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Editorial on the Research Topic

The role of nutrition in healthy aging

All over the world, people are living longer. According to theWorld Health Organization

(WHO), by 2050 people aged 65 and older will account for nearly 17 percent of the

population (1). While health research in older people generally focuses on the occurrence

of multiple chronic diseases, significant health conditions and geriatric syndromes are

prevalent and have their own multifactorial biological phenotypes that do not necessarily

conform to discrete disease categories. In fact, aging is usually associated with a series of

physiological changes covering a wide range of functional domains, manifested in outcomes

of sarcopenia (2), frailty (3), malnutrition by defect or excess, as well as reduced quality of life,

and many other declines found in elders. Diet, energy balance, nutrient intake, and lifestyle

(4, 5) are modifiable factors (6) for which research efforts have yet to shed light in order to

promote healthy aging, improve the quality of life in old age, and reduce the health burden

of the elderly population. This Research Topic aimed to address this current issue in order

to provide additional evidence able to fill the still-existing research gap on the biological

mechanisms underlying the link between nutrition and healthy aging.

The collection included nine articles, mostly original, with a minority of two systematic

review reports. The original research focused on the relationship between nutritional status

and multiple health outcomes, such as survival, quality of life, heart failure, kidney illness,

and cognitive impairment. Here, Franz et al. examined prospective data from themulticenter

EMAAge cohort to assess the nutritional status of elderly patients with hip fractures, factors

associated with malnutrition risk, and the association between malnutrition and mortality

at 6 months. Findings showed that the mean survival time was longer in those without

malnutrition risk [171.9 (167.1–176.9) days vs. 153.1 (140.0–166.2) days]. In the adjusted

Cox regression model, the risk of death was associated with the risk of malnutrition, older

age, and a high burden of comorbidities. In light of these data, the authors concluded the

importance of paying attention to malnutrition to initiate early interventions in this subset

of the elderly population.
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Zhou et al. conducted research to investigate the metabolic

basis of the cognitive improvement driven by active B-vitamin

supplementation by carrying out an extensivemetabolomic analysis

of 302 metabolites identified in serum samples at baseline and at

24 months of a cohort of 137 subjects randomly assigned to active

supplementation or placebo. Pathway analysis showed increased

gluconeogenesis and War-burg effects underlying cognitive

improvement in non-aspirin-using subjects supplemented with

active B vitamins. Furthermore, metabolomics revealed that

aspirin use may interact with B vitamin supplementation by

altering gut microbial metabolism, particularly in terms of

propionate production. Finally, omics data showed that differing

ability to assimilate B vitamins at baseline, perhaps mediated by

differences in gut microbial composition, may underlie variations

in interindividual responses to active B vitamin supplementation.

Liao et al. investigated the predictive validity of the geriatric

nutritional risk index (GNRI) in critically ill elderly patients

with acute kidney injury. In this research, 1-year mortality was

considered the primary outcome, while in-hospital, intensive care

unit (ICU), 28- and 90-day mortality, and prolonged ICU and

hospital length of stay were selected as secondary outcomes.

Multivariable regression analysis identified the independent

prognostic ability of GNRI on research outcomes. The restricted

cubic spline showed a linear correlation between GNRI and

death at 1 year. The prognostic implication of GNRI on

1-year mortality was still significant in patients with most

subgroups. The authors therefore concluded that in critically

ill elderly patients with acute kidney injury, an elevated GNRI

at admission was strongly correlated with a lower risk of

adverse outcomes.

Among the noteworthy review articles published in this

Research Topic, we must mention the investigations by Abedi

et al. and Rondanelli et al. Here, Abedi et al. conducted

an interesting updated systematic review and meta-analysis to

evaluate the efficacy of saffron supplementation on a cluster of

oxidative stress markers in randomized controlled trials (RCTs).

Saffron consumption was found to cause a significant decrease in

malondialdehyde and total oxidant status and a significant increase

in total antioxidant capacity levels. Subgroup analysis showed a

significant reduction in malondialdehyde levels in studies with

saffron dosage >30 mg/day, age <50 years, and study duration

<12 weeks. Although the majority of Iranian studies could have

been a limitation of the study, the results showed that saffron has

beneficial effects on oxidative stress markers. Instead, Rondanelli

et al. research group conducted a review with the goal of evaluating

the most recent research on the ideal dietary approach to prevent

or promote the treatment of diabetic retinopathy, age-related

macular degeneration, and cataracts, as well as constructing a

food pyramid that would make it easy for people at risk of

developing these diseases to decide what to eat. The food pyramid

presented proposed what should be consumed every day: 3 servings

of low glycemic index (GI) cereals (for fiber and zinc content),

5 servings (each serving: ≥200 g/day) of fruits and vegetables

(spinach, broccoli, cooked zucchini, green leafy vegetables, oranges,

kiwis, grapefruits are preferred for the content of folic acid,

vitamin C and lutein/zeaxanthin, at least ≥42 µg/day), extra virgin

olive oil (almost 20 mg/day for the content of vitamin E and

polyphenols), nuts or oilseeds (20–30 g/day, for the content of

zinc, at least ≥15.8 mg/day); weekly: fish (4 servings, for omega-

3 content and eicosapentaenoic acid (EPA) + docosahexaenoic

acid (DHA) 0.35–1.4 g/day), white meat (3 servings, for vitamin

B12 content), legumes (2 servings, for vegetable protein), eggs (2

servings, for lutein/zeaxanthin content), light cheeses (2 servings,

for vitamin B6 content), and almost 3–4 times/week microgreens

and spices (saffron and curcumin). At the top of the pyramid are

two pennants: a green one, indicating the need for individualized

supplementation (if daily requirements cannot be met by diet,

supplementation of omega-3 and L-methylfolate), and a red one,

indicating that certain foods are prohibited (salt and sugar). Finally,

30–40 minutes of aerobic and resistance exercise is required 3–4

times a week.

No less noteworthy, the present Collection included an

analysis of the knowledge domain and emerging trends

in nutrition research in sarcopenia (2, 7) and to provide

implications for future research and strategies to prevent

or manage sarcopenia in the context of an aging society.

This research, conducted by Huang et al. was designed

to provide health professionals and scholars with a

comprehensive mapping of the knowledge base of nutrition

and sarcopenia research over the past 30 years, as well as to

help them quickly grasp research hot spots and choose future

research projects.

Finally, Beasley et al. presented a randomized BRIDGE

(BRInging the Diabetes prevention program to GEriatric

Populations) study protocol aimed at comparing an in-person

Diabetes Prevention Program (DPP) adapted for older adults

(DPP-TOAT, i.e., Tailored for Older AdulTs) with a DPP-

TOAT delivered via virtual group sessions (V-DPP-TOAT) in

a randomized controlled trial design (N = 230). The primary

efficacy outcome will be weight loss at 6 months and the primary

implementation outcome will be participation in intervention

sessions with a non-inferiority design. The results will inform best

practices in the delivery of an evidence-based intervention.

In conclusion, when it comes to modifiable factors in the

context of non-communicable diseases related to aging, nutrition

remains critical. There remains ample room for research into

the biological mechanisms underlying dietary strategies, individual

foods, nutritional status, and dietary patterns that can shape

the trajectories of chronic health outcomes, especially in the

increasingly aging population.
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Intervention studies with active B vitamin supplementation in cognitively impaired
individuals have yielded varying results in randomized controlled trials. In addition,
a negative interaction of active B vitamin supplementation with aspirin usage on
cognitive outcome was noted, but the molecular basis of the interaction has largely
remained unknown. To investigate the metabolic basis of cognitive improvement brought
about by active B vitamin supplementation, we conducted an extensive metabolomics
analysis covering 302 identified metabolites on the baseline and 24-month serum
samples from a cohort of 137 subjects randomly assigned to active supplementation
or placebo. Pathway analysis uncovered enhanced gluconeogenesis and War-burg
effects underlying cognitive improvement in non-aspirin users supplemented with
active B vitamins. In addition, metabolomics revealed that aspirin usage may interact
with B vitamin supplementation by altering gut microbial metabolism, particularly
in terms of propionate production. Lastly, our omics data suggest that varying
capacities to assimilate B vitamins at baseline, possibly mediated by differences in gut
microbial composition, may underlie variations in inter-individual responses to active B
vitamin supplementation.

Keywords: metabolomics, B vitamins, aspirin, cognitive impairment, dementia

INTRODUCTION

Approximately 50 million people across the globe live with dementia. The number is projected to
increase to 152 million by the year 2050, especially in low-income and middle-income countries
where close to two-thirds of the people afflicted with dementia reside (1). Dementia encumbers
daily activities and financially strains the public health sector and the economy, with global
costs estimated at USD one trillion annually (1). While the incidence of dementia is strongly
correlated with age, dementia does not constitute normative aging and is a true disease instigated by
exposure to genetic and environmental risk factors. Elevated homocysteine and lower-than-normal
concentrations of B vitamins, which include folate, vitamin B12 and vitamin B6, denote candidate
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risk factors for both Alzheimer’s disease and vascular dementia
(2). A plethora of cross-sectional and longitudinal studies
comprising more than 36,000 subjects has demonstrated
associations between cognitive impairment or dementia
with homocysteine and/or B vitamins. Biologically plausible
mechanisms for the beneficial action of B vitamins toward
cognition have been proposed, but details await to be settled (2–
4). Intervention studies with B vitamins in cognitively impaired
individuals, however, have not yielded consistently positive
results (5–9). Recent randomized trials uncovered a significant
interaction between B vitamins and aspirin usage on cognitive
function; and that B vitamin supplementation was associated
with significantly favorable effects toward global cognitive
functioning and whole brain atrophy rate in older people with
mild cognitive impairment (MCI) who were not taking aspirin,
but not in those who took aspirins concurrently (10, 11). Given
these observations, it is imperative for research to delve into the
molecular aspects of B vitamins and aspirin interaction that may
underlie the clinical outcome of B vitamin supplementation in
elderly subjects. High-coverage metabolomics offers an unbiased,
inclusive approach to dissect molecular alterations in response to
treatment intervention (12), and can unveil potential molecular
pathways that underlie observed phenotypes (13).

