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Benefits and Safety of Astaxanthin in
the Treatment of Mild-To-Moderate
Dry Eye Disease

Lei Tian?, Ya Wen', Siyuan Li, Peng Zhang, Yinghui Wang, Jingyi Wang, Kai Cao, Lihua Du,
Ningli Wang** and Ying Jie**

Beijing Ophthalmology and Visual Science Key Lab, Beijing Tongren Eye Center, Bejjing Institute of Ophthalmology, Beijjing
Tongren Hospital, Capital Medical University, Beijjing, China

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 4+ 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 | test
(Slt), 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, Slt,
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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Astaxanthin and Dry Eye Disease

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 pl6 (20, 21).
Moreover, it downregulates the inflammatory factors, such as
interleukin (IL)-1B, IL-6, and tumor necrosis factor-alpha (TNE-
o) (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 (HMGBI) and inflammatory cytokines (TNF-a and IL-
18) (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 > 2s; (6) Schirmer I test (SIt) > 0
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mm/5 min; (7) tear meniscus height (TMH) > 0 mm; (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 < 2s; (5) Schirmer I test
(SIt) = 0 mm/5 min; (6) tear meniscus height (TMH) = 0 mm;
(7) severe MGD patients (grade 4); (8) prolonged systemic or
ocular medication may affect the study evaluation of patients; (9)
Sjogren’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

Meibum was extracted from the central five meibomian glands by
gently pressing 1-2 mm 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 | Test (Slt)
After the tears gathered at the lower eyelid margin were wiped, a
35mm x 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 patients lower eyelid. After
1 min, 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 wusing 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 20s. 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 + 152
30 days later 60 30 + 16%
P-value <0.001

ap < 0.05 vs. before treatment; PP < 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, Slt, LLT, and Severity of Conjunctival

Congestion Before and After Treatment

The overall OSDI scores before and after treatment showed
a statistically significant difference (Table1). 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, Slt, 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 £3.912 4,53 £ 2.292 0.23 £0.09 7.70 £6.42 1.42 £ 0.45 74.55 £ 25.27
30 days later 120 8.34 £ 3.442 4.69 £+ 2.122 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 | test; LLT, lipid layer thickness.

TABLE 3 | Changes in CFS score, eyelid margin changes, MG expressibility, meibum q
treatment.

uality, MGDR, blink frequency, and incomplete blink proportion before and after

Time Number CFS score Eyelid margin MG expressibility Meibum quality MGDR (upper MGDR (lower Blink Incomplete
signs eyelid) eyelid) frequency blink
(per minute) proportion
Before 120 10, 1) 1(1,1) 11,2 10,1 1(1,2) 1(1,2) 27 (12, 33) 0.75 (0.22, 1.00)
14d later 120 10, 1) 1(1,1) 11,2 10,17 1(1,2) 1(1,2) 18 (12,272  0.88(0.50, 1.00)
30dlater 120 0(0, 220 1(0, 1) 1(1, 1) 1(0, 1)@ 1(1,2) 1(1,1) 18(9, 277  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; PP < 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; IOR, 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 6h (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 Rhodiococcus was 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 12 mg 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)-
1B, IL-6, and tumor necrosis factor (TNF-a) (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 per minute 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 eflicacy 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,
cardiovascular mortality

raw vegetable, cooked vegetable, cardiovascular diseases, UK biobank,
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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 and micronutrients, 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 CVD mortality 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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UK Biobank
(n =502 494)

Exclusion (n =101 908):
Withdrawn consents during follow-up (n =1 298)
Missing data in vegetable consumption (n = 33 646)
Prevalent angina, stroke and myocardial infarction (n =20 461)
Prevalent cancer at baseline (n =41 248)
Pregnant at baseline (n = 370)
Missing data in other key covariates (n =5 885)

Included participants
(n =399 586)

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,
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.

insulin

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/m?, 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 2-3 tablespoons/day 4-7 tablespoons/day >8 tablespoons/day Overall
(n =15902) (n = 109 536) (n =216 499) (n = 57 649) (n = 399 586)

Female (%) 6174 (38.8) 54 948 (50.2) 126 375 (58.4) 33997 (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 0.7 (0.5) 2.6 (0.5 5.1 (1.0 10.7 (5.0) 5.0(3.4)
(tablespoons/day)
Raw vegetable intake 0.1 (0.3 0.9 (0.6) 2.2(1.1) 5.5(3.5) 2.3 (2.5
(tablespoons/day)
Cooked vegetable intake 0.5(0.5) 1.7 (0.6) 2.8(1.0 5.3 (3.4) 2.8(1.9)
(tablespoons/day)
White ethnicity (%) 14 782 (93.3) 104 731 (95.9) 206 372 (95.6) 52 143 (90.9) 378 028 (94.9)
Townsend Deprivation —0.2 (3.5) —1.4(3.0) —1.5(2.9) —1.1(8.1) —1.4(3.0)
index*
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/m?) 28.0 (5.2 27.2 (4.7) 27.3(4.7) 27.4 (4.8) 27.3(4.7)
Current smoker (%) 3485 (22.0) 11828 (10.8) 19427 (9.0) 5506 (9.6) 40 246 (10.1)
Current drinker (%) 13817 (87.1) 101 873 (93.1) 201 964 (93.3) 52 123 (90.5) 369 777 (92.6)
High physical activity 3971 (32.2) 31459 (35.0) 75528 (42.5) 24 328 (51.0) 135286 (41.3)
level (%)F
Self-reported 4172 (26.2) 26 482 (24.2) 55071 (25.4) 15131 (26.2) 100 856 (25.2)
hypertension (%)
Self-reported diabetes (%) 994 (6.2) 4859 (4.4) 9904 (4.6) 3009 (5.2) 18 766 (4.7)
Regular use of 4 065 (25.6) 26 039 (23.8) 53 667 (24.8) 14 394 (25.0) 98 165 (24.6)
aspirin/ibuprofen (%)
Regular use of mineral 2869 (18.0) 25789 (23.5) 61980 (28.6) 17 955 (31.1) 108 593 (27.2)
supplement (%)
Regular use of vitamin 1760 (11.1) 13223 (12.1) 30534 (14.1) 9756 (16.9) 55273 (13.8)
supplement (%)
Use of antihypertensive 938 (5.9) 8133 (7.4) 20449 (9.4) 5628 (9.8) 35148 (8.8)
drugs (%)
Use of statin (%) 696 (4.4) 5426 (4.9) 13443 (6.2) 3822 (6.6) 23387 (5.9)
Use of insulin (%) 58 (0.4) 375 (0.3) 855 (0.4) 275 (0.5) 1563 (0.4)
Fruit intake >5 pieces/day 684 (4.3) 4659 (4.9) 156781 (7.9) 10076 (17.5) 31200 (7.8)
(%)
Oily fish intake >1 3267 (20.7) 39 335 (36.0) 88514 (41.0) 21682 (37.7) 72515 (18.2)
times/week (%)
Non-oily fish intake >1 1565 (9.9 13441 (12.9) 37 587 (17.4) 13 698 (23.8) 66 291 (16.6)
times /week (%)
Processed meat intake >2 6 949 (43.8) 38 331 (35.0) 62 278 (28.8) 14 132 (24.5) 121 690 (30.5)
times/week (%)
Red meat intake 2.0(1.6) 2.1(1.4) 2.1 (1.4) 2.0(1.6) 2.1 (1.4)

(times/week)

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.

T 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 CVD mortality
(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 (Table2, 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 Table9), 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 and main 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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fresh fruits, red meat, processed meat, oily fish and non-oily fish.

A Incidence CVD B Incident MI C Incident stroke
Cases /total HR(95%Cl) Cases /total HR(95%Cl) Cases /total HR(95%CI)
Total vegetable
0-1 973 /15711 Reference . 661 /15740 Reference L] 328 /15876 Reference .
23 4973 /108463  0.91 (0.85, 0.98) - 3141/108636  0.88 (0.81, 0.96) - 1888/109374  0.98 (0.87, 1.11) -
47 9507 /214478 0.90 (0.84, 0.96) = 5898 /214809 0.87 (0.80, 0.95) - 3709 /216201 0.97 (0.86, 1.09) -
>F 2599 /57078 0.90 (0.83, 0.97) - 1617 /57179 0.87 (0.79, 0.95) - 1044 /57553 1.01(0.89, 1.15) ™
P for trend: 0.002 0.001 0.662
Raw vegetable
0 2480 /38909 Reference L] 1617 /38988 Reference L] 892 /39361 Reference L]
1-2 10096 /227010 0.91(0.87, 0.95) = 6309 /227376 0.91 (0.86, 0.96) " 3912 /228829 0.94 (0.87, 1.01) -
3-4 3781 /89326 0.89 (0.84, 0.94) - 2350 /89436 0.91(0.85, 0.97) " 1484 /90036 0.90 (0.82, 0.98) b
>4 1695 /40485 0.89 (0.83, 0.95) - 1041 /40564 0.88 (0.81, 0.96) L 681 /40778 0.92 (0.83, 1.03) i
P for trend: 0.004 0.039 0.158
Cooked vegetable
0 671 /11968 Reference - 449 /11989 Reference = 233 /12081 Reference L]
1-2 8030 /187257 0.98 (0.90, 1.06) - 5049 /187543 0.96 (0.87, 1.07) " 3067 /188664 0.99 (0.86, 1.14) -
3-4 7261 /154945 0.99 (0.91, 1.08) = 4497 /155197 0.96 (0.87, 1.07) " 2826 /156291 1.01(0.88, 1.16) ad
>4 2090 /41560  1.00 (0.91, 1.09) o 1322/41635  0.97 (0.86, 1.08) - 843/41968  1.09 (0.94, 1.27) -
P for trend: 0.960 0.018
0.71 1.00 0.71 1.00 071 1.00 1.41
HR (95%Cl) HR (95%Cl) HR (95%Cl)

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 (Cl) 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

A CVD mortality

meat, oily fish and non-aily fish.

Cases /total HR(95%Cl) Cases /total HR(95%Cl)
Total vegetable
0-1 288 /15902 Reference L 1354 /15902 Reference L
2-3 1206 /109536 0.84 (0.74, 0.96) - 6021 /109536 0.80 (0.76, 0.85) -
4-7 2280 /216499 0.83 (0.73, 0.94) - 11643 /216499 0.79 (0.75, 0.84) -
>7 632 /57649 0.83 (0.71, 0.96) - 3145 /57649 0.79 (0.74, 0.85) L]
P for trend: 0.005 <0.001
Raw vegetable
0 681 /39436 Reference L 3289 /39436 Reference L
1-2 2384 /229161 0.89 (0.81, 0.98) = 12135 /229161 0.87 (0.83, 0.91) =
3-4 940 /90137 0.92 (0.83, 1.03) - 4733 /90137 0.87 (0.83, 0.91) -
>4 401 /40852 0.85 (0.74, 0.97) " 2006 /40852 0.82 (0.77, 0.87) -
P for trend: 0.164 <0.001
Cooked vegetable
0 203 /12102 Reference L 1046 /12102 Reference L
1-2 1914 /188927 0.88 (0.75, 1.02) = 9741 /188927 0.75 (0.71, 0.81) L]
3-4  1730/156519 0.87 (0.75, 1.02) - 8787 /156519 0.76 (0.71, 0.82) o
>4 559 /42038 0.96 (0.80, 1.13) - 2589 /42038 0.81 (0.75, 0.87) -
P for trend: 0.355 0.932
1 1
0.71 1.00 0.71 1.00

HR (95%Cl)

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 (Cl) 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

B All-cause mortality

HR (95%Cl)

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 x2)*

Improvement in fit (x2) HR (95% CI)*

Improvement in fit (x2)

