843;
p < 0.001, Table 3). However, the interaction effect between
BMI and 25OHD was calculated, and no interaction effects were
observed between BMI and 25OHD (Supplementary Table 3).
Effect size observed in male and female groups were similar. And
in the age stratified analysis, the effect seems more obvious in the
population less than 50 years old.

Dose-Response Pattern Between 25OHD
and Incident Psoriasis
The cubic splines show a non-linear relationship between
25OHD concentration and risk of incident psoriasis (Figure 1).
The risk of incident psoriasis decreased when the circulating
25OHD concentration increased from 0 to 50 nmol/L, but
thereafter the effect reduced. The analysis was also conducted
by subgroups of sex, age, and BMI, and the effect of 25OHD
was modified by obesity since the curves were almost linear in
participants having BMI < 30 kg/m2.

Mendelian Randomization Analysis for
Genetically Determined 25OHD Level
With Psoriasis Risk
Sixty-nine common and conditionally independent SNPs
(Supplementary Table 4) explaining 3.1% of the variation of
circulating 25OHD levels were included for the MR analysis.
We identified no significant associations with known potentially
pleiotropic confounders influencing the exposure–outcome
association based on PhenoScanner search, at a Bonferroni-
correction threshold of 5 × 10−8. However, an enrichment in
SNPs associated with certain trait categories, including body
composition and serum lipid traits, was observed; and this may
be associated with the risk of psoriasis. A detailed description of
the SNP-trait association is provided in Supplementary Table 5.
Among 462,933 participants in the cohort, one genetically
predicted increment in the SD of 25OHD was associated with
24% decreased risk of psoriasis (ORIVW = 0.76; 95% CI 0.60–0.96;
p = 0.02) according to the IVW method. In addition, MR-Egger
method suggested a significant association (ORMR−Egger = 0.79;
95% CI 0.63–1.00; p = 0.05), while the weighted median and
mode-based estimates presented with a comparable effect
size (OR = 0.87) with no statistical significance. Additionally,
sensitivity analysis was conducted to exclude proxy SNPs and
covariate-associated SNPs, and the results also showed a causality
between the genetically predicted level of 25OHD and risk
of psoriasis after excluding proxy SNPs (ORIVW = 0.71; 95%
CI: 0.55–0.92; p = 0.01), body-composition associated SNPs
(ORIVW = 0.74, 95% CI: 0.55–0.98; p = 0.04), and diabetes-
associated SNPs (ORIVW = 0.76, 95% CI: 0.59–0.98; p = 0.03)
(Figure 2). However, when all comorbidity-associated SNPs
were excluded, the result changed to negative; but the trend still
remains (ORIVW = 0.79, 95% CI: 0.56–1.13; p = 0.20). A scatter
plot of the MR analysis investigating the effect of 25OHD on
psoriasis was presented in Supplementary Figure 2. Meanwhile,
MR-PRESSO method was used to find evidence for pleiotropy
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TABLE 3 | Association of vitamin D concentrations with incident psoriasis in different BMI categories.

Vitamin D
concentration,
nmol/L

Normal (BMI < 25) Overweight (25 < BMI < 30) Obesity (BMI > 30)

N Person-
years

HR (95%CI) p N Person-
years

HR (95% CI) p N Person-
years

HR (95% CI) p

Per SD in
concentration

744 1,551,468 0.945
(0.880–1.015)

0.119 1,234 1,978,052 0.951
(0.898–1.006)

0.082 869 1,127,639 0.895
(0.838–0.956)

0.001

Quartiles

12.7–32.6 181 330,338 Ref 303 455,722 Ref 326 367,308 Ref

32.6–46.8 152 352,207 0.802
(0.646–0.995)

0.045 320 498,491 0.963
(0.823–1.128)

0.643 228 316,920 0.826
(0.697–0.978)

0.027

46.8–62.0 199 391,839 0.941
(0.768–1.153)

0.559 309 516,263 0.887
(0.757–1.041)

0.142 187 257,300 0.841
(0.702–1.007)

0.059

62.0–104.0 212 477,084 0.812
(0.664–0.992)

0.042 302 507,576 0.869
(0.740–1.020)

0.086 128 186,111 0.789
(0.643–0.968)

0.023

ptrend = 0.091 ptrend = 0.261 ptrend = 0.045

Category

Deficient (<25) 96 168,700 Ref 161 226,571 Ref 202 196,235 Ref

Insufficient (25∼50) 274 596,057 0.833
(0.659–1.052)

0.125 531 843,323 0.887
(0.743–1.059)

0.184 401 551,175 0.724
(0.611–0.858)

<0.001

Optimal (> 50) 374 786,711 0.853
(0.680–1.071)

0.170 542 908,158 0.823
(0.689–0.983)

0.031 266 380,229 0.701
(0.583–0.843)

<0.001

ptrend = 0.294 ptrend = 0.086 ptrend < 0.001

All models were adjusted for sex, age, income, education, smoking status, and vitamin D supplements.

(1,000 simulations). The MR estimates for psoriasis did not alter
the conclusion after removing one outlier SNP with increased
evidence of pleiotropic effects (Supplementary Table 6).

DISCUSSION

We first examined the association of circulating 25OHD level
with the risk of incident psoriasis in a large-scale longitudinal
data from the UK Biobank, and then investigated the causal
relationship of genetically predicted level of 25OHD and psoriasis
based on MR analysis. Individuals with 25OHD deficiency
were more likely to have psoriasis, especially for obese subjects
or aged under 50 years. This relationship was additionally
confirmed by MR analysis.

Previously, a large number of observational studies tried to
determine the association of circulating 25OHD with the risk
of psoriasis, and most reported a lower serum level of 25OHD
in patients with psoriasis compared to controls. A meta-analysis
by Lee and Song found that psoriatic patients had a lower level
of serum 25OHD compared to healthy controls, and revealed
a small but significant correlation between circulating 25OHD
level and the severity of psoriasis (22). Pitukweerakul et al. found
the relationship between hypovitaminosis D and psoriasis, but
did not establish a causal relationship (23). In the current study,
we first used a large-scale prospective cohort and confirmed
that 25OHD deficiency could increase the incidence of psoriasis
in the following 11 years. A non-linear relationship between
serum 25OHD concentration and the incidence of psoriasis was
found. Results showed that the protective effect of vitamin D on

incident psoriasis was quite obvious, but it seems to work under
a specific threshold, which has not been reported in previous
studies. However, we would refrain from suggesting that the high
serum 25OHD concentration had opposite effect because of the
large CI. The relatively small sample size of people with high
serum 25OHD concentration might account for this result. The
existence of the threshold and the probable mechanisms were still
unclear, which need further confirmations.

The effect of 25OHD on incident psoriasis was also modified
by obesity. The protective effect of vitamin D on incident
psoriasis seem to be larger in obese individuals. This is consistent
with previous finding that serum 25OHD was significantly
associated with the risk of psoriasis only in patients with
central obesity (24). These findings suggested that the effect of
decreased 25OHD on the pathogenesis of psoriasis might be
closely related to obesity, a well-known comorbidity of psoriasis.
However, the role obesity played in the relationships and the
specific associations among obesity, 25OHD, and psoriasis were
seldom discussed in previous studies. Several hypotheses have
been proposed such as the influence of metabolic disorders
of obese patients, and there might be a mediating effect of
serum 25OHD between obesity and psoriasis, but no further
confirmation (24, 25). Previous evidences suggested that vitamin
D also has beneficial effects on serum lipid profiles and thus
cardiovascular health and other comorbidities (26, 27). Thus,
it might suggest that vitamin D reduce the risk of psoriasis
and other comorbidities at the same time and result in synergy
effects in obese people with more complications. Meanwhile, as
a fat-soluble vitamin, the absorption and metabolism of vitamin
D might be affected by fat distribution (28). The changes of
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FIGURE 1 | Dose-effect relationship between vitamin D and psoriasis.

distribution and metabolic function of fat in obese people might
directly or indirectly influence the effect of vitamin D. And these
might be reasons that obesity modify the association between
vitamin D and psoriasis. However, further studies are still needed
to verify these hypotheses.

We used 69 common and conditionally independent SNPs
from the newly published GWAS summary datasets of vitamin D
in our MR analysis, and further confirmed the causal relationship
between 25OHD with psoriasis at genetic level. The MR is an
approach that uses genetic variants associated with a modifiable
exposure or biological intermediate to estimate the causal
relationship between these variables and a medically relevant
outcome (29). The random allocation of genetic variants at
conception reduces confounding from environmental factors and
thus strengthens causal inference (30). Therefore, our results of
MR further supported vitamin D deficiency as a possible cause
of incident psoriasis. However, results of additional sensitivity
analysis were negative after all SNPs associated with lipid, BMI,
and diabetes were excluded, while the effect size did not change
evidently. The reason might be the limitation of strength of
these included SNPs, which explains less variation of circulating
25OHD levels. Further GWASs might be needed to expand the
range of genetic instruments and obtain more reliable results.

25OHD is produced by the skin under the action of
ultraviolet light and dietary intake. While topical 25OHD
analogs exert various anti-inflammatory, anti-oxidant,
and immunomodulatory actions by modulating innate and
adaptive immune system, blocking proliferation, and promoting
differentiation and maturation of keratinocyte is recommended
as a treatment option by the National Psoriasis Foundation; the

application of oral 25OHD supplementation as an adjunctive
therapeutic options for psoriasis is still discussed, and its clinical
use is predominantly based on experience of dermatologists
and nutritionists (31). However, compared to patients with
single psoriasis, patients of psoriasis with comorbidities such as
psoriatic arthritis and obesity were more commonly recommend
vitamin D supplementation (32). And it has been reported that
this supplementation may be useful for comorbidity prevention
in some cases (33). Previous studies that tried to determine
the association between circulating 25OHD and psoriasis
severity presented inconsistent findings. Mattozzi et al. showed
that serum 25OHD level was significantly associated with the
psoriasis area and severity index (PASI) score in patients with
psoriasis (9). However, a randomized, double-blind, placebo-
controlled trial (RCT) found that oral 25OHD3 supplementation
did not significantly alleviate plaque psoriasis compared to the
placebo (10). Another RCT conducted by the same research
team found that monthly use of 25OHD3 supplementation did
not reduce the severity of mild psoriasis compared to placebo
as well (34). A small-scale RCT in Asians indicated clinical
efficacy of oral 25OHD2 in the treatment of psoriasis without
increasing adverse events (11). However, a recent meta-analysis
study of RCTs did not support the efficacy of oral vitamin D
supplementation in lessening the severity of psoriasis (35).
Additionally, no studies confirmed the optimal dose of systemic
25OHD supplement in the treatment of psoriasis, although most
of them did not observe adverse effects within a relatively narrow
range of dosages (0.25–2 µg/d) (36). Combined with our finding,
we deliberately concluded that 25OHD has a causal relationship
with psoriasis, and this effect is modified by obesity. Cluster
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FIGURE 2 | Results of Mendelian randomization analysis.

RCT studies in a general population with a high incidence rate
of psoriasis would be warranted to confirm the effectiveness of
systemic 25OHD supplementation in the prevention of psoriasis,
especially for obese individuals with a deficient level of 25OHD,
and to determine the optimal dose and adverse effects of the
supplementation.

Strengths and Limitations
This study has several strengths. First, the large sample size in
addition to a prospective study design provide a higher level
of evidence than retrospective studies. Second, a non-linear

association and effect modification by obesity were identified,
and this may explain some of the discrepancies among previous
studies. Third, the MR analysis further enhanced our findings
at genetic level, by constructing instrumental variables as a
measure of exposure.

Nevertheless, this study also has limitations. The study
population came from Europe, and the findings should be
validated in different races and regions. Additionally, although
some confounders were adjusted, unknown and unmeasured
confounders and effect modifiers might be ignored. Also, the
potential bias due to participant overlap have not been calculated
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because the conditions about the overlap of participants from
these two published GWAS summary datasets could not been
obtained. Last but not the least, the association of 25OHD and
severity of psoriasis could not be estimated in the current study
since relevant information such as PASI score was not available.

CONCLUSION

This prospective cohort study shows that 25OHD was inversely
associated with the risk of incident psoriasis, and effect
modification by obesity was identified. MR analysis further
confirmed the causality at genetic level.
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Background: Visceral obesity is a significant predictor of cardiovascular

disease (CVD). Diet may associate with CVD risk through its effects on visceral

adiposity. This study aimed to find dietary patterns (DPs) related to indicators

of visceral adiposity and to determine whether the DPs were associated with

CVD risk.

Methods: This prospective study included 2,496 participants of the Tehran

Lipid and Glucose Study (TLGS) without CVD, who were followed from the

third study examination (2005–2008; baseline) to March 2018. DPs at baseline

were determined using reduced rank regression (RRR) and partial least squares

regression (PLS). The response variables were age and BMI-adjusted waist

circumference (WC) and age-adjusted visceral adiposity index (VAI).

Results: Two and three DPs were retained with RRR and PLS, respectively.

The first patterns of each method were mainly characterized by adjusted-WC

(RRR: 10.8%, PLS: 8.6%); none of them were associated with CVD risk. The

second pattern of RRR and the third pattern of PLS were mainly explained

by adjusted-VAI (RRR: 3.3, PLS: 2.1%). After adjusting for CVD risk factors, the

hazard ratios [95% confidence intervals (CI)] for CVD in the second and third

tertiles of the RRR-pattern 2 were 1.76 (1.15, 2.69) and 1.55 (1.00, 2.43) vs.

the first tertile (p-trend: 0.058). This pattern had high positive loadings for

non-leafy vegetables, pickled vegetables, fried vegetables, and bread and high

negative loadings for eggs, cakes, butter, jam-honey, red meat, poultry, fish,

juice, non-fermented dairy, and fruits. Per one SD increase in PLS-pattern

3 score, the risk of CVD was 19% higher (95%CI = 3–38%). This positive

association was also observed across tertiles of the pattern (p-trend: 0.032).

This pattern was characterized by high intakes of leafy vegetables, non-

leafy vegetables, organ meat, soft drinks, olive oil, pickled vegetables, fried
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vegetables, and bread and low intakes of biscuits, cakes, butter, eggs, and

non-fermented dairy.

Conclusion: For each of the RRR and PLS approaches, a visceral-related DP

that was positively linked to CVD was identified. These two patterns had a

modest correlation. The pattern generated by PLS explained more variations

in food groups and offered stronger evidence of association with CVD than

the RRR-derived pattern.

KEYWORDS

reduced rank regression, partial least squares regression, dietary pattern,
cardiovascular disease, hybrid method

Introduction

Cardiovascular disease (CVD) is the most common cause of
mortality worldwide. According to World Health Organization
estimates, 17.9 million individuals died from CVD in 2019
(1). Dietary risk factors showed the highest contributions to
CVD deaths and CVD disability-adjusted life years among other
non-communicable diseases worldwide. In 2017, 10 million
CVD-related deaths and 207 million CVD disability-adjusted
life years globally were attributed to an unsatisfactory diet
(2). The majority of the dietary risk factors for CVD were
proposed based on the findings of researches examining the
associations between individual foods and nutrients (3, 4).
Recent scientific statements intended to improve cardiovascular
health, on the contrary, highlight the significance of dietary
patterns (DPs) beyond individual foods or nutrients. According
to the statements, cardio-protective DPs are characterized by
high intakes of fruits, vegetables, whole grains, and healthy
sources of protein and low intakes of processed foods and
added sugar and salt beverages and foods (5, 6). However, the
majority of the information comes from studies conducted on
Western populations; hence, non-Western studies would aid in
the development of future dietary recommendations (6).

Dietary pattern analysis is a supplementary approach that
allows researchers to look at the whole diet rather than just a
single item or nutrient. The approach captures the cumulative
impact of dietary components by accounting for food-nutrient
interactions (7). Dietary pattern analysis is classified into
three types, namely, hypothesis-driven approaches, exploratory
approaches, and hybrid approaches combining the two (8, 9).
Reduced rank regression (RRR) and partial least squares (PLS)
are two-hybrid methods in which DPs are derived based on
intermediate response variables. The response variables are
biomarkers of exposure or disease or other mediating variables
thought to be essential for the development of the disease.
The methods enable food pattern detection to include a priori
assumptions about possible pathophysiological pathways (8, 9).

To date, limited prospective studies investigate the association
between RRR-derived DPs and risk of CVD morbidity and
mortality (10–17), and only two studies employed the PLS
approach in addition to the RRR method (13, 17). In
these studies, dietary intakes of nutrients (e.g., nutrients
related to excess energy intake), body mass index (BMI),
blood pressure, lipid profiles, and inflammatory markers were
selected as response variables (10–17). Visceral adiposity may
be an important mediator in the relationship between diet
and CVD risk (18, 19). However, the association between
visceral adiposity-related DPs and CVD risk has yet to be
investigated. To address this, we determined DPs related to waist
circumference (WC) and visceral adiposity index (VAI), the two
visceral adiposity indices. We then examined the association
between the adiposity-related patterns and incident CVD over
a mean of 10.2 years of follow-up.

Materials and methods

Study population

This longitudinal study was conducted within the Tehran
Lipid and Glucose Study (TLGS) framework, a large-scale
population-based prospective study being performed on a
representative sample of Tehran, the capital of Iran. Participants
were recruited from residents of District 13 of Tehran. Details,
rationale, sampling, and data collection methods of TLGS have
been mentioned previously (20). In brief, the TLGS began in
1999–2001; the data gathering process is ongoing at 3-year
intervals to update the health-related baseline measurements
of participants. Since the third examination cycle (2005–
2008), dietary information has been gathered using a food
frequency questionnaire (FFQ). Of the 3,687 participants in
the third examination cycle who had complete dietary data,
which we used as the baseline for the current analyses, those
aged ≥ 19 years (n = 3,086) were selected. Participants with
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FIGURE 1

Diagram showing the selection process of the study participants.

prevalent CVD or diabetes, lactating women, those who had
reported implausible energy intakes [<814 (first percentile)
or > 5,320 (99th percentile) for women; <915 (first percentile)
or > 6,641 kcal (99th percentile) for men], and those with
missing data about CVD status at baseline or follow-ups or
missing covariates were excluded. A total of 2,496 adults free
of CVD at the third examination cycle (as baseline) were
finally included in this study, who were followed until March
2018 (Figure 1).

This study was conducted based on the guidelines of the
Declaration of Helsinki; the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences,
approved the study design. All participants provided written
informed consent before participation in the study.

Demographic and anthropometric
measurements

Information on age, sex, education, smoking habits, past
medical history of CVD, drug usage, and family history
of premature CVD of participants was collected by trained
investigators using a pretested questionnaire in private and face-
to-face interviews. The participants were weighed using a digital
scale while wearing less clothing and no shoes, and their height

was measured in a standing position with no shoes using a non-
stretched tape measure. BMI was calculated by dividing weight
in kilograms by height squares in meters. WC was measured by
using a non-stretched tape with no pressure on the body surface.
Leisure time, job, and household activities in the past year
were assessed using the Persian-translated Modifiable Activities
Questionnaire (21), and total physical activity was reported as
metabolic equivalent minutes per week (MET-min/wk).

Clinical and biochemical
measurements

Systolic and diastolic blood pressure was measured two
times in a seated position on the right arm after 15 min of rest,
using a standardized mercury sphygmomanometer (Riester,
Jungingen, Germany). The mean of the two measurements was
reported as the participants’ blood pressure.

Fasting blood samples were collected in the morning after
12–14-h overnight fasting based on the standard protocol. All
biochemical measurements were assessed at the TLGS research
laboratory on the same day of blood collection. Fasting plasma
glucose (FPG), triglycerides (TGs), total cholesterol, and high-
density lipoprotein cholesterol (HDL-C) were measured using
laboratory kits (Pars Azmun, Tehran, Iran) (22).
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Dietary assessment

Dietary data at baseline were collected using a validated and
reliable semi-quantitative FFQ (23, 24). The questionnaire had
168 food items with predefined portion sizes. A trained dietitian
asked participants to report the consumption of each food item
according to its predefined portion size during the preceding
year on a daily, weekly, or monthly basis as appropriate. The
portion size of consumed foods was converted to daily frequency
and then converted to grams. On the basis of their nutrient
profiles, the ingested items were classified into 34 food groups
for DP analysis (Supplementary Table 1).

Intermediate (response) variables for
dietary pattern extraction

The intermediate variables to extract DPs were WC and VAI.
The VAI is a sex-specific index that incorporates anthropometric
(BMI and WC) and biochemical variables (TG and HDL) to
indirectly assess visceral adiposity (25). It can be calculated using
the following formulas (25):

Male : [WC/(39.68+ (1.88 × BMI))] × (TG/1.03)

× (1.31/HDL)

Female : [WC/(36.58 + (1.89 × BMI))] × (TG/0.81)

× (1.52/HDL)

To control the effects of age and BMI on the visceral
adiposity variables, WC was adjusted for age and BMI, and VAI
was adjusted for age by the residual method.

Definition of outcome and terms

The data collection process for CVD outcomes was
previously addressed (26). Participants were followed annually
to identify medical events. After reporting a medical event
by participants or their relatives, an expert panel evaluated
the medical documents to confirm the incidence of a specific
outcome. The CVD incidence was defined as myocardial
infarction (definite or probable), angiographically proven
coronary heart disease, stroke, and death due to cardiovascular
causes. Any CVD events in first-grade female family members
aged 65 years or lower or first-grade male family members
aged 55 years or lower were considered a premature family
history of CVD (27). Based on the American Diabetes
Association’s guidelines, diabetes mellitus was defined as
FPG ≥ 126 mg/dl or 2-hPG ≥ 200 mg/dl or glucose-lowering

medical drug usage (28). Hypertension was defined as
having a systolic blood pressure ≥ 140 mmHg or a diastolic
blood pressure ≥ 90 mmHg or being on antihypertensive
medication (29). Hypercholesterolemia was defined as serum
total cholesterol ≥ 200 mg/dl or the use of any lipid-lowering
medical drug. We categorized participants according to
their smoking habits into two groups, namely, ever-smokers
(current smokers or ex-smokers) and non-smokers. We
divided education status into ≤ 12 years and > 12 years
(academic education).

Statistical methods

Energy-adjusted food groups, age and BMI-adjusted WC,
and age-adjusted VAI were determined using the residual
method. Since the distribution of food groups and VAI were
skewed, the natural logarithmic transformation was performed
on the variables before residual adjusting. DPs were obtained by
two statistical methods, namely, RRR and PLS, using PROC PLS
in SAS version 9.1.3. Energy-adjusted intakes of the 34 groups
were selected as predictors, and adjusted-WC and adjusted-VAI
were selected as intermediate variables. For further statistical
analyses, the two patterns of RRR and the first three patterns
of PLS that explained the most variations in intermediate
variables were retained.

Participants were divided into three groups based on
the tertiles of dietary pattern score derived by the first
pattern obtained for each method. The characteristics
of participants across the tertiles of the pattern scores
were compared using ANOVA for normally distributed
continuous variables, the Kruskal-Wallis test for non-
normally distributed continuous variables, and chi-square
for categorical variables.

We used the Cox proportional hazards regression model
to estimate CVD risk per one SD increase in each dietary
pattern score. CVD risk was also assessed for the tertile of
each pattern, considering the first group as the reference
category. A linear trend (p-trend) was obtained by assigning
the median value to each tertile and treating this as a
continuous variable. Statistical tests and graphical diagnostics
based on scaled Schoenfeld residuals were used to assess the
proportional hazards (PH) assumption. All proportionality
assumptions were generally satisfied. The time of follow-up
was calculated from the date of entrance to the study to
the first occurrence of CVD events or the last follow-up
date. Regression models were adjusted for potential covariates
related to the risk of CVD. In the first adjusted model,
age (continuous), sex, premature family history of CVD
(yes/no), and energy intake (continuous) were included as
covariates. The second model was additionally adjusted for
academic education (yes/no), ever-smoking (yes/no), physical
activity (continuous), prevalent hypertension (yes/no/missing),
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prevalent hypercholesterolemia (yes/no), and baseline fasting
plasma glucose (continuous). Six individuals lacked the
information necessary to assess their hypertension status at
baseline, and thus, we created an additional category of
“missing” for them. Results were reported as hazard ratios (HR)
and 95% confidence intervals (95%CI).

In sensitivity analyses, the risk of CVD was recalculated
after excluding the following: 1, those with early CVD events
(< 2 years); 2, excluding participants aged < 30 years; 3, those
with early CVD events and aged < 30 years. Statistical analyses
were performed using SPSS version 20; a p-value < 0.05 was
considered statistically significant.

Results

Visceral adiposity-dietary patterns

Two patterns were obtained from RRR, which explained
7.8% of the variations in both the food group intake and
the response variables. The first RRR-derived dietary pattern
was defined mainly by adjusted-WC (10.8%) and, to a lesser
extent, by adjusted-VAI (1.2%). This pattern was characterized
by a high intake of soft drinks, organ meat, bread, pasta-
rice, and sugars and a low intake of non-leafy vegetables, rye-
bulgur, fried vegetables, fruits, leafy vegetables, dried fruits,
and non-fermented dairy. The second RRR-derived dietary
pattern was explained by more variation in adjusted-VAI
(3.3%) but far less variation in adjusted-WC than the first
RRR-derived pattern. This pattern had high positive loads
on non-leafy vegetables, pickled vegetables, fried vegetables,
and bread and high negative loads on eggs, cakes, butter,
jam-honey, red meat, poultry, fish, juice, non-fermented
dairy, and fruits.

Three DPs were retained by PLS, explaining 17.0% variation
in food intake and 7.3% variation in the two response
variables. Among the three patterns, most of the adjusted-
WC and adjusted-VAI variances were defined by the first
and third DPs, respectively. The first pattern represented a
higher intake of soft drinks, pasta-rice, bread, and organ
meat and a lower intake of non-leafy vegetables, fruits, fried
and leafy vegetables, dried fruits, rye-bulgur, legumes, olive
oil, fermented dairy, and jam-honey. The second pattern
was positively related to the high intake of juice, organ
meat, fish, jam-honey, olive oil, canned fruits, nuts, poultry,
eggs, dried fruits, non-fermented dairy, fruits, sugars, and
red meat and low intake of vegetable fat. The third pattern
was a diet with high positive loads on leafy vegetables,
non-leafy vegetables, organ meat, soft drinks, olive oil,
pickled vegetables, fried vegetables, and bread and high
negative loads on biscuits, cakes, butter, eggs, and non-
fermented dairy. Factor loading and variances explained
by each dietary pattern are presented in Table 1. The

TABLE 1 Factor loadings of food groups in visceral adiposity-related
dietary patterns identified by RRR and PLS.

Food groupsa RRR-derived PLS-derived

Pattern
1

Pattern
2

Pattern
1

Pattern
2

Pattern
3

Soft drinks 0.42 0.13 0.31 0.09 0.24

Organ meat 0.34 −0.08 0.17 0.29 0.29
Non-leafy vegetables −0.30 0.40 −0.37 −0.04 0.35

Fried vegetables −0.28 0.15 −0.31 0.00 0.18

Rye-bulgur −0.28 0.13 −0.25 −0.01 0.04

Breads 0.27 0.15 0.19 −0.11 0.15

Pasta-rice 0.26 −0.13 0.22 0.02 −0.04

Fruits −0.26 −0.15 −0.33 0.19 0.12
Sugars 0.21 −0.12 0.13 0.19 0.05

Leafy vegetables −0.20 0.08 −0.31 0.08 0.37

Dried fruits −0.19 −0.10 −0.26 0.22 0.10

Non-fermented
dairy

−0.17 −0.17 −0.14 0.19 −0.17

Biscuits −0.13 −0.13 −0.04 0.07 −0.29
Fast foods 0.11 0.13 0.13 0.02 0.005

Pickled vegetables −0.11 0.22 −0.12 −0.06 0.20

Jam-honey −0.11 −0.24 −0.15 0.27 −0.10

Legumes −0.10 0.05 −0.17 0.04 0.10

Red meat −0.09 −0.22 −0.03 0.17 −0.12

Olive oil −0.07 −0.08 −0.17 0.26 0.22

Fermented dairy −0.07 −0.04 −0.15 0.15 0.14

Juice 0.08 −0.18 −0.01 0.32 0.12

Canned fruits 0.06 −0.14 0.03 0.25 0.05

Fish 0.06 −0.20 −0.02 0.27 0.10

Animal fat −0.06 −0.03 −0.07 0.07 0.02

Potatoes 0.05 −0.05 0.004 0.12 0.09

Nuts −0.05 −0.09 −0.13 0.24 0.14

Eggs −0.05 −0.37 −0.02 0.23 −0.19

Tea-coffee −0.03 −0.06 −0.03 0.09 0.02

Butter −0.03 −0.25 0.03 0.14 −0.29

Cakes 0.02 −0.28 0.06 0.21 −0.20

Poultry 0.02 −0.20 −0.02 0.23 0.01

Snacks 0.01 0.12 0.13 −0.04 −0.10

Vegetable fat −0.01 0.14 0.04 −0.17 −0.09

Vegetable oil −0.003 0.04 −0.07 0.08 0.13

Explained
variations (%)

Food groups 4.7 3.1 7.3 5.8 3.9

Adjusted_WCb 10.8 0.36 8.6 1.2 0.9

Adjusted_VAIc 1.2 3.32 0.69 1.2 2.1

Total responses 6.0 1.84 4.6 1.2 1.5

Factor loadings≥ 0.15 were bolded for ease of reading. aAdjusted for energy intakes using
the residual method. bAdjusted for age and BMI using the residual method. cAdjusted for
age using the residual method.

median intakes of food groups with factor loading ≥ 0.15
across tertiles of each DP are shown in Supplementary
Tables 2, 3.
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Association between dietary patterns

In Figure 2, correlations between DPs and response
variables are shown. The first pattern derived by each method
had a high correlation (r = 0.88; p < 0.001). RRR-pattern 2
was negatively correlated with the PLS-pattern 2 (r = −0.73;
p < 0.001) and positively correlated with the PLS-pattern 3
(r = 0.56; p < 0.001). RRR-pattern 2 had a modest inverse
correlation with adjusted-WC (r = −0.06; p = 0.003), and PLS-
pattern 2 was inversely correlated with adjusted-VAI (r =−0.11;
p < 0.001). The other patterns were positively correlated with
the response variables. It should be mentioned that patterns
identified by the same statistical method were uncorrelated.

Characteristics of participants

The mean age of the 2,496 participants was 38.1± 13.3 years
at baseline; 1,340 participants were female (53.7%).
Characteristics of participants based on tertiles of the first
patterns obtained by each method are reported in Table 2.
The number of men and smokers increased from tertile 1
to tertile 3 in both patterns. In addition, with increasing
tertiles of RRR-pattern 1, participants had higher WC, FPG,
and TGs but lower physical activity and HDL-C at baseline.
Those with higher adherence to the PLS-pattern 1 were
younger and had lower physical activity, BMI, HDL-C, and
total cholesterol.

FIGURE 2

Pearson correlations between dietary patterns and response variables.
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Association between dietary patterns
and cardiovascular disease events

During a mean of 10.2 (SD = 1.94) years of follow-
up (25,522 person-years), 141 incidence cases of CVD
were identified. HRs (95%CI) for CVD events according
to the tertiles of visceral adiposity DPs are shown in
Table 3. After adjustment for age, sex, family history of
CVD, and energy intake, the risk of CVD was marginally
increased per one SD change in the RRR-pattern 2, but
the association became non-significant after adjusting for
further covariates in model 2. The risk of CVD events
was significantly higher in tertiles 2 and 3 of the RRR-
pattern 2 than in the first tertile in both adjusted models.
One SD increase in the PLS-pattern 3 was associated
with a 51% (95%CI = 30–74%) increased risk of CVD
events. After controlling for all potential covariates,
the estimate was reduced to 19% significantly higher
CVD risk per one SD (95%CI = 3–38%; model 2).
Consistent with the findings for the continuous score,
the risk of CVD events increased by tertiles of PLS-
pattern 3 and remained significant after adjusting for all
potential covariates (p-trend = 0.032). No associations were
observed between adherence to the other visceral-adiposity
pattern and CVD events.

Sensitivity analysis

In sensitivity analysis (Table 4), after excluding those with
an early occurrence of CVD (<2 years), the risk of CVD
events was significantly increased per one SD increase of RRR-
pattern 2 and PLS-pattern 3. When we excluded those with early
CVD (<2 years) and those younger than 30, the risk of CVD
occurrence was 25% (95% CI = 2–53%) and 22% (95% CI = 4–
44%) with higher RRR-pattern 2 and PLS-pattern 3, respectively,
in the fully adjusted model.

Discussion

In this prospective study, we identified DPs related to
visceral adiposity markers using the two methods of RRR
and PLS, and then we demonstrated the DPs associations
with the risk of CVD in Iranian adults. The first pattern
determined by both methods was mainly explained by
inter-individual variations in adjusted-WC, explaining 10.8%
variation in RRR and 8.6% variation in PLS. These two
patterns were positively correlated with the two response
variables and were highly correlated with each other (r = 0.88).
Despite some differences in the magnitude of factor loadings
and characteristics of the DPs, both were characterized by

TABLE 2 Baseline characteristics of participants according to the tertiles of the first dietary patterns obtained by RRR and PLS.

Variables Dietary pattern scores tertiles

RRR-pattern 1 PLS-pattern 1

1st 2nd 3rd p−valuea 1st 2nd 3rd p−valuea

Age, years 38.8 (13.7) 37.8 (13.0) 37.8 (13.2) 0.236 41.0 (13.8) 38.1 (13.1) 35.3 (12.3) < 0.001

Female, n (%) 626 (75.3) 477 (57.3) 237 (28.5) < 0.00 605 (72.8) 457 (54.9) 278 (33.4) < 0.001

Academic education, n (%) 226 (27.2) 234 (28.1) 198 (23.8) 0.111 220 (26.5) 227 (27.3) 211 (25.3) 0.662

Ever−smokers, n (%) 104 (12.5) 167 (20.0) 270 (32.5) < 0.001 109 (13.1) 175 (21.0) 257 (30.9) < 0.001

Premature Family history of
CVD, n (%)

85 (10.2) 93 (11.2) 75 (9.0) 0.346 83 (10.0) 83 (10.0) 87 (10.4) 0.937

Physical activity,
MET-min/wk

1,134
(357, 2,456)

878 (257, 2,292) 834 (119, 2,501) 0.011 1,191
(405, 2,501)

917 (238, 2,233) 792 (99.9, 2,536) < 0.001

BMI, kg/m2 26.8 (4.97) 26.7 (4.91) 26.7 (4.56) 0.873 27.3 (4.86) 26.7 (4.81) 26.3 (4.73) < 0.001

WC, cm 86.5 (13.5) 88.6 (13.3) 91.4 (12.4) < 0.001 88.2 (13.4) 88.5 (13.1) 89.8 (13.1) 0.034

VAI 1.81 (1.12, 2.87) 1.91 (1.27, 3.08) 2.06 (1.27, 3.25) < 0.001 1.93 (1.20, 3.05) 1.91 (1.18, 3.01) 1.94 (1.25, 3.07) 0.806

FPG, mg/dl 86.3 (8.62) 86.9 (8.61) 87.6 (8.60) 0.007 86.9 (9.01) 86.6 (8.40) 87.3 (8.43) 0.256

TGs, mg/dl 108 (77.0, 153) 117 (83.0, 167) 129 (86.0, 182) < 0.001 114 (81.0, 164) 116 (79, 169) 119 (84, 174) 0.129

HDL-C, mg/dl 44.9 (10.6) 42.9 (9.92) 40.5 (9.31) < 0.001 44.4 (10.4) 43.0 (10.1) 40.9 (9.59) < 0.001

Total cholesterol, mg/dl 185 (38.5) 184 (37.8) 185 (37.7) 0.910 188 (38.8) 184 (36.3) 182 (38.7) 0.007

Hypertensionb , n (%) 77 (9.3) 86 (10.3) 93 (11.2) 0.441 94 (11.4) 91 (10.9) 71 (8.6) 0.129

Hypercholesterolemia, n (%) 279 (33.6) 273 (32.8) 290 (34.9) 0.663 309 (37.2) 279 (33.5) 254 (30.5) 0.015

Data are shown as mean (SD), median (25th, 75th percentile), or No. (%). aBased on ANOVA for normally distributed continuous variables, the Kruskal-Wallis test for non-normally
distributed variables, and chi-square for categorical variables. bMissing for n = 6. BMI, body mass index; CVD, cardiovascular disease; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein-C; PLS, partial least squares; RRR, reduced rank regression; TGs, triglycerides; VAI, visceral adiposity index; WC, waist circumference.
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TABLE 3 Hazard ratio (HR) and 95% confidence intervals (CIs) for cardiovascular events after a mean follow-up of 10.2 years based on visceral
adiposity-related dietary patterns.

Dietary pattern scores Continuous Tertile

Per one SD p-value 1st 2nd 3rd p-trend

RRR-dietary patterns

Pattern 1

Incidence cases 141 46 39 56

Person-years 25,522 8,486 8,610 8,426

Incidence per 10,000 55.2 54.3 45.3 66.5

Unadjusted 1.13 (0.97, 1.31) 0.120 1.00 0.83 (0.55, 1.28) 1.22 (0.83, 1.80) 0.312

Model 1 1.07 (0.91, 1.27) 0.375 1.00 0.77 (0.50, 1.19) 1.00 (0.66, 1.52) 0.939

Model 2 1.06 (0.89, 1.25) 0.531 1.00 0.72 (0.47, 1.13) 0.95 (0.62, 1.45) 0.951

Pattern 2

Incidence cases 141 35 57 49

Person-years 25,522 8,529 8,456 8,536

Incidence per 10,000 55.2 41.0 67.4 57.4

Unadjusted 1.09 (0.91, 1.31) 0.329 1.00 1.64 (1.08, 2.50) 1.40 (0.91, 2.16) 0.148

Model 1 1.20 (1.00, 1.44) 0.054 1.00 1.71 (1.12, 2.61) 1.68 (1.09, 2.60) 0.021

Model 2 1.15 (0.96, 1.38) 0.135 1.00 1.76 (1.15, 2.69) 1.55 (1.00, 2.43) 0.058

PLS-dietary patterns

Pattern 1

Incidence cases 141 57 38 46

Person-years 25,522 8,485 8,546 8,490

Incidence per 10,000 55.2 67.2 44.5 54.2

Unadjusted 0.95 (0.86, 1.06) 0.339 1.00 0.66 (0.44, 0.99) 0.80 (0.54, 1.18) 0.220

Model 1 1.02 (0.91, 1.14) 0.766 1.00 0.69 (0.45, 1.06) 1.09 (0.72, 1.65) 0.821

Model 2 0.99 (0.88, 1.11) 0.812 1.00 0.65 (0.43, 1.00) 1.03 (0.67, 1.54) 0.959

Pattern 2

Incidence cases 141 45 42 54

Person-years 25,522 8,517 8,529 8,476

Incidence per 10,000 55.2 52.8 49.2 63.7

Unadjusted 1.04 (0.92, 1.17) 0.512 1.00 0.93 (0.61, 1.42) 1.21 (0.81, 1.79) 0.355

Model 1 0.95 (0.85, 1.07) 0.395 1.00 0.84 (0.55, 1.28) 0.91 (0.61, 1.37) 0.674

Model 2 0.99 (0.88, 1.12) 0.913 1.00 0.88 (0.57, 1.35) 1.01 (0.67, 1.52) 0.970

Pattern 3

Incidence cases 141 25 43 73

Person-years 25,522 8,601 8,515 8,405

Incidence per 10,000 55.2 29.1 50.5 86.8

Unadjusted 1.51 (1.30, 1.74) < 0.001 1.00 1.74 (1.06, 2.85) 3.00 (1.90, 4.72) <0.001

Model 1 1.20 (1.04, 1.40) 0.015 1.00 1.41 (0.86, 2.31) 1.77 (1.07, 1.10) 0.014

Model 2 1.19 (1.03, 1.38) 0.022 1.00 1.34 (0.81, 2.20) 1.64 (1.03, 2.60) 0.032

Model 1: Adjusted for age (continuous), sex, premature family history of CVD (yes/no), and energy intake (continuous). Model 2: Additionally adjusted for academic education (yes/no),
ever-smokers (yes/no), physical activity (continuous), baseline prevalent hypertension (yes/no/unclear), baseline prevalent hypercholesterolemia (yes/no), and baseline fasting plasma
glucose (continuous).

higher intakes of soft drinks, bread, pasta-rice, and organ
meat and lower intakes of vegetables (fried, leafy, and
non-leafy), fruits, dried fruits, and rye-bulgur. After taking
into account traditional risk factors for CVD, there was
no significant association between these patterns and the
development of CVD.

RRR-pattern 2 and PLS-pattern 3 determined more
variation in adjusted-VAI than the other patterns. Adjusted VAI
was positively correlated with RRR-pattern 2 and PLS-pattern
3, but adjusted-WC showed a small inverse correlation with
RRR-pattern 2 (R = −0.06) and a positive correlation with
PLS-pattern 3 (r = 0.10). A moderate positive correlation was
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TABLE 4 Sensitivity analysis on prospective associations between visceral adiposity-related dietary patterns and risk of cardiovascular events.

RRR-dietary patterns PLS-dietary patterns

Pattern 1 p-value Pattern 2 p-value Pattern 1 p-value Pattern 2 p-value Pattern 3 p-value

Excluding early CVD
(< 2 years)

Incidence cases = 119

Model 1 1.05 (0.88, 1.26) 0.569 1.32 (1.08, 1.61) 0.006 1.02 (0.89, 1.16) 0.808 0.89 (0.79, 1.00) 0.057 1.22 (1.04, 1.43) 0.014

Model 2 1.04 (0.87, 1.24) 0.691 1.25 (1.02, 1.53) 0.029 0.99 (0.87, 1.13) 0.993 0.92 (0.81,1.05) 0.923 1.22 (1.04,1.43) 0.017

Excluding adults < 30 years

Incidence cases = 139

Model 1 1.08 (0.91, 1.28) 0.377 1.19 (0.99, 1.43) 0.066 1.01 (0.89, 1.14) 0.901 0.96 (0.86, 1.08) 0.517 1.20 (1.04,1.39) 0.015

Model 2 1.06 (0.89, 1.25) 0.515 1.12 (0.93, 1.35) 0.234 0.98 (0.87, 1.10) 0.767 1.00 (0.89, 1.13) 0.942 1.19 (1.03, 1.38) 0.023

Excluding early CVD and
aged < 30 years

Incidence cases = 117

Model 1 1.05 (0.88, 1.27) 0.573 1.31 (1.07, 1.60) 0.008 1.01 (0.88, 1.15) 0.900 0.90 (0.79, 1.02) 0.092 1.23 (1.04, 1.44) 0.013

Model 2 1.04 (0.87, 1.25) 0.673 1.25 (1.02, 1.53) 0.035 0.99 (0.87, 1.13) 0.861 0.93 (0.82, 1.06) 0.286 1.22 (1.04, 1.44) 0.017

Data are shown as hazard ratio (95% confidence intervals) estimated per one SD of dietary pattern scores. Model 1: Adjusted for age (continuous), sex, premature family history of
CVD (yes/no), and energy intake (continuous). Model 2: Additionally adjusted for academic education (yes/no), ever-smokers (yes/no), physical activity (continuous), baseline prevalent
hypertension (yes/no/unclear), baseline prevalent hypercholesterolemia (yes/no), and baseline fasting plasma glucose (continuous).

found between the two patterns (r = 0.56). CVD risk was higher
across the tertiles of RRR-pattern 2, but the association of CVD
with the score as a continuous variable was not significant. In
the fully adjusted model, the risk of CVD was 19% higher per
one SD increase in the score of PLS-pattern 3, and the risk of
CVD was significantly increased from tertile 1 to tertile 3 of the
score. VAI is a lipid combined anthropometric index that takes
into consideration BMI, TGs, and HDL-C in addition to WC.
Therefore, it is not unexpected that the variable did not exhibit
the same correlation with DPs as WC alone.

Limited prospective studies have investigated the
association between DPs extracted with RRR and the
risk of CVD (10–17); among them, PLS has been used
in only two studies (13, 17). The intermediate response
variables in these studies were different from ours. Intakes
of nutrients were mainly used, and inflammatory markers
and some traditional CVD risk factors, including BMI,
total cholesterol/HDL-C, and systolic blood pressure,
were defined as mediating variables in single studies. In
this study, we used surrogates of visceral adiposity as
intermediate response variables because of the deleterious
effect of visceral adiposity on cardio-metabolic health
that has been proposed (19). Since WC has been shown
to be ineffective in distinguishing between subcutaneous
and visceral fat, we employed two surrogates of visceral
adiposity (30). In addition, there is a growing interest in
employing the combined indices as compared with the
separate anthropometric measures since some research
indicates that the combined indices give better insights
into the visceral adiposity function than the single variables
(31, 32).

The PLS-pattern 3 could explain the 0.9% variation in
WC and 2.1% variation in VAI. Therefore, the pattern cannot
be considered a major determinant pattern of VAI or WC.
However, the effect size of the association was remarkable and
increased gradually from tertile 1 to 3 and was significant
after controlling for all important traditional risk factors for
CVD. The findings imply that even a small variation in visceral
adiposity attributed to dietary intake is significantly associated
with CVD development. Indeed, in contrast to principal
component analysis, both RRR and PLS do not characterize
major eating patterns in a population but discover what diet
variety is crucial for illness development (33). In this pattern,
both healthy (including vegetables and olive oil) and unhealthy
foods (including organ meat and soft drinks) were loaded, so the
pattern can be considered as a mixed DP. High intake of organ
meat, soft drinks, salty vegetables, and fried vegetables may
decrease the health benefits of consuming leafy vegetables and
olive oil. The study’s findings suggest that the health benefits of
consuming vegetables and olive oil depend on the contribution
of the other food groups in a dietary pattern. Previous research
has also demonstrated the counteractive effects of various foods
in a DP, which may modify its overall health benefits or
detriments (34).

Taking into account the intermediate variables in the
RRR and PLS approaches to studying diet-disease association
increases the chance of identifying DPs related to a condition
(8, 9). Although the two procedures are conceptually similar,
RRR extracts factors explaining the maximal response variation.
PLS constructs factors based on maximal variations in both
predictors (food groups) and responses (9, 35). It is not well
defined which method has the most capability to identify DPs
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associated with a disease. As expected, in our study, the food
group variations were explained more in PLS than in RRR, but
the differences in defining the response variables were small. In
addition, the number of patterns related to CVD was similar,
but the association was more robust and significant for one SD
increase in pattern scores derived by PLS. Most previous studies
suggest that RRR produces more patterns related to an outcome
than PLS (13, 33, 36, 37). However, in a case-control study, PLS
could identify more patterns that were significantly associated
with CVD than RRR (35). A recent prospective study suggested
that deriving a DP for RRR and PLS is similarly efficient (17).

The study’s strengths include a prospective design, a
relatively long period of follow-up, administration of a valid
FFQ, use of trained interviewers to fill the FFQ, accurate
detection of CVD mortality and morbidity with medical
document evaluation by a trained health professional, and
adjusting for the most important CVD risk factors. Another
advantage of the study is the use of the PLS method in addition
to RRR. PLS is rarely implemented in nutritional epidemiology.
As a result, the study’s findings give some evidence for
comparing the ability of the two distinct hybrid methods of
RRR and PLS to detect DPs linked to CVD. Another strength
of the research is including two different visceral fat surrogates
as response variables. Moreover, to reflect visceral adiposity
independent of age and BMI, the residuals of WC regressed on
age and BMI, and VAI regressed on age were calculated.

It is also necessary to acknowledge some of the study’s
limitations. First, accurate reporting of the food items of FFQ
relies on participants’ memory. In addition, participants may
add bias by over-reporting eating “good” foods or under-
reporting eating “bad” foods. Therefore, the FFQ-assessed
food intakes are subject to measurement errors (38). Second,
DPs were extracted based on dietary intake data collected
at baseline, which could not reflect the long-term dietary
intake. Third, visceral fat was not directly measured. Magnetic
resonance imaging (MRI) and computed tomography (CT) are
the gold standards for measuring visceral adiposity; however,
cost and participant burden prevent the use of MRI and CT
in population-based studies (30). Fourth, we could not analyze
CVD mortality and stroke separately because of the low number
of cases and power consideration. Fifth, the division of the
original food items into food groups is arbitrary, and changes
in food grouping may impact the patterns found (8). We
categorized grains into three groups, namely, rye-bulgur, pasta-
rice, and bread. Because the fiber of bread typically consumed
by Iranians differs less, we combine their intakes into a single
category. In addition, we divided dairy intakes into two groups
according to the fermentation process and not their fat contents
due to the likelihood of underestimation for high-fat dairy
intakes. Sixth, the post hoc power calculation showed that the
power of the study in DPs that we did not find significant
associations was insufficient. Therefore, the null hypothesis may
be incorrectly accepted, leading to false-negative results.

Conclusion

In conclusion, using RRR and PLS approaches, we identified
two DPs positively associated with CVD development. The
pattern obtained by RRR with a high intake of non-leafy
vegetables, pickled vegetables, fried vegetables, and bread and
a low intake of eggs, cakes, butter, jam-honey, red meat, poultry,
fish, juice, non-fermented dairy, and fruits showed an inverse
correlation with adjusted-WC and a positive correlation with
adjusted-VAI. The risk of CVD was substantially greater in
the second and third tertiles of the pattern. The PLS-derived
pattern with positive loadings on leafy vegetables, non-leafy
vegetables, organ meat, soft drinks, olive oil, pickled vegetables,
fried vegetables, and bread and high negative loads on biscuits,
cakes, butter, eggs, and non-fermented dairy was positively
correlated with both response variables. The risk of CVD
increased with each SD increase in the score and throughout
its tertiles. Our findings implicate that all DPs with high
intakes of vegetables are not necessarily cardio-protective diets.
Identification of DPs related to visceral adiposity improves
our understanding about the association between diet and
risk of CVD, which merits more investigation in future
prospective studies.
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Objectives: Chronic pain (CP) is an unpleasant emotional and sensory

experience that can be accompanied by tissue damage that persists for more

than 3 months. Recent studies show that certain nutritional strategies can

help to improve pain, so this study is aimed to systematically review scientific

evidence to understand and map the effect of the use of nutritional strategies

on the presence or intensity of chronic non-cancer pain (CNCP) and the

association of these nutritional aspects with the presence or intensity of CNCP.

Study design: A systematic review.

Methods: Two independent researchers searched for randomized clinical

trials (RCTs) and observational studies that explored the relationship between

nutrition and CNCP in adults from 2010 to 2020 in PubMed, Web of Science,

Scopus, and Cochrane Library databases. A total of 24 studies were included,

of which 20 were RCTs and 4 were observational studies. They are classified

into the administration of nutritional supplements, dietary modification, and

incorporation of food.

Results: Of these studies, those that have a significant effect on pain are

dietary modification and the use of nutritional supplements. On the other

hand, the main results from the few observational studies included in this

review point to the existence of an association relationship between less pain

and a ketogenic or hypocaloric diet or adherence to the Mediterranean diet.

Conclusion: Dietary modification seems to be one plausible therapeutic

option to improve and relieve CNCP. However, more research is needed in

this regard to obtain better conclusions.

Systematic Review Registration: [www.crd.york.ac.uk/prospero], identifier

[CRD42021226431].
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Introduction

According to the International Association for the Study of
Pain, chronic pain (CP) is defined as an unpleasant emotional
and sensory experience that may or may not be accompanied by
tissue damage that persists for more than 3 months (1, 2). When
pain is not a consequence of an oncological process, it is called
chronic non-cancer pain (CNCP) (3).

It is estimated that one in five people in the world suffers
from CP and one in three cannot maintain an independent
lifestyle due to pain (4).

It produces consequences in the performance of daily
activities, in the practice of physical exercise (3), and poor
quality sleep (5), and it is difficult to participate in social
activities (6) with significant social and health costs (1, 7).

The main intervention for CP relief is the use of antalgic
drugs, which gives rise to numerous adverse effects (7).
Nevertheless, there are currently other approaches to pain,
such as psychosocial strategies, physical activity interventions
(2), or nutritional care (8), which seem to show positive
results in pain relief.

Recent studies show the potential use of nutritional
strategies to decrease pain sensation or reduce the risk of
suffering from CP since it is cheaper than analgesic drugs and
is less likely to produce adverse effects. That is why some
researchers have tried to shed light on the role of nutritional
elements in CP. Thus, our objective was to systematically review
scientific evidence based on clinical and observational studies to
understand and map the effect of the use of different nutrients,
foods, or food supplements on the presence or intensity of
CNCP, and the association of these nutritional aspects with the
presence or intensity of CNCP.

Materials and methods

Search strategy and data sources

Between March and April 2020, a search was carried out for
documents published in the last 10 years in the PubMed, Web of
Science, Scopus, and Cochrane Library databases.

The search equation was as follows: (diet OR antioxidants
OR micronutrients OR nutrition OR “integrative pain
medicine” OR healing OR eating OR “nutritional status” OR
“anti-inflammatory diet” OR food OR eating OR appetite
OR “food habits” OR “food preferences” OR nutrient OR
“diet therapy”) AND (“chronic pain” OR “persistent pain”
OR “long term pain” OR pain OR “back pain” OR neuralgia
OR “trigeminal neuralgia” OR hyperalgesia OR fibromyalgia
OR “phantom limb” OR “complex regional pain syndromes”
OR “nociceptive pain” OR headache OR endometriosis OR
migraine OR arthritis) NOT (cancer OR tumor OR oncolog∗).

Inclusion criteria

The selected documents were (1) original articles or
systematic reviews that explored the relationship between
nutrition and CNCP; (2) published between 2010 and 2020;
(3) in English or Spanish; (4) with experimental (randomized
clinical trials; RCTs) or observational epidemiological design;
(5) implemented in over 18 years old population, men,
and/or women; (6) full text available, and (7) with sufficient
methodological quality. Specifically, only those observational
studies that had a high or acceptable methodological quality
according to the Scottish Intercollegiate Guidelines Network
(SIGN) tool (9) and experimental studies with a score
greater than 3 on the Jadad scale (10) were included in
the present review.

Exclusion criteria

The exclusion criteria were (1) documents that studied
pharmacological and surgical treatments with no nutritional
approach for CNCP, (2) acute pain, and (3) as this systematic
review is focused only on nutritional interventions, pain
derived from surgical interventions or oncological processes
was also excluded.

The search and screening of documents were carried
out by two researchers independently and the discrepancies
regarding the selected documents were resolved by consensus
of the researchers. Registration was made in the International
Prospective Register of Systematic Reviews (PROSPERO) with
the code CRD42021226431.

A data extraction table was created for the documents
included in the review (Table 1), with the following items: first
author, year, type of pain, objectives, method, sample, duration,
measuring instruments, intervention design, and results.

Results

Study characteristics

A total of 17,295 documents were found. Of these, 64 articles
were selected for full-text reading of which 24 documents were
finally included. Figure 1 summarizes the selection process of
the studies included in this review.

Regarding the epidemiological design of the studies
included, 20 studies were experimental (RCTs), 2 studies were
prospective cohort observational studies, 1 was the retrospective
cohort, and 1 was case-control. The most common etiology
of pain in the studies was osteoarthritis (n = 10), followed
by rheumatoid arthritis (n = 7). Table 1 describes the main
characteristics of the studies included in this systematic review.
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TABLE 1 Main characteristics of the studies included in this systematic review.

First author
et. al./type
of pain

Objectives Method/
Sample/
Duration

Measuring
instruments

Intervention
design

Results

Abbasnezhad
et al. (11)
Irritable bowel
syndrome (IBS)

To explore the effects of
vitamin D supplementation
on symptoms, severity score,
and quality of life in patients
with IBS

RCT N = 90
6 months

DS, IBS, VAS 50,000IU vitamin D3

(n = 45)
Placebo (n = 45)

IBS symptoms improved in
the two groups. Abdominal
pain significantly improved
in the vitamin D group
(p < 0.007).

Cordero et al.
(20)
Fibromyalgia
(FM)

To evaluate the effect of
CoQ10 on clinical symptoms
in FM patients.

RCT N = 20
70 days

FIQ, VAS CoQ10 300mg/day
(n = 10)
Placebo (n = 10).

Reduction in pain in
CoQ10 compared to
placebo (56%) and
reduction in tender joints
(44%) (p < 0.01).

Sawaddiruk
et al. (21) FM

To study whether
supplementing CoQ10 with
pregabalin can reduce pain
better than pregabalin alone
in FM patients.

RCT N = 11
40 days

FIQ, VAS, Pressure
Pain Limit

300mg/day
CoQ10+150mg/day
pregabalin.
Placebo

VAS and FIQ decreased in
CoQ10 compared to
placebo (p < 0.05).
Pregabalin + CoQ10

reduced pain more than
placebo.

Dunn-Lewis
et al. (13) OA

To examine the effect of
multinutrient
supplementation on physical
capacity, fatigue, mood, and
other factors in active men
and women of ages 40-70.

RCT N = 31
63 days

PROMIS-57,
Lequesne Knee
Index, KOOS

0.25mg vitamin
B12 + 6mg vitamin
B6 + 0.40mg folic
acid + 20mg
pantothenic
acid + 500mg
taurine + 2000mg
leucine + 500mg
isoleucine + 500mg
valine + 50mg green
tea

Men show improvement in
fatigue, pain and joint pain,
although it does not occur
in women.

Fukumitsu et al.
(17) OA

To investigate the effect of
administering olive extract
containing maslinic acid
(MA) over a 12-week period
in elderly patients with mild
knee joint pain, especially
when climbing stairs.

RCT N = 20
12 weeks

VAS, SF-8 50 mg MA (n = 12)
Placebo (n = 8)

Pain VAS does not change
between the two groups
(p = 0.65).

Malek et al. (18)
OA

To assess the
anti-inflammatory effects of
L-carnitine supplementation
in women with knee OA.

RCT N = 72
women
8 weeks

DS, VAS 750 mg L-carnitine
tartrate (n = 36)
Placebo (n = 36)

Difference in pain severity
according to VAS
(p < 0.05).

Rondanelli et al.
(19) OA

To investigate the short-term
anti-inflammatory and
anti-pain potential of
non-animal chondroitin
sulfate (CS) supplementation
in obese patients with OA.

RCT N = 60
12 weeks

VAS, WOMAC, SF36 600 mg Chondroitin
sulfate/day (n = 30)
Placebo (n = 30).

Improvement in WOMAC
and VAS in CS in both
knees (p = 0.001)

Shell et al. (14)
OA

To examine the efficacy and
tolerability of theramine
(AAB) in patients with
chronic back pain compared
to or in combination with
ibuprofen.

RCT N = 122
28 days

VAS, Roland-Morris
Disability
Questionnaire
(RMDQ), Oswestry
Low Back Pain Scale
(OLBPS)

Ibuprofen
400mg-day
Theramine
710mg/day
Ibuprofen
400mg/day + theramine
10mg/day

In AAB group and the
combined group there was
significant improvement.
In the AAB group, the
RMDQ decreased by 50.3%
and in the OLBPS, by
41.91%.

Ghavipour et al.
(15) RA

To investigate the effect of
POMx on disease activity and
biomarkers of inflammation
in patients with rheumatoid
arthritis (RA).

RCT N = 55
8 weeks

DAS28, VAS, FCFQ POMx (250mg/day
with a concentration
of 40% ellagicacid)
(n = 30)
placebo (n = 25)

Reduction of DAS28 score
(p < 0.001), related to
decrease in swelling
(p < 0.001), tender joint
count (p = 0.001), pain
intensity (p = 0.003).

(Continued)
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TABLE 1 (Continued)

First author
et. al./type
of pain

Objectives Method/
Sample/
Duration

Measuring
instruments

Intervention
design

Results

Helli et al. (16)
RA

To examine the effect of
sesamin on inflammatory
markers and clinical
indices in patients with
RA.

RCT N = 44
women 6 weeks

DS, DAS28, VAS 200mg sesamin/day
(n = 22)
Placebo (n = 22)

Reduction of the
number of tender
joints and severity of
pain compared to
placebo (p < 0.05).

Santanam et al.
(22)
Endometriosis

To investigate whether
the administration of
antioxidants in patients
with endometriosis can
affect pelvic pain in
women.

RCT N = 59
women
8 weeks

VAS Vitamin E
1200IU + vitamin C
1000mg (n = 46)
Placebo (n = 13)

Improvement of
dysmenorrhea in
antioxidant group
(37%). Chronic pelvic
pain improved in 43%.

Singh et al. (12)
Pancreatitis

To evaluate the effect of
antioxidant
supplementation
compared with placebo
on pain and quality of
life.

RCT N = 107
6 months

VAS 600µg selenium,
0.54g vitamin C,
9000IU b-carotene,
270IU vitamin E and
2g methionine
(n = 54)
Placebo (n = 53)

Reduction of pain
intensity with VAS in
both groups (p < 0.05).

Schell et al. (30)
OA

To examine the effect of
dehydrated strawberries
on pain and biomarkers
of inflammation in obese
adults with knee OA.

RCT N = 17
26 weeks

ICOAP, HAQ, VAS,
DS

50g dehydrated
strawberries
Placebo

Pain score and HAQ
are lower in
strawberries. Knee
pain and total pain,
using ICOAP, lower in
strawberries (p < 0.05).
No differences in VAS.

Schumacher
et al. (28) OA

To evaluate the effect of
cherry juice on the
improvement of knee
OA.

RCT N = 59
13 weeks

WOMAC 470 ml/day Cherry
juice (n = 27)
Placebo (n = 32)

WOMAC
improvement
(p = 0.002) and pain
(p = 0.042) in cherry
juice.

Hashempur et al.
(29) OA

To evaluate the efficacy
of green tea extract in
patients with knee OA.

RCT N = 50
1 month

VAS, WOMAC Green tea 1,500
mg/day + diclofenac
100 mg/day (n = 25)
Diclofenac (n = 25)

Improvement in knee
pain, functional
capacity and joint
stiffness in green tea
group. VAS (p = 0.038).

Lindqvist et al.
(25) RA

To investigate whether a
diet rich in mussels,
together with additional
treatment, can reduce
pathological activity in
patients with RA.