Herein, we conduct an extensive metabolomics profiling
that comprises 302 identified metabolites on pre-intervention
(i.e., baseline) and post-intervention serum samples from 137
subjects randomly assigned to two main treatment interventions
over a course of 24 months, which included active ingredient
(folic acid and Vitamin B12) supplementation and placebo.
Aspirin usage was monitored in these subjects, which further
segregated the treatment groups into active + non-aspirin and
active + aspirin, and their corresponding control groups being
placebo + non-aspirin and placebo + aspirin, respectively.
At the end of the two-year treatment intervention, cognitive
outcome in these subjects were measured by the clinical
dementia rating scale sum of boxes scores (CDR-SOB) (14).
Differences in metabolomics profiles and dysregulated metabolic
pathways between the treatment and control groups at the end
of two-year intervention were examined in consideration of
measured outcome i.e., CDR-SOB to uncover metabolic pathways
implicated in the different treatment interventions and their
associated cognitive outcomes.

MATERIALS AND METHODS

Study Participants
Patients aged≥ 65 years were screened by the Montreal cognitive
assessment (MoCA) test in the specialist medical outpatient
clinics at the Prince of Wales Hospital (PWH) during April 2013
and July 2016. After obtaining written informed consent, subjects
who had a MoCA score lower than 22, which suggested MCI, had
fasting blood taken for serum homocysteine analysis. Those with
homocysteine ≥ 10 µmol/L were further assessed of co-existing
illnesses and a neurological examination, to exclude patients
with dementia or clinical depression, or those with peripheral
neuropathy, renal failure, anemia, disabling stroke and those who

were receiving B vitamin supplementation or centrally acting
medications. In total, 279 out of 975 outpatients were enrolled
in this clinical trial (10). The trial was approved by the Medical
Ethics Committee of Chinese University of Hong Kong and
Hospital Authority of Hong Kong (CUHK_CCT00373).

Clinical Design
Subjects aged 65 years or more in the specialist medical outpatient
clinics at the Prince of Wales hospital between April 2013
and July 2016 were screened for cognitive impairment. After
obtaining written informed consent, fasting blood was taken
from individuals with MCI for serum homocysteine analysis,
and subjects with elevated serum homocysteine (more than
10 µmol/L) were recruited into the study (see section “Study
Participants” for more details). Subjects were randomly assigned
into active ingredient intervention (400 µg/d of folic acid and
500 µg/d of vitamin B12) and placebo (two placebo tablets per
day) groups, and their aspirin usage was recorded. As the effects
of B vitamin supplementation toward cognitive outcome have
been conflicting based on past literature (7, 9), we included a
greater number of subjects into the active + non-aspirin group
of our study to allow a comparison of metabolome profiles
based on two-year cognitive outcome. At the end of the 24-
month intervention, changes in CDR-SOB were used to further
delineate subjects under the active+ non-aspirin group into sub-
categories based on cognitive outcome, which included those
with longitudinal decrease in CDR-SOB (positive outcome) i.e.,
responders, no significant changes (neutral), and longitudinal
increase in CDR-SOB (negative outcome) i.e., decliners (Figure 1
and Table 1).

Serum Collection
The blood samples were taken after an overnight fasting for
serum folate, vitamin B12, homocysteine and creatinine. The
samples were temporarily stored in an icebox and transported
within 2 h to the Department of Medicine and Therapeutics at
PWH. The serum was then separated and kept under −80◦C
until further use.

Metabolite Extraction
Polar metabolites were extracted from serum samples using
a modified version of Bligh and Dyer’s protocol as described
previously (15). Serums samples were incubated for 30 min at
1500 rpm and 4◦C in extraction solvent containing chloroform:
methanol (1:2) (v/v); and water was added at the end of
the incubation to induce phase separation. Samples were then
centrifuged for 10 min at 12000 rpm and 4◦C. The upper aqueous
phase containing polar metabolites was transferred into a clean
1.5 ml centrifuge tube, and dried using SpeedVac under aqueous
mode. Dried extracts were resuspended in 2% acetonitrile in
water for LC-MS analysis.

Untargeted Metabolomics Analyses
Based on UPLC-qTOF-MS
Metabolomics analysis was performed as previously described
(12). The ACQUITY UPLC HSS T3 1.8 µm, 2.1 mm × 100 mm
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FIGURE 1 | Schematic diagram of clinical study design. Subjects were randomly assigned to active B vitamin supplementation or placebo. Aspirin usage was
monitored, which further segregated the subjects into four clinical groups. To examine the molecular basis of differing responses to active B vitamin supplementation,
subjects under active B vitamins, non-aspirin group were further segregated into three groups based on cognitive outcome measured by 24-month changes in
CDR-SOB. Baseline and 24-month serum samples were analyzed using untargeted metabolomics covering more than 300 identified metabolites.
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TABLE 1 | Clinical cohort summary.

Active +

aspirin
Active + non-

aspirin, CDR-SOB
increased

Active + non-
aspirin, CDR-SOB

unchanged

Active + non-
aspirin, CDR-SOB

decreased

Placebo +

aspirin
Placebo +

non-aspirin
P-value

n 25 22 19 19 27 25

Age [mean (SD)] 76.5 (6.03) 76.9 (4.59) 75.0 (5.34) 76.8 (4.3) 77.96 (4.38) 78.0 (5.81) 0.4209

Change in CDR-SOB
over 24 months
[mean (SD)]

0.60 (1.46) 1.36 (1.15)* 0 (0) −0.71 (0.35)* −0.17 (0.67) 0.54 (0.095)* *Indicates statistical
significant changes

compared to baseline

Sex 0.6676

Male 18 (72%) 16 (72.8%) 13 (68.4%) 11 (57%) 17 (63%) 16 (64%)

Female 7 (28%) 6 (27.2%) 6 (31.6%%) 8 (42.1%) 10 (37%) 9 (36%)

Differences in age across groups were compared using Welch’s ANOVA. Changes in sex were compared using Chi-square’s test. Longitudinal changes in CDR-SOB
were compared using paired t-test.

column (Waters, Dublin, Ireland) was used for reverse-phase
chromatographic analysis, while the ACQUITY UPLC BEH
Amide 1.7 µm, 2.1 mm × 100 mm column (Waters, Dublin,
Ireland) was utilized for normal-phase chromatographic analysis.
An Agilent 1290 II Ultra-performance Liquid Chromatographer
(Agilent Technologies) coupled to 5600 Plus Quadrupole-
time-of-flight MS (5600 Triple TOF Plus, SCIEX) was used
to acquire the metabolome data. The MS parameters for
detection were as follows, ESI source voltage positive ion
mode +5.5 k V, negative ion mode −4.5 kV; vaporizer
temperature, 500◦C; drying gas (N2) pressure, 50 psi; nebulizer
gas (N2) pressure, 50 psi; curtain gas (N2) pressure, 35 psi; The
scan range was m/z 60–900. Information-dependent acquisition
mode was used for MS/MS analyses of the metabolites. The
collision energy was set at (±) 35 ± 15 eV. Data acquisition
and processing were performed using Analyst R© TF 1.7.1
Software (Sciex, Concord, ON, Canada). All detected ions
were extracted using MarkerView 1.3 (Sciex, Concord, ON,
Canada) into Excel in the format of two dimensional matrix,
including mass to charge ratio (m/z), retention time, and peak
areas, and isotopic peaks were filtered. PeakView 2.2 (Sciex,
Concord, ON, Canada) was applied to extract the MS/MS data,
and spectral comparisons were performed with Metabolites
database (Sciex, Concord, ON, Canada), HMDB, METLIN,
and spectra acquired from standard reference compounds to
annotate ion ID.

Statistical Analyses
Metabolite identity, corresponding HMDB ID and class were
assigned using an internal library. Metabolite abundance was
measured by peak area. Hierarchical clustering was performed
based on centered and scaled data with Euclidean distance
and complete linkage, and was visualized using R package
“ComplexHeatmap.” Average metabolite abundance was
compared among all the groups using Kruskal–Wallis test,
followed by post hoc Dunn’s test for pair-wise comparison.
P-value less than 0.05 was considered as statistically
significant. Metabolite set enrichment analysis (MSEA) was
performed based on the metabolites with P < 0.05 over
the small molecules pathway database (SMPDB) using R

package “MetaboAnalystR.” The over-representation test
for MSEA is hypergeometric test using all the annotated
metabolites that can be mapped to HMDB IDs as the
reference metabolome. The orthogonal partial least square
discriminant analysis (OPLSDA) was performed using R package
“ropls.”