HR (95% CI)*

CVD incidence

Total vegetable intake 87.8 0.74 (0.69, 0.80)
Raw vegetable intake 127.9 0.79(0.74,0.84)
Cooked vegetable intake 53.0 0.77 (0.71,0.84)
Ml incidence

Total vegetable intake 751 0.71(0.65, 0.78)
Raw vegetable intake 88.8 0.78 (0.72, 0.84)
Cooked vegetable intake 42.8 0.74 (0.67, 0.83)
Stroke incidence

Total vegetable intake 18.8 0.84 (0.74, 0.95)
Raw vegetable intake 31.7 0.85(0.77,0.94)
Cooked vegetable intake 19.1 0.87 (0.75, 1.01)
All CVD mortality

Total vegetable intake 58.2 0.63 (0.55, 0.73)
Raw vegetable intake 63.8 0.74 (0.65, 0.84)
Cooked vegetable intake 53.9 0.67 (0.57,0.78)
All-cause mortality

Total vegetable intake 298.7 0.61 (0.57, 0.65)
Raw vegetable intake 352.7 0.69 (0.65, 0.73)
Cooked vegetable intake 347.8 0.57 (0.53, 0.61)

10.1 0.90 (0.83, 0.97) 88.6
23.2 0.89 (0.83, 0.95) 81.9
15 1.00 (0.91, 1.09) 97.2
11.1 0.87 (0.79, 0.95) 85.2
13.3 0.88 (0.81, 0.96) 85.0
0.6 0.97 (0.86, 1.08) 98.5
2.2 1.01(0.89, 1.15) 88.1
5.6 0.92 (0.83, 1.03) 82.2
6.1 1.09 (0.94, 1.27) 68.3
8.0 0.83 (0.71, 0.96) 86.3
8.2 0.85 (0.74, 0.97) 87.2
6.3 0.96 (0.80, 1.13) 88.4
57.9 0.80 (0.74, 0.85) 80.6
57.3 0.82 (0.77, 0.87) 83.8
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, ]. H., Omiyale, W., Besevic, ]., 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
CVD mortality, 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, CVD mortality, 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 wuncertainty in the HR estimates? The
presentation of 95% ClIs 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,
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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 of mistake 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% ClI]) for mild
and moderate-to-severe degree of malnutrition, respectively: 1.48 (1.30-1.70) and 4.87
(8.40-6.98) 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

Frontiers in Nutrition | www.frontiersin.org

27 February 2022 | Volume 9 | Article 822376


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.822376
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.822376&domain=pdf&date_stamp=2022-02-23
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles
https://creativecommons.org/licenses/by/4.0/
mailto:gdydq100@126.com
https://doi.org/10.3389/fnut.2022.822376
https://www.frontiersin.org/articles/10.3389/fnut.2022.822376/full

Yang et al.

Malnutrition in Hypertensive Patients

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 of malnutrition. 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 x serum albumin (g/1) +
41.7 x (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 (100-109, I11,
113, 120-151).

Statistical Analysis

Baseline characteristics were expressed as a median with
interquartile range (25"-75% percentiles) for continuous
variables and with categorical data expressed as n (%).
Venn diagrams were used to illustrate the relationship

Frontiers in Nutrition | www.frontiersin.org

28

February 2022 | Volume 9 | Article 822376


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

Yang et al.

Malnutrition in Hypertensive Patients

National Health and Nutrition Examination Survey
between 2005 and 2014 (N=50,965)

Exclusion:
Age <18 years old (N=20,670)

P Missing questionnaire data (N=1,835)
Missing blood pressure or hypertension
history (N= 1,550)

Exclusion:

Y

Baseline without hypertension (N= 15,691)

Enrolled subjects: Aged >18 years old with
hypertension (N=11,219)

Exclusion:
Missing lymphocyte count (N=888)

P> Missing serum albumin (N=1,060)
Missing serum total cholesterol (N=1,017)
Missing height and weight (N=532)
Finally enrolled for analysis (N=9,949)
FIGURE 1 | Flow diagram for the selection of the study population.
between the three malnutritional indices. Survival analysis RESULTS
was performed with standardized Kaplan-Meier curves . _—
and the log-rank test. Cox proportional hazards regression Base"n? Characteristics of the Study
models were used to estimate hazard ratios (HRs) and POPUIatlon

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.

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.
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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 (10%/L) 212 +1.14
Total cholesterol (mmol/L) 5.06 +£1.12
eGFR(mMI/min/1.73 m?) 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. NRL: 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 (%) 1,658 (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 Table5; 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 Tables2A,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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N=1832

N=6070

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.

N=1402

NRI

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 585+ 149 643+ 154 <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 (562.4) <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 (17.9) 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) 141 +£1.5 185 +£1.7 <0.01 141 +1.4 140+ 1.6 <0.01 140+1.6 13.0+ 1.6 <0.01
eGFR(mI/min/1.73m?) 80.9 +22.0 719+ 255 <0.01 85.3 +19.9 77.8+ 234 <0.01 795+ 228 70.4 +26.7 <0.01
Long-term mortality, (%)

All-cause 801 (10.1) 453 (22.7) <0.01 90 (5.9) 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%ClI P HR 95%ClI 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 712 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 mli/min/1.73 m? 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 1.62-1.94 <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%Cl) P HR (95%Cl) P HR (95%Cl) P HR (95%Cl) 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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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 mechanism might
be explained by the following facts. First, tumor necrosis factor-
alpha (TNF-a), 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
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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 (Cl): 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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Vegetarianism Decreased CKD in DM

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) 1is 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 Alc (HbAlc) 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/m?) 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 m? (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,
HbAlc 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

Subjects who received physical
checkup i health examination
center in Taipei Tzu Chi Hospital in
September 05, 2005 to December
31, 2016

n=59,552

age < 40 yrs, n=4,086

the id missing or incorrect,
n=1,944

non-diabetics and HBAlc < 6.5%,
n=50,695

k.

Diabetic Subjects who received
physical checkup

health examination center

in Taipei Tzu Chi Hospital,
n=2,827

the biochemical exam data

4| missing, n=30

A

Diabetic Subjects who received
physical checkup

health examination center

in Taipei Tzu Chi Hospital,
n=2,797

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/m?) vs 24.4 + 3.8 kg/m? (vegans) and 24.3 + 3.7 kg/m?,
(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, HbAlc 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), HbA1lc 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
(OR2.00, 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/m? 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(1.9) 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 m?, 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) 7 (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, HbATc: hemoglobin Alc.

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 Model 2 Model 3
0Odd ratio (95% Odd ratio (95% Odd ratio (95%
confidence confidence confidence
interval) interval) interval)
Vegan vs. 0.76 (0.56-1.04) 0.68 (0.49-0.94) 0.75 (0.54—1.04)
Omnivores
Lacto-ovo 0.69 (0.58-0.82) 0.68 (0.57-0.82) 0.78 (0.65—0.95)
vegetarian vs.
Omnivores
Age per years old 1.03 (1.02-1.04) 1.08 (1.02-1.04) 1.08 (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 1.18 (1.12-1.24) 1.09 (1.04—1.16)
10 mmHg
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,

HbATc: hemoglobin Alc.

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
BR, HbATc, 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/m? 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 B-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

Age
0.58**|  |acto-ovo
enae -
‘‘‘‘‘‘ vegetarians
= & Male
0.51**
-> Hyperuricemia Current
g smoking
BMI >27
SBP
l Vegan TG/HDL ratio
0.53**
HbAlc
1.12%*
*:<0.05
**:<0.001
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 p-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 f-conglycinin (31). The increased
expression of nephrin in streptozotocin-treated rats was noted
if soy B-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 (HbAlc) and Oral Glucose Tolerance
Test (42). HbAlc was a convenient measurement for diagnosing
DM. Our database measured HbAlc only, and therefore the
diagnosis of diabetes mellitus could not be fulfilled according
to ADA. However, the HbAlc might not detect DM with
advanced CKD. However, the advanced CKD in our database
was 1%, and the false-negative effect of HbAlc 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 (DIl) is closely related to various age-related
diseases. However, whether Dll is related to S-Klotho plasma levels is still controversial.
It was the goal of this study to examine the link between DIl 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 DIl and S-Klotho plasma levels. In the
threshold effect analysis model, the breakpoint was Dll=1.3, and the negative correlation
was more obvious when DIl < 1.3 (3 = —10.6, p = 0.001). When DIl > 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 DIl 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, high DII (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 inflammation may 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 five National 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 coeflicient 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
Qi 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 5.63
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 7.1 6.60
Energy intake (kcal/day) 1927.49 (882.96) 1936.99 (898.62) 1935.79 (893.63) 1916.92 (880.57) 0.800
DIl 1.04 (1.75) 0.91 (1.80) 0.91 (1.80) 0.92 (1.83) 0.001
Body mass index (kg/m?) 29.99 (6.36) 29.82 (6.64) 29.72 (6.74) 29.64 (6.92) 0.196
Wiaist 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) 7212 (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.

Dll, dietary inflammatory index; SBF, Syst olic Blood, Pressure; DBF, 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/m?). 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

B (95%Cl) P-value
DIl —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 (—1.568, —0.90) <0.0001
Systolic blood pressure —0.83 (—1.18, —0.52) <0.0001
Diastolic blood pressure 0.57 (0.12, 1.02) 0.0133

Non-standardized B coefficient [95% confidence interval], p-values are provided. DI,
dietary inflammatory index.

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

We discovered an inverse correlation between DII and
S-Klotho plasma levels: (3 = —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 (DIl) and S-Klotho pg/mL.

Outcome Crude Model Model | Model I
B (95%Cl) P-value B (95%Cl) P-value B (95%Cl) P-value

DIl —-2.6(-5.5,0.2) 0.072 -5.5(—8.4, —2.6) <0.001 —6.1 (=94, -2.7) 0.001
Dli(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> 0.23t0 <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 ll: 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 DIl 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 (Cl) for the fit. They adjusted for energy intake, age, sex, race, body mass index (BMI), use of medication, and

B
(e]
g
= -
(=
=
E .
o
£
Q0 = ol
£ =
L=}
X
()
(o]
S
- -
o0

DIl

(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-kB, and the secretion of
proinflammatory cytokines. By contrast, excessive S-Klotho
depletion increased the production of pro-inflammatory
cytokines, such as tumor necrosis factor-a and IL-1-8, 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-1-8, IL-4, IL-6, IL-10,
TNF-a, and CRP. The underlying molecular mechanism is that
pro-inflammatory substances elevate circulating interleukin (IL)
levels (particularly IL-6, IL-1-B, or IL—8) (26-28). As a result,

TABLE 4 | Threshold effect analysis of DIl on S-Klotho using the two-piecewise
linear regression model.

Adjusted B(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
DIl <1.3 —10.6 (—15.4, —5.8) <0.001
DIl > 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 in many 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.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author/s.