RCT N = 39
30 weeks

DS, DAS28, VAS,
HAQ, SF36

75g/day mussels
(n = 20)
Control (n = 19)

No difference was
observed between both
groups.

Pirouzpanah
et al. (26) RA

To study the possible
beneficial effects of
chamomile tea
consumption on DAS-28,
VAS and symptoms in
patients with RA.

RCT N = 44
women 42 days

VAS, DS, DAS28 6g/day chamomile
(n = 22)
Placebo (n = 22)

Number of tender
joints changed
significantly
(p = 0.000). DAS-28,
number of swollen
joints and VAS did not
change.

Thimóteo et al.
(27) RA

To evaluate the effects of
cranberry juice on
biomarkers of
inflammation and
pathological activity in
patients with RA.

RCT N = 41
90 days

DAS28, VAS 500ml/day
Cranberry juice
(n = 23)
Control (n = 18)

Reduction (p = 0.048)
in the perception of
pain with DAS28.

Messier et al.
(24) OA

To compare the effects of
diet + physical exercise,
diet alone, or physical
exercise alone on pain,
function, mobility,
quality of life in
overweight and obese
patients with knee OA.

RCT N = 454
18 months

WOMAC, SF-36 Diet + exercise
Diet (hypocaloric,
low in fat and high in
vegetables)
Exercise (1h/day, 3
days/week)

D + E greater decrease
in pain, according to
WOMAC, compared
to E (p = 0.004) and D
(p = 0.001).

(Continued)
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TABLE 1 (Continued)

First author
et. al./type
of pain

Objectives Method/
Sample/
Duration

Measuring
instruments

Intervention
design

Results

Zamani et al.
(23) RA

To determine the
symbiotic
supplementation effects
on clinical and metabolic
parameters of patients
with RA.

RCT N = 54
8 weeks

DS, DAS28, VAS Symbiotic
Lactobacillus
acidophilus,
Lactobacillus casei
and Bifidobacterium
bifidum + 800 mg
inulin (n = 27)
Placebo (n = 27)

Improvement of
DAS28 (p = 0.004) and
VAS pain (p < 0.001).

Di-Lorenzo et al.
(31) Migraine

Assess whether a
ketogenic diet has an
effect on the clinical
parameters of migraine.

OS N = 96
women
6 months

Headache frequency Ketogenic diet
(n = 45)
Hypocaloric diet
(n = 51).

The number of days
with headache,
frequency of headache
attacks and
consumption of drugs
for headaches
decreased in both
groups (p < 0.0001).

Lourdudoss
et al. (34) RA

To investigate potential
associations between
dietary intake of fatty
acids and different pain
patterns after treatment
with antirheumatic drugs
in early RA.

OS N = 591
3 months

FCFQ, VAS, DAS28 Fatty acids omega 3
and omega 6

No statistically
significant association.

Shmagel et al.
(33) OA

To investigate the
association between
magnesium intake and
knee pain score in a
prospective cohort of
patients with knee OA.

Cohort study
N = 2548
48 months

FCFQ, WOMAC,
KOOS

Magnesium Patients with lower
magnesium intake had
worse WOMAC and
KOOS than those with
higher magnesium
intake (p < 0.001).

Veronese et al.
(32) OA

To observe if a high
adherence to the
Mediterranean diet
pattern is associated with
a lower frequency of
pain, stiffness, disability
and depression.

OS cohort
N = 4470

FCFQ, SF-12,
WOMAC

Mediterranean diet Greater adherence to a
Mediterranean diet
had a lower score in
WOMAC (p < 0.0001),
less pain and disability.
Lower adherence to
vegetables had a worse
score in SF-12
(p = 0.01).

Antiox, antioxidants; DAS28, Disease Activity Score 28; DS, dietary survey; FCFQ, food consumption frequency questionnaire; FIQ, Fibromyalgia Impact Questionnaire; HAQ, Health
Assessment Questionnaire; ICOAP, Intermittent and Constant Osteoarthritis Pain; KOOS, Knee Injury and Osteoarthritis Outcome Score; OA, osteoarthritis; OS, observational study;
PROMIS-57, Patient-Reported Outcomes Measurement Information System-57; RA, rheumatoid osteoarthritis; RCT, randomized clinical trial; SF-36, short form health survey-36; SF-8,
Short Form Health Survey-8; VAS, visual analog scale; vit, vitamin; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Main results from the experimental
studies

The nutritional interventions evaluated for CNCP in the
studies included the administration of nutritional supplements,
dietary modification, and incorporation of food.

Administration of nutritional supplements
Regarding the studies carried out on pain caused by chronic

pancreatitis, Abbasnezhad et al. (11) reported a significant
improvement in pain during 6 months with the administration
of 50,000 IU of vitamin D (p < 0.007). In addition, Singh et al.
(12) described a significant reduction in the number of days with
pain caused by chronic pancreatitis (p < 0.05) and a significant
decrease in the intensity of the pain (p = 0.001) evaluated with

the visual analog scale (VAS) after 3 months under treatment
with an antioxidant compound of 600 µg of selenium, 0.54 g of
vitamin C, 9,000 IU of beta carotene, 270 IU of vitamin E, and
2 g of methionine.

Regarding chronic back pain, Dunn-Lewis et al. (13) found
a significant decrease (p < 0.05) in the intensity of back pain
measured with the Patient-Reported Outcomes Measurement
Information System–57 (PROMIS-57) and Knee Injury and
Osteoarthritis Outcome Score (KOOS) instruments in men
after supplementing the diet for 63 days with a multi-nutrient
complex containing 0.25 mg of vitamin B12, 6 mg of vitamin
B6, 0.40 mg of folic acid, 20 mg of pantothenic acid, 500 mg of
taurine, 2,000 mg of leucine, 500 mg of isoleucine, 500 mg of
valine, and 50 mg of green tea per supplement unit. However,
no change in the intensity of pain was detected in women. Shell
et al. (14) found a decrease in back pain intensity measured with
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FIGURE 1

Preferred reporting items for systematic reviews (PRISMA) flow diagram.

the Roland Morris and Oswestry Disability Scales after 28 days
of intervention with the combined administration of theramine
(710 mg/day) and ibuprofen (p < 0.05).

Concerning patients with CP due to rheumatoid arthritis,
Ghavipour et al. (15) supplemented the diet of the participants
with two daily capsules of POMx (250 mg/day with a
concentration of 40% ellagic acid) for 8 weeks and observed
a significant reduction in rheumatoid arthritis pain perception
measured with disease activity score-28 (DAS28; p < 0.001) and
a decrease in the number of tender joints (p = 0.001) that also
reduced pain intensity (p = 0.003). Helli et al. (16) observed
that when 200 mg/day of sesamin was administered for 6 weeks,
the number of tender joints and the intensity of pain evaluated
with DAS28 and VAS were significantly reduced (p < 0.05
for both of them).

In the case of pain caused by osteoarthritis, Fukumitsu
et al. (17) performed an intervention with maslinic acid with
a dose of 50 mg/day for 12 weeks and found no significant

difference in pain intensity measured with VAS when compared
with the placebo group. However, Malek et al. (18), after using
L-carnitine with a dose of 750 mg/day for 8 weeks, did find
significantly lower pain intensity levels assessed by the VAS
in the intervention group as compared to the control group
(p = 0.019). Analogously, Rondanelli et al. (19) found that
the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) score in the group that had consumed
chondroitin sulfate for 12 weeks at a dose of 600 mg/day had
decreased significantly by 8.70 points, compared to the placebo
group (p = 0.001).

On the other hand, Cordero et al. (20) evaluated pain
in patients with fibromyalgia using Fibromyalgia Impact
Questionnaire (FIQ). After the administration of 300 mg/day of
CoQ10 for 70 days, they found a significant reduction in pain
intensity (p < 0.01) and a significantly lower number of tender
joints (p < 0.01) in comparison with the placebo. Furthermore,
Sawaddiruk et al. (21) studied the effect of CoQ10 at a dose of
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300 mg/day for 40 days in fibromyalgia and observed that the
VAS and FIQ values decreased significantly in the CoQ10 group
as compared to the placebo (p < 0.05).

Regarding dysmenorrhea, Santanam et al. (22) found a
significant decrease in the number of painful days of the
menstrual cycle in the group of participants who had ingested
1,200 IU of vitamin E and 1,000 mg of vitamin C for 8 weeks
(p < 0.05). After the antioxidant intervention, chronic pelvic
pain was decreased in 43% of the patients, and dysmenorrhea
was descended in 37%.

For their part, Zamani et al. (23) carried out a clinical trial
administering symbiotic supplements (Symbiotic Lactobacillus
acidophilus, Lactobacillus casei, Bifidobacterium bifidum, and
800 mg inulin) for 8 weeks to patients with rheumatoid arthritis.
A significant improvement was observed in scores measured
with the DAS28 and VAS scales in this group (p = 0.004 and
p < 0.001, respectively).

Dietary modification
In other research studies, diet intervention is accompanied

by physical exercise. Messier et al. (24) carried out an
intervention with a hypocaloric diet (low in fat and high in
vegetables) combined with 1 h per day of physical training
for 3 days a week, alternating aerobic and strength exercises
in patients with osteoarthritis. The results showed that the
compressive strength in the knee was decreased by 5% in the
group that only did physical exercise (E), 10% in the group
where only the diet was modified (D), and 9% in the diet
group accompanied by physical exercise (D + E) at 18 months.
However, in the D + E group, a greater decrease in pain was
found, according to WOMAC, at 18 months when compared to
E (p = 0.004) and D (p = 0.001).

Incorporation of food
The addition of foods, such as mussels, chamomile tea,

blueberry or cherry juice, green tea, and strawberries, has been
studied to evaluate the reduction of osteoarticular pain.

With respect to rheumatoid arthritis, Lindqvist et al. (25)
observed that the group that consumed 75 g/day of mussels
showed a lower intensity of perceived pain measured with
DAS28 (p = 0.017). However, this difference was not observed
when compared with the group that consumed meat (p = 0.200).
Likewise, no statistically significant difference was obtained
when comparing the number of tender joints and the assessment
of pain intensity using the VAS tool when comparing the
intervention group with the control group (p = 0.48). For their
part, Pirouzpanah et al. (26) analyzed the effect of chamomile
tea (6 g/day) on rheumatoid arthritis. The number of tender
joints was decreased significantly (p < 0.001), although this
change was not observed in the score measured by DAS28,
the number of swollen joints, or the perception of pain.
Regarding the consumption of blueberry juice (500 ml/day)
at 90 days, Thimóteo et al. (27) stated that there was a

significant reduction (p = 0.048) in the perception of pain
when compared with the control group measured with the
DAS28 instrument.

For osteoarthritis, Schumacher et al. (28) observed a
significant improvement in the WOMAC score at 13 weeks in
the group that consumed 470 ml/day of cherry juice (p = 0.002)
when compared with the placebo group. The same relationship
was observed by Hashempur et al. (29) in all the variables
analyzed (knee pain, functional capacity, and joint stiffness) that
included the VAS score (p = 0.038) in the group that consumed
green tea (1,500 ml/day) during 30 days. In the control group,
pain intensity only significantly descended when measured with
WOMAC but not when measured with VAS.

Regarding knee pain, Schell et al. (30) described that
in the group that consumed 50 g/day of strawberries, the
intensity of pain was significantly lower at 12 weeks (p < 0.05)
for both constant pain and intermittent pain, measured with
the Intermittent and Constant Osteoarthritis Pain (ICOAP),
although there were no differences in VAS for pain at the end
of the 26 weeks of intervention.

Main results of observational studies

Nutritional aspects, such as the type of diet or some
supplements, have been evaluated from observational studies for
their plausible relation to pain. Concerning diet modification
studies, Di Lorenzo et al. (31) observed that the number of
days with headache was decreased in the two groups that
followed hypocaloric or ketogenic diet (p < 0.0001). However,
this improvement had occurred earlier in the group with a
hypocaloric diet, from the second month, while in the group
with a ketogenic diet, it had occurred from the sixth month.
On the other hand, other clinical variables, such as frequency
of headache attacks or consumption of drugs for headaches,
were decreased equally in the two groups from the sixth month
(p < 0.0001). Furthermore, Veronese et al. (32) found that
patients who had greater adherence to the Mediterranean diet
had better scores in WOMAC (p < 0.0001) and less general pain
evaluated by WOMAC (p < 0.05).

Regarding the observational studies about nutritional
supplements, Shmagel et al. (33) focused on knee pain in
patients with osteoarthritis and observed that a lower intake
of magnesium in the diet was associated with worse scores
on WOMAC and KOOS than those with higher magnesium
intake (p < 0.001). Likewise, they found a relationship between
people who had low magnesium intakes in their diet and greater
intensity of knee pain due to osteoarthritis at 48 months of
follow-up. However, Lourdudoss et al. (34) did not find a
statistically significant association between the consumption
of omega 3 fatty acids within the diet and pain due to
rheumatoid arthritis nor did they found an association between
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supplementation with omega 3, omega 6, and the omega
6:omega 3 ratios with DAS28 scores.

Discussion

The aim of this study was to review the scientific literature
on the impact of the use of nutritional strategies among
people with CNCP. We found that most of the interventions
with nutritional supplements collected in our study show
improvement and relief in CP (11, 13, 20, 21). This is also the
case when it is modified to a hypocaloric, Mediterranean, or
with a healthier profile diet (24, 31, 32). However, the use of
stand-alone foods, such as fruit juices, yields few hopeful results
(26, 30).

We found a few studies whose intervention was the
modification of the diet, and it was easier to find studies
whose intervention was by using a capsule or pill. This could
be due to the ease of applicability of the second one, while
the modification in diet requires more effort both in patients
and researchers. That is why we understand the nutritional
education of special relevance in these patients, highlighting
above all the main difficulties they may go through, such as
lack of knowledge, lack of interest, or rigidity in the face of
change (35).

The use of nutritional interventions to relieve pain in clinical
practice has numerous benefits, such as fewer adverse effects
than drugs, being more economical methods, or increasing
patient autonomy (7, 8, 36).

We observe that the intervention that offers the best results
is diet modification. This is also confirmed by Brain et al. (8),
Clinton et al. (37), and Kaartinen et al. (38). However, this
modification has to be easy to wear, durable, and adapted to the
patient to obtain the best results (35).

Brain et al. (8) included four types of interventions in
their review, which were dietary modifications, nutrient intake
modifications, use of nutritional supplements, and use of fasting.
Comparing our systematic review with that carried out by Brain
et al. (8), we found that their team did not include observational
studies and interventions that were to add a specific food. In
addition, they included non-RCTs, so we could find some bias.
On the other hand, if we compare it with Ahmed Ali et al.
(39), they conducted a systematic review that specifically focused
on clinical trials on chronic pancreatitis, while our team has
addressed a broader field.

The main limitation that we found in our study was that
there are still a few studies on the relationship between nutrition
and pain, maybe because it is a new topic (36). When comparing
the 24 documents included in this review, the heterogeneity
between them was revealed, which particularly affects the
methodology and design of the intervention. It is for this reason
that we could not do a meta-analysis. An effort is needed to carry
out future research on this topic using validated instruments

to assess non-cancer CP and the nutritional variables, with
deep described homogeneous interventions on large and well-
characterized patient samples.

Conclusion

The results obtained show that there are nutritional
interventions, especially diet modification, that can improve and
alleviate CNCP. Furthermore, there is a need for future research
to study CP as an independent entity and not as a symptom
of the disease. If the evidence is strong, interventions could be
applied in a clinical setting to improve the quality of life of
patients suffering from this problem.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author/s.

Author contributions

IX obtained the data, performed the analysis, and
contributed to writing the draft. EM performed the literature
review, supervised all aspects of its implementation, contributed
to the review of the manuscript, and contributed ideas and
approved the final version. EG-G and RC-M supervised all
aspects of its implementation, contributed to the revision
of the manuscript, and contributed ideas and approved the
final version. KA edited and corrected the article. All authors
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Frontiers in Nutrition 08 frontiersin.org

162

https://doi.org/10.3389/fnut.2022.931090
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-931090 August 2, 2022 Time: 14:41 # 9

Xu Lou et al. 10.3389/fnut.2022.931090

References

1. Herrera AS, Rolle PA, Babul KM, Maldonado MA, Zamora HM, Nazar JC. Pain
management: Prescription opioid use disorder and its relationship with clinical
practice. Chil J Anesth. (2017) 45:35–41.

2. World Health Organization [WHO]. WHO Guideline for the management of
chronic pain in children. Geneva: World Health Organization (2020). p. 1–11.

3. Cáceres-Matos R, Gil-García E, Barrientos-Trigo S, Porcel-Gálvez AM,
Cabrera-León A. Consequences of non-oncological chronic pain in adulthood.
Scoping review. Rev Saude Publica. (2020) 54:39.

4. De Barutell C. Pain units in Spain. SED survey pain day 2007. Mag Spanish Soc
Pain. (2009) 16:421–8.

5. Reid MC, Williams CS, Gill TM. The relationship between psychological
factors and disabling musculoskeletal pain in community-dwelling older persons. J
Am Geriatr Soc. (2003) 51:1092–8.

6. World Health Organization [WHO]. WHO world health organization supports
global effort to relieve chronic pain. Geneva: World Health Organization (2004).

7. Piegang BN, Tigoufack IBN, Ngnokam D, Achounna AS, Watcho P, Greffrath
W, et al. Cycloartanes from Oxyanthus pallidus and derivatives with analgesic
activities. BMC Complement Altern Med. (2016) 16:97. doi: 10.1186/s12906-016-
1075-3

8. Brain K, Burrows TL, Rollo ME, Chai LK, Clarke ED, Hayes C, et al.
A systematic review and meta-analysis of nutrition interventions for chronic
noncancer pain. J Hum Nutr Diet. (2018) 32:198–225. doi: 10.1111/jhn.12601

9. (SIGN) SIGN. Scottish intercollegiate guidelines network (sign) [internet].
Scottish intercollegiate guidelines network SIGN. (2020). Available from:
https://www.sign.ac.uk/what-we-do/methodology/checklists/ [cited 2020 Jul
11] ∗

10. Jadad Bechara A. Jadad scale [Internet]. Journal of controlled clinical trials.
San Francisco, CA: Scribd Inc (1996).

11. Abbasnezhad A, Amani R, Hajiani E, Alavinejad P, Cheraghian B, Ghadiri
A. Effect of vitamin D on gastrointestinal symptoms and health-related quality of
life in irritable bowel syndrome patients: A randomized double-blind clinical trial.
Neurogastroenterol Motil. (2016) 28:1533–44. doi: 10.1111/nmo.12851

12. Singh N, Ahuja V, Sachdev V, Upadhyay AD, Goswami R, Ramakrishnan L,
et al. Antioxidants for pancreatic functions in chronic pancreatitis: A double-blind
randomized placebo-controlled pilot study. J Clin Gastroenterol. (2020) 54:284–93.
doi: 10.1097/MCG.0000000000001178

13. Dunn-Lewis C, Kraemer WJ, Kupchak BR, Kelly NA, Creighton BA, Luk HY,
et al. A multi-nutrient supplement reduced markers of inflammation and improved
physical performance in active individuals of middle to older age: A randomized,
double-blind, placebo-controlled study. Nutr J. (2011) 10:90. doi: 10.1186/1475-
2891-10-90

14. Shell WE, Pavlik S, Roth B, Silver M, Breitstein ML, May L, et al. Reduction
in pain and inflammation associated with chronic low back pain with the use of
the medical food theramine. Am J Ther. (2016) 23:e1353–62. doi: 10.1097/MJT.
0000000000000068

15. Ghavipour M, Sotoudeh G, Tavakoli E, Mowla K, Hasanzadeh J, Mazloom
Z. Pomegranate extract alleviates disease activity and some blood biomarkers of
inflammation and oxidative stress in rheumatoid arthritis patients. Eur J Clin Nutr.
(2017) 71:92–6. doi: 10.1038/ejcn.2016.151

16. Helli B, Shahi MM, Mowla K, Jalali MT, Haghighian HK. A randomized,
triple-blind, placebo-controlled clinical trial, evaluating the sesamin supplement
effects on proteolytic enzymes, inflammatory markers, and clinical indices in
women with rheumatoid arthritis. Phytother Res. (2019) 33:2421–8. doi: 10.1002/
ptr.6433

17. Fukumitsu S, Villareal MO, Aida K, Hino A, Hori N, Isoda H, et al. Maslinic
acid in olive fruit alleviates mild knee joint pain and improves quality of life
by promoting weight loss in the elderly. J Clin Biochem Nutr. (2016) 59:220–5.
doi: 10.3164/jcbn.16-40

18. Malek Mahdavi A, Mahdavi R, Kolahi S. Effects of l-carnitine
supplementation on serum inflammatory factors and matrix metalloproteinase
enzymes in females with knee osteoarthritis: A randomized, double-
blind, placebo-controlled pilot study. J Am Coll Nutr. (2016) 35:597–603.
doi: 10.1080/07315724.2015.1068139

19. Rondanelli M, Braschi V, Gasparri C, Nichetti M, Faliva MA, Peroni G, et al.
Effectiveness of non-animal chondroitin sulfate supplementation in the treatment
of moderate knee osteoarthritis in a group of overweight subjects: A randomized,
double-blind, placebo-controlled pilot study. Nutrients. (2019) 11:2027. doi: 10.
3390/nu11092027

20. Cordero MD, Alcocer-Gómez E, De Miguel M, Culic O, Carrión AM,
Alvarez-Suarez JM, et al. Can coenzyme Q10 improve clinical and molecular

parameters in fibromyalgia? Antioxid Redox Signal. (2013) 19:1356–61. doi: 10.
1089/ars.2013.5260

21. Sawaddiruk P, Apaijai N, Paiboonworachat S, Kaewchur T, Kasitanon N,
Jaiwongkam T, et al. Coenzyme Q10 supplementation alleviates pain in pregabalin-
treated fibromyalgia patients via reducing brain activity and mitochondrial
dysfunction. Free Radic Res. (2019) 53:901–9. doi: 10.1080/10715762.2019.1645955

22. Santanam N, Kavtaradze N, Murphy A, Dominguez C, Parthasarathy
S. Antioxidant supplementation reduces endometriosis-related pelvic pain in
humans. Transl Res. (2013) 161:189–95. doi: 10.1016/j.trsl.2012.05.001

23. Zamani B, Farshbaf S, Golkar HR, Bahmani F, Asemi Z. Synbiotic
supplementation and the effects on clinical and metabolic responses in patients
with rheumatoid arthritis: A randomised, double-blind, placebo-controlled trial.
Br J Nutr. (2017) 117:1095–102.

24. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, et al.
Effects of intensive diet and exercise on knee joint loads, inflammation, and clinical
outcomes among overweight and obese adults with knee osteoarthritis: The IDEA
randomized clinical trial. JAMA J Am Med Assoc. (2013) 310:1263–73. doi: 10.1001/
jama.2013.277669

25. Lindqvist HM, Gjertsson I, Eneljung T, Winkvist A. Influence of blue mussel
(Mytilus edulis) intake on disease activity in female patients with rheumatoid
arthritis: The MIRA randomized cross-over dietary intervention. Nutrients. (2018)
10:481. doi: 10.3390/nu10040481

26. Pirouzpanah S, Mahboob S, Sanayei M, Hajaliloo M, Safaeiyan A. The
effect ofchamomile tea consumption on inflammation among rheumatoid arthritis
patients: Randomized clinical trial. Prog Nutr. (2017) 19:27–33.

27. Thimóteo NSB, Iryioda TMV, Alfieri DF, Rego BEF, Scavuzzi BM, Fatel E,
et al. Cranberry juice decreases disease activity in women with rheumatoid arthritis.
Nutrition. (2019) 60:112–7. doi: 10.1016/j.nut.2018.10.010

28. Schumacher HR, Pullman-Mooar S, Gupta SR, Dinnella JE, Kim R, McHugh
MP. Randomized double-blind crossover study of the efficacy of a tart cherry juice
blend in treatment of osteoarthritis (OA) of the knee. Osteoarthr Cartil. (2013)
21:1035–41. doi: 10.1016/j.joca.2013.05.009

29. Hashempur MH, Sadrneshin S, Mosavat SH, Ashraf A. Green tea (Camellia
sinensis) for patients with knee osteoarthritis: A randomized open-label active-
controlled clinical trial. Clin Nutr. (2018) 37:85–90. doi: 10.1016/j.clnu.2016.12.
004

30. Schell J, Hal Scofield R, Barrett JR, Kurien BT, Betts N, Lyons TJ, et al.
Strawberries improve pain and inflammation in obese adults with radiographic
evidence of knee osteoarthritis. Nutrients. (2017) 9:949. doi: 10.3390/nu9090949

31. Di Lorenzo C, Coppola G, Sirianni G, Di Lorenzo G, Bracaglia M,
Di Lenola D, et al. Migraine improvement during short lasting ketogenesis:
A proof-of-concept study. Eur J Neurol. (2015) 22:170–7. doi: 10.1111/ene.
12550

32. Veronese N, Stubbs B, Noale M, Solmi M, Luchini C, Maggi S. Adherence
to the mediterranean diet is associated with better quality of life: Data from the
osteoarthritis initiative. Am J Clin Nutr. (2016) 104:1403–9. doi: 10.3945/ajcn.116.
136390

33. Shmagel A, Onizuka N, Langsetmo L, Vo T, Foley R, Ensrud K, et al.
Low magnesium intake is associated with increased knee pain in subjects with
radiographic knee osteoarthritis: Data from the osteoarthritis initiative. Osteoarthr
Cartil. (2018) 26:651–8. doi: 10.1016/j.joca.2018.02.002

34. Lourdudoss C, Di Giuseppe D, Wolk A, Westerlind H, Klareskog L,
Alfredsson L, et al. Dietary intake of polyunsaturated fatty acids and pain in
spite of inflammatory control among methotrexate-treated early rheumatoid
arthritis patients. Arthritis Care Res. (2018) 70:205–12. doi: 10.1002/acr.
23245

35. Bimbela Pedrola JL, Gorrotxategi Larrea M. Tools to improve patient
adherence. Granada: Andalusian School of Public Health (2006).

36. Brain K, Burrows TL, Bruggink L, Malfliet A, Hayes C, Hodson FJ, et al. Diet
and chronic non-cancer pain: The state of the art and future directions. J Clin Med.
(2021) 10:5023. doi: 10.3390/jcm10215203

37. Clinton CM, O’Brien S, Law J, Renier CM, Wendt MR. Whole-foods, plant-
based diet alleviates the symptoms of osteoarthritis. Arthritis. (2015) 2015:708152.
doi: 10.1155/2015/708152

38. Kaartinen K, Lammi K, Hypen M, Nenonen M, Hänninen O. Vegan diet
alleviates fibromyalgia symptoms. Scand J Rheumatol. (2000) 29:308–13. doi: 10.
1080/030097400447697

39. Ahmed Ali U, Jens S, Busch ORC, Keus F, van Goor H, Gooszen HG, et al.
Antioxidants for pain in chronic pancreatitis. Cochrane Database Syst Rev. (2014)
2014:CD008945.

Frontiers in Nutrition 09 frontiersin.org

163

https://doi.org/10.3389/fnut.2022.931090
https://doi.org/10.1186/s12906-016-1075-3
https://doi.org/10.1186/s12906-016-1075-3
https://doi.org/10.1111/jhn.12601
https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://doi.org/10.1111/nmo.12851
https://doi.org/10.1097/MCG.0000000000001178
https://doi.org/10.1186/1475-2891-10-90
https://doi.org/10.1186/1475-2891-10-90
https://doi.org/10.1097/MJT.0000000000000068
https://doi.org/10.1097/MJT.0000000000000068
https://doi.org/10.1038/ejcn.2016.151
https://doi.org/10.1002/ptr.6433
https://doi.org/10.1002/ptr.6433
https://doi.org/10.3164/jcbn.16-40
https://doi.org/10.1080/07315724.2015.1068139
https://doi.org/10.3390/nu11092027
https://doi.org/10.3390/nu11092027
https://doi.org/10.1089/ars.2013.5260
https://doi.org/10.1089/ars.2013.5260
https://doi.org/10.1080/10715762.2019.1645955
https://doi.org/10.1016/j.trsl.2012.05.001
https://doi.org/10.1001/jama.2013.277669
https://doi.org/10.1001/jama.2013.277669
https://doi.org/10.3390/nu10040481
https://doi.org/10.1016/j.nut.2018.10.010
https://doi.org/10.1016/j.joca.2013.05.009
https://doi.org/10.1016/j.clnu.2016.12.004
https://doi.org/10.1016/j.clnu.2016.12.004
https://doi.org/10.3390/nu9090949
https://doi.org/10.1111/ene.12550
https://doi.org/10.1111/ene.12550
https://doi.org/10.3945/ajcn.116.136390
https://doi.org/10.3945/ajcn.116.136390
https://doi.org/10.1016/j.joca.2018.02.002
https://doi.org/10.1002/acr.23245
https://doi.org/10.1002/acr.23245
https://doi.org/10.3390/jcm10215203
https://doi.org/10.1155/2015/708152
https://doi.org/10.1080/030097400447697
https://doi.org/10.1080/030097400447697
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-912783 August 9, 2022 Time: 8:50 # 1

TYPE Study Protocol
PUBLISHED 10 August 2022
DOI 10.3389/fnut.2022.912783

OPEN ACCESS

EDITED BY

Maurizio Muscaritoli,
Sapienza University of Rome, Italy

REVIEWED BY

Jamie Joseph,
University of Waterloo, Canada
Takahiko Nagamine,
Sunlight Brain Research Center, Japan

*CORRESPONDENCE

Guillermo Molina-Recio
gmrsurf75@gmail.com

SPECIALTY SECTION

This article was submitted to
Clinical Nutrition,
a section of the journal
Frontiers in Nutrition

RECEIVED 21 April 2022
ACCEPTED 07 July 2022
PUBLISHED 10 August 2022

CITATION

Sevillano-Jiménez A, Molina-Recio G,
García-Mellado JA,
García-Rodríguez M, Molina-Luque R
and Romero-Saldaña M (2022) Efficacy
of nutrition education for the increase
of symbiotic intake on nutritional
and metabolic status in schizophrenic
spectrum disorders: A two-arm
protocol.
Front. Nutr. 9:912783.
doi: 10.3389/fnut.2022.912783

COPYRIGHT

© 2022 Sevillano-Jiménez,
Molina-Recio, García-Mellado,
García-Rodríguez, Molina-Luque and
Romero-Saldaña. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Efficacy of nutrition education
for the increase of symbiotic
intake on nutritional and
metabolic status in
schizophrenic spectrum
disorders: A two-arm protocol
Alfonso Sevillano-Jiménez1, Guillermo Molina-Recio2,3*,
Juan Antonio García-Mellado4, María García-Rodríguez3,5,
Rafael Molina-Luque2,3 and Manuel Romero-Saldaña2,3

1Córdoba-South Community Mental Health Unit, UCM Mental Health, Reina Sofia University
Hospital, Córdoba, Spain, 2Department of Nursing, Pharmacology and Physiotherapy, University of
Córdoba, Córdoba, Spain, 3Lifestyles, Innovation and Health (GA-16), Maimonides Biomedical
Research Institute of Cordoba (IMIBIC), Córdoba, Spain, 4Psychiatry Service, Zamora Provincial
Hospital, Zamora Welfare Complex, Zamora, Spain, 5Department of Nursing and Nutrition,
Biomedicine sciences and Health Faculty, European University, Madrid, Spain

Background/Objectives: The microbiota plays a vital role in the two-

way communication between the gastrointestinal tract and numerous

neuropsychiatric disorders, such as schizophrenia. Besides, the microbiota

modulation through the use of psychobiotics (prebiotics and probiotics

with nutraceutical action) is related to the improvement of the physical

and psychopathological health. The objective to this study was to test the

efficacy of prebiotic/probiotic dietary modulation in patients diagnosed with

schizophrenia, attending to the nutritional and cardio-metabolic impact.

Methods: Two-arms, double-blind, randomized in balanced blocks clinical

trial of 6 months of intervention, will be developed in a group of 50 individuals.

The control group will receive conventional dietary advice individually from

specialized mental health nurses. In the intervention group, an individual

dietetic-nutritional education program with high prebiotic and probiotic

content (dairy and fermented foods, green leafy vegetables, high-fiber fruit,

whole grains, etc.) will be developed by these nurses. Data will be collected

on the psychopathological state, and blood test (at the beginning, at 3 and

6 months). The estimation of intestinal microbiota and the usual nutritional

pattern will also be assessed at the beginning and 6 months, using a stool

test. To evaluate the degree of adherence, the intervention group will fill a

specific weekly record of the main dishes/food consumed. Anthropometric

parameters will also be analyzed monthly.

Discussion: The study is anticipated to establish feasibility an adequate dietary

modulation with a high simbiotic content, leads to a significant improvement

in the nutritional status and cardio-metabolic. Furthermore, it is presumed to

reach a degree of evidence that allows establishing nutritional management
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as an effective therapeutic intervention in the psychopathological treatment

of patients with schizophrenia spectrum disorders.

Clinical Trial Registration: [www.ClinicalTrials.gov], identifier [NCT04366401].

KEYWORDS

prebiotic, probiotic, schizophrenia spectrum and other psychotic disorders, diet
therapy, mental health

Background

Schizophrenia is a chronic mental illness characterized by
significant clinical heterogeneity and a long evolution over time,
determined by periods of psychotic exacerbation and phases of
stabilization (1–3). The semiology of this nosological entity is
established in positive and negative symptoms, with variable
levels of dysfunction and clinical presentation, and having an
essential impact on the patient’s quality of life (2, 4). Similarly,
surrounding the schizophrenic spectrum, the existence of the
associated neurocognitive impairment stands out, prevailing the
disorders of social and occupational functioning, as well as a
significant degree of disorganization (2, 3, 5, 6).

Many theories have tried to elucidate the origin of
schizophrenia, where the complexity of its etiopathogenesis is
a determining factor in establishing an appropriate, specific,
and effective therapeutic approach (1, 7). In this sense,
despite the numerous etiological premises, the glutamatergic
(glutamate/GABA) and dopaminergic hypotheses have acquired
greater strength in the development of schizophrenia (8, 9).
In addition, however, recent studies have highlighted the
theory of vagus nerve dysregulation as a possible etiological
factor in the origin and aggravation of mental disorders (1,
5, 10), with numerous associated pathogenic mechanisms,
particularly low-grade systemic inflammation and oxidative
stress (7, 10, 11).

Undoubtedly, the traditional therapeutic approach has
perceived the role of nutrition as a minor intervention
in psychiatry, especially in psychotic disorders such as
schizophrenia (12). However, the advances established in the
last decade, mainly associated with the development of the
holobionte theory and the evolution of metagenomics (11,
13), as well as the presence of new dietary patterns of
low nutritional quality in different western societies (1, 3),
have contributed significantly to the global understanding of
the role of nutritional patterns on the functioning of the
Central Nervous System (CNS), as well as on the possible
mechanisms or etiological pathways of psychiatric disorders (1,
11, 12, 14).

In this regard, it is necessary to highlight the role of
the intestinal microbiota (IM) and the intimate relationship
it exerts on the numerous functions of the body, such

as the development and maturation of the CNS, nutrition,
immune response or systemic inflammation (7, 11, 12,
15). This effect is carried out through various established
communication pathways: vagal nerve (primary), intestinal
hormones, cytokines, exosomes, and microRNAs (10, 14–
16). Thus, the existence of possible modifications in the
concentration of this biota (considering average concentrations
around 1,013 CFU/g) (17, 18), may trigger homeostatic
alterations or aggravate pathogenic conditions, a fact commonly
called dysbiosis (11–13, 17, 19). This concentration of
microbiota is fundamentally determined by dietary patterns,
genetic factors, iatrogenic antibiotherapy [highlighting the
broad-spectrum ones, reducing the potential for small intestinal
bacterial overgrowth (SIBO)], type of breastfeeding (maternal or
formula), age, exercise, and continuous stress, among others (10,
18–20).

As a consequence of these discoveries, the concept of
the “Microbiota-Intestine-Brain Axis” emerges. This term
refers to the two-way communication pathway established
between the CNS, the gastrointestinal tract, and the IM
(1, 13–15, 18), mediated by the microbial metabolites
of dietary products such as dietary fiber, tryptophan or
arginine, as well as by endocrine and neuronal mechanisms
(19, 21). The close relationship established between IM
and the CNS lies in the production of a multitude of
neurotransmitters essential for normal neuronal functioning,
such as serotonin, GABA, dopamine or noradrenaline,
among others (11–13, 19, 22). Similarly, IM exerts essential
trophic, metabolic, and protective functions, which are a
determining factor in the normal neuropsychiatric function
(17, 22).

Thus, according to the theory of low-grade systemic
inflammation, when a state of dysbiosis occurs in the symbiote
IM, it generates a cascade of pro-inflammatory agents, such
as lipopolysaccharide (10, 11, 23), a bacterial endotoxin,
capable of modifying both the integrity and the permeability
of enterocytes (12). This alteration triggers the release of
pro-inflammatory cytokines [tumor necrosis factor

′

α (TNF-
′

α) or interleukins type 6 or 1β (IL-6, IL-1β) (7, 11), both
capable of altering intestinal tissue integrity], originating
synergies between inflammation, increased oxidative stress and
imbalance of energetic homeostasis. This cascade of reactions
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causes an increase in neurodegeneration and excitotoxicity,
mediated by the vagus nerve (7, 12, 15). Thus, it has been
shown that the activation of a state of low inflammation
is related to a worse prognosis of schizophrenia concerning
positive and negative symptoms, cognitive performance, and
loss of brain volume (7, 21, 24). Similarly, alterations
in specific pro-inflammatory cytokines or state markers
have been described, especially in psychotic relapses or
prodromal phases (IL-6, TGF-β, among others) (7, 10),
as well as a decrease in their concentration after the
introduction of antipsychotic treatment, with consequent
clinical improvement (21).

Justification

Existing scientific production shows a high rate of disability
and morbimortality in people suffering from some psychiatric
disorder concerning the rest of the general clinical population,
especially in those patients with a severe and long-term mental
disorder (LTMD) (1, 12, 14, 24–28), highlighting dysfunctions
of the psychotic and affective spectrum: schizophrenia and
bipolar disorder, (respectively) (24, 27). This morbidity and
mortality rate in the psychiatric population is up to 20%
higher and, quantitatively, represents an average of 25 years of
life lost (24–27, 29). Besides, patients with LTMD have a life
expectancy of less than 20% (57 years in men and 65 years
in women) (14, 25). It is estimated that the relative risk of
this disease is 2.41 higher for mortality from any causes (24),
these being mainly comprised of cardiovascular, infectious,
respiratory, and endocrine diseases (60% of premature deaths
in this clinical population) (14, 25, 30). Also, the leading
established causes of mortality are closely linked to the
development of the Metabolic Syndrome (MS) (1, 3, 25–28,
31–33), also called insulin resistance syndrome (24, 33). The
MS is considered a determining factor in the physical health of
the patient, tripling the incidence of cardio-metabolic diseases
(27–29).

The main etiopathogenic determinants of this fact are
the factors inherent to the disease itself, as well as genetic
factors (3, 24–26, 34) and resistance to adequate care in
terms of physical health (27, 33, 35). However, the main
modifiable risk factor in the LTMD population lies in the
acquisition of unhealthy lifestyles, characterized by high-energy
dietary patterns, with high consumption of ultra-processed
foods and low fruit and vegetable intake (36). In addition, the
psychiatric population has low levels of physical activity, with
increased rates of smoking and associated substance abuse (3,
27, 37, 38).

Despite the magnitude and severity of the problem,
interventions aimed to modify lifestyles do not play an essential
role in therapy and are not part of the usual clinical practice
with the psychiatric population (1, 27, 31, 33). This fact

could be explained by the lack of understanding of the multiple
mechanisms and etiological factors involved in the neurogenesis
of schizophrenia (2), and leads to a multidisciplinary
approach, but essentially psychopharmacological and
psychotherapeutic (33, 39). It is, therefore, vital to address
modifiable factors such as dietary patterns, which have
evidenced to be an efficient therapeutic intervention to
improve both the psychopathological dysfunction and the
physical health of the subjects and can be considered as an
addition to the conventional therapeutic approach (1, 3, 7,
17, 40).

In this sense, some dietary interventions carried out
to modulate intestinal microbiota in psychotic disorders
through the use of so-called “psychobiotics” (1, 17–22). This
term refers to the set of substances that include probiotics
and/or prebiotics and whose administration causes health
benefits in psychiatric patients (20–22). Probiotics include
microorganisms of the intestinal biota, which, provided in
adequate quantities, offer a benefit for the host (highlighting
the genera Lactobacillus and Bifidobacterium, among others)
(1, 7, 8, 12, 16–21). On the other hand, prebiotics are
non-digestible dietary fiber (mainly fructooligosaccharides and
oligosaccharides, inulin or pectins) (1, 17), which are substances
that promote optimal growth and development of probiotics
in the gastrointestinal tract, reducing pathogenic microbiota (7,
12, 15, 19), through the production of short-chain fatty acids
(17, 21).

It is worth noting the growing effort to highlight the
role played by prebiotics and or probiotics in the microbiota-
intestine-brain axis, which is currently a relevant object of study
(1, 22, 41).

In this regard, according to Patra (19) and Teasdale
et al. (37), adequate dietary planning in psychiatric patients
with psychopathological dysfunction and at risk of iatrogenic
metabolic syndrome, could be considered as a therapy of
choice in these subjects, improving altered clinical patterns and
difficulties in the patient’s vital and functional performance.
Similarly, adequate nutritional management could be used as
an adjunct to antipsychotic pharmacotherapy and the cardio-
metabolic approach, reducing the number of homeostatic drugs
or even replacing them in cases of intolerance in the target
population (14, 39).

In short, the future of the development of Mental Health
is determined by the need for a multimodal approach, where
nutritional factors represent the cornerstone in achieving
optimal results in health, level of functionality, and, therefore,
quality of life of patients (35, 42).

Likewise, dietary advice on modulation with high
prebiotic and probiotic content has the added value
of improving the morbidity and mortality associated
with schizophrenia, with optimal levels in terms of
cost-effectiveness, better than those shown by the
approaches currently used.
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Methods/design

Study aims

Main objective
Determination of the nutritional and cardio-metabolic

efficacy of a prebiotic and probiotic dietary intervention in
patients with schizophrenia spectrum disorders.

Specific objectives
- To determine the baseline nutritional status of the

target population.
- To identify the usual dietary patterns in this population,

clarifying the nutritional value of the main dishes
consumed, as well as their link with the physical health
status of individuals.

- To know the existing scientific evidence regarding the
construction of determinants (explicit and implicit) that
influence the microbiota-intestine-brain axis.

- To evaluate the psychopathological impact of the
incorporation of prebiotics and probiotics in the habitual
dietetic-nutritional pattern in patients diagnosed with the
spectrum of schizophrenia.

- To evaluate the cardio-metabolic impact of a standardized
dietary planning with high prebiotic and probiotic
content, adapted to the inherent characteristics of the
psychiatric population.

- To develop and validate a program that allows for the
detection of areas of improvement, establishing assessment
strategies, and an appropriate action plan in Mental Health,
which allows for adequate dietary care through the use of
psychobiotics.

Study design

A two-arms, double-blind, randomized in balanced blocks
clinical trial of 6 months of intervention, will be carried
out in psychiatric patients diagnosed with schizophrenic
spectrum disorders (without distinction by type). The control
group (CG) will be made up of those participants who will
receive conventional dietary advice (43) on an individual
basis. In the intervention group (IG), this advice will be
established individually through intensive nutritional guidance
(44) offering a food pattern with a high prebiotic and
probiotic content. In both intervention groups, educational
material of visual support will be used during the sessions.
The dietary intervention will be designed and supervised
by qualified personnel with recognized competencies for this
intervention (nurses and dietitians), carried out by specialized
mental health nurses, and will be agreed upon through serial
interviews and focus groups. In this sense, these focus groups

will be applied to improve the established dietetic-nutritional
intervention, guaranteeing its correct adaptation, according to
the study population.

The study will begin with a group session for the
presentation of the research project in the health center and/or
psychiatric service consultation. During the development of
the study, data will be collected on the psychopathological
state [Positive and Negative Syndrome Scale (PANSS) (45)
and Personal and Social Functioning Scale (PSP) (46) scales;
Supplementary Tables 1, 2], and blood test (hemogram,
lipid profile, etc.). Measures will be taken at the beginning
(basal), at 3 and 6 months. The estimation of intestinal
microbiota and the usual nutritional pattern will also be
assessed at the beginning and 6 months, using a stool
test and a validated Food Frequency Questionnaire (FFQ)
(47), respectively. The use of the FFQ will allow us to
know both the average intake of grams of fiber, fat, etc.
and the frequency of consumption by food groups (with
particular attention to fermented foods). However, the
main reason for using this tool is that it will allow us to
assess changes in dietary patterns over the medium term
(39). To evaluate the degree of adherence, participants
in the IG will fill a specific weekly record of the main
dishes/food consumed with a high prebiotic and/or probiotic
content will be measured by the weekly completion (during
the 6 months of intervention) of a record that includes
the main foods consumed with a high symbiotic value
(fermented foods, whole grains, green leafy vegetables,
fruit, etc.) (Supplementary Figure 1). This record will be
completed by the patients themselves or, in cases of incapacity
or lack of autonomy in preparing the dishes consumed
by family members or the primary caregiver. At least,
anthropometric parameters will also be analyzed monthly
(BMI, blood pressure, heart rate, abdominal perimeter)
(Supplementary Table 3).

Selection of participants

For the assessment of the method’s effectiveness, a
sample size of 22 individuals has been estimated (11 for
the IG and 11 for the CG, with a power of 80% and a
confidence of 95%, expecting a risk/prevalence difference of
63% post-intervention (48). The final size of 50 individuals
has been established (25 for the IG and 25 for the
GC) to minimize the effect of possible losses and the
low study completion rates, especially in participants with
significant negative symptoms. Participants who express a
clear wish to participate voluntarily in the study will be
assigned, through randomization in balanced blocks, to the
IG or CG (Figure 1). Randomization will be conducted
according to the results found in stool culture analysis
(balancing the prevalence of dysbiosis in both groups).
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FIGURE 1

Flow chart of the participants (CONSORT diagram).

Concerning the established inclusion/exclusion criteria, these
will be:

Inclusion criteria
- Patients diagnosed on the spectrum of schizophrenia

(without distinction by type), according to criteria DSM-
5 and/or ICD-11.

- Age between 18 and 65 years.
- Absence of gastrointestinal comorbidity that

contraindicates the use of prebiotics and/or
probiotics (intolerance, explosive diarrhea, acute
abdominal pain, etc.).

- To show clinical stability for 6 months before the start of the
study (absence of psychiatric hospitalization, maintenance
of the level of functionality, and lack of social and
occupational absenteeism).

- To manifest agreement to participate in the study and to
sign of informed consent (Supplementary Appendices I–
III).

Exclusion criteria
- To suffer from somatic or neurocognitive situation that

prevents participation and collaboration in the fulfillment
of the protocol.

- To follow standardized dietary planning not modulated
by the population under study (catering, institutional or
collective feeding, etc.).

- Concomitant administration of antibiotherapy during the
intervention phase.

- Refusal to participate in the study.

Study variables

Result variables
Clinical efficacy of prebiotic/probiotic dietary
modulation

- Scale for Positive and Negative Schizophrenia Syndrome
(45) (categorized PANSS): discrete.

- Personal and Social Functioning Scale (46) (categorized
PSP) outcome: discrete.

Tolerability and modulation of the nutritional dietary
pattern

- Food Frequency Questionnaire (FFQ) (47) result:
continuous

- Culinary knowledge and responsibility for feeding:
nominal.

Anthropometric variables and physical health

Weight (kg, continuous), height (cm, continuous),
BMI (kg/m2, continuous) abdominal circumference (cm,
continuous), systolic blood pressure (mmHg, continuous),
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TABLE 1 Blood test variables: Abbreviations.

Abbreviation Meaning

Hematological
profile

M.C.V Mean corpuscular volume

H.C.M Mean corpuscular hemoglobin

M.C.H.C Mean corpuscular hemoglobin
concentration

R.D.W Red cell distribution width

M.P.V Mean platelet volume

Biochemical
profile

ALT Alanine transaminase

GPT Glutamic pyruvic transaminase enzyme

G-GT Gamma-glutamyl transferase

ALP Alkaline phosphatase

Na+ Sodium

K+ Potassium

Cl− Chlorine

Ca2+ Calcium

HbA1c Glycosylated hemoglobin

IFCC International federation of clinical
chemistry and laboratory medicine

Fe2+ Iron

FRT Ferritin

LDH Lactate dehydrogenase

C-HDL High-density lipoprotein

C-LDL Low-density lipoprotein

TSH Thyroid stimulating hormone

PRL Prolactin

LUES Syphilis

HCV Hepatitis C virus

HAV Hepatitis A virus

HIV Human immunodeficiency virus

diastolic blood pressure (mmHg, continuous), heart rate
(ppm, discrete).

Blood test variables

- Hematological profile: Red blood cells (x10e6/mm3,
continuous), hemoglobin (g/dL, continuous), hematocrit
(%, continuous), M.C.V. (fL, discrete), H.C.M. (pg,
discrete), C.H.C.M. (g/dL, discrete), R.D.W (%,
continuous), leukocytes (×10e3/mm3, discrete),
neutrophils (×10e3/m, continuous), lymphocytes
(×10e3/m, continuous), monocytes (×10e3/m,
continuous), eosinophils (×10e3/m, continuous), basophils
(×10e3/m, continuous), platelets (×0e3/mm3, discrete),
M.P.V. (fL, discrete). See Table 1 for abbreviations
corresponding to the blood test variables.

- Biochemical profile. ALT/GPT (IU/L, discrete), G-GT
(IU/L, discrete), FAL (IU/L, discrete), Na+/K+

(mEq/L, discrete/continuous, respectively), Cl− (mEq/L,
continuous), Ca2+ (mEq/L, continuous), urate (mg/dL,
continuous), glucose (mg/dL, discrete), HbA1c (%,

continuous), HbA1c IFCC (mmol/mol, continuous),
fructosamine (mcmol/L, discrete), creatinine (mg/dL,
continuous), Fe2+ (mcg/dL, discrete), FRT (mcg/dL,
discrete), folate (mcg/dL, continuous), vit.B12 (ng/mL,
discrete), vit.D total (D2 + D3) 25-OH (ng/mL, discrete)
cholesterol (mg/dL, discrete), triglycerides (mg/dL,
discrete), LDH (IU/L, discrete), C-HDL (mg/dL, discrete),
C-LDL (mg/dL, discrete), total cholesterol/C-HDL (mg/dL,
discrete), glomerular filtrate estimation (mL/m/173,
discrete), TSH (mU/L, continuous), PRL (ng/dL,
continuous), LUES (IU/L, nominal/discrete), a-HAV-M
(IU/L, nominal/discrete), a-HCV (IU/L, nominal/discrete),
HBsAg (UI/L, nominal/discrete), a-HBC-IgG (UI/L,
nominal/discrete), a-HBs (UI/L, continuous), a-HIV (mcL,
nominal/discrete).

Stool variables
Stool culture

General bacteriology. Usual mixed flora: Lactobacillus
(CFU/g, continuous), Bifidobacterium (CFU/g,
continuous)//Disbiosis: Salmonella spp. (nominal,
Presence/absence), Shigella spp. (nominal, presence/absence),
Yersinia spp. (nominal, presence/absence), Hafnia alvei
(nominal, presence/absence), Aermonas spp. (nominal,
presence/absence), Campylobacter spp. (nominal,
presence/absence).

Independent variables

Sociodemographic variables
Age (continuous), gender (nominal), legal representative

(nominal), household composition (nominal), economic level
(ordinal), level of studies (ordinal), area of residence (nominal).

Therapeutic variables
Previous antipsychotic (nominal), the dose of antipsychotic

(mg, continuous), the reason for a change in antipsychotic
treatment (nominal).

Clinical variables
Type of psychotic disorder (nominal), duration of illness

(continuous), age of first hospitalization (continuous),
number of previous hospitalizations (discrete), number of
previous relapses (discrete), number of previous suicidal
behaviors (discrete), number of subsequent hospitalizations
(discrete), number of subsequent relapses (discrete), number
of subsequent suicidal behaviors (discrete), number of
subsequent unscheduled consultations (discrete), substance
abuse (nominal), type of substance (nominal), associated
cardio-metabolic diagnosis (nominal).

Anthropometric measurements will be collected following
the recommendations of the Manual of Standardized
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Anthropometry (49). Weight, height, and BMI shall be
measured with an SECA R© 703s stadiometer and scale, with an
accuracy of 0.1 kg and 0.1 cm, respectively. The abdominal
perimeter shall be determined at the midpoint between the last
rib and the iliac crest at the end of a normal expiration. The
WelchAllyn R© ProBP 2,400 digital sphingomanometer shall be
used for the study of blood pressure and heart rate.

Statistical analysis

Quantitative variables will be presented with mean and
standard deviation, and qualitative variables will be shown in
frequencies and percentages.

The Kolmogorov-Smirnov test will be used to compare
the goodness of fit to a normal distribution of data from
quantitative variables. For the contrast of bivariate hypotheses,
the Student t-test will be performed for two means, while
for qualitative variables, the Chi-Square and Fisher’s exact
test will be used, when necessary. Likewise, for the analysis
of three or more means, the ANOVA of repeated means
will be used. On the other hand, the correlation between
quantitative variables will be verified through the Pearson’s
coefficient r. When the normality or homoscedasticity criteria
are not met, non-parametric versions of the above tests
will be performed.

Logistic regressions will be carried out to determine
which variables can determine the improvement of the
nutritional pattern and physical health through the
FFQ (47), as well as blood and stool analytical values.
Similarly, this analysis will be established concerning the
psychopathological status through the PSP (46) and PANSS
(45) scales, both of which have a discrete quantitative and
nominal result values, according to established cut-off
points and clinical interpretation. Raw and adjusted odds
ratios will be calculated. Log-likelihood, the goodness of fit
statistic, Cox and Snell R2, Nagelkerke R2, and Hosmer-
Lemeshow tests should be used to assess the overall
model fit. The exponentiation will be used to calculate the
beta coefficients.

These multivariate tests will allow us to identify and adjust
for the possible confounding effect of the independent variables
on the outcome variables.

For all statistical analyses, an alpha error probability of less
than 5% (p < 0.05) will be accepted, and the confidence interval
will be calculated at 95%. The software SPSS (version 25.0) and
EPIDAT (version 4.2) shall be used for the statistical analysis.

Work plan

An intervention schedule has been established, with a total
duration of 6 months, which is divided into three blocks:

Block 1
This first block focuses on the selection of the target

population according to inclusion criteria. Firstly, a group
session to present the program and the methodology
of the study will be carried out. During the first 15
days of the study, a focus group with professionals
to reach a consensus on the intervention will be
held. Subsequently, the appropriate modifications will
be made to improve and adapt to the dietary and
nutritional intervention.

Consequently, the recruitment and initial
psychopathological and nutritional assessment of the
participants will be carried out, using the PANSS (45)
and PSP (46) scales. For the nutritional evaluation,
the analytical and anthropometric basal determination
of the participating patients will be carried out, as
well as the evaluation of the habitual dietary pattern
through a validated FFQ (47) and weekly record of
the main dishes and foods consumed. Similarly, an
estimate of the intestinal bacterial flora is required
employing stool culture.

Block 2
The second block includes the implementation of

the 6-month individual nutrition education program
(associated with 2 months of educational reinforcement,
according to block 3). It will consist of eight sessions,
the first four being biweekly, followed by 4 monthly,
to which four sessions of educational reinforcement
will be added to the 3 and 5 months of study. The
minimum duration of each session has been established
for 30 min. However, this length could be different,
considering the characteristics of the participants. The
control group will be made up of those participants who
will receive standardized dietary advice (35). In this sense,
the education content in the intervention group will
be based on general principles of conventional dietary
advice in an intensified manner (36), centered on the
acquisition of specific knowledge about: (I) Underlying
mental pathology, lifestyles and associated comorbidities;
(II) Immediate principles: Carbohydrates, lipids, proteins,
fiber, vitamins, and minerals; energy needs; consumption
requirements; (III) Water requirements; (IV) Foodstuff;
(V) Description and justification of prescribed prebiotic
and probiotic diet; (VI) Culinary techniques: conservation
of properties of the prebiotic and probiotic diet; (VII)
Optimal distribution and interchange of foods with
high prebiotic and probiotic content; (VIII) Feeding in
particular situations.

In both the IG and the CG, visual support resources will be
used during the development of the established sessions.
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Block 3
Finally, to evaluate the effectiveness of the intervention,

the modification in the nutritional, the cardio-metabolic,
and the psychopathological area will be assessed. For doing
this, researchers will carry out anthropometric determination,
clinical evaluation, the performance of stool culture, and the
study of the dietary pattern, as we commented above.

Likewise, in this block, an educational reinforcement (both
in IG and CG) of what was treated in Block 2 will be offered, 3
and 5 months after the beginning of the block, every 15 days for
the IG and monthly for the CG.

Once the intervention is concluded, the analysis of
the collected data will be performed, culminating in the
development of the scientific production and the writing of the
research report.

Discussion

Firstly, it is expected to obtain the necessary information
for the determination of the optimal dietary pattern for those
participants in the study, thus allowing the development of
a nutritional intervention with high prebiotic and probiotic
content, appropriate for the population under study.

Likewise, the aim is to ensure that all participants improve
their health status through the adaptation of the feeding pattern,
developing adherence to healthier lifestyles adapted to the
conditions of each patient.

Finally, it is expected to demonstrate that an adequate
dietary modulation with a high prebiotic and probiotic content,
leads to a significant improvement in the nutritional status and,
therefore, the cardio-metabolic, of the participants, mediated by
the microbiota-intestine-brain axis. Furthermore, it is presumed
to reach a degree of evidence that allows establishing nutritional
management as an effective therapeutic intervention in the
psychopathological treatment of patients with schizophrenia
spectrum disorders, in any of its variants.

Limitations

Potential limitations lie in the sample size of subjects
included during the recruitment phase, the possible loss
or non-cooperation of participants, and the loss or non-
cooperation of participants in the intervention phase (especially
those subjects with a predominance of negative schizophrenia
symptomatology). This fact can lead to a possible lack of
representativeness of the target population. Thus, to reverse
this situation, the recruitment of the target population will be
increased (more than doubled).

Likewise, the lack of capacity to prescribe symbiotic
formulas and placebo management by mental health nurses,
according to the legislative context in which the study will be
carried out, prevents us from knowing the accurate range that

an intervention with a high symbiotic content could have on
these patients. Nevertheless, it is essential to emphasize that
the main objective of the intervention is to assess the efficacy
of a strategy based on health education. This tool is very cost-
effective and is available for nursing professionals. Furthermore,
from our perspective, this intervention can significantly impact
the lifestyle habits of these patients in a sphere that has been
forgotten as part of the traditional treatments.

Finally, the available evidence on the object of study
makes it difficult to contrast the results obtained in different
contexts of application.
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Functional characterization of
nutraceuticals using spectral
clustering: Centrality of
caveolae-mediated endocytosis
for management of nitric oxide
and vitamin D deficiencies and
atherosclerosis
Anton Franz Fliri* and Shama Kajiji

Emergent System Analytics LLC, Clinton, CT, United States

It is well recognized that redox imbalance, nitric oxide (NO), and vitamin

D deficiencies increase risk of cardiovascular, metabolic, and infectious

diseases. However, clinical studies assessing efficacy of NO and vitamin D

supplementation have failed to produce unambiguous efficacy outcomes

suggesting that the understanding of the pharmacologies involved is

incomplete. This raises the need for using systems pharmacology tools to

better understand cause-effect relationships at biological systems levels.

We describe the use of spectral clustering methodology to analyze

protein network interactions affected by a complex nutraceutical, Cardio

Miracle (CM), that contains arginine, citrulline, vitamin D, and antioxidants.

This examination revealed that interactions between protein networks

affected by these substances modulate functions of a network of

protein complexes regulating caveolae-mediated endocytosis (CME), TGF

beta activity, vitamin D efficacy and host defense systems. Identification

of this regulatory scheme and the working of embedded reciprocal

feedback loops has significant implications for treatment of vitamin D

deficiencies, atherosclerosis, metabolic and infectious diseases such as

COVID-19.

KEYWORDS

atherosclerosis, cardio miracle, caveolae-mediated endocytosis, endothelial cells
dysfunction, nitric oxide, TGF beta degradation, spectral clustering of protein
swarms, vitamin D efficacy
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Introduction

The term “nutraceuticals” includes dietary supplements,
functional foods, vitamins, and nutritional products. These
products are generally mixtures of natural products, vitamins,
minerals and/or herbal ingredients. For the most part, clinical
evidence is generally limited at the ingredient level since in the
United States it is optional to make claims of clinical benefit to
bring a nutraceutical to market. Further, unlike pharmaceuticals,
nutraceuticals offer narrow profit margins; this in-conjunction
with the non-stringent global regulatory environment allows
manufacturers to avoid running expensive and time-consuming
clinical trials for demonstrating health benefits for gaining
marketing approval. However, with a plethora of products in
the marketplace, it is becoming more and more important to
competitively position the nutraceutical in terms of its health
and wellness benefits.

Critical for predicting health effects of the nutraceuticals
is the understanding of how complex mixtures of substances
(ingredients, probes) influence the propagation of information
in biological networks (1). While the structures and functions
of cellular components are relatively well understood, very
little is known on how system components work or cease
to work together in case of injuries, medications or diets
(1). This knowledge gap can largely be attributed to the
complexity of network-network interactions giving rise to
system plasticity and emergent properties (2). Thus, system
perturbations affecting behavior frequently display “modularity”
and “interdependence” wherein modularity refers to effects
on system components that by working together deliver well
defined outputs, and interdependence refers to effects of the
perturbations on the organization of components necessary for
delivering optimal end results (3). In the framework of network
biology, interdependence results from interactions between
networks of tissues, cells and proteins (4). However, predicting
properties regulated by interacting network systems in real-
world settings requires large amounts of data and, if absent,
escapes the reach of even the most sophisticated statistical
methodologies (3). For addressing this gap, applications of
various spectral clustering methodologies have been explored
(6, 7).