RESULTS

Differences in 24-Month Serum
Metabolome Profiles Across Different
Treatment Groups
Comparing 24-month serum metabolomes of responders from
the active + non-aspirin group relative to placebo + non-
aspirin control group, the levels of metabolites including alanyl-
aspartic acid, creatine, glucose, hippuric acid, L-glutamine,
and L-lactic acid were increased, while that of pregnenolone
sulfate was decreased (Figure 2A). Similarly, when compared
to active + non-aspirin group with neutral cognitive outcome,
i.e., unchanged CDR-SOB, serum level of hippuric acid
was consistently higher in non-aspirin users who responded
positively to active B vitamins supplementation (Figure 2B).
Comparing the 24-month serum metabolome profiles of the
active + aspirin group to responders from the active + non-
aspirin group, the level of tetrahydro-aldosterone-3-glucuronide
(THA-G) was lower in aspirin users (Figure 2C). THA-
G was also lower in the placebo + aspirin control group
compared to active + aspirin group (Figure 2D). Thus, active
B vitamin supplementation increases serum level of THA-G,
but concurrent aspirin usage reduces its level. Next, we utilized
metabolic pathway analysis (MSEA) (16) to systematically
investigate altered metabolic pathways between the treatment
and control groups.

Altered Metabolic Pathways Between
Treatment and Control Groups
Relative to placebo + non-aspirin group, active B vitamin
supplementation in non-aspirin users who responded
positively (i.e., longitudinal reduction in CDR-SOB) resulted
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FIGURE 2 | Volcano plots illustrate serum metabolite changes at 24-month in selected pairwise comparisons of clinical groups, which included (A) active B vitamin
supplementation in non-aspirin users with reduction in CDR-SOB relative to non-aspirin users on placebo; (B) active B vitamin supplementation in non-aspirin users
with reduction in CDR-SOB relative to those without changes in CDR-SOB; (C) active B vitamin supplementation in non-aspirin users with reduction in CDR-SOB
relative to active B vitamin supplementation in aspirin users; (D) active B vitamin supplementation in aspirin users relative to aspirin users on placebo. Dotplots
illustrate changes in the levels in (E) hippuric acid and (F) tetrahydro-aldosterone-3-glucuronide at 24 months. P-values from two-sided Dunn’s tests were displayed.
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FIGURE 3 | Top altered metabolic pathways based on metabolome changes at 24-month in selected pairwise comparisons of clinical groups, which included (A)
active B vitamin supplementation in non-aspirin users with reduction in CDR-SOB relative to non-aspirin users on placebo; (B) active B vitamin supplementation in
non-aspirin users with reduction in CDR-SOB relative to those without changes in CDR-SOB; (C) active B vitamin supplementation in non-aspirin users with
reduction in CDR-SOB relative to active B vitamin supplementation in aspirin users; (D) active B vitamin supplementation in aspirin users relative to aspirin users on
placebo.

in significantly elevated gluconeogenesis, enhanced Warburg
effect, as well as increased ammonia recycling, glutamate
metabolism and purine metabolism (Figure 3A and Table 2).
Relative to non-aspirin users that did not respond favorably
to B vitamin supplementation, responders also displayed
enhanced spermidine and spermine biogenesis (Figure 3B).
Comparing with subjects on B vitamin supplementation
with concurrent aspirin usage, subjects not on aspirins
also exhibited marginally enhanced propanoate metabolism
(Figure 3C). Concurrent aspirin usage largely abrogated

the enhanced glucose metabolism brought about by B
vitamin supplementation, and no metabolic pathways were
significantly altered with respect to the placebo+ aspirin control
group (Figure 3D).

Metabolism Underlying Inter-Individual
Variability to B Vitamin Supplementation
While it is clear from previous randomized trials that aspirin
interacted with B vitamin supplementation to influence the
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TABLE 2 | Summary of top altered pathways.

Comparisons Metabolite set Total Expected Hits Fold Raw p Direction

Active non-aspirin CDR-SOB decreased/Placebo
non-aspirin

Gluconeogenesis 2 0.204 2 9.8 0.00947 Upregulated

Warburg effect 6 0.612 3 4.9 0.0133 Upregulated

Ammonia recycling 8 0.816 3 3.68 0.0332 Upregulated

Glutamate metabolism 8 0.816 3 3.68 0.0332 Upregulated

Purine metabolism 10 1.02 3 2.94 0.0633 Upregulated

Arginine and proline Metabolism 11 1.12 3 2.68 0.082 Upregulated

Active non-aspirin CDR-SOB decreased/active
non-aspirin CDR-SOB unchanged

Spermidine and spermine biosynthesis 4 0.0408 1 24.51 0.0408 Upregulated

Urea cycle 9 0.0918 1 10.89 0.0918 Upregulated

Active non-aspirin CDR-SOB decreased/active aspirin Propanoate metabolism 4 0.0816 1 12.25 0.0804 Upregulated

Valine, leucine and Isoleucine
Degradation

5 0.102 1 9.8 0.0999 Upregulated

Active aspirin/placebo aspirin Phenylalanine and tyrosine metabolism 5 0.102 1 9.8 0.0999 Downregulated

cognitive outcome of the intervention (10, 11), the effects
of B vitamin supplementation toward cognitive outcome
in non-aspirin users were also varied. To delve into the
potential underlying metabolic differences that may have
influenced the outcome, we then investigated the differences
in baseline metabolome profiles of non-aspirin users who
responded positively and negatively, respectively, to B vitamin
supplementation over a course of 24-months. The baseline
metabolome profiles between non-aspirin users on active
B vitamin supplementation experiencing a drop in CDR-
SOB were markedly different from those that exhibited
increase in CDR-SOB. The baseline metabolome profiles
were clearly segregated based on orthogonal projections
to latent structures discriminant analysis (OPLS-DA) with
an area under curve (AUC) at 0.981. Due to the relatively
smaller cohort size, however, the OPLS-DA model exhibited
overfitting (pR2Y = 0.05, pQ2 = 1) (Figures 4A–D). MSEA
showed that baseline pyrimidine metabolism was marginally
enhanced in individuals who responded positively to active
B vitamin supplementation, relative to individuals who
responded negatively (Figure 4E). The top metabolites
contributing to the observed differences arranged based
on VIP scores were illustrated in a heatmap (Figure 4F).
Accordingly, deoxyuridine, which constitutes part of pyrimidine
metabolism, was amongst the top three altered metabolites,
and the baseline levels of deoxyuridines were lower in non-
aspirin users who responded negatively to active B vitamin
supplementation. Thus, this group of individuals who failed
to respond favorably to active B vitamin supplementation
exhibited abated pyrimidine metabolism and inherently less
efficient folate cycle to effectively couple the conversion of
homocysteine into methionine to begin with. They may
require longer supplementation period at higher dosage, or
may be endogenously incompetent in terms of incorporating
and assimilating B vitamins due to deficiencies in specific
enzymes. Indeed, a previous work had shown that B vitamin
supplementation is effective only in individuals with intact
dihydrofolate reductase (17).

DISCUSSION

Metabolomics analysis revealed a favorable serum metabolome
profile in non-aspirin users who responded positively to active
B vitamins supplementation, as illustrated by the increases in
serum hippuric acid and creatine that contribute positively to
cognitive outcome (18, 19). Hippuric acid is a frailty marker and
diminished blood concentrations of hippuric acid were reported
in elderly Japanese patients with mobility impairment (18).
Plasma hippuric acid was also decreased in older patients at high-
risk of sarcopenia (20), and dietary supplementation of hippuric
acid in the form of blueberries led to cognitive enhancement and
improved performance in verbal learning test (21). On another
note, oral creatine supplementation promotes corticomotor
excitability and cognitive performance during acute oxygen
deprivation in adults (22), and is associated with improvements
in short-term memory and reasoning of healthy individuals (19).
In addition, while active B vitamin supplementation increased
serum THA-G, while concurrent aspirin usage abrogated this
increase. Aldosterone is metabolized to dihydro- and tetrahydro
derivatives that subsequently undergo glucuronidation in the
liver, with THA-G accounting for majority of daily aldosterone
elimination via the urine (23). Given the role of aldosterone
as a relevant factor in the evolution of arterial hypertension
(24), impeded glucuronidation and the subsequent elimination
of serum aldosterone in the form of THA-G may be detrimental
toward vascular health. The current metabolomics profiles
suggest that active B vitamin supplementation is associated
with enhanced glucuronidation of aldosterone. Thus, the general
serum metabolome profiles of active + non-aspirin group who
responded positively was associated with enhanced levels of
metabolites positively associated with cognitive improvement
and vascular health. Concurrent aspirin usage largely abrogated
these potentially beneficial metabolite changes associated with
active B vitamin supplementation.