REFERENCES

1. Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, et al.
Mutation of the mouse klotho gene leads to a syndrome resembling ageing.
Nature. (1997) 390:45-51. doi: 10.1038/36285

2. Jurado-Fasoli L, Castillo MJ, Amaro-Gahete FJ. Dietary inflammatory index
and s-klotho plasma levels in middle-aged adults. Nutrients. (2020) 12:281.
doi: 10.3390/nu12020281

3. Qian Y, Che L, Yan Y, Lu R, Zhu M, Xue S, et al. Urine klotho is

a potential early biomarker for acute kidney injury and associated with
poor renal outcome after cardiac surgery. BMC Nephrol. (2019) 20:268.
doi: 10.1186/5s12882-019-1460-5

. Zimmermann M, Kéhler L, Kovarova M, Lerche C, S, Schulte Wurster I,

et al. The longevity gene Klotho and its cerebrospinal fluid protein profiles
as a modifier for Parkinson’s disease. Eur ] Neurol. (2021) 28:1557-65.
doi: 10.1111/ene.14733

5. Kanbay M, Demiray A, Afsar B, Covic A, Tapoi L, Ureche C, et al. Role of
Klotho in the development of essential hypertension. Hypertension. (2021)
77:740-50. doi: 10.1161/HYPERTENSIONAHA.120.16635

6. Ebert T, Pawelzik SC, Witasp A, Arefin S, Hobson S, Kublickiene K, et al.
Inflammation and premature ageing in chronic kidney disease. Toxins. (2020)
12:227. doi: 10.3390/toxins12040227

7. da Costa JP, Vitorino R, Silva GM, Vogel C, Duarte AC, Rocha-Santos T. A
synopsis on aging-Theories, mechanisms and future prospects. Ageing Res
Rev. (2016) 29:90-112. doi: 10.1016/j.arr.2016.06.005

8. Martin-Nufiez E, Donate-Correa J, Lépez-Castillo A, Delgado-Molinos A,
Ferri C, Rodriguez-Ramos S, et al. Soluble levels and endogenous vascular

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by National Center for Health Statistics
Research FEthics Review Board (ERB) for NHANES 2011-
2016 (Protocol #2011-17) and NHANES 2007-2010
(Protocol #2005-06) on which data for this analysis was
used. Additional details are available at: https://www.cdc.
gov/nchs/nhanes/irba98.htm. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

The study was created by T-CM, who also examined the
data. FG revised and edited the text for key intellectual

content. All authors evaluated and approved the
final manuscript.

ACKNOWLEDGMENTS

We would like to thank everyone who took part in
the NHANES and the NHANES team for their time
and work.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.
853332/full#supplementary-material

gene expression of KLOTHO are related to inflammation in human

atherosclerotic disease. Clin Sci. (2017) 131:2601-9. doi: 10.1042/CS20171242
9. Donato AJ, Machin DR, Lesniewski LA. Mechanisms of dysfunction in the
aging vasculature and role in age-related disease. Circ Res. (2018) 123:825-48.
doi: 10.1161/CIRCRESAHA.118.312563
Chalhoub D, Marques E, Meirelles O, Semba RD, Ferrucci L, Satterfield S, et al.
Association of serum Klotho with loss of bone mineral density and fracture
risk in older adults. ] Am Geriatr Soc. (2016) 64:e304-8. doi: 10.1111/jgs.14661
. Abulizi P, Zhou XH, Keyimu K, Luo M, Jin FQ. Correlation between KLOTHO
gene and mild cognitive impairment in the Uygur and Han populations of
Xinjiang. Oncotarget. (2017) 8:75174-85. doi: 10.18632/oncotarget.20655
Crous-Bou M, Molinuevo JL, Sala-Vila A. Plant-rich dietary patterns,
plant foods and nutrients, telomere length. Adv Nutr. (2019) 10:5296-303.
doi: 10.1093/advances/nmz026
Craddock JC, Neale EP, Peoples GE, Probst YC. Vegetarian-based dietary
patterns and their relation with inflammatory and immune biomarkers:
a systematic review and meta-analysis. Adv Nutr. (2019) 10:433-51.
doi: 10.1093/advances/nmy103
O’Keefe SJ. Diet, microorganisms and their metabolites, colon cancer. Nat Rev
Gastroenterol Hepatol. (2016) 13:691-706. doi: 10.1038/nrgastro.2016.165
Shah B, Newman JD, Woolf K, Ganguzza L, Guo Y, Allen N, et al. Anti-
inflammatory effects of a vegan diet versus the american heart association-
recommended diet in coronary artery disease trial. ] Am Heart Assoc. (2018)
7:¢011367. doi: 10.1161/JAHA.118.011367
Martin-Peldez S, Fito M, Castaner O. Mediterranean diet effects on type
2 diabetes prevention, disease progression, related mechanisms. A review.
Nutrients. (2020) 12:2236. doi: 10.3390/nu12082236

Frontiers in Nutrition | www.frontiersin.org

52

May 2022 | Volume 9 | Article 853332


https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.frontiersin.org/articles/10.3389/fnut.2022.853332/full#supplementary-material
https://doi.org/10.1038/36285
https://doi.org/10.3390/nu12020281
https://doi.org/10.1186/s12882-019-1460-5
https://doi.org/10.1111/ene.14733
https://doi.org/10.1161/HYPERTENSIONAHA.120.16635
https://doi.org/10.3390/toxins12040227
https://doi.org/10.1016/j.arr.2016.06.005
https://doi.org/10.1042/CS20171242
https://doi.org/10.1161/CIRCRESAHA.118.312563
https://doi.org/10.1111/jgs.14661
https://doi.org/10.18632/oncotarget.20655
https://doi.org/10.1093/advances/nmz026
https://doi.org/10.1093/advances/nmy103
https://doi.org/10.1038/nrgastro.2016.165
https://doi.org/10.1161/JAHA.118.011367
https://doi.org/10.3390/nu12082236
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Ma et al. Dietary Inflammatory Index and S-Klotho
17. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing 26. Shivappa N, Hebert JR, Marcos A, Diaz LE, Gomez S, Nova E, et al.
and  developing a literature-derived,  population-based  dietary Association between dietary inflammatory index and inflammatory
inflammatory  index.  Public =~ Health Nutr. (2014) 17:1689-96. markers in the HELENA study. Mol Nutr Food Res. (2017)
doi: 10.1017/S1368980013002115 61:10.1002/mnfr.201600707. doi: 10.1002/mnfr.201600707
18. Garcia-Arellano A, Martinez-Gonzdlez MA, Ramallal R, Salas-Salvadd J, 27. Sproston NR, Ashworth JJ. Role of C-reactive protein at sites of inflammation
Hébert JR, Corella D, et al. Dietary inflammatory index and all-cause mortality and infection. Front Immunol. (2018) 9:754. doi: 10.3389/fimmu.2018.00754
in large cohorts: the SUN and PREDIMED studies. Clin Nutr. (2019) 38:1221- 28. Rhodes B, Fiirnrohr BG, Vyse TJ. C-reactive protein in rheumatology:
31. doi: 10.1016/j.cInu.2018.05.003 biology and genetics. Nat Rev  Rheumatol. (2011)  7:282-9.
19. Fowler ME, Akinyemiju TF. Meta-analysis of the association between doi: 10.1038/nrrheum.2011.37
dietary inflammatory index (DII) and cancer outcomes. Int ] Cancer. (2017) 29. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al.
141:2215-27. doi: 10.1002/ijc.30922 Plasma klotho and cardiovascular disease in adults. ] Am Geriatr Soc. (2011)
20. Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hornell 59:1596-601. doi: 10.1111/§.1532-5415.2011.03558.x
A, et al. Strengthening the reporting of observational studies 30. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al. Plasma
in  epidemiology-nutritional ~ epidemiology ~ (STROBE-nut):  an klotho and mortality risk in older community-dwelling adults. ] Gerontol A
extension of the STROBE statement. PLoS Med. (2016) 13:€1002036. Biol Sci Med Sci. (2011) 66:794-800. doi: 10.1093/gerona/glr058
doi: 10.1371/journal.pmed.1002036
21. Leung CW, Fung TT, McEvoy CT, Lin J, Epel ES. Diet quality indices and Conflict of Interest: The authors declare that the research was conducted in the
leukocyte telomere length among healthy US adults: data from the national absence of any commercial or financial relationships that could be construed as a
health and nutrition examination survey, 1999-2002. Am ] Epidemiol. (2018) potential conflict of interest.
187:2192-201. doi: 10.1093/aje/kwy124
22. Jurado-Fasoli L, Amaro-Gahete FJ, Arias-Tellez MJ, Gil A, Labayen I, Publisher’s Note: All claims expressed in this article are solely those of the authors
_Ruiz JR. Relationship between dietary factors ‘and S-Klotho plasma levels 1,4 4o not necessarily represent those of their affiliated organizations, or those of
i young se(‘ientary healthy adults. Mech Ageing Dev. (2021) 194:111435. the publisher, the editors and the reviewers. Any product that may be evaluated in
doi: 10.1016/j.mad.2021.111435 hi il laim th b de by i £ . d
23. Vasto S, Buscemi S, Barera A, Di Carlo M, Accardi G, Caruso C. this article, orcalm.t at may be made by its manufacturer, is not guaranteed or
Mediterranean diet and healthy ageing: a Sicilian perspective. Gerontology. endorsed by the publisher.
(2014) 60:508-18. doi: 10.1159/000363060
24. Milte CM, Russell AP, Ball K, Crawford D, Salmon J, McNaughton Copyright © 2022 Ma, Zhou, Wang, Fang and Gao. This is an open-access article
SA. Diet quality and telomere length in older Australian men and distributed under the terms of the Creative Commons Attribution License (CC BY).
women. Eur ] Nutr. (2018) 57:363-72. doi: 10.1007/s00394-016-1 The use, distribution or reproduction in other forums is permitted, provided the
326-6 original author(s) and the copyright owner(s) are credited and that the original
25. Fisher FM, Maratos-Flier E. Understanding the physiology of FGF21. publication in this journal is cited, in accordance with accepted academic practice.

Annu Rev Physiol. (2016) 78:223-41. doi: 10.1146/annurev-physiol-021115-1
05339

No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Nutrition | www.frontiersin.org

53

May 2022 | Volume 9 | Article 853332


https://doi.org/10.1017/S1368980013002115
https://doi.org/10.1016/j.clnu.2018.05.003
https://doi.org/10.1002/ijc.30922
https://doi.org/10.1371/journal.pmed.1002036
https://doi.org/10.1093/aje/kwy124
https://doi.org/10.1016/j.mad.2021.111435
https://doi.org/10.1159/000363060
https://doi.org/10.1007/s00394-016-1326-6
https://doi.org/10.1146/annurev-physiol-021115-105339
https://doi.org/10.1002/mnfr.201600707
https://doi.org/10.3389/fimmu.2018.00754
https://doi.org/10.1038/nrrheum.2011.37
https://doi.org/10.1111/j.1532-5415.2011.03558.x
https://doi.org/10.1093/gerona/glr058
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

& frontiers | Frontiers in

SYSTEMATIC REVIEW
published: 23 May 2022
doi: 10.3389/fnut.2022.844242

OPEN ACCESS

Edited by:
Maurizio Muscaritol,
Sapienza Universita di Roma, ltaly

Reviewed by:

Pietro Vajro,

University of Salerno, Italy
Carmine Finelli,

Ospedale Cav. R. Apicella — ASL
Napoli 3 Sud, Italy

*Correspondence:
Parvin Dehghan
dehghan.nut@gmail.com

Specialty section:

This article was submitted to
Clinical Nutrition,

a section of the journal
Frontiers in Nutrition

Received: 27 December 2021
Accepted: 02 May 2022
Published: 23 May 2022

Citation:

Musazadeh V, Roshanravan N,
Dehghan P and Ahrabi SS (2022)
Effect of Probiotics on Liver Enzymes
in Patients With Non-alcoholic Fatty
Liver Disease: An Umbrella

of Systematic Review

and Meta-Analysis.

Front. Nutr. 9:844242.

doi: 10.3389/fnut.2022.844242

Check for
updates

Effect of Probiotics on Liver Enzymes
in Patients With Non-alcoholic Fatty
Liver Disease: An Umbrella of
Systematic Review and
Meta-Analysis

Vali Musazadeh'2, Neda Roshanravan?, Parvin Dehghan*°* and Sana Sedgh Ahrabi’

' Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran, 2 Department of Community Nutrition,
School of Nutrition and Food Science, Tabriz University of Medical Sciences, Tabriz, Iran, ° Cardiovascular Research Center,
Tabriz University of Medical Sciences, Tabriz, Iran, * Faculty of Nutrition and Food Science, Nutrition Research Center, Tabriz
University of Medlical Sciences, Tabriz, Iran, ° Immunology Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

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; 2 = 60.9%, p = 0.006), AST (ES = —10.19 IU/L, 95%Cl:
—13.08, —7.29, p < 0.001; [° = 79.8%, p < 0.001), and GGT (ES = —5.88 IU/L, 95%
Cl: —7.09, —4.67, p = 0.009; /2 = 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; MT'Ts, 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 hosts 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 I? statistics and Cochrane’s
Q-test. I>-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 x 10° and 5 x 10'!
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
(I* = 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
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FIGURE 1 | Flow diagram of study selection.
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TABLE 1 | Study characteristics of included studies.