We have developed a novel spectral clustering methodology
for advancing these efforts. It allows tracking of perturbation-
induced information flows through multiple interacting
network systems and facilitates determination of cause-
effect relationships for even complex mixtures (see section
“Materials and methods”).

The aim of this study was to use spectral clustering for
determining cause-effect relationships of the nutraceutical,
Cardio Miracle (CM) marketed as a nitric oxide booster
(see Supplementary Data 1), containing amongst its
50 + ingredients arginine, citrulline, vitamin D and antioxidants,
which have recently been shown to increase the bioavailability
of NO and decrease oxidative stress in vitro (8). Previous

studies have linked vitamin D and NO deficiencies to nutrient-
sensing (10, 11). It has also been shown that the addition
of antioxidants to a combination of arginine, citrulline and
vitamin D synergistically increases the ratio between NO and
peroxynitrite production in endothelial cells (9). Critical for
endothelial cell function; these signaling systems are important
for health: endothelial cells dysfunction (ED) plays a key role in
development of cardiovascular diseases, diabetes, obesity, and
inflammatory conditions (12).

We describe the use of spectral clustering for identifying
how CM affects the propagation of signals and impacts
biological processes. We present evidence that interaction(s)
between arginine, citrulline, vitamin D3 and antioxidants not
only synergistically balance NO and peroxynitrate generation,
but also affect functions of a protein network that regulates
caveolae mediated endocytosis (CME), TGF beta activity, and
vitamin D efficacy. Identification of this regulatory scheme
and the working of embedded reciprocal feedback loops
advances our understanding of how the various signaling
systems/biological processes interact at a body-wide scale and
generates meaningful hypotheses for bridging the gap between
preclinical and clinical studies.

Materials and methods

Cardio miracle, marketed by Evolution Nutraceuticals (12),
is a NO supplement. It is a mixture of arginine, citrulline
(13), cholecalciferol vitamin D, various vitamins, quercetin,
minerals and over 700 natural products that can be isolated from
herbal and vegetable product constituents (see Supplementary
Material Section) (13–15).1

Spectral Clustering Methodology, specifically designed to
discover emergent properties resulting from network-network
interactions, has been described in detail in PCT/US2016/06379.
Its application for analysis of CM is detailed in the work-
flow below.

Specifically,
(1) Protein network components affected by CM ingredients

were identified by determining co-occurrence frequencies of
700 natural products isolated from its herbal constituents with
20,233 proteins in over 17 million Medline abstracts. This data-
gathering step resulted in the selection of 1,995 proteins with a
co-occurrence frequency count of more than seven.

1 https://www.cardiomiracle.com/
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(2) Use of the STRING platform’s highest confidence in
network connectivity level for protein network construction
delineated a high confidence CM interactome (see
Supplementary Material Section) (2). STRING’s gene
enrichment analysis using biological process networks as
background was used to divide the 1,995 protein-containing
CM interaction network into smaller network fragments.
This step resulted in > 4,000 protein network fragments that
overlap with biological process networks regulating functions
throughout the body. Selection of network fragments with < 10
network nodes (associated with a strength of > 0.9 and a p
value of < 0.0001) produced 1,373 biological structure-function
constraint network fragments.

(3) These 1,373 network fragments were used as topological
descriptors for determining information densities of 747 CM
ingredients associated with these 1,373 fragments in the Medline
database resulting in the generation of a similarity matrix
containing 1,373 × 747 information density measurements
(Supplementary Material Section: Supplementary Table 2).

(4) Clustering of this similarity matrix using the TIBCO
Spotfire platform (15)2, and cosine correlation as similarity
measure provided Figure 1.

Results

Identification of molecular underpinnings of the
observation that interaction(s) between arginine, citrulline,
vitamin D3 and antioxidants synergistically balance NO and
peroxynitrate generation, using hierarchical clustering of the
1,373 × 747 similarity matrix in SPOTFIRE revealed that 747
CM ingredients induce network-network interactions involving
a core group of 416 network fragments (Figure 1).

Using STRING’s highest confidence level for investigating
the connectivity between these 416 network fragments identified

2 https://www.tibco.com/products/tibco-spotfire

FIGURE 1

Spotfire generated heatmaps. TOP shows on the vertical dendrogram axis the organization of 1,373 CM interactome fragments overlapping with
biological process network and identifies network-network interactions; the horizontal dendrogram axis identifies phenotypes of 747 natural
products and CM ingredients containing substance groups inducing similar interactions in network fragment phenotypes; the vertical
dendrogram section highlighted in green identifies network-network connectivity of core group of 416 network fragments induced by all 747
CM ingredients. BOTTOM identifies that a phenotype of 67 Fragment within the red boundary of the top heatmap containing biological process
regulating vitamin D metabolism, Nitric oxide production and redox balance overlap with a network regulating caveola functions. Shown are the
information densities of proteins CAV1, CAV3, PTRF, CAV2, FLOT1, FLOT2, NOS3, SRC, STOM, PRKCDBP, EHD2, SLC6A3, KIF18A, PACSIN2,
CDH1, ADTRP, TFPI, PTGIS, PLVA with 67 network fragments.
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networks of protein complexes containing 1,320 proteins
overlapping with networks involved in the regulation of
caveolae-associated functions, redox stress (17), and nutrient
sensing. Of relevance to the regulation of endothelial functions is
that the flattening of the curvature of caveolae under mechanical
pressure (e.g., shear stress, blood pressure) that functions as
a stress sensor (18) and modulates CME (18, 19). CME, by
connecting mechanical input signals to the nucleus, regulates
system-wide responses to ED associated with NO and vitamin
D deficiency (20–24).

Determination of the connectivity between CM interactome
fragments overlapping with biological process networks
involved in NO and vitamin D signaling (Figures 1, 2) identified
caveolin 1 (caveolin 1), a major structural component of
caveolae, as a key regulator of endothelial nitric oxide synthetase
(NOS3) activity, vitamin D activation (VDR/CYP27B1), TGF
beta activity and CME. Evidence discussed below supports the
premise that this functional relationship represents a novel
mechanism for regulating vitamin D efficacy.

Discussion

Spectral clustering based functional analysis of CM
provides valuable insights regarding supplement-mediated
regulation of vitamin D in cardiovascular diseases and for
exploring ED. CM delivers vitamin D in form of pure
cholecalciferol and as a mixture of cholecalciferol and 25-
hydroxycholecalciferol (25(OH)D3) in the form of shitake
and maitake mushroom powders. Cholecalciferol and 25-
hydroxycholecalciferol are precursors of the hormone 1,25
dihydroxyvitamin D3 (calcitriol) and reach the bloodstream
via intestinal absorption. The oral bioavailability of vitamin
D precursors is limited by the ABCA1 transport protein
which functions as an intestinal absorption barrier (25–27).
Determination of co-investigation frequencies of 747 CM
ingredients and ABCA1 transport protein was used to establish
that the natural product, quercetin (28) and catechins (found in
abundance in CM’s antioxidant ingredient group) can inhibit
ABCA1 transport and thereby, increase the oral bioavailability
of vitamin D (29). Clinical observations provide strong evidence
that co-administration of quercetin with vitamin D increases the
oral bioavailability and efficacy of vitamin D and support the
premise that CM ingredients enhance the oral bioavailability of
cholecalciferol vitamin D (30, 31).

As shown in Figure 3, cytochrome CYP2R1 and CYP27A1
convert cholecalciferol into 25-hydroxyvitamin D (32) and
which, upon binding to vitamin D binding protein and
albumin (33, 34) circulates in the bloodstream. Vitamin D
binding protein regulates circulating free and total levels of
vitamin D metabolites, where ∼0.03% of 25(OH)D is free and
99.97% is bound to the vitamin D binding protein and to
albumin. Cytochrome CYP24A1 transforms 25 (OH)D3 into

an inactive metabolite 24,25-di-hydroxyvitamin D. Activation
of 25 (OH)D3 bound to vitamin D binding protein requires
active transport via megalin-mediated endocytosis into kidney
proximal tubule cells and conversion by CYP27B1 into calcitriol.
Calcitriol is metabolized by cytochrome CYP24A1 into its
inactive form, 1,24,25 (OH)3 vitamin D (35) and has a half-
life of ∼ 6 h vs. the half-life of the inactive form (25 (OH)D3)
which is up to 3 weeks (36). Considering the plethora of
vitamin D effects, the balance between vitamin D inactivating
and activating metabolic enzymes and the speed with which
calcitriol and its precursors can enter cells determines overall
efficacy profile of vitamin D – and is therefore, dynamically
regulated (37).

Amongst the many vitamin D efficacy regulators is calcitriol
itself; it adjusts the expressions of CYP27B1, CYP24A1 and the
vitamin D receptor (VDR) (38, 39). Calcitriol upon binding
to VDR (enriched in caveolae) (40) is transported via CME
across cell membranes (41). This caveolae-mediated active
transport of receptor bound vitamin D3 is activated by NO
(42) and inhibited by peroxynitrite (43, 44). Since CM has
been documented to increase levels of bioavailable NO and
lower peroxynitrate concentrations, it has therefore the capacity
to activate and stabilize of CME leading to increased cellular
uptake and genomic activity of vitamin D3 (41, 45–47).

The premise that CME activation increases calcitriol
production is grounded in observations that CME regulates
activity of a vanillin-type selective calcium channel TRPV5,
present on the apical membrane of distal kidney tubule epithelial
cells (48, 49), and that the loss of TRPV5 channel activity causes
calcitriol overproduction and vitamin D hypervitaminosis
(50, 51). Hence CME activation, by removing TRPV5 from the
cell surface, decreases TRPV5 activity and increases calcitriol
production (52, 53). This fine-tuning of CME-mediated vitamin
D activation involves protein kinase C (PKC) and phospholipase
D (PLD) wherein the activation of PKC inhibits CME and the
inhibition of PKC activates CME (54). Since vitamin D3 (55)
in combination with PKC inhibitors quercetin (56), oleanolic
acid (57, 58), and curcumin (59) in CM’s herbal constituents
reinforces CME activation, this ingredient combination is
projected to increase calcitriol production. The vitamin D
efficacy of CM is further enhanced by oleanic acid, a natural
product isolated from CM’s hawthorn and mango extracts,
which decreases the expression and protein levels of the
calcitriol inactivator CYP24A1 (60).

Activation of CME also increases the degradation of TGF
beta (61), an immunosuppressive cytokine that upregulates
ROS production (62), arginases expression, and decreases NO
production (63, 64). Thus, CM-mediated activation of CME is
expected to reduce TGF beta signaling; this inhibitory effect is
enhanced by hesperidin, a natural product isolated from CM’s
citrus extracts, which downregulates TGF beta expression (65).
CME-mediated decrease in TGF beta activity adds to CM’s
projected capacity to increase vitamin D efficacy (66). This is
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FIGURE 2

Protein interaction network generated using the String platform’s highest confidence level (0.9) and CM interactome proteins: ADCYAP1,
ADRB1, ADRBK1, AKAP5, AKT1, APOE, ATF4, ATP7A, BIN1, BMP2, BMP4, BMP6, CACNA1C, CACNA1D, CASQ2, caveolin1, CCK, CCS, CD320, CD9,
CEACAM1, CNR1, CUBN, CYBA, CYP19A1, CYP1A1, CYP1A2, CYP1B1, CYP24A1, CYP26A1, CYP27B1, CYP2R1, CYP3A4, CYP3A4, CYP7A1, ENG,
ENO1, EREG, F2, FGF19, FGF23, FGFR1, FOXO1, FOXO3, HCRT, HMOX1, IFNG, IL1B, IL4, ISCU, JAG1, KLF4, LEP, LMNA, MAPK3, MPO, MTOR, NF1,
NFATC1, NFKB1, NOS1, NOS3, NOTCH1, NPY, NQO1, OCLN, OPRM1, ORAI1, PARK7, PDGFRA, PGR, PIAS4, PINK1, PLTP, POR, PPARA, PPARGC1A,
PRDX1, PRDX2, PRKCD, PTEN, PTGS2, RBPJ, RORA, SCARB1, SIRT1, SMAD3, SNAI1, SNCA, SOD1, SOD2, SOD3, SPP1, STAT3, STIM1, STRA6,
SUMO1, TGFB1, TJP1, TLR2, TNF, TNFRSF1A, TREM2, TRPV4, UBIAD1, UCN, UGT1A1, UGT1A8, VDR, VEGFA. Edges show physical interactions
between proteins. Biological processes overlapping with this network fragment regulate caveola mediated endocytosis (yellow), NO
biosynthesis (green), vitamin D activation (red) and TGF beta activity (light blue). Caveolin 1 (caveolin 1) serves as a hub protein connecting these
biological process networks.

FIGURE 3

Cholecalciferol Vit D is metabolized in the liver by CYP2R1 and CYP27a1 into the Vitamin D3 precursor, 25 hydroxy Vitamin D3. This intermediate
is further metabolized by CYP24A1 into a hormonal inactive form of Vit D3; 24,25 dihydroxy vitamin D3 and in the kidney by CYP27B1 into the
active from of Vit D3, 1,25 dihydroxy-Vitamin D3. Levels of the hormonal active form of Vit D3 are decreased through the action of CYP24A1
converting the hormone into 1,25,25-trihydroxy Vitamin D3.
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FIGURE 4

Caveola mediated endocytosis (CME) modulates activities of a
reciprocal feedback loops that finetunes ROS production, TGF
beta activity, Nitric oxide levels O and Calcitriol production.

because TGF beta has been shown to inhibit the expression
of megalin, the intracellular protein essential for uptake of
25 hydroxyvitamin D by kidney proximal tubule cells and
its subsequent conversion to calcitriol by CYP27B1 (67, 68).
Accordingly, the experimental observations summarized in
Figure 4, provides strong support for the existence of a CME-
based regulatory scheme that upon activation controls functions
of reciprocal feedback loops that decrease ROS, decrease TGF
beta activity, and increase NO and calcitriol production (45).

Inhibition of TGF beta signaling has been shown to impede
progression of atherosclerosis and results in regression of
established disease (69). Thus, CM-mediated activation of CME
in combination with hesperidin’s capacity to downregulate
TGF beta expression is projected to have beneficial effects in
atherosclerosis. Secondly, CM-mediated increase in calcitriol
production via CME-activation is projected to lower caveolin 1
level. This is therefore expected to also intercept development of
atherosclerosis since increased caveolin 1 expression is linked to
disease progression (70–73). The mechanistic rationale is that
caveolin 1 levels are regulated by autophagy and prevent its
own degradation since it is itself an autophagy inhibitor (64, 74,
75). Caveolin 1-mediated inhibition of autophagy is reduced by
calcitriol which activates tyrosine kinase activity of pp60src and
results in the phosphorylation of caveolin 1 at tyrosine 14 and
increased autophagy (76–78).

Phosphorylation of caveolin 1 at tyrosine 14 also increases
endothelial nitric oxide synthase activity and increases NO
production to further reinforce the CM feedback loop. Thus, the
capacity of CM to enhance TGF beta and caveolin 1 degradation
is projected to enhance the anti-atherosclerotic efficacy of this
nutraceutical (79–82).

It is also important to note that CM’s projected
pharmacology to lower caveolin 1 level by increasing autophagic
degradation is enhanced by other autophagy-activating CM
ingredients: palmitic acid (83), resveratrol (84), pterostilbene

(85), quercetin (86), piceatannol (87), delphinidin (88),
cyanidin-3-o-glucoside (89), and sulforaphane (89).

Summary

Identification of network-network interactions regulating
reciprocal feedback loops advances our understanding of how
ingredients/natural products of nutraceuticals interact within
a system and provide guidance for product optimization
and improving preclinical and clinical outcomes. Spectral
clustering of protein interaction information associated with
ingredients of a complex nutraceutical supplement, CM,
uncovered several biological functions supported by its ability
to correct cellular redox imbalance. These include its ability
to increase oral bioavailability of cholecalciferol vitamin D3
and to activate and stabilize caveolin-mediated endocytosis.
The combination of these functionalities infers involvement of
reciprocal cellular feedback loops that increase NO production
and vitamin D3 efficacy, decrease TGF beta signaling and
oxidative stress, and activate autophagy. Since down-regulation
of TGF beta activity and activation of autophagy is anticipated
to intercept/reverse endothelial dysfunction associated diseases
including atherosclerosis (90–93), diabetic kidney disease (94–
96), and COVID-19 (97–99), supplementation with CM-
like functionalities is projected to benefit treatment of
these diseases. For validating these effect predictions, clinical
trials are warranted.
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Introduction: The detailed association between albumin levels and mortality

has not been studied in critically ill children. The aim of this study was to

reveal an association between albumin levels in detail and mortality in critically

ill children.

Materials and methods: We retrospectively collected data from children

admitted to four pediatric intensive care units (PICUs) in China between

January 2015 and October 2020. Restricted cubic spline curves based

on logistic regression models were generated to evaluate the detailed

associations between serum albumin levels and PICU mortality. Threshold

effect analysis was performed using two piecewise regression models.

Results: The study included 9,123 children. The overall mortality was 5.3%. The

detailed association between serum albumin levels and the risk of mortality

followed a U-shape. The risk of mortality decreased with increasing serum

albumin levels (OR = 0.919; 95% CI: 0.886, 0.954) in children with serum

albumin levels < 43.2 g/L and increased with increasing serum albumin

levels (OR = 1.174; 95% CI: 1.044, 1.316) in children with serum albumin

levels ≥ 43.2 g/L.

Conclusion: There was a U-shaped association between serum albumin levels

and mortality in critically ill children in the PICU.

KEYWORDS

children, albumin, critical care, restricted cubic spline, mortality
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A serum albumin level of less than 35 g/L is considered
hypoalbuminemia, which is frequent in hospitalized patients,
especially critically ill patients. It has been reported that
more than 60% of pediatric patients have hypoalbuminemia
in intensive care units. Many studies have revealed that
hypoalbuminemia is associated with poor clinical outcomes.
However, the detailed association between albumin levels and
outcomes has not been well elucidated. In this study, we found
a U-shaped association between serum albumin levels and
mortality in critically ill children in the pediatric intensive care
unit (PICU). Low albumin levels and high albumin levels were
associated with mortality. The findings in this study suggest that
maintaining the optimal serum albumin levels is important in
critically ill patients in the PICU.

Introduction

Serum albumin is the main contributor to intravascular
colloid osmotic pressure. The normal range of serum albumin
concentrations in healthy subjects is approximately 35–50 g/L.
A serum albumin level of less than 35 g/L is considered
hypoalbuminemia, which is frequent in hospitalized patients,
especially critically ill patients. It has been reported that
more than 60% of pediatric patients and nearly 50% of adult
patients have hypoalbuminemia in intensive care units (ICUs)
(1, 2). Albumin is frequently administered in the ICU to
combat low albumin production. However, many albumin
prescriptions are thought to be inappropriate, which may
result in albumin administration being less cost-effective (3, 4).
Determining the detailed association between albumin levels
and outcomes could be clinically meaningful. On the one hand,
it is impossible to maintain a serum albumin level above 35 g/L
throughout the ICU stay. More importantly, this information
could help intensivists appropriately administer albumin and
reduce albumin abuse.

Serum albumin levels have long been recognized as an
indicator of outcomes in hospitalized patients (5–8). A large
number of studies have revealed that hypoalbuminemia
is associated with adverse outcomes, including increased
mortality, readmission, ICU admission, and prolonged hospital
stay (1, 2, 8–10). However, the detailed association between
albumin levels and outcomes has not been well elucidated. In
this study, we aimed to quantify the association between serum
albumin levels and mortality in critically ill children in the
pediatric intensive care unit (PICU) in detail.

Materials and methods

Study population and setting

This was a retrospective study of critically ill children
admitted to four PICUs in three tertiary referral hospitals in

China. None of the four PICUs were a neonatal intensive care
unit (NICU) and only received very few neonates. All children
admitted to the PICUs between January 2015 and October
2020 were included in this study except those discharged from
the PICU with uncertain outcomes, those without documented
albumin values during the ICU stay, and those older than
18 years. The study was approved by the Ethics Committee of
the Central Processing Center (West China Hospital of Sichuan
University) (20201113-202022402017). The requirement for
informed consent was waived due to the retrospective nature
of the study and because the study did not divulge the patients’
private information.

The patients’ demographics, clinical characteristic data,
laboratory values, vital signs upon admission to the ICU,
including respiratory rate, blood pressure, heart rate and
oxygen saturation, and PICU outcome were extracted from the
Electronic Medical Record Systems of the hospitals. Albumin
levels on admission, the lowest albumin level during the PICU
stay, and the duration with an albumin level below the normal
range were collected for analysis. The duration with an albumin
level below the normal range was defined as the total number
of days with an albumin level below 35 g/L during the PICU
stay. It was 0 days for patients with no days with an albumin
level below 35 g/L and 1 day for patients with a single day
with albumin levels below 35 g/L. For patients with more than
1 day with an albumin level below 35 g/L, the duration was
calculated by summing the number of days with an albumin
level below 35 g/L. If there were days with albumin levels
higher than 35 g/L between two albumin levels below 35 g/L,
we separately calculated the durations and then added them
together. Data management was performed by PostgreSQL
version 11.11 (PostgreSQL Global Development Group).

Statistics

The detailed associations between serum albumin levels
and PICU mortality were evaluated with restricted cubic spline
curves based on logistic regression models with adjustment
for other covariates, including Pediatric Risk of Mortality
(PRISM) score, age, race, sex, admission from emergency
department, cardiac surgery, oxygen partial pressure (PO2),
partial pressure of carbon dioxide (PCO2), shock index,
respiratory rate (RR), bilirubin, estimated glomerular filtration
rate (eGFR) being calculated according to Schwartz equation
(11), mechanical ventilation, inotropes, and acute kidney injury
(AKI) development (The baseline creatinine levels were the
creatinine values on admission). The number of knots was
set as 4 (0.05, 0.35, 0.65, 0.95) because 4 knots not only
provide sufficient fit of the model but are a good compromise
between flexibility and overfitting (12). Stratified analyses also
used the same number of knots for comparison of overall
and stratified analyses. The albumin levels not associated with
mortality were defined as the albumin concentrations at which
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the 95% confidence interval (CI) of the odds ratio (OR) for
mortality included a value of 1.0 in the cubic spline curves.
Threshold effect analysis was performed using two piecewise
regression models.

Continuous variables with normal distributions are
presented as the means ± standard deviations (SDs). Non-
normally distributed variables were described as medians
[interquartile ranges (IQRs)]. Categorical variables were
expressed as counts (percentages). P < 0.05 was considered
statistically significant. All statistical analyses were performed
in R version 3.6.1.

Results

Patient characteristics

A total of 9,671 pediatric patients were admitted to the
PICU during the study period. Five hundred forty-eight patients
were excluded for the following reasons: 235 patients had no
albumin values during the ICU stay; 131 children had unknown
outcomes; and 192 patients were older than 18 years. Finally,
9,123 patients were included in the analysis. Table 1 lists the
characteristics of the patients by albumin centile subgroups
according to the knots. In the overall population, the median
age of the pediatric population was 1.0 (IQR, 0.0–4.0) years.
The ratio of males was 54.7%. The mean albumin level was
38.2 ± 5.5 g/L. The most frequent reasons for PICU admission
were respiratory disorders, followed by cardiovascular and
digestive disorders. The median length of ICU stay was 3.0 (IQR,
1.0–6.0) days. The overall hospital mortality rate was 5.3%. The
mortality of children with the lowest albumin level was 18.5%,
which was the highest among the five categories.

Association between serum albumin
levels and mortality

The association between serum albumin levels and the
risk of mortality was U-shaped (Figure 1). Low and high
albumin levels were both associated with the risk of mortality.
In the unadjusted cubic spline, albumin levels between 35.9 g/L
(OR = 1.101; 95% CI: 0.998–1.215) and 43.2 g/L (OR = 1.139;
95% CI: 0.993–41.306) were not associated with mortality
(Figure 1A). In multivariable adjusted analyses, the association
between serum albumin levels and the risk of mortality still
followed a U-shape (Figure 1B). Albumin levels between
35.8 g/L (OR = 1.196; 95% CI: 0.993–1.440) and 50.1 g/L
(OR = 1.731; 95% CI: 0.999–3.0) were not associated with
mortality in the adjusted cubic spline (Figure 1B). The albumin
level associated with the lowest risk of mortality in multivariable
analyses was 40.6 g/L. The lowest albumin levels also had
a U-shaped association with the risk of mortality in the
unadjusted model (Figure 2A) but not in the adjusted model

(Figure 2B). In addition, the risk of mortality increased with
increasing duration of albumin levels below 35 g/L (Figure 3).

Threshold effect analysis

In the threshold effect analysis using two piecewise
regression models, the turning points were 43.2 g/L in
multivariable analyses and 35.8 g/L in univariable analysis
(Table 2). In multivariable analyses, the risk of mortality was
significantly decreased with the increment of albumin level
(OR = 0.919; 95% CI: 0.886–0.954) in children with a serum
albumin level < 43.2 g/L and increased with the increment
of serum albumin level (OR = 1.174; 95% CI: 1.044–1.316)
in children with a serum albumin level ≥ 43.2 g/L. In the
univariable analysis, albumin level also showed a negative
association with the risk of mortality (OR = 0.841; 95% CI:
0.815–0.867) in children with a serum albumin level < 35.8 g/L
and a positive association with risk of mortality (OR = 1.038;
95% CI: 1.038–1.069) in children with a serum albumin
level ≥ 35.8 g/L.

Subgroup analysis

Serum albumin concentrations had a U-shaped association
with the risk of mortality in male patients and a J-shaped
association with the risk of mortality in female patients
(Figure 4). In the children who received cardiac surgery,
the 95% CI included an OR of 1.0 at any concentration of
albumin (Figure 5A). In the patients who underwent non-
cardiac surgery, the association between serum albumin and the
risk of mortality followed a U-shape (Figure 5B).

Discussion

In this study of 9,123 critically ill patients admitted to
the PICU, we evaluated the association in detail between
serum albumin concentrations and mortality by using restricted
cubic spline curves based on a logistic regression model.
We found a U-shaped association between serum albumin
levels and the risk of mortality in critically ill children. Low
and high albumin levels were both associated with a higher
risk of mortality.

Serum albumin has been found to be a predictor of clinical
outcomes in the last century (7, 13). A lower serum albumin
concentration is inversely related to the risk of mortality. For
each 25 g/L decrement in serum albumin concentration, the risk
of mortality was estimated to increase as high as 56% (13). In
addition to mortality, albumin levels have also been revealed
to be associated with morbidities, such as sepsis and major
infections (7). In a large prospective study, a decrease in albumin
levels of 25 g/L was associated with an increase in morbidity
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TABLE 1 Baseline characteristics of the children.

Albumin (g/L)

1st–5th
<29.5 g/L
N = 448

6th–35th
29.5–36.3 g/L
N = 2,745

36th–65th
36.3–40.0 g/L
N = 2,697

66th–95th
40.0–47.2 g/L
N = 2,763

96th–100th
≥47.2 g/L
N = 470

All
N = 9,123

Albumin, g/L 26.0 (3.6) 33.6 (1.8) 38.1 (1.0) 42.6 (1.9) 49.9 (2.4) 38.2 (5.5)

Age, years 1 (0,6) 1 (0,4) 1 (0,4) 1 (0,4) 0 (0,2) 1 (0,4)

Albumin infusion, n (%) 146 (32.5%) 654 (23.8%) 467 (17.3%) 675 (24.4%) 96 (20.4%) 2,038 (22.3%)

Male, n (%) 250 (55.8%) 1,500 (54.6%) 1,476 (54.7%) 1,492 (54%) 271 (57.6%) 4,989 (54.7%)

Race, n (%)

Han
Tibet
Yi
Other

335 (74.8%)
53 (11.8%)
48 (10.7%)
12 (2.7%)

2,342 (85.3%)
199 (7.2%)
130 (4.7%)
74 (2.7%)

2,375 (88.1%)
145 (5.4%)
97 (3.6%)
80 (3.0%)

2,433 (88.1%)
158 (5.7%)
114 (4.1%)
58 (2.1%)

400 (85.1%)
32 (6.8%)
23 (4.9%)
15 (3.2%)

7,885 (86.4%)
587 (6.4%)
412 (4.5%)
239 (2.6%)

Primary reason for
PICU admission, n (%)

Respiratory 54 (12.0%) 909 (33.1%) 1,253 (46.5%) 1,143 (41.4%) 157 (33.4%) 3,516 (38.5%)

Cardiovascular 87 (19.4%) 581 (21.2%) 449 (16.6%) 527 (19.1%) 108 (23.1%) 1,752 (19.2%)

Digestive 112 (24.9%) 423 (15.4%) 372 (13.7%) 421 (15.3%) 96 (20.5%) 1,424 (15.6%)

Neurological 26 (5.8%) 196 (7.1%) 181 (6.7%) 178 (6.4%) 26 (5.5%) 607 (6.7%)

Malignant 60 (13.4%) 280 (10.2%) 195 (7.2%) 223 (8.1%) 23 (4.9%) 781 (8.6%)

Injury and poisoning 24 (5.3%) 78 (2.8%) 52 (1.9%) 49 (1.8%) 15 (3.2%) 218 (2.4%)

Other 86 (19.1%) 278 (10.1%) 195 (7.2%) 221 (7.9%) 45 (9.6%) 825 (9.1%)

Admission from
emergency department

233 (52.0%) 784 (28.6%) 602 (22.3%) 736 (26.7%) 166 (35.3%) 2,521 (27.6%)

Surgical type, n (%)

Non-cardiac surgery 190 (42.4%) 1,104 (40.2%) 1,014 (37.6%) 1,030 (37.3%) 176 (37.4%) 3,512 (38.5%)

Cardiac surgery 31 (6.9%) 471 (17.2%) 619 (22.9%) 588 (21.3%) 107 (22.8%) 1,816 (19.9%)

Non-surgical 227 (50.7%) 1,170 (42.6%) 1,064 (39.5%) 1,145 (41.4%) 187 (39.8%) 3,795 (41.6%)

Shock index 1.2 (0.9, 1.6) 1.2 (1.0, 1.5) 1.2 (1.0, 1.4) 1.2 (0.9, 1.4) 1.4 (1.1, 1.6) 1.2 (1.0, 1.5)

RR,/min 26 (20, 32) 26 (20, 30) 26 (20, 30) 28 (20, 31) 30 (23, 32) 26 (20, 30)

PO2 , mmHg 85.9 (62.0, 100.0) 84.0 (65.4, 100.0) 89.7 (70.6, 102.6) 89.2 (70.0, 100.0) 87.0 (63.4, 100.0) 87.4 (68.2, 100.0)

PCO2 , mmHg 40.1 (13.9) 39.7 (9.8) 40.2 (11.4) 39.6 (8.7) 42.7 (16.7) 40.1 (11.0)

eGFR, ml/min/1.73 m2 143.2 (82.8) 158.6 (65.0) 162.9 (57.0) 149.6 (58.6) 117.6 (47.4) 154.3 (61.2)

BUN, mmol/L 3.4 (2.3, 5.1) 3.3 (2.3, 4.7) 3.7 (2.7, 5.1) 4.0 (2.9, 5.4) 4.9 (3.6, 7.1) 3.7 (2.6, 5.1)

AKI, n (%) 164 (36.5%) 1,006 (36.6%) 1,008 (37.4%) 1,207 (43.7%) 267 (56.8%) 3,652 (40.0%)

Sodium, mmol/L 139.6 (6.6) 139.8 (4.8) 139.8 (4.5) 140.1 (6.1) 140.6 (4.8) 139.9 (4.8)

Hematocrit, % 0.3 (0.1) 0.3 (0.1) 0.3 (0.1) 0.4 (0.1) 0.4 (0.1) 0.3 (0.1)

Bilirubin, µmol/L 7.3 (3.2, 21.6) 8.0 (3.6, 16.2) 8.7 (4.3, 15.7) 9.7 (4.4, 18.1) 8.6 (4.3, 17.7) 8.6 (4.1, 16.9)

Inotropes, n (%) 18 (4.0%) 122 (4.4%) 110 (4.1%) 146 (5.3%) 44 (9.4%) 440 (4.8%)

Mechanical ventilation, n
(%)

120 (26.7%) 713 (26.0%) 653 (24.2%) 662 (24.0%) 133 (28.3%) 2,281 (25.0%)

PRISM score 5.3 (3.5) 4.5 (2.4) 4.5 (2.4) 4.6 (2.6) 4.9 (3.2) 4.6 (2.6)

Mortality, n (%) 83 (18.5%) 145 (5.3%) 113 (4.2%) 106 (3.8%) 38 (8.1%) 485 (5.3%)

LOS, days 2 (1, 3) 3 (1, 5) 3 (1, 6) 4 (2, 8) 7 (4, 12) 3 (1, 6)

Values are presented as the mean (standard deviation), median (interquartile range) or number (%). PICU, Pediatric Intensive Care Unit; RR, Respiratory Rate; PO2 , Oxygen Partial
Pressure; PCO2 , Partial Pressure of Carbon Dioxide; eGFR, estimated Glomerular Filtration Rate; BUN, Blood Urea Nitrogen; AKI, Acute Kidney Injury; PRISM Pediatric Risk of
Mortality Score; LOS, Length Of PICU Stay.

of 55%. Consistently, albumin concentrations have also been
shown to be associated with poor clinical outcomes in critically
ill children (2, 14). Each increase of 10 g/L in serum albumin in
critically ill children is associated with a 73% reduction in the

risk of 60-day mortality (hazard ratio = 0.27; 95% CI: 0.14–0.51)
(2). In a recent study, albumin levels still showed a negative
association with mortality in patients admitted to the PICU
(OR = 0.289; 95% CI: 0.136–0.615) (14).
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FIGURE 1

Association between serum albumin levels and mortality in all patients (A, the crude model; B, the model adjusted for age, race, sex, admission
form emergency department, cardiac surgery, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM).
Y-axis present the odds ratio, and the X-axis present albumin values. The 95% CI included an OR of 1.0 at albumin concentrations between 35.9
and 43.2 g/L in the crude model and between 35.9 and 50.1 g/L in the adjusted model.

FIGURE 2

Association between the lowest serum albumin levels during the PICU stay and mortality in all patients (A, the crude model; B, the model
adjusted for age, race, sex, admission form emergency department, cardiac surgery, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical
ventilation, inotropes, AKI, and PRISM). The 95% CI included an OR of 1.0 at albumin concentrations between 35.8 and 48.9 g/L in the crude
model and > 35.3 in the adjusted model.

In the current study, as expected, we also found an
association between low serum albumin levels and a higher risk
of mortality in critically ill children. In patients with serum
albumin levels < 43.2 g/L, each increase of 1 g/L in serum
albumin was associated with an 8.1% reduction in the risk of
PICU mortality. This finding was similar to that of a previous
study in critically ill children, in which a 7.3% reduction in the
risk of mortality was associated with an increase of 1 g/L in
serum albumin (hazard ratio = 0.27; 95% CI: 0.14–0.51) (2). In
critically ill adult patients, each 1 g/L increase in serum albumin

also resulted in a reduction in mortality of more than 60%
(OR = 0.383; 95% CI: 0.198–0.740) (15).

What was new in this study was that high serum albumin
also showed an association with mortality. There was a
U-shaped association between serum albumin levels and the
risk of mortality in critically ill children. To the best of our
knowledge, there is no evidence that a high serum albumin
level is associated with mortality in critically ill children.
However, there was a study revealing a U-shaped association
between clinical outcomes and children with end-stage renal
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FIGURE 3

Association between the duration with an albumin level below 35 g/L and the risk of mortality.

TABLE 2 Threshold effect analyses of serum albumin levels on mortality using two piecewise regression models.

Adjusted Crude

Turnpoint OR (95% CI) P Turnpoint OR (95% CI) P

<43.2 g/L 0.919 (0.886, 0.954) <0.001 <35.8 g/L 0.841 (0.815, 0.867) <0.001

≥43.2 g/L 1.174 (1.044, 1.316) <0.01 ≥35.8 g/L 1.038 (1.007, 1.069) <0.05

OR, odds ratio; CI, confidence interval.

disease (16). In the study, serum albumin levels < 35 g/L
and ≥ 45 g/L were both associated with hospitalization
frequency and hospitalization days. Similar findings were also
found in adult patients. In a retrospective study, by stratifying
patients into groups according to serum albumin levels, the
investigators revealed that the risk of hospital-acquired AKI was
related to a low albumin level (≤ 24 g/L) (OR = 1.52; 95% CI:
1.18–1.94) and a high albumin level (≥ 45 g/L) (OR = 2.16; 95%
CI: 1.74–2.96) (17). In a recent study among adult patients with
hypertension, a U-shaped association between serum albumin
levels and chronic kidney disease was also revealed by using
cubic spline curves (18). In the study, albumin levels < 51.4 g/L
and ≥ 51.4 showed opposite associations with outcomes in
patients (OR = 0.92; 95% CI: 0.88–0.96 vs. OR = 1.06; 95%
CI: 1.01–1.11). The underlying mechanism of the association

between high albumin levels and poor clinical outcomes is not
fully understood. One of the potential mechanisms might be
dehydration, which is common in sick young children. Studies
have reported that high serum albumin levels are mostly caused
by dehydration (19, 20). In the current study, the patients
with the highest serum albumin levels had relatively higher
blood urea nitrogen (BUN), hematocrit (HCT%) and serum
sodium levels as well as a higher shock index but a lower
estimated glomerular filtration rate (eGFR) (Table 1), which
is a sign of dehydration. However, further studies are needed
to understand the potential mechanism because high albumin
levels are generally regarded as normal.

In children receiving cardiac surgery, hypoalbuminemia
is associated with an increased length of hospital stay and
mortality (21, 22). However, in this study, the serum albumin

Frontiers in Nutrition 06 frontiersin.org

188

https://doi.org/10.3389/fnut.2022.931599
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-931599 August 29, 2022 Time: 7:35 # 7

Zhang et al. 10.3389/fnut.2022.931599

FIGURE 4

Stratified analysis for the association between serum albumin levels and mortality (A, subgroup analysis in male patients; B, subgroup analysis in
female patients). The models were adjusted for age, race, admission form emergency department, cardiac surgery, PO2, PCO2, shock index, RR,
bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM.

FIGURE 5

Stratified analysis for the association between serum albumin levels and mortality in surgical patients (A, subgroup analysis in cardiac surgery
patients; B, subgroup analysis in non-cardiac surgery patients). The models were adjusted for age, race, sex, admission form emergency
department, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM.

levels did not appear to be not associated with mortality in
children receiving cardiac surgery. The most likely explanation
may be that the number of patients with an albumin
level < 29.5 g/L was too small. Only 31 patients undergoing
cardiac surgery had albumin levels < 29.5 g/L, which may be
too small to reveal statistical significance. Unlike the subgroup
analysis in cardiac surgical patients, serum albumin levels
showed the same U-shaped association with mortality in non-
cardiac surgical patients.

In the adjusted analysis in the overall population, albumin
levels between 35.8 and 50.1 g/L were not associated with
mortality. This range might be clinically meaningful because
maintaining the optimal serum albumin level is important

in critically ill children in the PICU. Male patients had an
approximate albumin level range between 35.6 and 56.1 g/L.
The range in non-cardiac surgical patients was 36.6–46.2 g/L,
narrower than those in the overall population.

This study has several limitations. First, although we
included nearly all patients with documented albumin test
results in this study, incomplete data were inevitable due to the
inherent limitations of retrospective studies. Second, the dataset
used for analysis came from large tertiary referral centers.
The study design may limit the generalizability of our results
to other non-tertiary centers and may introduce referral bias
because of increased disease severity. Furthermore, we failed
to reveal an association between serum albumin levels and
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mortality in children receiving cardiac surgery. This result
should be cautiously treated because of the small sample of
cardiac surgery patients with low albumin levels.

Conclusion

In this study, we found a U-shaped association between
serum albumin levels and mortality in critically ill children in
the PICU. Both low and high albumin levels were associated
with mortality. Serum albumin levels between 35.8 and 50.1 g/L
were identified as the range not related to mortality in
critically ill children. The range may suggest that maintaining
optimal serum albumin levels is important in critically ill
patients in the PICU.
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E�ect of preoperative
predigested formula vs.
polymeric formula on bowel
function recovery after definitive
surgery for small intestinal
entero-atmospheric fistula in
patients with chyme reinfusion
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Risheng Zhao2*

1Department of General Surgery, Jinling Hospital, Nanjing, China, 2Department of General Surgery,
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Purpose: The purpose of this study is to compare the e�ect of preoperative

predigested formula vs. polymeric formula on bowel function recovery

following definitive surgery (DS) for small intestinal enteroatmospheric

fistula (EAF).

Methods: In this retrospective study, from January 2005 to December 2019,

the patients with small intestinal EAF and receiving a DS were enrolled.

During the preoperative treatment, each patient received enteral nutrition

via nasojejunal feeding and chyme reinfusion. The enrolled subjects were

classified into two groups, based on their formula type: polymeric formula

and predigested formula. Then, propensity scores matching (PSM) was

used to further divide these patients into PSM polymeric formula group or

PSM predigested formula group. The clinical characteristics of the groups

were analyzed.

Result: A total of 137 patients were finally enrolled, with 72 patients in the

polymeric formula group and 65 patients in predigested formula group. The

postoperative ileuswasmanifested in a total of 61 (44.5%) cases, with 27 (37.5%)

in the polymeric formula group and 34 (52.3%) in the predigested formula

group (P = 0.04). It was predicted that the polymeric formula could result in

a reduction in postoperative ileus (OR = 0.47; 95% CI: 0.21–0.95; P = 0.04).

After 1:1 PSM, there were 110 patients included. The postoperative ileus was

observed in 47 patients, with 18 (32.7%) in the polymeric formula group and 29

(52.7%) in the predigested formula group (P = 0.03). After PSM, the polymeric

formula demonstrated a reduction in the incidence of postoperative ileus (OR

= 0.42; 95% CI: 0.19–0.92; P = 0.03).

Conclusion: Compared with predigested formula, the preoperative polymeric

formula appears to be associated with earlier recovery of bowel function after

DS for EAF.
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outcomes, surgery, postoperative ileus, polymeric formula, predigested formula
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Introduction

Enteroatmospheric fistula (EAF), a particular subset of

enterocutaneous fistula (ECF), is defined as communication

between the gastrointestinal tract and the atmosphere, without

skin or soft tissue surrounding or overlying the opening in the

bowel (1). EAF is almost impossible to achieve spontaneous

closure (2), and a definitive surgery (DS) with high morbidity

is essential (3), in which the incidence of postoperative ileus

might be up to 50% (4–6). A typical nutritional strategy consists

of enteral nutrition (EN) in conjunction with chyme reinfusion

(CR) (5–8).

The predigested formula is more readily absorbed than

the polymeric formula, making it easier to achieve nutrition

goals when gastrointestinal continuity is established with

CR. However, it is reasonable that predigested formula is

more fully absorbed in the jejunum, so fewer unabsorbed

predigested preparations will reach the ileum than the polymeric

formula (9). The essential nutrition for gastrointestinal mucosa

stimulates chyme rich in nutrients (10). Consequently, this

difference in the absorption rate makes it plausible to

hypothesize that this may affect the number of nutrients in the

distal chyme, thereby affecting the appearance and function of

the terminal small intestinal mucosa, thus impacting the healing

time of bowel function after DS.

Methods

Study design

This was a retrospective study performed at two tertiary

hospitals with more than 2,500 beds. The institutional review

board approved the study. All procedures were performed in

compliance with relevant guidelines and regulations. Informed

consent was obtained from all individuals.

Grouping

From January 2005 to December 2019, the characteristics of

patients receiving a DS for small intestinal EAF were reviewed.

Before the DS, EN was given via nasojejunal tube during the

entire treatment process, for which the energy was calculated

according to 30 kcal/kg.

Before 2012, CR was not extensively employed. As a

result, predigested formula (Peptison Liquid, Nutricia, Wuxi,

China) was used until DS due to the characteristics of easy

absorption. After 2012, because of the widespread use of CR,

polymeric formula (Nutrison Fiber, Nutricia, Wuxi, China) was

widely used.

According to the type of formula used, patients were divided

into polymeric formula group and predigested formula group

(Figure 1). Then, propensity scores matching (PSM) was used

to further divide these patients into PSM polymeric formula

group or PSM predigested formula group. There was a thorough

examination of the groups’ clinical features (Figure 1).

Excluded criterion

The excluded criterion were as follows: (1) patients ≤17-

year-old; (2) patients with concurrent upper gastrointestinal

fistula, colon fistula, pancreatic fistula, or pancreatitis, which

may influence the difficulty of the operation; (3) patients with

EN providing <60% of the nutritional needs; (4) patients with

inflammatory bowel disease (IBD); and (5) patients without

complete data.

Patients were followed up to discharge. The primary

outcome was postoperative ileus. The secondary outcomes were

as follows: (1) defecation time and (2) duration from initial

postoperative resume of EN to total EN.

Treatment of EAF and DS

The treatment of EAF followed the SOWATS treatment

guidelines, consisting of the following components: sepsis,

optimization of nutritional state, wound care, anatomy (of

the leakage), the timing of surgery, and surgical strategy (11).

Additionally, the temporary abdominal closure technique (TAC)

was used to protect the exposed intestine until a frozen

abdomen formed. After forming the frozen abdomen, a planned

abdominal hernia was designed via stamp skin grafting from the

patient’s head.

At least 3 months after grafting, DS for EAF was

performed. The following are the conclusive surgical criteria.

First, C-reactive protein (CRP), white blood cell (WBC),

and procalcitonin (PCT) are kept regular for more than 1

month. Second, BMI ≥ 18.0 and normal physical strength are

maintained. Third, hemoglobin ≥ 110 g/L. Finally, the interval

exceeds 4 months after the first time getting discharged from our

institution (5).

Our chief surgeon, Dr. Yunzhao Zhao, MD and Ph.D.,

performed the DS. During the DS, a lateral-lateral end

anastomosis was performed in each fistula using a linear

stapler (Pride Medical Inc., Jingjiang, Taizhou, Jiangsu, China).

In addition, serosa and muscularis injuries were sutured

using a 4–0 absorbable band (Vicryl Plus, Ethicon, Inc., TX,

USA). Before anastomosis, the digestive tract was gradually

dissociated. In all cases, intra-intestinal splinting was carried

out before abdominal closure. In addition to the closure

of the fistula(s), hernia repair was also performed for

each patient during the DS. Besides, component separation

technology was applied and onlay mesh repair was carried

out. A Cook Biodesign advanced tissue repair device (Cook
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FIGURE 1

The patients and grouping.

Medical Inc., Bloomington, IN, USA) was employed in

this process. Negative pressure drainage took place under

all incisions. During the postoperative treatment, RBC and

human serum Alb were used to maintain patients with

hemoglobin (Hb) >100 g/L and/or albumin (Alb) >30

g/L, respectively.

Perioperative treatment

The preoperative discussion focused on the possible

difficulties that may arise during the operation and

potential solutions were performed 2 days before each

operation. Because the adhesions might be severe

and cause excessive bleeding during the operation,

at 6 p.m. the day before DS, EN was stopped, and

preoperative bowel preparation with sodium phosphate

was performed. An additional 1,500ml of intravenous

crystalloid was infused overnight to prevent dehydration.

At 6 a.m. on the day of DS, a nasogastric tube for

decompression was placed. Second-generation cephalosporin

was used within 30min of the DS as a preoperative

prophylactic antimicrobial.

After postoperative defecation, the EN with predigested

formula began to resume. During the process, minimal EN with

a speed of 20 ml/h was initially used. Provided the patient had

no gastrointestinal symptoms, such as abdominal distension

and diarrhea, the speed of EN was progressively raised from

20 to 80 ml/h over 6 days at a rate of 10 ml/h per day.

If gastrointestinal symptoms existed, the increase of EN was

slowed down to accommodate the patient’s circumstances. Due

to the prolonged absence of a regular oral diet, postoperative

continuous and stable EN was performed for about 1 month.

The liquid diet was gradually resumed. During this process,

the necessary intravenous fluids were used to maintain

electrolyte balance.
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TABLE 1 Patients characteristics.

Clinical variables Polymeric

formulas group

(n = 72)

Predigested

formula group

(n = 65)

P PSM polymeric

formulas group

(n = 55)

PSM predigested

formula group

(n = 55)

P

Demographic data

Female, No. (%) 39 (54.2) 32 (49.2) 0.69 30 (54.5) 29 (52.7) 0.85

Age, years; (median,IQR) 45.0 (34.0–54.75) 42.0 (37.0–51.0) 0.98 43.0 (32.0–54.0) 41.0 (37.0–48.0) 0.36

BMI, kg/m2 , (median,IQR ) 19.0 (18.3–20.1) 19.2 (18.5–20.2) 0.17 19.0 (18.3–20.1) 19.4 (18.5–20.3) 0.99

Time period, No. (%) - -

Year 2005–Year 2008 - 30 (21.9) - 26 (23.6)

Year 2008–Year 2011 - 35 (25.5) - 29 (26.4)

Year 2012–Year 2015 32 (23.4) - 25 (22.7) -

Year 2016–Year 2019 40 (29.2) - 30 (27.3) -

Fistula characteristics

Interval from fistula occurred to admission, day,

(median,IQR)

15 (12–19) 16 (14–19) 0.26 15 (13–21) 16 (14–19) 0.89

Distance from treitz ligament to fistula, No. (%) 0.78 0.78

<100 cm 25 (34.8) 22 (33.8) 17 (30.9) 18 (32.7)

From 100 to 200 cm 33 (45.8) 33 (50.8) 25 (45.5) 27 (49.1)

>200 cm 14 (19.4) 10 (15.4) 13 (23.6) 10 (18.2)

Length of small intestine, No. (%) 0.58 0.65

<300 cm 17 (23.6) 18 (27.7) 14 (25.5) 12 (21.8)

≥300 cm 55 (76.4) 47 (72.3) 41 (74.5) 43 (78.2)

Duration of CR, month (median, IQR) 5 (4–6) 5(4–6) 0.78 5 (4–6) 5(4–6) 0.89

Duration of enteral nutrition, month (median,

IQR)

5 (4–6) 5(4–6) 0.78

Duration of usage of polymeric formulas, month

(median, IQR)

4 (3–4) - - 4 (3–4) - -

High output, No. (%) 69 (95.8) 63 (96.9) 1.00 65 (100) 65 (100) 1.00

The area of planed ventral hernia, No. (%) 0.81 0.0.59

<50 cm2 7 (9.7) 8 (12.3) 7 (12.7) 5 (9.1)

≥50 and<100cm2 48 (66.7) 44 (67.7) 34 (61.8) 39 (70.9)

≥100 cm2 17 (23.6) 13 (20.0) 14 (25.5) 11 (20.0)

Etiology, No. (%) 0.48 0.61

Trauma 49 (68.1) 43 (66.2) 35 (63.6) 37 (67.3)

(Continued)
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TABLE 1 (Continued)

Clinical variables Polymeric

formulas group

(n = 72)

Predigested

formula group

(n = 65)

P PSM polymeric

formulas group

(n = 55)

PSM predigested

formula group

(n = 55)

P

Unexplained perforation 2 (2.8) 1 (1.5) 2 (3.6) 1 (1.8)

Adhesive obstruction 14 (19.4) 18 (27.7) 13 (23.6) 15 (27.3)

Mesenteric thrombosis 7 (9.7) 3 (4.2) 5 (9.1) 2 (3.6)

Characteristics related to DS

Hemoglobin before DS, No. (%) 0.81 0.65

<120 g/L 19 (26.4) 16 (24.6) 12 (21.8) 14 (25.5)

≥120 g/L 53 (73.6) 49 (75.4) 43 (78.2) 41 (74.5)

Albumin before DS, No. (%) 0.56 0.84

<35 g/L 20 (27.8) 21 (32.3) 17 (30.9) 18 (32.7)

≥35 g/L 52 (72.2) 44 (67.7) 38 (69.1) 37 (67.3)

Grade of abdominal adhesion, No. (%) 0.17 0.83

≤IV 28 (38.9) 18 (27.7) 16 (29.1) 15 (27.3)

V 47 (65.3) 44 (67.7) 39 (79.9) 40 (72.3)

Duration of DS, No. (%) 0.15 0.84

<4 h 33 (45.8) 22 (33.8) 21 (38.2) 20 (36.4)

≥4 h 39 (54.2) 43 (66.2) 34 (61.8) 35 (63.6)

Bleeding loss during DS, No. (%) 0.65 0.57

<1,000ml 12 (16.7) 9 (13.8) 8 (14.5) 6 (10.9)

≥1,000ml 60 (83.3) 56 (86.2) 47 (85.5) 49 (89.1)

The amount of red blood cell suspension input

during DS and 48 h after DS*, No. (%)

0.57 0.69

<10U 30 (41.7) 24 (36.9) 18 (32.8) 20 (36.4)

≥10U 42 (58.3) 41 (63.1) 37 (67.3) 35 (63.6)

The amount of albumin input during DS and 48 h

after DS**, No. (%)

0.15 0.84

<100 g 32 (44.4) 21 (32.3) 20 (36.4) 21 (38.2)

≥100 g 40 (55.6) 44 (67.9) 35 (63.6) 34 (61.8)

*In order to maintain the Hemoglobin >100 g/L within 48 h after definitive surgery.
**In order to maintain the Albumin >30 g/L within 48 h after definitive surgery.
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TABLE 2 Logistics regression analysis of the risk factors for defecation before PSM.

Clinical variables Unadjusted regression Adjusted regression

OR 95% CI P OR 95% CI P

Female 0.69 0.35–1.38 0.30

Polymeric formulas 0.49 0.24–0.96 0.04 0.47 0.21–0.95 0.04

Age 1.02 0.99–1.05 0.25

BMI 0.94 0.73–1.20 0.61

Time period

Year 2005–Year 2008 Ref

Year 2008–Year 2011 0.93 0.35–2.46 0.88

Year 2012–Year 2015 0.53 0.19–1.45 0.21

Year 2016–Year 2019 0.53 0.20–1.37 0.19

Interval from fistula occurred to admission 0.99 0.93–1.07 0.97

Distance from treitz ligament to fistula

<100 cm Ref

From 100 to 200 cm 0.79 0.38–2.09 0.56

>200 cm 0.525 0.20–1.28 0.18

Length of small intestine

<300 cm Ref

≥300 cm 1.93 0.86–4.37 0.11

Duration of CR 1.11 0.67–2.19 0.21

Duration of enteral nutrition 1.81 0.72–3.47 0.36

Hight output 1.25 0.67–2.33 0.49

The area of planed ventral hernia

<50 cm2 Ref

≥50 and<100 cm2 1.47 0.46–4.65 0.51

≥100 cm2 2.00 0.55–7.27 0.29

Etiology, No. (%)

Trauma Ref

Unexplained perforation 0.68 0.06–7.76 0.76

Adhesive obstruction 1.54 0.69–3.46 0.29

Mesenteric thrombosis 0.34 0.07–1.69 0.19

Hemoglobin before DS

<120 g/L Ref

≥120 g/L 0.54 0.25–1.18 0.12

Albumin before DS

<35 g/L Ref

≥35 g/L 0.83 0.39–1.73 0.61

Grade of abdominal adhesion

≤IV Ref Ref

V 1.94 0.92–4.06 0.08 0.62 0.44–0.88 0.009

Duration of DS

<4 h Ref

≥4 h 0.66 0.33–1.32 0.244

Bleeding loss during DS

<1,000ml Ref

≥1,000ml 2.10 0.76–5.80 0.15

(Continued)

Frontiers inNutrition 06 frontiersin.org

197

https://doi.org/10.3389/fnut.2022.923191
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Tian et al. 10.3389/fnut.2022.923191

TABLE 2 (Continued)

Clinical variables Unadjusted regression Adjusted regression

OR 95% CI P OR 95% CI P

The amount of red blood cell suspension input during DS and 48 h after DS*

<10U Ref Ref

≥10U 2.23 1.09–4.57 0.03 1.67 0.82–4.12 0.18

The amount of albumin input during DS and 48 hours after DS**

<100 g Ref Ref

≥100 g 2.43 1.17–5.01 0.02 1.88 0.75–4.89 0.27

*In order to maintain the Hemoglobin >100 g/L within 48 h after definitive surgery.
**In order to maintain the Albumin >30 g/L within 48 h after definitive surgery.

Definition, data collection, and statistical
analysis

A preliminary assessment consisted of calculating the

gender, age, and time interval from occurrence to admission

of the EAF, as well as recording the etiology at admission.

The preoperative Hemoglobin (Hb), Albumin (Alb), body mass

index (BMI), the output of fistula, and the area of planned

ventral hernia were estimated within 1 week before DS. As part

of the surgical procedure, the length from the Treitz ligament to

the location of the fistula, length of the small intestine, degree

of abdominal adhesion, duration of DS, and intraoperative

blood loss were evaluated. The patient’s postoperative course

record was evaluated concerning red blood cell (RBC) and Alb

transfusions within 48 h after DS.

The degree of abdominal adhesion was primarily classified

according to Hobson KG (12), which could be assessed

simply according to the operation record and was suitable for

retrospective study (Degree I = no adhesions; Degree II =

minimal adhesions localized to 1 or 2 areas; Degree III= diffuse

adhesions, but not extensive; Degree IV = diffuse extensive

adhesions, easily lysed; Degree V = diffuse extensive, dense

adhesions, difficult to lyse). Adhesions occupying more than

half the surgical field in the abdominal cavity were considered

“diffuse extensive” in our study. In cases where the intestines

did not have a gap at 50% adhesion sites, adhesive lesions were

termed “dense adhesions.” If the intestinal damage and bleeding

during the dissociation were inevitable, the adhesion was defined

as “difficult to lyse.” Postoperative ileus was defined as a longer

defecation time than 7 days after DS (13).

All statistical analyses were performed using the Statistical

Package for Social Science (SPSS) version 26.0 for Windows

(IBM, Analytics, Armonk, NY). Comparing continuous

variables between groups was carried out using Student’s t-test

and a Mann–Whitney U-test. Comparing categorical variables

was conducted using Fisher’s exact test. We investigated

confounding variables via multivariate Cox regression and

logistic regression. The practice of estimating treatment effects

with observational data is reduced with the use of a 1:1 PSM.

The patients in the PSM groups were matched based on

the calculated propensity scores by a regression model with

demographic data, fistula characteristics, and characteristics

related to DS. A value of 0.05 was chosen as the match tolerance.

Statistical significance was defined as a P < 0.05.

Results

Baseline characteristics and population

Our study encompassed 238 patients with small intestinal

EAF, who underwent DS from January 2005 to December

2019. There were two patients ≤17-year-old, four patients

with IBD, 13 patients with EN providing <60% of the

postoperative nutritional needs, 70 patients with concurrent

upper gastrointestinal fistula, colon fistula, pancreatic fistula,

or pancreatitis, and 12 patients without complete data. A total

of 137 patients were finally enrolled in our study. Seventy-

two patients were assigned to the polymeric formula group

and 65 patients were in predigested formula group. Except for

the different time period of treatment, the characteristics were

comparable between the two groups (Table 1).

A total of 110 patients were further divided into PSM

polymeric formula group (n= 55) and PSM predigested formula

group (n= 55). Difference between the groups in the time period

was observed after PSM (Table 1).

Duration of usage of polymeric formula

The median duration of usage of polymeric formula was 4

months (IQR: 3–4 months), while the usage of EN was 5 months

(IQR: 4–6 months). Before using the polymeric formula, the

predigested formula was used for transition in 56 patients, and
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TABLE 3 Logistics regression analysis of the risk factors for postoperative ileus after PSM.

Clinical variables Unadjusted regression Adjusted regression

OR 95% CI P OR 95% CI P

Female 0.94 0.67–1.32 0.72

Polymeric formulas 0.44 0.20–0.95 0.03 0.42 0.19–0.92 0.03

Age 0.99 0.97–1.00 0.13

BMI 0.97 0.75–1.26 0.82

Time period

Year 2005–Year 2008 Ref

Year 2008–Year 2011 1.23 0.43–3.56 0.70

Year 2012–Year 2015 0.56 0.18–1.73 0.32

Year 2016–Year 2019 0.43 0.14–1.28 0.13

Interval from fistula occurred to admission 0.97 0.94–1.00 0.14

Distance from treitz ligament to fistula

<100 cm Ref

From 100 to 200 cm 1.27 0.87–1.85 0.23

>200 cm 1.02 0.78–2.36 0.46

Length of small intestine

<300 cm Ref

≥300 cm 0.39 0.28–1.65 0.68

Duration of CR 1.11 0.67–2.19 0.21

Duration of enteral nutrition 1.58 0.87–3.09 0.31

Hight output 1.16 0.58–2.33 0.67

The area of planed ventral hernia

<50 cm2 Ref

≥50 and<100 cm2 1.39 0.38–5.06 0.61

≥100 cm2 2.17 0.51–9.09 0.29

Etiology, No. (%)

Trauma Ref

Unexplained perforation 0.74 0.06–8.56 0.81

Adhesive obstruction 1.71 0.71–4.12 0.23

Mesenteric thrombosis 0.59 0.11–3.27 0.55

Hemoglobin before DS

<120 g/L Ref

≥120 g/L 1.03 0.71–1.49 0.89

Albumin before DS

<35 g/L Ref

≥35 g/L 0.84 0.37–1.88 0.67

Grade of abdominal adhesion

≤IV Ref

V 1.86 0.77–4.43 0.17

Duration of DS

<4 h Ref

≥4 h 1.41 0.31–1.47 0.61

Bleeding loss during DS

<1,000ml Ref

≥1,000ml 1.66 0.74–3.79 0.22

The amount of red blood cell suspension input during DS and 48 h after DS*

<10U Ref Ref

≥10U 2.78 1.17–6.55 0.02 1.87 0.62–4.14 0.38

(Continued)
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TABLE 3 (Continued)

Clinical variables Unadjusted regression Adjusted regression

OR 95% CI P OR 95% CI P

The amount of albumin input during DS and 48 hours after DS**

<100 g Ref Ref

≥100 g 2.33 1.03–5.31 0.04 1.75 0.77–3.99 0.18

*In order to maintain the Hemoglobin >100 g/L within 48 h after definitive surgery.
**In order to maintain the Albumin >30 g/L within 48 h after definitive surgery.

the duration of using predigested formula was 1 month (IQR: 1–

2 months). There were other 16 patients without transition, and

the polymeric formula was used directly.