Enhanced gluconeogenesis and glycolysis revealed by MSEA
analyses in non-aspirin responders are expected to contribute
positively toward cognitive maintenance. Drastic reductions
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FIGURE 4 | Differences in baseline metabolome profiles between non-aspirin users on active B vitamin supplementation who responded positively (i.e., reduction in
CDR-SOB) and negatively (i.e., increase in CDR-SOB) over the intervention period of 24 months. (A–D) OPLS-DA analysis of baseline serum metabolomes between
the two groups; (E) Top altered metabolic pathway between the two groups; (F) Heatmap illustrates top altered metabolites based on VIP scores from OPLS-DA
analysis.
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in cerebral glucose metabolism and utilization are common
patho-biochemical features of dementia of the Alzheimer
type (25, 26). Restoration of glucose metabolism salvages
amino acids and lipids that would otherwise be expended as
fuel reserves when cerebral glucose metabolism falls below
critical thresholds, thereby preserving critical lipid membranes
and proteins crucial to maintaining normal brain function.
Enhanced glucose metabolism also counteracts increases in
glycated hemoglobin and attenuates the accumulation of
advanced glycation end-products, which contributes to memory
improvement in mice (27). Interestingly, enhanced Warburg
effect was also observed in non-aspirin responders. Warburg
effect, first observed by Otto Warburg in cancer cells, refers to
the preferential dependency on glucose utilization, marked by
elevated glycolysis and lactate production regardless of oxygen
bioavailability. Biochemical measurement in port-mortem brain
tissues of Alzheimer’s disease (AD) patients, which denotes an
assessment of the biochemical activities of viable beta-amyloid
(Aβ)-resistant cells instead of susceptible, dying cells (28, 29),
uncovered an elevation of glycolytic enzymes in the AD brains
relative to that of age-matched controls. In addition, clonal
nerve cell lines and primary cortical neuron resistant to Aβ

toxicity exhibited elevated flux of glucose through the glycolytic
pathway, attributed to the activation of the transcription factor
hypoxia inducible factor 1 (HIF-1) (29). Furthermore, the
existence of a specific group of asymptomatic individuals
without pathological history of dementia but having high
accumulation of Aβ plaques adds to the hypothesis that altered
cellular metabolism, particularly enhanced glucose utilization via
glycolysis, may offer resistance against the neurotoxic effects
of Aβ (30). Based on these observations, it was proposed that
neurons may acquire resistance to Aβ accumulation at the
incipient stages of AD by skewing cellular metabolism toward
enhanced glycolysis and lactate generation, which serves to
silence mitochondrial oxidative phosphorylation, reducing the
generation of reactive oxygen species that trigger apoptosis
and neuronal death (31). These metabolic adaptations akin
to Warburg effects preserve neuronal integrity and protect
cognitive functions. Thus, active B vitamin supplementation in a
specific group of non-aspirin users triggered enhanced Warburg
effect that may contribute positively toward neuron survival in
MCI individuals.

Non-aspirin users who responded favorably to active
B vitamin supplementation also exhibited elevated purine
metabolism, ammonia recycling and glutamate metabolism.
Enhanced purine metabolism is likely attributed to the increased
flow of metabolites through the folate cycle as a result of active B
vitamin supplementation (32). Elevated ammonia recycling and
glutamate metabolism may arise from the enhanced glutamine-
glutamate cycle mediated by glutamine synthetase (GS). In the
brain, GS serves to recover glutamate released by neurons by
converting them to glutamine in astrocytes, which are then
transported to neurons for subsequent conversion to glutamate
again. This cycle replenishes the excitatory neurotransmitter
glutamate essential for maintaining normal cognitive functions.
Accordingly, GS expression was reduced in senile dementia
of the Alzheimer type (33). The purine nucleotide cycle

liberates ammonia (34), which the brain detoxifies by binding
to alpha-ketoglutarate and glutamate to produce glutamine
(35). Excess ammonia is detrimental to astrocytes and may lead
to gliosis observed in early neurodegeneration in dementia
(36). Indeed, AD brains were found to release a larger
amount of ammonia (36). Enhanced ammonia recycling
via glutamine formation and elevated purine metabolism in
non-aspirin users who responded positively to active B vitamins
thus serve to maintain astrocyte-neuron coupling pivotal to
normal brain function.

The cognitively favorable changes were not observed in
subjects who took aspirin concurrently, and a marginal difference
in propanoate metabolism may partly explain the differing
cognitive outcome. Compared to non-aspirin users, propanoate
metabolism was downregulated in subjects on active B vitamin
supplementation with concurrent aspirin usage. Propionate is
a gut microbe-derived metabolite that positively modulates the
peripheral and central nervous system. In particular, levels of
fecal propionate were negatively correlated with Aβ-42 levels
in MCI subjects (37). Based on our metabolomics analysis,
aspirin may interact with active B vitamins in a manner that
is mediated by gut microbial metabolism. Indeed, vitamin B12
modulates gut microbial ecology and influences host-microbe
symbiosis in humans (38). The gut microbial metagenome
displays considerable interpersonal variations, more so than
that observed in host gene expressions, and may represent
an important factor in determining inter-individual differences
in disease predisposition and responses to treatment (38).
Spermine and spermidine metabolism was enhanced in non-
aspirin users who displayed improvement in CDR-SOB on
active B vitamin supplementation compared to individuals
who did not. The biosynthesis of major polyamines including
spermidine and spermine from putrescine is coupled to
the conversion of S-adenosylmethionine into decarboxylated
S-adenosylmethionine (39), and is henceforth affected by the flux
through the folate cycle (40). Gut microbiota is responsible for
production of bulk polyamines in the lower part of the intestine
(39), and spermines and spermidines were shown to delay brain
ageing by promoting autophagy and improving mitochondria
function (41). In non-aspirin users who did not respond well to
active B vitamins supplementation, it is possible that their gut
microbial configurations hindered effective vitamin B12 uptake.
Indeed, subjects with high bacterial loads in their small intestines
were found to possess low vitamin B12 (42), and specific gut
microbe populations may compete with host for dietary vitamin
B12 bioavailability in the small intestines (38).

This study has limitations. While our metabolomics
analysis herein put forth enhanced Warburg effect and
preferential glucose utilization as possible contributors to
cognitive improvement brought about by active B vitamin
supplementation in non-aspirin users, the current study design
does not allow the interpretation of causality. We cannot
conclude that these metabolic pathways alterations were resulted
from active B vitamin supplementation alone, amidst other
confounding factors such as dietary preferences that were not
monitored; or that these pathway alterations actually lead to
cognitive improvement reflected by the reduction in CDR-SOB.
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Furthermore, our study makes the basic assumption that
systems metabolic alterations in the serum are reflective of
changes in neuro-metabolism. Further investigation in larger
cohort of subjects from different ethnicities, and preferably
based on cerebrospinal fluid samples, may allow a closer
reflection of neuro-metabolic adaptations in response to active
B vitamin supplementation. To determine causality between B
vitamins supplementation and cognitive improvement mediated
by enhanced Warburg effects and glucose utilization in brain
cells, mechanistic studies using cell cultures and animal models
are imperative. Finally, it may be worthy to examine the gut
microbial compositional changes in fecal samples of future
human cohorts subjected to active B vitamin supplementation, to
determine if distinct microbial communities may underlie inter-
individual differences in terms of their responses to B vitamin
intervention observed in our study.
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Objective: Non-pharmacological management like nutrient supplements has

shown positive impacts on muscle mass and strength, which has burgeoned

clinical and research interest internationally. The aim of this study was to

analyze the current knowledge domain and emerging trends of nutrition-

related research in sarcopenia and provide implications for future research and

strategies to prevent or manage sarcopenia in the context of aging societies.

Materials and methods: Nutrition- and sarcopenia-related research were

obtained from the Web of Science Core Collection (WoSCC) database

from its inception to April 1, 2022. Performance analysis, science mapping,

and thematic clustering were performed by using the software VOSviewer

and R package “bibliometrix.” Bibliometric analysis (BA) guideline was

applied in this study.

Results: A total of 8,110 publications were extracted and only 7,510 (92.60%)

were selected for final analysis. The production trend in nutrition and

sarcopenia research was promising, and 1,357 journals, 107 countries, 6,668

institutions, and 31,289 authors were identified in this field till 2021. Stable

cooperation networks have formed in the field, but they are mostly divided by

region and research topics. Health and sarcopenia, metabolism and nutrition,

nutrition and exercise, body compositions, and physical performance were

the main search themes.

Conclusions: This study provides health providers and scholars mapped out

a comprehensive basic knowledge structure in the research in the field of

nutrition and sarcopenia over the past 30 years. This study could help them

quickly grasp research hotspots and choose future research projects.
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nutrition, sarcopenia, VOSviewer, co-words, bibliometric analysis
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Introduction

People worldwide are living longer. According to World
Health Organization (WHO), people aged 65 and over would
nearly account for 17% of the population by 2050 (1). Aging
is always along with a series of physiological and psychological
changes, among them, the most conserved hallmarks are the
decline of functional capabilities, which strew great challenges
to health. Sarcopenia is an age-related disease that is defined as
a decrease in muscle quantity and quality, as well as physical
performance (2). Sarcopenia and frailty are closely related and
there is a diagnostic overlap between sarcopenia and frailty
(3, 4), especially in the concept of nutritional frailty (5). It is
estimated that the global prevalence of sarcopenia is ranged
from 3.3 to 17.5% depending on various diagnostic criteria
and assessment tools (6, 7). Compared with the individuals
without sarcopenia, those having low grip strength, lean
mass, strength, power, or physical function have more grave
physiological and clinical consequences (8) and have high risks
of mobility, fall, and disability (9). Although some research
suggests that hormonal changes (10), oxidative stress (11, 12),
and mitochondrial dysfunction (13) may play a great role in
the development of sarcopenia, the pathophysiology of the
disease is complex and not yet fully elucidated (4). Accordingly,
understanding more about sarcopenia’s risk factors and its
coping strategies is of great interest.

Non-pharmacological management like nutrient
supplements has shown positive impacts on muscle mass
and strength, which has burgeoned clinical and research interest
internationally. Notably, due to the decline of physical exercise
and a lower need for energy intake, as well as the difficulty in
the assessment of nutritional status in frailty phenotype (3),
community-dwelling older adults have a high risk of being at
nutritional or becoming malnourished (14), and a large body
of evidence has linked malnutrition with the negative health
effects of the old on muscles (15, 16). Based on the International
Clinical Practice Guidelines for Sarcopenia (ICFSR) (17),
preserving or restoring adequate nutritional status is of great
significance for the prevention and optimal management
of sarcopenia. Studies have proved that prevent of general
malnutrition or micronutrient deficiencies has some potential
to promote the physical performance (18–20). Moreover,
serval randomized controlled trials conducted in older adults
with sarcopenia showed that nutrition intervention was not
only feasible (21) but also safe (22). Given that nutrition may
influence the development of sarcopenia, this topic deserves
further discussion. However, despite the approximately 30-year
history of sarcopenia research, a detailed quantitative analysis
of the existing research has not been undertaken to elucidate
the body of evidence on the nutrition research in the sarcopenia
field. Thus, we aimed to analyze the current knowledge domain
and emerging trends of the evidence that associates nutrition
with muscle quality and quantity, and physical performance.