References No. of studies in Location No. of participants in Age Dose (mg/day) Quality assessment scale
meta-analysis duration (week) meta-analysis (year) and outcome
Gao et al. (23) 9 China 268 37 Bifidobacterium, Lactobacillus, Yes (Cochrane)
16 week Streptococcus, VSL#3 9/9 high
NR
Khan et al. (32) 12 United States 292 50 Lactobacillus, Bifidobacterium, Yes (Cochrane)
17 week probiotics yogurt 9/13 high
11.4*10°
Loman et al. (31) 11 United States 195 34 Lactobacillus, Bifidobacterium, Yes (adapted from Littell et al.)
8 week Streptococccus 7/11 high
2.6*109
Sharpton et al. (33) 16 United States 322 NR  Lactobacillus, Bifidobacterium, Yes (Cochrane)
10 week probiotics yogurt 11/16 high
NR
Liu et al. (29) 15 China 673 37 Acetobacter, Bifidobacterium, Yes (Cochrane)
11 week Lactobacillus, Streptococcus 13/15 high
Lavekar et al. (34) 7 India 138 NR Lactobacillus Yes (Jodad)
19.5 week NR 7/7 high
Tang et al. (26) 22 China 879 30 Lactobacillus, Bifidobacterium, Yes (Cochrane)
13.5 week Streptococccus, Bacillus, 20/22 high
Enterococcus
NR
Xiao et al. (25) 28 China 420 40 Lactobacillus, Streptococcus, Yes (Cochrane)
16 week Bifidobacterium, 20/28 high
Propionibacterium,
Acetobacter
NR
Koutnikova et al. (27) 99 France 1971 NR Bifidobacteria, Streprococcus, Yes (PEDro scale tool)
8 week Salivarius, Lactobacilli 84/99 high
5x 10"
Ma et al. (30) 4 China 268 44 Lactobacillus, Streptococcus, Yes (Jodad)
17 week Bifidobacterium, Lepicol 4/4 high
probiotic
NR

PEDro, Physiotherapy Evidence Database scale tool.

TABLE 2 | Detailed evaluation of the methodological quality with AMSTAR?.

Study Q1P 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 1
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 1
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 confiict 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 (Cls) 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 12 (%) P heterogeneity
ALT

Total 10 —10.54 (—12.70, —8.39) <0.001 60.9 0.006
Type of effect size

WMD 5 —11.61(-15.24, —7.97) <0.001 74.4 0.004
MD 5 —9.91 (—13.35, —6.46) <0.001 44.0 0.129
Sample size

<300 5 —13.77 (—20.49, —7.05) <0.001 74.5 0.004
>300 5 —9.96 (—11.98, —7.93) <0.001 45.4 0.119
Age (years)

<45 —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 5 —8.76 (—11.25, —6.28) <0.001 30.2 0.22
>16 5 —13.50 (—18.18, —8.81) <0.001 75.7 0.002
Country

China 5 —11.66 (—15.21, —8.21) <0.001 75.3 0.003
Other 5 —9.62 (—13.00, —6.23) <0.001 38.0 0.168
AST

Total 9 —10.19 (—13.08, —7.29) <0.001 79.8 <0.001
Type of effect size

WMD 4 —10.37 (—13.66, —7.07) <0.001 59.4 0.06
MD 5 —-10.58 (—-16.13, —5.02) <0.001 82.0 <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 4 —7.79 (—12.10, —3.49) <0.001 77.0 0.005
>16 5 —12.89 (—-17.13, —8.66) <0.001 64.7 0.023
Country

China 5 —10.65 (—13.58, —7.71) <0.001 53.3 0.073
Other 4 —10.02 (—16.24, —3.79) 0.002 83.4 <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 (I> = 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 (I* = 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):

e Impact on intestinal hormone production affecting
glucose control.
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FIGURE 3 | Forest plot (A) detailing mean difference and 95% confidence intervals (Cls) and funnel plot (B) displaying publication bias in the studies reporting, the
effects of probiotics supplementation on AST levels.
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e Effect on short-chain production affecting glucose and
lipid metabolism.

e Increasing liver toxicity and cardiovascular risk.

e Disturbance of bile acid homeostasis.

e 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 (ALAZ > 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 (C/): —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

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.

[https://clinicaltrials.gov/], identifier

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

Sinha et al.
SGA-LBW infants.
Clinical Trial Registration:
[NCT02653534].
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 ALAZ < 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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Low birthweight infants weighing between 1500 and 2250 grams at birth
n= 38402

Infants with LAZ score <-6 at
any time point excluded
n=42

A 4

Included for analysis
n = 8360 infants

AGA-LBW infants
n=23918

A 4
SGA-LBW infants
n=4442

A 4

Length measurements were available for,
At birth (enrollment), n = 3909 (99.8%)
At 28 days, n= 3836 (97.9%)
At 90 days, n = 3345 (85.4%)
At 180 days, n = 3128 (79.8%)

FIGURE 1 | Flowchart showing the number of infants with length measurements included in the analysis.

Length measurements were available for,
At birth (enrollment), n = 4414 (99.4%)
At 28 days, n=4314 (97.1%)
At 90 days, n = 3730 (34.0%)
At 180 days, n = 3483 (78.4%)

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
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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 Adjusted® mean
difference/IRR difference/RR
Attained length, cm:  Birth® 44.67 (1.57) 44.54 (1.53) 0.12 (0.06 — 0.19) —0.82 (—0.91t0 —0.72)
mean (SD) 28 days 49.40 (1.85) 49.22 (1.86) 0.18 (0.10 — 0.26) —0.98 (—1.09to —0.88)
90 days 56.20 (2.11) 56.11 (2.12) 0.08 (—0.02 t0 0.18) —0.89 (—1.02to —0.75)
180 days 62.38 (2.35) 62.49 (2.35) —0.11 (- 0.22 t0 0.01) —0.73 (— 0.89t0 — 0.58)
Linear growth velocity, Birth?- 4.72 (1.45) 4.66 (1.46) 0.05 (—=0.011t00.12) —-0.19 (- 0.28to —0.10)
cm: mean (SD) 28 days
28-90 days 6.81 (1.45) 6.92 (1.46) —0.11 (—0.18t0 —0.04) 0.06 (— 0.04 t0 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- 17.75 (2.19) 17.95 (2.23) —0.20 (—0.31to —0.10) 0.07 (—0.08 t0 0.22)
180 days
LAZ score: mean (SD) Birth? —2.66 (0.84) —2.73 (0.82) 0.06 (0.03 — 0.10) —0.46 (—0.51to —0.41)
28 days —2.40 (0.96) —2.49 (0.97) 0.09 (0.05 — 0.14) —0.53 (—0.59to —0.48)
90 days —2.06 (1.02) —2.11 (1.02) 0.04 (- 0.01 to 0.09) —0.47 (— 0.53t0 — 0.40)
180 days —1.89 (1.04) —1.85 (1.05) —0.05 (—0.10t0 0.01) —0.38 (—0.45t0 —0.31)
Stunting®: n/N (%) 28 days 2,734/4,314 (63.6) 2,596/3, 836 (67.7) 0.94 (0.89 — 0.99) 1.24 (116 — 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)

aBijrth measurements were within 3 days of birth. PAdjusted for gestational age and intervention. °For stunting, i.e., length for age z-score (LAZ) < —2 SD, risk ratio
(RR) is estimated.

100 A 95.3 96.8
90 - 86.6 87.8
80
70— 64.4 64.6

60 54.9

50 - 473
40
30+
20

10

% of infants above different catch up growth cut-offs

0- |

age in months

[ CUG=>0.67 SD [ Length Velocity >= Median of WHO
[ Length Velocity >=-1 SD of WHO [ Length Velocity >= -2 SD of WHO

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 greater risk of poor catch-up growth compared with infants
poor families (RR 0.86, 95% CI: 0.76-0.97) compared with the born to primiparous mothers (RR 1.26, 95% CI: 1.09-1.47).
poorest families. Infants born at hospitals had a lower risk of The RR of poor catch-up growth was 0.89 (95% CI: 0.83-0.96)
poor catch-up growth against those born at home (RR 0.88, in the girl child vs. boys. Exclusive breastfeeding at 3 months
95% CI: 0.81-0.96). Higher birth order infants (>4) had a 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)

Adjusted’* RR (95% CI)

P-value (adjusted)

Sociodemographic factors
Maternal age, year

<20

21-29

>30

Maternal education
Educated

Not educated

Wealth quintile

Poorest

Very poor

Poor

Less poor

Least poor

Social category with reservations?
SC/ST

OBC

Unreserved

Birth-related factors
Birth order

1

2-4

>4

Place of birth

Home

Hospital

Infant factors

Sex

Male

Female

Gestational age category
Term >37 weeks

Preterm <37 weeks
Exclusively breastfed at 3 months
No

Yes

Hospitalization at 6 months
No

Yes

H/O diarrhea®

No

Yes

H/O pneumonia®

No

Yes

Study group

Control

Intervention

Reference
1.03 (0.95, 1.13)
1.31 (1.15, 1.50)

Reference
1.30 (1.21, 1.39)

Reference
0.91(0.82, 0.99)
0.84 (0.76, 0.99)
0.75 (0.67, 0.84)
0.60 (0.53, 0.68)

Reference
1.05 (0.98, 1.14)
0.71(0.63, 0.79)

Reference
1.22(1.13,1.32)
1.68 (1.36, 1.72)

Reference
0.78 (0.72, 0.84)
Reference

0.90 (0.84, 0.97)

Reference
0.84 (0.78, 0.92)

Reference
0.90 (0.84, 0.97)

Reference
1.12 (0.98, 1.26)

Reference
1.04 (0.96, 1.13)

Reference
1.35(1.16, 1.57)

Reference
1.00 (0.93, 1.08)

Reference
0.98 (0.88, 1.08)
1.04 (0.89, 1.22)

Reference
1.06 (0.97, 1.15)

Reference
0.95 (0.86, 1.06)
0.94 (0.84, 1.05)
0.86 (0.76, 0.97)
0.74 (0.64, 0.86)

Reference
1.04 (0.96, 1.12)
0.82(0.73, 0.93)

Reference
1.15 (1.05, 1.27)
1.26 (1.09, 1.47)

Reference
0.88(0.81, 0.96)
Reference

0.89 (0.83, 0.96)

Reference
0.82 (0.75, 0.89)

Reference
0.89 (0.83, 0.96)

Reference
1.06 (0.94, 1.20)

Reference
1.03 (0.95, 1.11)

Reference
1.24 (1.07, 1.43)

Reference
1.01 (0.94, 1.09)

0.644
0.609

0.191

0.361
0.254
0.018
0.000

0.337
0.002

0.002
0.002

0.006

0.001

0.000

0.004

0.329

0.485

0.004

0.684

T Adjusted estimates are based on multivariable regression (predictor model). We have also adjusted for the intervention and accounted for any household clustering.
20BC (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).

4 Akaike’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.
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infants.