Postoperative ileus

Before PSM, postoperative ileus occurred in a total of 61

patients (44.5%) with 27 (37.5%) in the polymeric formula group

and 34 (52.3%) in the predigested formula group (P = 0.04).

The adjusted logistics regression indicated that the polymeric

formula could result in a reduction in postoperative ileus (OR

= 0.47; 95% CI: 0.21–0.95; P = 0.04; Table 2). After PSM, there

were a total of 47 of the 110 patients with postoperative ileus, 18

(32.7%) in the polymeric formula group and 29 (52.7%) in the

predigested formula group (P = 0.03). The polymeric formula

reduced the incidence of postoperative ileus (OR = 0.42; 95%

CI: 0.19–0.92; P = 0.03; Table 3).

Defecation time

Before PSM, the defecation time was 7 days (IQR: 6–11

days) in the polymeric formula group and 8 days (IQR: 7–

13 days) in the predigested formula group (P = 0.02). In the

predigested formula group, after DS, there were 27 (41.5%)

patients with defecation time more than 10 days, and 5 (7.7%)

patients with defecation time more than 20 days. There were

14 (19.4%) patients with defecation time more than 10 days

and 4 (5.6%) patients with defecation time more than 20 days

(Figure 2A) in the polymeric formula group. The preoperative

usage of polymeric formula accelerated postoperative defecation

(adjusted HR= 1.72; 95%CI: 1.17–2.26; P= 0.03, Figures 3A,B).

After PSM, the defecation time was 7 days (IQR: 6–11 days)

in the PSM polymeric formula group and 8 days (IQR: 7–

13 days) in the PSM predigested formula group (P = 0.02).

In the PSM predigested formula group, after DS, there were

23 (41.8%) patients with defecation time more than 10 days

and 5 (9.0%) patients with defecation time more than 20

days. There were 11 (20.0%) patients with defecation time

more than 10 days and 4 (7.3%) patients with defecation time

more than 20 days (Figure 2B) in the PSM polymeric formula

group. The preoperative usage of polymeric formula accelerated

postoperative defecation (adjusted HR = 1.68; 95%CI: 1.13–

2.49; P = 0.01, Figures 4A,B).

The resumption from minimal EN to total
EN

Before PSM, the median duration of resumption from

minimal EN to total EN in the polymeric formula group

was 6 days (IQR: 6–6 days), and it was 6 days (IQR: 6–7

days) in the predigested formula group (Figure 5A). Polymeric

formula accelerated the resumption process (adjusted HR =

1.32 95%CI: 1.03–3.49; P = 0.02). The median duration of

resumption from minimal EN to total EN in the PSM polymeric

formula group was 6 days (IQR: 6–6 days), and it was 6

days (IQR: 6–7 days) in the PSM predigested formula group

(Figure 5B). Polymeric formula also accelerated the resumption

process (adjusted HR = 1.44 95%CI: 1.02–3.17.; P = 0.02)

after PSM.

Discussion

In the present study, we found that postoperative ileus

occurred in 45% of patients after DS for EAF, and the

preoperative EN with polymeric formula appears to shorten

the postoperative defecation time and reduce the incidence of

postoperative ileus, although this issue has not been reported by

other researchers.

The high incidence of postoperative ileus in patients

with EAF was not a particularly innovative discovery. In

a previous study including 159 subjects, it was similarly

demonstrated that the overall incidence of postoperative

ileus after DS for EAF was more than 50% (6). During

the DS, severe abdominal adhesion could lead to

extensive bowel and substantial blood loss. Those adverse

intraoperative events not only exacerbate the postoperative

inflammation response (14, 15) but also inhibit adrenergic

neural pathways (15), leading to a high incidence of

postoperative ileus.
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FIGURE 2

(A) Number of patients with di�erent defecation times between the predigested formula group and polymeric formula group. (B) Number of

patients with di�erent defecation times between the PSM predigested formula group and PSM polymeric formula group.

While ensuring effective CR, the present study has

identified that the polymeric formula may minimize the

possibility of postoperative ileus compared with predigested

formula. Predigested formula is more straightforward and

readier assimilated and has enhanced the tolerance. As

a result, it has been reported to present nutritional and

clinical benefits in nutritionally high-risk non-ICU patients

suffering from intestinal failure (16). In patients with EAF,

most intestinal juice leaks from the fistula and cannot flow

into the distal small intestine of the fistula, resulting in

excessive output (5, 17–19). Accordingly, as the predigested

formula needs little further intraluminal digestion and is
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FIGURE 3

(A) Di�erence of the defecation time between the predigested formula group and polymeric formula group. (B) Risk factors for defecation

before PSM.

easily absorbed (9), it has been extensively utilized in EAF

patients. However, with the same energy supplement, it can

be inferred that the use of predigested formula may result

in more nutrients being absorbed in the proximal small

intestine and lead to decreased nutrient concentration in the

distal ileum.

The replacement of gastrointestinal epithelium occurs

within a short period, usually between 3 and 6 days

(20). This replacement requires the delivery of adequate

nutrients, and gastrointestinal epithelial cells must receive

their nutritional requirements intraluminally to guarantee

replacement. Villous length and crypt depth are decreased

due to mucosal atrophy caused by a lack of luminal

nutrients (9). These pathophysiologic processes might

result in intestinal absorption and mobility insufficiency,

contributing to the development of postoperative ileus

following intestinal surgery (21). Compared to polymeric

formula, the predigested formula may reduce the nourishing
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FIGURE 4

(A) Di�erence of the defecation time between the PSM predigested formula group and PSM polymeric formula group. (B) Risk factors for

defecation after PSM.

effect of chyme in the digestive tract on the distal ileum,

which eventually produces the potential incidence of

postoperative ileus.

The problem of postoperative ileus caused by

gastrointestinal disuse has been previously reported.

Most of those studies focused on the complete disuse

of the distal gastrointestinal tract after the temporary

stoma (21–24). Unlike these studies, the present study

is mainly concerned with the influence of relative disuse

on gastrointestinal motility, following different types of

EN formula. However, it was revealed that even with the

same energy density, the difference in nutrient composition

might lead to the relative disuse of distal ileum owing to

the difference in absorption and digestion, which then

might subsequently contribute to the varied incidence of

postoperative ileus.

Our study’s protocol of postoperative nutritional

support was different from the current feeding strategy

for gastrointestinal surgery consisting of early EN or oral

administration. Surgery for EAF always has a high incidence
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FIGURE 5

(A) Di�erence of the resumption from minimal EN to total EN between the predigested formula group and polymeric formula group. (B)

Di�erence of the resumption from minimal EN to total EN between the PSM predigested formula group and PSM polymeric formula group.

of complications resulting from the sizeable peeling surface,

the large amount of oozing blood during the surgery, and

the severe postoperative intestinal edema. Oral or EN after

defecation is an ancient strategy, but at least it seems safe. So,

we still use this strategy when a complicated enterocutaneous

fistula surgery is performed. In our study, our procedure for

achieving postoperative EN feeding objectives is divided into

two phases. The first component is the postoperative defecation

time, whereas the second is the postoperative resumption of

EN. Indeed, while there was a statistically significant difference

in the length from the first postoperative restart of EN, this

difference is unlikely to be clinically meaningful given that the

median period for both groups was 6 days, with Figures 5A,B

demonstrating a slight difference. However, when the defection

time following surgery and the fraction of patients in various

defecation phases were evaluated, it seemed that intervention

with different components of EN solution had some impact on

bowel function recovery.

Our research has certain limitations. First, the retrospective

nature and the small sample size of this research might account

for the deviation. A further randomized controlled study was

welcome. However, to our knowledge, EAF is relatively rare, and

the number of patients enrolled in our study might be the most

so far. In addition, there seemed to be few studies focused on

the association between the different types of EN formula and

postoperative ileus. The second limitation was that in our study,
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besides the different nitrogen sources, there are also disparities

between the content of fat and saccharides in the two nutrient

formulas. As a result, a further study employing a module diet

might better distinguish which nutrients play a crucial role in

gastrointestinal mucosal nutrition. The third limitation was that

the morphological data of terminal ileal cells cannot be collected

completely in our investigation. Consequently, comparing the

morphology of terminal ileal mucosa in patients with different

nutrient formulas was challenging. In fact, during the DS, when

anastomosis was performed after the fistula was excised, we

observed that, in the predigested formula group, the closer the

fistula is to the terminal ileum, the smaller the diameter of the

bowel (not shown in our study). However, this phenomenon

is not apparent in the polymeric formula group. Additionally,

the majority of patients in the polymeric formula group also

received the predigested formula as a transition. It might result

in a diminished impact of polymeric formula on reducing the

postoperative ileus. Another limitation was that a possible bias

existed introduced by the fact that the study cohorts were at

differing time periods.

Conclusion

This study has demonstrated that compared with

predigested formula, the preoperative polymeric formula

appears to be associated with earlier recovery of bowel function

after DS for EAF.
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Objective: Previous studies have shown anti-cancer and anti-inflammatory

benefits of glucosamine. This study was performed to prospectively evaluate

the association between glucosamine supplementation and the mortality of

multiple cancers based on the UK Biobank cohort study.

Materials and methods: A total of 453,645 participants aged 38–73 who had

no cancer at baseline were recruited between 2006 and 2010 and followed

until March 2021. We used cox and poission proportional hazards models

to explore the association between habitual use of glucosamine and cancer

mortality. Subgroup analyses were conducted to understand the potential

effect modifications of demographics, lifestyle factors, and health outcomes.

Sensitivity analyses were performed to determine the robustness of the results.

Results: Of the participants, 88,224 (19.4%) reported habitual glucosamine

use at baseline. There were 9,366 cancer deaths during a median follow-up

of 12.1 years, and we observed a significant association between the use of

glucosamine and lower overall cancer mortality (HR = 0.95, 95% CI = 0.90–

1.00, p < 0.05), kidney cancer (IRR = 0.68, 95% CI = 0.49–0.95, p < 0.05),

lung cancer mortality (IRR = 0.84, 95% CI = 0.74–0.95, p < 0.05), and rectum

cancer (IRR = 0.76, 95% CI = 0.59–0.98, p < 0.05). Subgroup analysis showed

that habitual glucosamine supplementation was correlated with lower overall

cancer mortality among participants who were aged ≥ 60 years, male, current

smoker, without high cholesterol and not obese. Sensitivity analysis showed

that the results were stable.

Conclusion: Habitual glucosamine use was significantly related to

decreased overall cancer, kidney cancer, lung cancer, and rectum cancer

mortality, based on data from the large-scale, nationwide, prospective UK

Biobank cohort study.
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Introduction

As a non-mineral and non-vitamin supplement,
glucosamine is only available by prescription in European
countries. However, in Australia and the United States,
glucosamine is available over the counter (1, 2). About one in
five adults in Australia and 2.6% adults in the United States
regularly take glucosamine supplements (3, 4). Glucosamine is
an important component in the synthesis of proteoglycans in
the human articular cartilage matrix and is widely used in the
treatment of osteoarthritis (5). Additionally, glucosamine can
regulate various signaling pathways and play a pharmacological
role in multiple diseases, including skin diseases, cancer,
bacterial infections, and cardiovascular diseases (1, 6, 7).
A previous study showed that glucosamine could inhibit
the proliferation of a range of tumor cells by inducing cell
cycle arrest and apoptosis in cancer cells (8). Some in vitro
and in vivo studies have shown that glucosamine reduces
the production of pro-inflammatory factors by inhibiting
the mRNA transcription and/or protein expression of pro-
inflammatory factors, thereby exerting anti-inflammatory
and tumor suppressor effects (9). Moreover, glucosamine
can regulate the activity of various important transcription
factors and affect various signal transduction pathways, thereby
exerting anti-tumor effects. Additionally, according to a large,
prospective cohort study, regular use of glucosamine was
related to decreased cancer mortality (10). Furthermore, regular
glucosamine supplementation was associated with lower lung
cancer mortality in the UK Biobank cohort (11) and this
work was conducted to expand the evaluation to all cancers.
Currently, evidence on the relationship between glucosamine
and different types of cancers remained limited.

Therefore, in the present study, we aimed to understand the
association of habitual glucosamine use and cancer mortality
using the UK Biobank data. Additionally, the potential effect
modifications of certain cancer risk factors were explored.

Materials and methods

Study population

The UK Biobank is one of the largest population studies
in the world aimed at improving the prevention, diagnosis,
and treatment of various diseases as well as promoting
health across society. The UK Biobank data is open and
has been used by researchers around the world (12–16).
Over half a million participants aged 40–70 from across
the UK were included in the UK Biobank between 2006
and 2010. Participants provided detailed self-reported data at
baseline through touchscreen questionnaires and oral interviews
with trained nurses at the assessment center. Extensive body
measurements were also collected.

In this study, a total of 502,407 participants were recruited
from the UK Biobank. Participants without information on the
use of glucosamine were excluded (n = 4,756). Additionally,
we excluded participants with one cancer diagnosis at baseline
(n = 26,293) as well as those with multiple cancer diagnoses
(n = 17,713). Ultimately, a total of 453,645 participants aged
38–73 were included in this study (Figure 1). Written consent
was obtained from all participants, and the UK Biobank study
was approved by the North West Multi-centre Research Ethics
Committee in the United Kingdom.

Glucosamine use and measurement of
outcome

Participants were asked whether they regularly took
supplements including glucosamine at baseline, and those with
"yes" responses were defined as habitual glucosamine users.
Incidence and survival time data for tumors and deaths was
obtained through links to national registries, where cancer
cases were classified via the International Classification of
Diseases, 10th Revision (ICD-10) codes. Self-reported cancer
cases were also validated through interviews with trained nurses.
Details on tumor mortality validation are available at https://
biobank.ctsu.ox.ac.uk/showcase/label.cgi?id=2000. Participants
were followed from baseline until death or 1 March 2021,
whichever came first.

Other variables

Variables of interest were noted in this study, including age
(in years), gender, ethnic background, average total household
income, obesity, physical activity, smoking status, use of alcohol,
fruit and vegetable intake, processed meat and red meat intake,
supplementation, and drug use (minerals, aspirin, NSAIDS,
chondroitin and vitamin). We calculated the body mass index
(BMI) as the weight in kilograms (kg) divided by the square
of the height in meters (m2) and the obesity was defined
as BMI ≥ 30 kg/m2. According to healthy physical activity
recommendations (17), we categorized the enrolled participants
into two groups based on the total time spent in moderate
physical activity in minutes: <150 or ≥150 min/week.

Statistical analysis

All the missing covariate values were imputed using
multiple imputation with chained equations. Lilliefors tests were
conducted to detect whether the data were normally distributed.
Continuous variables were indicated as mean ± standard
deviation (SD) for normal distributions and median and IQR for
non-normal distributions. Categorical variables were indicated
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FIGURE 1

Flowchart of the participants selection.

as counts and percentages. Cox proportional hazards models
were adopted to show the correlation between glucosamine use
and overall cancer mortality using hazard ratios (HR) and 95%.
Poission proportional hazards models were used to explore the
association of glucosamine use and multiple cancers mortality
using incidence rate ratio (IRR) and 95% CI. We constructed
two models, the basic model and adjusted model, to evaluate
the connection between regular use of glucosamine and cancer
mortality. The basic model was adjusted by age (years), gender
(male or female), ethnic background (white or others), and
average total household income (<£18,000, £18,000–£30,999,
£31,000–£51,999, £52,000–£100,000, or >£100,000) to analyze
the association between glucosamine use and cancer mortality.
The adjusted model was also further adjusted for obesity
(BMI < 30 or BMI ≥ 30), physical activity (<150 min/week or
≥150 min/week), current smoking (yes or no), alcohol intake
(<1, 1–2, 3–4, or >4 times/week), minerals supplementation
(calcium, zinc, iron, and selenium) (yes or no), fruit intake
(<2.0, 2.0–3.9, or ≥4.0 pieces/day), vegetable intake (<2.0, 2.0–
3.9, or ≥4.0 tablespoons/day), processed meat intake (0, 0–1, or

>1 times/week), red meat intake (0, 0–1, or >1 times/week),
aspirin use (yes or no), NSAIDS use (yes or no), chondroitin
use (yes or no), and vitamin use (yes or no). Li et al. evaluated
pack years in this population previously and found that it did not
alter the association between glucosamine and lung cancer (11);
therefore, we did not include pack year for analysis in this study.
All the results were indicated as HR/IRR, 95% CI, and P-values.

To reveal the potential effect modifications on the
association of habitual glucosamine use and cancer mortality, we
conducted several subgroup analyses by age (<60 vs. ≥60 years),
ethnic background (white vs. others), gender (males vs. females),
smoking (yes vs. no), diabetes (yes vs. no), high cholesterol (yes
vs. no), arthritis (yes vs. no), and obesity (yes vs. no).

Additionally, we performed a series of sensitivity analyses
to reveal the robustness of our results. Participants with
glucosamine supplementation also tended to take other
supplements more often than participants without glucosamine
supplementation. Therefore, we performed sensitivity analyses
by removing participants who used other supplementation.
Additionally, we removed these participants with missing data
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TABLE 1 Baseline features for UK Biobank participants by glucosamine use.

Characteristics Overall Glucosamine non-user Glucosamine user

No. of participants 453,645 (100%) 365,421 (80.6%) 88224 (19.4%)

Age (median [IQR]) 57.00 [50.00, 63.00] 56.00 [49.00, 62.00] 60.00 [54.00, 64.00]

Female (%) 245,726 (54.2) 190,906 (52.2) 54,820 (62.1)

Ethnic background (%)

Others 27,058 (6.0) 22,920 (6.3) 4,138 (4.7)

White 426,587 (94.0) 342,501 (93.7) 84,086 (95.3)

Average total household income (£)

<18,000 104,696 (23.1) 85,619 (23.4) 19,077 (21.6)

18,000–30,999 116,336 (25.6) 91,256 (25.0) 25,080 (28.4)

31,000–51,999 117,769 (26.0) 94,472 (25.9) 23,297 (26.4)

52,000–100,000 90,343 (19.9) 73,781 (20.2) 16,562 (18.8)

>100,000 24,501 (5.4) 20,293 (5.6) 4,208 (4.8)

Obesity (%) 111,030 (24.5) 90,483 (24.8) 20,547 (23.3)

Physical activity (Min/Week)

<150 184,836 (40.7) 153,841 (42.1) 30,995 (35.1)

≥150 268,809 (59.3) 211,580 (57.9) 57,229 (64.9)

Current smoking (%) 48,396 (10.7) 42,595 (11.7) 5,801 (6.6)

Alcohol intake (times/week)

<1 139,549 (30.7) 115,251 (31.5) 24,298 (27.5)

1–2 117,466 (25.9) 95,206 (26.1) 22,260 (25.2)

3–4 105,022 (23.2) 82,919 (22.7) 22,103 (25.1)

>4 91,608 (20.2) 72,045 (19.7) 19,563 (22.2)

Minerals supplementation (%) 60,222 (13.3) 38,283 (10.5) 21,939 (24.9)

Fruit intake (pieces/day)

<2.0 161,936 (35.7) 137,628 (37.7) 24,308 (27.6)

2.0–3.9 218,450 (48.2) 171,995 (47.1) 46,455 (52.7)

≥4.0 73,259 (16.1) 55,798 (15.3) 17,461 (19.8)

Vegetable intake (tablespoons/day)

<2.0 28,455 (6.3) 25,084 (6.9) 3,371 (3.8)

2.0–3.9 129,515 (28.5) 107,350 (29.4) 22,165 (25.1)

≥4.0 295,675 (65.2) 232,987 (63.8) 62,688 (71.1)

Processed meat intake (times/week)

0 42,600 (9.4) 33,712 (9.2) 8,888 (10.1)

0–1 137,779 (30.4) 107,724 (29.5) 30,055 (34.1)

>1 273,266 (60.2) 223,985 (61.3) 49,281 (55.9)

Pork intake (times/week)

0 79,298 (17.5) 64,848 (17.7) 14,450 (16.4)

0–1 257,310 (56.7) 205,402 (56.2) 51,908 (58.8)

>1 117,037 (25.8) 95,171 (26.0) 21,866 (24.8)

Lambmutton intake (times/week)

0 81,655 (18.0) 66,771 (18.3) 14,884 (16.9)

0–1 256,877 (56.6) 205,673 (56.3) 51,204 (58.0)

>1 115,113 (25.4) 92,977 (25.4) 22,136 (25.1)

Beef intake (times/week)

0 51,003 (11.2) 41,338 (11.3) 9,665 (11.0)

0–1 206,216 (45.5) 164,433 (45.0) 41,783 (47.4)

>1 196,426 (43.3) 159,650 (43.7) 36,776 (41.7)

(Continued)
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TABLE 1 (Continued)

Characteristics Overall Glucosamine non-user Glucosamine user

Poultry intake (times/week)

0 23,599 (5.2) 19,241 (5.3) 4,358 (4.9)

0–1 48,508 (10.7) 39,445 (10.8) 9,063 (10.3)

>1 381,538 (84.1) 306,735 (83.9) 74,803 (84.8)

Aspirin use (%) 61,956 (13.7) 50,414 (13.8) 11,542 (13.1)

NSAIDS use (%) 52,813 (11.6) 43,898 (12.0) 8,915 (10.1)

Chondroitin use (%) 4,491 (1.0) 1,016 (0.3) 3,475 (3.9)

Vitamin use (%) 78,022 (17.2) 52,767 (14.4) 25,255 (28.6)

to observe the robustness of our results. R version 4.1.21 was
adopted for analysis in the present study and two-sided P-values
of <0.05 were considered statistically significant.

Results

Features of participants

A total of 453,645 participants aged 38–73 were enrolled
between 2006 and 2010 and followed up until March 2021.
Of the participants, 88,224 reported taking glucosamine
supplements habitually, while 365,421 reported no history
of regular glucosamine supplementation. The median age
of all participants was 57.00 years and 54.2% were female.
Additionally, 94% of the participants were white. Detailed
participant features at baseline are shown in Table 1.
Participants with regular glucosamine supplementation were
older and more likely to be female compared with non-
glucosamine users. In addition, they were more likely to
consume minerals, fish oil, and vitamins (such as vitamins A, B,
C, D, E, and B9) than participants without habitual glucosamine
supplementation.

Relationship between glucosamine
supplementation and cancer mortality

According to the results, we found that glucosamine
use was significantly associated with decreased mortality in
overall cancer (HR = 0.87, 95% CI = 0.83–0.92, p < 0.05),
kidney cancer (IRR = 0.65, 95% CI = 0.47–0.90, p < 0.05),
lung cancer (IRR = 0.68, 95% CI = 0.60–0.76, p < 0.05),
rectum cancer (IRR = 0.75, 95% CI = 0.58–0.96, p < 0.05).
These results were obtained from the basic model with age,
gender, ethnic background, and average total household income
adjusted (Figure 2A and Table 2). The model was then further
adjusted by obesity, physical activity, current smoking, alcohol
intake, minerals supplementation, fruit intake, vegetable intake,

1 www.r-project.org

processed meat intake, red meat intake, aspirin use, NSAIDS
use, chondroitin use, and vitamin use. With this model, we
noted that supplementation of glucosamine was related to lower
mortality for overall cancer (HR = 0.95, 95% CI = 0.90–1.00,
p < 0.05), kidney cancer (IRR = 0.68, 95% CI = 0.49–0.95,
p < 0.05), lung cancer mortality (IRR = 0.84, 95% CI = 0.74–
0.95, p < 0.05), and rectum cancer (IRR = 0.76, 95% CI = 0.59–
0.98, p < 0.05) (Figure 2B and Table 2).

Subgroup analysis

Several subgroup analyses were conducted to analyze
the potential effect modifications among the variables of
age, ethnicity, gender, smoking, diabetes, high cholesterol,
arthritis, and obesity. Significant association between habitual
supplementation of glucosamine and lower overall cancer
mortality was observed in participants who were aged ≥ 60 years
(HR = 0.92, 95% CI = 0.86–0.98, p < 0.05), male (HR = 0.90,
95% CI = 0.84–0.98, p < 0.05), current smoker (HR = 0.83, 95%
CI = 0.72–0.96, p < 0.05), without high cholesterol (HR = 0.94,
95% CI = 0.88–1.00, p < 0.05), and not obese (HR = 0.90, 95%
CI = 0.83–0.98, p < 0.05) (Figure 3A). We found that the use of
glucosamine was connected to lung cancer in those ≥ 60 years
(IRR = 0.80, 95% CI = 0.70–0.92, p < 0.05), white (IRR = 0.84,
95% CI = 0.74–0.95, p < 0.05), female (IRR = 0.76, 95%
CI = 0.64–0.90, p < 0.05), current smoker (IRR = 0.79, 95%
CI = 0.64–0.98, p < 0.05), without diabetes (IRR = 0.86,
95% CI = 0.76–0.97, p < 0.05), without arthritis (IRR = 0.82,
95% CI = 0.71–0.95, p < 0.05), and not obese (IRR = 0.79,
95% CI = 0.69–0.91, p < 0.05) (Figure 3B). Glucosamine
supplementation was related to prostate cancer mortality in
participants without diabetes (IRR = 0.76, 95% CI = 0.58–
0.98, p < 0.05) and without high cholesterol (IRR = 0.74, 95%
CI = 0.55–0.98, p < 0.05) (Figure 3C) and rectum cancer
mortality in participants who were white (IRR = 0.76, 95%
CI = 0.59–0.99, p< 0.05), males (IRR = 0.55, 95% CI = 0.38–0.81,
p < 0.05), without diabetes (IRR = 0.73, 95% CI = 0.56–0.96,
p < 0.05), without high cholesterol (IRR = 0.69, 95% CI = 0.52–
0.93, p < 0.05), and not obese (IRR = 0.67, 95% CI = 0.49–0.92,
p < 0.05) (Figure 3D). The association of glucosamine use with
the overall cancer mortality was stronger among participants
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FIGURE 2

The forest plot indicating the correlation of habitual use of glucosamine and cancer mortality. (A) Basic model adjusted by age, gender, ethnic,
and average total household. (B) Adjusted model performed via adjusting of age, gender, ethnic background, average total household income,
obesity, physical activity, current smoking, alcohol intake, minerals supplementation, fruit intake, vegetable intake, processed meat intake, red
meat intake, aspirin use, NSAIDS use, chondroitin use, and vitamin use.

who were more than 60 years (P for interaction = 0.01)
current smoker (P for interaction = 0.02) and not obese (P
for interaction = 0.02) (Figure 3). The connection between
glucosamine use and the rectum cancer mortality was stronger
among participants who were male (P for interaction = 0.03)
(Figure 3). No more finding was observed from subgroup
analysis of breast cancer (Figure 4A), colon cancer (Figure 4B),
esophagus cancer (Figure 4C), lymphoma hematopoietic cancer
(Figure 4D), and ovary cancer (Figure 4E).

Sensitivity analysis

The correlation between glucosamine supplementation and
cancer mortality did not change substantially after we removed

participants who took other supplements (Supplementary
Table 1). Moreover, when we removed the participants with
missing values for covariates, the conclusion were unchanged
(Supplementary Table 2). The results from our sensitivity
analysis indicated that the results we obtained were stable.

Discussion

Glucosamine is an amino sugar substance formed by
replacing one hydroxyl group of glucose with an amino group.
Endogenous glucosamine is synthesized in vivo through the
hexosamine biosynthesis pathway (HBP), and it occurs naturally
in most human tissues, with the highest levels being in healthy
cartilage (18). Glucosamine is one of the most commonly
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TABLE 2 Associations of glucosamine supplement use with cancer mortality.

Cancer type Glucosamine
non-users

Glucosamine
users

Basic model* Adjusted model#

HR/IRR (95% CI) P-value HR/IRR (95% CI) P-value

Overall cancer 7,600 (2.08) 1,766 (2.00) 0.87 (0.83–0.92) <0.01 0.95 (0.90–1.00) 0.05

Bladder cancer 224 (0.06) 45 (0.05) 0.78 (0.57–1.08) 0.13 0.86 (0.62–1.20) 0.38

Brain cancer 485 (0.13) 127 (0.14) 1.03 (0.84–1.25) 0.78 1.09 (0.89–1.34) 0.40

Breast cancer 365 (0.10) 110 (0.12) 1.01 (0.81–1.25) 0.96 1.03 (0.82–1.29) 0.79

Colon cancer 525 (0.14) 127 (0.14) 0.90 (0.74–1.09) 0.27 0.90 (0.74–1.11) 0.33

Connective softTissue
cancer

66 (0.02) 28 (0.03) 1.59 (1.02–2.50) 0.04 1.59 (1.00–2.52) 0.05

Esophagus cancer 495 (0.14) 98 (0.11) 0.82 (0.66–1.02) 0.07 0.94 (0.75–1.17) 0.58

HeadNeck cancer 116 (0.03) 16 (0.02) 0.65 (0.38–1.10) 0.10 0.70 (0.41–1.20) 0.19

Kidney cancer 255 (0.07) 43 (0.05) 0.65 (0.47–0.90) 0.01 0.68 (0.49–0.95) 0.02

Lung cancer 1,892 (0.52) 339 (0.38) 0.68 (0.60–0.76) <0.01 0.84 (0.74–0.95) 0.00

Lymphoma
hematopoietic cancer

718 (0.20) 211 (0.24) 1.07 (0.92–1.25) 0.38 1.13 (0.96–1.32) 0.15

Malignant melanoma
cancer

135 (0.04) 27 (0.03) 0.79 (0.52–1.20) 0.27 0.84 (0.55–1.28) 0.41

Ovary cancer 317 (0.17) 105 (0.19) 1.00 (0.80–1.25) 0.98 1.05 (0.83–1.32) 0.67

Prostate cancer 455 (0.26) 85 (0.25) 0.81 (0.64–1.02) 0.07 0.82 (0.65–1.05) 0.11

Rectum cancer 410 (0.11) 76 (0.09) 0.75 (0.58–0.96) 0.02 0.76 (0.59–0.98) 0.04

Skin cancer 20 (0.01) 4 (0.00) 0.78 (0.26–2.31) 0.65 0.97 (0.32–2.93) 0.96

Stomach cancer 271 (0.07) 61 (0.07) 0.89 (0.67–1.18) 0.41 0.96 (0.72–1.29) 0.81

Thyroid cancer 16 (0.00) 4 (0.00) 0.80 (0.27–2.42) 0.69 0.79 (0.26–2.46) 0.69

Uterus cancer 109 (0.06) 31 (0.06) 0.84 (0.56–1.25) 0.38 0.84 (0.56–1.27) 0.41

*Basic model: adjusted for age, gender, ethnicity, and average total household income.
#Adjusted model: adjusted for age, gender, ethnic background, average total household income, obesity, physical activity, current smoking, alcohol intake, minerals supplementation, fruit
intake, vegetable intake, processed meat intake, red meat intake, aspirin use, NSAIDS use, chondroitin use, and vitamin use

taken dietary supplements in Australia, and it is commonly
used to treat rheumatoid arthritis and osteoarthritis. The
substance can regulate a variety of signaling pathways and play
pharmacological roles in various diseases. However, the impact
of glucosamine supplementation on cancer mortality remains
unclear. Here we conducted a large prospective cohort study
with more than 450,000 participants enrolled from the UK
Biobank. We observed that glucosamine supplementation was
correlated with a 5% lower risk of overall cancer mortality,
32% lower risk of kidney cancer mortality, 16% lower risk of
lung cancer, and 24% lower risk of rectum cancer mortality.
Notably, the association between glucosamine use and lung
cancer mortality had previously been evaluated in this cohort
with similar results (11).

According to the research progress in vitro and in vivo,
glucosamine can interact with multiple molecular targets,
regulate multiple cell signaling pathways, and have great
therapeutic potential for various cancers (19). The anti-tumor
effects of glucosamine are mainly achieved by inhibiting
the proliferation of cancer cells and inducing apoptosis,
inducing autophagic death of cancer cells, reversing tumor
drug resistance, anti-tumor angiogenesis, and inhibiting the
expression of matrix metalloproteinases (20, 21).

Several epidemiologic studies have indicated that
glucosamine use is connected to cancer mortality. Bell et al.
reported that use of glucosamine was related to a significant
decreased risk of death from cancer in the United States (22).
Li et al. found that regular use of glucosamine was associated
with a lower cancer mortality in the United Kingdom (UK)
(10). Additionally, Brasky et al. observed that high 10-year
supplementation of glucosamine was related to decreased lung
cancer risk in the United States (23). Li et al. found that regular
glucosamine supplementation was associated with lower lung
cancer mortality in the UK population (11). In the present
study, we observed that glucosamine supplementation was
associated with a 16% lower risk of lung cancer mortality, which
was similar to the findings of Li et al. (11). Compared with Li
et al.’s study, we constructed cox and poission proportional
hazards models to explore the association between habitual use
of glucosamine and multiple cancer mortalities, not merely lung
cancer. We found that glucosamine supplementation was also
related to a 5% lower risk of overall cancer mortality, 32% lower
risk of kidney cancer mortality, 16% lower risk of lung cancer,
and 24% lower risk of rectum cancer mortality. Moreover,
although we did not find an association between glucosamine
use and other cancers among the general population, subgroup
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FIGURE 3

Subgroup analysis for (A) all cancers, (B) lung cancer, (C) prostate cancer, and (D) rectum cancer to analyze the potential modification effects
between age, ethnic background, gender, smoking, diabetes, high cholesterol, arthritis, and obesity.

analysis indicated that its supplementation was related to a
lower risk of mortality for prostate cancer in participants
without diabetes/cholesterol and rectum cancer mortality in
participants who were white, males, without diabetes, without
high cholesterol and not obese.

Several potential mechanisms may contribute to the
inverse relationship between habitual use of glucosamine and
cancer mortality. Glucosamine reduces the production of pro-
inflammatory factors by inhibiting the mRNA transcription
and/or protein expression of these pro-inflammatory factors,
thereby exerting anti-inflammatory and tumor-suppressive
effects (9). Additionally, glucosamine improves the resistance of
non-small cell lung cancer cells A549 to TRAIL by upregulating
the expression of DR5 (24). Furthermore, glucosamine blocks
the VEGF-VEGFR signaling pathway by inhibiting VEGF
mRNA expression, inhibiting tumor angiogenesis, and exerting
anticancer effects (25). Previous studies confirmed that
glucosamine inhibited the proliferation of human non-small
cell lung cancer A549 cells and inhibited the expression of
downstream transcription factors FoxO1 and FoxO3 (26).
Glucosamine also promotes NK cell differentiation through
the expression of CD3-CD56 + subsets, promotes T cell
differentiation through the expression of CD4 + subsets, induces
the secretion of IL-2 and IFN-γ, and activates NK cells and T

cells at the same time. Thus, exerting its immune regulation and
anti-tumor activity (25).

In addition, subgroup analysis indicated glucosamine use
was associated with lower overall cancer mortality among
participants who were aged ≥ 60 years, male, current smoker,
without high cholesterol and not obese. Further clarification
on the mechanisms of this association may be necessary.
Furthermore, a significant relationship between glucosamine
uses and lower risk of lung cancer mortality was observed
in those ≥ 60 years, white, female, current smoker, without
diabetes, without arthritis and not obese. The potential
explanation for stronger effect against cancer observed among
current smokers might be that those smoker are at a state of
higher inflammatory stress. Therefore, the anti-inflammatory
effect from glucosamine may provide stronger benefit.

Glucosamine and other supplements were often taken
together, which we hypothesized may affect the relationship.
Therefore, sensitivity analyses were conducted to detect
the correlation between glucosamine use alone (excluding
participants who took other supplementation) with
cancer mortality. We observed that the estimates did
not change significantly. In addition, when we excluded
the participants with missing values for covariates, the
conclusion did not substantially change, making it likely that
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FIGURE 4

Subgroup analysis for (A) breast cancer, (B) colon cancer, (C) esophagus cancer, (D) lymphoma hematopoietic cancer, and (E) ovary cancer to
analyze the potential modification effects between age, ethnic background, gender, smoking, diabetes, high cholesterol, arthritis, and obesity.

glucosamine supplementation may decrease cancer mortality
regardless of the use of other supplementation or missing
values for covariates.

Strengths and limitations

There were several major strengths of this study, including a
minimal loss of follow-up, a large sample size, and a population-
based prospective cohort study design. Additionally, the rich
information on socioeconomic factors, disease history, and
lifestyle allowed us to conduct a comprehensive subgroup
analysis. However, there were some limitations in our study.
First, there was no detailed information presented on the dose,
form, or duration of glucosamine use. Second, although we
carefully adjusted for potential confounders related to lifestyle in

our analysis, we could not remove the possibility that the results
we obtained were confounded by unmeasured factors related to
lifestyle. Third, this study evaluated glucosamine use and cancer
mortality in the UK. The UK uses a prescription grade formula
and the results we obtained may not be generalizable to other
populations that use over the counter formulations.

Conclusion

In conclusion, the present study indicated that regular
use of glucosamine supplements was significantly related to
decreased overall cancer, kidney cancer, lung cancer, and
rectum cancer mortality. Further pharmacological studies
are needed to increase our understanding of the potential
benefits of glucosamine.
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Background: Stimulating food is emerging as an important modifiable factor

in the development of gastrointestinal (GI) tract cancers, but the association

between chili pepper consumption and the risk of GI cancers is unclear. We

aimed to evaluate the direction and magnitude of the association between

chili pepper consumption and the risk of GI cancers.

Methods: A literature search was performed in PubMed, Embase, and Web

of Science databases from inception to 22 December 2021. Observational

studies reporting the association between chili pepper consumption and

the risk of gastric cancer (GC), esophageal cancer (EC), and/or colorectal

cancer (CRC) in adults were eligible for inclusion. Data extraction and quality

assessment were conducted independently by two reviewers for the included

literature. Summary odds ratios (ORs) and 95% confidence intervals (CIs)

were calculated using a random-effects model. Subgroup analyses were also

performed based on the cancer type, study design, region of the study, study

quality, and adjustments.

Results: A total of 11,421 studies were screened, and 14 case-control

studies were included involving 5009 GI cancers among 11,310 participants.

The summary OR showed that high consumption of chili pepper was

positively related to the risk of GI cancers (OR = 1.64; 95% CI: 1.00–

2.70). A stronger positive relationship was observed between chili pepper

consumption and EC risk (OR = 2.71; 95% CI: 1.54–4.75), but there was

no statistically significant association between GC and CRC risk. In analyses

stratified by geographical location, a positive association was found between

chili pepper consumption and the risk of GI cancers in Asian studies

(OR = 2.50; 95% CI: 1.23–5.08), African studies (OR = 1.62; 95% CI: 1.04–

2.52), and North American studies (OR = 2.61; 95% CI: 1.34–5.08), but

an inverse association was seen in South American studies (OR = 0.50;

95% CI: 0.29–0.87) and European studies (OR = 0.30; 95% CI: 0.15–0.61).
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Conclusion: This meta-analysis suggests that chili pepper is a risk factor for

certain GI cancers (e.g., EC). Geographical regions influence the risk of GI

cancers, especially in Asian, African, and North American populations, which

require more attention during dietary guidance.

Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/],

identifier [CRD42022320670].
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Introduction

Globally, gastrointestinal (GI) tract cancers are a significant
cause of morbidity and mortality, of which the most prevalent
are colorectal cancer (CRC), gastric cancer (GC), and esophageal
cancer (EC), ranking third, fifth, and eighth in incidence,
respectively, but second, fourth, and sixth in mortality in
both sexes combined according to GLOBOCAN estimates
for 2020 (1). Despite the availability of multiple therapeutic
options such as radiation, chemotherapy, curative resection, and
immunotherapy, the early signs of GI cancers are generally
undetectable and identified at an advanced stage, leaving
patients with limited treatment options, and a poor prognosis
(2). Therefore, early identification of risk factors for GI cancers
is of great significance to public health.

Diet plays a major role in the development of these diseases.
Chili pepper is one of the major vegetables and spices consumed
around the world (3). Chili peppers are rich in the bioactive
component capsaicin (CAP), which has been reported to have
diverse biological properties such as anti-obesity, anti-oxidant,
and anti-inflammatory effects in vitro and vivo experiments
(4–6). Increasing evidence suggests that CAP facilitates the
growth and migration of esophageal squamous cell carcinoma
(ESCC) and human colon cancer cells (7, 8). Because of the CAP
content, the association between chili pepper consumption and
the risk of GI cancers is unclear, and it is important to clarify this
question from a public health perspective. Previous individual
studies, however, have reported the association between chili
pepper exposure and the risk of GI cancers, with controversial
results. This may be explained by heterogeneity among the
studies, which is attributed to differences in the methods of
exposure assessment, study area, sample sizes, and adjustments.
For instance, Galvan-Portillo et al. (9) conducted a study of
726 subjects in Mexico, adjusted for energy, age, sex, and
education, and showed a positive association between chili
pepper and GC risk, whereas Munoz et al. (10) included 191
participants in Italy and observed an inverse association between
chili pepper and GC risk after adjustment for sex, age, area of
residence, and education. This difference can lead to confusion
among dietitians and the general public, as well as challenges in
translating into dietary advice.

Previous meta-analyses focusing on the association between
chili pepper consumption and GC risk have yielded conflicting
findings. For example, most studies showed a positive effect
on GC risk (11–13), and a meta-analysis performed by Chen
et al. (14) reported a null association. However, to date, no
systematic review has been published that specifically explored
the relationship between GI cancer risk and chili pepper
consumption. Additionally, the validity of the above meta-
analyses has been questioned due to the inclusion of studies
that mixed chili pepper with other foods (12, 13), used kimchi
or CAP instead of chili pepper as the interesting exposure
(11–13), and extracted effect estimates incorrectly (12, 14), thus
an extensive systematic review and meta-analysis is needed to
obtain a more accurate estimate.

Hence, we performed a systematic review and meta-analysis
to evaluate the association between chili pepper consumption
and the risk of GI cancers by combining all available data
from eligible studies. When possible, we used meta-analysis
to quantify the effects and explore the possible sources of
heterogeneity among the studies.

Methods

The study was complemented following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (15). This review was registered at PROSPERO
as CRD42022320670.

Search strategy

We searched PubMed, Embase, and Web of Science for
studies in humans on the association between chili pepper
consumption and the risk of GI cancers from inception until
22 December 2021, using (“spicy” OR “chili” OR “chilli” OR
“pepper” OR “capsaicin” OR “paprika”) AND (“malignancy”
OR “cancer” OR “carcinoma” OR “tumor” or “neoplasm”)
as search terms. Additionally, references to relevant articles
and recent reviews were manually searched to identify other
eligible articles.
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Selection criteria

Studies that satisfied the following criteria were included in
this meta-analysis: (1) participants were adults; (2) studies were
observational (cohort, case-control, or cross-sectional studies);
(3) information was available on the relationship between chili
pepper consumption as the exposure of interest and the risk of
EC, GC, and/or CRC as the outcome of interest; and (4) studies
reported available risk estimates in the form of relative risk (RR),
odds ratio (OR), or hazard ratio (HR) with 95% confidence
intervals (CIs). When overlapping populations were included in

multiple articles, only the most recent or largest population was
used to avoid duplications.

Non-English articles were excluded. Studies were excluded
if they were reviews, letters, posters, meetings, or conference
abstracts. We also excluded studies that included patients with
precancerous lesions as an outcome of interest, mixed chili
pepper with other foods (e.g., hot pepper-soybean stew) as the
exposure of interest, had a sample size of fewer than 20 cases,
and were conducted on children or adolescents. Additionally,
studies with insufficient data were excluded. All searches were
performed independently by two authors (CC and MZ), and
inconsistencies were resolved through discussion.

FIGURE 1

Flowchart of the study selection process.
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TABLE 1 Characteristics of studies included in the meta-analysis.

References Country Study
design

Sample
sizes/cases

Age, male
ratio

Assessment
of exposure

Cancer
type

Risk estimate
(95% CI)

Adjustments

Liu et al. (32) China HCCS 1666/833 60 (53−67) vs.
60 (53−66), 58%

Q CRC Sweet pepper category: OR
<0.75 kg/year: 1
0.75−2.60 kg/year: 0.54
(0.37−0.78)
2.60−5.20 kg/year: 0.52
(0.35−0.75) ≥5.20 kg/year:
0.48 (0.33−0.70)

BMI, colon cancer in first-
degree relative, smoking
status, alcohol drinking,
eating breakfast, fried food,
grilled food, hot and spicy
food intake, total energy,
total fruits, milk product, and
red meat intake

Mmbaga et al.
(24)

Tanzania HCCS 942/471 59 (47−69) vs.
55 (45−65), 69%

FFQ EC Spicy chilies category: OR
<daily: 1 Daily: 1.62
(1.04−2.52)

NA

Yang et al. (33) China PCCS 800/400 55.7 ± 11.08 vs.
55.74 ± 11.19,
58.2%

Q CRC Chili peppers category: OR
≤2 times/week: 1 3−7
times/week: 1.20 (0.75−2.00)
> 7 times/week: 1.40
(0.84−2.20)

Intake of red meat, cured
meat, pickles, tea, bean, fruit,
vegetables, high-fat food,
sweetmeats, daily sitting time,
smoking regularly, drinking
regularly, exercise regularly,
and family history of CRC

Galván-
Portillo et al,
2009 (9)

Mexico PCCS 726/248 58 (mean), 54% FFQ GC Chili category: OR No: 1
Regular: 1.19 (0.77−1.84)
Much: 1.96 (1.26−3.05)

Energy, age, sex, and
education

Goh et al. (27) Malaysia HCCS 261/87 61.4 ± 13.0 vs.
58.9 ± 10.8, 49%

Q GC Chili category: OR Low/none:
1 Heavy: 1.81 (0.74−4.43)

Race, H. pylori status,
education, smoking, fresh
fruits/vegetables, and salted
fish/vegetables

Wang et al.
(26)

China PCCS 763/355 61.51 ± 7.94 vs.
60.75 ± 8.30,
62.3%

Q EC Chili category (men): OR
Seldom: 1 Often: 3.38
(2.12−5.39) Chili category
(women): OR Seldom: 1
Often: 1.61 (0.66−3.89)

Age, marital status, and
education years

Phukan et al.
(31)

India HCCS 1506/502 55.0 ± 8.1 vs.
54.5 ± 7.8, NA

FFQ EC Chili category: OR Moderate
user: 1 Non-user: 0.10
(0.05−5.80) Very chili: 3.60
(1.80−8.60)

Education, income, chewing
betel nut and tobacco,
smoking, and alcohol use

Muñoz et al.
(22)

Venezuela PCCS 777/292 > 35, NA FFQ GC Chili category: OR Not often:
1 Often: 0.50 (0.30−0.90)

Age, sex, and socio-economic
status

Mathew et al.
(25)

India HCCS 499/194 > 20, 76.0% Q GC Chili category: OR Blank: 1
Medium: 1.80 (1.00−3.10)
Very hot: 7.40 (4.00−13.50)

Age, sex, religion, education,
smoking, and alcohol habits

López-Carrillo
et al. (23)

Mexico PCCS 972/220 57.2 vs. 59.2
(mean), 43.2%

FFQ GC Chili pepper (none of alcohol
per day) category: OR No: 1
Yes: 4.50 (1.92−10.71) Chili
pepper (<5 g of alcohol per
day) category: OR No: 1 Yes:
2.90 (0.84−9.96)

Age, sex

Muñoz et al.
(10)

Italy HCCS 191/88 ≤75, NA Q GC Peppers category: OR 0
time/week: 1 1 time/week:
0.42 (0.21−0.86) ≥2
times/week: 0.31 (0.12−0.83)

Sex, age, area of residence,
and education

Fernandez
et al. (29)

Italy HCCS 220/112 ≤75, 57.7% Q CRC Peppers category: RR Low: 1
Intermediate: 0.40
(0.20−0.70) High: 0.30
(0.10−0.70)

Sex, age, and area of
residence

(Continued)
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TABLE 1 (Continued)

References Country Study
design

Sample
sizes/cases

Age, male
ratio

Assessment
of exposure

Cancer
type

Risk estimate (95%
CI)

Adjustments

Gajalakshmi
et al. (28)

India HCCS 776/388 NA, 73.9% Q GC Chilies category: OR
Medium: 1 Hot: 2.80
(1.73−4.54)

Smoking, drinking alcohol,
chewing habit, factors
significant in the multivariate
model of dietary item
analysis, income group,
educational level, and area of
residence

Notani et al.
(30)

India PCCS 1211/819 NA, 100% Q EC Red chili powder category:
RR <75 g/cu/month: 1
75−99 g/cu/month: 1.94
(0.80−4.90)
100−149 g/cu/month: 1.99
(1.00−4.00)
≥150 g/cu/month: 2.85
(1.50−5.50)

Age, tobacco habits

GC, gastric cancer; EC, esophagus cancer; CRC, colorectal cancer; g/cu/month, grams per consumption unit per month; Q, questionnaire; FFQ, food frequency questionnaire; OR, odds
ratio; RR, relative risk; CI, confidence interval; NA, not available; BMI, body mass index; HCCS, hospital case-control study; PCCS, population case-control study.

Data extraction

Two investigators (CC and MZ) independently reviewed
and performed the data extraction from all the included
studies. The extracted characteristics and data were composed
of the first author’s last name, publication year, country,
study design (hospital case-control, population case-control,
or cohort study), number of study populations and cases,
mean/median age of participants, male ratio, assessment
method of exposure, GI cancer type, risk estimates and
corresponding 95% CI, and covariates adjusted in multivariate
analysis. For studies reporting several multivariate-adjusted
risk estimates, the risk estimates that were maximally
adjusted for underlying confounders were the top priority
for use. Any discrepancies during the data extraction
process were determined through discussion with a third
investigator (XZ).

Assessment of study quality

The quality of the included studies was evaluated using a
modified version of the Newcastle–Ottawa Quality Assessment
Scale (NOS) (16) with a nine-star scoring system. The
following items were taken into consideration: selection
of the study groups (up to four stars), comparability of
the study groups (up to two stars), and confirmation of
chili pepper exposure (up to three stars). We considered
NOS scores above or equal to the median as high-quality
studies (low risk of bias) and those with NOS scores below
the median were regarded as low-quality (high risk of
bias) (17). The results of study quality were not used as
exclusion criteria.

Statistical analysis

The OR and 95% CI were identified as effect sizes to evaluate
the association between chili pepper consumption and the risk
of GI cancers. We used the maximally adjusted OR reported
in the original research when the OR was directly available.
Heterogeneity among the included studies was evaluated by
I-square (I2) statistic (18). When I2 was greater than 50%, there
was significant heterogeneity between studies, so a random-
effects model was selected. Otherwise, a fixed-effects model
was performed (19). Publication bias was evaluated through
a combination of qualitative and quantitative approaches,
involving funnel plots and the Egger regression test (20).

A sensitivity analysis was conducted using the leave-one-out
method to determine the influence of a single study. Subgroup
analyses were also performed to explore whether pooled risk
estimates were affected by cancer subgroups (EC, GC, or CRC),
study design (population-based or hospital-based case-control
study), region of the study (Asian, African, North American,
South American, or European studies), study quality (high-
quality or low-quality studies), adjustment for alcohol intake
(Yes or No), and adjustment for smoking (Yes or No). Statistical
analyses were done using Stata 16.0 software (StataCorp LLC,
College Station, TX, USA). All P-values were two-sided, with
P < 0.05 considered statistically significant.

Result

Literature search

Our search strategy retrieved 11,421 studies from 3
databases, and 3,227 duplicates were excluded. A further 8,194
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TABLE 2 Quality of studies according to the modified Newcastle-Ottawa Scale (NOS).

Case-control studies

Liu et al.
(32)

Mmbaga
et al. (24)

Yang
et al. (33)

Galván-
Portillo
et al. (9)

Goh
et al. (27)

Wang
et al.
(26)

Phukan
et al.
(31)

Muñoz
et al.
(22)

Mathew
et al.
(25)

López-
Carrillo
et al.
(23)

Muñoz
et al.
(10)

Fernandez
et al. (29)

Gajalak-
shmi et al.

(28)

Notani
et al.
(30)

Selection

1. Is the case
definition adequate?

• F F F F • F F F F F F F •

2. Representativeness
of the cases

F F F F F F F F F F F F F F

3. Selection of
controls

• • F F • F • F • F • F • F

4. Definition of
controls

F F F F • F • F F • F F F F

Comparability

5. Study controls for
the most important
factor

F F F F F F F F F F F F F F

6. Study controls for
the second
important factor

F F F F F F F F F F F F F F

Exposure

7. Was the
measurement
method of chili
pepper described?

F F F F F F F F F F F F F F

8. Were the methods
of measurements
same for cases and
controls?

F F F F F F F F F F F F F F

9. Non-response rate • F F • • F • • • • • • • •

Summary score 6/9 8/9 9/9 8/9 6/9 8/9 6/9 8/9 7/9 7/9 7/9 7/9 7/9 7/9

(Risk of bias) (high) (low) (low) (low) (high) (low) (high) (low) (low) (low) (low) (low) (low) (low)

F was awarded when the respective information was available.
• was awarded if the respective information was unavailable.
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FIGURE 2

Pooled analysis showing associations between chili pepper consumption and the risk of GI cancers.

studies were screened based on titles and abstracts, of which
8,064 articles were excluded because they did not meet the
eligibility criteria. The remaining 130 studies were identified for
full-text review, and 116 studies were excluded due to 54 being
non-chili exposure, 16 being non-GI cancers, 14 studies being
editorial, letter, poster, meeting, and conference abstract, the
data of 13 studies being unavailable, 11 studies being review, 7
studies being published in a non-English language, and 1 study
reporting the same population (21) with one of the included
studies in this meta-analysis. In total, 14 studies (9, 10, 22–33)
were included in our final analysis, and the flow diagram of the
literature search is shown in Figure 1.

Study characteristics

Table 1 summarizes the main characteristics of the included
studies. The included studies, which were published between
1987 and 2021, included 14 case-control studies with 5009 GI
cancers among 11,310 participants. The number of GI cases
enrolled in these articles ranged from 87 to 833, and the number
of participants ranged from 191 to 1666. Of the 14 case-control

studies, eight studies were conducted in Asia (25–28, 30–33),
two in Europe (10, 29), two in North America (9, 23), one in
Africa (24), and one in South America (22). As to study design,
most of these studies were population-based controls (9, 22,
23, 26, 30, 33), and the remaining six studies used a hospital-
based case-control design (10, 24, 25, 27–29, 31, 32). Moreover,
seven studies examined the association between chili pepper
intake and the risk of GC (9, 10, 22, 23, 25, 27, 28), three on
CRC (29, 32, 33), and four on EC (24, 26, 30, 31). In terms
of the assessment methods of exposure, five studies (9, 22–24,
31) used the FFQ, while nine studies used frequency-reported
questionnaires (10, 25–30, 32, 33). Almost all studies reported
OR, except for two studies that reported RR (29, 30). All studies
were adjusted or matched for age and sex, with only one study
not adjusted for sex because all participants were male (30).
Smoking (24, 25, 28, 31–33) and alcohol consumption (24, 25,
27, 28, 30–33) have been controlled in several studies.

The detailed quality assessment of the included studies by
the modified NOS for case-control studies is shown in Table 2.
The median NOS score is 7. Eleven studies (9, 10, 21, 22, 24–26,
28–30, 33) with a NOS score of 7 or higher were evaluated as
high methodological quality (low risk of bias), and three studies
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FIGURE 3

Funnel plot for evaluation publication bias. OR, odds ratio.

FIGURE 4

Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the cancer type. GC, gastric
cancer; EC, esophageal cancer; CRC, colorectal cancer; OR, odds ratio; CI, confidence interval.

Frontiers in Nutrition 08 frontiersin.org

225

https://doi.org/10.3389/fnut.2022.935865
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-935865 October 29, 2022 Time: 19:12 # 9

Chen et al. 10.3389/fnut.2022.935865

(27, 31, 32) with a score lower than 7 were assessed as low
methodological quality (high risk of bias).

Chili pepper consumption and the risk
of gastrointestinal cancers

Figure 2 shows the results of the pooled analysis of
the eligible studies. The association between chili pepper
consumption and the risk of GI cancers was evaluated in
14 studies, consisting of 11,310 participants and 5009 cases.
Pooled results showed that the highest category of chili pepper
consumption was associated with an increased risk of GI cancers
(OR = 1.64; 95% CI: 1.00–2.70), compared with the lowest
category (or no intake). Significant heterogeneity existed across
the studies (I2 = 90.3%; P < 0.001). No evidence of publication
bias was found based on Egger’s test (P = 0.651) and symmetrical
funnel plot (Figure 3).

Subgroup analysis

Stratification by cancer type showed that higher chili
pepper consumption was associated with an elevated risk
of EC (OR = 2.71; 95% CI: 1.54–4.75), but not with GC
(OR = 1.77; 95% CI: 0.84–3.73) and CRC risk (OR = 0.62;

95% CI: 0.26–1.47) (Figure 4). When stratified by study design
(Figure 5), population-based case-control studies showed a
positive association between chili pepper consumption and
the risk of GI cancers (OR = 1.86; 95% CI: 1.07–3.22),
whereas hospital-based case-control studies showed a null
association (OR = 1.52; 95% CI: 0.65–3.52). In the subgroup
analysis of the region of the study (Figure 6), chili pepper
consumption obviously increased the risk of GI cancers in
Asian studies (OR = 2.50; 95% CI: 1.23–5.08), North American
studies (OR = 2.61; 95% CI: 1.34–5.08), and African studies
(OR = 1.62; 95% CI: 1.04–2.52). However, a significantly
lower risk of GI cancers was observed in South American
studies (OR = 0.50; 95% CI: 0.29–0.87) and European studies
(OR = 0.30; 95% CI: 0.15–0.61). We further performed subgroup
analysis by study quality (Figure 7) and adjustment factors
(Figures 8, 9), finding a significant positive association between
the highest chili pepper consumption compared with the
lowest and the risk of GI cancers was seen in high-quality
studies (OR = 1.65; 95% CI: 1.02–2.69), as well as in studies
that adjusted for alcohol intake (OR = 2.29; 95% CI: 1.15–
4.57). However, a null association was seen between chili
pepper consumption and GI cancer risk in low-quality studies
(OR = 2.15; 95% CI: 0.39–11.77), and studies not adjusted for
alcohol intake (OR = 1.06; 95% CI: 0.47–2.39). A non-significant

FIGURE 5

Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the study design. HCCS,
hospital case-control study; PCCS, population case-control study; OR, odds ratio; CI, confidence interval.
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FIGURE 6

Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the region of the study. OR,
odds ratio; CI, confidence interval.

association was also seen in studies either adjusted for smoking
or not.

Discussion

This systematic review and meta-analysis was designed to
evaluate the association between chili pepper consumption and
the risk of GI cancers. The evaluation of 14 case-control studies
involving 11,310 participants found a positive association
between chili pepper consumption and the risk of GI cancers.
In the subgroup analysis, this correlation between high chili
pepper consumption and rising GI cancer risk was applied to
EC, but not to GC and CRC. Especially in Asia, Africa, and

North America, chili pepper intake showed a significant positive
correlation with GI cancer risk.

In this study, the intake of chili pepper was positively
associated with EC risk. The same finding was also observed
for the consumption of chili pepper and GI cancer risk. Given
that EC is a part of all GI cancers, the observed increased
association with GI cancers appears to be related to EC.
Several mechanisms could explain why higher chili pepper
consumption was significantly associated with an increased risk
of EC, but not with GC and CRC. The different effects could
be due to differences in cancer sites. Chili peppers are rich in
CAP, which has an intensely pungent flavor, further leading
to a sensation of tingling and burning pain by stimulating
transient receptor potential vanilloid 1 (TRPV1) (34–36). The
stomach and intestine share a common endodermal origin
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FIGURE 7

Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the study quality. OR, odds
ratio; CI, confidence interval.

and their epithelium is renewed more rapidly than that of the
esophagus (37). Therefore, the stomach and colorectum are
less affected than the esophagus. In addition, the differences
are associated with different signaling pathways. Studies have
shown that oral intake of CAP increases NF-κB expression (38).
The methyldiazonium ion is the ultimate dimethylhydrazine
(DMH) oncogenic metabolite, which is responsible for the
methylation of DNA bases, leading to increased proliferation
of colonic epithelial cells and triggering NF-κB activation (39,
40). NF-κB can exert numerous pro-tumorigenic functions,
such as stimulating cell growth and inducing cell proliferation
(41). Conversely, CAP also induces the expression of NF-κB
inhibitors, of which the downregulation of Smad4 plays a role
in the suppression of cell growth and invasion (42). This may
explain why chili pepper is not associated with GC and CRC. For
EC, several studies have demonstrated the carcinogenic effects
of CAP on EC. For example, Huang et al. showed that thermo-
TRPVs are functionally expressed in Eca109 and TE-1 ESCC
cell lines. Hyperactivation of TRPV1 and TRPV4 facilitates the
growth and/or migration of ESCC (8).

Several meta-analyses have investigated the relationship
between the frequency of chili pepper consumption and GI
cancer risk, with controversial results. When comparing the

highest with lowest categories, most meta-analyses revealed a
positive association between chili pepper intake and GC risk
(11–13), while Chen et al. (14) showed a null association
with the risk of GC. This discrepancy between different meta-
analyses may be relevant to the inaccurate inclusion of the
original literature. We investigated the eligibility of the studies
included in previous meta-analyses, the results of which are
summarized in Table 3. The aforementioned meta-analyses
included studies analyzing CAP or kimchi instead of chili pepper
as exposure (11–13), chili pepper mixed with other foods as
exposure (12, 13), incorrect extraction of risk estimates (12, 14),
and precancerous lesions rather than GI cancers as interesting
outcomes (12), which may be considered as a limitation.
Moreover, in a previous meta-analysis (13), the researchers
inappropriately substituted continuous variables for categorical
variables (highest vs. lowest) to calculate the effect estimates.
To address these limitations, we performed a systematic review
and meta-analysis by solely including studies that specifically
reported chili pepper consumption as the exposure and GI
cancers as the outcome.

When stratified by the region of the studies, those studies
conducted in Asia, North America, and Africa indicated
that participants consuming the highest category of chili
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FIGURE 8

Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the adjustment for alcohol
intake.