Our study helps to bridge this gap and provide implications for
future research and strategies to prevent or manage sarcopenia
for clinical health providers, and attribute to gain a one-stop
overview for the readers in the sarcopenia literature.

Materials and methods

Study design

As an important carrier of scientific research, academic
publications could clearly reflect the basic knowledge domain
and emerging trends of a certain discipline (23). Bibliometric
analysis (BA) is a quantitative and comprehensive method
associated with academic publications (24). This method could
reveal the current knowledge domain through performance
analysis with publication-related and citation-related metrics
(25). In addition, mathematics, statistics, and philology methods
are used to identify emerging trends through science mapping
with citation, co-citation, or co-word analysis (26). To date,
BA has been widely used to analyze the progress of research
fields and to predict the development of disciplines due to its
objectivity, quantitative, and macro characteristics compared to
systematic or meta-analysis (27). Thus, BA and its guideline (28)
were applied in this study, as shown in Figure 1. This study was
not reviewed by the ethics committee for neither patients nor
members of the public were involved.

Data source

Different databases (e.g., Scopus and Web of Science)
have their own format of bibliometric data. BA guideline
suggested that choose one appropriate database to mitigate the
need of consolidation, as minimizing unnecessary action items
can help to prevent potential human errors (28). The Web
of Science Core Collection (WoSCC) of Clarivate Analytics
including Science Citation Index Expanded, Social Sciences
Index, and Arts & Humanities Citation Index, is regarded as
one of the most complete and reliable databases for BA (29),
which can retrieve the references of publications and track the
latest citation (30). Therefore, all data used in this study were
retrieved from the WoSCC.

Search strategy

On April 1, 2022, the WOSCC was searched using
topic words and keywords plus. The search terms were
“nutrition intake,” “dietary supplements,” “sarcopenia,” “muscle
strength,” “muscle function,” and “muscle mass.” The strategy
of Behnaz et al. (31) and Dongliang et al. (32) were mainly
referenced during the process of string construction. After
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FIGURE 1

Flow chart of the research framework.

selecting all the relevant search terms and their combinations,
Boolean operators and a general review were performed.
English language, incorporated animal and human studies were
acceptable, and no restrictions on the dates of publications.

Data collection

Two authors manually and independently evaluated the title
and abstract of the selected publications. Publications without
abstracts were full-text reviewed. The third author verified the
consistency of the results. Finally, a total of 8,110 publications
were identified from WoSCC and only 7,510 were selected for
final analysis, 180 non-English documents, 110 were not original
or review articles were excluded after general reviewing, and 310
were excluded for not associated with the topic of nutrition or
sarcopenia after evaluated the title and abstract. Figure 2 showed
the flow chart of the data collection procedure.

Bibliometric analysis

Full records and cited references of the publications were
downloaded in txt format, and then input to the VOSviewer

version 1.6.15 (Leiden University, The Netherlands) and R
package “bibliometrix” version 4.1.2, thesaurus file was used
for data cleaning. The steps of analysis were as follows: (A)
performance analysis was conducted to explore the current
knowledge domain, which includes the annual publications,
total citations, and main contributors, such as topics, journals,
and core authors. Core authors was defined by Price’s Law
(33), that is, mp =0.749√npmax in which npmax is the output
of the most prolific authors, mp is the minimum number of
output of core authors in the selected period. (B) Science
mapping was conducted to analysis the emerging trends on
science collaboration and research hotpots, which including co-
authorship and co-words. (C) The thematic clustering was used
to identify the research themes and evolution features according
to Zipf ’s Law (34) by network and overlay visualizations.

Results

Annual publications and total citations

A total of 7,510 publications were selected for final analysis.
As shown in Figure 3, though the publications have dropped
slightly in some years, annual publications related to nutrition
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FIGURE 2

Flow chart of the data collection procedure.

in the sarcopenia field quickly increase from 58 in 1999 to
995 in 2021, showing a clear trend for growth. The correlation
between the number of publications and the year was significant
(R2 = 0.9912). The total citations also showed a similar upward
trend, with a correlation coefficient of 0.9703, the number
jumped from 30 in 1999 to 44,585 in 2021. Convincingly,
the publication and citation in the filed of nutrition- and
sarcopenia-related research would reach a new milestone at
2022.

Main contributors

Topics and journals
Figure 4A showed the top 10 category in the nutrition-

and sarcopenia-related research, among which the main topics
were nutrition dietetics, followed by geriatrics gerontology,
endocrinology metabolism, and sport science, covering a wide
range of academic disciplines, indicating this filed was a multi-
disciplinary work.

Journals are an important carrier of scientific research.
Analyzing the source journals helps understand the research
field it belongs to, and for other scholars to evaluate the
development potential of this hotspot. Figure 4B showed the
top 100 productive journals, in which color bubbles represent

the number of publications in each journal, and lines indicate
cooperation between two journals. Among which, Nutrients
(406, 5.41%) from MDPI press ranked first in production,
followed by Clinical Nutrition (319,4.25%), and PLoS One (174,
2.32%). Table 1 lists the ten journals with the largest number of
nutrition-related research in sarcopenia field and their academic
influence index. Almost all belonged to Q1 in JCR, and with an
average influence factor of 5.92. Besides, the Journal of Cachexia
Sarcopenia and Muscle have highest impact factor with 12.91.

Countries, institutions, and authors
After reviewing the contributors, a total of 107 countries,

6,668 institutions, and 31,289 authors were identified in the
nutrition- and sarcopenia-related research field. Among those,
the most productive country was the USA (2,284, 30.41%),
followed by the United Kingdom (UK), Japan, Italy, and
Canada, counting for 10.48, 8.08, 7.79, and 7.18% of the total
publications, respectively. And Maastricht University (n = 138)
and McMaster University (n = 104) were the leading institutions
in terms of productivity.

Besides, Professor van Loon L.J.C. from Maastricht
University Medical Centre was found to be the most productive
with 96 publications. And according to Price’s Law, core authors
should publish at least 7.34 publications, that is, those who
publish 8 articles or more could be identified as core authors.
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FIGURE 3

Annual publications and total citations number from 1999 to 2021.

In other words, there were 437 core authors in the field of
nutrition-related research in sarcopenia. Figure 5 showed the
top 20 most prolific authors and their academic impact, in
which Professor van Loon L.J.C with the highest H index of 43
and most local citations as well.

Co-authorship analysis

Scientific cooperation occurs when scholars in relevant
research fields work together to innovate scientific knowledge
(35). Figure 6 showed the collaboration among countries
among (A) productive countries, (B) countries, (C) authors,
and (D) institutions on nutrition-related research in sarcopenia,
in which each circle and label forms an element, the size
of the element depends on the number of publications of
the contributor, the strength of the element depends on
the frequency of collaboration between two contributors, the
color of the element represents the cluster of the research
topic to which it belongs. In general, Figure 6 implied
that compared with a country’s collaboration, institutions
and authors’ collaboration provides a measure to examine
interactions between agencies at a more granular level (36, 37).

Co-words analysis

One of the main functions of keywords is to provide core
information about the article. At the same time, keywords are

important for bibliometric analyses of the knowledge structure
in an academic field, for similar articles are prone to adapt to
neighbor keywords (38). Thus, research mapping was explored
by investigating the co-occurrence of all keywords in the titles
and abstracts of 7,510 documents, and clustering was applied to
identify the emerging trend.

Figure 7 was a bubble chart of the co-words network of top
500 keywords. Figure 7A showed the network visualization, in
which keywords were divided into four categories (red, blue,
yellow, and green), indicating the four mainstream research
topics in this filed: the first one in green centered on health and
sarcopenia, associated with malnutrition, risk, and mortality;
the second in red on metabolism and nutrition, associated with
oxidative stress, insulin resistance, and obesity; the third in blue
on nutrition and exercise, mainly associated with resistance
exercise; and lastly in yellow, on body compositions and
physical performance, associated with skeletal strength, vitamin
D, calcium, magnesium (39, 40). Figure 7B showed the overlay
visualization and colors represented the time of evolution, in
which clusters of green and yellow were the hotpot and future
research trends in the nutrition- and sarcopenia-related field.

Discussion

Bibliometric analysis method offers a one-stop overview
to identify evolutionary nuances in different fields and
capture emerging trends (41). In this study, we used BA
quantitative method to analyze the development of nutrition-
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FIGURE 4

The main categories and journals in the nutrition-related sarcopenia research. (A) The top 10 journal citation reports (JCR) category of topic
themes. (B) The top 100 most productive journals.

TABLE 1 Top 10 productive journals in the nutrition-related sarcopenia research.