(RR 0.89, 95% CI: 0.83-0.96). Preterm infants (<37 weeks did not find any substantial association between diarrhea,
gestational age) had a lower risk of poor catch-up growth hospitalization, or the study intervention, i.e., cicKMC with poor
(RR 0.82, 95% CI: 0.75, 0.89) than term infants. History catch-up growth. The ROC-AUC of our multivariable regression
obtained (H/O) pneumonia was associated with a higher risk model to identify predictors of poor catch-up growth was
(RR 1.24, 95% CI: 1.07, 1.44) of poor catch-up growth. We  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 ALAZ > 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
(8.33 £ 1.45 and 3.25 4+ 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 Obese Working 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 180s 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 ¢-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 found with 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,
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.
Welght Change stroke, head injury, or organ dysfunction, and evaluated

The following were revealed: 610 (9.1%) participants being
underweight (BMI < 185 kg/m?); 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,

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 N NRS-2002 score BMI Weight change Dietary reduction
type
Average <3 >3 <18.5 18.5-23.9 24-27.9 >28 >5% weight >5% weight >5% weight Visibly 25-50% 51-75% 76-100%
score N (%) N (%) N (%) N (%) N (%) N (%) loss within 3 loss within 2 loss within 1 wasting away  dietary dietary dietary
months months month N (%) reduction in reduction in reduction in
N (%) N (%) N (%) the recent 1 therecent1 therecent1
week week week
N (%) N (%) N (%)
Lung 2454 189+ 1.32 1709 745 229 1367 640 218 348 134 99 114 274 209 125
(69.6) (30.4) 9.3 (55.7) (26.1) 8.9 (14.2) (5.5%) (4.0) (4.6) (11.2) (8.5) (6.1)
Other 50 1.74 £ 141 34 16 1 31 12 6 11 7 3 3 10 13 4
respiratory (68.0) (32.0) (2.0) (62.0) (24.0) (12.0) (22.0) (14.0) (6.0) (6.0) (20.0) (26.0) (8.0)
system
Oral 25 2.56 +1.29 10 15 1 16 7 1 6 5 1 2 4 5 2
(40.0) (60.0) (4.0) (64.0) (28.0) 4.0 (24.0) (20.0) (4.0) (8.0) (16.0) (20.0) (8.0)
Gastric 402 2.78 +1.38 166 236 56 254 70 22 98 a7 40 21 58 65 a7
(41.3) (58.7) (13.9) (63.2) (17.4) (5.5) (24.4) (11.7) (10.0) (5.2) (14.4) (16.2) (11.7)
Esophageal 245 262+1.3 96 149 30 152 43 20 68 24 29 12 48 41 16
(39.2) (60.8) (12.2) (62.0) (17.6) 8.2) (27.8) (10.0) (11.8) (4.9 (19.6) (16.7) (6.5)
Liver 1565 253+ 1.21 73 82 16 96 33 10 39 14 15 iRl 25 24 12
47.1) (52.9) (10.3) 61.9) 21.3) ®.) (25.2) (9.0) (10.0) 7.1 (16.1) (15.5) 7.7)
Colorectal 271 258 +1.26 138 133 29 156 67 19 56 18 20 15 38 34 16
(50.9) (49.1) (10.7) (57.6) (24.7) (7.0) (20.7) (6.6) (7.4) (5.5) (14.0) (12.5) (5.9)
Pancreas 45 2.59 +1.31 21 24 8 27 7 3 ihl 4 3 4 5 7 5
(46.7) (53.3) (17.8) (60.0) (15.6) 6.7) (24.4) (8.9 6.7) 8.9) (11.1) (15.6) (11.1)
Gallbladder 27 2.56 +£1.25 15 12 4 13 9 1 6 3 0 2 2 4 0
(55.6) (44.4) (14.8) (48.1) (33.3) @.7) (22.2) (11.1) (7.4) (7.4) (14.8)
Bile duct 25 2.56 +1.29 11 14 3 17 4 1 8 2 1 2 3 3 1
(44.0) (56.0) (12.0) (68.0) (16.0) (4.0) (32.0) (8.0) (4.0) (8.0) (12.0) (12.0) (4.0)
Other 24 2.38 +£1.62 17 7 5 8 8 3 5 0 1 0 3 0 2
digestive (71.0) (29.0) (17.0) (33.0) (33.0) (13.0) (21.0) (4.0) (12.5) (8.3
system
Kidney 78 236 +1.1 51 27 3 38 18 19 11 3 3 1 5 6 4
(65.4) (34.6) (3.8) (48.7) (23.1) (24.4) (14.1) (3.8) (3.8) (1.2) (6.4) (7.7) (5.1)
Ureter 60 1.87 £1.17 39 21 4 40 12 4 12 9 4 3 5 4 1
(65.0) (35.0) 6.7) (66.7) (20.0) 6.7) (20.0) (15.0) 6.7) (5.0) (8.3) 6.7) (1.7)
Bladder 64 2.42 +£1.31 36 28 12 31 14 7 12 8 4 2 5 4 2
(56.3) (43.8) (18.) (48.4) (21.9 (10.9) (18.8) (12.5) (6.3) (3.1) (7.8) (6.3) (3.1)
Prostate 67 2.13+1.03 40 27 6 46 12 3 11 5 6 2 12 2 2
(59.7) (40.3) (9.0) (68.7) (17.9) 4.5) (16.4) (7.5) (9.0) (3.0) (17.9) (3.0) (3.0)
Other urinary Ihl 20+ 1.34 8 3 0 5 4 2 4 0 0 1 1 1 1
system (72.7) (27.3) (45.4) (36.4) (18.2) (36.4) 9.1) 9.1) 9.1) 9.1)
(Continued)
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TABLE 1 | Continued

Cancer N NRS-2002 score BMI Weight change Dietary reduction
type
Average <3 >3 <185 18.5-23.9 24-27.9 >28 >5% weight >5% weight >5% weight Visibly 25-50% 51-75% 76-100%
score N (%) N (%) N (%) N (%) N (%) N (%) loss within 3 loss within 2 loss within 1 wasting away  dietary dietary dietary
months months month N (%) reduction in reduction in reduction in
N (%) N (%) N (%) the recent 1 the recent 1 the recent 1
week week week
N (%) N (%) N (%)
Leukemia 33 3.33+1.45 11 22 9 11 11 2 3 9 3 0 1 3 3
(33.3) 67.7) (27.3) (33.3 (33.3) 6.1) 9.1) (27.9) 9.1) (3.0) 9.1) 9.1)
Lymphoma 53 2.68+1.14 26 27 6 21 20 6 14 5 2 2 9 3 2
(49.1) (50.9) (11.3) (39.6) (37.8) (11.3) (26.4) (9.4) 3.8 (3.8 (17.0) ( 3.8)
5.7%)
Other blood 20 255 +1.1 ihl 9 1 7 6 6 4 2 1 3 1 1 1
system (55.0) (45.0) (5.0) (85.0) (3.0%) (3.0) (20.0) (10.0) (5.0) (15.0) (5.0) (5.0) (5.0)
Bone 120 2.34+1.49 64 56 18 58 34 10 25 10 14 11(9.2) 21 16 10
(638.3) (46.7) (15.0) (48.3) (28.3) 8.3 (20.8) (8.3) (11.7) (7.5) (13.3) (8.3
Skin 150 1.82+1.18 103 47(31.3) 16 81 38 15 29 14 7 5 19 9 7
(68.7) (10.7) (54.0) (25.3) (10.0) (19.3) (9.3 4.7) 3.3 (12.7) (6.0) 4.7)
Cerebral 79 22+ 152 44 35 10 46 12 Ihl 21 ihl 7 5 7 12 4
(65.7) (44.3) (12.7) (58.2) (15.2) (16.5) (26.6) (13.9) (8.9 (6.3) 8.9 (15.2) (5.1)
Uterus 246 2.45+1.24 135 111 27 146 58 15 64 16 17 9 31 27 14
(54.9) (45.1) (11.0) (59.9) (23.6) 6.1) (26.0) (6.5) 6.9 (3.7) (12.6) (11.0) (6.7)
Ovary 698 2.29+1.05 491 207 42 403 193 60 88 26 14 22 74 42 26
(70.3) (29.7) (6.0) (57.7) (27.7) (8.6) (12.6) 3.7) (2.0) 3.2) (10.6) (6.0) 3.7)
Other 124 212 +1.17 89 35 13 71 34 6 15 6 2 3 8 6 5
gynecologic (71.8) (28.2) (10.5) (57.3) (27.4) (4.8) (12.1) (4.8) (1.6) (2.4) (6.5) (4.8) (4.0)
Breast 1,033 1.42+094 885 148 56 586 297 94 104 27 24 19 61 41 21
(85.7) (14.3) (5.4) (56.7) (28.8) 9.1) (10.1) (2.6) (2.3) (1.8) (5.9) 4.0) 2.0)
Nasopharynx 112 1.66+1.14 86 26 5 70 26 11 15 7 4 4 10 13 4
(76.8) (23.2) (4.5) (62.5) (23.2) (9.8 (13.4) 6.3) (3.6) (3.6) (8.9) (11.6) (3.6)
Larynx 14 2.07 £0.96 8 6 0 10 4 0 1 1 3 1 1 3 0
(57.1) (42.9) (71.4) (28.6) (7.1) (7.1) (21.4) (7.1) (7.1) (21.4)
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 4 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

Opverall, 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 T'V 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 IIT (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
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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 ] 1] v F P
Lung 1.8+£125 188+127 269+151 4+10 8429 <001 157+1.01 205+132 1.88+129 216+1.41 1058 <0.01
Gastric 3183+1383 296+131 3.73+151 44+141 647 0002 273+128 3.15+136 331129 3.19+149 219 0.069
Esophageal 31+£128 296+135 3.02+1.39 0 019 0823 248+124 318+124 331+£139 252+133 228 0.105
Liver - - - - - - 253+1.12 293+124 295+1.156 3.25+1.29 0 0.945
Colorectal 237111 279+125 335+ 1.49 0 763 0.001 255+124 276+£104 289+146 3.14+£159 1.68 0.172
Bone -
Skin 2194+ 1.38 1.68+1.05 440 0 439 0039 153+1.03 2314132 1.71+1.11 140 8.71  0.004
Uterus 274136 272+1.24 325+1.82 0 0.01 0904 232+1.21 3.01+1.31 3+13 3194105 7.81 0.001
Ovary 2365+1.12 24+111 2.69+0.87 0 129 0275 22+088 262+122 237+1.06 266+127 4.63 0.003
Other gynecologic 2.33+1.28 22+1.2 2.11+£0.78 0 0.32 0.574 - - - - - -
Breast 154 +£1.01 1.46+094 243+1.43 0 23.06 <0.01 144+083 148+096 1.58+1.02 1.74+122 415 0.002
Nasopharynx 161105 1.74+£114 32+1.55 0 034 0559 1.72+102 2084127 187+141 1.31+063 042 0.519
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FIGURE 2 | Incidence of different degree of weight loss.