FIGURE 9

‘Subgroup analysis showing associations between chili pepper consumption and the risk of GI cancers based on the adjustment for smoking.

Frontiers in Nutrition 12 frontiersin.org

229

https://doi.org/10.3389/fnut.2022.935865
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-935865 October 29, 2022 Time: 19:12 # 13

Chen et al. 10.3389/fnut.2022.935865

TABLE 3 Eligibility survey of the original included literature on the relationship between chili pepper consumption and GI cancers.

Meta 1 (13) Meta 2 (12) Meta 3 (14) Meta 4 (11) Rationality
of literature
inclusion

Reasons

Trujillo Rivera
et al. (59)

Unreasonable Examined the relationship between capsaicin
consumption and gastric cancer

Al-qadasi et al. (60) Al-qadasi et al.
(60)

Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Wu et al. (61) Unreasonable Assessed the association between spicy food intake
with precancerous lesion of gastric cancer

Xue et al. (62) Reasonable Chinese literature

Peng et al. (63) Reasonable Chinese literature

López-Carrillo
et al. (60)

Unreasonable Examined the relationship between capsaicin
consumption and gastric cancer

Zhang et al. (65) Unreasonable Explored the relationship between kimchi and
gastric cancer

Gómez Zuleta et al. (66) Gómez Zuleta
et al. (66)

Unclear Non-english literature

Galván-Portillo et al. (9) Galván-Portillo
et al. (9)

Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Wang et al. (26) Reasonable A case-control study assessing the association
between chili pepper consumption and esophageal
squamous cell carcinoma cancer

Goh et al. (27) Goh et al. (27) Goh et al. (27) Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Bermúdez et al. (67) Bermúdez et al.
(67)

Unclear Non-english literature

Nan et al. (68) Unreasonable The study determining the risk relationship
between kimchi and gastric cancer

López-Carrillo et al. (69) López-Carrillo
et al. (69)

López-Carrillo
et al. (69)

Unreasonable Examined the relationship between capsaicin
consumption and gastric cancer

Lee et al. (70) Unreasonable The study determining the risk relationship
between kimchi and gastric cancer

Stefani et al. (71) Unreasonable Red pepper as a continuous variable rather than
high versus low category

Muñoz et al. (22) Muñoz et al. (22) Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Phukan et al.
(31)

Reasonable A case-control study assessing the association
between chili pepper consumption and esophageal
cancer

Mathew et al. (25) Mathew et al.
(25)

Mathew et al.
(25)

Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Botterweck et al. (72) Unreasonable Red pepper as a continuous variable rather than
high versus low category

López-Carrillo et al. (23) Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Gajalakshmi et al. (28) Gajalakshmi
et al. (28)

Gajalakshmi
et al. (69)

Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Lee et al. (73) Lee et al. (73) Unreasonable The study measuring the association between hot
pepper-soybean paste stew and gastric cancer

(Continued)
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TABLE 3 (Continued)

Meta 1 (13) Meta 2 (12) Meta 3 (14) Meta 4 (11) Rationality
of literature
inclusion

Reasons

López-Carrillo et al. (21) López-Carrillo
et al. (21)

López-Carrillo
et al. (21)

López-Carrillo
et al. (21)

Reasonable A case-control study investigating the association
between chili pepper consumption and gastric
cancer

Notani et al. (30) Reasonable A case-control study investigating the association
between chili pepper powder consumption and
esophageal cancer

Tajima et al. (74) Tajima et al. (74) Unreasonable Incorrect risk estimates extracted

pepper had a greater risk of GI cancers, whereas three
studies conducted in South America and Europe reported
a significantly lower risk of GI cancers (10, 22, 29). One
possible reason is that the number of included studies was
relatively small, although an extensive search was done.
Most original studies were conducted in Asian countries
(25–28, 30–33), with only two in Europe (10, 29), two
in North America (9, 23), one in Africa (24), and one
in South America (22). The results should be cautiously
interpreted. Moreover, most original studies reporting a
lower risk of GI cancers were conducted in Europe. The
evidence has shown that the estimated daily mean CAP
intake in Europe was approximately 1.5 mg, which was
less than the consumption level in Asia (e.g., Thailand)
and North America (e.g., Mexico) (25–200 mg/person/day
CAP) (43, 44). Therefore, the results of the highest than
lowest or no chili pepper intake in studies conducted in
Europe were more likely to obtain a protective effect, whereas
the opposite effect was found in studies from Asia, North
America, etc. Carcinogenicity or anticancer differences in
chili pepper may depend on the dose. Further confirmation
is needed to determine whether there is a U-shaped curve
relationship, suggesting that a low dose of chili pepper
intake might reduce GI cancer risk while a high dose
intake might not.

In addition, subgroup analysis revealed that studies adjusted
for alcohol consumption in the final model examining chili
pepper intake and the risk of GI cancers had a positive
association. Meanwhile, a seemingly stronger association
between chili pepper consumption and the risk of GI
cancers was observed in studies with adjustment for smoking
than in those without such adjustment. The small number
of original studies focusing on adjustment for smoking
(n = 8) or alcohol consumption (n = 6) may be a
possible reason. Another explanation is that numerous studies
have found alcohol consumption or smoking to be related
to a higher risk of GI cancers (45–48). However, there
is currently no consensus on whether GI cancer risk
is strongly associated with alcohol and smoking, because
the evidence for heterogeneity by sex, age, cancer site,
age at initiation, clinical stage of cancer, cancer grade,

alcohol or smoking intensity, and duration is mixed (49–
52). The mechanisms underlying the effects of alcohol
consumption and smoking on GI cancers have not been
comprehensively elucidated. These factors may affect the
accuracy of the analysis. Regarding the study design, a
significant association was found in the population-based case-
control studies between chili pepper consumption and the
risk of GI cancers but not in hospital-based case-control
studies. The lack of representativeness may account for
this difference.

Although a series of prespecified subgroup analyses were
conducted, some heterogeneity generally persisted and could
not be reduced. There were some other reasons for the
heterogeneity among the included studies. First, the types
of chili peppers consumed in different regions may have
contributed to the heterogeneity among the results. However,
few of the included studies reported specific types of chili
peppers, except for two studies, in which the types of
chili peppers were reported as sweet pepper (32) and red
pepper powder (30), respectively. Second, stratified analysis of
Helicobacter pylori (H. pylori) infection status was limited as
data on H. pylori infection were only provided in one original
study (27). H. pylori infection is a major risk factor for GI
cancers. Experimental studies have suggested that combined
H. pylori infection and CAP contribute to gastric inflammation
and lead to GC with 50% incidence by regulating the expression
of interleukin-6 (IL-6) and IFN-γ (53). On the other hand, chili
pepper consumption may affect the H. pylori infection rate (54).
Thus, H. pylori infection may act as a mediator and confound the
association between chili pepper consumption and cancer risk.

Certain limitations of this study should be acknowledged.
First, given the observational nature of the included studies,
it is possible that the associations we found reflected
residual confounding. Although a large number of potential
confounders, such as cancer type, study design, and region of the
study, were adjusted for in most studies, we cannot exclude that
some other dietary biologically active components may partly
or wholly affect the association. Second, recall bias associated
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with the assessment methods of chili pepper exposure should be
considered because FFQ or frequency-reported questionnaires
are subject to measurement errors, which can attenuate
or overestimate the observed association (55). Additional
limitations related to different cooking and processing methods
for chili pepper. Several studies have examined various cooking
methods (roasting, boiling, steaming, and stir-frying), cooking
time, and temperature of chili pepper affect their phytonutrient
content (56–58). However, the studies we included did not
investigate the effect of chili pepper preparation methods,
which prevented us from further exploring the sources of
heterogeneity. Third, the dose–response analysis could not be
conducted due to the insufficient number of available studies.
Finally, only studies published in English were included, which
may lead to the exclusion of related studies in other languages.

Conclusion

Our results suggest that chili pepper consumption is
associated with an increased risk of certain GI cancers. An
increased EC risk was observed when high levels of chili pepper
were ingested. However, no significant association was found
between chili pepper consumption and the risk of GC and CRC.
More prospective cohort studies are necessary to clarify the
dose-response effect of chili pepper on the risk of GI cancers.
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The prognostic impact of
preoperative body mass index
changes for patients with
esophageal squamous cell
carcinoma who underwent
esophagectomy: A large-scale
long-term follow-up cohort
study
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Wen-Ping Wang, Yong Yuan, Yang Hu, Guo-Wei Che* and
Long-Qi Chen*

Department of Thoracic Surgery, West China Hospital of Sichuan University, Chengdu, China

Background: This study aims to investigate the relationship between

preoperative body mass index changes (1BMI) and prognosis in patients with

esophageal squamous cell carcinoma who underwent esophagectomy.

Methods: We identified 1,883 patients with esophageal squamous cell

carcinoma who underwent curative resection in our department between

January 2005 and December 2013. Patients were grouped into a stable

body mass index (1BMI = 0) group and a decreased body mass index

(1BMI < 0) group. Risk factors for 1BMI were assessed using logistic

regression analysis. The impact of 1BMI on survival was investigated using

Kaplan–Meier curves and Cox regression. A nomogram for survival prediction

was constructed and validated.

Results: The results showed that T stage (OR: 1.30, 95% CI: 1.16–1.45,

P < 0.001) and N stage (OR: 1.24, 95% CI: 1.11–1.38, P < 0.001) were

independent risk factors for 1BMI. The 1BMI < 0 group had worse overall

survival than the stable body mass index group (HR: 1.25, 95% CI: 1.08–

1.44, P = 0.002). When stratified by stage, 1BMI had the greatest prognostic

impact in stage I tumors (HR: 1.82, 95%: 1.05–3.15, P = 0.033). In addition,

multiple comparisons showed that decreasing 1BMI correlated with worse

prognosis. The 1BMI-based nomogram presented good predictive ability with

a C-index of 0.705.
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Conclusion: This study demonstrates that 1BMI < 0 had an adverse impact on

the long-term survival of patients with esophageal squamous cell carcinoma

undergoing esophagectomy. These results may support further investigation

of preoperative nutrition support.

KEYWORDS

esophageal squamous cell carcinoma, body mass index changes, prognosis,
nomogram, nutrition

Introduction

Esophageal cancer is the seventh most common malignant
tumor and the sixth leading cause of cancer-related deaths
worldwide (1, 2). The recently published 10-year outcome of
the CROSS study reported that 49% of patients had overall
disease progression in the neoadjuvant chemoradiotherapy plus
surgery group (3). The prognosis for patients with esophageal
cancer remains unsatisfactory. Unlike many other malignancies,
esophageal cancer is more likely to cause malnutrition in
patients because an obstructing tumor leads to different degrees
of dysphagia. The nutritional state has been shown to be related
to poor prognosis in multiple cancers (4–6). Thus, a better
understanding of how the nutritional state influences cancer
survival may open novel therapeutic strategies to improve
cancer outcomes for patients with esophageal cancer.

Body mass index is a crucial diagnostic criterion of cancer-
associated weight loss and is based on body weight and height
(7). Although several studies have demonstrated the effect
of preoperative body mass index (BMI) on the outcomes of
patients who underwent esophagectomy for esophageal cancer
(8, 9), BMI alone is not a reliable indicator of survival (10, 11).
A better measure than weight alone, BMI accounts for how
height might influence the effects of weight on a health response.
Therefore, body mass index changes (1BMI) may better help to
estimate the correlation between nutritional state and prognosis
in various populations.

The aim of this study was to investigate the relationship
between preoperative 1BMI and prognosis in patients with
esophageal squamous cell carcinoma who underwent curative
esophagectomy. These findings may be helpful for the
development of new potential therapeutic strategies.

Materials and methods

Study population

We conducted a retrospective review of our prospectively
collected database to identify consecutive patients who
underwent curative esophagectomy at West China

Hospital of Sichuan University between January 2005
and December 2013. Eligible patients were previously
diagnosed with esophageal cancer. Inclusion criteria
included (1) esophageal squamous cell carcinoma; (2)
receiving esophagectomy with or without neoadjuvant
or adjuvant therapy; (3) R0 resection; and (4) at least 15
lymph nodes should be removed and assessed to achieve
adequate nodal staging. Exclusion criteria included the
coexistence of other malignancies. Ethics approval for this
study was granted by the Ethics Committee of West China
Hospital, Sichuan University (No. 2019641), and informed
consent was waived.

Body mass index changes
measurement

BMI was defined as weight (kg) divided by height squared
(m2). Diagnostic BMI was based on weight and height at the first
visit to the outpatient clinic. BMI at 3 months before diagnosis
was also recorded as the baseline BMI at the same visit, which
was based on patient-reported weight and height. 1BMI was
calculated as diagnostic BMI minus baseline BMI.

Surgery

Tumor staging was based on esophagoscopy, contrast-
enhanced computed tomography of the neck, chest, and
abdomen, endoscopic ultrasonography, bone scan, and
magnetic resonance imaging of the brain. Standard surgery
included minimally invasive esophagectomy or open
thoracotomy. The surgical approach, whether minimally
invasive or open, was not associated with completeness
of resection. The extent of lymphadenectomy included
two-field lymph node dissections and was conducted in
most patients. Three-field lymph node dissections were
performed in only a few patients who had suspicious
cervical node disease. Postoperative patients with
lymph node involvement were recommended to receive
adjuvant therapy.
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Data collection and follow-up

We classified tumor stage according to the 7th edition
of the TNM staging system of esophageal cancer (11). We
recorded tumor recurrence, mortality, and survival status.
Overall survival was measured as the time from operation
to death. Patients alive or lost to follow-up were censored
at the date of the last follow-up. The patients were followed
up every 3 months for the first 2 years and every 6 months
thereafter. Follow-up information was available over 5 years
postoperatively or at the date of death.

Statistical analysis

Statistical analyses were performed using SPSS Statistics
(version 24, IBM, Armonk, NY) and the R programming
language (version 3.6.3, Vienna, Austria). Normally distributed
continuous variables are presented as the mean ± standard
deviation (SD), non-normally distributed continuous variables
as the median with interquartile range (IQR), and categorical
variables as frequencies and percentages. Categorical variables
were compared using the χ2-test, while continuous variables
were analyzed by Student’s t-test. Risk factors were identified
using Cox regression modeling. Survival analyzes were analyzed
using the survival package, and Kaplan–Meier survival curves
were plotted using the survminer package in R. We used
the rsm package in R to develop the prediction model. For
multiple comparisons, the P-value was adjusted using the
Benjamini and Hochberg method by the fdrtool package in R.
A bootstrap with 1,000 resamples was used to perform internal
validation. The C-index was used to measure the prediction
performance. Calibration was assessed by using the Hosmer–
Lemeshow goodness-of-fit test (12). Statistical significance was
set at a two-sided P-value less than 0.05.

Results

Basic characteristics and risk factors
for 1BMI

Of 1,883 eligible patients, 1,162 patients (61.7%) were
grouped into the 1BMI = 0 group, and 721 patients (38.3%)
were grouped into the 1BMI < 0 group. No patient had
an increased body mass index in the 1BMI < 0 group. The
characteristics of the 1BMI = 0 and 1BMI < 0 groups are
summarized in Table 1. There was no significant difference in
baseline BMI between the two groups (P = 0.083).

On univariate analysis, T stage (OR: 1.385, 95% CI: 1.249–
1.535, P < 0.001), N stage (OR: 1.348, 95% CI: 1.216–1.495,
P < 0.001), and differentiation (OR: 1.195, 95% CI: 1.027–1.390,
P = 0.021) were identified as potential risk factors and included

TABLE 1 Patient characteristics (n = 1,883).

Characteristics 1 BMI = 0
(n = 1,162)

1 BMI < 0
(n = 721)

P

Age (years) 0.360

≤55/>55 258/904 166/555

Gender 0.355

Male/Female 953/209 597/124

Baseline BMI 21.9 ± 2.9 22.1 ± 3.2 0.083

Tumor location 0.639

Upper/Middle/Lower 119/688/355 65/427/229

pT stage <0.001

T1/T2/T3 227/216/719 78/108/535

pN stage <0.001

N0/N1/N2/N3 676/293/155/38 338/201/127/55

Differentiation 0.010

High/Moderate/Low 193/692/277 83/454/184

LVI 0.221

No/Yes 1,111/51 683/38

Surgical approach 0.914

Open/Minimal/Hybrid 1,105/15/42 684/11/26

Adjuvant therapy 0.773

No/Yes 700/462 431/290

1BMI, body mass index changes; BMI, body mass index; LVI, lymphovascular invasion.

TABLE 2 Risk factors for body mass index changes identified by
logistic regression.

Variables Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

T stage 1.39 1.25–1.53 <0.001 1.30 1.16–1.45 <0.001

N stage 1.35 1.22–1.50 <0.001 1.24 1.11–1.38 <0.001

Differentiation 1.20 1.03–1.40 0.021 1.06 0.91–1.25 0.443

OR, odds ratio; CI, confidence interval.

in multivariate analysis (Table 2). On multivariate analysis,
our results indicated that T stage (OR: 1.296, 95% CI: 1.163–
1.445, P < 0.001) and N stage (OR: 1.241, 95% CI: 1.113–1.383,
P < 0.001) were independent risk factors for body mass index
changes (Table 2).

1BMI and prognosis in different stages

The median follow-up for the entire cohort was 34.6 months
(95% CI: 32.8–36.4) using the reverse Kaplan–Meier method.
The median overall survival was 36 months (95% CI: 32.4–44.4)
among 1,162 patients without body mass index changes and
28.8 months (95% CI: 25.2–33.6) among 721 patients with body
mass index changes. There was a significant difference in overall
survival between these two groups (HR: 1.25, 95% CI: 1.08–1.44,
P = 0.002) (Figure 1A).
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FIGURE 1

Kaplan–Meier overall survival curve according to preoperative body mass index changes for all patients (A) and for stage I (B), stage II (C), and
stage III (D) patients.

When stratified by stage, there was a significant difference in
overall survival between the 1BMI = 0 group and 1BMI < 0
group with stage I (HR: 1.82, 95%: 1.05–3.15, P = 0.033)
and stage III (HR: 1.16, 95%: 1.03–1.40, P = 0.049) disease
(Figures 1B,D), but no significant difference was found in stage
II (HR: 0.97, 95%: 0.75–1.25, P = 0.809) (Figure 1C).

Determination of the optimal 1BMI
cutoff

Based on the results from the X-tile program, the optimal
cutoff points for overall survival were determined to be
−1.5 and −2.3 kg/m2 (Figure 2). Accordingly, patients with
0 > 1BMI ≥ −1.5 kg/m2 were defined as the minor 1BMI
group, −1.5 kg/m2 > 1BMI ≥ −2.3 kg/m2 moderate 1BMI

group, and 1BMI < −2.3 kg/m2 severe 1BMI group. Then,
we validated the cutoff points for survival stratification. The
results of the Kaplan–Meier overall survival curve showed that
decreasing BMI changes were associated with worse prognosis
(severe 1BMI vs. minor 1BMI, adjusted P < 0.001; severe
1BMI vs. moderate 1BMI, adjusted P = 0.019; moderate 1BMI
vs. minor 1BMI, adjusted P = 0.049) (Figure 3).

Establishment of a model

Variables with statistical significance in univariate analysis
were entered into multivariate analysis. Multivariate Cox
regression models determined that T stage (HR: 1.325, 95% CI:
1.210–1.451; P < 0.001), N stage (HR: 1.206, 95% CI: 1.114–
1.306; P < 0.001), 1BMI (HR: 1.174, 95% CI: 1.014–1.358;
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FIGURE 2

A preoperative body mass index changes-based nomogram for predicting prognosis after curative resection of esophageal squamous cell
carcinoma.

P = 0.032), differentiation (HR: 1.134, 95% CI: 1.001–1.284;
P = 0.047), presence of lymphovascular invasion (HR: 1.415,
1.034–1.936; P = 0.03), and adjuvant therapy (HR: 0.819, 95%
CI: 0.768–0.874; P< 0.001) were significant predictors of overall
survival (Table 3).

From this model, we developed a 1BMI-based nomogram
to predict the prognosis for patients with esophageal squamous
cell carcinoma who underwent surgery (Figure 4). The Harrell
C-index for the predictive nomogram was 0.706 (95% CI, 0.693–
0.721) in the training cohort, which was 0.710 by bootstrapping
validation. The nomogram calibration plot indicates that
the nomogram was well calibrated, with mean predicted
probabilities for each subgroup close to observed probabilities
(Figure 5). The Hosmer–Lemeshow goodness-of-fit test P-value
for the logistic regression model was not significant, indicating
a good model fit.

Discussion

In this large-scale, long-term follow-up, retrospective,
cohort study, we found that patients with 1BMI = 0 had
a median overall survival of approximately 7 months longer
than the 1BMI < 0 group. Several studies have revealed

that preoperative weight loss was associated with worse long-
term prognosis (13–15). Rather than measuring weight changes
alone, BMI also takes into account how height might affect an
individual’s health. However, few studies have focused on the
impact of body mass index changes on the survival of esophageal
squamous cell carcinoma patients. Loehrer et al. (16) found
that BMI gain compared with average adult BMI was associated
with poor esophageal adenocarcinoma survival. However, the
definition of BMI changes was quite different from the current
study, and the sample size was too small (285 patients) to make
robust conclusions.

In the subgroup analysis, we demonstrated that 1BMI was
a strong predictor of poor prognosis for stage I disease. In
contrast, 1BMI has less prognostic impact for stage III disease.
Unexpectedly, no statistical significance in mortality was found
between the two groups for patients with stage II disease. These
findings may be due to the inherent poor prognosis of locally
advanced disease diluting the strength of 1BMI. These results
also parallel the previous detection by Zhang et al. (14), in
which preoperative weight loss correlated with worse survival
in patients with early-stage esophageal cancer.

In the current study, the optimal 1BMI cutoff points were
also determined. Kaplan–Meier survival analysis showed that
a larger body mass index decrease was associated with worse

Frontiers in Nutrition 05 frontiersin.org

239

https://doi.org/10.3389/fnut.2022.947008
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-947008 November 2, 2022 Time: 14:24 # 6

Gu et al. 10.3389/fnut.2022.947008

FIGURE 3

Kaplan–Meier overall survival curve stratified by optimal cutoff points in patients with decreased body mass index.

TABLE 3 Cox regression analyses of survival for 1,883 patients with
esophageal cancer.

Variables Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Gender 0.78 0.64–0.96 0.016 0.91 0.73–1.12 0.353

Age 1.23 1.03–1.48 0.02 1.11 0.93–1.33 0.256

1BMI 1.38 1.19–1.59 <0.001 1.17 1.01–1.36 0.032

Tumor location 0.98 0.87–1.11 0.795 – – −

T stage 1.53 1.41–1.67 <0.001 1.33 1.21–1.45 <0.001

N stage 1.51 1.40–1.62 <0.001 1.21 1.11–1.31 <0.001

Differentiation 1.25 1.11–1.40 <0.001 1.13 1.00–1.28 0.047

LVI 1.38 1.01–1.89 0.043 1.42 1.03–1.94 0.030

Surgical approach 1.03 0.86–1.24 0.713 – – −

Adjuvant therapy 0.93 0.85–0.99 0.028 0.82 0.77–0.87 <0.001

1BMI, body mass index changes; LVI, lymphovascular invasion; HR, hazard ratio; CI,
confidence interval.

survival. These results might warrant further investigation of
preoperative nutrition support for patients with severe body
mass index changes, especially in early-stage (I–II) esophageal
squamous cell carcinoma.

The potential weakness might be that the impact of
neoadjuvant therapy on 1BMI was not explored. Neoadjuvant
chemoradiotherapy formed the standard treatment based
on the CROSS trial (17) published in 2012 and the
NEOCRTEC5010 trial (18) published in 2018. However,
this long-term follow-up study screened patients from 2005
to 2013, and neoadjuvant therapy was not well established

in that period. Most patients enrolled in this study received
adjuvant therapy. However, we would like to emphasize that
it would not affect the applicability of our main conclusion.
To our knowledge, few studies have reported the relationship
between 1BMI and survival outcomes during neoadjuvant
therapy in esophageal cancer, except for breast, rectal, and
pancreatic cancer (19–21). The predictive value of 1BMI
during neoadjuvant therapy requires further investigation
in future studies.

The strengths of this study include its large scale with
long-term follow-up compared with previous literature (16,
22, 23). Moreover, we evaluated whether the relationship
between body mass index changes and prognosis varies
with tumor stage. In addition, we found that the optimal
cutoff points of body mass index changes can be used
to stratify patient survival. Nomograms have long been
proposed as a tool for estimating an individual risk or
prognosis based on clinical variables (24). Accordingly, a
body mass index changes-based nomogram was established
to facilitate individualized prediction of 3- and 5-year
survival probability.

There were also some limitations in our study. First, it
was retrospective and observational, with inherent flaws.
Second, the study population was predominantly Chinese
people. Globally, esophageal squamous cell carcinoma
remains the most common histological type in Asia, while
adenocarcinoma is the major histology in North America
and Europe (25). There are differences in body mass index
between the Western and Eastern populations. Thus, the
generalizability of these data to the Western population requires
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FIGURE 4

A preoperative body mass index changes-based nomogram for predicting prognosis after curative resection of esophageal squamous cell
carcinoma.

FIGURE 5

Calibration curves of the nomogram to predict 3-year overall survival (A) and 5-year overall survival (B).

further validation. Finally, although the prediction accuracy
of the model was validated internally, external validation
was not performed.

In conclusion, 1BMI < 0 had an adverse impact on
long-term survival in patients with esophageal squamous cell

carcinoma who underwent esophagectomy. The earlier the
tumor stage was, the greater the impact. In addition, decreasing
1BMI was associated with worse prognosis. These results might
warrant further investigation of preoperative nutrition support,
especially in early cancer with severe 1 BMI.
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This meta-analysis assessed the clinical significance of omega-3

polyunsaturated fatty acids (PUFAs) in the management of patients with

colorectal cancer (CRC) after radical resection. We comprehensively

searched electronic databases, such as EMBASE, PubMed, MEDLINE and

Cochrane Library, China National Knowledge Infrastructure (CNKI), China

Biomedical Database (CBM), Wanfang Electronic Database, and VIP Medical

Information System (VIP) from inception to 10 April 2022. Randomized

controlled trials (RCTs) of omega-3 PUFAs and conventional nutrition or

blank treatments were selected. The following were evaluated in the pooled

analysis: immune function-related indices (IgA, IgG, IgM, CD3+, CD4+, CD8+,

and ratio of CD4+/CD8+), nutritional status-related indices [total protein (TP),

albumin (ALB), and prealbumin (PA)], and their corresponding 95% confidence

intervals (CIs). Next, we conducted heterogeneity detection, sensitivity

analysis, contour-enhanced funnel plot to detect possible publication bias,

and meta-regression analysis. In all, 20 studies, including 1,613 patients (809

in the omega-3 PUFAs group and 804 in the control group), were selected

in the final analysis. The results of the pooled analysis showed that omega-3

PUFAs significantly increased the humoral immune function indices, including

IgA [standardized mean difference (SMD) = 0.54, 95% CI 0.10–0.99], IgM

(SMD = 0.52, 95% CI 0.05–0.99), IgG (SMD = 0.65, 95% CI 0.47–0.84); T

cell immune function indices, including CD3+ (SMD = 0.73, 95% CI 0.54–

0.92), CD4+ (SMD = 0.76, 95% CI 0.53–0.98), and ratio of CD4+/CD8+

(SMD = 0.66, 95% CI 0.39–0.92). However, CD8+ was markedly reduced

after intervention of omega-3 PUFAs (SMD = –0.28, 95% CI –0.66–0.09). In

addition, pooled analysis indicated that omega-3 PUFAs markedly improved
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the nutritional status indicators, including TP (SMD = 0.53, 95% CI 0.17–0.88),

ALB (SMD = 0.43, 95% CI 0.15–0.70), and PA (SMD = 0.46, 95% CI 0.01–0.90).

The meta-regression analysis revealed that the covariates of the small sample

affected the robustness and credibility of the CD4+ results. Conclusively,

this study suggested that omega-3 PUFAs have the potential to be used as

a valid immunonutritional therapy/support for treating patients with CRC

postoperatively. This meta-analysis protocol was registered in PROSPERO

(no. CRD42021288487).

Systematic review registration: [https://www.crd.york.ac.uk/prospero/

display_record.php?ID=CRD42021288487], identifier [CRD42021288487].

KEYWORDS

colorectal cancer, omega-3 polyunsaturated fatty acids, humoral immunity, T cell
immunity, nutritional status, meta-analysis

Introduction

Colorectal cancer (CRC) is the most malignant tumor of
the digestive system and threatens human health worldwide.
The global statistical data reveal that there are approximately
1,148,515 and 732,210 new cases of colon cancer and rectal
cancer, respectively, and the mortality rate of patients with
CRC is approximately 9.4% (1). Furthermore, according to the
American Cancer Society, CRC ranks third in the incidence of
cancer among the US population. In 2021, there were 104,270
new cases of colon cancer and 45,230 new cases of rectal
cancer in the United States. From 2012 to 2016, patients with
CRC < 50 years increased by 2% per year while those between
50 and 64 increased by 1% per year in the United States (2).
By 2035, the mortality rate from colon cancer is expected to
increase by 60% and the death rate from rectal cancer is expected
to increase by 71.5% (3).

The National Comprehensive Cancer Network guidelines
(4, 5) and the European Society for Medical Oncology guidelines
(6, 7) recommend radical surgery as a first-line treatment
regimen for patients with CRC. However, the long time
spent by the CRC tumor before radical resection, stress
responses caused by surgical trauma, and insufficient nutritional
intake may make patients susceptible to malnutrition, reduced
immune function, postoperative complications, and intestinal
dysfunction. Previous research revealed that the incidence
of malnutrition in patients with cancer was 15–45% at
the time of diagnosis, and in advanced cases, it was 80–
90% (8). Additionally, the prevalence of malnutrition in
patients with CRC was between 45 and 60% (9) and
markedly increased with radical surgery (10). Furthermore,
surgery-induced immunosuppression and immune dysfunction
significantly trigger postoperative complications. Numerous
studies have attributed malnutrition and immune dysfunction

to postoperative complications, such as surgical site infection,
anastomotic leak, intra-abdominal abscess, ureteral injury,
bleeding, enteric fistula, and postoperative bowel obstruction
(11–14). Thus, these complications significantly increase the
hospital stay and associated medical costs as well as significantly
decline the patient’s quality of life and increase cancer
recurrence (15, 16).

Accumulating clinical research indicates that
immunonutritional therapy/support is highly effective for
enhancing the nutritional status, improving immune functions,
and reducing syndromes or recrudesce in patients with
postoperative CRC (17–20). Omega-3 polyunsaturated fatty
acids (PUFAs) are key immunonutrients that are an essential
source of energy for the intestines and thereby improve
intestinal functions. Studies have shown that omega-3 PUFAs
have inhibitory and lethal effects on a wide variety of tumors,
such as colorectal, prostate, and breast cancers (21); In
addition, long-term intake of high levels of omega-3 PUFAs
can effectively reduce the incidence of CRC, breast cancer, and
other malignant tumor diseases (22). Furthermore, omega-3
PUFAs improve the nutritional levels after radical resection
of CRC in addition to inhibiting the inflammatory response.
Omega-3 PUFAs are known for the immunostatic regulation
of nutrients and improve the nutritional status of patients
by accelerating the synthesis of serum albumin. Moreover,
they reduce the common adverse reactions associated with
enteral nutrition therapy, such as nausea, vomiting, and
abdominal pain, to maintain normal gastrointestinal functions
and good nutritional status, thereby improving the prognosis
and accelerating the recovery of patients (23). In contrast,
other studies showed that omega-3 PUFAs do not markedly
improve the quality of life and postoperative complications
in patients with CRC (24–26). However, there are no specific
guidelines for the application of omega-3 PUFAs, in terms
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of time and dosage of supplementation, for patients with
CRC, even the European Society for Clinical Nutrition and
Metabolism (ESPEN) guidelines. The current clinical studies
are heterogenous in study populations, study designs, sample
quantities, and systematic approaches; hence, it is difficult
to cross-examine them. Therefore, this study conducted
a meta-analysis of randomized controlled trials (RCTs) in
patients with CRC who received omega-3 PUFAs after radical
surgery to resolve these ambiguities and assess the clinical
significance of omega-3 PUFAs in these patients. Moreover, it
provided substantial evidence of the effects of omega-3 PUFAs
on immune functions and nutritional status in patients with
postoperative CRC.

Materials and methods

Protocol registration

We previously registered the protocol in PROSPERO in
January 2022 (number: CRD42021288487, https://www.crd.
york.ac.uk/PROSPERO).

Inclusion criteria

The type of study was RCTs clinically involving omega-
3 PUFAs in patients with postoperative CRC. The inclusion
criteria should be in line with the principles of “PICOS” and be
qualified as follows: (1) P: the subjects of study were definitively
diagnosed with CRC (including colon and rectal cancer) and
underwent radical surgery. (2) I: the experimental group added
omega-3 PUFAs to the control group treatment, if the two
groups of subjects received general adjuvant therapy at the same
time, the adjuvant therapy should be completely consistent. (3)
C: the control group was treated with conventional nutrition
or blank treatment (fluid supportive therapy). (4) O: the
primary outcome measures included immune function-related
indicators (IgA, IgG, IgM, CD3+, CD4+, CD8+, and the
ratio of CD4+/CD8+). Secondary outcome measures included
those associated with nutritional status [including total protein
(TP), albumin (ALB), and prealbumin (PA)]. (5) S: patients
can come from outpatient clinics or wards, and the hospital
level is not limited.

Exclusion criteria

The exclusion criteria were as follows: (1) there are repetitive
publications in the literature. (2) Clinical case reports, animal
experiments, review papers, letters, laboratory studies, meta-
analysis, reviews, or conference papers. (3) Studies with unclear
diagnostic criteria and efficacy criteria. (4) Literature with
incomplete or erroneous data that cannot be combined.

Search methodology

The PubMed, EMBASE, MEDLINE and Cochrane
Library, Chinese Biomedical Database (CBM), China
National Knowledge Infrastructure (CNKI), Wanfang
electronic databases, and VIP medicine information
system (VIP) were comprehensively searched until 10
April 2022. According to the search strategies of different
databases, the search was carried out by combining titles,
keywords, abstracts, subject words, and the following
free words: (Colon/Rectal/colorectal/neoplasm/carcinoma/
tumor) AND (Omega-3 PUFAs/�3-PUFAs/n-3 PUFAs/
Omega 3 fatty acids/Omega-3 polyunsaturated fatty
acid/Fish oil) AND (immune/immunity/IgA/IgG/ IgM/
CD3+/CD4+/CD8+/the ratio of CD4+/CD8+) AND
(nutrition/nourishment/sustenance/diet/TP/Total protein/ALB/
albumin/PA/prealbumin) AND (random/randomized/clinical
trial/RCTs). Furthermore, citations that may be relevant were
also obtained manually, and this search strategy was not limited
by the language of the publications.

Risk of bias in literature screening, data
extraction, and inclusion studies

Two researchers (Tinghui Yue and Kai Xiong)
independently screened the literature according to the
exclusion criteria for inclusion and used the data extraction
table for data extraction. The contents of the extraction table
include (1) the basic information of the included studies,
including the author’s name and publication time. (2) The basic
characteristics of the study subjects (male and female), such as
the number of participants, age, and number of cases in each
group. (3) The specific measures and timing of the intervention.
(4) The outcome indicators concerned. (5) The key elements
of bias risk assessment. Bias risk assessment for inclusion of
RCTs: Cochrane 5.1.0 bias risk tool was used to assess the
methodological quality of the implementation literature (27),
and the RevMan 5.3 software was used to generate bias risk
plots. The content includes random sequence generation,
allocation concealment, blinding implementation, data
integrity, selective publication, and other biases (small sample
size, non-equilibrium baseline), which can be divided into three
levels: “low risk,” “unclear,” and “high risk.” Cross-check the
above results and discuss solutions if there are differences.

Statistical analysis

Stata version 15.0 (Stata) was used for data analysis.
The immune function and nutritional status-related indicators
observed in this institute are continuous variables using
standardized mean difference (SMD) and its 95% confidence
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interval (CI) as the statistical effect amount. Before determining
pooled effects, heterogeneity between the included literature was
assessed using the Q-test and the I2 test. If I2

≤ 50% and P≥ 0.1,
the heterogeneity between the studies was better, and a fixed-
effects model was selected for pooled analysis, and if I2 > 50%,
P< 0.1, there is statistical heterogeneity in the results, a random-
effects model was selected for pooled analysis (28, 29). The
significance of pooled effects was determined using a Z–test, and
P< 0.05 indicates a statistically significant difference. Sensitivity
analysis was performed to verify the robustness of the combined
results; make contour-enhanced funnel plot to analyze whether
there was potential publication bias in the included studies.

Results

Results of articles screening

In all, we acquired 508 related studies from different
databases. All documents were imported into the EndnoteX9
document management software and 154 duplicate studies were
excluded. After reviewing the title and abstract, 209 unrelated
studies were excluded for being review articles, conference
abstracts, animal experiments, or case reports. Of the remaining

145 articles, 125 articles were excluded after a full-text review
based on the inclusion and exclusion criteria. Finally, 20
articles were included in the meta-analysis. Figure 1 depicts the
literature screening flowchart.

Study features

In all, 1,761 patients participated in the 20 studies (22, 24,
30–47), which were published between 2002 and 2021 years
Among them, 809 were assigned to the omega-3 PUFAs
group and 804 were assigned to the conventional nutrition
or blank group. Four trials (30–33) administrated omega-3
PUFAs through enteral nutrition (EN) while 16 trials (22, 24,
34–47) administrated via parenteral nutrition (PN). Regarding
the results of humoral immunity-related indicators, seven
experiments (22, 24, 30, 32, 33, 43, 46) reported IgA indicator,
six trials (22, 24, 30, 33, 43, 46) reported IgM indicator, and
seven trials reported IgG indicator (22, 24, 30, 32, 33, 43, 46).
Furthermore, concerning the results of T-cell immunity-related
contents, seven trials reported CD3+ content (22, 24, 31, 33, 39,
42, 46), 10 trials reported CD4+ content (22, 24, 31, 33, 39, 42,
43, 45–47), 9 trials reported CD8+ content (22, 24, 33, 39, 42,
43, 45–47), and 9 trials reported the ratio of CD4+/CD8+ (22,

FIGURE 1

Literature screening flowchart.
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24, 31, 33, 39, 42, 43, 45, 47). As for the outcomes of nutritional
status, 9 trials (22, 30, 31, 36–38, 40, 44, 46) reported TP, 15 trials
(22, 30–34, 36–38, 40, 41, 43–46) reported the ALB indicator,
and 11 trials (22, 30, 32–35, 37, 38, 40, 41, 43) reported PA
indicator. The main features of the included studies material are
shown in Table 1.

Study quality assessment

The formation of the randomized sequence was recognized
in all enrolled studies (Figure 2A). The allocation concealment
had moderate risk in the majority of RCTs. In addition, there
was no single-blinding or double-blinding in all RCTs, and
none of them contained incomplete results or biased reporting.
Consequently, the risk of performance bias was high, the risk
of detection bias was moderate, and the implementation of
concealment and blinding of some studies was unclear. Few
studies did not report sample shedding, and no study selectively
reported outcomes found in all trials. Figures 2A,B show
the schematic diagram of the literature methodology quality
assessment and the ratio of literature methodology quality
assessment.

GRADE system evaluation results

Using the Cochrane Collaboration Network GRADE, we
assessed the quality of evidence for systematic analysis.
Accordingly, we used the GRADE system to assess whether
omega-3 PUFAs would enhance the immune functions and
improve the nutritional status of patients with CRC after radical
surgery (Figure 3). On evaluating 10 indicators, we observed
that the evidence levels of IgA, IgM, IgG, CD3+, CD4+/CD8+,
and TP were low, of CD8 + was very low, while that of CD4+,
ALB, and PA were moderate. The decrease in evidence levels
is probably because of the following reasons: (1) the included
studies had large deviations in randomization, allocation
concealment, and blinding; (2) significant heterogeneity (48);
(3) small sample size; and (4) wide confidence interval.
Downgrading to a certain degree indicates selection bias of
included studies. The specific degree of heterogeneity between
studies and sample size results in a downgrading of the level of
evidence (Figure 3).

Results of meta-analysis

Effect of omega-3 polyunsaturated fatty acids
on humoral immune function in patients with
postoperative colorectal cancer

Figure 4 shows the aggregated analysis and SMD
presentation of the humoral immunity-related indicators,

namely, IgA, IgM, and IgG. Heterogeneity was examined before
performing a pooled analysis of these indicators. The results
showed a remarkable heterogeneity for IgA (I2 test = 81.5% and
Q-test P = 0.000) and IgM (I2 test = 81.9% and Q-test P = 0.000,
Figure 4B); thus, we performed an aggregated analysis using
the random-effects model. However, there was no remarkable
heterogeneity for IgG (I2 test = 0.0% and Q-test P = 0.000,
Figure 4C); therefore, we performed an aggregated analysis
using the fixed-effects model. We observed that the omega-3
PUFAs group had significantly higher IgA content (Z = 5.042,
P = 0.000; SMD = 0.54, 95% CI 0.10–0.99; Figure 4A), IgM
content (Z = 3.887, P = 0.000; SMD = 0.52, 95% CI 0.05–0.99;
Figure 4B), and IgG content (Z = 6.930, P = 0.495; SMD = 0.65,
95% CI 0.47–0.84; Figure 4C) compared with the matching
group. These results suggested that omega-3 PUFAs improve
the humoral immune functions in patients with postoperative
CRC.

Effect of omega-3 polyunsaturated fatty acids
on T cell immune function in patients with
postoperative colorectal cancer

Figure 5 shows the aggregated analysis and SMD
presentation of the T-cell immunity-related indicators, namely,
CD3+, CD4+, CD8+, and CD4+/CD8+. Routine heterogeneity
tests were performed for each index before aggregated analysis.
The results showed no remarkable heterogeneity for CD3+ (I2

test = 0.0% and Q-test P = 0.000, Figure 5A); thus, we performed
an aggregated analysis using the fixed-effects model. However,
there was mild heterogeneity for CD4+ (I2 test = 53.2% and
Q-test P = 0.000, Figure 5B) and ratio of CD4+/CD8+ (I2

test = 59.7% and Q-test P = 0.000, Figure 5D), while remarkable
heterogeneity for CD8+ (I2 test = 82.2% and Q-test P = 0.001,
Figure 5C). Hence, we performed an aggregated analysis using
the random-effects model. We observed that the omega-3
PUFAs group had significantly higher CD3+ index (Z = 7.465,
P = 0.833; SMD = 0.73, 95% CI 0.54–0.92; Figure 5A), CD4+

index (Z = 10.014, P = 0.023; SMD = 0.76, 95% CI 0.53–0.98;
Figure 5B), and ratio of CD4+/CD8+ (Z = 8.033, P = 0.011;
SMD = 0.66, 95% CI 0.39–0.92; Figure 5D) compared with the
matching group. In contrast, the CD8+ index was significantly
decreased (Z = −3.253, P = 0.000; SMD = –0.28, 95% CI: –0.66
to 0.09; Figure 5C) in the omega-3 PUFAs cohort compared
with the matching group.

Effect of omega-3 polyunsaturated fatty acids
on nutritional status in patients with
postoperative colorectal cancer

Figure 6 shows the aggregated analysis and SMD
presentation of the nutritional status-related indicators,
namely, TP, ALB, and PA. Routine heterogeneity tests were
performed for each indicator before aggregated analysis. The
results showed remarkable heterogeneity for TP (I2 test = 81.6%
and Q-test P = 0.000, Figure 6A), ALB (I2 test = 82.1% and
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TABLE 1 The main features of the included studies material.

Study ID Sample size (n) Ages (year) Dose of
omega-3
PUFAs

Route of
administration

Tumor
types

Nationality Type of omega
3 PUFAs

administered

Outcomes

Treatment Control Treatment Control

Braga et al.
(34)

50
(M/F: 28/22)

50
(M/F: 29/21)

60.5± 11.5 62.2± 10.4 POD1−5 :
3.3 g/L

PN CRC
(CC = NR,
RC = NR)

UK NR ÈÉ

Gianotti et al.
(37)

101
(M/F: 60/41)

102
(M/F: 56/46)

65.6± 11.5 63.4± 11.9 POD:
1 L/d

PN CRC
(CC = NR,
RC = NR)

UK NR ÇÈÉ

Liang et al.
(39)

20
(M/F: 10/10)

21
(M/F: 15/6)

59.19± 10.61 55.8± 10.1 AOD1−7 :
1.2 g/(kg·d)

PN CRC
(CC = NR,
RC = NR)

China ALA, EPA, DHA ÀÁÂÃ

Liu et al. (40) 20
(M/F:15/5)

20
(M/F: 14/6)

54± 11.3 57± 9.5 AOD1−7 :
10 g/d

PN CRC
(CC = NR,
RC = NR)

China ALA, EPA, DHA ÇÈÉ

Zhu et al. (47) 29
(M/F: 16/13)

28
(M/F: 17/11)

69.8± 10.5 70.8± 6.4 AOD1−7 :
0.2 g/(kg·d)

PN CRC
(CC = 40,
RC = 17)

China ALA, EPA, DHA ÁÂÃ

Zhuang et al.
(33)

20
(M/F: NR)

20
(M/F: NR)

43–78 AOD1−7 :
NR

EN CRC
(CC = 17,
RC = 23)

China ALA, EPA, DHA ÀÁÂÃÄÅÆÇÈÉ

Cai et al. (32) 20
(M/F: NR)

20
(M/F: NR)

37–76 AOD1−7 :
3 g/d

EN CRC
(CC = 15,
RC = 25)

China NR ÄÅÈÉ

Teng et al.
(42)

40
(M/F: NR)

40
(M/F:NR)

42–80 AOD1−7 :
100 mL/d

PN CRC
(CC = NR,
RC = NR)

China EPA, DHA ÀÁÂÃ

Cheng et al.
(36)

30
(M/F: 18/12)

30
(M/F: 19/11)

52.63± 6.23 53.24± 8.12 AOD24weeks :
100 mL/d

PN CC China ALA, EPA, DHA ÇÈ

Chen et al.
(35)

49
(M/F: NR)

48
(M/F: NR)

18–70 POD1−7-
AOD1−3 :
2 mL/kg·d

PN CC China NR É

Sun et al. (41) 48
(M/F: 30/18)

48
(M/F: 35/13)

60.1± 5.7 61.7± 6.5 AOD1−7 :
2 ml/(Kg.d)

PN CRC
(CC = 40,
RC = 56)

China EPA, DHA ÈÉ

Yespoli et al.
(45)

70
(M/F: NR)

70
(M/F: NR)

59.3± 8.2 55.3± 9.1 AOD1−7 :
1.59 g/(Kg.d)

PN CRC
(CC = NR,
RC = NR)

China NR ÁÂÃÈ
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TABLE 1 (continued)

Study ID Sample size (n) Ages (year) Dose of
omega-3
PUFAs

Route of
administration

Tumor
types

Nationality Type of omega
3 PUFAs

administered

Outcomes

Treatment Control Treatment Control

Hu et al. (22) 20
(M/F: 11/9)

20
(M/F: 12/8)

62.16± 5.77 59.13± 4.43 POD1−5-
AOD1−7 :
100 mL/d

PN CRC
(CC = 12,
RC = 28)

China EPA, DHA ÀÁÂÃÄÅÆÇÈÉ

Song et al. (31) 34
(M/F: 20/14)

34
(M/F: 19/15)

60.84± 6.17 60.25± 5.46 AOD1−7 :
100 mL/d

EN CC China ALA, EPA, DHA ÀÁÃÇÈ

Wang et al.
(43)

50
(M/F: 27/23)

50
(M/F: 28/22)

60.12± 10.14 60.24± 10.09 AOD1−7 :
200 mL/d

PN RC China EPA, DHA ÁÂÃÄÅÆÈÉ

Jiang et al. (38) 50
(M/F: 25/25)

50
(M/F: 27/23)

61.83± 5.66 62.79± 4.87 POD1−7-
AOD1−7 :
2 mL/kg·d

PN CRC
(CC = 44,
RC = 56)

China ALA, EPA, DHA ÇÈÉ

Jiang and Xie
(30)

41
(M/F:25/16)

36
(M/F: 24/12)

63.05± 5.27 63.05± 5.27 POD1−5-
AOD1−7 :
100 mL/d

EN CRC
(CC = 39,
RC = 38)

China EPA, DHA ÄÅÆÇÈÉ

Yuan et al.
(46)

60
(M/F: 37/23)

60
(M/F: 33/27)

55.3± 7.6 54.4± 7.0 AOD24weeks :
10 mL/d

PN CC China NR ÀÁÂÄÅÆÇÈ

Wang and Li.
(44)

27
(M/F: 15/12)

27
(M/F: 14/13)

69.69± 5.48 AOD1−7 :
0.2 g/kg·d

PN CRC
(CC = 21,
RC = 33)

China NR ÇÈ

Liu et al. (24) 30
(M/F: 18/12)

30
(M/F: 14/16)

59± 11 62± 11 AOD1−5 :
100 mL/d

PN RC China EPA, DHA ÀÁÂÃÄÅÆ

NR, not report; POD, pre-operation day; AOD, after-operation day; M, male; F, female; ALA, α-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; CRC, colorectal cancer; RC, rectal cancer; CC, colon cancer; PN, parenteral nutrition;
EN, enteral nutrition; À CD3+; Á CD4+; Â CD8+; Ã CD4+/CD8+; Ä IgA; Å IgG; Æ IgM; Ç total protein (TP); È albumin (ALB); É prealbumin (PA).
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FIGURE 2

Methodological quality graph and summary of the included studies: (A) schematic diagram of the literature methodology quality assessment
and (B) the ratio of literature methodology quality assessment.

Q-test P = 0.000, Figure 6B), and PA (I2 test = 90.4% and Q-test
P = 0.000, Figure 6C). Accordingly, we performed aggregated
analysis using the random-effects model. We observed that
the omega-3 PUFAs group had significantly higher TP index
(Z = 5.712, P = 0.000; SMD = 0.53, 95% CI 0.17–0.88;
Figure 6A), ALB index (Z = 5.081, P = 0.000; SMD = 0.43, 95%
CI 0.15–0.70; Figure 6B), and PA index (Z = 5.151, P = 0.000;
SMD = 0.46, 95% CI 0.01–0.90; Figure 6C) compared with the
matching group in the aggregated analysis.

Sensitivity analysis for the robustness of the
pooled analysis

Figure 7 shows the sensitivity analysis for the robustness
of the pooled findings for CD4+, ALB, and PA by excluding a
study each time and considering significant heterogeneity in the
included studies having a sample size ≥ 10. Sensitivity analysis
of the CD4+ results (Figure 7A) indicated that excluding any
study did not obviously explain the heterogeneity, suggesting
that the CD4+ aggregated outcomes were moderately robust.
In contrast, the sensitivity analyses of ALB (Figure 7B) and PA
(Figure 7C) showed that missing none of the studies noticeably
affected the robustness of the aggregated analysis. Based on the

results of the sensitivity analyses, the aggregated outcomes have
a degree of robustness.

Contour-enhanced funnel plot to detect
possible publication bias

We distinguished the detailed causes of bias using the
contour-enhanced funnel plot with the statistical significance
level (P < 0.01, P < 0.05, P ≤ 0.1, or P > 0.1) and incorporated
standard milestones into the funnel charts. The results of CD4+

(Figure 8A), ALB (Figure 8B), and PA (Figure 8C) showed
that most of the missing studies occurred in higher statistically
significant areas (P < 0.01), which suggested that the origin
of asymmetry was probably due to undiscovered elements and
not publication bias. Further, to explain the undetected bias, we
traced back the primordial studies, speculating the small sample
size, blinding missing, and intention-to-treat analysis of many
studies; such factors would potentially affect our conclusions.

Meta-regression analysis
We performed meta-regression to assess the effect of

potential confounding factors and their sources of heterogeneity
on the aggregated effect estimates. These covariates are
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FIGURE 3

GRADE evidence profile for all outcome measures. TP, total protein; ALB, albumin; PA, prealbumin.
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FIGURE 4

Forest plot and SMD presentation for IgA, IgM, and IgG. (A) Forest plot of IgA; (B) forest plot of IgM; and (C) forest plot of IgG. In all aggregated
analyses, IgA and IgM used random-effects model, and IgG used fixed-effect model.

FIGURE 5

Forest plot and SMD presentation for CD3+, CD4+, CD8+, and CD4+/CD8+. (A) Forest plot of CD3+; (B) forest plot of CD4+; (C) forest plot of
CD8+; and (D) forest plot of CD4+/CD8+. In all aggregated analyses, CD3+ used fixed-effect model, and CD4+, CD8+, CD4+/CD8+ used
random-effects model.
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FIGURE 6

Forest plot and SMD presentation for TP, ALB, and PA. (A) Forest plot of TP; (B) forest plot of ALB; and (C) forest plot of PA. All aggregated
analyses were used random-effect model. TP, total protein; ALB, albumin; PA, prealbumin.

speculated to be latent elements influencing heterogeneity of
the combined outcomes: (1) route of administration of omega-
3PUFAs (PN or EN); (2) tumor type (colon/rectal/colorectal
cancer); and (3) total sample size (<100 or ≥100). According to
univariate analysis, the administration route of omega-3 PUFAs
and total sample size (Figure 9A and Table 2) had no remarkable
effect on CD4+ and ALB results (P > 0.05). Conversely,
tumor type significantly affected the combined effect of PA
(P = 0.00, Figure 9A and Table 2). Further, multivariate analysis
was performed to assess the effect of these covariates on the
combined effects. We identified that the three covariates neither
affected the combined effects of CD4+ and ALB nor the
heterogeneity stem from this model (P > 0.05, Figure 9B and
Table 2). In contrast, multivariate analysis demonstrated that
the endpoint of PA was affected by the tumor type (P = 0.00,
Figure 9B and Table 2), indicating that the heterogeneity may
be due to this covariate.

Discussion

This study revealed that omega-3 PUFAs could significantly
improve the immune functions, including humoral immune

function and T-cell immune function, and nutritional status
of patients suffering from CRC. We determined the levels
of humoral immunity-related indicators (IgA, IgM, and IgG),
T-cell immunity-related indicators (CD3+, CD4+, CD8+, and
CD4+/CD8+), and nutritional status-related indicators (TP,
ALB, and PA) at baseline and after administering omega-
3 PUFAs to the treatment group. The integrated analysis
revealed that IgA (SMD = 0.54, 95% CI 0.10–0.99), IgM
(SMD = 0.52, 95% CI 0.05–0.99), and IgG (SMD = 0.65,
95% CI 0.47–0.84) were significantly increased in the omega-
3 PUFAs group compared with the control group. These
findings demonstrate that omega-3 PUFAs effectively improve
the humoral immune function of patients with CRC after
surgery. In addition, the aggregated analysis revealed that CD3+

(SMD = 0.73, 95% CI 0.54–0.92), CD4+ (SMD = 0.76, 95%
CI 0.53–0.98), and the ratio of CD4+/CD8+ (SMD = 0.66,
95% CI 0.39–0.92) were significantly higher in the omega-3
PUFAs group (Z = 7.465, P = 0.833; SMD = 0.73, 95% CI
0.54–0.92; Figure 5A) compared with the matching group.
Contrarily, CD8+ significantly decreased (Z = –3.253, P = 0.000;
SMD = –0.28, 95% CI –0.66 to 0.09; Figure 5C) in the
omega-3 PUFAs group compared with the control group.
These outcomes insinuate that omega-3 PUFAs effectively
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FIGURE 7

By leaving a procedure, each time was performed to carry out sensitivity analyses. (A) Sensitivity analysis of CD4+; (B) sensitivity analysis of ALB;
and (C) sensitivity analysis of PA. ALB, albumin; PA, prealbumin.

improve the T-cell immune functions of patients with CRC
after surgery. Moreover, the results of comprehensive analysis
showed that TP (SMD = 0.53, 95% CI 0.17–0.88), ALB
(SMD = 0.43, 95% CI 0.15–0.70), and PA (SMD = 0.46,
95% CI 0.01–0.90) were significantly higher in the omega-
3 PUFAs cohort compared with the matching cohort. These
outcomes indicate that omega-3 PUFAs effectively enhanced
the nutritional status of patients with CRC after surgery. The
above supporting evidence indicates that omega-3 PUFAs are
conducive to improving the immune functions and nutritional
status of patients. Thus, omega-3 PUFAs are an effective
immunonutritional therapy/support for treating patients with
CRC after radical surgery.

The evaluation and application of immunonutritional
therapy/support have largely been overlooked (49). So far, the
ESPEN has recommended general immunonutrition support
for malnourished patients with cancer (50), which coincides

with the plan of Enhanced Recovery After Surgery (ERAS)
(51). α-Linolenic acid (ALA), eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA) are the main components
of omega-3 PUFAs (52). EPA and DHA are the main
metabolites (53) and affect the structure and function of
the cell membrane by competitively inhibiting the synthesis
of arachidonic acid on cell membranes. Additionally, they
alter the cell membrane surface receptors and regulate signal
transduction, thereby modulating the inflammatory balance,
inhibiting lipid peroxidation, regulating immune function, and
even achieving auxiliary antitumor effects (54–57). Presently,
omega-3 PUFAs are believed to play several crucial roles in
the human body: (1) they inhibit arachidonic acid metabolism
and thereby reduce the release of pro-inflammatory substances
and thus the inflammatory response (58). They also inhibit
inflammatory response by acting on cytokines related to
enzymes or genes associated with the inflammatory response
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FIGURE 8

Contour-enhanced funnel plots of CD4+, ALB, and PA. (A) CD4+ ’s contour-enhanced funnel plot; (B) ALB’s contour-enhanced funnel plot; and
(C) PA’s contour-enhanced funnel plot.

FIGURE 9

Results of meta-regression analysis. (A) Univariate analysis of all covariates and (B) multivariate analysis of all covariates. ALB, albumin; PA,
prealbumin.

for decreasing the production of pro-inflammatory cytokines
(59). They improve the nutritional level of patients, thereby
improving the cachexia caused by cancer and the quality of

life of patients (23). (2) Omega-3 PUFAs affect the integrity of
specific cell membrane structures and thereon affect the normal
movement of cells, receptor formation, binding of receptors and
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TABLE 2 Results of meta-regression analysis.

Covariates Univariate analysis Multivariate analysis

Exponentiated coefficient 95% CI P Tau2 Exponentiated coefficient 95% CI P

Administration route (PN/EN)

CD4+ (10 studies) 0.80 0.39–1.62 0.49 0.07 0.96 0.41 to 2.22 0.90

ALB (15 studies) 0.84 0.29–2.43 0.72 0.55 0.56 0.16 to 1.97 0.33

PA (11 studies) 0.76 0.18–3.16 0.67 0.77 1.07 0.42 to 2.70 0.87

Tumor type (Colon/rectal/colorectal cancer)

CD4+ (10 studies) 1.02 0.69–1.53 0.90 0.08 1.16 0.72 to 1.89 0.47

ALB (15 studies) 0.94 0.49–1.81 0.84 0.55 0.93 0.48 to 1.82 0.82

PA (11 studies) 0.30 0.18–0.50 0.00 0.13 0.30 0.16 to 0.53 0.00

Total sample size (<100/≥100)

CD4+ (10 studies) 1.36 0.80–2.32 0.22 0.06 1.50 0.70 to 3.19 0.24

ALB (15 studies) 0.63 0.26–1.57 0.30 0.48 0.48 0.16 to 1.47 0.18

PA (11 studies) 0.73 0.20–2.64 0.59 0.76 0.79 0.36 to 1.73 0.50

NA, not applicable; ALB, albumin; PA, prealbumin. Significant results are in bold and underlined presentation.

FIGURE 10

Interaction diagram of omega-3 PUFAs regulation of immune functions and nutritional status in patients with CRC.

ligands, signal transduction function of cell membranes, and
ultimately disrupt the production and release of cytokines, such
as inhibiting the degradation of NF-κB and COX-2 and release
of inflammatory factors (60). (3) Deficiency of omega-3 PUFAs

can induce the expression of prostaglandins, leukotrienes, and
thromboxane A2, resulting in a severe stress response that
leads to immunosuppression, platelet aggregation, and excessive
inflammatory response (61). Figure 10 shows the interaction of
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omega-3 PUFAs in regulating immune functions and nutritional
status. Interestingly, a clinical trial reported that omega-3
PUFAs and glutamine can improve the immune function of
patients, including CD4+, CD8+, complement C3, IgG, and
IgA, and reduce inflammatory indicators (62). Accordingly, we
believe that a lack of omega-3 PUFAs may impair the immune
function and nutritional status of patients with postoperative
CRC. However, supplementation with omega-3 PUFAs has the
potential to improve the immune functions and nutritional
status of patients with postoperative CRC. Nonetheless, previous
studies indicate that long-term supplementation with omega-
3 PUFAs may lead to gastrointestinal disturbances, bleeding,
and other adverse reactions. Thus, the justification and safety
of long-term high doses of omega-3 PUFA supplementation
are yet to be established. Nevertheless, the prospect of omega-
3 PUFA therapy is promising. To strengthen recommendations
of omega-3 PUFAs therapy for patients with CRC, further
studies that focus on large-scale EN or PN omega-3 PUFAs
administration and its long-term use are necessary.