Rank Source Documents Counts Citations IF (2021) JCR Region

1 Nutrients 406 5.41% 5,869 5.719 Q1 Switzerland
2 Clinical nutrition 319 4.25% 14,651 7.325 Q1 Scotland
3 PLoS One 174 2.32% 4,260 3.24 Q2 USA
4 Journal of nutrition health and aging 171 2.28% 4,870 4.075 Q2 France
5 American journal of clinical nutrition 134 1.78% 12,980 7.047 Q1 USA
6 Journal of nutrition 117 1.56% 5,250 4.798 Q1 USA
7 Nutrition 104 1.38% 2,588 4.008 Q2 USA
8 Experimental gerontology 102 1.36% 2,630 4.032 Q2 England
9 Journal of cachexia sarcopenia and muscle 98 1.30% 2,683 12.91 Q1 Germany
10 Journals of gerontology series A-biological

sciences and medical Science
92 1.23% 5,579 6.053 Q1 USA

IF, impact factor; JCR, journal citation reports; the US, The United States.
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FIGURE 5

The top 20 most prolific authors and their academic impact.

and sarcopenia-related research at a global level, which
would help sarcopenia and nutrition researchers gain a more
comprehensive understanding of the current state of this topic
and thus guide the direction of future research. Compared with
other BA studies that only focus on single journals (42, 43) or are
restricted to a specific time (32, 44), and unlike Meta-analysis or
systematic literature review (45, 46) that aim to summarize and
synthesize the findings of small literature on a specific research
topic or field, our study provides scholars with a comprehensive
basic knowledge structure and research trend.

We found that the nutrition- and sarcopenia-related field
has shown a growing trend over the past 30 years. A similar
trend was also observed in a few BA studies on sarcopenia along,
which found the publication number rise dramatically between

2008 and 2010 (44, 47). One of the reasons is the incrassating
recognition of the definition and diagnosis of sarcopenia.
Actually, sarcopenia has a relatively short history, it was not until
1989 that Irwin Rosenberg proposed the term “sarcopenia” (48).
The European Working Group on Sarcopenia in Older People
(EWGSOP) was established in 2009 and developed the first
practical clinical definition and consensus diagnostic criteria
for this disease in 2010 (49) and, therefore, increased research
interests in this field.

Our BA results also demonstrated that nutrition-related
sarcopenia studies have become a research hotspot in not
only nutrition dietetics and geriatrics gerontology but also
multiple disciplines, like endocrinology metabolism and sports
science. In fact, up to 108 Web of Science categories were
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FIGURE 6

Co-authorship map among (A) productive countries, (B)
countries, (C) authors, and (D) institutions on nutrition-related
research in sarcopenia.

identified in this field. The potential explanation is that skeletal
muscle is not only affecting the energy and protein metabolism
throughout the body, but also plays an essential role in body
movement and daily actions such as chewing, swallowing, and
breathing (50). Overall, we emphasize the important role of
close multidisciplinary collaboration in the prevention and
treatment of sarcopenia. In addition, studies in this field are
published in a wide range of journals covering many specialties,
among which a large number of publications from Nutrients
were impressive. Notably, Nutrients also own high citations in
this field, which means the findings reported have been useful
to other researchers for initiating, performing, or interpreting
their own research.

We focused on the main contributors with productive
performance in this field, the USA stands out from all countries
as hegemony in the production of knowledge, followed by the

UK, Japan, Italy, and Canada, and this may be due to those
mentioned countries stepped into aging at the earliest. We
also identified the most productive academic institutions in
the relevant studies, and the result is similar to the finding
on the contribution of countries. Interestingly, we recognized
the core authors in the nutrition-related sarcopenia studies
for the first time according to Price’s Law, such as Loon
L.J.C. We also ranked who with a comprehensive index, like
total publications, local citations, and H index, which would
provide more insights on the most influential author. It is
important to note, however, that we only included the studies
published in English, thus some individuals’ productivity may
be underestimated.

Moreover, from the perspective of macro-geographical
distribution, the results of co-authorship analysis suggest that
several relatively stable cooperation networks have been formed
in the field of nutrition -related research in sarcopenia, but they
are mostly divided by region and research topics. Therefore,
cross-institutional and cross-border collaboration between main
contributors needs to be further strengthened.

From a methodological standpoint, our study allows us to
identify themes using co-word analysis. Compared with other
publications, the results refreshed the ideas of some highly cited
articles relating nutrition to sarcopenia (51–53). On the other
hand, our study provided a larger database size for analysis,
moreover, we not only analyzed the relationship between
selected publications and clustered those with a quantitative
method (54, 55), but also revealed the intellectual bases and
research hotspots in this field.

Focusing on the current knowledge domain and emerging
trends, nutrition-related sarcopenia studies would continue to
conduct more in-depth large sample study and mechanism
research in hotspots and fronts field. First, in terms of health
and sarcopenia, it is expected more raw, longitudinal data and
publicly available secondary data will be applied to explore
the negative results and risk factors of malnutrition among
the sarcopenia population. Second, is the discussion of the
potential metabolism pathway of nutrition. As the major organ
of insulin-induced glucose metabolism in the body, the loss
of quantity and quality of skeletal muscle is associated with a
complex of pathologies (56). Thus, those findings could provide
an insight into the molecular pathogenesis of sarcopenia and
a potential target for new nutrition interventions. Third, the
combined intervention and mutual effect among nutrition and
exercise, in which randomized controlled trial designs were
overwhelming and promising. Last, is the research on body
compositions and physical performance. It is relatively broad
and has an obvious overlap with the other three clusters.
However, the overlay visualization emphasizes its frontier,
indicating that this theme is playing a vital role in the field,
and the supplements and consumption of Vitamin D, and
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FIGURE 7

The co-words analysis of the top 500 keywords. (A) Network visualization; (B) overlay visualization.
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minerals (57) (magnesium, selenium, iron, zinc et al.) are
possible directions for breakthroughs in the future.

Limitations

Although efforts have been made to retrieve various
publications relevant to nutrition-related sarcopenia studies,
as a novel disease, the terms included in this study and the
period may not be extensive enough. In addition, this study
only searched in one database and restricted the language to
English, which may limit the inclusion of relevant studies,
especially those published in other languages. Last but not
least, the practical implementation of citation analyses and
co-words requires appreciable expertise. Thus, in subsequent
studies, we will further optimize data sources and data filtering
to improve the quality of overall data analysis and prediction,
and synthetic knowledge synthesis would be applied to formally
define themes, categories, and concepts.

Conclusion

In this study, a comprehensive BA of the nutrition-related
sarcopenia study was performed using WoSCC data. Different
visualization methods were used to interactively explore and
understand specific data sets. Based on the above results
and discussions, some valuable results for the nutrition and
sarcopenia study were obtained, including the knowledge
domain and emerging trends. In conclusion, the role of nutrition
in sarcopenia has received growing research attention, with the
USA having the largest number of publications. This study
has also identified the main contributors involved in this
research globally, and at the same time, it is reasonable to
believe that the collaboration between different contributors will
be strengthened when the core group is formally established
among countries, institutions, and core authors. In addition, the
themes of nutrition- and sarcopenia-related research currently
could be divided into four categories, more in-depth large
sample studies and mechanism research in hotspots and fronts
field are needed.
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Mohammad Reza Aslani 2,6*
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Introduction: This study aimed to perform an updated systematic review

and meta-analysis to evaluate the effectiveness of saffron supplementation on

oxidative stress markers [malondialdehyde (MDA), total antioxidant capacity (TAC),

total oxidant status (TOS), glutathione peroxidase (GPx), superoxide dismutase

(SOD), and prooxidant/antioxidant balance (PAB)] in randomized controlled trials

(RCTs).

Methods: We searched PubMed/Medline, Web of Science, Scopus, Cochrane

CENTRAL, and Google Scholar until December 2022. Trial studies investigating

the effects of oral saffron supplements on MDA, TAC, TOS, GPx, SOD, and PAB

concentrations were included in the study. To analyze the results, mean differences

(SMD) and 95% confidence intervals (CI) were pooled using a random effects model.

Heterogeneity was assessed using the Cochrane Q and I2 values. Sixteen cases

were included in the meta-analysis (468 and 466 subjects in the saffron and control

groups, respectively).

Results: It was found that saffron consumption caused a significant decrease in MDA

(SMD: −0.322; 95% CI: −0.53, −0.16; I2 = 32.58%) and TOS (SMD: −0.654; 95% CI:

−1.08, −0.23; I2 = 68%) levels as well as a significant increase in TAC (SMD: 0.302;

95% CI: 0.13, 0.47; I2 = 10.12%) and GPx (SMD: 0.447; 95% CI: 0.10, 0.80; I2 = 35%).

Subgroup analysis demonstrated a significant reduction in MDA levels in studies with

a saffron dosage of >30 mg/day, age of <50 years, and study duration of <12 weeks.

Among the limitations of the study, we can point out that the studies were from

Frontiers in Medicine 01 frontiersin.org30

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2023.1071514
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2023.1071514&domain=pdf&date_stamp=2023-02-01
https://doi.org/10.3389/fmed.2023.1071514
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/articles/10.3389/fmed.2023.1071514/full
https://orcid.org/0000-0002-4289-4941
https://orcid.org/0000-0001-7480-5651
https://orcid.org/0000-0002-1990-4320
https://orcid.org/0000-0002-0802-087X
https://orcid.org/0000-0001-9512-6025
https://orcid.org/0000-0003-1519-7611
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-10-1071514 January 25, 2023 Time: 16:30 # 2

Abedi et al. 10.3389/fmed.2023.1071514

Iran, the different nature of the diseases included, and were not considered of some

potential confounders such as smoking, physical activity, and diet in the studies.

Discussion: In summary, the results showed that saffron has beneficial effects on

oxidative stress markers.