B Incidence of >5% weight loss within 3 months B Incidence of >5% weight loss within 2 months

u Incidence of >5% weight loss within 1 month ® Obvious 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

Frontiers in Nutrition | www.frontiersin.org 81

June 2022 | Volume 9 | Article 920714


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
20.0%
18.0%
16.0%
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
0.0%
ég} (\J} Qcé é-’\z" o"é bef’ & & (‘gf & AN
$ & 3 S S
& & e Q d 2 & K% g \C
& S & W & W A0 @ & 2
o8 o & 2 ® Q L & & &
o & & & 28 \¢ <b &£
? Q& o
oc\ _-\\AQ' RS RS o cg," @
4(} & & éo 0* (_,&
Q Q¥ N A &
& &
&
mIncidence of 1/4 food intake reduction ® Incidence of 1/2 food intake reduction ® Incidence of 3/4 food intake reduction
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 of malnutrition according to the GLIM
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 (1.1086, 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

| 1 0.118
I 1.452 (0.762, 3.462) 0.247
Il 1.891 (1.171, 3.916) 0.030
[\ 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
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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
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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
(@HR): 3.98, 95% confidence interval (Cl): 2.89-5.48], and higher risk was found in men
compared to women (aHR: 5.35, 95% Cl: 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: body mass index, BMI, possible sarcopenia status, all-cause mortality, 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

Selection of individuals

(n=23,760)

»| 11,240 people age < 60 years

\4

People aged > 60 years
(n

9.210)

1,050 people with no data of
BMI and handgrip strength

Y

\4

Older adults were included in final
analysis (n = 8,195)

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 in meters squared. BMI was classified
using the following Asia-Pacific cut-off values: BMI < 18.5
kg/m? as underweight, 18.5-22.9 kg/m? as normal weight, 23.0~
24.9 kg/m? as overweight, and >25.0 kg/m? 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/m?) was classified into subgroups for every
2 kg/m? (e.g., 14-15.9, 16-17.9 kg/m?, 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 <28kg for men, and <18kg
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, >22.9kg. 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/m?,
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-cause mortality
after adjustment for potentially confounding factors is shown
in Figure 3. BMI 26.0-27.9 kg/m?, the range with the lowest
mortality, was defined as the reference group. Compared
with the reference group, every range of BMI < 26.0 kg/m?
was significantly associated with increased all-cause mortality,
whereas the ranges of BMI > 28.0 kg/m? were not significantly
associated with increased mortality. Older adults with a BMI <
14.0 kg/m? had the highest risk for all-cause mortality with an
adjusted hazard ratio (aHR) of 6.61 (95% CI: 3.98-10.99).

Frontiers in Nutrition | www.frontiersin.org

89

June 2022 | Volume 9 | Article 881121


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

Chalermsri et al.

BMI With Sarcopenia Predict Mortality

Mortality rate { per 1000
person-year)

MORTALITY
BMI AND POSSIBLE SARCOPENIA STATUS

Underweight

RATE ACCORDING

M Possible sarcopenia [] No possible sarcopenia

Normal weight Orver weight

BMI category
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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/m? BMI 18.5-22.9 kg/m? BMI 23.0-24.9 kg/m? BMI > 25.0 kg/m?
(n = 1,090) (n = 3,082) (n = 1,439) (n = 2,584)
(n = 8,195) With Without With Without With Without With Without
possible possible possible possible possible possible possible possible
sarcopenia  sarcopenia sarcopenia sarcopenia sarcopenia sarcopenia sarcopenia sarcopenia
(n = 668, (n =422, (n=1,321, (n=1,761, (n =507, (n =932, (n =692, (n =1,892,
61.3%) 38.7%) 42.9%) 57.1%) 35.2%) 64.8%) 26.8%) 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 1(3.1) 1(1.8) 4.6(2.5) 4.7 (2.6) 5.3 (3.9) 4.7 (2.9 5.7 (3.6) 4.9(2.9 5.5(3.5)
(SD)
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) 4(3.3) 174 (13.2) 182 (10.3) 101 (19.9) 163 (17.5) 202 (29.2) 463 (24.5)
Chronic kidney 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)
disease, n (%)
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 347 (4.2) 21(3.1) 10 (2.4) 56 (4.2 25 (4.9) 25 (2.7) 37 (3.4) 57 (3.0)
disease, n (%)
Cerebrovascular 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 (56.3)
disease, n (%)
Death per 1,000 28.2 (27.0-29.4) 65.7 27.9 41.2 17.8 34.4 15.5 34.1 14.4
person year (95% Cl) (58.8-73.4)  (22.8-34.1) (37.5-45.4)  (15.8-20.1)  (29.2-40.7)  (13.0-18.5)  (29.6-39.3)  (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:

between genders.

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
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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. 2HR, hazard ratio;
Cl, confidence interval.

Concerning possible sarcopenia status and defining older
adults using the AWGS 2019 cut-oft 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 Table4. 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 Female
Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
BMI categories
Underweight 1.93 1.81 1.99 1.87 1.92 1.85
(BMI < 18.5) (1.70-2.19) (1.58-2.07) (1.63-2.43) (1.53-2.29) (1.50-2.45) (1.48-2.31)
Normal weight 1.00 1.00 1.00 1.00 1.00 1.00
(BMI 18.5-22.9) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Overweight 0.86 0.91 1.03 0.99 0.71 0.81
(BMI 23.0-24.9) (0.74-1.00) (0.78-1.05) (0.87-1.22) (0.82-1.18) (0.56-0.89) (0.64-1.09)
Obesity 0.70 0.74 0.83 0.71 0.68 0.83
(BMI > 25.0) (0.60-0.82) (0.63-0.87) (0.68-1.02) (0.57-0.89) (0.54-0.87) (0.66-1.04)
Possible sarcopenia categories
Possible sarcopenia 2.70 1.89 2.66 1.97 2.57 1.78
(2.45-2.98) (1.70-2.09) (2.27-3.12) (1.65-2.35) (2.20-3.00) (1.61-2.11)
No possible sarcopenia 1.00 1.00 1.00 1.00 1.00 1.00
(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Possible sarcopenia severity
Severe possible sarcopenia 411 2.46 4.26 2.92 3.95 2.21
(6.5-24.6 kg in male, 6-16.6 kg in female) (8.45-4.89) (1.01-3.01) (3.48-5.21) (2.25-2.78) (8.11-4.99) (1.72-2.85)
Moderate possible sarcopenia 2.60 1.92 2.77 2.19 2.42 1.72
(24.7-29.2 kg in male, 16.7-19.7 kg in (2.25-3.00) (1.65-2.23) (2.25-3.41) (1.75-2.74) (1.90-3.08) (1.35-2.20)
female)
Mild possible sarcopenia 1.59 1.39 1.61 1.48 1.58 1.32
(29.3-33.8 kg in male, 19.8-22.8kg in (1.37-1.84) (1.20-1.61) (1.24-2.08) (1.14-1.91) (1.27-1.96) (1.05-1.67)
female)
No possible sarcopenia 1.00 1.00 1.00 1.00 1.00 1.00
(33.9-54.5kg in male, 22.9-49.0kg in (Reference) (Reference) (Reference) (Reference) (Reference) (Reference)

female)

*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 With 4.00 2.81 4.07 3.05 3.84 2.66
(BMI < 18.5) (8.35-4.79) (2.32-3.40) (3.00-5.52) (2.21-4.22) (2.89-5.11) (2.00-3.53)
Without 1.53 1.58 1.46 1.54 1.62 1.65
(1.12-2.09) (1.56-2.16) (0.98-2.17) (1.04-2.29) (1.06-2.50) (1.07-2.55)
Normal weight With 2.26 1.60 2.25 1.67 2.18 1.47
(BMI 18.5-22.9) (1.87-2.74) (1.31-1.95) (1.77-2.84) (1.30-2.15) (1.62-2.94) (1.07-2.01)
Without 1.00 1.00 1.00 1.00 1.00 1.00
(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Overweight With 1.88 1.37 2.05 1.36 1.73 1.42
(BMI 23.0-24.9) (1.53-2.32) (1.10-1.72) (1.61-2.60) (1.03-1.79) (1.25-2.39) (1.04-1.95)
Without 1.01 1.00 1.40 1.28 0.67 0.70
(0.74-1.40) (0.71-1.40) (0.95-2.06) (0.85-1.92) (0.47-0.94) (0.48-1.03)
Obesity With 2.16 1.53 3.10 1.77 1.70 1.43
(BMI > 25.0) (1.78-2.61) (1.25-1.88) (2.26-4.25) (1.32-2.39) (1.62-2.47) (0.97-2.09)
Without 0.70 0.67 0.68 0.54 0.73 0.81
(0.58-0.84) (0.55-0.81) (0.51-0.91) (0.39-0.76) (0.57-0.94) (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 Total participants Male Female
sarcopenia severity
Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
Underweight Severe 6.82 3.98 8.05 5.35 5.64 3.12
(BMI < 18.5) (4.92-9.47) (2.89-5.48) (5.00-12.98) (1.19-8.97) (3.76-8.48) (2.06-4.72)
Moderate 4.09 2.97 4.36 3.35 3.83 2.81
(2.94-5.67) (2.13-4.14) (2.95-6.47) (2.27-4.95) (2.34-6.26) (1.75-4.53)
Mild 2.83 2.72 3.03 3.08 2.70 2.56
(1.83-4.39) (1.75-4.23) (1.70-5.38) (1.69-5.64) (1.54-4.73) (1.46-4.48)
None 0.76 0.78 0.63 0.65 0.85 0.92
(0.40-1.47) (0.41-1.51) (0.26-1.54) (0.27-1.58) (0.39-1.89) (0.43-2.01)
Normal weight Severe 3.73 2.18 4.23 2.74 3.22 1.79
(BMI18.5-22.9) (2.71-5.13) (1.59-3.00) (2.95-6.05) (1.86-4.04) (1.99-5.19) (1.11-2.86)
Moderate 2.79 1.99 3.20 2.37 2.31 1.64
(1.92-4.05) (1.40-2.82) (1.97-5.21) (1.46-3.85) (1.42-3.76) (1.02-2.64)
Mild 1.85 1.50 2.12 1.77 1.58 1.28
(1.833-2.57) (1.10-2.03) (1.46-3.04) (1.21-2.59) (0.91-2.73) (0.75-2.18)
None 1.00 1.00 1.00 1.00 1.00 1.00
(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Overweight Severe 3.45 2.05 4.36 2.45 2.85 1.89
(BMI 23.0-24.9) (2.34-5.09) (1.39-3.02) (2.83-6.72) (1.49-4.05) (1.73-4.70) (1.15-3.10)
Moderate 2.21 1.58 3.13 2.13 1.44 1.13
(1.64-2.97) (1.19-2.10) (2.22-4.45) (1.49-3.06) (0.86-2.40) (0.67-1.89)
Mild 1.38 1.17 1.58 1.26 1.20 1.06
(0.91-2.12) (0.77-1.78) (0.82-3.02) (0.66-2.40) (0.67-2.15) (0.59-1.89)
None 1.63 1.48 2.85 2.44 0.67 0.65
(0.81-3.29) (0.74-2.96) (1.30-6.25) (1.09-5.44) (0.31-1.42) (0.30-1.39)
Obesity Severe 3.45 1.98 5.60 2.68 2.64 1.76
(BMI > 25.0) (2.45-4.85) (1.41-2.79) (3.67-8.54) (1.70-4.24) (1.65-4.25) (1.10-2.81)
Moderate 2.20 1.53 3.80 2.20 1.61 1.26
(1.56-3.11) (1.10-2.79) (2.20-6.58) (1.35-3.58) (1.08-2.42) (0.83-1.90)
Mild 1.23 1.01 1.85 1.26 0.99 0.91
(0.87-1.74) (0.71-1.42) (1.16-2.96) (0.79-1.99) (0.64-1.53) (0.58-1.41)
None 0.87 0.77 0.82 0.61 1.01 0.98
(0.59-1.29) (0.52-1.14) (0.53-1.26) (0.38-0.97) (0.51-1.62) (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/m? 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/m? 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 modified mortality 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% CIl = —0.13 to 0.21,
P = 0.87), FEV1 (SMD = 0.04, 95% Cl = —0.35 to 0.43, P < 0.01) and FENO
(SMD = —-0.01, 95% Cl = —0.22 to 0.20, P = 0.27), but reduced the rate of asthma
exacerbations (RR = 0.69, 95% Cl = 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% Cl = 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% Cl = 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 alack 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-kB pathway (61). The classical
Wnt/B-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/B-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/p-catenin signaling pathway (66). In contrast,
vitamin D deficiency aggravated the progression of asthma by
increasing eosinophils, decreasing T regulatory cells, increasing
NF-kB 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, FENQO; 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 I? statistic to evaluate the degree of heterogeneity
between included studies. I? 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,

(N=259)

Records identified through database searching

Identification

!