This study mainly focused on the clinical benefits of omega-
3 PUFAs in patients with CRC after radical surgery. However,
the latent boundedness of this comprehensive analysis should
be highlighted. Since the 20 studies included in this meta-
analysis were neither single nor double-blind, the detection
bias risk must be addressed. Meanwhile, the undiscovered bias
predicted by the contour-enhanced funnel plot suggested that
studies with small sample sizes and a lack of intention-to-
treat analysis may explain the underlying bias. Such elements
may produce a latent influence on the result. Meta-regression
analysis identified the sample size of the primordial research as
a latent covariate, which led to prominent heterogeneity and
reduced the effectiveness of the outcomes of the aggregated
analysis. Although we tried to maintain the homogeneity of
included studies through strict inclusion and exclusion criteria,
heterogeneity was inevitable among all the studies included
in the meta-analysis. The protocol of “PICOS” was different
for all included studies, which lead to clinical heterogeneity.
Additionally, the original studies were conducted using different
RCT methods, with large or small sample sizes, etc., which lead
to methodological heterogeneity. Therefore, we attributed the
significant heterogeneity between included studies to the clinical
and methodological heterogeneities. Taken together, this meta-
analysis of 1,613 patients from 20 RCTs provided key proof
that replenishment of omega-3 PUFAs was significantly effective
in improving the immune functions and nutritional status
of patients with postoperative CRC. However, methodological
boundedness should be noted when adopting the outcomes
of this research. It is widely believed that CRC management
in the preoperative or postoperative phases is in dire need
of the involvement of multidisciplinary teams and long-term
medication. Accordingly, there is an urgent need to increase
RCTs with multidimensional efficacy and large-scale nutritional

status assessments to assess the risk–benefit profile of omega-3
PUFAs in postoperative CRC management.
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Background: Preoperative carbohydrate loading is an important element

of the enhanced recovery after surgery (ERAS) paradigm in adult patients

undergoing elective surgery. However, preoperative carbohydrate loading

remains controversial in terms of improvement in postoperative outcomes

and safety. We conducted a Bayesian network meta-analysis to evaluate

the effects and safety of different doses of preoperative carbohydrates

administrated in adult patients after elective surgery.

Methods: MEDLINE (PubMed), Web of Science, EMBASE, EBSCO, the

Cochrane Central Register of Controlled Trials, and China National Knowledge

Infrastructure (CNKI) were searched to identify eligible trials until 16

September 2022. Outcomes included postoperative insulin resistance,

residual gastric volume (RGV) during the surgery, insulin sensitivity, fasting

plasma glucose (FPG), fasting serum insulin (Fin) level, the serum levels of

C-reactive protein (CRP), postoperative scores of pain, patients’ satisfaction,

thirst, hunger, anxiety, nausea and vomit, fatigue, and weakness within the

first 24 h after surgery and the occurrences of postoperative infection. The

effect sizes were estimated using posterior mean difference (continuous

variables) or odds ratios (dichotomous variables) and 95 credible intervals

(CrIs) with the change from baseline in a Bayesian network meta-analysis

with random effect.

Results: Fifty-eight articles (N = 4936 patients) fulfilled the eligibility criteria

and were included in the meta-analysis. Both preoperative oral low-dose

carbohydrate loading (MD: –3.25, 95% CrI: –5.27 to –1.24) and oral high-dose

carbohydrate loading (MD: –2.57, 95% CrI: –4.33 to –0.78) were associated

with postoperative insulin resistance compared to placebo/water. When trials

at high risk of bias were excluded, association with insulin resistance was
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found for oral low-dose carbohydrate loading compared with placebo/water

(MD: –1.29, 95%CrI: –2.26 to –0.27) and overnight fasting (MD: –1.17,

95%CrI: –1.88 to –0.43). So, there was large uncertainty for all estimates vs.

control groups. In terms of safety, oral low-dose carbohydrate administration

was associated with the occurrences of postoperative infection compared

with fasting by 0.42 (95%Crl: 0.20–0.81). In the other outcomes, there was

no significant difference between the carbohydrate and control groups.

Conclusion: Although preoperative carbohydrate loading was associated

with postoperative insulin resistance and the occurrences of postoperative

infection, there is no evidence that preoperative carbohydrate administration

alleviates patients’ discomfort.

Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/],

identifier [CRD42022312944].

KEYWORDS

preoperative carbohydrate loading, insulin resistance, postoperative comfort and
safety, elective surgery, adults, Bayesian network meta-analysis

Introduction

Surgery, as a form of stress, induces peripheral insulin
resistance, which can result in hyperglycemia, which, in turn,
may have potentially adverse effects on postoperative patients
(1, 2). Efficient management of preoperative interventions could
reduce postoperative complications and facilitate recovery.

Enhanced recovery after surgery (ERAS) is a multimodal,
multidisciplinary project aimed at improving the recovery of
patients undergoing surgery during the entire perioperative
period (3). The overall complication occurrences were reduced
by up to 50% when the ERAS protocols were used compared
with traditional perioperative patient management (4, 5).

The preoperative administration of carbohydrate loading
as a part of ERAS protocols reduces insulin resistance
and tissue glycosylation, improves postoperative glucose
control, and enhances postoperative comfort (6). Several
randomized controlled trials (RCTs) and meta-analysis
have shown that preoperative carbohydrate loading
decreased postoperative insulin resistance and side effects
compared with those consuming placebo/water or in a
fasted state (7, 8). Other RCTs, however, have shown
that perioperative carbohydrate administration had no
effect on postoperative insulin resistance (9, 10). Thus,
the administration of preoperative carbohydrates remains
somewhat controversial.

The conventional pairwise meta-analysis has its limitations.
First, the previous meta-analysis cannot compare different
controls (such as fasting, placebo, or water) simultaneously,
so these meta-analyses need to combine these groups into
one treatment arm, thus limited interpretability (8). Second,

because of the scarcity of direct head-to-head comparisons of
interventions in trials, it is unable to assess the comparative
effects of interventions (11).

Therefore, to overcome this limitation, we conducted an
updated systematic review and network meta-analysis (NMA) to
pool and analyze data comparing different preoperative drinks
used for clinical and metabolic postoperative outcomes in adult
patients undergoing elective surgery (12).

Materials and methods

Protocol registration

This is a systematic review and NMA of preoperative
carbohydrate intervention trials in adult patients undergoing
elective surgery. The Preferred Reporting Items for Systematic
Reviews (PRISMA) and Meta-analyses for RCTs were used to
organize the reporting (13). The study protocol was registered
(registration number: CRD42022312944) with the International
Prospective Register of Systematic Reviews (PROSPERO)
following the standard reporting method.

Data sources

MEDLINE (PubMed), Web of Science, EMBASE, EBSCO,
the Cochrane Central Register of Controlled Trials, and China
National Knowledge Infrastructure (CNKI) were searched to
identify eligible trials. We updated the literature search weekly,
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and the search was performed from database inception until 16
September 2022 (details are shown in Supplementary Table 1).

Trial selection criteria

Eligible trials included the preoperative administration of
at least 10 g carbohydrate loading (orally or intravenously)
before 4 h of the surgery started, and with fasting, placebo, or
water, undergoing any type of elective surgery in adults. Studies
also included carbohydrate-based solutions containing other
compounds (such as glutamine and whey protein). Patients with
diabetes mellitus or those who were receiving emergency surgery
were also excluded.

Trial identification

Two investigators independently screened articles by title,
abstract, and full text using the inclusion criteria. The
inclusion of a study was decided by consensus between the
two investigators. When differences occurred, investigators
consulted or discussed with a third one to solve them.

Intervention categories

Five categories were used to classify the preoperative
administration for the included RCTs:

(1) Low-dose carbohydrate: The dose of oral carbohydrate is
between 10 and 50 g before surgery (10–50 g);

(2) High-dose carbohydrate: The dose of oral carbohydrate is
greater than 50 g before surgery (>50 g);

(3) Carbohydrate, iv: preoperative carbohydrate by
intravenous perfusion;

(4) Placebo/water (control group);
(5) Fasting (control group).

Outcome measures

The primary outcome was mean change from baseline
to the end point (within the first 24 h after surgery)
in insulin resistance, as measured by the Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) method
according to the following equation: HOMA-IR = [fasting
insulin(µU/mL) × fasting glucose (mmol/L)]/22.5)]. Secondary
outcomes were included: residual gastric volume (RGV)
during the operation; insulin sensitivity (measured by the
hyperinsulinemic glucose clamp method) within the first 24 h
after surgery; fasting plasma glucose (FPG) within the first
24 h after surgery; fasting serum insulin (Fin) level within
the first 24 h after surgery; the serum levels of C-reactive

protein (CRP) within the first 24 h after surgery; postoperative
pain, patients’ satisfaction, thirst, hunger, anxiety, postoperative
nausea and vomit (PONV), fatigue, weakness (all measured
on a visual analog scale [VAS]), and the occurrences of
postoperative infection.

Data extraction

The following study characteristics were extracted for each
eligible study: (1) trial information: the first author, study year,
the study country, and trial name; (2) patient characteristics:
sample size in each treatment, the type of surgery, and American
Society of Anesthesiologists (ASA) grade; (3) intervention
details: the type, total dose, administrate route, and timing of
each treatment; (4) outcome measures: the primary or secondary
outcomes including insulin resistance, RGV, insulin sensitivity,
FPG, Fin level, the serum levels of CRP, pain, thirst, hunger,
anxiety, nausea and vomit, fatigue, weakness within the first 24 h
after surgery, and the occurrences of postoperative infection.

Quality and risk of bias assessment

The quality of every eligible trial was assessed independently
by two researchers based on the Cochrane risk of bias 2.0
tool in RCTs in a blind fashion (14), which contains five
domains: randomization process, deviations from the intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Disagreements
were discussed and resolved through consensus.

Data synthesis and analysis

We estimated the effect sizes for group differences with
respect to baseline changes. We used the imputation of
correlation when standard deviations were not available for
the mean change value, but were available for baseline and
endpoint values (15). Arithmetic difference between baseline
and end point was used when the study did not report mean
change. Meta-analytic calculations were conducted using R
Version 4.1.2 (RStudio, Boston, MA, USA) (16). We performed
a Bayesian network model and all analyses were conducted using
the “gemtc” package version 1.0-1 (17) and jagsUI packages
version 1.5.2 (18). Network plot command of Stata version 16.0
(StataCorp, College Station, TX 77845, USA) was used to draw
the comparison-adjusted funnel (19).

Mean difference (MD) was used to model continuous
variables, whereas dichotomous outcomes were modeled using
a binomial likelihood and logit link (20). The outcomes were
converted to standard units. Additionally, missing standard
deviations were calculated from standard errors, ranges, or
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interquartile ranges as described in the Cochrane Handbook
(21). In this study, a NMA was conducted within a Bayesian
framework to assess the relative effectiveness of preoperative
carbohydrate loading for recovery after elective surgery.

The consistency model and the inconsistency model were
used to analyze all outcomes, and the difference in deviance
information criterion (DIC) and I2 was used to compare the
overall findings. If the difference in DIC between the two models
was ≥ 5, we used the inconsistency model. Both a fixed-effect
model and a random model were run for each result, and a lower
DIC value indicated a greater model fit.

The Markov chain Monte Carlo (MCMC) algorithm was
used to estimate the posterior densities of all unknown
parameters in each model. It was based on simulations of
200,000 iterations in each of four chains and provided evidence
for confirming the convergence of the models.

The trials we included were tested for consistency and
inconsistency. We used the node splitting method to perform to
compare the treatment effect direct and indirect comparisons of
multiple interventions, and P > 0.05 was considered to indicate
good consistency (22, 23).

Probability values were summarized and are reported as the
surface under the cumulative ranking (SUCRA) curve. When
the intervention was certain to be the worst, the SUCRA value
would be 0, and when it was certain to be the best, the SUCRA
value would be 1 (24).

To investigate the source of heterogeneity, meta-regression
was used to explore and account for the heterogeneity with the
risk of bias, the category of surgery, and the blinding of these
studies’ designs.

The planned sensitivity analyses of the outcomes were
conducted to evaluate the robustness of the model. First, in
addition to the Bayesian random effect network, sensitivity
analyses were performed using a fixed-effect network. Second,
the transitivity assumption was tested by splitting the “water
or placebo” group within the network. Third, all analyses
were repeated after excluding high-risk trials and data from
imputation methods. In addition, for the primary outcome,
we planned to add subgroup analyses conducted for different
surgical categories, and a comparison-adjusted funnel plot was
used to assess the presence of small-study effects bias.

The Confidence in Network Meta-Analysis (CINeMA)
methodological framework and application were used to
evaluate confidence in NMA effect estimates for all outcomes
and treatment comparisons (25, 26).

Results

Study selection

A total of 9411 records were retrieved, of which 58 articles
(N = 4936 patients) fulfilled the eligibility criteria and were
included in the meta-analysis, the retrieval process is shown in

Figure 1. A total of five interventions were included in this meta-
analysis: oral low-dose carbohydrate (10–50 g) loading, oral
high-dose carbohydrate (more than 50 g) loading, carbohydrate
by intravenous perfusion (Carbohydrate, iv), placebo/water, and
fasting. Detailed trial and patient characteristics are shown in
Table 1.

Risk of bias and quality of evidence

The overall quality of RCTs included in the network was
high and moderate. The risk of bias of 58 studies included in the
meta-analysis is shown in Figure 2 (details of the risk of bias 2.0
assessment in each trial are shown in Supplementary Figure 1).
According to the risk of bias 2.0 tool of Cochrane Collaboration,
25 (43%) studies were high-quality across all domains and 12
RCTs (21%) were at high risk of bias.

Primary outcome

The primary outcome of this study was postoperative
insulin resistance, and it was measured by the homeostasis
model assessment-insulin resistance (HOMA-IR) method. The
network plot for the primary outcome is shown in Figure 3.
Each circle represented an intervention, and the area of each
circle was proportional to the number of patients for which the
intervention was accepted and indicated the sample size, and the
width of the line was proportional to the number of trials that
directly compared the two interventions.

Twenty-four studies with 1,390 patients reported insulin
resistance during the study period (27–51). Both interventions
associated insulin resistance compared with placebo/water,
with MD ranging from –3.25 (95%CrI, –5.27 to –1.24) for
administrated oral low-dose carbohydrate to –2.57 (95%CrI, –
4.33 to –0.78) for oral high-dose carbohydrate loading before
surgery. The subgroup analysis based on the category of surgery
revealed that the association of oral low-dose carbohydrate
compared to placebo/water would correlate with insulin
resistance (MD, –4.37 [95%CrI, –8.42 to –0.47]) for patients
undergoing major abdominal surgery. Figure 4 shows the
results. The result of CineMA represents the confidence in this
estimate was low (Supplementary Table 2).

Among all trials included, oral low-dose carbohydrate
loading had the highest probability of being the best
intervention (SUCRA value of 0.74 compared with other
interventions). The corresponding results of SUCRA values are
shown in Figure 5. Inconsistency analysis calculated by the
node split method showed no significant difference between
direct and indirect evidence of this network model, with P-value
ranging from 0.05 to 0.32 (Supplementary Table 3). The
result of the network meta-regression shows that the covariates
we included may not affect the value of insulin resistance
(Supplementary Table 4).
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FIGURE 1

Flow diagram of study identification, screening, eligibility assessment, and inclusion.

After excluding studies with a high risk of bias and data
of trials with imputation methods (network plot is shown in
Supplementary Figure 2), there was an association of oral low-
dose carbohydrate loading (MD, –1.29 [95%CrI, –2.26 to –0.27])
with insulin resistance for postoperative patients compared with
placebo/water remained. Oral low-dose carbohydrate loading
(MD, –1.17 [95% CrI, –1.88 to –0.43]) administration was
associated with insulin resistance compared with fasting. The
subgroup analysis showed that when patients undergoing major
abdominal surgery, administrated oral low-dose carbohydrates
before surgery was associated with insulin resistance (MD, –
1.35 [95% CrI, –2.64 to –0.01]) compared with fasting. Figure 6
shows the forest plot results. And the SUCRA followed a similar
pattern, with oral low-dose carbohydrates having the highest
probability of being the best intervention when compared with
other interventions; the SUCRA value is 0.88 (Supplementary
Table 5).

A comparison-adjusted funnel plot for postoperative insulin
resistance implies the presence of publication bias between the
carbohydrate groups and controls (Supplementary Figure 3).

Secondary outcomes

Supplementary Figure 4 represents network plots for each
secondary outcome. The confidence in these estimates was
generally moderate to very low (Supplementary Table 6).

Residual gastric volume during the surgery
(mL)

Four studies reported RGV of intraoperative, involving
1,062 participants (52–55). The multiple-treatments meta-
analysis results are shown in Table 2. There was no statistically
significant difference between the groups in the network.

Postoperative insulin sensitivity (mg/kg/min)
Seven trials measured insulin sensitivity by

hyperinsulinaemic–euglycaemic clamp method, involving
170 participants. The results showed carbohydrate loading
dose had no significant differences in any of the comparisons
(Table 2).

Postoperative fasting plasma glucose (mmol/L)
Twenty-seven trials reported the FPG of patients after

surgery, involving 1886 participants (30–37, 40–50, 56–65).
Compared with the control groups, preoperative carbohydrate
loading had no significant effect on postoperative FPG. Table 2
shows the results.

Postoperative Fin level (µU/mL)
Twenty-two studies were included, with data available for

1,379 participants (9, 29, 30, 33, 34, 36–46, 48–50, 61, 64,
65). Compared with placebo or water, high-dose carbohydrate
loading before surgery was associated with a decrease in Fin
level (MD, –5.53 [95%Crl, –10.61 to –0.62]). However, because
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TABLE 1 Characteristics of the included studies.

Type of intervention

References Country Sample size
(I/C)

Type of surgery ASA Type of
study

Type Specification, %,
and route

Dose, ml Comparator Outcomes

Ajuzieogu et al.
(52)

Nigeria 30/30/30 Abdominal myomectomy I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo; fasting À Â

Bisgaard et al.
(67)

Denmark 43/43 Laparoscopic
cholecystectomy

I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Water Á

Braga et al. (53) Italy 18/18 Pancreaticoduodenectomy N.S RCT Low-dose
carbohydrate

50 g, oral *250 Placebo À Ç

Breuer et al. (74) Germany 56/60/44 Cardiac surgery III–IV RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo; fasting

Canbay et al.
(27)

Turkey 25/25 Pancreaticoduodenectomy I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Fasting Æ

Chaudhary et al.
(70)

Nepal 33/33 Femur fracture surgery N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Fasting Á

Chen et al. (28) China 12/12/12 Open gastrectomy for cancer I–II RCT Low-dose
carbohydrate

50 g, oral *500 Water; fasting À Æ

Cho et al. (29) Korea 44/44 Laparoscopic Gynecologic
Surgery

I–II RCT High-dose
carbohydrate

76.8 g, oral **600 Fasting Á Ä Å Æ

Borges Dock-
Nascimento
et al. (56)

Brazil 12/12/12 Laparoscopic
cholecystectomy

I–II RCT High-dose
carbohydrate

75 g, oral **600 Water; fasting Ä

Doo et al. (57) Korea 25/25 Thyroidectomy I–II RCT High-dose
carbohydrate

51.2 g, oral *400 Fasting Â Ä È É

Faria et al. (30) Brazil 11/10 Laparoscopic
cholecystectomy

I–II RCT Low-dose
carbohydrate

25 g, oral *200 Fasting Ä Å Æ

Feguri et al. (31) Brazil 20/20 CABG N.S RCT High-dose
carbohydrate

75 g, oral **600 Water Æ

Feguri et al. (75) Brazil 14/14 CABG N.S RCT Low-dose
carbohydrate

25 g, oral *200 Fasting

Gianotti et al.
(54)

Italy 331/331 Major abdominal surgery I–III RCT High-dose
carbohydrate

100 g, oral †††800 Water À

Gümüs et al.
(32)

Turkey 35/33 Laparoscopic
cholecystectomy

N.S RCT Low-dose
carbohydrate

50 g, oral *400 Fasting Ä Æ

Harsten et al.
(72)

Sweden 30/30 Hip replacement I–III RCT High-dose
carbohydrate

100 g, oral 800 Placebo

He et al. (48) China 30/29/29 Elective cesarean delivery N.S RCT Low-dose
carbohydrate

50 g, oral *400 Placebo; fasting Ä Å Æ
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TABLE 1 (Continued)

Type of intervention

References Country Sample size
(I/C)

Type of surgery ASA Type of
study

Type Specification, %,
and route

Dose, ml Comparator Outcomes

Helminen et al.
(68)

Finland 57/56 Laparoscopic
cholecystectomy

I–II RCT High-dose
carbohydrate

67 g, oral *200 Fasting Á É

Hosny et al. (65) UK 21/21 CABG II–III RCT Low-dose
carbohydrate

50 g, iv 500 Water Ä Å

Itou et al. (55) Japan 135/139 Mixed# I–II RCT Low-dose
carbohydrate

25 g, oral 1000 Fasting À

Järvelä et al. (79) Finland 50/51 CABG N.S RCT Low-dose
carbohydrate

50 g, oral *400 Fasting Å

Kaska et al. (58) Czech Republic 75/72/74 Colorectal surgery I–II RCT High-dose
carbohydrate;

Carbohydrate, iv

100.8 g, oral;
50 g, iv

800;
*500

Fasting Ä

Kweon et al. (33) Korea 43/45 Orthopedic surgery I–III RCT High-dose
carbohydrate

102 g, oral 800 Fasting Ä Å Æ

Lauwick et al.
(69)

Belgium 100/100 Thyroidectomy I–II RCT Low-dose
carbohydrate

50 g, oral *400 Placebo Á È É

Lee et al. (80) Republic of
Korea

28/29 CABG N.S RCT High-dose
carbohydrate

102 g, oral 800 Fasting Ä

Ljungqvist et al.
(81)

Sweden 6/6 Open cholecystectomy I–III RCT High-dose
carbohydrate, iv

250 g, iv N.S Fasting Ã

Ljunggren and
Hahn
(63)

Sweden 19/18/20 Hip replacement surgery I–III RCT High-dose
carbohydrate

150 g, oral ‡1200 Water;
fasting

Ã Ä

Ljunggren et al.
(64)

Sweden 10/12 Hip replacement surgery I–III RCT High-dose
carbohydrate

150 g, oral ‡1200 Flavored water Ã

Liu et al. (59) China 58/62 Craniotomy I–II RCT Low-dose
carbohydrate

50 g, oral *400 Fasting Ä

Liu et al. (73) China 60/60 Open gastrointestinal surgery II–IV RCT Low-dose
carbohydrate

25 g, oral *200 Fasting

Mathur et al. (9) New Zealand 69/73 Abdominal surgery I–III RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo Ä Å Ç

Marquini et al.
(34)

Brazil 34/40 Gynecologic surgery I–II RCT High-dose
carbohydrate

178 g, oral 200 Placebo Ä Å Æ
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TABLE 1 (Continued)

Type of intervention

References Country Sample size
(I/C)

Type of surgery ASA Type of
study

Type Specification, %,
and route

Dose, ml Comparator Outcomes

Mousavie et al.
(62)

Iran 26/26/26 Laparoscopic
cholecystectomy

I–II RCT Low-dose
carbohydrate;

Carbohydrate, iv

25 g, oral;
25 g, i.v

*200;
*250

Fasting Á Ä

Nygren et al.
(60)

Sweden 7/7 Colorectal surgery N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Fasting Ä

Onalan et al.
(35)

Turkey 25/25 Laparoscopic
cholecystectomy

N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Fasting Á Ä Æ È É

Pexe-Machado
et al. (38)

Brazil 10/12 Laparotomy for
gastrointestinal
malignancy##

I–III RCT High-dose
carbohydrate

66 g, oral **600 Fasting Ä Å Æ Ç

Pêdziwiatr et al.
(36)

Cracow 20/20 Laparoscopic
cholecystectomy

I–III RCT High-dose
carbohydrate

50.4 g, oral *400 Water Ä Å Æ

Perrone et al.
(37)

Brazil 8/9 Cholecystectomyˆ or inguinal
hernia repair

I–II RCT High-dose
carbohydrate

54 g, oral ††711 Water Ä Å Æ Ç

Rapp-Kesek
et al. (39)

Sweden 9/9 CABG N.S RCT High-dose
carbohydrate

100 g, oral †800 Fasting Ä Å Æ

Qin et al. (49) China 111/112 Elective gastrectomy,
colorectal resection, or

duodenopancreatectomy

N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Water Ä Å Æ

de Andrade
Gagheggi
Ravanini et al.
(40)

Brazil 21/17 Cholecystectomy I–II RCT High-dose
carbohydrate

67 g, oral *200 Fasting Å Æ

Rizvanović et al.
(41)

Croatia 25/25 Colorectal surgery I–III RCT High-dose
carbohydrate

75 g, oral **600 Fasting Ä Å Æ Ç È

Sada et al. (71) Kosovo 22/23/26 Abdominal surgery I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo; fasting È É

Awad et al. (82) UK 20/20 Laparoscopic
cholecystectomy

N.S RCT Low-dose
carbohydrate

45 g, oral ***900 Placebo Ä

Singh et al. (46) India 40/40/40 Laparoscopic
cholecystectomy

N.S RCT High-dose
carbohydrate

75 g, oral **600 Placebo; fasting Ä Å Æ

Shi et al. (43) China 25/25/25 Cesarean section I–II RCT Low-dose
carbohydrate

42.6 g, oral *300 Water;
fasting

Ä Å Æ

(Continued)
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TABLE 1 (Continued)

Type of intervention

References Country Sample size
(I/C)

Type of surgery ASA Type of
study

Type Specification, %,
and route

Dose, ml Comparator Outcomes

Soop et al. (7) Sweden 8/7 Hip replacement surgery N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo Ã Ä Å

Soop et al. (83) Sweden 8/6 Hip replacement surgery I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo Ã Ä

van Stijn et al.
(84)

Netherlands 10/8 Rectal cancer surgery N.S RCT Low-dose
carbohydrate

42 g, oral ‡‡‡750 Placebo Ã Ä Ç

Suh et al. (85) USA 70/64 Mixedˆˆ II–IV RCT High-dose
carbohydrate

100 g, oral †††592 Fasting Ä

Tewari et al. (86) UK 16/16 Elective major open
abdominal surgery

N.S RCT High-dose
carbohydrate

150 g, oral ‡1200 Placebo Ã

Tran et al. (47) Canada 19/19 Mixed### N.S RCT Low-dose
carbohydrate

50 g, oral 400 Fasting Æ

Wang et al. (87) China 36/37 Endoscopic submucosal
dissection

I–II RCT Carbohydrate 42.6 g, oral 1065 Fasting È É

Wu et al. (50) China 43/43 Free flap surgery for oral
cancer

I–III RCT Low-dose
carbohydrate

48 g, oral *400 Fasting Ä Å Æ

Yi et al. (66) Malaysia 62/56 Mixedˆˆˆ I–III RCT Low-dose
carbohydrate

27 g, oral ††711 Fasting Ç

Yu et al. (42) China 24/24 Radical distal subtotal
gastrectomy

I–III RCT Low-dose
carbohydrate

50 g, oral 500 Placebo Ä Å Æ

Yuill et al. (61) UK 31/34 Abdominal surgery N.S RCT High-dose
carbohydrate

151.2 g, oral ‡1200 Placebo Ä Å

Zhang and Min
(44)

China 29/29 Gynecological surgery I–II RCT High-dose
carbohydrate

150 g, oral ‡1200 Fasting Á Ä Å Æ Ç È É

Zhou (45) China 29/30 Gastrectomy N.S RCT Low-dose
carbohydrate

50 g, oral *500 Fasting Ä Å Æ

Outcomes: À: residual gastric volume (RGV) during the surgery; Á: postoperative pain; Â: postoperative patient satisfaction; Ã: insulin sensitivity (measured by hyperinsulinemic glucose clamp); Ä: postoperative fasting plasma glucose (FPG); Å:
postoperative fasting insulin level (Fins); Æ: insulin resistance [measured by postoperative homeostasis model assessment-insulin resistance (HOMA-IR)]; Ç: the serum levels of C-reactive protein (CRP) within the first 24 h after surgery; È: postoperative
scores of thirst; É: postoperative scores of hunger; : postoperative scores of anxiety; : postoperative scores of nausea and vomit; : postoperative scores of fatigue; : postoperative scores of weakness; the occurrence of postoperative infection. *: 2 h
before the surgery; †: 400 mL—between 9:00 and 11:00 p.m. before the surgery, and 400 mL—2–3 h before the surgery; ‡: 800 mL—8 h before the surgery, and 400 mL—2 h before the surgery; : 1000 ml—8 h before the surgery and 500 mL—2 h before
the surgery; : 400 mL in the evening before surgery and 400 mL in the morning on the day of surgery; **: 400 mL—8 h before the surgery and 200 mL—2 h before the surgery; ††: 474 mL —at the evening drinking and 237 mL — 3 h before the operation;

: 3 h before the surgery; : 4 h before the surgery; ***: 600 mL—8:00 p.m. before the surgery and 300 mL—2–3 h before the surgery; †††: oral from 8 PM before the operation and stop consumption 2 h before the planned time of operation; ‡‡‡: 250 ml-
given 15, 11, and 4 h before surgery; : 710 mL —in the evening and 355 mL—2 h before surgery; : 500 mL—between 9:00 and 11:00 p.m. before the surgery, and 500 mL—2 h before the surgery. #: Procedures included otorhinolaryngological
surgery, orthopedic/plastic surgery, gynecological surgery, breast and thyroid surgery, or thoracic surgery. ˆ: Open or laparoscopic. ##: Procedures included subtotal gastrectomy, hemicolectomy, and anterior resection. ˆˆ: Procedures included laparoscopic
Roux-en-Y gastric bypass, Laparoscopic sleeve gastrectomy. ###: Procedures included CABG and spinal surgical; ˆˆˆ: Procedures included total abdominal hysterectomy bilateral salpingo-oophorectomy, salpingo-oophorectomy, radical hysterectomy,
and debulking tumor; N.S, not stated; ASA, American Society of Anesthesiologists; VAS, visual analog scale; CABG, coronary artery bypass grafting; iv, intravenous perfusion.
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FIGURE 2

Risk of bias included RCTs. The colors in the bar next to each row/criteria represent the percentage of total studies falling within the high risk of
bias/some concerns/low risk of bias.

the confidence interval was wide and close to insignificance, the
results should be interpreted with caution. Table 2 displays the
results of the multiple-treatments meta-analysis.

The serum levels of C-reactive protein within
the first 24 h after surgery

Seven studies collected blood samples to assess the serum
levels of CRP, with data available for 443 participants (9, 37,
38, 41, 44, 53, 66). Multiple-treatments meta-analysis shows no
significant difference in any of the companions (Table 2).

Postoperative scores of pain
Eight studies reported postoperative scores of pain scores

using a VAS, with data available on 739 participants (29, 35,
44, 62, 67–70). The results found no statistically significant
difference after surgery (Table 2).

Postoperative scores of patients’ satisfaction
This was reported by two studies using a VAS, with data

available on 140 participants (52, 57). Multiple-treatments meta-
analysis found no significant difference in any of the treatments
within the network (Table 2).

Postoperative scores of thirst
Six studies reported postoperative thirst scores using a VAS,

with data available on 539 participants (35, 44, 57, 68, 69, 71).

The results found no statistically significant difference after
surgery (Table 2).

Postoperative scores of hungry
This was reported by six studies using a VAS, with data

available on 539 participants (35, 44, 57, 68, 69, 71). Multiple-
treatments meta-analysis found no significant difference in any
of the treatments within the network (Table 2).

FIGURE 3

Network plot of evidence comparing different interventions for
the primary outcome.
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FIGURE 4

Forest plot for the estimates of different interventions on IR of postoperative patients. Values are mean differences (MDs) with 95% confidence
intervals (Crls).

Postoperative scores of anxiety
Three studies reported postoperative anxiety scores; all trials

used a VAS, with data available on 318 participants (35, 69,
71). The results found no statistically significant difference after
surgery (Table 2).

Postoperative scores of nausea and vomit
Seven studies reported postoperative nausea and

vomiting scores; all trials used a VAS, and data on 527
participants were available (40, 46, 57, 62, 68, 71, 72).
Multiple-treatments meta-analysis found no significant
difference in any of the treatments within the network
(Table 2).

Postoperative scores of fatigue
This was reported by four studies using a VAS,

with data available on 449 participants (57, 67–69).
Multiple-treatments meta-analysis found no significant
difference in any of the treatments within the network
(Table 2).

Postoperative scores of weakness
Two studies reported postoperative weakness scores using

a VAS, with data available on 126 participants (44, 71). The
results found no statistically significant difference after surgery
(Table 2).

The occurrences of postoperative infection
Eleven studies reported the occurrences of postoperative

infection, with data available on 1,765 participants (36, 45,
49, 50, 54, 58, 59, 66, 73–75) (Table 2). The NMA result

revealed that compared with fasting, low-dose carbohydrate
could reduce the occurrences of postoperative infection
with statistical significance (odds ratio, 0.42 [95%Crl:
0.20–0.81]). The results of the network meta-regression
shows that the covariates we included may not affect the
value of secondary outcomes, except the postoperative FPG
(Supplementary Table 7).

The value of SUCRA represented that oral low-dose

carbohydrate loading had the highest probability of being
the best intervention relative to other interventions in
patients’ postoperative comfort except for postoperative
insulin sensitivity (mg/kg/min), fasting insulin levels
(µU/mL), postoperative satisfaction, and weakness
(Supplementary Table 8).

Network meta-regression showed that the covariates did
not, indeed, influence the value of primary and secondary
outcomes (Supplementary Table 9). When trials with a high
risk of bias and imputed data were excluded, the results
for the secondary outcomes were similar (Supplementary
Table 11).
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FIGURE 5

Surface under the cumulative ranking curve (SUCRA) for HOMA-IR.

Sensitivity analyses

A summary of clinical and statistical sensitivity analyses is
given in Supplementary Tables 10, 11. In the clinical sensitivity,
after splitting the “water/placebo” group into two separate arms,
postoperative insulin resistance reported a significant MD of –
4.02 (95% CrI [–6.46, –1.63]) for low-dose carbohydrate vs.
placebo, and MD of –3.65 (95% CrI [–6.24, –1.06]) for high-
dose carbohydrate vs. placebo, and the sensitivity analyses were
consistent with the main analysis of the secondary outcomes. In
the statistical sensitivity analyses, when excluding trials at high
risk of bias and data for the imputation methods, oral low-dose
carbohydrate loading compared to placebo/water associated
with postoperative insulin resistance (MD, –1.29 [95% CrI, –
2.26 to –0.27]) for postoperative patients, and compared with
fasting, insulin resistance was correlated with oral low-dose
carbohydrate (MD, –1.17 [95% CrI, –1.88 to –0.43]). The other
results did not differ significantly.

Discussion

Summary of findings

The latest practice guidelines for preoperative fasting
recommend that clear liquids may be ingested for up 2 h before

an operation; however, it reported less thirst and hunger for
fasting time of 2–4 h compared to more than 4 h of fasting,
however, it reported equivocal findings for RGV, blood glucose
values, hunger, and thirst of nutritional or carbohydrate drinks
at 2–4 h relative to more than 4 h of fasting (1).

This NMA represents the most comprehensive analysis of
currently available data regarding preoperative carbohydrate
loading for patients undergoing elective surgery. We combined
direct and indirect evidence from 58 trials comparing four
different intervention arms in 4,936 patients undergoing elective
surgery. The study that included sufficient numbers of patients
to prove a potential association in clinical outcomes was
of patients undergoing elective surgery, and it included the
most patients available in the current literature. To maintain
the homogeneity of interventions, our research divided the
dose of carbohydrate loading into low dose (10–50 g) and
high dose (>50 g). Our main findings indicate that among
patients undergoing elective surgery, preoperative low-dose
carbohydrate loading has been found to be associated with
insulin resistance and postoperative infection rates.

Three published meta-analyses explored the influence
of low-carbohydrate loading on postoperative outcomes (2,
8, 12). However, reports of the effects of carbohydrate
loading on insulin sensitivity remain inconsistent. Smith et al.
(8) conducted that no significant association was between
carbohydrate loading and insulin resistance An earlier NMA of
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FIGURE 6

Forest plot for the estimates of different interventions on IR of postoperative patients that excluded trials at high risk of bias and data for the
imputation methods. Values are mean differences (MDs) with 95% confidence intervals (CrIs).

43 RCTs found that only high-dose carbohydrate administration
resulted in a statistically significant associated with insulin
resistance compared with fasting, and water or placebo, but
with wide confidence intervals so the results are not credible
(12). A recent meta-analysis has investigated that compared with
fasting, preoperative administration of carbohydrate associated
with insulin resistance (2). In our study, we found that oral
carbohydrate loading was associated with insulin resistance
compared with placebo or water, and the association was still
observed in an analysis of excluded high-risk trials and data for
the imputation methods. A separate subgroup analysis based
on the surgical categories identified the true effect of low-
dose carbohydrate loading on insulin resistance, especially those
undergoing major abdominal surgery that would otherwise be
confounded by other surgical categories. This effect might be
due to the preoperative carbohydrate loading, which stimulates
an endogenous insulin release and switches off the overnight
fasting metabolic state, toward anabolism (63). It should
be mentioned that the confidence effect estimate is low or
very low, and the significant heterogeneity among studies
(different categories of surgery, different types of carbohydrates,
and different populations); therefore, the result regarding the
effect of carbohydrate loading on insulin resistance must be
interpreted with caution.

The present meta-analysis found that oral high-dose
carbohydrate (>50 g) was more effective in postoperative
outcomes than relative to low-dose carbohydrate, and there
is no dose–response relationship between carbohydrate and
postoperative outcomes. This may be related to the fact
that there is less data available in the network for low-
dose carbohydrate comparisons, so some results have wider
confidence intervals than in high-dose comparisons.

The gold standard of insulin sensitivity is measured
by the hyperinsulinemic–euglycemic clamp method in
humans (76). However, we found a small number of studies
(n = 7) for this outcome, which could be due to the fact
that it is a time-consuming, labor-intensive, and invasive
procedure. The multiple-treatments meta-analysis found
no evidence that carbohydrate loading was more or less
effective in reducing insulin sensitivity compared with
placebo/water or fasting. Therefore, more randomized
controlled trials need to be included in future analyses to
further confirm this outcome.

A recent meta-analysis has investigated that compared
with fasting, preoperative administration of carbohydrates
decreased patients’ thirst, hungry, and pain (2). Meanwhile,
in our study, there was no difference in postoperative
patients’ comfort between the administration of preoperative
carbohydrates and control groups, and no other significant

Frontiers in Nutrition 13 frontiersin.org

273

https://doi.org/10.3389/fnut.2022.951676
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-951676 November 17, 2022 Time: 16:35 # 14

Tong et al. 10.3389/fnut.2022.951676

TABLE 2 Network meta-analysis matrix of secondary outcomes.

Outcomes Treatment estimates are MDs/ORs and 95% Crls of the column-defining intervention compared with
the row-defining intervention for different outcomes

Residual gastric
volume during the
surgery (mL)

Low-dose
carbohydrate

–2.51
(–16.31, 11.61)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

–0.81
(–14.99, 13.18)

1.66
(–6.74, 9.82)

– Placebo/Water

–2.39
(–9.71, 4.99)

0.07
(–12.04, 12.11)

– –1.62
(–13.76, 10.96)

Fasting

Postoperative insulin
sensitivity
(mg/kg/min)

Low-dose
carbohydrate

0.28
(–1.62, 2.14)

High-dose
carbohydrate

–0.75
(–3.55, 2.06)

–1.02
(–3.15, 1.13)

Carbohydrate, iv

0.30
(–1.49, 2.09)

0.02
(–0.56, 0.66)

1.05
(–1.08, 3.20)

Placebo/Water

0.45
(–1.65, 2.52)

0.16
(–0.91, 1.28)

1.20
(–0.66, 3.05)

0.15
(–0.96, 1.23)

Fasting

Postoperative fasting
plasma glucose
(mmol/L)

Low-dose
carbohydrate

–0.28
(–0.86, 0.3)

High-dose
carbohydrate

–0.81
(–1.67, 0.07)

–0.53
(–1.33, 0.29)

Carbohydrate, iv

–0.11
(–0.67, 0.47)

0.17
(–0.25, 0.60)

0.70
(–0.12, 1.52)

Placebo/Water

–0.28
(–0.78, 0.23)

0.00
(–0.38, 0.37)

0.53
(–0.27, 1.32)

–0.17
(–0.62, 0.27)

Fasting

Postoperative fasting
insulin level
(µU/mL)

Low-dose
carbohydrate

–0.12
(–6.98, 6.99)

High-dose
carbohydrate

–18.67
(–34.96, –2.31)

–18.58
(–34.29, –2.99)

Carbohydrate, ivˆ

–5.65
(–12.39, 1.21)

–5.53
(–10.61, –0.62)

13.03
(–1.79, 27.85)

Placebo/Water

–3.34
(–9.44, 2.75)

–3.23
(–7.96, 1.34)

15.35
(–0.54, 31.08)

2.31
(–3.32, 7.87)

Fasting

The serum levels of
C-reactive protein
within the first 24 h
after surgery (mg/L)

Low-dose
carbohydrate

7.12
(–30.65, 46.93)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

5.83
(–31.11, 45.84)

–1.42
(–28.28, 27.30)

– Placebo/Water

–14.25
(–50.60, 22.64)

–21.28
(–46.71, 1.84)

– –19.88
(–56.13, 12.37)

Fasting

(Continued)
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TABLE 2 (Continued)

Outcomes Treatment estimates are MDs/ORs and 95% Crls of the column-defining intervention compared with
the row-defining intervention for different outcomes

Postoperative scores
of pain

Low-dose
carbohydrate

–0.35
(–5.33, 4.63)

High-dose
carbohydrate

–1.26
(–6.83, 4.26)

–0.91
(–6.88, 5.02)

Carbohydrate, ivˆ

–0.77
(–5.53, 4.02)

–0.41
(–5.20, 4.34)

0.50
(–6.08, 7.13)

Placebo/Water

–1.52
(–6.32, 3.25)

–1.16
(–3.68, 1.29)

–0.25
(–5.84, 5.34)

–0.75
(–5.75, 4.22)

Fasting

Postoperative scores
of patients’
satisfaction

Low-dose
carbohydrate

1.26
(–6.00, 8.49)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

5.25
(–2.00, 12.50)

4.00
(–1.02, 9.01)

– Placebo/Water

3.26
(–1.95, 8.46)

2.00
(–2.99, 7.04)

– –2.00
(–7.00, 3.03)

Fasting

Postoperative scores
of thirst

Low-dose
carbohydrate

–1.49 (–12.63,
9.56)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

–0.90
(–9.14, 7.43)

0.59
(–6.78, 8.04)

– Placebo/Water

–3.35
(–14.46, 7.68)

–1.87
(–5.61, 1.85)

– –2.48
(–9.92, 4.92)

Fasting

Postoperative scores
of hungry

Low-dose
carbohydrate

–1.12
(–11.51, 9.34)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

–0.69
(–8.46, 7.07)

0.43
(–6.52, 7.35)

– Placebo/Water

–2.24
(–12.64, 8.2)

–1.13
(–4.64, 2.34)

– –1.57
(–8.50, 5.37)

Fasting

Postoperative scores
of anxiety

Low-dose
carbohydrate

0.20
(–11.76, 12.13)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

0.09
(–8.59, 8.80)

–0.11
(–8.25, 8.02)

– Placebo/Water

–2.52
(–14.48, 9.46)

–2.72
(–8.88, 3.45)

– –2.61
(–10.74, 5.56)

Fasting

Postoperative scores
of nausea and vomit

Low-dose
carbohydrate

–1.01
(–3.23, 1.22)

High-dose
carbohydrate

–0.26
(–2.04, 1.51)

0.75
(–1.54, 3.04)

Carbohydrate, iv

(Continued)
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TABLE 2 (Continued)

Outcomes Treatment estimates are MDs/ORs and 95% Crls of the column-defining intervention compared with
the row-defining intervention for different outcomes

–1.78
(–4.12, 0.53)

–0.76
(–1.76, 0.16)

–1.52
(–3.92, 0.84)

Placebo/Water

–1.36
(–3.43, 0.72)

–0.35
(–1.16, 0.46)

–1.10
(–3.24, 1.05)

0.42 (–0.60, 1.5) Fasting

Postoperative scores
of fatigue

Low-dose
carbohydrate

–0.70
(–4.96, 3.57)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

–0.70
(–3.65, 2.26)

0.00
(–3.06, 3.08)

– Placebo/Water

–1.49
(–6.53, 3.12)

–0.81
(–3.23, 1.25)

– –0.81
(–4.81, 2.80)

Fasting

Postoperative scores
of weakness

Low-dose
carbohydrateˆ

– High-dose
carbohydrate

– – Carbohydrate, ivˆ

– 0.68
(–0.69, 2.12)

– Placebo/Water

– 0.37
(–0.56, 1.47)

– –0.31 (–1.67,
1.13)

Fasting

Occurrences of
Postoperative
infection#

Low-dose
carbohydrate

0.63
(0.21, 2.00)

High-dose
carbohydrate

– – Carbohydrate, ivˆ

–0.54
(–1.78, 0.66)

0.93
(0.42,1.70)

– Placebo/Water

0.42
(0.20,0.81)

0.71
(0.37,1.30)

– 0.72
(0.37,1.40)

Fasting

Postoperative insulin sensitivity: measured by hyperinsulinemic glucose clamp; comparisons between treatments read from left to right: a network estimate less than 0 (continuous
variables) or 1 (dichotomous variables) indicates that the treatment reported in the column is more effective than the corresponding treatment reported in row. : Mean difference (MD)
and 95% confidence intervals (Crls); #: odds ratios (ORs) and 95% confidence intervals (Crls); ˆ: No data available for this outcome. Significant results are in bold. Low-dose carbohydrate:
The dose of oral carbohydrate is between 10 and 50 g before surgery (10–50 g); High-dose carbohydrate: The dose of oral carbohydrate is greater than 50 g before surgery (>50 g);
Carbohydrate, iv: preoperative carbohydrate by intravenous perfusion; Placebo/Water: flavored sweetened drink/purified water; fasting: overnight fasting before the day of surgery.

differences were found in any of the other secondary outcomes.
However, some of these results had wide confidence intervals,
indicating that data availability is limited. Future well-designed
randomized studies will need to examine the biochemical
effects and recovery of preoperative carbohydrate loading in
elective surgery.

Strengths and limitations

This review has some strengths: First, a comprehensive
search was conducted to identify eligible trials; independent
study selection, data extraction, and risk of bias assessment
were performed by two reviewers; and the CINeMA was
used to assess confidence in the NMA results. Second,

we also conducted a network meta-regression to evaluate

which variables might influence the postoperative outcomes.

This review used a Bayesian framework to overcame the

tendency of the frequentist approach to be unstable in

parameter estimation and obtain biased results (77).

Third, we tested different model assumptions to verify the

reliability of outcomes in this NMA. Fourth, a NMA is

performed to analyze the effect of preoperative carbohydrate

loading on various postoperative recovery indicators among

elective surgery patients, compensating for the lack of direct

comparison between them.

This study has several limitations. First, the results of this

meta-analysis are highly dependent on the quality of the trials
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included. According to the CINeMA results, the evaluation
of the credibility of results was from moderate to very low,
and there was large uncertainty regarding all the estimates.
Second, although 58 RCTs were retrieved, only 21 trials reported
postoperative low-dose carbohydrate administration in the
network, two studies reported preoperative carbohydrate by
intravenous perfusion, and there were relatively few direct
comparisons. Third, this may, however, be a type II error
(false-negative findings), as only a few trials are available
to assess postoperative outcome indicators in many second
outcomes. Fourth, small trials tend to report larger beneficial
effects than large trials; however, only three trials in our
review included more than 100 patients per arm, which
may introduce bias due to small-study effects (78). Fifth, the
SUCRA value was used to estimate a ranking probability of
comparative effectiveness between the different interventions.
Sixth, many trials, lack good design, resulting in combining
different types of carbohydrates into one group and placebo and
water into one group for the main analysis. Finally, double-
blinding was not applied in many trials designs included,
which may affect the results, but this is also difficult to
resolve because fasting and drinking are easily known by
the participants, and subsequent experiments need to be
further refined.

Conclusion

In summary, when compared with fasting and
placebo/water, preoperative carbohydrate appears to be
associated with some postoperative outcomes; however, more
research into these drinks, preferably multi-types carbohydrate
trials are required to improve the strength of the evidence and
inform clinical practice.
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Early lean mass sparing effect of
high-protein diet with excess
leucine during long-term bed
rest in women
Pierandrea Vinci1†, Filippo Giorgio Di Girolamo1,2†,
Alessandro Mangogna3, Filippo Mearelli1, Alessio Nunnari1,
Nicola Fiotti1, Mauro Giordano4, Marie-Pierre Bareille5 and
Gianni Biolo1*
1Department of Medical Surgical and Health Sciences, Medical Clinic, Cattinara Hospital, University
of Trieste, Trieste, Italy, 2Hospital Pharmacy, Cattinara Hospital, Azienda Sanitaria Universitaria
Giuliano Isontina, Trieste, Italy, 3Institute for Maternal and Child Health, Istituto di Ricovero e Cura a
Carattere Scientifico (IRCCS) Burlo Garofolo, Trieste, Italy, 4Department of Advanced Medical
and Surgical Sciences, University of Campania L. Vanvitelli, Naples, Italy, 5Institute of Space
Physiology and Medicine (MEDES), Toulouse, France

Muscle inactivity leads to muscle atrophy. Leucine is known to inhibit protein

degradation and to promote protein synthesis in skeletal muscle. We tested

the ability of a high-protein diet enriched with branched-chain amino acids

(BCAAs) to prevent muscle atrophy during long-term bed rest (BR). We

determined body composition (using dual energy x-ray absorptiometry) at

baseline and every 2-weeks during 60 days of BR in 16 healthy young women.

Nitrogen (N) balance was assessed daily as the difference between N intake

and N urinary excretion. The subjects were randomized into two groups: one

received a conventional diet (1.1 ± 0.03 g protein/kg, 4.9 ± 0.3 g leucine

per day) and the other a high protein, BCAA-enriched regimen (1.6 ± 0.03 g

protein-amino acid/kg, 11.4 ± 0.6 g leucine per day). There were significant BR

and BR × diet interaction effects on changes in lean body mass (LBM) and N

balance throughout the experimental period (repeated measures ANCOVA).

During the first 15 days of BR, lean mass decreased by 4.1 ± 0.9 and

2.4 ± 2.1% (p < 0.05) in the conventional and high protein-BCAA diet groups,

respectively, while at the end of the 60-day BR, LBM decreased similarly in

the two groups by 7.4 ± 0.7 and 6.8 ± 2.4%. During the first 15 days of BR,

mean N balance was 2.5 times greater (p < 0.05) in subjects on the high

protein-BCAA diet than in those on the conventional diet, while we did not

find significant differences during the following time intervals. In conclusion,
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during 60 days of BR in females, a high protein-BCAA diet was associated

with an early protein-LBM sparing effect, which ceased in the medium and

long term.

KEYWORDS

lean body mass, high-protein diet, branched-chain amino acids, leucine, long-term
bed rest

Introduction

Physical inactivity or bed rest (BR) frequently occurs in
patients affected by several diseases, but also during physiologic
aging (1–3). Muscle inactivity leads to muscle atrophy, loss of
bone mineral density and decreased insulin sensitivity (2, 4–
10). Beyond its well-known functional-motor structural role,
skeletal muscle represents a homeostatic “organ,” fundamental
for the maintenance of whole-body metabolic control (11).
Indeed, skeletal muscle mass regulates the amino acid balance
of organs and tissues, as well as the availability of nutrients
and metabolic precursors (11–13). Moreover, it has a central
role in maintaining the general energy balance, through
complex interplay mechanisms, and contributes to preserve the
individual’s state of health and quality of life (11).

Together, with physical activity, nutrition has a fundamental
role in homeostatic regulation and maintenance of muscle mass
and function (14–16). Among nutrients, essential amino acids,
occupy a central place, linked not only to the formation of
proteins, but also to the control of numerous and complex
subcellular pathways, fundamental for maintaining cellular
energy balance and, ultimately, for survival itself (17–19). The
action of essential amino acids on muscle, in addition to being
of a direct type on specific regulatory factors (i.e., mammalian
target of rapamycin, mTOR, complex 1), is also mediated by
hormonal control (i.e., insulin, glucagon, cortisol), involved
in anabolic and catabolic processes, through the regulation of
transcriptional sequences (19, 20). Evidence indicates that high-
protein diets and essential amino acid supplementation may
ameliorate muscle protein loss in healthy volunteers during
experimental BR (21, 22). In addition, protein/amino acid
intake has been reported to modulate insulin signaling and
β-cell function in “in vivo” experiments (23, 24). Branched-
chain amino acids (BCAAs), i.e., leucine, valine, and isoleucine
are essential amino acids, exhibiting selective effects not
only on stimulation of muscle protein synthesis, but also
on insulin mediated glucose uptake, moreover they play an
important role in several metabolic and signaling functions,
particularly via activation of the mTOR signaling pathway
(25, 26). Among BCAAs, the most noteworthy effects have
been observed with leucine (26). In particular, leucine: (a) is
a constituent of proteins (27); (b) regulates protein synthesis

translation initiation in skeletal muscle (28–30); (c) modulates
insulin/phosphoinositide 3-kinase (PI3K) signal cascade (31);
(d) is a fuel for skeletal muscle cells (32); (e) is a primary
nitrogen donor for the production of alanine and glutamine
in skeletal muscle (33); (f) modulates the pancreatic β-cell
insulin release (34). All these diverse metabolic roles allow
leucine to influence the rate of muscle protein synthesis,
insulin secretion and glucose homeostasis (25, 35). Evidence
indicates that leucine alone may exert and anabolic response
(36), while no such data exists for isoleucine or valine, although
isoleucine could potentially increase muscle growth by up-
regulating the protein expression of GLUT1 and GLUT4 in
muscle (26).

The aim of the present study was to assess the
effects of a high-protein diet enriched with BCAAs on
progression of lean body mass (LBM) atrophy over
2-months experimental BR in healthy young female
volunteers as an experimental model of long-term physical
inactivity. LBM was assessed approximately every 2 weeks
by dual-energy X-ray absorptiometry (DXA). Whole-
body protein kinetics were evaluated by nitrogen (N)
balance before and during BR. Healthy volunteers who
underwent a prolonged BR represent a good model to
investigate the effects of muscle unloading on physiological
functions (37).

Materials and methods

Subjects and study design

Sixteen medically and psychologically healthy females, aged
25–40 years (32 ± 4 years), participated in the Women’s
International Space Simulation for Exploration (WISE)—2005
BR study. The study was completed in two campaigns (February
2005–May 2005, September 2005–December 2005). Non-
smoking volunteers were recreationally active but athletically
untrained, thus competitive athletes were excluded from the
study. Included volunteers met the following criteria: a body
mass index between 20 and 25 kg/m2, regular menstrual
cycles, no intake of oral contraceptives in the 2 months
before the study, no family history of chronic diseases
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or psychiatric disorders, and absence of musculoskeletal,
orthopedic, blood clotting, and cardiovascular disorders. Mean
weight and height of the subjects were 59 ± 4 kg and
166 ± 7 cm, respectively.

The procedures were conducted in accordance with the
ethical principles stated in the Declaration of Helsinki 1964.
The protocol was reviewed and approved by the local ethics
committee (Comité Consultatif de Protection des Personnes
dans la Recherche Biomédicale, CCPPRB—Toulouse 1: dossier
n◦1-04-16: 20/07/04—avis n◦2: p.1), by the University of
California, San Diego Institutional Review Board and by the
Institutional Review Boards of the National Aeronautics and
Space Administration, Johnson Space Center Committee for the
Protection of Human Subjects. The whole study procedures was
explained to the volunteers both verbally and in writing. All
participants provided a written informed consent. The study was
performed at the Institute for Space Medicine and Physiology
in Toulouse, France. The whole study protocol is discussed in
detail elsewhere (38, 39), briefly, it consisted in a long-term BR
which included a 20-day ambulatory control period followed by
60 days of strict 6◦ head-down-tilt (HDT) BR (40). A 20-day
ambulatory recovery period followed the BR period.

After a 20-day ambulatory adaptation to a controlled
diet (i.e., conventional diet), subjects were randomized into
two eucaloric diet groups (n = 8, each): a control group
who continued the conventional diet and a protein group
on a high protein diet enriched with BCAA. During the
20 days pre-BR (ambulatory period, AMB), resting metabolic
rate was determined by indirect calorimetry using Deltatrac
II (General Electric, Indianapolis, IN) according to the
manufacturer. The prescribed caloric intake for the two
groups was 140% of their resting metabolic rate during the
pre-BR. During BR, energy intake was adjusted downward
to 110% of resting metabolic rate both in the control
(conventional diet) and protein (high protein-BCAA diet)
groups. In the control group on the conventional diet, the
prescribed daily protein intake was 1.1 ± 0.03 g·kg−1

·day−1

of body weight; while, in the group on the high protein-
BCAA diet, dietary protein content was increased to about
1.45 g·kg−1

·day−1 and enriched with 0.15 g·kg−1
·day−1

of BCAAs (leucine/valine/isoleucine = 2/1/1). Free BCAAs
(3.6 g/day free leucine, 1.8 g/day free isoleucine, and 1.8 g/day
free valine) were added as a supplement (Friliver, Bracco, Italy)
during the three main meals. Thus, the total protein/amino
acid daily intake for this group was of 1.6 ± 0.03 g·kg−1 body
weight. To compensate for the additional increase in energy
intake from protein in this group, carbohydrate content was
reduced during the BR period. Fat mass was monitored every
15 days and maintained at basal levels by changing energy
intake, if necessary. All subjects were always restricted to the
HDT position except for mealtime when they were allowed to
elevate on one elbow. Body weight, urine production, intake of
fluids and body temperature were regularly monitored.

Body mass and composition

Body weight was measured daily during pre-BR and during
BR. Lean and fat mass were determined by DXA with a Hologic
QDR 4,500 W, Software Version 11.1 (Hologic, Bedford, MA).
At baseline, measurements were obtained twice, respectively, on
days −14 and −2 before the start of BR in each group. In the
ambulatory condition DXA measurements obtained at days −14
and −2 were averaged. DXA scans were performed four times
during the 60-day BR, respectively, on days 15, 31, 43, and 60
(days BR 15, BR 31, BR 43, and BR 60). DXA scans were executed
in the morning in the fasting state. The bladder was emptied
before the scan. The subjects had nothing to eat or drink after
dinner the night before.

Nitrogen balance during the bed rest

Nitrogen (N) balance reflects the equilibrium between
protein N intake and N losses to define anabolic and catabolic
conditions of whole-body protein kinetics (i.e., difference
between rates of synthesis and degradation). N balance is
calculated as the difference between N intake and N losses. In
this study, N balance was estimated from the difference between
N protein/amino acid intake and urinary N excretion (41),
with the addition of a constant value of 4 g/day to account
for N losses from the skin and feces (41, 42). A total of 24-
h urine samples were collected, aliquoted in 10 mL samples
and at −20◦C. Urinary N from these aliquots was measured
by chemo-luminescence (Antek 7000, Antek Instruments, U.S.)
in an accredited laboratory (Central Biochemical Laboratory,
Université de Lyon, Lyon, France). Protein intake was assessed
by entering all food eaten including all ingredients used to
prepare complex recipes, into the Nutrilog Edition Expert
software, version 2.0 (Marans, France). All food and leftovers
were weighed individually. N balance [g] was then calculated
daily according to the following equation: N balance = (24-h
protein/BCAA intake / 6.25) – (24-h urinary urea N + 4). In
the ambulatory condition N balance of days −1 and −2 were
averaged. During the BR period the average daily N balance
values were calculated in the time intervals between consecutive
LBM measurements. Values of N balance were expressed as
mg/kg LBM per day.

Data and statistical analysis

The numerical data are presented as means ± standard
deviation (SD). The differences between pre-BR and during 60-
days BR were analyzed by repeated-measures ANCOVA with
time (AMB or BR days) and diet (conventional or high protein-
BCAA diet) as the two factors using ambulatory values as
covariates. Post hoc analysis was performed, when appropriate,
by using paired t-test or Mann-Whitney test with Bonferroni’s
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adjustments. Levene’s test showed normal distribution and equal
variance of ambulatory values of LBM, N intake, N excretion
and N balance in the two groups. All p-values were considered
significant when < 0.05. All analyses were performed using the
IBM SPSS statistic 21 software (Version 21.0, SPSS Inc., Chicago,
IL, USA).

Results

Table 1 shows mean values of nutrient intakes in the AMB
and BR periods in the conventional and high protein-BCAA diet
groups. During BR, energy intake decreased by about 8% in both
groups. Protein intake increased during BR by about 11 and
53% in the conventional and high protein-BCAA diet groups,
respectively. Leucine intake increased by about 100% during the
BR period in the high protein-BCAA diet group.

Changes in body weight and composition during the 60-day
BR are shown in Table 2. Body weight significantly decreased
following BR. At the end of the BR period body weight decreased
by 5.9 ± 1.1% in the conventional diet group and by 4.1 ± 1.7%
in the high protein-BCAA diet group (p = 0.01). Fat mass did
not change significantly during the BR period in both groups.
Lean mass significantly decreased during the first 31 days of BR
and did not change during the following 29 days of BR, both in
the high protein-BCAA and the conventional diet groups. There
were significant BR effect and BR × diet interaction on changes
in LBM.

After 15 days from the beginning of the BR, the decrease
in lean mass was about twice greater in the conventional diet
group than that in the high protein-BCAA diet group (Figure 1).
Nonetheless, at the end of the 60 days of BR the total changes in
LBM were similar in the two groups.

As shown in Table 3, during the BR period N intake and
urine N excretion were 55 ± 8 and 52 ± 1% greater in subjects on
the high protein-BCAA diet than in those on the conventional
diet. There were significant BR effect and BR × diet interaction
on N balance in both groups. Between the 1st and the 15th day
of BR, N balance was significantly greater in the high protein-
BCAA diet group than in the conventional diet group, while
we did not find significant differences during the following time
intervals.

Discussion

We have studied healthy young women during 60 days
of BR in eucaloric conditions at different levels of protein
intake. In the high protein-BCAA and conventional diet
groups protein/amino acid intakes were about 1.6 and
1.1 g·kg−1

·day−1, respectively. The high protein diet was
enriched with 0.15 g·kg−1

·day−1 of BCAAs with the following
BCAA proportions, leucine/valine/isoleucine: 2/1/1. The diet
high in protein and BCAA caused a slowing down of the loss of
lean mass secondary to BR of about 42%, only in the first 15 days
of inactivity. This lean mass saving effect was abolished in the
later stages of BR. In fact, at the end of long-BR the total changes
in LBM were similar in the two groups. The results of N balance
agreed with changes in LBM.