KEYWORDS

Crocus sativus, oxidative stress, meta-analysis, saffron, malondialdehyde, total antioxidant
capacity

Introduction

Oxidative stress is caused by an imbalance between the
production of free radicals and peroxidants as well as the antioxidant
defense system (1). Under mild oxidative stress, tissues counteract
the effects of oxidative stress by antioxidant defense, while under
severe oxidative stress conditions, biological damage and even cell
death may occur (2). The sources of reactive oxygen species (ROS) are
both environmental and cellular. Environmental ROS sources include
industrial pollution, smoking, exhaust fumes, and occupational
exposure to dust, and cellular sources of ROS include activation
of xanthine oxidase (XO), nicotine adenine disphosphonucleotide
(NADPH) oxidase, superoxide dismutase-1 (SOD-1), and nitric oxide
synthase (NOS) (3). On the other hand, important antioxidant
factors include glutathione peroxidase (GPx), glutathione reductase
(GR), and catalase (3). Increased ROS production inhibits various
intracellular antioxidant mechanisms. It leads to oxidative damage
to nucleic acids, DNA, proteins, and membrane lipids and disrupts
cellular processes, including cellular metabolism, gene expression,
and cell proliferation (4).

Oxidative stress is involved in a wide range of pathological
conditions. In general, it is divided into two categories based
on the role of oxidative stress in the etiology of diseases.
Oxidative stress is the main pathological factor in various diseases
(including atherosclerosis, radiation toxicity, and paraquat toxicity).
Oxidative stress is a secondary factor in disease progression
[idiopathic pulmonary fibrosis, asthma, type 2 diabetes mellitus,
chronic obstructive pulmonary disease (COPD), hypertension,
neurodegenerative disorders, cancer, ischemia-reperfusion injury,
systemic inflammatory response syndrome, and aging] (4–8).

Many recent studies have shown the effectiveness of medicinal
plants for inflammatory and oxidative stress markers (9–12). Saffron
(Crocus sativus L.) is a Mediterranean plant with nutritional and
therapeutic uses. Animal and human studies have reported the
beneficial therapeutic effects of saffron and its biologically active
compounds (crocin, crocetin, picrocrocin, and safranal) in a variety
of disorders, such as COPD, asthma, polycystic ovary syndrome
(PCOS), diabetes, cardiovascular disease, metabolic syndrome,
obesity, and cancer (13–19). One of the important properties of
saffron is its antioxidant and anti-inflammatory effects. Recently,
trial studies have examined the effects of saffron and crocin on
inflammatory and oxidative stress markers in some diseases with
contradictory results (17, 20). In a systematic review and meta-
analysis, Morvaridzadeh et al. (21) showed the beneficial effects
of saffron on oxidative stress markers [malondialdehyde (MDA)
and total antioxidant capacity (TAC)]. The present study aimed

to conduct an updated systematic review and meta-analysis of
randomized controlled trials (RCTs) that examined the effects of
saffron on oxidative stress factors, including MDA, TAC, total oxidant
status (TOS), GPx, SOD, and the pro-oxidant/antioxidant balance
(PAB) in various diseases.

Materials and methods

The present systematic review and meta-analysis were performed
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) strategies (22).

Search strategy

Electronic databases PubMed/Medline, Web of Science, Scopus,
Cochrane CENTRAL, and Google Scholar from inception until
December 2022 were searched to find studies evaluating the effects
of saffron on serum oxidant/antioxidant levels. The mesh and non-
mesh terms used in the search are presented in the Supplementary
Appendix. No time restrictions were applied to the search strategy.
Considering that most of the trial studies on saffron have been
conducted in Iran, the original research published in languages other
than English and Persian were excluded from the study. Additionally,
we conducted a manual search of all relevant article reference lists to
identify potentially relevant trials.

Selection criteria

The criteria of population, intervention, comparison, and
outcome (PICOS) used for the present updated meta-analysis are
presented in Table 1. In addition, time restrictions were not included
in the study. Considering that most of the trial studies on saffron have
been conducted in Iran, the original research published in languages
other than English and Persian were excluded from the study.

Synthesis methods

Since crocin is one of the active ingredients of saffron, and recent
clinical trial studies have focused on its effects, the present study
decided that it should include both crocin and saffron trials. However,
subgroup analysis of crocin and saffron was performed to evaluate the
effects of each on oxidant/antioxidant markers alone. In addition to
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TABLE 1 The population, intervention, comparison, outcome, study design
(PICOS) criteria.

Criteria Selection criteria

Population Adults (aged ≥18 years)

Intervention Saffron/Crocin supplement

Comparison Placebo or no intervention

Outcome Clinical changes in serum concentrations of oxidative stress
biomarkers including TAC, TOS, CAT, MDA, NO, GSH, PAB, SOD,
GPx, and isoprostanes

Study design Randomized controlled trials

CAT, catalase activity; GPx, glutathione peroxidase activity; GSH, glutathione; MDA,
malondialdehyde; NO, nitric oxide; PAB, pro-oxidant/antioxidant balance; SOD, superoxide
dismutase; TAC, total antioxidant capacity; TOS, total oxidant status.

this analysis, subgroups were also performed for age, study duration,
and dosage of supplementation.

Data extraction

The data were extracted by two researchers (AA and SI), and a
chief reviewer (MA) made a final decision if there was disagreement
between the two researchers. The data collected from each trial
were as follows: author details, mean age of participants, sex of
participants, dose of saffron, number of participants in each group,
study location, length of follow-up, the year the article was published,
and primary outcomes. The results are reported as the mean and
standard deviation for the serum levels of TAC, TOS, MDA, GPx,
SOD, and PAB in the intervention and placebo groups at the
beginning and end of the study.

Statistical analysis

Results were extracted as mean ± standard deviation (SD).
To calculate the standard mean difference (SMD), converted the
reported results as a confidence interval, standard error (SE),
minimum and maximum values, and quadratic range (IQR) to
SD. Used comprehensive Meta-Analysis software version 2 and the
random-effects model to analyze the results and defined statistical
significance at p < 0.05.

Heterogeneity was evaluated using the Q-test and the I2 index
with a significant heterogeneity level at p < 0.10. Subgroup analysis
and sensitivity analysis to assess the impact of each study on the
pooled effect size were performed. Publication bias was analyzed
using the funnel plot examination and Egger’s regression test.

Results

Search results

In the initial search, 1753 studies were extracted. We removed 922
duplicate articles and 831 articles remained for further assessment.
After screening the titles and abstracts, 795 articles were removed
from the study because they did not meet the inclusion criteria,
such as animal studies, unrelated, and review articles. The full-text
screening revealed that 18 articles could not be included in the study

due to the failure to report the variables (23–40). In addition, we
removed one article because the level of oxidative markers measured
were saliva and urine (41). A study that had a short duration of
intervention was also excluded from the study (42). It has been
shown that the short duration of the intervention with saffron did
not have a significant effect (43). Therefore, 16 trials were selected
based on the criteria of this systematic review and meta-analysis
(Figure 1). Compared to the Morvaridzadeh et al. meta-analysis, six
more recent studies have been included in this meta-analysis. In the
present study as well as in Marvaridzadeh, three studies were not
included in the meta-analysis because they measured markers (ox-
LDL, F2-isoprostanes, and DPPH) that were not reported in other
studies (20, 44, 45). Finally, the current meta-analysis was performed
with 13 studies (Figure 1). The selected studies were all published in
English.

Characteristics of the included studies

The characteristics of the included trials are listed in Table 2.
A total of 934 subjects were recruited from the included RCTs (468
and 466 subjects in the saffron and control groups, respectively).
All articles were published between 2015 and 2022, and the
RCTs were performed in Iran. The duration of the intervention
with saffron ranged from 4 to 12 weeks. The mean age range
of the participants in the included studies was 29–55 years.
Nine studies used saffron supplementation and seven used crocin
supplementation for intervention. The dosage used for saffron
intervention was between 30 and 1,000 mg/day, and that for
crocin was between 15 and 30 mg/day. The selected trials included
participants with coronary artery disease (44), type 2 diabetes
(45–49), COPD (17), multiple sclerosis (50), ulcerative sclerosis
(51), non-alcoholic fatty liver (52), overweight/obese prediabetic
patients (20, 53, 54), rheumatoid arthritis (55), Alzheimer’s
Disease (56), and methadone maintenance treatment patients
(57).

Quality assessment

The risk of bias in eligible studies was evaluated using the
Cochrane’s risk-of-bias tool for randomized trials (58). Figure 2
shows the criteria evaluated by the two researchers independently
(AA and SI) for each paper included in the study.

Qualitative results

Several oxidative stress markers were investigated in
the trials but were not included in the meta-analysis due
to the small number of studies. Abedimenesh et al. (44)
investigated the effect of saffron supplementation on the
serum levels of oxidized low-density cholesterol (ox-LDL),
an indicator of oxidative stress. Their results revealed
that 8 weeks of intervention with saffron (30 mg/day)
significantly reduced ox-LDL levels in patients with
coronary artery disease.

Another study evaluated the effect of saffron supplementation
on F2-isoprostanes levels and reported that receiving saffron
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(n = 6)
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dedulcnI Total studies included in review
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Reports of total included studies

(n = 13)

Studies included in 
previous version of 
review (n = 10)

Reports of studies 
included in previous 
version of review (n = 7)

Previous studies

FIGURE 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

had no significant impact on the F2-isoprostanes concentration
(45). F2-isoprostanes are considered one of the oxidative stress
markers derived from arachidonic acid, the primary substance
involved in lipid peroxidation. Karimi et al. (20) showed the
effect of saffron supplementation on increasing the activity of
diphenyl pycryl hydrazyl (DPPH) radical scavenging. Saffron
exerts antioxidant effects by donating a hydrogen atom to the
DPPH radical anion.