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 Participants Basic treatment Intervention Control/ Follow-up Outcomes
size (I/C) Placebo time
Majak et al. (80) Randomized, Poland 5-18 years 24/24 Patients with Budesonide Vitamin D-500 Placebo. 2 months FEV1, the rate
double-blind, old newly 800 mg/d U 4 months of patients
parallel-group diagnosed Cholecalciferol with asthma
trial asthma and exacerbations.
sensitive only to
house dust
mites
Castro et al. Randomized, United >18 years 201/207 Participants Inhaled ciclesonide Vitamin D3 100 Placebo. 3 months The overall
(76) double-blind, States old with asthma (320 pg/day) and 000 IU once, 5 months exacerbation
parallel-group and a serum levalbuterol then 4,000 7 months rate.
study 25- |U/day for 28
hydroxyvitamin weeks
D level of less
than 30 ng/mL
Yadav et al. (83) Randomized, India 3-14 years 50/50 Children with Steroid (As one of the Vitamin D3 Placebo 1 month Number of
double-blind, old moderate to outcomes, the dose is (Cholecalciferol) powder in 2 months exacerbations
placebo- severe asthma not constant) 60,000 IU per the form of 3 months
controlled as per GINA month glucose 4 months
trial guidelines sachet 5 months
6 months
de Groot et al. Randomized, Holland >18 years 22/22 Patients with Budesonide (400-800 Single high Placebo 1 week FEV and
(77) double-blind, old asthma ng/day) dose of 9 weeks FENO
placebo- long-acting oral
controlled vitamin D3
trial preparation
(400,000 1U)
Martineau et al. Randomized, United 16-80 125/125 Patients with Inhaled corticosteroids, Six 2-monthly Placebo 2 months Severe
(78) double-blind, Kingdom years old asthma long-acting B-2 agonist, oral doses of 6 months asthma
placebo- oral corticosteroids 3 mg vitamin 12 months exacerbation,
controlled (The details are D3 ACT score,
trial unknown and the dose FEV1, and
is not constant) FENO
Musharraf et al. Randomized Pakistan 16-46 40/40 Patients were Salmeterol/ Vitamin D3 Standard 3 months Asthma
(81) controlled trial years old diagnosed of fluticasone inhaler 50,000 units treatment exacerbations.
bronchial preparation Salmicort’ fortnightly for a
asthma for at 25/250 pg twice daily, period of
least 1 year Montelukast Montika® 3 months in
with vitamin D 10 mg at night addition to
levels less than standard
30 ng/ml treatment
(Continued)
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TABLE 1 | (Continued)

References Study design Country Age Sample Participants Basic treatment Intervention Control/ Follow-up Outcomes
size (I/C) Placebo time
Dodamani et al. Randomized, India >12 years 15/15 Patients with Oral prednisolone 0.5 Vitamin D3 Placebo 2 months Number of
(74) parallel-group old ABPA mg/kg/day for 4 weeks. 60,000 IU once 4 months asthma
study complicating Prednisolone was then weekly for 8 6 months exacerbations
asthma tapered by 5 mg every weeks
2 weeks and
discontinued.
Shabana et al. Double blinded Egypt >19 years 42/37 Patients with Inhaled corticosteroids Single dose of Placebo 3 months FEVA1.
(79) randomized old asthma (fluticasone, 300,000 IU of
controlled budesonide, and vitamin D3.
interventional ciclesonide), leukotriene
study antagonist
(montelukast),
long-acting beta
agonists (salmeterol
and formoterol), and
theophylline (The details
are unknown)
Jatetal. (73) Randomized, India 4-12 years 125/125 Patients with Inhaled corticosteroids, Vitamin D orally Placebo 9 months CACT score,
double-blind, old asthma long-acting -2 agonist, 1,000 IU/day FEV1.
placebo- oral corticosteroids for 9 months.
controlled (The details are
trial unknown and the dose
is not constant)
Thakur et al. Randomized, India 6-11 years 30/30 Patients with Inhaled corticosteroids, Vitamin D orally Placebo 3 months CACT score,
82) blinded, old moderate long-acting B-2 agonist, 2,000 IU/day FEV1, FeNO,
parallel-group, persistent systemic steroid, and Number
placebo- asthma leukotriene receptor of patients
controlled antagonist (The details with
trial are unknown) 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)
| C 1 C 1 C 1 C | C

Majak et al. (80) 10.8 (8.2) 11.1 (8.9) 94.4 (13) 98.7 (12) NA NA NA NA NA NA
Castro et al. (76) 39.9 (18.1) 389.5(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)
Jatetal. (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 (I* = 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
(12 = 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
(I = 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 (I* = 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 (I = 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 (I* = 82%, P < 0.01)] or more than
6 months [SMD 0.11 95% CI —0.35 to 0.43, low heterogeneity
(12 = 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 (I> = 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,

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
(I> = 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 (I*> = 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 (I? = 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 (I* = 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 (I =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, FEVI, 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 FEVI1, and effectively alleviated ROS and DNA damage,
which were related to a decrease in TNF-a and NF-«kB 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% Absolute
Cl) (95% CI)
Asthma exacerbations
7 Randomized trails ~ Serious? Serious® Serious® Not serious None 109/466 163/478 RR 0.59 (0.39 140 fewer per  Very low Critical
(23.4%) (34.1%) t0 0.89) 1,000 (from
208 fewer to 38
more)
Asthma exacerbations children
3 Randomized trails Not serious Not serious Serious® Serious? None 22/102 (21.6%) 48/102 (47.1%) RR 0.46 254 fewer per Low Critical
(0.30-0.70) 1,000 (from
329 fewer to
141 fewer)
Asthma exacerbations adults
4 Randomized trails ~ Serious? Serious® Serious® Not serious None 87/364 (23.9) 115/376 RR 0.68 98 fewer per  Very low Critical
(30.6%) (0.40-1.18) 1,000 (from
184 fewer to 55
more)
Asthma exacerbations follow up time <6 months
5 Randomized trails ~ Serious? Not serious Serious® Not serious None 31/157 (19.7%) 71/157 (45.2%) RR 0.45 249 fewer per Low Critical
(0.32-0.63) 1,000 (from
308 fewer to
167 fewer)
Asthma exacerbations follow up time >6 months
2 Randomized trails ~ Serious?® Serious® Serious® Not serious None 78/309 (25.2%) 92/321 (28.7%) RR 0.87 37 fewer per  Very low Critical
(0.49-1.52) 1,000 (from
146 fewer to
149 more)
ACT score
3 Randomized trails ~ Serious?® Not serious Serious® Not serious None 261 261 - SMD 0.04 Low Critical
higher (0.13
lower to 0.21
higher)
FENO
3 Randomized trails ~ Serious? Not serious Serious® Not serious None 175 175 - SMD 0.63 Low Critical
higher (4.77
lower to 6.03
higher)
FEV1
6 Randomized trails ~ Serious? Serious® Serious® Not serious None 331 320 - SMD 0.04 Low Critical
higher (0.13
lower to 0.21
higher)
(Continued)
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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% Absolute
Cl) (95% CI)
FEV1 children
3 Randomized trails ~ Serious? Not serious Serious® Serious® None 142 136 - SMD 0.29 Very low Critical
lower (0.52
lower to 0.05
lower)
FEV1 adults
3 Randomized trails ~ Serious? Serious® Serious® Not serious None 189 184 - SMD 0.39 Very low Critical
higher (0.17
lower to 0.95
higher)
FEV1 follow up time <6 months
4 Randomized trails Not serious Serious? Serious® Serious® None 116 111 - SMD 0.13 Very low Critical
higher (0.51
lower to 0.77
higher)
FEV1 follow up time >6 months
2 Randomized trails ~ Serious® Not serious Serious® Not serious None 215 209 - SMD 0.12 Low Critical
higher (0.07
lower to 0.31
higher)
FEV1 baseline <70%
1 Randomized trails Not serious  Not serious Serious® Not serious None 42 37 - SMD 0.94 Moderate Critical
higher (0.47
higher to 1.41
higher)
FEV1 baseline =V0%
5 Randomized trails ~ Serious® Not serious Serious® Not serious None 289 283 - SMD 0.12 Low Critical
lower (0.33
lower to 0.10
higher)

aSome concern with method of randomization used, allocation concealment, binding of participants, binding of outcome assessment or selective reporting.
binconsistency 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.

9The total sample size was less than 300.
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A ACT score
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%—-Cl Weight
Martineau, A.R. etal2015 125 20.40 4.0000 125 20.40 4.2000 _ 0.00 [-0.25;0.25] 47.6%
Jat, K. R.etal. 2021 112 24,10 2,9000 108 23.80 3.5000 — 0.09 [-0.17;0.36] 41.8%
Thakur, C. et al. 2021 28 25.00 1.6000 28 25.00 1.5600 0.00 [-0.52;0.52] 10.7%
Random effects model 265 261 — 0.04 [-0.13; 0.21] 100.0%
Heterogeneity: /2= 0%, =0, p = 0.87 I J I T !
. -04 =02 0 02 04

B Asthma exacerbations

Experimental Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Majak, P. et al 2011 4 24 1M1 24 —— 0.36 [0.13;0.98] 6.8% 9.8%
Castro, M. et al. 2014 28 201 45 207 ) 0.64 [0.42; 0.99] 27.4% 21.0%
Yadav, M. et al. 2014 14 50 30 50 = 0.47 [0.28;0.77) 18.6% 19.2%
Martineau, A. R. etal 2015 50 108 47 114 : 1.12 [0.83; 1.51] 28.3%  24.3%
Musharraf MU, et al. 2017 9 40 21 40 —=+ 0.43 [0.22; 0.82) 13.0% 15.8%
Dodamani, M. H. et al. 2019 0 15 2 15 — 0.20 [0.01; 3.84) 1.5% 1.6%
Thakur, C. et al. 2021 4 28 7 28 — 0.57 [0.19; 1.74] 4.3% 8.4%
Common effect model 466 478 o 0.69 [0.56; 0.84] 100.0% -
Random effects model < 0.60 [0.41; 0.88] == 100.0%
Heterogeneity: 1= 64%, £=0.1348, p <0.01 T !