The subjects were in energy balance during the whole
study period as demonstrated by the absence of significant
changes in fat mass. This finding is important as our previous
studies showed that a positive or negative energy balance
accelerated BR-induced muscle atrophy (43, 44). In fact, we
have demonstrated that during 5 weeks of BR a positive energy
balance was associated with greater loss of LBM and activation

TABLE 1 Summary of dietary intake in ambulatory condition and during 60-days of bed rest.

AMB BR p
BR effect

p
BR × diet

Energy intake (kcal·kg−1
·day−1) Conventional diet 32.3 ± 3.1 29.3 ± 2.0* <0.001 0.12

High protein-BCAA diet 31.7 ± 1.1 29.9 ± 1.1*

Carbohydrate intake (% energy intake) Conventional diet 58 ± 0.6 56 ± 0.8* <0.001 <0.001

High protein-BCAA diet 57 ± 0.6 50 ± 1.1*§

Lipid intake (% energy intake) Conventional diet 30 ± 0.3 30 ± 0.6* <0.001 <0.001

High protein-BCAA diet 30 ± 0.3 28 ± 0.3*§

Protein/amino acid intake (% energy intake) Conventional diet 13 ± 0.6 14 ± 0.6* <0.001 <0.001

High protein-BCAA diet 13 ± 0.6 21 ± 1.1*§

(g·kg−1
·day−1) Conventional diet 1.0 ± 0.03 1.1 ± 0.03* <0.001 < 0.001

High protein-BCAA diet 1.0 ± 0.03 1.6 ± 0.03*§

Leucine intake (g·day−1) Conventional diet 5.2 ± 0.4 4.9 ± 0.3 <0.001 <0.001

High protein-BCAA diet 5.7 ± 0.4 11.4 ± 0.6*§

AMB, ambulatory; BR, bed rest. All data were expressed as means ± SD. All data were analyzed by repeated-measures ANCOVA with time (AMB or BR days) and diet (conventional
or high protein-BCAA diet) as the two factors using AMB values as covariates. Post hoc analysis was performed, when appropriate, by using paired t-test with Bonferroni’s adjustment.
*p < 0.05, BR vs. AMB. §p < 0.05, high protein-BCAA vs. normal protein, conventional diet); SD, standard deviation.
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TABLE 2 Body composition in ambulatory condition and during 60-days of bed rest.

AMB BR
15 days

BR
31 days

BR
43 days

BR
60 days

p
BR effect

p
BR × diet

Total mass Conventional diet 55.6 ± 3.9 54.1 ± 4.0* 52.9 ± 4.1* 52.6 ± 4.0* 52.3 ± 3.8 <0.001 0.02

High protein-BCAA diet 61.0 ± 4.4 60.1 ± 3.9* 59.1 ± 4.0* 58.8 ± 4.0 58.5 ± 4.1

Lean mass Conventional diet 38.8 ± 3.0 37.2 ± 3.2* 36.1 ± 3.1* 36.1 ± 2.9 35.9 ± 2.9 0.008 0.012

High protein-BCAA diet 42.8 ± 5.2 41.7 ± 4.2* 40.3 ± 4.6* 40.6 ± 4.3 39.8 ± 4.1

Fat mass Conventional diet 14.7 ± 3.8 14.7 ± 3.9 14.7 ± 3.8 14.3 ± 3.6 14.3 ± 3.5 0.57 0.08

High protein-BCAA diet 15.9 ± 2.1 16.1 ± 2.0 16.5 ± 2.1 15.9 ± 2.0 16.4 ± 2.0

Body composition measurement with dual-energy X-ray absorptiometry (DXA). Units are kg. Data are means ± SD. AMB, ambulatory; BR, bed rest. AMB values are means of
measurements at –14 and –2 pre-bed rest days. All data were expressed as means ± SD. All data were analyzed by repeated-measures ANCOVA with time (AMB or BR days) and diet
(conventional or high protein-BCAA diets) as the two factors using AMB values as covariates. Post hoc analysis was performed, when appropriate, by using paired t-test with Bonferroni’s
adjustment. *p < 0.05, vs. the preceding AMB or BR day of assessment; SD, standard deviation.

of the systemic inflammatory response and antioxidant defenses
(44–48). Several pieces of literature provide evidence to support
the role of inflammation in impairing muscle homeostasis with
a consequent loss of skeletal muscle (49–51). We have also
shown that a negative energy balance (hypocaloric nutrition)
during 2 weeks of BR leads to a greatest wasting of LBM by
increasing protein catabolism in the postabsorptive period and
by impairing postprandial anabolic utilization of free amino
acids (43).

Muscle atrophy depends on an imbalance between muscle
protein synthesis and breakdown. It has been suggested that
disuse atrophy in humans is caused mainly by a decreased basal
protein synthesis, with no changes in protein degradation, at
least in the early stages of BR or immobilization (52–54). In
fact, the rate of basal protein synthesis declines immediately
after unloading and stays at a suppressed level for the duration

FIGURE 1

Effects of high protein-BCAA diet on lean body mass (LBM)
during the first 15 days and during entire bed rest (BR) period of
60 days. All data were expressed as means ± SD. Individual data
are additionally shown. All data were analyzed by
repeated-measures ANCOVA with time (BR 1–15 days or BR
1–60 days) and diet (conventional or high protein-BCAA diet) as
the two factors. BR effect, p < 0.001; BR × diet interaction,
p = 0.036. Post hoc analysis was performed by using
Mann-Whitney test with Bonferroni’s adjustment. ∗p < 0.05,
high protein-BCAA vs. normal protein (conventional diet); SD,
standard deviation.

of the disuse (52–59). The most important role in the loss
of muscle mass during a period of disuse has been explained
elsewhere (60, 61) as a decline in both post-absorptive and
postprandial muscle protein synthesis rates. This response now
called anabolic resistance, is a state of diminished muscle protein
synthesis, despite provision of an adequate amount of essential
amino acids to elicit an appropriate synthesis response (54,
60–66). In addition, during limb immobilization and BR, a
decreased post-absorptive muscle protein synthesis has been
reported (55, 60, 62, 67, 68).

In our study, we speculated that the beneficial effect of a
high protein-BCAA diet on LBM in the early phase of BR was
due to leucine supplementation while maintaining an adequate
intake of protein and of the other BCAAs, valine and isoleucine.
In fact, several studies have shown that leucine, considered a
strong stimulator of protein synthesis (30, 69, 70), has anabolic
effects on protein metabolism by increasing the rate of protein
synthesis and by decreasing the rate of protein degradation in
resting human muscle (26, 30, 35, 71–73). On one hand, leucine
increases muscle protein synthesis by modulating the activation
of mTOR signaling pathway (25, 74, 75), on the other it reduces
protein degradation by regulating autophagy through the acetyl-
coenzyme on mTOR complex 1 and by diminishing oxidative
stress (76, 77).

In the current study, we have demonstrated that an anti-
catabolic action of the high protein-BCAA diet ceases after
15 days (Figure 1). In agreement with our study, English et al.
have demonstrated that a diet with leucine supplementation
(0.06 g/kg per meal) protected against muscle loss after 7-
day BR but not after 14 days in middle-aged males; showing
that the beneficial effects of leucine supplementation may not
be maintained through a prolonged muscle disuse (78). It
is not clear why the anabolic action on protein metabolism
by chronic leucine supplementation, is not maintained for
prolonged periods, despite its powerful effect on acute muscle
protein synthesis.

Among several potential mechanisms, including a leucine
“desynchronization effect” (63) one possibility is that beyond
a certain level, excess of leucine may stimulate key enzymes in
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TABLE 3 Nitrogen (N) intake, loss and balance.

AMB BR
1–15 days

BR
16–31 days

BR
32–43 days

BR
44–60 days

p
BR effect

p
BR × diet

N intake Conventional diet 241 ± 17 234 ± 20 239 ± 20 240 ± 17 233 ± 11 <0.001 < 0.001

High protein-BCAA diet 268 ± 31 359 ± 23* 370 ± 20* 373 ± 20* 363 ± 23*

N loss Conventional diet 276 ± 43 329 ± 19 327 ± 15 321 ± 16 322 ± 24 <0.001 < 0.001

High protein-BCAA diet 309 ± 38 416 ± 30* 427 ± 21* 441 ± 21* 421 ± 28*

N balance Conventional diet –35 ± 44 –95 ± 14 –88 ± 17 –81 ± 17 –89 ± 15 <0.001 0.01

High protein-BCAA diet –41 ± 44 –57 ± 19* –56 ± 27 –68 ± 30 –58 ± 28

AMB, ambulatory; BR, bed rest. Units are mg N × kg LBM−1
× d−1 . All data were expressed as means ± SD. Values of N balance were not significantly different from zero (p > 0.15) in

AMB conditions but were significantly negative (p < 0.01) in all BR conditions (paired t-test with Bonferroni’s adjustment). All data were analyzed by repeated-measures ANCOVA with
time (AMB or BR days) and diet (conventional or high protein-BCAA diet) as the two factors using AMB values as covariates. Post hoc analysis was performed by using unpaired t-test
with Bonferroni’s adjustment. *p < 0.05, high protein-BCAA vs. conventional diet. LBM, lean body mass; SD, standard deviation.

BCAA catabolism (i.e., BCAA aminotransferase and branched-
chain alpha-keto acid dehydrogenase) thus increasing the
oxidation of serum leucine (79, 80). Moreover, a surplus in
leucine intake can decrease the plasma concentration of the
other EAAs, an effect called BCAA antagonism (81–83). Further
investigations are needed to confirm the “desynchronization
effect” hypothesis. During immobilization/BR or aging, another
important mechanism explaining a reduced muscle protein
synthesis, and subsequent smaller increases in lean mass in
response to protein feeding, may be due to a decreased
amino acid transporter expression. Among them, the large
neutral amino acid transporter 1 (LAT1), which preferentially
transports leucine and the other BCAAs into the cells, together
with the sodium-coupled neutral amino acid transporter
2 (SNAT2), have been shown to activate mTOR signaling
(84). In physiological condition, these important amino acid
transporters (LAT1 and SNAT2) are sensitive to changes in
nutrient status and are associated with activation of mTOR
signaling and muscle protein synthesis (85). In fact, mRNA
expression and protein content of LAT1 and SNAT2 are
increased by EAAs and resistance exercise (86, 87). However,
Drummond et al. also found that the EAA-induced increase
in LAT1 and SNAT2 proteins was abolished by 7 days
of BR (88). Therefore, we hypothesized that the loss of
effectiveness of the high protein-BCAA diet could be associated
with a decreased muscle protein synthesis by a mechanism
involving reduced mTOR signaling pathway, and amino acid
transporter expression, thus causing a “desynchronization
effect” of leucine in the first 15 days of inactivity. Taken together,
these findings suggest limited effect of increasing protein
supplementation with EAAs, leucine or BCAAs in offsetting
muscle loss in states of long-term BR or leg immobilization,
as disuse models.

N balance has been traditionally used to estimate whole
body protein balance in response to nutritional interventions
(41). In this study, we have shown a consistency of the results
obtained every 15 days with DXA scan measurements with
those obtained with daily monitoring of the N balance. In order
to compare N balance and DXA results, the average daily N
balance values were calculated in the time intervals between

consecutive LBM measurements. Results of N balance were
consistent with those of DXA. During the first 15 days of BR, as
compared with the conventional diet group, the high protein-
BCAA group exhibited 42% lower LBM loss and 2.5 times
greater N balance. During the remaining part of the study, no
significant differences were observed between the two groups
in both lean mass loss and N balance. Koyama et al. have
previously compared changes in lean tissue mass measured by
DXA with N balance studies in obese women, studied over two
periods of treatment with a very low-energy diet (89). There
was a moderate correlation between the changes in lean mass
measured by the two methods (r = 0.40, p < 0.05) (89).

Limitations of our study are that only women were
investigated and that sample size for each group was small
(n = 8 per group, conventional vs. high protein-BCAA diets).
Therefore, further studies should have a cross design and
include larger sample sizes to investigate if there is a difference
between sex that could affect the potential ergogenic benefit
provided by leucine supplementation during BR. The results
of the WISE—2005 study in women, were compared to those
derived from many studies on long-term BR (55 days and
more) in males (90–95). This is important to evaluate any
sex differences in muscle atrophy and in the effectiveness
of countermeasures. In a recent review, Gao and Chilibeck
examined the results of previous nutritional interventions
during BR for prevention of muscle loss (96). Findings were
mixed, among the 11 protein/amino acid supplementation
studies included in the review, 4 failed to find any beneficial
effects on muscle mass (96). These discrepancies have been
attributed to differences in dietary protein quantity and quality
(96). Therefore, the difference between diet groups in our study
may be due to differences in leucine content or in protein intake
between groups (1.1 g·kg−1

·day−1 vs. 1.45 g·kg−1
·day−1).

In fact, we believe that the apparent heterogeneity between
studies (especially in short-term BR) could be the consequence
of differences in the diet composition (quantity of protein),
experimental models (i.e., leg immobilization vs. bed rest) and
bed rest duration rather that to sex-related factors and age
(Table 4) (38, 41, 78, 97–106). In addition, as referred by Stein
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TABLE 4 Effects of amino acid and protein supplements on muscle mass and function in different models of muscle unloading in healthy
volunteers of different ages and sex.

References Subjects Nutritional intervention Muscle unloading Time Results Outcomea

Kilroe et al. (97) Young males High-protein intake, 1.6 g/kg/day Leg immobilization 3 days No effects on muscle mass (MRI)
and protein synthesis (stable
isotopes)

–

Dirks et al. (98) Older males Protein supplement, 40 g/day Leg immobilization 5 days No effects on muscle mass (CT)
and strength

–

Backx et al. (99) Young males Leucine supplement, 7.5 g/day Leg immobilization 7 days No effects on muscle mass (CT)
and strength

–

Edwards et al.
(100)

Young males Leucine supplement, 7 g/day Leg immobilization 7 days No effects on muscle mass
(DXA), strength and protein
synthesis (stable isotopes)

–

Holloway et al.
(101)

Young males Essential AA supplement,
70 g/day (BCAA 24 g/day, 50%
leucine)

Leg immobilization 7 days Preservation of muscle mass
(MRI). No effects on muscle
strength

+

Reidy et al.
(102)

Older adults Protein supplement, 17 g;
neuromuscular electrical
stimulation

Bed rest 5 days Preservation of muscle mass
(DXA); no effects on muscle
strength

+

Stein et al. (41) Young males BCAA supplement, 12 g/day
(33% leucine)

Bed rest 6 days Preservation of nitrogen balance +

English et al.
(78)

Middle-aged male
adults

Leucine supplement, 13 g/day Bed rest 7 days Preservation of muscle mass
(DXA)

+

Arentson-Lantz
et al. (103)

Older men and women Leucine supplement, 15 g/day Bed rest 7 days Preservation of muscle mass
(DXA); no effects on muscle
strength

+

Present study Young females High-protein-BCAA intake,
1.6 g/kg/day (BCAA 22 g/day,
50% leucine)

Bed rest 7 days Preservation of muscle mass
(DXA) and of nitrogen balance

+

Deutz et al.
(104)

Older men and women β-hydroxy-β-methylbutyrate
supplement, 3 g/day

Bed rest 10 days Preservation of muscle mass
(DXA)

+

English et al.
(78)

Middle-aged male
adults

Leucine, 13 g/day Bed rest 14 days No effects on muscle mass (DXA) –

Rudwill et al.
(105)

Young males High-protein intake, 1.8 g/kg/day
(33% whey protein)

Bed rest 21 days No effects on muscle mass (DXA) –

Present study Young females High-protein-BCAA intake,
1.6 g/kg/day (BCAA 22 g/day,
50% leucine)

Bed rest 60 days No effects on muscle mass (DXA)
or nitrogen balance

–

Owen et al.
(106)

Young males High-protein intake, 1.8 g/kg/day
(33% whey protein); resistive
vibration exercise

Bed rest 21 days Preservation of muscle mass
(MRI)

+

Dorfman et al.
(38)

Young females High-protein-BCAA intake,
1.6 g/kg/day (BCAA 22 g/day,
50% leucine)

Bed rest 60 days Preservation of myocardial mass
(MRI)

+

This table reports selected studies describing the effects of protein and amino acid supplements on muscle mass and function in experimental models of muscle inactivity, in young and
elderly male and female subjects. The various experimental models of physical inactivity are not physiologically equivalent. Unilateral immobilization of the lower limb is associated to
complete mechanical unloading of the affected muscles. In contrast, bedridden subjects maintain residual movement and muscle contraction while they are carrying out all the daily
activities lying in bed. Previous observations clearly demonstrate that the anabolic effects of proteins and amino acids on muscle mass and function are directly proportional to the level of
contractile activity (59, 66). It is therefore predictable that the anabolic action of amino acid and protein supplements is reduced in conditions of complete muscle unloading as in the leg
immobilization model. The amino acid leucine has a particular direct effect of stimulating muscle protein synthesis compared to other amino acids (30). However, the activation of protein
synthesis requires in addition the presence of all amino acids in optimal proportions. The administration of leucine causes the induction of the branched-chain α-ketoacid dehydrogenase
enzyme, which irreversibly catabolizes all three BCAAs (79, 80). An excess of leucine can therefore determine a relative reduction of the other BCAAs, valine and isoleucine, resulting in a
lack of stimulation of protein synthesis. The optimal action of a leucine supplementation is achieved when it is administered in addition to the other BCAAs and in combination with an
adequate protein/amino acid intake (65, 83). These considerations may explain the muscle mass saving effect obtained during 7 days of leg immobilization by administering high doses of
leucine in combination with the other essential amino acids including the other BCCAs. In contrast to leg immobilization studies, short-term bed rest (BR) studies (i.e., 5–10 days), which
also include our present observation, consistently demonstrate a muscle-sparing effect associated with leucine, BCAA, β-hydroxy-β-methylbutyrate (a leucine metabolite) or protein
supplementation. In contrast, leucine, BCAA, or protein supplementation was not associated with skeletal muscle-saving effects in middle- (i.e., 14–21 days) or long-term (i.e., 60 days)
BR studies. Except for the conditions in which the nutritional supplement were associated with resistive vibration exercise or with the myocardium contractile activity. The effects of
leucine, amino acid and protein supplementation on muscle mass during muscle unloading do not appear to depend on age and sex. AA, amino acids; BCAA, branched-chain amino
acids; MRI, magnetic resonance imaging; CT, computed tomography; a , + outcome: preservation of muscle mass and/or nitrogen balance; –outcome: no effects on muscle mass and/or
nitrogen balance.
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and Blanc, baseline protein intake was different between studies
failing to report a beneficial effect and those finding a positive
effect (107).

From the results of our study, it can be assumed that it
is useful to administer a high-protein diet with BCAAs in
the short-term BR, such as in acute illness of short duration,
whereas in long-lasting pathological conditions, this nutritional
approach appears useless. Nevertheless, a limitation of this study
is that it has been carried out in healthy participants free of
medical conditions that may exacerbate muscle loss. Prolonged
immobility is harmful with rapid reductions in muscle mass,
bone mineral density and impairment in other body systems.
These effects are further exacerbated in individuals with critical
illness. From the results of our study, we believe that if BR is
absolutely recommended, as clinical intervention for a variety
of health problems, a high-protein diet strategy could be helpful
in mitigating short-term disuse muscle atrophy.
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Personalized dietary advices
provided by a dietitian increase
calcium intake in outpatients
with multiple sclerosis—Results
from a randomized, controlled,
single-blind trial
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Giovanni Castelnovo1, Dimitri Renard1, Pauline Privat2,
Elodie Santamaria2, Virginie Vallayer2, Sandrine Alonso3,
Thierry Chevallier3, Candice Bancal4,
Sabine Laurent-Chabalier3 and Eric Thouvenot1,5*
1Department of Neurology, CHU Nîmes, University of Montpellier, Montpellier, France, 2Unité
Transversale de Nutrition Clinique, CHU Nîmes, University of Montpellier, Montpellier, France,
3Department of Biostatistics, Clinical Epidemiology, Public Health and Innovation in Methodology,
CHU Nîmes, University of Montpellier, Montpellier, France, 4Laboratory of Biochemistry
and Molecular Biology, CHU Nîmes, University of Montpellier, Montpellier, France, 5The Institute
of Functional Genomics, University of Montpellier, CNRS, INSERM, Montpellier, France

Background and aims: Multiple sclerosis (MS) is associated with osteoporosis,

possibly due to neurological disability and decreased calcium intake. The

objective of this study was to evaluate the efficacy of a personalized nutritional

advice program by a dietitian compared to the delivery of a standard advice

form to optimize dietary calcium intake in outpatients with MS.

Methods: We performed a randomized, controlled, parallel trial comparing

the efficacy of a personalized dietary advice (PDA) program to standard

advice form (SAF) to increase daily calcium intake in MS patients. The study

population was composed by patients with relapsing-remitting MS aged

18–69 years old. PDA program consisted in dietary advice delivered by a

dietitian at baseline, 1 month, and 3 months. Calcium and nutrient intake

in patients from both groups was evaluated at baseline and 6 months using

a dietary survey.

Results: Of the 194 patients screened for inclusion, 182 patients were

included (79% female, median age of 42 years, and median EDSS of 2.0),

and randomized to SAF (n = 92) or PDA (n = 90). At 6 months, median

calcium intake increased by 241 mg/day in the PDA group and decreased by

120 mg/day in the SAF group (p < 0.0001). However, the median calcium

intake was 947 mg/day in the SAF group and 778 mg/day in the PDA group

at baseline (p = 0.0077), potentially favoring the effect of dietary advice.

Complementary analyses focusing on patients with insufficient calcium
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intakes at baseline revealed comparable values in both groups (p = 0.69).

Of those, patients included in the PDA group obtained significantly higher

calcium intakes at 6 months than patients from the SAF group (p = 0.0086)

independently of EDSS, PASAT, HADS and EQ-5D scores.

Conclusion: This work shows the efficacy of dietary management based

on personalized advice program over 3 months to durably increase calcium

consumption in MS patients with insufficient calcium intake.

Clinical trial registration: clinicaltrials.gov, identifier NCT02664623.

KEYWORDS

calcium intake, dietary advice, multiple sclerosis, coaching/accompaniment,
personalized medicine

Introduction

Calcium is an essential nutrient playing a key role in skeletal
mineralization, as well as a wide range of biologic functions (1).
Prolonged insufficient calcium intake promotes the occurrence
of osteoporosis or worsens ongoing osteoporosis, resulting in
decreased bone mineral density (BMD) and disruption of bone
micro-architecture, consequently increasing bone fragility and
predisposing to a higher risk of bone fractures, most often of
the wrist, vertebrae and femoral neck (2, 3). Osteoporosis can be
prevented by adequate calcium and vitamin D intake (4, 5).

Multiple sclerosis (MS), a chronic, auto-immune,
demyelinating disease of the central nervous system affecting
mainly young women, is a multifactorial disease that appears
to be influenced by genetic and environmental factors (6).
MS is the leading non-traumatic cause of acquired severe
disability in young patients (7). MS patients have a greater
risk of osteoporosis than the general population as low BMD
appears to occur in the early-stage of the disease (8–11),
attributed to neurological disability, specific treatments,
concomitant use of corticosteroids and lack of exposure to
sunlight (25-hydroxyvitamin D—25OHD—deficiency). In
addition, patients diagnosed with an auto-immune disease
such as MS often choose to follow a gluten-free diet and
reduce or avoid consuming dairy products, as these diets
have been suggested to improve disease outcomes (12–15).
In fact, the low-saturated fat (e.g., the so-called Swank diet)

Abbreviations: ANSES, Agence nationale de sécurité sanitaire de
l’alimentation, de l’environnement et du travail; BMD, bone mineral
density; BMI, body mass index; CIQUAL, French Information Center
on Food Quality; EDSS, Expanded Disability Status Scale; FDR, false
discovery rate; GRIO, Groupe de Recherche et d’Information sur
les Ostéoporoses; HADS, Hospital Anxiety and Depression Scale
questionnaire; HEL, high education level; IQR, interquartile range; LEL,
low education level; MS, multiple sclerosis; PDA, personalized dietary
advice; PASAT, Paced Auditory Serial Addition Test; PNNS, Programme
National Nutrition Santé; RDA, recommended dietary allowance; RRMS,
recurrent remittent multiple sclerosis; SAF, standard advice form.

and Paleolithic diets have shown promise for MS symptoms,
although inadequate calcium and vitamin D intake have been
observed due to the restriction of specific foods (16, 17). Milk
and dairy products on average provide 50–60% of daily calcium
intake, so should be replaced by other calcium rich elements
like certain mineral waters, canned fish such as sardines, and
fruit and vegetables rich diet (18). With a regular dietary
survey, an exogenous supplementation can compensate the
calcium deficiency to reach the recommended dietary allowance
(RDA) of calcium (18). MS is also associated with malnutrition
in advanced disease stages because of increasing motor and
cognitive disability that should be detected and treated (19, 20).
Doing so, it is important to consider multiple factors like age,
sex and education level that are known to influence diet quality
and health behavior patterns (21–23).

We hypothesized that a dietitian, by proposing appropriate
nutritional strategy, would contribute to optimize calcium
intake in MS patients. We designed a randomized controlled
trial in MS patients comparing the efficacy of a personalized
dietary advice (PDA) program to standard advice form (SAF) to
modify patient behavior and thus improve calcium intake. We
also analyzed the impact of different conditions associated with
MS (disability, cognitive status, anxiety, depression and quality
of life) on these interventions.

Materials and methods

Study design and participants

This study was a randomized, controlled, single-blinded,
parallel trial. The study population consisted of MS outpatients
with Expanded Disability Status Scale (EDSS) score <6.5
followed in the departments of Neurology of Alès Hospital
and University Hospital of Nîmes. Eligible patients were aged
between 18 and 70 years with confirmed RRMS, without
previous dietary consultation for calcium intake. Patients
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were excluded if they were unable to complete the self-
questionnaire, if we identified at screening that they had
vitamin D deficiency related to a history of progressive gastro-
intestinal or systemic disorder, moderate renal impairment
(creatinine clearance <60 ml/min) or if they were vulnerable
to hypercalcemia (e.g., history of cardiac arrhythmia or disease,
renal lithiasis, or undergoing treatment with digitalis drug
products). Patients meeting the inclusion criteria were contacted
by phone within 30 days before the next follow-up consultation
by the neurologist to determine if they were interested in
participating in the study conducted following their next
neurology consultation. Interested patients were sent the study
information leaflet and a dietary diary to complete by post. The
study dietitian called the patient within 10 days prior to the visit
to verify that the documents had been received and explained
how to complete the dietary diary. All patients assessed in the
study signed the consent form.

This study was conducted in compliance with law
no. 2004-806 of 9 August 2004 relating to public health
policy and to its application decisions, the declaration of
Helsinki and Good Clinical Practice. The study received ethics
approval by the French national agency for the safety of
medicines and health products (ANSM) and by National
Persons Protection Committee (CPP) Sud Méditerranée III
(# 2015.11.01 ter) and was prospectively registered on
clinicaltrials.gov (NCT02664623).

Intervention

All patients were included by a neurologist during the
neurology visit and randomized into two groups: personalized
dietary advice (PDA) and standard advice form (SAF). They next
attended a dietitian interview during which calcium, nutrient
and energy intakes were evaluated over the last three days,
coupled with an evaluation of food consumption habits (gluten
free, lactose free, vegetarian, and other specific diets). These
interviews were conducted according to the recommendations
of the French Association of Dietitians Nutritionists (AFDN)
(24). The patient’s meals of the last three days were entered
into a survey calculation software (DATAMEAL) allowing
the calculation of calcium and others nutrients intakes based
on CIQUAL database (database from the ANSES website
Agence Nationale de Sécurité Sanitaire de l’Alimentation, de
l’Environnement et du Travail (ANSES), Ciqual (Table de
composition nutritionnelle des aliments) (25). In the Ciqual
database, energy, macronutrients (proteins, carbohydrates,
lipids) and micronutrients (vitamins and minerals), among
others, are indicated per 100g of food. The average intake was
calculated over these 3 days and considered for the study.
Then, all patients were delivered an advice form from GRIO
(Groupe de Recherche et d’Information sur les Ostéoporoses)
(26). This learned society, created 30 years ago by physicians

and rehabilitation specialists, aims at educating care givers,
informing the public and promoting research on medical bone
pathologies, particularly osteoporosis. This document provided
information to patients in both groups on how to improve
calcium intakes. The GRIO form is a two-page document in
French, indicating the optimal target for daily calcium intake
and provides information on the calcium content of different
food groups such as fruits, vegetables, calcium-rich mineral
waters and other protein-rich foods (Supplementary Figure 1).

Patients randomized to the PDA group had an additional
personalized interview at baseline with the dietitian lasting at
least 20 min, to propose a healthcare plan with negotiated
objectives appropriate for the patient’s situation, optimizing
calcium intake and limiting risk of fractures. They aimed at
optimizing calcium intake by increasing the consumption of
calcium-rich foods compatible with the patient’s dietary profile
(choice of dairy products, fatty fish such as sardines, calcium-
rich mineral waters, vegetables, oleaginous fruits) and at limiting
the risk of osteoporotic fractures (balanced diet sufficiently
rich in proteins and adapted physical activity, limitation of
overweight, etc.). They also attended two other consultations
with the study dietitian at 1 and 3 months to enhance
the motivational levers concerning the nutritional changes
recommended at baseline. At this stage of the patient’s care, the
qualitative evaluation of calcium intake (survey of consumption
frequencies, not quantified) provided the professional with
information on the implementation of the proposed advice, on
the obstacles encountered and possible adjustments. Nutritional
coaching were dedicated to refinement of calcium objectives,
readjustment of calcium intake and reduction of osteoporosis
risk factors (vitamin D deficiency, insufficient physical activity,
low BMI, smoking, etc.). At the end of the M1 or M3 visits,
patients from the PDA group received again the GRIO form
annotated with personalized and readjusted advice. The same
dietitian followed the patient in the PDA group during this study
at baseline, M1 and M3, in order to reproduce the personalized
educational management scheme.

Patients from both groups had a further neurology and
dietitian consultation at 6 months with another dietitian blinded
from randomization to evaluate calcium intake based on
CIQUAL data using the same procedure that at baseline.

Objectives

The primary objective of this study was to evaluate the
change in calcium intake (mg/day) at 6 months from baseline
between PDA and SAF groups, evaluated by a dietary survey.

The secondary objectives of the study were to examine
the effect of PDA approach on 25OHD levels and to correlate
these to calcium intake. We also evaluated the impact of MS
conditions (disability, cognitive status, anxiety, depression and
quality of life) on the efficacy of the interventions and the impact
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of diet modifications after MS diagnosis on calcium intake at
baseline, as an indirect effect of the disease.

Sample size

To determine the sample size, we relied on results of
previous studies (27, 28). One study described a 12% increase in
calcium intake 1 month after a therapeutic education program
including a dietary consultation (27). We hypothesized that the
increase would be higher in the PDA arm, approximately 20%

at 3 months after three consultations with a dietitian. Based
on another study, we assumed a baseline calcium intake of
917 ± 271 mg/day (28). So, hypothesizing a 5% increase in the
SAF group (963 mg/day after the intervention, i.e., +27 mg/day)
and 20% in the PDA group (1,100 mg/day after intervention,
i.e., +183 mg/day), 82 patients per group were calculated to be
necessary to demonstrate this difference with a power of 90%
and a type 1 error alpha of 5%. Anticipating 10% unevaluable
data, 91 patients would be needed per group for a total of 182
patients (the common standard deviation of the difference has
been set at 271).

FIGURE 1

Study flow chart.
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Stratification

Calcium recommended dietary allowances (RDA) by the
ANSES in 2016 (ANSES 2016) were 1200 mg/day for men
over 65 years old and postmenopausal women aged over
51 years old, and 900 mg/day for other adults (29). We defined
three classes of patients according to these recommendations

(Supplementary Table 1): (1) the InfraRDA for patients with
insufficient daily calcium intake (<900 mg/day for men
>65 years and postmenopausal women >51 years and <750
mg/day for other patients); (2) the SubOptiRDA for patients
whose calcium intake is close to the recommendation (between
900 and 1,200 mg/day for men >65 years and postmenopausal
women >51 years, and between 750 and 900 mg/day for other

TABLE 1 Baseline characteristics.

Variable Total
(n = 182)

SAF (n = 92) PDA (n = 90) P-value

Sex, male/female 182 39 (21.4%)/143 (78.6%) 92 18 (19.6%)/74 (80.4%) 90 21 (23.3%)/69 (76.7%) 0.5356a

Education level,
(LEL/HEL)

180 69 (38.3%)/111 (61.7%) 90 36 (40%)/54 (60%) 90 33 (36.7%)/57 (63.3%) 0.6456a

Age, years 182 42 [34; 49] 92 39.5 [33; 46.5] 90 43 [34; 53] 0.0351b

Weight, kg 167 65 [57; 79] 86 66.5 [58; 82] 81 65 [56; 78] 0.3801b

Height, cm 180 166 [160.5; 173] 91 166 [162; 173] 89 167 [160; 173] 0.7203b

BMI, kg/m2 167 23.2 [20.8; 28.7] 86 23.4 [21.3; 28.7] 81 22.9 [20.7; 28.5] 0.6253b

Calcium intake, mg 170 865.5 [612; 1095] 88 948 [764.5; 1149.5] 82 772 [579; 941] 0.0027b

Proteins, g 170 73 [58; 93] 88 76 [62.5; 100] 82 67.5 [57; 89] 0.0231b

Lipids, g 170 74.5 [57; 98] 88 78 [61; 110] 82 72.5 [55; 91] 0.1081b

Carbohydrates, g 170 181 [134; 240] 88 179.5 [137; 245.5] 82 182.5 [131; 222] 0.8275b

Energy, kCa 170 1767 [1411; 2191] 88 1827.5 [1448.5; 2255.5] 82 1744.5 [1349; 2049] 0.1764b

Vitamin D (µg) 170 2.0 [1.3; 3] 88 2.0 [1.5; 3.8] 82 2.0 [1.1; 2.4] 0.0100b

25OHD (nmol/L) 172 62 [45; 90] 86 60 [41; 87] 87 64 [47; 95] 0.3497b

PASAT score 152 39 [30.5; 49] 78 38.5 [31; 49] 74 39 [29; 46] 0.8453b

EDSS score 181 2.0 [1; 4] 92 1.5 [1; 4] 89 2.0 [1; 4] 0.3929b

MS duration (years) 182 6 [3;14] 92 5 [2; 12] 90 7 [4; 16] 0.0176b

SAF, standard advice form approach; PDA, personalized dietary advice approach; LEL, low education level; HEL, high education level; PASAT, Paced Auditory Serial Addition Test; EDSS,
Expanded Disability Status Scale.
Data presented as number (%) or median [q1;q3]. P-values in bold denote significant differences.
aStatistical significance between groups was calculated by Chi-square test.
bStatistical significance between groups was calculated by Wilcoxon–Mann–Whitney test.

TABLE 2 Calcium intake of total and stratified baseline population in PDA and SAF groups and evolution of calcium intake at 6 months
in each subgroup.

Baseline At 6 months

SAF PDA P-value SAF PDA P-value

Total population 69 947
[760; 1,150]

70 778
[583; 941]

0.0077 69 816
[617; 1,023]

70 1,016.5
[822; 1,391]

0.0004

InfraRDA 17 578
[494; 668]

35 583
[497; 650]

0.6909 17 617
[525; 704]

35 939
[791; 1,067]

0.0086

SubOptiRDA 16 837.5
[790; 896.5]

10 812
[790; 844]

0.4363 16 817.5
[680.5; 946]

10 932.5
[787; 1,218]

0.227

SupraRDA 36 1,149.5
[1,027; 1,431.5]

25 1,169
[940; 1,340]

0.5165 36 945
[753.5; 1,068]

25 1,283
[1,059; 1,765]

0.0007

Daily calcium intake is presented as median [q1; q3]. P-values in bold denote significant differences.
Statistical significance between groups was calculated by Wilcoxon–Mann–Whitney test.
SAF, standard advice form approach; PDA, personalized dietary advice approach; InfraRDA, baseline patients with insufficient daily calcium intake (<900 mg/day for men 65+ years
old and postmenopausal women 51+ years old and <750 mg/day for others); SubOptiRDA, baseline patients whose calcium intake is close to the recommendation (900–1,200 mg/day
for men 65+ years old and postmenopausal women 51+ years old, and 750–900 mg/day for others); SupraRDA, baseline patients with a calcium intake above the recommendations
(>1,200 mg/day for men 65+ years old and postmenopausal women 51+ years old with a daily calcium intake and >900 mg/day for others).
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patients); (3) the SupraRDA for patients with a calcium intake
above the recommendations (>1,200 mg/day for men >65 years
and postmenopausal women >51 years and >900 mg/day for

other patients). According to this classification, we first stratified
baseline population for analysis of calcium intake change over
6 months. At 6 months, patients were classified again to examine

FIGURE 2

Evolution over 6 months of patients’ daily intakes. (A) Calcium, (B) proteins, (C) lipids, (D) vitamin D, (E) energy, and (F) level of serum 25OHD in
SAF and PDA groups. Means are shown as horizontal bars. Statistical significance was determined using the Wilcoxon–Mann–Whitney test.
*p < 0.05, ***p < 0.001, ****p < 0.0001.
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TABLE 3 Daily calcium intake evolution over 6 months in
PDA and SAF groups.

Calcium intake evolution at 6 months

SAF PDA

Group N Median
IQR[q1;q3]

N Median
IQR[q1;q3]

P-value

Total population 69 −120
[−257; 42]

70 241.5
[7; 629]

<0.0001

InfraRDA 17 66
[−45; 251]

35 358
[172; 631]

0.0082

SubOptiRDA 16 −78
[−144.5; 108.5]

10 120.5
[−84; 436]

0.1389

SupraRDA 36 −232
[−513.5; −140]

25 124
[−92; 540]

0.0004

Data presented as median [q1; q3]. P-values in bold denote significant differences.
Statistical significance between groups was calculated by Wilcoxon–Mann–Whitney test.
SAF, standard advice form approach; PDA, personalized dietary advice approach.

potential class change during follow-up in each intervention
group. As ANSES recommendations (ANSES 2019) changed
during the study (Supplementary Table 1), we also performed
an ancillary analysis using these new recommendations (30).

Randomization and blinding

After checking the eligibility criteria, patients were
randomly assigned (1:1) to PDA group or SAF group according
to a randomization list stratified on the center. This list was
established by an independent statistician of CHU de Nîmes
using specifically designed SAS (Cary, NC, USA) program. Only
this statistician knew the number of subjects by block size of 4
or 6. Random allocation sequence was centralized to an online
application to which recruiting investigators had access via
connection with personal login and password. An independent
dietitian evaluating calcium intake at 6 months was blinded to

group assignment. Blinding was not possible for patient and
study dietitian.

Data collection

During the neurology visit at baseline and 6 months, all
patients underwent neurological disability evaluation according
to the EDSS (31), scoring disability according to eight
systems (bowel and bladder, vision, mental and other) or
functional parameters (pyramidal function, cerebellar function,
sensory function, and brain stem function). Patients’ age, sex
and education level [low education level (LEL) < school
diploma ≤ high Education level (HEL)] were collected at
baseline. Calcium and nutrient intake were evaluated at
baseline and at 6 months by a dietary survey calculated
using the nutritional composition of foods described in the
CIQUAL database (Consulted between 13 July 2016 to 1
January 2020) (25). The Paced Auditory Serial Addition Test
(PASAT) (32) was used to evaluate the ability to process
information, assess cognitive status and measure sustained and
divided attention. The Hospital Anxiety and Depression Scale
questionnaire (HADS) (33) validated in French (34) was used
to assess anxiety and depressive disorders. It contains seven
questions each on anxiety and depression. The final score
classifies anxiety and depression symptoms as follows, 0–7:
normal; 8–10: average; 11–14: moderate; 15–21: severe; and
we considered patients with a score <11 as having no or
low disorder and those with a score ≥11 as having a serious
disorder (moderate or severe). Quality of life was evaluated
by the EQ-5D (35), the total score of the questionnaire is a
utility value calculated in relation to the “France” reference
with the tool available on the EuroQOL website (36). Five
dimensions are measured (mobility, self-sufficiency, routine
activities, pain/discomfort, anxiety/depression), on a 5-point
Likert scale (“no problem” to “extreme problems”). The
responses can be combined in a 5-digit number describing

TABLE 4 Evolution of baseline population distribution in the classes after 6 months (number of patients).

6 months

InfraRDA SubOptiRDA SupraRDA Total

Baseline

SAF

InfraRDA 13 0 4 17

SubOptiRDA 7 6 3 16

SupraRDA 9 8 19 36

Total 29 14 26 69

PDA

InfraRDA 12 8 15 35

SubOptiRDA 2 3 5 10

SupraRDA 1 3 21 25

Total 15 14 41 70

SAF, standard advice form approach; PDA, personalized dietary advice approach.
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the patient’s health status. We chose a cut off at 0.7 (median
score of the study population) and we evaluated patient’s
quality of life as follows: bad < 0.7 ≤ good. Blood samples
from participants were collected at baseline and 6 months.
Circulating levels of 25OHD (concentration in nmol/L) were
determined from EDTA serum samples with the Elecsys vitamin
D total II kit using the cobas e 801 analytical unit (Roche
Diagnostics, USA). This assay reflects vitamin D2 and vitamin
D3 sources, although the majority is vitamin D3 given the
very limited sources of vitamin D2 unless a participant is
taking a vitamin D2 supplement. The laboratory is certified
for French quality standards NF ISO15189 and ISO22870. The

intra-assay precision was 5.8% for low-level (27.28 nmol/L) and
3.1% for medium level (78.95 nmol/L) measures. The inter-assay
precision was 6.56% for low-level measure (27.28 nmol/L) and
5.36% for medium level (78.95 nmol/L). For 2020, the bias (long
term) was 0.2%.

Data analysis

Categorical variables are expressed as counts, percentages,
and continuous variables as medians and interquartile ranges
(IQR) because of their distribution. Baseline characteristic

FIGURE 3

Sankey diagrams showing the interclass evolution of patient according to the ANSES 2016 recommendations. Patients were classified into
InfraRDA, SubOptiRDA or SupraRDA at baseline and 6 months. Interclass evolution during follow-up is depicted in SAF and PDA groups. For
each class, the height of bars corresponds to the number of patients (see Table 4).
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TABLE 5 Daily nutrients intake evolution over 6 months.

Nutrient evolution at
6 months

SAF PDA

Nutrient N

Median
IQR

[q1;q3]
N

Median
IQR

[q1;q3]
P-value

Protein, g/day 69
−9

[−26; 4] 70
8

[−11; 20] 0.0007

Lipids,g/day 69
−15

[−25; 6] 70
5

[−26; 29] 0.0321

Carbohydrates, g/day 69
−13

[−53; 15] 70
−4

[−64; 39] 0.5261

Energy, Kcal/day 69
−258

[−495; 55] 70
30.5

[−413; 427] 0.0277

Vitamin D, µg/day 69
−0.4

[−1; 0] 70
1

[0; 2.7] <0.0001

Serum 25OHD, nmol/L 64
−5

[−18; 12] 69
−8

[−21; 15] 0.6076

Data presented as median change [q1; q3]. P-values in bold denote
significant differences. Statistical significance between groups was calculated
by Wilcoxon–Mann–Whitney test. SAF, standard advice form approach; PDA,
personalized dietary advice approach.

population and calcium intakes between SAF vs. PDA groups
were compared using the chi-square or Fisher’s exact test for
qualitative variables and the Wilcoxon-Mann-Whitney test for
quantitative variables. Spearman r was used for correlation
between calcium intakes and levels of 25OHD. Wilcoxon-
Mann–Whitney test have been used to compare calcium intake
between SAF and PDA subgroups (InfraRDA, subOptiRDA, and
SupraRDA) after stratification. Holm and false discovery rate
(FDR) correction were used for multiple comparisons. Group
effect on 6 months calcium intake was analyzed with adjustment
factors using linear model. Analyses were performed with a
bilateral alpha level of 0.05 using SAS software, version 9.4 (SAS
Institute, Cary, NC, USA).

Results

The flowchart of the study is shown in Figure 1. Out of the
194 patients screened for the study, 182 were recruited between
July 2016 and April 2019. Final follow-up visits were completed
by October 2019. Ninety-two patients were assigned to the
SAF group and 90 to the PDA group. Three patients withdrew
consent, 12 patients were lost to follow-up and 28 patients
did not attend the baseline or the 6 month visit. Altogether,
data from 139 patients who completed the study were analyzed
(n = 69 from the SAF group and n = 70 from the PDA group).
Analysis of serious adverse events during the study showed that
the safety was good as only 10 serious adverse events were
reported and none of them were related to the interventions.

FIGURE 4

Evolution of calcium intake at 6 months in each group,
according to the level of education. LEL, low education level;
HEL, high education level. Means are shown as horizontal bars.
Statistical significance was determined using the
Wilcoxon–Mann–Whitney test. *p < 0.05.

Serious adverse events occurring are related to an independent
medical examination (n = 1, lymph-node biopsy), to surgical
and medical procedures (n = 6, 2 induced abortions, 1 cesarean
procedure for fetal cardiac rhythm disorder at 30 weeks of
amenorrhea, 1 cholecystectomy, 1 sinus surgery by endoscopy, 1
case of botulinum toxin injection for the treatment of overactive
bladder syndrome), to gastro-intestinal disorders (n = 2, 1
subileus and 1 intestinal perforation), or to MS (1 case of vertigo
and nausea attributed to MS) (data not shown).

Baseline characteristics

Baseline demographic and clinical parameters of the entire
population (n = 182) are shown in Table 1. Median age was
42.0, 79% were females, median disease duration was 6 years
and median BMI was 23.2. Evaluation of neurological disability
and cognitive impairment revealed a median EDSS of 2.0 and
a median PASAT of 39.0. Median daily lipid, carbohydrate and
protein intake was 74.5, 181, and 73 g, respectively. Median
daily calcium intake was 865.5 mg, vitamin D consumption
2.0 µg (Table 1), and median serum level of 25OHD was
62 nmol/L. Calcium intake at inclusion was not correlated with
age, disease duration, EDSS, PASAT, and serum levels of 25OHD
(Spearman r = 0.02, −0.04, −0.11, 0.18, and 0.011, respectively).
Five patients (including 4 PDA and 1 SAF patients) reported
calcium supplementation and 33 patients (including 20 PDA
and 13 SAF patients) reported Vitamin D supplementation at
baseline. Despite randomization, baseline calcium intake in the
SAF group was higher (947 mg/day) than in the PDA group
(778 mg/day, p = 0.0077).
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Evolution of calcium intake at
6 months

Over the 6-month follow-up period, 139 participants
were analyzed, 9 patients reported calcium supplementation
(including 6 PDA and 3 SAF patients) and 51 patients (29 PDA
and 22 SAF patients) reported Vitamin D supplementation at
baseline. The median calcium intake for the SAF group was
816 mg vs. 1016.5 mg for the PDA group (p = 0.0004) showing
at 6 months, a significantly greater increase in median calcium
intake in the PDA group (+241 mg/day) than in the SAF
group (−120 mg/day) (p < 0.0001) (Table 2 and Figure 2A).
This significant group effect was confirmed by an analysis with
adjusted linear model on baseline calcium intake (p < 0.0001).
To complete our analysis, we stratified, in each group, the
baseline population according to the recommendations of
ANSES 2016 and focused on InfraRDA patients with insufficient
calcium intake (Supplementary Tables 1, 2). Among the 139
patients who completed the study, 52 patients were InfraRDA
(17 in the SAF group and 35 in the PDA group), 26 patients were
SubOptiRDA (16 in the SAF group and 10 in the PDA group)
and 61 patients were SupraRDA (36 in the SAF group and 25 in
the PDA group) at baseline (Table 3).

Considering only the InfraRDA patients at baseline, there
was no significant difference in the median calcium intake
between the two groups (578 mg/day for SAF and 583 mg/day
for PDA, p = 0.69, Wilcoxon–Mann–Whitney) (Table 2). At
6 months, we observed a median increase of 66 mg of calcium
intake per day in the SAF group and of 358 mg in the
PDA group (p = 0.0082; Wilcoxon Mann–Whitney) (Table 3).
To examine interclass evolution of patients during follow-
up, we reclassified the entire population according to ANSES
2016 recommendations at 6 months. Among the 35 InfraRDA
patients at baseline, only 12 patients (34%) remained in the
InfraRDA class after 6 months of follow-up in the PDA group,
compared to 13 patients of 17 (76%) in SAF group (Table 4
and Figure 3). Moreover, the number of InfraRDA patients
increased in the SAF group (29 vs. 17 patients at baseline) while
the number of SupraRDA patients decreased (26 vs. 36 patients
at baseline). Indeed, 17 out of 36 SupraRDA patients in the SAF
group reduced their calcium intake [9 patients (25%) moved
to the InfraRDA class and 8 (22%) moved to the SubOptiRDA
class] (Table 4 and Figure 3). In the same group, 7 patients in
the SubOptiRDA class (43%) moved to the InfraRDA class at
the end of the follow-up period (Table 4 and Figure 3).

Analysis of calcium intake using the
2019 ANSES guidelines

As the ANSES guidelines changed over the course of
the study (30), data were analyzed considering the new
recommendations (950 mg/day for adults and 1,000 mg/day

for adults under the age of 24 years). We stratified the
study population according to these recommendations
(Supplementary Table 1). The effect of the new classification
produced only minor changes in the distribution of patients
between groups. The results of the analyses of the primary
objective reported similar results, confirming the efficacy of
personalized advice by a dietitian (Supplementary Table 3 and
Supplementary Figure 2).

Evolution of other nutrient intakes and
disease outcomes at 6 months

We also evaluated patient intake of other nutrients between
groups after 6 months (Table 5 and Figures 2B–D). In the PDA
group, proteins, lipids, and vitamin D intakes increased with a
median increase of 8 g/day, 5 g/day, and 1 µg/day, respectively.
In contrast, the median intake of these nutrients decreased in
the SAF group by 9 g/day, 15 g/day, and 0.4 µg/day, respectively
(p = 0.0007, p = 0.032, and p < 0.001, respectively). The nutrient
increase in the PDA group was associated with global increase in
energy intake (+30.5 Kcal/day), and nutrient intake decrease in
the SAF group was associated with a strong decrease in energy
intake (−258 Kcal/day) (p = 0.0277) (Table 5 and Figure 2E).
No difference was observed for 25OHD levels between groups
at 6 months (Table 5 and Figure 2F). No influence of the
intervention was observed on MS outcomes (PASAT, EDSS,
HADS, EQ-5D) (data not shown).

Disease effects on calcium intake

Because MS is associated with cognitive disorders,
neurological disability, altered quality of life and mood
disorders that may affect the understanding and practical
implementation of dietary recommendations, we analyzed
the effect of these conditions on calcium intake evolution
between groups (Supplementary Table 2). We compared
neurological disability (EDSS score), cognitive status (PASAT),
anxiety (HADS A), depression (HADS D), and quality of life
(EQ-5D) in both groups at baseline and at 6 months. Analysis
of evolution of calcium intake in each group according to these
conditions showed that the efficacy of PDA was still significant
in the population with no or low disability (EDSS ≤ 4) (q-
value = 0.0002) and population with low or high cognitive
status (low < 39 answers < high) (q-value = 0.0002 and 0.0009,
respectively) (Supplementary Table 2). We observed similar
results for anxiety and depression independently of the level of
symptoms (low or serious) and for the quality of life (good or
bad) (Supplementary Table 2).

We also analyzed how changes in diet after MS diagnosis,
as an indirect effect of MS, could affect calcium intake, as
some patients reduce the consumption of dairy products and
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gluten after diagnosis. We observed that 24% of the patients
included in this study changed their eating habits because of
MS diagnosis. Of note, the majority of participant declared
not following any restrictive or specific diet [89.6% (SAF) and
87.8% (PDA)], while very few patients (<3%) declared following
a vegetarian or a gluten free diet in the SAF and in the
PDA groups. However, no difference was observed between the
median calcium intake at inclusion of patients who had not
changed their diet (871 mg/day) and those who had changed
their diet (840 mg/day) (p = 0.8385, Supplementary Table 4).
Interestingly, 34 patients (19%) of patients avoided lactose at
baseline while only one patient avoided lactose at 6 months.

Influence of education level on
calcium intake

We examined the influence of education level on the
evolution of calcium intake after 6 months. Patients in the
PDA group with high education level (HEL) had a greater
median increase of calcium intake after 6 months (373 mg/day)
compared to patients with a low education level (LEL)
(159 mg/day) (p = 0.023, Figure 4), while in the SAF group,
the education level did not affect the evolution of calcium intake
over 6 months (−115.5 mg/day for LEL and −120 mg/day for
HEL, p = 0.87, Figure 4). These results strongly suggest that
education level affects the effectiveness of the PDA approach.

Discussion

In this study, we show that personalized advice by a
dietitian appears to be more effective than the delivery of
written recommendations to increase daily calcium intake in MS
patients. Indeed, MS patients with insufficient calcium intake
(InfraRDA) in the PDA group showed a significant increase
in their calcium intake as compared to those from the SAF
group. This positive effect of personalized dietary management
is confirmed in the SubOptiRDA class in which 50% of patients
moved to the SupraRDA in the PDA group and only 19%
in the SAF group.

In addition, given that low BMI is a risk factor of
osteoporosis, the increase of other nutrients intake and energy
intake in the PDA group could constitute a complementary
beneficial effect of the PDA approach (37). Moreover, efficient
increase in calcium intake based on diet improvement could
minimize the need for calcium supplementation potentially
at risk of lithiasis (38). Here, very few patients used calcium
supplementation and no SAE was observed, especially in the
SupraRDA class in the PDA group, suggesting that increasing
calcium intake by dietary means might be preferable to calcium
supplementation. Interestingly, despite a significant increase
of dietary vitamin D intakes between baseline and 6 months

in the PDA group, our study population had 25OHD levels
below the recommended concentration range of 75–150 nmol/L,
suggesting that vitamin D supplementation might still be
necessary in MS patients to sustain or improve BMD as these
patients show low bone mass, even in early-stage disease (9–
11, 39). In this case, vitamin D supplementation needs to be
controlled as severe calcium deficiency and excessive vitamin D
supplementation may lead to bone density loss and osteoporosis
(39).

Looking at factors influencing the PDA efficacy, we showed
that efficacy was not affected by age, level of disability or
cognitive status, suggesting that this approach would not be
altered by the severity of the disease and may be suitable for
all MS patients. These results may also suggest that PDA could
constitute a more effective approach than SAF in the population
at high risk of osteoporosis.

In our study the median calcium intake of the SAF group
decreased significantly at 6 months compared to inclusion
(p = 0.025), suggesting that the written recommendations may
be misinterpreted by MS patients, leading to a paradoxical
negative effect. This effect could be the consequence of the
disease and/or the GRIO form. MS is associated with cognitive
disorders, neurological disability, altered quality of life and
mood disorders that may affect the understanding and practical
implementation of written dietary recommendations. The
GRIO form only provides information on daily-recommended
calcium intake and calcium content from enriched food and
water. This information seems to be insufficient for MS patients
to change their eating habits and might also explain why
in the SAF group we did not observe an increase of other
nutrients (proteins, lipids, and vitamin D) after 6 months.
Long-term follow-up would be necessary to confirm this
effect.

Our results highlight the importance of a personalized
nutrition advice program as compared to general written
recommendations. Several studies have tested the value of
nutritional programs in increasing calcium intake to prevent
osteoporosis. A study from Beaudoin et al. on 1175 women
compared two nutritional education programs (40). One
program provided written recommendations (WM) and the
other written recommendations and video support explaining
the recommendations in detail (VC). Results showed that in
women over the age of 50 years, the video program was not
more effective than written recommendations alone. Median
calcium intake increased by 91 mg/day in the WM group
and 93mg/day in the VC group, showing the positive effect
of written recommendations in increasing calcium intake in
osteoporotic patients. However, another study (41) involving
80 younger participants (19–29 years) that used a 45-min
slide show at inclusion and then 8 weeks later, showed
that the mean calcium intake of these patients decreased
slightly from 961.3 to 905.0 mg/day, demonstrating the lack
of effectiveness of this approach. In a study conducted by

Frontiers in Nutrition 11 frontiersin.org

302

https://doi.org/10.3389/fnut.2022.919336
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-919336 January 11, 2023 Time: 16:26 # 12

Fiorella et al. 10.3389/fnut.2022.919336

Chan et al., 20 women followed a nutritional educational
program consisting of a nurse delivering personalized advice
accompanied by phone call for follow-up (42). This program
changed the eating habits of participants and significantly
increased their consumption of dairy products, contrary to
the situation for participants receiving no advice. However,
the authors did not analyze the calcium intake of participants.
Finally, a study on Chinese female immigrants in the
United States suffering from severe calcium deficiencies showed
that personalized and interactive nutritional workshops resulted
in a significant increase in calcium intake as compared
to the control group with no dietary intervention (43).
The increase achieved in this study was comparable to
the results obtained in our study (−26.3 mg/day in the
control group vs. +213.2 mg/day in the intervention group),
although these patients remained with insufficient intake despite
changing their diet.

All these studies suggest the effectiveness of personalized
nutritional programs, although less efficiently than in our study.
It is worth noting that the above studies were carried out on
female populations and, although the majority of participants
in our study were women, it also included male individuals (143
women and 39 men).

Other studies have also investigated the impact of dietary
advice in other diseases such as cancer. One study investigated
the effect of individual dietary advice versus protein-enriched
nutritional supplements on nutrition, morbidity and quality of
life in colorectal cancer patients three months after undergoing
radiotherapy, showing that both interventions had beneficial
effects on health during radiotherapy (44). However, only
dietary advice was able to maintain these positive effects three
months after radiotherapy. Similarly, Insering et al. reported
that in cancer patients undergoing radiotherapy, personalized
dietary advice resulted in better nutritional intake than written
and general recommendations (45). These studies therefore
suggest that even in a context of severe disease, the use of
dietary advice is probably more effective by promoting better
collaboration with the patient and appropriate support.

Inadequate diets play a major role in the increasing
prevalence of malnutrition in all its forms and can even become
a risk factor for osteoporosis or other diseases (46, 47). In our
study, 24% of patients reported changing their eating habits due
to MS, but we did not observe any significant difference in their
median calcium intake at baseline as compared to the other
patients of the study, suggesting that diet changes instigated by
these patients did not impact calcium intake.

Education level is a socio-economic factor that influences
dietary pattern. Several studies have shown that unhealthy diets
are observed more often in people of lower socioeconomic
status, based on education level, income level, and type of
occupation (21–23, 48). In our study, the PDA approach was
less effective in patients with low education level than for those
with high education level. This effect could be explained by

the fact that this population is less compliant with nutritional
recommendations or dietary guidelines (22, 48). Longer follow-
up may be necessary to markedly change eating habits in
this population.

Our study has some limitations. Despite randomization,
the difference in basal calcium intake between the study
groups was significant, probably contributing to the negative
effect of SAF on calcium intake evolution in this group.
Although we perform an analysis with adjusted linear model
on baseline calcium intake and a post-hoc analysis based
on the analysis of patients with insufficient or suboptimal
calcium intake at baseline, this cannot replace a stratified
random sampling on baseline calcium intake that would have
been much preferable. In our study, almost one quarter of
patients did not attend all the visits, resulting in a limited
power of statistical analyses. The impact of this factor was
probably limited since these patients were spread equally
between both groups.

Conclusion

This work shows for the first time the importance of the
effect of a three-month dietary management program based
on personalized interviews in improving calcium intakes in
MS patients. Although, long term follow-up coupled to BMD
assessment would be necessary to demonstrate a positive effect
on osteoporosis prevention in MS patient. Early systematic
screening for calcium deficiencies in MS patients seems to be
an interesting and promising approach. The safety of dietary
management appears to be excellent in view of the total
absence of serious adverse events linked to the PDA approach.
In addition, it minimizes drug consumption and the risks
of iatrogenesis. More generally, due to the potential benefits
of nutritional education on the overall health of patients,
dietary management might be proposed to integrate the general
therapeutic education program in these patients.
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Targeted nutritional intervention 
with enhanced recovery after 
surgery for carotid 
endarterectomy: A prospective 
clinical trial
Yu-Qian Li 1†, Xiao-Peng Qu 1†, Li-Wei Peng 1†, Jie-Yuan An 2, 
Xin-Wei Liu 2, Yue Zhang 1, Chao Wang 1, Xue Jiang 1, Li Gao 1, 
Gang Li 1, Da-Li Wang 1, De-Chang Zhao 1, Yan Qu 1* and Bei Liu 1*
1 Department of Neurosurgery, Tangdu Hospital, Airforce Military Medical University, Xi'an, China,  
2 The Third Brigade, Basic Medical Science Academy, Airforce Military Medical University, Xi'an, China

Ischemic stroke is the most common cerebrovascular disease, and vascular 
obstruction is an important cause of this disease. As the main method for the 
management of carotid artery stenosis, carotid endarterectomy (CEA) is an 
effective and preventive treatment measure in ischemic cerebrovascular disease. 
This study aims to propose the application of a new enhanced recovery after 
surgery (ERAS) nutritional support regimen in CEA, which can significantly 
improve the perioperative nutritional status of patients. A total of 74 patients who 
underwent CEA were included and randomly divided into two groups: 39 patients 
received nutritional therapy with the ERAS protocol (ERAS group) and 35 patients 
received routine perioperative nutritional support (control group). Our results 
showed that the levels of major clinical and biochemical parameters (albumin, 
hemoglobin, creatinine, calcium and magnesium levels, etc.) in the ERAS group 
were significantly higher than those in the control group after surgery (p < 0.05). 
Additionally, patients in the ERAS group had dramatically shorter postoperative 
length of stay and reflected higher mean satisfaction at discharge (p < 0.001). 
Moreover, no statistically significant differences were observed in postoperative 
complication rates and Mini-mental State Examination scores at discharge. The 
emergence of this neurosurgical ERAS nutritional support program can effectively 
intervene in perioperative nutritional status, and notably reduce postoperative 
hospital stays.