01 0512 10
¢ FENO
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%—Cl Weight
de Groot, J. C. 2015 22 22.67 9.5100 22 32.33 38.8300 ———i— -0.34 [-0.93; 0.26] 12.4%
Martineau, A. R. 2015 125 37.50 26.9000 125 38.50 36.9000 —a -0.03 [-0.28;0.22] 71.7%
Thakur, C. 2021 28 16.83 11.3300 28 13.37 10.5500 0.31 [~0.22; 0.84] 15.9%
Random effects model 175 175 =0.01 [-0.22; 0.20] 100.0%
Heterogeneity: /2 = 23%, £ < 0.0001, p = 0.27
-0.5 0 0.5
D FEVI
Experimental Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%—Cl Weight
Majak, P. etal. 2011 24 99.00 11.1000 24 103.10 12.1000 =035 [-0.92; 0.22] 14.8%
de Groot, J. C. etal. 2015 22 97.40 15.7000 22 94.00 17.1000 0.20 [~0.39; 0.80] 14.4%
Martineau, A. R. etal 2015 125 81.60 18.5000 125 80.10 22.8000 — 0.07 [-0.18;0.32] 19.8%
Shabana, M. A. etal. 2019 42 78.18 11.3500 37 68.03 9.9000 ——— 0.94 [0.47;1.41] 16.5%
Jat, K. R. et al. 2021 90 97.80 19.1000 84 103.30 19.5000 — -0.28 [-0.58;0.02] 19.1%
Thakur, C. etal. 2021 28 97.30 14.4000 28 103.30 20.6000 —_— -0.33 [~0.86; 0.19] 15.5%
Random effects model 331 320 —_ 0.04 [-0.35; 0.43] 100.0%
Heterogeneity: /> = 78%, ¢ = 0.1842, p < 0.01 I J L T
-1 =05 0 05 1
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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A FEV1 with subgroup analysis by age

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%—Cl Weight
Age = Children
Majak, P. et al. 2011 24 99.00 11.1000 24 103.10 12.1000 —_—T =0.35 [-0.92; 0.22] 14.8%
Jat, K. R, etal. 2021 90 97.80 19,1000 84 103.30 19.5000 — -0.28 [-0.58; 0.02] 19.1%
Thakur, C. et al. 2021 28 97.30 14.4000 28 103.30 20.6000 —1 -0.33 [-0.86; 0.19] 15.5%
Random effects model 142 136 = —-0.30 [-0.54; —0.07] 49.3%
Heterogeneity: /2= 0%, £=0, p =0.97
Age = Adults
de Groot, J. C. etal. 2015 22 97.40 15.7000 22 94.00 17.1000 —_—t 0.20 [-0.39; 0.80] 14.4%
Martineau, A. R. et al 2015 125 81.60 18.5000 125 80.10 22.8000 - 0.07 [-0.18; 0.32] 19.8%
Shabana, M. A. etal. 2019 42 78.18 11.3500 37 68.03 9.9000 ———— 0.94 [047; 1.41] 16.5%
Random effects model 189 184 —_— 0.39 [-0.15; 0.93] 50.7%
Heterogeneity: 1= 81%, #=0.1775, p <0.01
Random effects model 331 320 —_ 0.04 [-0.35; 0.43] 100.0%
Heterogeneity: /° = 78%, #=0.1842, p < 0.01 U B
Test for subgroup differences: {‘,’ =534, df =1 (p = 0.02) -1 =05 0 05 1
B FEVI1 with subgroup analysis by baseline.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
FEV1.baseline = >70%
Majak, P. et al. 2011 24 99.00 11.1000 24 103.10 12.1000 —_—t -0.35 [-0.92; 0.22] 14.8%
de Groot, J. C. etal. 2015 22 97.40 15,7000 22 94.00 17.1000 —t 0.20 [-0.39;0.80] 14.4%
Martineau, A. R.etal 2015 125 81.60 18.5000 125 80.10 22.8000 — 0.07 [-0.18;0.32] 19.8%
Jat, K. R. etal. 2021 90 97.80 19.1000 84 103.30 19.5000 — -0.28 [-0.58;0.02] 19.1%
Thakur, C. et al. 2021 28 97.30 14.4000 28 103.30 20.6000 e -0.33 [-0.86; 0.19] 15.5%
Random effects model 289 283 < =0.12 [-0.34; 0.10] 83.5%

Heterogeneity: /2 = 31%, # = 0.0206, p = 0.22

FEV1.baseline = <70%

Shabana, M. A. etal. 2019 42 78.18 11.3500 37 68.03 9.9000 ——— 0.94 [0.47;1.41] 16.5%
Random effects model 42 37 ——— 0.94 [0.47;1.41] 16.5%
Heterogeneity: not applicable
Random effects model 331 320 _— 0.04 [-0.35; 0.43] 100.0%
Heterogeneity: /2 = 78%, £ =0.1842, p < 0.01 U B
Test for subgroup differences: \3 =16.22, df =1 (p <0.01) -1 =05 0 05 1
C FEVI with subgroup analysis by follow up time.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%—Cl Weight
Follow.up.time = <6 months
Majak, P.etal. 2011 24 99.00 11.1000 24 103.10 12.1000 — =0.35 [~0.92;0.22]) 14.8%
de Groot, J. C. etal. 2015 22 97.40 15.7000 22 94.00 17.1000 R 0.20 [-0.39;0.80] 14.4%
Shabana, M. A. etal. 2019 42 78.18 11.3500 37 68.03 9.9000 ———— 0.94 [0.47;1.41]) 16.5%
Thakur, C, et al. 2021 28 97.30 14,4000 28 103.30 20.6000 —_— T -0.33 [-0.86;0.19] 15.5%
Random effects model 116 111 — 0.13 [-0.48; 0.74] 61.1%

Heterogeneity: 1% = 82%, = 0.3131, p < 0.01

Follow.up.time = >6 months

Martineau, A. R. et al 2015 125 81.60 18.5000 125 80.10 22.8000 —=— 0.07 [-0.18;0.32) 19.8%
Jat, K. R.etal. 2021 90 97.80 19.1000 84 103.30 19.5000 1 -0.28 [-0.58;0.02]) 19.1%
Random effects model 215 209 -0.10 [-0.44; 0.25] 38.9%
Heterogeneity: 1° = 69%, = 0.0437, p = 0.07

Random effects model 331 320 _ 0.04 [-0.35; 0.43] 100.0%
Heterogeneity: 1> = 78%,  =0,1842, p < 0.01 I T J 1

Test for subgroup differences: \f =0,39,df =1 (p = 0,53) -1 =05 0 05 1

FIGURE 5 | Forest plot random effect model for vitamin D supplementation for FEV1 with subgroup by various factors.
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A Asthma exacerbations with subgroup analysis by age

Experimental Control

Study Events Total Events Total
Age = Children

Majak, P. et al 2011 4 24 1 24
Yadav, M. et al. 2014 14 50 30 50
Thakur, C. et al. 2021 4 28 7 28
Random effects model 102 102
Heterogeneity: /= 0%, =0, p = 0.83

Age = Adults

Castro, M. et al. 2014 28 201 45 207
Martineau, A. R. et al 2015 50 108 47 114
Musharraf MU, et al. 2017 9 40 21 40
Dodamani, M. H. et al. 2019 0 15 2 15
Random effects model 364 376
Heterogeneity: /7 = 71%, £ =0.1780. p = 0.02

Random effects model 466 478

Heterogeneity: 1? = 64%, #=0.1348, p <0.01
Test for subgroup differences: xf =1.34,df =1 (p = 0.25)

B Asthma exacerbations with subgroup analysis by follow up

Experimental Control

Study Events Total Events Total

Follow.up.time = <6 months

Majak, P. et al 2011 4 24 11 24
Yadav, M. et al. 2014 14 50 30 50
Musharraf MU, et al. 2017 9 40 21 40
Dodamani, M. H. et al. 2019 0 15 2 15
Thakur, C. et al. 2021 4 28 7 28
Random effects model 157 157
Heterogeneity: 2= 0%, £=0,p = 0.95

Follow.up.time = >6 months

Castro, M. et al. 2014 28 201 45 207
Martineau, A. R. et al 2015 50 108 47 114
Random effects model 309 321
Heterogeneity: /2 = 77%. € =0.1217, p = 0.04

Random effects model 466 478

Heterogeneity: /° = 64%, € =0.1348, p < 0.01
Test for subgroup differences: \f =4,06,df=1(p =0.04)

FIGURE 6 | Forest plot random effect model for vitamin D supplementation for asthma exacerbations with subgroup by various factors.

Risk Ratio RR 95%—-Cl Weight
—— 0.36 [0.13;0.98] 9.8%
= 0.47 [0.28;0.77] 19.2%
— 0.57 [0.19;1.74] 8.4%
< 0.46 [0.30; 0.70] 37.4%
—— 0.64 [0.42;0.99] 21.0%
112 [0.83;1.51] 24.3%
- 0.43 [0.22;0.82] 15.8%
0.20 [0.01;3.84] 1.6%
<t 0.69 [0.40; 1.17] 62.6%
<> 0.60 [0.41; 0.88] 100.0%
| N I I |
0.1 0512 10
Risk Ratio RR 95%—Cl Weight
— 0.36 [0.13;0.98] 9.8%
o 0.47 [0.28;0.77] 19.2%
—= 0.43 [0.22;0.82] 15.8%
0.20 [0.01;3.84] 1.6%
et 0.57 [0.19;1.74] 8.4%
<> 0.45 [0.32; 0.63] 54.8%
st 0.64 [0.42;0.99] 21.0%
1.12 [0.83; 1.51] 24.3%
<> 0.87 [0.50; 1.50] 45.2%
< 0.60 [0.41; 0.88] 100.0%
| O I I
01 0512 10

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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A Asthma exacerbations.
Study Risk Ratio RR 95%=ClI
Omitting Majak, P. et al 2011 — 0.63 [0.42; 0.94]
Omitting Castro, M. et al. 2014 — 0.57 [0.35; 0.92]
Omitting Yadav, M. et al. 2014 — 0.63 [0.40; 0.98]
Omitting Martineau, A. R. etal 2015 ——+— 0.51 [0.39; 0.67]
Omitting Musharraf MU, et al. 2017 —a— 0.63 [0.41; 0.97]
Omitting Dodamani, M. H. et al. 2019 ———— 0.61 [0.41;0.89]
Omitting Thakur, C. et al. 2021 —— 0.59 [0.39; 0.90]
Random effects model —_— 0.60 [0.41; 0.88]
f 1
0.5 1 2
B ACT score
Standardised Mean
Study Difference SMD 95%=ClI
Omitting Martineau, A. R. et al 2015 { 0.07 [-0.16; 0.31]
Omitting Jat, K. R. et al. 2021 0.00 [-0.22; 0.22]
Omitting Thakur, C. et al. 2021 N e E— 0.04 [-0.14; 0.22]
Random effects model ————— 0.04 [-0.13; 0.21]
I T T I T T 1
-0.3-0.2-0.1 0 0.1 02 0.3
¢ FENO
Standardised Mean
Study Difference SMD 95%~Cl
Omitting de Groot, J. C. 2015 —|-— 0.06 [-0.24; 0.35]
Omitting Martineau, A. R. 2015 0.00 [-0.63; 0.64]
Omitting Thakur, C. 2021 -0.08 [-0.30; 0.15]
Random effects model =-0.01 [-0.22; 0.20]
[ T T [ T T 1
-06-04-02 0 0.2 04 0.6
D FEVI
Standardised Mean
Study Difference SMD 95%—ClI
Omitting Majak, P. et al. 2011 } 0.11 [-0.33; 0.55]
Omitting de Groot, J. C. etal. 2015 z 0.01 [-0.45; 0.48]
Omitting Martineau, A. R. et al 2015 0.03 [-0.46; 0.53]
Omitting Shabana, M. A. et al. 2019 —s 1 -0.12 [-0.34; 0.10]
Omitting Jat, K. R. et al. 2021 0.12 [-0.34; 0.57]
Omitting Thakur, C. et al. 2021 0.11 [-0.33; 0.55]
Random effects model —— e —— 0.04 [-0.35; 0.43]
I T I T 1
-04-02 0 02 04
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 ICls 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 ICls 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 ICls 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 (Cl): 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 4+ 5.49 and 44.77 + 9.06 cm?/m?,

respectively (o = 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 ICls 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 IClIs.

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-mTORCI1 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
PES 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 IClIs,
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 Ilung
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 (PES)
defined as the time from initiation of immunotherapy to
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Patients with advanced lung cancer
receiving ICIs

(n=137) - -
‘ Excluded: Patients having

0 received ICIs not in our hospital
for the first time (n=59)

Patients having received ICIs for the
first time in our hospital
(n=78)

Excluded: No CT images
available before immunotherapy
(n=31)

Upper abdominal CT data before
immunotherapy
(n=47)

Excluded: Patients receiving
third or more line
immunotherapy (n=13)

Eligible patients having received first-
line or second-line immunotherapy
(n=34)

Enrolled patients (n=34)

FIGURE 1 | Patient selection flow-chart. ICls, 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
(cm?)/(Thickness x 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 cm?). SMI was calculated by dividing the total
cro