KEYWORDS

carotid endarterectomy, enhanced recovery after surgery, nutrition, rehabilitation, 
ischemic stroke

Introduction

The causes of ischemic stroke are extremely complex and diverse, and mainly result from 
thromboembolic occlusion of the major cerebral artery or its branches and severe narrowing 
(stenosis) of the carotid artery (1). The two major approaches, neuroprotection and improvement 
of cerebral blood circulation, are used to treat ischemic stroke, the latter of which uses 
thrombolytic drugs or mechanical devices to recanalize occluded vessels (2, 3). Carotid 
endarterectomy (CEA) is a surgical procedure for patients with vascular stenosis or obstruction 
that can remove the carotid intima thickened atherosclerotic plaque to prevent stroke caused by 
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plaque peeling off (4–6). Carotid surgery treatment may reduce the 
risk of stroke and the incidence of cerebral infarction, and effectively 
control postoperative and long-term stroke recurrence and mortality 
(7). However, patients undergoing CEA surgery are often at an 
advanced age and have comorbid organ diseases, along with 
degeneration of body functions and other factors. Therefore, 
postoperative weakness, metabolic disturbance and malnutrition are 
prone to occur after invasive surgery under general anesthesia due to 
the stress response of surgical trauma and postoperative fasting. Based 
on this situation, our research group put forward the application of a 
nutritional protocol for enhanced recovery after surgery 
(ERAS) in CEA.

ERAS refers to the implementation of various effective methods 
in the perioperative period to reduce the complications of patients 
undergoing surgery and speed up the recovery of patients (8, 9). ERAS 
pays attention to reducing the perioperative stress response of surgical 
patients, including physical and psychological stress. Although there 
is no report on the application of ERAS in CEA for nutritional 
support, referring to the clinical application of other disciplines, it is 
expected to potentially improve the nutritional status of patients 
during the perioperative period, enhance the immune function of 
patients, and promote postoperative recovery (10–13).

To the best of our knowledge, the ERAS protocol for CEA, 
especially with regard to its nutrition domain, has not been established. 
Recently, our research group developed a multidisciplinary ERAS 
protocol for CEA based on the best available evidence. The aim of the 
present study was to prospectively propose a novel, multidisciplinary, 
evidence-based, neurosurgical ERAS nutritional protocol for 
CEA. We wished to evaluate the safety and effectiveness of the ERAS 
nutritional regimen, and to expectantly evaluate there was a significant 
postoperative improvement in physical condition and recovery in 
patients compared with those receiving standard care in 
our institution.

Materials and methods

Patient recruitment

This study was carried on between February 2020 and July 2021 
at the Department of Neurosurgery, Tangdu Hospital, Air Force 
Medical University (Xi’an, China) and was registered with the Chinese 
Clinical Trial Registry (ChiCTR2000029570). The randomized control 
trial was approved by the Institutional Human Research and Ethics 
Committee of Tangdu Hospital. All patients were provided with all the 
information concerning the study, including detailed explanations and 
written notifications. Informed and signed consent was obtained from 
all patients to participate and all patients with CEA were screened for 
eligibility. Patients that required emergency surgery, had serious 
consciousness and movement disorders before surgery, required 
emergency surgery pathologically, or who had other confounding 
factors that may affect postoperative recovery (such as paralysis, spinal 
deformity, autoimmune diseases, myocardial infarction, serious 
infection, liver or kidney dysfunction or serious psychological or 
mental diseases) were excluded.

A total of 74 patients who met the selection criteria were 
randomized into either an ERAS group or control group. The selection 
sequence was computer generated and the results were reviewed by a 

statistician, which ensured the objectivity and randomness of the 
experiment. First, 35 patients were placed in the control group and 
received routine perioperative care according to the practice mode of 
the institution. The remaining 39 patients were assigned to the ERAS 
group and received treatment according to new ERAS nutritional 
protocol described in this study. The researchers responsible for the 
follow-up visit and the surgeons were all masked to treatment 
assignment during the study phase of CEA. Through these measures, 
the study was not affected by subjective human factors.

Nutritional risk screening

The screening tool we used was nutritional risk screening 2002 
(NRS 2002), which was proposed by European Society for 
Parenteral and Enteral Nutrition (ESPEN) guidelines on the basis 
of analysis of controlled clinical trials (14–16). A total score greater 
than 3 indicated that the patient was malnourished or at risk of 
nutrition and should avail of nutritional support. If the score was 
0–3, patients only had a slight risk were excluded from the study. 
Their status was reviewed weekly and these patients were received 
no nutritional support.

Nutritional protocol for ERAS and 
conventional care

The nutrition plan for this ERAS was designed for patients 
undergoing CEA, based on concepts from other established plans and 
drawing on extensive and current evidence-based support for 
perioperative nutritional interventions. We have studied traditional 
nutritional support programs and improved them according to the 
specific conditions of individual patient, and creatively proposed a new 
set of ERAS nutritional programs. Briefly, our protocol includes the 
following aspects: (1) preoperative management and assessment, which 
aimed at correcting malnutrition, improving nutritional status and 
optimizing body composition. A nutritional support working group was 
established to cooperate closely with clinicians and support staff from 
the ultrasound, anesthesiology, inpatient and surgical care, and 
nutritional services departments. Patients in the ERAS group abstained 
from solid food for 6 h before surgery, took no more than 400 ml of 
carbohydrates orally 2 h before surgery and had their fasting blood 
glucose and preoperative blood glucose monitored. Meanwhile, for 
malnourished patients, preoperative nutritional support was required. 
The preferred method was enteral nutrition (EN) support 7–10 days 
before surgery, usually with oral nutrition supplementation. However, 
if the patient had an intake disorder, tube feeding was required. (2) 
Intraoperative surgery and anesthesiology management, although not 
the key to the ERAS nutritional program, was a standard intraoperative 
measure and an important prerequisite for ERAS. Firstly, selected the 
appropriate surgical position and approach, and designed a reasonable 
surgical incision. Secondly, ropivacaine was given before surgery for 
subcutaneous local anesthesia (when the operation time > 3 h, anesthesia 
was given again), concomitantly, general anesthesia combined with 
regional nerve block anesthesia was selected, and the systemic 
application of opioids was reduced. Next, it was necessary to strictly 
control arterial blood pressure and maintain the stability of cerebral flow 
during the operation, and monitor end-tidal carbon dioxide to prevent 
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hyperventilation. Finally, optimized the suture of the incision and 
avoided routine drain placement. (3) Postoperative nutritional support: 
patients in the ERAS group were given parenteral nutrition (PN) and 
EN support according to their own gastrointestinal conditions. The 
timing and dose of early postoperative eating or EN were determined 
according to the patient’s gastrointestinal function and tolerance. Liquid 
food was taken 6 h after the operation, after which the patients could 
be  changed to semi-liquid food after the intestinal ventilation was 
restored, and the intake could then be gradually increased according to 
the tolerance of the gastrointestinal tract. During this period, the oral 
administration or tube feeding of EN solution, as the core of ERAS 
nutritional care, played an irreplaceable role in postoperative nutritional 
support. In particular, when the patient was not suitable to receive EN, 
nutrients were provided by continuous infusion through the peripheral 
intravenous route of PN. In cases where EN could not be initiated, PN 
was supplemented as soon as possible if the patient was at high 
nutritional risk (NRS score ≥ 5). Supplemental PN was administered if 
EN intake and protein levels remained below 60% of target after 
7–10 days of EN treatment. In addition, blood glucose continued to 
be strictly monitored postoperatively to keep it within the ideal range of 
7.77–9.99 mmol/L.

Correspondingly, the control group adopted the traditional 
regimen, fasting for 8 h before surgery, with no water intake for 4 h 
before surgery. A liquid diet was given 1 day after surgery, which 
gradually returned to normal. It should be noted that the measures 
presented above are only one part of the ERAS scheme and must 
be highly compatible with other steps of ERAS in order to achieve 
better clinical treatment effect (Figure 1).

Patients received conventional perioperative care in our unit. 
Preoperative care mainly included psychological care of patients, ward 
environmental protection, advice on smoking and alcohol cessation, 
application of preventive antibiotics and antithrombotic therapy, etc. 
Meanwhile, postoperative care, including monitoring of vital signs 
every 1–2 h, nebulization of the airway, sleep management and setting 
discharge criteria was also implemented. Patients were also advised to 
perform appropriate rehabilitation exercise, which was conducive to 
the patient’s positive mood and a more ideal prognosis.

Health guidance after discharge

After discharge, it was recommended that patients limit heavy 
physical activity and avoid strenuous exercise for 3 to 4 weeks. Also, 
patients were instructed to maintain emotional stability and avoid 
excessive tension, excitement, or mood swings. In addition, it was also 
essential to develop good living habits, such as quitting smoking and 
drinking, eating a reasonable diet, and resting frequently. In terms of 
nutrition, for most surgical patients, low-salt, low-fat and easily 
digestible food was recommended to maintain a balanced diet and 
satisfy the body’s needs for various nutrients. If the patient lose weight 
significantly after surgery, it was recommended to increase the intake 
of calories and protein to meet the needs of rehabilitation. In 
particular, oral nutritional supplements were an important component 
of post-discharge dietary plans for surgical patients. For severely 
malnourished patients and patients with long postoperative hospital 
stay or intensive care units stay, oral nutritional supplements were 
instructed to be  used for 3 to 6 months after surgery. Nursing 
personnel instructed the patient to self-observe bleeding tendency and 

take medication as prescribed. Finally, the patients needed to actively 
cooperate with telephone follow-up and outpatient follow-up.

Data collection and observation indicators

Preoperatively, demographic variables including age, sex, height, 
weight, body mass index, education level, occupational status, marital 
status, American Society of Anesthesiologists grade, and patient 
comorbidities (smoking, diabetes, hypertension, hypercholesterolemia, 
etc.) were recorded clinically. Biochemical and clinical parameters, 
including albumin, hemoglobin, liver and kidney function, and 
electrolytes, were also measured by preoperative venous blood 
collection. During the operation, blood glucose, blood pressure, pulse, 
oxygen saturation, central venous pressure, body temperature, 
end-tidal carbon dioxide, and respiratory rate were monitored. 
Postoperatively, peripheral fasting venous blood was extracted on the 
first and third postoperative days to determine biochemical and 
clinical parameters. Furthermore, the patients’ bowel movements were 
observed and recorded, as were other conditions during the nutritional 
support treatment. Clinical outcome variables comprised readmission, 
reoperation, postoperative surgical and non-surgical complications, 
as well as functional recovery [Karnofsky performance status (KPS)] 
at discharge and at 30-days follow-up. The primary endpoint was the 
postoperative length of stay (LOS), and the secondary endpoints 
included postoperative complications, postoperative quality-of-life 
(QoL), medical cost, readmission, and evaluation of patient 
satisfaction. At the same time, the symptoms of each group were 
observed during the treatment, and the prognosis was determined at 
the time of discharge (17, 18).

Statistical analysis

The data analysis was performed using the SPSS (Ver. 19, IBM 
Corp., Armonk, NY, United States). Descriptive statistics were used to 
define baseline characteristics. The Kolmogorov–Smirnov test was 
used to identify the normal distribution of the variables. Group 
differences with continuous data with normal distribution were 
statistically examined using the Student’s t-test, while data without 
normal distribution were analyzed using the Mann–Whitney U-test. 
Readmission, complications, and mortality were analyzed using the 
chi-square test (with/without Yates correction) or Fisher’s accurate 
test. The sample size was powered to be 58 patients in each group 
based on the hypothesis that the primary outcome (postoperative 
LOS) would be reduced by 25% with a power of 80% and significance 
of 5%. Assuming a maximal dropout rate of 20%, the final sample size 
was determined as 74 patients per arm. In turn, analysis was planned 
when the minimal number of the predefined sample size was met. The 
data were considered to be statistically significant if p < 0.05.

Results

Baseline characteristics

Between February 2020 and July 2021, a total of 112 patients 
from our hospital were enrolled in the present study. After 
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exclusion, a total of 74 patients (35 in the control group and 39 in 
the ERAS group) were included in the analysis (Figure 2). The 
demographic and clinical characteristics (including sex, mean age, 
mean BMI, ASA grade, and marital status, etc.) of the two groups 
of patients were not significantly different (p > 0.05). Concomitant 
diseases such as cerebral infarction, sequelae of cerebral infarction, 
cardiac/hypertension, diabetes mellitus, hypercholesterolemia, 
liver/gallbladder, lung, and miscellaneous were equally distributed 
between the two groups. In terms of nutrition, most patients both 
groups had normal nutritional status. Both groups of patients 
underwent CEA by the same experienced surgical team, and all 
patients received the assigned intervention. Characteristics of 
patients are shown in Table 1.

Surgery characteristics

The main surgical results were shown in Table 2. The differences 
in mean duration of surgery, cross-clamping time, carotid plaque size, 
blood transfusion, lateral location, and blood loss >300 ml between 
the two groups were not remarkable. The mean duration of surgery 
of the ERAS group was 150.08 ± 19.89 min and that of the control 
group was 149.11 ± 21.71 min (p = 0.843). For intraoperative 
monitoring of CEA patients, blood loss is an important indicator. 
There were 9 and 11 patients whose blood loss volume was over 
300 ml in the ERAS group and control group, respectively (p = 0.419). 
Additionally, two patients in the ERAS group required blood 
transfusion (i.e., red blood cell and blood plasma transfusions) 
during the operation, while none of the patients in the control group 
required a transfusion.

Clinical and biochemical parameters

Table 3 mainly described the changes in the content of various 
substances in the blood before and after surgery. There was no 
significant difference in the levels of various nutrients between the two 
groups before surgery. However, at postoperative day (POD) 1, there 
was a significant trend toward an increase of albumin, hemoglobin and 
calcium in the ERAS group compared with the control group 
(p < 0.001), which continued at POD 3 (p < 0.05). The overall pattern of 
creatinine and magnesium levels was similar in ERAS group, which 
increased at POD 1 and then decreased over the next couple of days. 
In the control group, creatine and magnesium was increased at POD 1 
and decreased to the preoperative level at POD 3, while the contents of 
other substances were decreased at POD 1 and increased at POD 3.

Postoperative hospital stays and 
hospitalization expenses

Evaluation of LOS, cost, and postoperative recovery were shown in 
Table 4. The data showed that LOS was significantly lower in the ERAS 
group than in the control group (4.31 ± 0.98 days vs. 6.71 ± 2.09 days, 
p < 0.001). Additionally, there was also a significant difference in overall 
cost between the two groups (2.43 ± 0.18 10,000 yuan in the ERAS 
group vs. 2.57 ± 0.26 10,000 yuan in the control group, p < 0.05).

Assessment of patient satisfaction

All patients completed the discharge satisfaction survey 
questionnaire. The figure below showed the changes and differences 

FIGURE 1

Summary of nutritional interventions in the two groups.
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in QoL and Mini-mental State Examination (MMSE) scores between 
the two groups before surgery, at discharge, and at postoperative 
month (POM) 3 (Figure 3). The mean overall satisfaction of patients 
in the ERAS group at discharge was significantly higher than that of 
the control group (89.82 ± 3.52 score vs. 80.31 ± 4.04 score). Similarly, 
there were differences in satisfaction between the two groups, with 
obvious differences in medical care (18.46 ± 1.23 score in the ERAS 
group vs. 17.23 ± 1.82 score in the control group), nursing care 
(18.95 ± 1.07 score in the ERAS group vs. 17.49 ± 1.80 score in the 
control group), and enhanced recovery (18.26 ± 1.48 score in the 
ERAS group vs. 13.49 ± 2.85 score in the control group; p < 0.001).

There was little difference in QoL and MMSE scores between the 
two groups in preoperative period (p > 0.05), but differences were 
evident after discharge. At discharge, the QoL score of the ERAS group 
was 73.00 ± 3.93 score and that of the control group was 67.71 ± 5.20 
score (p < 0.001). However, at POM 3, the QoL and MMSE scores of 
two groups showed no statistical difference (p > 0.05; Figure 3).

Follow-up results showed that survey satisfaction in the ERAS 
group was significantly higher than that in the control group 
(p < 0.001). There were significant differences in grip strength 
improvement at POM3 between the two groups (5.95 ± 2.08 score in 

the ERAS group vs. 4.54 ± 2.31 score in the control group, p = 0.007). 
However, no remarkable difference between the two groups was noted 
in the other outcomes relating to the KPS score (90.00 ± 3.83 score in 
the ERAS group vs. 89.95 ± 3.41 score in the control group, p = 0.952). 
Detailed patient satisfaction scores according to each module are 
shown in Table 4.

Postoperative complications after 
discharge

Table 5 showed the postoperative complications. Stroke, as an 
important complication after CEA, occurred in one patient (2.56%) in 
the ERAS group and two patients (5.71%) in the control group 
(p = 0.493). Two patients in the ERAS group and none in the control 
group had deep vein thrombosis (p = 0.130). None of the patients 
experienced symptoms of dyspnea or surgical site infection/
subcutaneous effusion in the ERAS group. Additionally, postoperative 
nausea and vomiting intensity scale and nausea visual analog scale 
were performed postoperatively in both groups, but the proportions 
of patients with mild, moderate, and severe disease varied.

FIGURE 2

Flow diagram for study participants.
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Discussion

The traditional nutritional regimen includes fasting before 
surgery, a liquid diet on the first postoperative day, after which the 
patient gradually transition to a normal diet. Preoperative fasting 
depletes the body’s carbohydrate reserves, resulting in reduced 
preoperative comfort. In addition, fasting may change the body’s 
endocrine and metabolic response and reduce the body’s ability to 
resist stress after surgery, thereby increasing postoperative 

complications. Thus, it can be  seen that conventional nutritional 
support for the patient remains problematic, unsystematic and not 
fully aligned with clinical care and other perioperative steps.

Due to the importance of the perioperative nutritional status of 
CEA patients, nutritional improvement measures for patients have 
become diverse and complex (19, 20). It is of great significance to 
propose a new and more reasonable perioperative nutritional therapy 
based on existing mature experiences of medical staff, research 
literature, and research progress. Briefly, the nutritional measures 
combined both EN and PN, with EN as the key factor to improve the 
measures and the main nutritional mode. Compared with the control 
group, which adopted a conventional nutritional regimen, the ERAS 
group had better preoperative mental states, visual field vision, 
language, body activity, and limb muscle strength. It is beneficial to 
the success of the operation, and significantly promotes the 
postoperative intervention and nursing, as well as the rehabilitation 
of patients.

The results of this study showed that serum albumin decreased in 
patients undergoing CEA surgery within a short period of admission. 
After 3 days of nutritional support treatment, serum albumin and 
hemoglobin increased more significantly in the ERAS group than in 
the control group, indicating that the ERAS group was more conducive 
to protein synthesis. In terms of specific postoperative physiological 
parameters, such as blood albumin, hemoglobin, cholesterol, and 
creatinine, among others, the ERAS group had better results than 
those of the control group, which may reflect the result’s wider 
significance that patients in the ERAS group had increased immunity, 
better body function, reduced complications, and shorter length of 
hospital stay. According to the personalized evaluation of patients, the 
satisfaction of the ERAS group was also much higher than that of the 
control group. Indeed, the patients in the ERAS group had better 
clinical compliance of postoperative follow-up. Thus, the nutritional 
measures had a good effect on the patients’ physical condition and 
significantly improved postoperative recovery. Furthermore, it had a 
positive effect on patients’ subjective feelings and inner emotions.

In recent years, it has been recognized that the gastrointestinal 
tract is not only an organ of digestion and absorption, but an 
important immune organ (21, 22). Based on this, the advantages of 
EN are not only reflected in the direct absorption and utilization of 
nutrients through the intestine, more physiological, convenient 
administration and low cost, but helped to maintain the integrity of 
intestinal mucosal structure and barrier function (23, 24). The ESPEN 
guidelines propose that normal food intake or EN should start early 

TABLE 1  Sociodemographic and clinical features [Mean + SD, n(%)].

Variable
Control 
group 
(n = 35)

ERAS 
group 
(n = 39)

p-
value

Mean age (year) 72.09 ± 10.05 70.41 ± 8.42 0.438

Gender (n) 0.116

 � Male 21 (60.00%) 30 (76.92%)

 � Female 14 (40.00%) 9 (23.08%)

Mean BMI(kg/m2) 20.90 ± 1.02 21.36 ± 1.94 0.163

Education (n) 0.417

 � No education/primary school 8 (22.86%) 11 (28.21%)

 � Secondary school/high school 13 (37.14%) 9 (23.08%)

 � College/more than college 14 (40.00%) 19 (48.72%)

Occupation (n) 0.84

 � Employed 9 (25.71%) 10 (25.64%)

 � Unemployed 11 (31.43%) 9 (23.08%)

 � Retired 9 (25.71%) 11 (28.21%)

 � Home maker 6 (17.14%) 9 (23.08%)

Marital status (n) 0.805

 � Unmarried (single/divorced) 3 (8.57%) 4 (10.26%)

 � Married 32 (91.43%) 35 (89.74%)

ASA grade (n) 0.81

 � ASA I 9 (25.71%) 11 (28.21%)

 � ASA II 26 (74.29%) 28 (71.79%)

Concomitant diseases (n)

 � Cerebral infarction 8 (22.86%) 9 (23.08%) 0.982

 � Sequelae of cerebral infarction 2 (5.71%) 3 (7.69%) 0.735

 � Cardiac/hypertension 25 (71.43%) 30 (76.92%) 0.589

 � Diabetes mellitus 23 (65.71%) 27 (69.23%) 0.747

 � Smoker 4 (11.43%) 9 (23.08%) 0.189

 � Hypercholesterolemia 27 (77.14%) 32 (82.05%) 0.6

 � Liver/gallbladder 3 (8.57%) 5 (12.82%) 0.714

 � Lung 3 (8.57%) 2 (5.13%) 0.662

 � Miscellaneous 4 (11.43%) 3 (7.69%) 0.701

Nutrition (n) 0.874

 � Normal 31 (88.57%) 35 (89.74%)

 � Mild malnutrition 1 (2.86%) 2 (5.13%)

 � Moderate malnutrition 2 (5.71%) 1 (2.56%)

 � Severe malnutrition 1 (2.86%) 1 (2.56%)

ASA, American Society of Anesthesiologists grade.

TABLE 2  Surgery characteristics [Mean + SD, n(%)].

Variable
Control 
group 
(n = 35)

ERAS 
group 
(n = 39)

P-value

Lateral location (n) 0.451

 � Right 21 (60.00%) 20 (51.28%)

 � Left 14 (40.00%) 19 (48.72%)

Mean duration of surgery (min) 149.11 ± 21.71 150.08 ± 19.89 0.843

Cross-clamping time (min) 21.29 ± 3.97 19.67 ± 5.63 0.162

Carotid plaque size (cm) 2.67 ± 0.57 2.79 ± 0.52 0.328

Blood loss > 300 mL (n) 11 (31.43%) 9 (23.08%) 0.419

Blood transfusion (n) 0 (0.00%) 2 (5.13%) 0.174
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after surgery (25). An analysis was conducted to investigate the 
relationship between perioperative nutritional intervention, especially 
preoperative intervention and surgical effect in the ERAS group. 
Patients receiving the perioperative nutrition regimen had a shorter 
hospital stay, faster recovery of intestinal function, and greater patient 
satisfaction compared with patients in the control group. Furthermore, 
immunity was enhanced and there were less postoperative 
complications compared with the control group. Early preoperative 
nutrition status was associated with a significant reduction in 
postoperative overall complications. According to the experimental 
results, the extremely low incidence of postoperative complications 
may be related to long-term preoperative training. This effect was 

more pronounced in patients who received longer periods of 
preoperative nutrition. In addition, their physical condition and 
mental outlook were better in the early postoperative period than 
those in the control group. This was mainly reflected in their 
significantly better physical condition and earlier participation in 
postoperative exercise recovery, and their compliance and overall 
satisfaction were better than those in the control group. In conclusion, 
we have shown that preoperative nutritional intervention played a key 
role in the prognosis of patients undergoing surgery.

Satisfaction evaluation was a balance between the patients’ 
expectations of care and the actual care provided, reflecting the 
changes in health status caused by the effectiveness of hospital care 
(26, 27). The analysis of the satisfaction test results showed that 
patients found value in using personalized clinical nursing measures. 
Furthermore, important results were through data collation: clinical 
compliance of the patients (such as quitting smoking and drinking, 
taking medication regularly, and exercising regularly) was 
significantly associated with patient satisfaction. Compared with the 
control group, no significant difference in the ERAS group was found 
in regard to satisfaction with clinical nursing. However, in terms of 
self-subjective feelings, the survey results showed that the ERAS 
group had more positive emotions and better expectations for both 
the near and distant future. This is obviously of great value to the 
clinical rehabilitation and follow-up treatment of patients. These 
predictors could be  interpreted as the determinants of patient 
satisfaction in each group when other factors do not change greatly 
within the group.

TABLE 3  Laboratory characteristics [Mean + SD].

Variable
Control 
group 
(n = 35)

ERAS group 
(n = 39)

P value

Albumin (mg)

Pre-operation 37.78 ± 2.63 37.10 ± 2.76 0.286

POD 1 37.23 ± 2.81 39.73 ± 3.00*** <0.001

POD 3 40.09 ± 2.46 41.93 ± 2.44* 0.002

Hemoglobin (g/L)

Pre-operation 122.60 ± 8.01 124.29 ± 7.44 0.351

POD 1 121.71 ± 7.38 130.83 ± 4.79*** <0.001

POD 3 132.20 ± 6.28 135.59 ± 6.93* 0.032

Cholesterol (mmol/L)

Pre-operation 6.30 ± 1.85 6.32 ± 1.64 0.959

POD 1 6.14 ± 1.81 6.54 ± 1.58 0.322

POD 3 6.54 ± 1.74 6.45 ± 1.49 0.809

Blood urea nitrogen (mmol/L)

Pre-operation 5.77 ± 1.31 5.40 ± 1.23 0.207

POD 1 5.55 ± 1.33 5.75 ± 1.44 0.543

POD 3 6.05 ± 1.43 5.97 ± 1.27 0.794

Creatinine (umol/L)

Pre-operation 74.91 ± 12.89 77.60 ± 11.76 0.35

POD 1 78.47 ± 12.62 79.71 ± 11.48 0.66

POD 3 75.51 ± 13.44 78.91 ± 12.10 0.256

Calcium (mmol/L)

Pre-operation 2.37 ± 0.05 2.35 ± 0.08 0.185

POD 1 2.31 ± 0.05 2.45 ± 0.09*** <0.001

POD 3 2.45 ± 0.13 2.53 ± 0.08* 0.003

Magnesium (mmol/L)

Pre-operation 0.89 ± 0.10 0.88 ± 0.09 0.517

POD 1 0.91 ± 0.08 0.92 ± 0.10 0.818

POD 3 0.88 ± 0.09 0.88 ± 0.10 0.82

Phosphorus (mmol/L)

Pre-operation 1.16 ± 0.10 1.16 ± 0.10 0.747

POD 1 1.15 ± 0.12 1.19 ± 0.10 0.211

POD 3 1.16 ± 0.10 1.16 ± 0.09 0.99

POD, Postoperative day. 
*P < 0.05; ***P < 0.001.

TABLE 4  Postoperative recovery [Mean + SD].

Variable
Control 
group 
(n = 35)

ERAS 
group 
(n = 39)

P-value

Postoperative LOS(day) 6.71 ± 2.09 4.31 ± 0.98*** <0.001

 � Overall cost, 10,000 (Yuan; 

Chinese Yuan Renminbi)

2.57 ± 0.26 2.43 ± 0.18* 0.017

 � Overall satisfaction(score) 80.31 ± 4.04 89.82 ± 3.52*** <0.001

 � Information 15.80 ± 2.61 17.44 ± 1.68*** 0.002

 � Medical care 17.23 ± 1.82 18.46 ± 1.23*** <0.001

 � Nursing care 17.49 ± 1.80 18.95 ± 1.07*** <0.001

 � Enhanced recovery 13.49 ± 2.85 18.26 ± 1.48*** <0.001

 � Comfort and others 16.31 ± 2.41 16.72 ± 2.14 0.448

QoL (score)

 � Pre-operation 70.29 ± 7.59 70.15 ± 7.21 0.939

 � Discharge 67.71 ± 5.20 73.00 ± 3.93*** <0.001

 � POM 3 77.60 ± 8.37 80.74 ± 7.52 0.093

MMSE (score)

 � Pre-operation 18.60 ± 4.95 19.38 ± 5.28 0.513

 � Discharge 20.54 ± 4.53 22.97 ± 4.40* 0.022

 � POM 3 24.83 ± 3.61 25.44 ± 3.80 0.484

GSI POM 3(score) 4.54 ± 2.31 5.95 ± 2.08* 0.007

KPS(score) 90.00 ± 3.83 89.95 ± 3.41 0.952

KPS, Postoperative Karnofsky performance status; Postoperative LOS, length of stay, days; 
QoL, quality of life; POM, Postoperative month; MMSE, Mini-mental State Examination; 
GSI POM 3, grip strength improvement in 3 months after surgery. *P < 0.05; ***P < 0.001.
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TABLE 5  Postoperative complications n (%).

Variable
Control 
group 
(n = 35)

ERAS 
group 

(n = 39)
P-value

Mortality (n) 0 0 —

PONV VAS (n) 0.101

 � Mild (0–4) 22 (62.86%) 33 (84.62%)

 � Moderate (5–6) 9 (25.71%) 4 (10.26%)

 � Severe (7–10) 4 (11.43%) 2 (5.13%)

Dyspnea (n) 0(0.00%) 0 (0.00%) —

Surgical site infection/

subcutaneous effusion (n)

1 (2.86%) 0 (0.00%) 0.288

Stroke (n) 2 (5.71%) 1 (2.56%) 0.493

Cardiovascular (n) 0 (0.00%) 1 (2.56%) 0.340

Gastrointestinal (n) 1 (2.86%) 1 (2.56%) 0.938

Urinary tract (n) 2 (5.71%) 1 (2.56%) 0.493

DVT (n) 0 (0.00%) 2 (5.71%) 0.130

PONV, postoperative nausea and vomiting; VAS, Visual Analog Scale; DVT, deep vein 
thrombosis.

The current study had some limitations. The main weakness of 
this study was the absence of important nutritional indices, such as 
calorie needs, energetic needs, protein needs etc., which we tried to 
compensate for with albumin and other biochemical markers. 
Advantages were that we used NRS score and preoperative EN before 
surgery, and we followed the patients nutritional support suggestions 
after discharge. Furthermore, while our data supported the efficacy 
and safety of our perioperative nutrition support program, larger 
multicenter studies are needed to assess its applicability in patients 
undergoing CEA surgery.

Conclusion

According to our study, perioperative nutrition in ERAS program 
had a positive effect on postoperative rehabilitation and improved 

postoperative complications in CEA patients. The LOS and the cost of 
hospitalization were, in turn, significantly reduced. Finally, under 
dedicated nursing care, the mental state and subjective feelings of 
patients were greatly improved. Further research is needed to 
demonstrate the effect of clinical nutrition support in a 
pragmatic manner.
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Efficacy of short-chain 
polypeptide-based EEN formulas 
in alleviating intestinal injury in 
children with Crohn’s disease: a 
single-center study in China
Runqiu Wu 1†, Jin Yang 2†, Jinjin Cao 1†, Peng Wang 1, 
Chenhui Wang 1, Wenxin Chen 1, Yanling Wu 1, Xinguo Zheng 1, 
Yu Jin 1* and Hui Yang 1*
1 Department of Pediatric Gastroenterology, Children’s Hospital of Nanjing Medical University, Nanjing, 
China, 2 Department of Pediatric Anesthesiology, Children’s Hospital of Nanjing Medical University, 
Nanjing, China

Short-chain polypeptides are composed of three to nine amino acids, which can 
be absorbed by the intestinal tract without digestive enzymes and ATP energy. 
Crohn’s disease (CD) is a chronic non-specific disease derived from inflammation 
and damage of the gastrointestinal tract. In this study, we aim to investigate the 
effect of short-chain polypeptide-based exclusive enteral nutrition (EEN) formulas 
on intestinal injury in Chinese children with active CD. From January 2013 to 
January 2019, a total of 84 consecutive children with a diagnosis of Crohn’s 
disease (CD) in the Department of Pediatric Gastroenterology, Children’s Hospital 
of Nanjing Medical University, were divided into mild and moderate-to-severe 
active CD groups. Each group was further divided into two subgroups: drug group 
and short-chain polypeptide plus drug group. Tests were carried out on the levels 
of intestinal fatty acid binding protein (I-FABP) in the blood, fecal calprotectin 
(FC), and occludin protein in the intestinal mucosa 1 day before treatment and 
8 weeks after treatment. Endoscopic and histopathological observations were 
detected to compare the changes in intestinal injury in children with active CD. 
After 8 weeks of treatment, the SES-CD scores and Chiu scores of the ileocecal 
area and terminal ileum of children with mild active CD and the ileocecal area 
of children with moderate-to-severe active CD in short-chain polypeptide 
plus drug group were significantly lower than those in the drug group. The OD 
value of occludin in the terminal ileum and ileocecal area of children with mild 
active CD and the ileocecal area of children with moderate-to-severe active 
CD after short-chain polypeptide-based EEN formulas and drug treatment was 
significantly higher than those in the drug group (p < 0.05). Meanwhile, the levels 
of FC and I-FABP were significantly decreased (p < 0.05). The results showed that 
short-chain polypeptide-based EEN formulas effectively alleviate intestinal injury 
in children with active CD.

KEYWORDS

short-chain polypeptide, exclusive enteral nutrition, Crohn’s disease, intestinal injury, 
children
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Introduction

Crohn’s disease (CD) involves chronic relapsing inflammation and 
damage in the gastrointestinal tract (1). Up to 15% of patients are 
diagnosed with CD before the age of 20 years (2). Worldwide, the 
incidence rate of CD in children is between 2.5/100000 and 
11.4/100000 (3).

During the occurrence and development of CD, the intestinal 
epithelial tight junction (TJ) barrier plays an important role (4). A 
defective intestinal TJ barrier has been implicated as an important 
pathogenic factor in inflammatory diseases of the gut including CD 
(4). Occludin protein, as an important part of TJ, is expressed at the 
top junction between intestinal epithelial cells and regulates the 
permeability of cell membranes through interaction with the TJ 
complex (5). The loss or decrease of occludin levels can cause the 
rupture of TJ, leading to intestinal epithelial TJ barrier dysfunction 
(6). Intestinal fatty acid binding protein (I-FABP) is a water-soluble 
protein secreted by monolayer columnar epithelial cells and only 
exists in gastrointestinal mucosa. After the intestinal mucosa is 
damaged, I-FABP quickly enters the blood circulation through the cell 
membrane, capillaries, lymphatic capillaries, and portal vein (7). 
Therefore, the levels of I-FABP in the blood reflect the degree of 
intestinal mucosal damage (8).

Severe gastrointestinal injury in pediatric CD causes nutrition and 
growth retardation, which influences the therapeutic effect and 
prognosis of children (9). Therefore, early nutrition intervention can 
promote the improvement of gastrointestinal injury growth and 
development (10). Although exclusive enteral nutrition (EEN) is one 
of the effective treatments for pediatric CD and has been 
recommended as the first-line treatment (11, 12), the influence of 
different types of nutritional formulas, especially different protein 
compositions, on the effectiveness of EEN for treatment of active CD 
is still unclear (13). Short-chain polypeptides are composed of three 
to nine amino acids, which can be absorbed by the intestinal tract 
without digestive enzymes and ATP energy. Peptide-based formulas 
have been shown to improve nitrogen balance and visceral protein 
synthesis, reduce bacterial translocation and diarrhea, and restore gut 
integrity (14). Studies have shown that short-chain polypeptides can 
promote the development of the structure and function of intestinal 
epithelial cells and contribute to the recovery of the damaged intestinal 
mucosa (15, 16). However, no clear recommendations are available on 
the use of short-chain polypeptide-based nutritional formulas in ill 
children with active CD.

This study aimed to evaluate the effects of drug regimens with or 
without short-chain polypeptide-based EEN formulas on intestinal 
injury in pediatric CD patients.

Materials and methods

Patients

A total of 114 children with active CD who were hospitalized in 
the Department of Pediatric Gastroenterology at the Children’s 
Hospital of Nanjing Medical University, from January 2013 to January 
2019, with the diagnostic criteria according to the ESPGHAN revised 
porto criteria were selected as the research subjects (17). Failure to 
receive short-chain polypeptide-based EEN feeding according to the 

protocol resulted in the exclusion of eight patients. In addition, 22 
patients were excluded as they did not receive endoscopy after 
treatment. Finally, 84 consecutive patients, including 41 with mild 
active CD and 43 with moderate-to-severe active CD were studied. 
Patients treated with short-chain polypeptide-based EEN formulas 
(n = 42) and without short-chain polypeptide-based EEN formulas 
(n = 42) were considered as the study and control groups. This study 
was approved by the ethics committee of the Children’s Hospital of 
Nanjing Medical University, and its clinical trial registration number 
is Chir 180018278 in Chinese Clinical Trial Registry.

Inclusion and exclusion criteria

The following inclusion criteria were used to screen children with 
CD for inclusion in this clinical study: (1) the age of children included 
was between 1 and 10 years; (2) children who were newly diagnosed 
as CD; and (3) children with active CD.

The exclusion criteria for children with CD included: (1) the age 
of children with CD was more than 10 years or less than 1 year; (2) 
children with CD in remission; (3) children with recurrent CD; (4) 
children with other chronic intestinal infectious diseases, such as 
Behcet’s disease, intestinal malignant lymphoma, tuberculosis 
infection, and hematological diseases; and (5) children with isolated 
oral ulcers or perianal lesions.

According to the pediatric CD activity index (PCDAI), children 
with CD were divided into mild active CD (10.0–27.5 points) and 
moderate-to-severe active CD (≥30.0 points).

Clinical data

The general information (name, gender, and age), clinical 
manifestations, and personal and family history were obtained by 
asking about the patient’s medical history. Clinical and laboratory 
indicators were collected 1 day before treatment and 8 weeks after 
treatment and were communicated with the parents. After obtaining 
the consent of the parents and signing the informed consent form, a 
colonoscopy (Olympus Lucera cv-260, Japan) was performed under 
general anesthesia. HE staining and immunohistochemical staining 
were performed to observe the degree of intestinal mucosal damage 
and occludin protein expression.

Short-chain polypeptide-based EEN and 
drug therapy

Short-chain polypeptide-based EEN formula (Petamen Junior, 
Nestle Company, Switzerland) was given by oral or nasogastric tube 
or nasojejunal tube (18). The total amount of short-chain 
polypeptide-based EEN solution was fed per day according to the 
children’s weight. The daily amount of nutrient solution for children 
weighing 1–10 kg, 11–20 kg, and over 20 kg was 100 ml/kg, 
1,000 ml + (children weight  - 10 kg) × 50 ml/kg, and 
1,500 ml + (children weight  - 20 kg) × 20 ml/kg, respectively. The 
energy density was 100 kcal/100 ml. The drug regimens of newly 
diagnosed mild active CD patients included (19): 2–4 g/day of oral 
mesalazine for 8 weeks. The drug regimens of newly diagnosed 
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moderate-to-severe active CD patients included (20): corticosteroids 
were initiated as either 1.5 mg/(kg·day) up to a maximum of 32 mg/
day of intravenous methylprednisolone for 1–2 weeks or 1 mg/
(kg·day) up to a maximum of 40 mg/day of oral prednisone every 
morning for 4 weeks, a taper of 40 mg/day of oral prednisone every 
morning for 2 weeks. An endoscopic reexamination was performed 
after 8 weeks of treatment.

Evaluation of intestinal injury under 
endoscopy

According to the simple endoscopic score for Crohn’s disease 
(SES-CD), a score of ≤2 was considered as CD endoscopic remission, 
3–6 as mild inflammation, 7–15 as moderate inflammation, and ≥ 16 
as severe inflammation (21, 22).

Assessments of intestinal histopathological 
changes

Colonoscopy was performed before treatment and reexamined 
after treatment. The cecum and terminal ileum mucosa were stained 
with HE. Histopathological changes were observed under a light 
microscope (Olympus Company, Japan). Double-blind scoring was 
performed by two pathologists according to the modified Chiu’s score 
standard of small intestinal histopathology (23). The highest score 
observed in the sample was used to determine the degree of 
intestinal injury.

He staining of intestinal tissues

The specimens of ileocecal and ileal tissues were used to prepare 
the paraffin section. Paraffin section dewaxing to water. The sections 
were sequentially placed in xylene, anhydrous ethanol, and gradient 
concentration ethanol for dewaxing. After neutral resin-sealed slides, 
these samples were observed under a microscope.

Immunohistochemical staining of intestinal 
tissues

We took samples of ileocecal colon and terminal ileal mucosa 
from children with CD for paraffin embedding, sectioning, and 
immunohistochemical staining for occludin protein. The method was 
as follows: paraffin sections were dewaxed, hydrated, antigen repaired, 
and then diluted with occludin working solution (Rabbit anti-human 
occludin polyclonal antibody, Abcam company, United States). Sheep 
anti-rabbit IgG (Shanghai Biyuntian Biotechnology Co., Ltd., China) 
was incubated in a 37°C incubator for 30 min. Streptomyces anti-
human occludin peroxidase solution was used to stain, dehydrate, and 
seal with neutral glue. Finally, 10 randomly chosen visual fields were 
observed on each section under a microscope for photography. 
We  then used the Image-Pro Plus 6.0 software to determine the 
average optical density (OD) values of occludin-positive tissues on the 
staining sections, which is a quantitative occludin protein method and 
one of the indicators to evaluate intestinal TJ barrier function. In this 

study, OD values can be used as one of the quantitative values to 
evaluate the tight junction function of intestinal epithelium before and 
after CD treatment.

Determination of I-FABP and FC levels

One day before the endoscopic examination, blood and stool 
samples were collected from children with active CD, and I-FABP and 
FC were detected, respectively. After 8 weeks of treatment, 
we conducted an endoscopic reexamination and collected blood and 
stool samples again 1 day before the endoscopic examination for 
I-FABP and FC detection, which were compared and analyzed with 
those before the examination. The methods of the I-FABP and FC 
detection were as follows: 2 ml of blood was collected from the elbow 
vein and placed in a centrifuge for further testing (Beijing Baiyang 
Medical Equipment Co. Ltd., China). The supernatant was taken, and 
the I-FABP was determined using the ELISA Kit (Shanghai Xitang 
Technology Co. Ltd., China). Fecal samples were added to normal 
saline according to the ratio of 1:50 (mass/volume) and shaken for 
20 min. A total of 1 ml of homogenate was placed in the centrifuge, 
and 0.5 ml of supernatant was taken for detection by the ELISA kit 
(Wuhan Xinqidi Biotechnology Co. Ltd., China).

Statistical analysis

SPSS 21 software was used for statistical analysis. The 
measurement data were expressed by mean ± standard deviation. The 
comparison between both groups was conducted by t-test. The 
chi-square test was used to compare the count data between groups, 
p < 0.05 indicated that the difference was statistically significant.

Results

The effect of short-chain 
polypeptide-based EEN formulas on 
intestinal injury of active CD

General evaluation of clinical data
There were 41 children with mild active CD, including 21 cases in 

the drug group and 20 cases in the short-chain polypeptide plus drug 
group, and 43 children with moderate-to-severe active CD, including 
21 cases in the drug group and 22 cases in the short-chain polypeptide 
plus drug group. There were no significant differences in age, clinical 
manifestations, and intestinal involvement sites at the same active CD 
severity between both groups (Table 1).

The effect of short-chain 
polypeptide-based EEN formulas on PCDAI 
score

PCDAI is one of the important indicators to evaluate the severity 
of disease activity and evaluate the efficacy of pediatric CD. In this 
study, the PCDAI score of children with mild active CD was 
25.50 ± 1.80  in the short-chain polypeptide plus drug group and 
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25.64 ± 2.03  in the drug group before treatment. There was no 
significant difference between the two groups (p > 0.05). After 
treatment, the PCDAI score of children in the short-chain polypeptide 
plus drug group (9.43 ± 2.22) was lower than that in the drug group 
(11.26 ± 2.64; p < 0.05).

For children with moderate-to-severe active CD, the PCDAI score 
was 56.34 ± 7.06 in the short-chain polypeptide plus drug group and 
56.79 ± 9.92  in the drug group before treatment. There was no 
significant difference between the two groups (p > 0.05). After 
treatment, the PCDAI score of children in the short-chain polypeptide 
plus drug group (10.91 ± 2.92) was significantly lower than that in the 
drug group (13.57 ± 2.95) (p < 0.05), which suggests that short-chain 
polypeptide-based EEN feeding reduces disease activity.

The effect of short-chain 
polypeptide-based EEN formulas on 
SES-CD score in intestinal tissues

Adequate endoscopic scoring in pediatric CD is crucial as an 
outcome parameter in clinical trials (21). In this study, the SES-CD 
score of the terminal ileum and ileocecal mucosa was 5.67 ± 0.47 and 
4.67 ± 0.47 in the drug group and 5.31 ± 0.41 and 4.33 ± 1.25 in the 

short-chain polypeptide plus drug group before treatment for children 
with mild active CD. There was no significant difference at the same 
site between the two groups. The SES-CD score of terminal ileum 
mucosa in the drug group after treatment was 2.00 ± 0.41, which was 
significantly higher than that in the short-chain polypeptide plus drug 
group (1.00 ± 0.32, p < 0.05; Figure  1G). However, there was no 
significant difference in the SES-CD score of ileocecal mucosa 
between the drug group (2.33 ± 0.47) and the short-chain polypeptide 
plus drug group (2.66 ± 0.47) after treatment (Figure 1g).

For children with moderate-to-severe active CD, the SES-CD 
score of terminal ileum mucosa was 9.67 ± 0.47 vs. 9.00 ± 0.15 in the 
drug group and 6.67 ± 2.05 vs. 2.67 ± 2.05  in the short-chain 
polypeptide plus drug group before and after treatment, respectively. 
There was no significant difference between the two groups 
(Figure 2G). In addition, the SES-CD score of ileocecal mucosa was 
9.67 ± 0.47  in the drug group and 7.66 ± 0.47  in the short-chain 
polypeptide plus drug group before treatment. There was no 
significant difference between the two groups. After treatment, the 
SES-CD score of ileocecal mucosa in the drug group (9.33 ± 0.47) was 
significantly higher than that in the short-chain polypeptide plus drug 
group (2.0 ± 2.16) (p < 0.05; Figure  2g). These results suggest that 
short-chain polypeptide-based EEN feeding alleviates intestinal 
mucosal injury of active CD under endoscopic observation.

TABLE 1  Clinical data of children with active CD.

Mild active CD p value Moderate to severe active CD P value

Drug treatment 
group

Short peptide 
plus drug 
treatment 

group

Drug treatment 
group

Short peptide 
plus drug 
treatment 

group

Sample size (n) 21 20 21 22

Male/female 9/12 9/11 0.747 9/12 7/15 0.311

Age (year) 4.62 ± 2.54 3.58 ± 1.00 0.700 5.13 ± 2.60 4.59 ± 2.01 0.400

Positive family history 0 (0%) 1 (5%) 0.311 1 (5%) 1 (5%) 1.000

Clinical manifestation

Abdominal pain 18 (85%) 16 (80%) 0.677 19 (90%) 19 (85%) 0.633

Diarrhea 10 (45%) 10 (50%) 0.757 11 (50%) 13 (55%) 0.752

Hematochezia 5 (25%) 4 (20%) 0.705 5 (20%) 4 (10%) 0.376

Fever 3 (10%) 1 (5%) 0.548 4 (15%) 4 (10%) 0.633

Arthralgia 1 (5%) 0 (0%) 0.311 2(5%) 5 (20%) 0.151

Montreal classification

Age of diagnosis

A1 21 (100%) 20 (100%) 21 (100%) 22 (100%)

Site of intestinal involvement

L1 6 (29%) 7 (35%) 0.658 5 (24%) 6 (27%) 0.795

L2 3 (14%) 2 (10%) 0.675 2 (10%) 2 (9%) 0.961

L3 14 (67%) 11 (55%) 0.444 14 (66%) 14 (64%) 0.835

Disease behavior

B1 20 (95%) 19 (95%) 0.972 17 (81%) 17 (77%) 0.767

B2 1 (5%) 1 (5%) 0.972 4 (19%) 5 (23%) 0.767

p 1 (5%) 1 (5%) 0.972 4 (15%) 4 (15%) 0.942

Short peptide: short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD (oral mesalazine) and moderate-to-severe active CD (intravenous methylprednisolone or oral 
prednisone).
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FIGURE 1

Comparison of SES-CD score, Chiu’s score, and the expression of occludin in ileum mucosa between the drug group and short-chain polypeptide-
based EEN plus drug group before and after treatment in children with mild active CD. (A–I) Ileum mucosa; (a–i) ileocecal mucosa. (Aa, Cc, Ee) Drug 
groups; (Bb, Dd, Ff) short peptide plus drug groups. Short peptide: short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD: oral 
mesalazine. *Compared with the drug group, p < 0.05.

FIGURE 2

Comparison of SES-CD score, Chiu’s score, and the expression of occludin between the drug group and short-chain polypeptide-based EEN plus drug 
group before and after treatment in children with moderate-to-severe active CD. (A–I) Ileum mucosa; (a–i) ileocecal mucosa. (Aa, Cc, Ee) Drug 
groups; (Bb, Dd, Ff) short-chain polypeptide-based EEN peptide plus drug groups. Short peptide: short-chain polypeptide-based EEN formulas. Drug 
regimen in moderate-to-severe active CD: intravenous methylprednisolone or oral prednisone. *Compared with the drug group, p < 0.05.
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The effect of short-chain 
polypeptide-based EEN formulas on Chiu’s 
score in intestinal tissues

The results of the pathological analysis of intestinal tissue slices 
are shown in Figures 1, 2. No significant differences in the degree of 
histological damage were observed before treatment between the 
intestinal specimens of the drug and short-chain polypeptide plus 
drug groups. In addition to the terminal ileum of children in the 
moderate-to-severe active CD group, intestinal injury in other groups 
was significantly reduced after treatment compared to before 
treatment (p < 0.05).

For children with mild active CD, the Chiu’s score of the terminal 
ileum and ileocecal mucosa was 4.67 ± 0.47 and 5.50 ± 0.50 in the drug 
group and 5.00 ± 1.41 and 5.50 ± 0.50 in the short-chain polypeptide 
plus drug group before treatment. There was no significant difference 
at the same site between the two groups. The Chiu’s score of the 
terminal ileum and ileocecal mucosa in the drug group after treatment 
was 2.67 ± 0.47 and 2.50 ± 1.11, respectively, which was significantly 
higher than that in the drug group (1.00 ± 0.82 and 0.50 ± 1.11, 
respectively, p < 0.05; Figures 1H,h).

For children with moderate-to-severe active CD, the Chiu’s score 
of terminal ileum mucosa was 5.67 ± 0.47 vs. 4.33 ± 0.94 in the drug 
group and 5.67 ± 0.47 vs. 3.30 ± 0.47 in the short-chain polypeptide 
plus drug group before and after treatment, respectively. There is no 
significant difference between the two groups (Figure 2H). The Chiu’s 
score of ileocecal mucosa was 5.67 ± 0.47  in the drug group and 
5.67 ± 0.47  in the short-chain polypeptide plus drug group before 
treatment. There was no significant difference between the two groups. 
After treatment, the Chiu’s score of ileocecal mucosa in the drug group 
(2.10 ± 0.41) was significantly higher than that in the short-chain 
polypeptide plus drug group (1.00 ± 0.41; p < 0.05; Figure 2h). The 
results suggest that short-chain polypeptide-based EEN feeding 
alleviates histological damage caused by active CD.

The effect of short-chain 
polypeptide-based EEN formulas on the 
OD values of occludin in intestinal tissues

Furthermore, we  tested the expression of the occludin and 
calculated the OD value in the intestinal tissues (Figures 1, 2). For 
children with mild active CD, the OD value of occludin in the terminal 
ileum and ileocecal mucosa was 0.34 ± 0.10 and 0.41 ± 0.04 in the drug 
group, 0.46 ± 0.02 and 0.37 ± 0.01 in the short-chain polypeptide plus 
drug group before treatment. There were no significant differences at 
the same site between the two groups. The OD value of occludin in the 
terminal ileum and ileocecal mucosa was 0.41 ± 0.05 and 0.43 ± 0.02, 
respectively, in the drug group after treatment, which was significantly 
lower than that in the short-chain polypeptide plus drug group 
(0.62 ± 0.05 and 0.58 ± 0.05, respectively, p < 0.05) (Figures 1I,i).

For children with moderate-to-severe active CD, the OD value of 
occludin in the terminal ileum mucosa was 0.36 ± 0.05 vs. 0.45 ± 0.01 in 
the drug group and 0.47 ± 0.02 vs. 0.57 ± 0.05  in the short-chain 
polypeptide plus drug group before and after treatment, respectively. 
There was no significant difference between the two groups (Figure 2I). 
The OD value of occludin in the ileocecal mucosa was 0.42 ± 0.01 in the 
drug group and 0.39 ± 0.01 in the short-chain polypeptide plus drug 

group before treatment. There was no significant difference between the 
two groups. After treatment, the OD value of occludin in the ileocecal 
mucosa (0.51 ± 0.03) in the drug group was significantly lower than that 
in the short-chain polypeptide plus drug group (0.70 ± 0.01; p < 0.05; 
Figure 2i). In all, the OD value of occludin protein in the intestines after 
the short-chain polypeptide-based EEN combined with drug therapy 
was higher than that in the drug group.

The effect of short-chain 
polypeptide-based EEN formulas on the 
levels of I-FABP in the blood and FC

I-FABP and FC are often used to evaluate inflammatory levels in 
intestinal injury models. Therefore, we tested I-FABP in the blood and 
FC in the fecal samples (Figure 3). For children with mild active CD, 
the concentration of I-FABP and FC was (81.13 ± 11.12) ng/ml and 
(1389.8 ± 229.97) ug/g in the drug group vs. (91.28 ± 24.15) ng/ml and 
(1256.82 ± 304.48) ug/g in the short-chain polypeptide plus drug group 
before treatment. There was no significant difference between the two 
groups. After treatment, the concentration of I-FABP and FC in the 
short-chain polypeptide plus drug group [(33.73 ± 7.19) ng/ml and 
(432.35 ± 218.46) ug/g] was significantly lower than that in the drug 
group [(68.39 ± 8.07) ng/ml and (956.13 ± 69.68) ug/g, p < 0.05; 
Figures 3A,C]. For children with moderate-to-severe active CD, the 
concentration of I-FABP and FC was (1349.8 ± 213.95) ng/ml and 
(1985.26 ± 277.67) ug/g in the drug group vs. (1137.17 ± 38.35) ng/ml 
and (2017.00 ± 484.23) ug/g in the short-chain polypeptide plus drug 
group before treatment. There was no significant difference between 
the two groups. After treatment, the concentration of I-FABP and FC 
in the short-chain polypeptide plus drug group [(542.21 ± 97.51) ng/
ml and (1038.28 ± 130.3) ug/g] was significantly lower than that in the 
drug group [(854.69 ± 189.72) ng/ml and (1616.41 ± 133.54) ug/g, 
p < 0.05; Figures  3B,D]. The findings show that lower levels of 
inflammation occurred in the short-chain polypeptide plus drug group.

Discussion

The main therapeutic goal of pediatric CD is to induce and 
maintain clinical remission and mucosal healing, promote growth 
and development, and improve quality of life in children (24). It is 
increasingly important to accurately quantify the measurable 
concepts, including children-reported symptoms, intestinal damage 
and transmural inflammation, histologic appearance, as well as 
quality of life, disability, and other patient-centered attributes (25). 
Standardized indices, which show sufficient validity, reliability, and 
responsiveness to change are not only mandatory for implementing 
the treat-to-target approach but are also critical for assessing the 
effectiveness of emerging medications (25). Certain indicators can 
be  accurately assessed through the use of existing measurement 
methods including PCDAI, SES-CD, Chiu’s score, and FC 
and I-FABP.

PCDAI, as one of the pediatric indices and scales for assessing 
disease activity, is well established. In this study, the score of PCDAI 
in both the mild and moderate-to-severe CD groups decreased 
significantly after short-chain polypeptide-based EEN was combined 
with drugs. It suggests that the short-chain polypeptide-based EEN 
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combined with drug regimens has more efficacy in reducing the 
disease activity of pediatric active CD than that of drug regimens alone.

Healing of mucosal lesions is an important endpoint in clinical 
trials of treatments for pediatric CD. Mucosal healing has been 
proposed as a new target of pediatric CD therapy. Nowadays, the CD 
endoscopic index of severity is the only validated endoscopic activity 
score. However, this index has the disadvantage of being complex and 
time-consuming, which limits its application in clinical practice (26). 
Thus, the simple endoscopic score for SES-CD as a widely used index 
is suitable for evaluating clinical and endoscopic activity (21). 
Furthermore, intestinal histopathological changes detected by 
HE  staining and Chiu’s scores are used to make more accurate 
assessments of the severity of the intestinal injury, which is currently 
the most commonly used method (23). This study found that, 
regardless of whether terminal ileum or ileocecal area, after treatment 
of short-chain polypeptide-based EEN combined with drugs, the 
endoscopic score for SES-CD and histopathological Chiu’s scores 
decreased significantly in children with mild CD. While the same 
changes occurred in the ileocecal region of the lesion in children with 
moderate-to-severe active CD. It was shown that short-chain 
polypeptide-based EEN feeding can promote mucosal healing and 
induce and maintain CD remission, which is obvious in children with 
mild CD. For children with moderate-to-severe CD, the degree of 
recovery of the terminal ileum and ileocecal area is significantly 
different. It is speculated that the recovery speed of intestinal barrier 
function varies with the location where CD involves the intestines. 
Additionally, we found that the improvement of SES-CD endoscopic 
score and histopathological Chiu score in the ileocecal area of children 
with moderate-to-severe active CD was significantly better than that 
of children with mild active CD, which suggests that the degree of 
recovery of intestinal mucosal injury in the ileocecal area of children 
with moderate-to-severe CD was significantly higher than that of 
children with mild CD. It is speculated that the possible reason for this 
profound difference is that methylprednisolone or prednisone is the 

combined drug for the treatment of children with moderate-to-severe 
active CD, which is more effective than mesalazine for mild active CD 
treatment in inducing remission and promoting mucosal healing.

The intestinal epithelial cell apoptosis and the dysfunction of the 
intestinal epithelial barrier are the principal reasons for the increased 
intestinal permeability in CD (27). The main function of the intestinal 
epithelial barrier is to maintain intestinal permeability, which is 
formed by the dynamic changes of TJ and responds to different 
extracellular stimuli. Occludin can regulate the formation of TJ 
through protein–protein interaction (28). Previous studies have 
shown that injury to intestinal epithelial TJ is the leading cause of CD 
onset with underexpression of TJ-related proteins including occludin 
(29). In this study, the OD values of occludin in the terminal ileum 
and ileocecal area of the mild active CD and ileocecal area of 
moderate-to-severe active CD after short-chain polypeptide-based 
EEN feeding combined with drug treatment were significantly higher 
than those in the drug group, which suggests that the short-chain 
polypeptide-based EEN combined with drug regimens have more 
efficacy in alleviating gut damage and promoting mucosal healing of 
active CD than that of drug regimens alone.

FC is released by innate immune cells activated during cellular 
stress and injury (30). A prospective cohort study showed that the 
sensitivity and specificity of FC in CD were 100 and 97%, respectively 
(31). The study also found that the FC level in colonic active CD was 
significantly higher than that in ileal active CD (32). Sipponen et al. 
(33) showed that infliximab after 12 weeks of treatment had a 
significant decrease in FC, which is related to the endoscopic severity 
index (γ = 0.561, p = 0.03), indicating that FC is related to mucosal 
healing under endoscopy. In this study, there were no significant 
differences in the FC level between the two groups before treatment. 
However, the FC level was sharply lower in the short-chain 
polypeptide-based EEN plus drug group than that in the drug group, 
suggesting that short-chain polypeptide-based EEN feeding can 
promote the intestinal mucosal healing of children with active CD.

FIGURE 3

Comparison of the levels of I-FABP and FC between the drug group and short-chain polypeptide-based EEN plus drug group before and after 
treatment. (A,C) Levels of I-FABP in children with mild active CD. (B,D) Levels of FC in children with moderate-to-severe active CD. Short peptide: 
short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD (oral mesalazine) and drug regimen in moderate-to-severe active CD 
(intravenous methylprednisolone or oral prednisone). *Compared with the drug group, p < 0.05.
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I-FABP is a type of low molecular weight (15 kDa) intracellular 
protein that plays a role in fatty acid transport and metabolism (34). 
I-FABP presents a gradient distribution in the mature small intestinal 
mucosa, the content of villi is higher than that of lacuna and the content 
of the proximal and middle 1/3 of the jejunum is higher than that of the 
distal 1/3 of the jejunum (35). Murat et al. showed that I-FABP is a useful 
systemic marker for CD activity (36). In this study, there were no 
differences between the two groups before treatment despite whether 
the children had mild or moderate-to-severe active CD. However, 
I-FABP levels in the blood significantly decreased after short-chain 
polypeptide-based EEN formulas combined with drug treatment 
compared with that in the drug group. The reason may be that short-
chain polypeptide-based EEN feeding promotes the recovery of the 
surface of the intestinal mucosal villi, which is easily affected by active 
CD and reduces the release of I-FABP into the peripheral blood.

Conclusion

The study found that short-chain polypeptide-based EEN 
formulas effectively alleviate gut damage in children with active 
CD. When they are combined with drug regimens, they show more 
efficacy than drug regimens alone. Short-chain polypeptides can 
be absorbed by the intestinal tract without digestive enzymes and ATP 
energy, contributing, in particular, to the recovery of damaged 
intestinal mucosa of pediatric CD. Therefore, short-chain polypeptide-
based EEN formulas should be recommended for the induction of 
remission in children with newly diagnosed active CD. Due to the 
limitations of a single center, a small sample size, and the lack of long-
term follow-up data, it is necessary to conduct a multicenter 
prospective randomized trial with a larger sample size and extend the 
follow-up observation time to provide definite evidence to establish 
the extent of the benefits.
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