In methadone maintenance treatment patients that 8 weeks of
intervention with crocin led to an increase in GSH levels (antioxidant
marker) and a decrease in total nitrite (oxidant marker) levels (57).
In addition, in patients with multiple sclerosis, it has been shown that
treatment with crocin for 4 weeks significantly increased total thiol
group (TTG) levels (50).

Effect of saffron on MDA levels

The effects of saffron and crocin supplementation on MDA levels
were investigated in 9 studies (6 and 3, respectively). MDA levels
were measured in 551 patients (278 patients and 273 controls). Using
a random-effects model, a significant decrease in MDA levels was
observed after treatment with saffron (SMD: −0.322; 95% CI: −0.53,
−0.16; I2 = 32.58%, Figure 3). Decreased heterogeneity occurred
when subgroup analysis was performed for study duration (I2 = 0.0%,
p = 0.69), age (I2 = 0.0%, p = 0.66), type of supplementation
(I2 = 0.0%, p = 0.98), and saffron dosage (I2 = 0.0%, p = 0.98).

Subgroup analysis revealed that serum MDA levels were
significantly reduced following saffron supplementation in trials
participants involving the following: the dosage of supplementation
>30 mg/day (SMD: −0.34 mg/L; 95% CI: −0.56 to −0.11; p = 0.004),
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TABLE 2 Characteristics of included studies investigating the effects of saffron supplementation on serum concentrations of oxidative stress biomarkers.

References Country Condition Duration
(weeks)

Group n Dose Age, years,
mean ± SD

Outcomes (change of
mean ± SD)

Abedimanesh et al.
(44)

Iran Coronary artery disease 8 Saffron 22 30 mg/once daily 54.83 ± 5.99 Ox-LDL: −2.54 ± 3.30

Placebo 20 56.00 ± 5.67 Ox-LDL: −0.24 ± 4.79

Azimi et al. (45) Iran Type 2 diabetes mellitus 8 Saffron 42 1,000 mg/once daily 57.02 ± 1.0 F2-isoprostan: −0.62 ± 4.00

Placebo 39 53.64 ± 1.3 F2-isoprostan: −0.23 ± 7.15

Behrouz et al. (49) Iran Type 2 diabetes mellitus 12 Crocin 22 15 mg/twice daily 57.08 ± 7.41 MDA: 1.48 ± 4.98

Placebo 22 – 59.86 ± 9.46 MDA: 1.86 ± 4.45

Dastkhosh et al.
(48)

Iran Type 2 diabetes mellitus 12 Crocin 22 15 mg/twice daily 57.08 ± 7.41 TOS: −0.82 ± 1.43

TAC: 0.24 ± 0.39

Placebo 22 – 59.86 ± 9.46 TOS: 0.55 ± 1.09

TAC: −0.05 ± 0.40

Ebrahimi et al. (46) Iran Type 2 diabetes mellitus 12 Saffron 40 100 mg/twice daily 55.2 ± 7.3 MDA: −1.10 ± 3.41

TAC: −0.06 ± 0.65

Placebo 40 – 53 ± 10.6 MDA: 0.1 ± 2.7

TAC: −0.01 ± 0.6

Ghaderi et al. (57) Iran Methadone maintenance
treatment

8 Crocin 26 15 mg/twice daily 44.5 ± 9.4 MDA: −0.4 ± 1

TAC: 52.30 ± 97.14

GSH: 73.2 ± 119

Total nitrite: 0.3 ± 5.05

Placebo 27 – 45.6 ± 9.9 MDA: 0.1 ± 1.25

TAC: −14.6 ± 141.75

GSH: 21.4 ± 293.38

Total nitrite: 1.4 ± 5.12

Ghiasian et al. (50) Iran Multiple sclerosis 4 Crocin 20 15 mg/twice daily 29 ± 4.99 MDA: −46.32 ± 16.75

TAC: 24.42 ± 40.68

TTG: 20.83 ± 15.27

Placebo 20 – 31.47 ± 5.31 MDA: −17.94 ± 25.73

TAC: 9.44 ± 42.69

TTG: 4.37 ± 16.88

Ghobadi et al. (17) Iran COPD 12 Crocin 23 30 mg/once daily 62.04 ± 8.83 TOS: −0.14 ± 1.01

TAC: 0.27 ± 0.51

Placebo 23 – 61.72 ± 8.54 TOS: 0.30 ± 1.81

TAC: −0.05 ± 0.61

Hamidi et al. (55) Iran Rheumatoid arthritis 12 Saffron 33 100 mg/once daily 51.55 ± 8.26 MDA: −0.54 ± 9.37

TAC: 0.23 ± 0.94

Placebo 32 – 51.80 ± 9.62 MDA: 2.57 ± 7.71

TAC: 0.04 ± 1.10

Karimi-Nazari et al.
(20)

Iran Prediabetes obese
individuals

8 Saffron 26 15 mg/once daily 57.95 ± 8.12 DPPH: 2.40 ± 2.02

Placebo 30 – 57.90 ± 8.70 DPPH: −0.85 ± 2.11

Kavianipour et al.
(52)

Iran Non-alcoholic fatty liver
disease

12 Saffron 38 100 mg/once daily 43.42 ± 10.62 MDA: −1.9 ± 3.51

TAC: 0.43 ± 0.70

Placebo 38 – 42.05 ± 8.27 MDA: −1.09 ± 2.71

TAC: 0.08 ± 0.60

(Continued)
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TABLE 2 (Continued)

References Country Condition Duration
(weeks)

Group n Dose Age, years,
mean ± SD

Outcomes (change of
mean ± SD)

Kermani et al. (54) Iran Metabolic syndrome 12 Saffron 26 50 mg/twice daily 42.19 ± 11.52 PAB: −13.36 ± 26.71

Placebo 30 – 43.60 ± 9.05 PAB: −4.19 ± 28.71

Rasi Marzabadi
et al. (56)

Iran Alzheimer disease 12 Saffron 27 15 mg/twice daily 76.70 ± 6.10 TAC: 0.18 ± 0.43

MD: −0.15 ± 0.44

GPx: 12.01 ± 14.97

SOD: 124.4 ± 207.84

Placebo 27 – 75.33 ± 5.06 TAC: 0.11 ± 0.53

MD: −0.11 ± 0.37

GPx: 8.99 ± 16.71

SOD: 142.52 ± 207.11

Nikbakht-Jam et al.
(53)

Iran Metabolic syndrome 8 Crocin 29 15 mg/twice daily 38.97 ± 13.33 PAB: −16.12 ± 48.75

Placebo 29 – 43.46 ± 12.77 PAB: −0.88 ± 36.53

Shahbazian et al.
(47)

Iran Type 2 diabetes mellitus 12 Saffron 32 15 mg/twice daily 53.5 ± 9.9 MDA: −8.94 ± 66.42

TAC: 0.11 ± 0.43

H-Cys: −0.12 ± 5.48

Placebo 32 – 52.4 ± 13 MDA: −4.37 ± 63.78

TAC: 0.1 ± 0.51

H-Cys: −4.11 ± 6.14

Tahvilian et al. (51) Iran Ulcerative colitis 8 Saffron 40 100 mg/once daily 40.55 ± 12.71 MDA: −4.07 ± 12.03

TAC: 0.11 0.88

SOD: 5.61 ± 9.68

GPx: 7.61 ± 15.23

Placebo 35 – 40.97 ± 11.34 MDA: −0.11 ± 11.82

TAC: −0.1 ± 0.90

SOD: 0.65 ± 6.52

GPx: −1.63 ± 10.40

DPPH, 2,2-Diphenyl-1-picrylhydrazyl; GPx, glutathione peroxidase; GSH, total glutathione; H-cys, homocysteine; MDA, malondialdehyde; Ox-LDL, oxidized LDL; PAB, proxidant/antioxidant
balance; SD, standard deviation; SOD, superoxide dismutase; TAC, total antioxidant capacity; TTG, total thiol group.

age of <50 years old (SMD: −0.53 mg/L; 95% CI: −0.93 to
−0.13; p = 0.010), study duration <12 weeks (SMD: −0.50 mg/L;
95% CI: −0.95 to −0.05; p = 0.028), non-diabetic patients (SMD:
−0.415 mg/L; 95% CI: −0.69 to 0.14; p = 0.003), and trials that
used saffron (SMD: −0.26 mg/L; 95% CI: −0.46 to −0.07; p = 0.008)
(Table 3).

Effect of saffron on TAC levels

The effects of saffron and crocin supplementation on TAC levels
were investigated in 10 studies (6 and 4, respectively). A total
of 597 patients had TAC levels (301 cases and 296 controls).
Using a random-effects model, a significant increase in serum TAC
levels was found after treatment with saffron (SMD: 0.288; 95%
CI: 0.12, 0.45; I2 = 2.62%, Figure 4). Decreased heterogeneity
occurred when subgroup analysis was performed for the study
duration (I2 = 0.0%, p = 0.74), age (I2 = 0.0%, p = 0.77), type of

supplementation (I2 = 0.0%, p = 0.53), and saffron dosage (I2 = 0.0%,
p = 0.44).

Subgroup analysis revealed that serum TAC levels were
significantly increased following saffron supplementation in trials
participants involving the following: the dosage of supplementation
<30 mg/day (SMD: 0.36 mg/L; 95% CI: 0.13 to 0.60; p = 0.002), age of
<50 years old (SMD: 0.42 mg/L; 95% CI: 0.16 to 0.67; p = 0.001), non-
diabetic patients (SMD: 0.358 mg/L; 95% CI: 0.16 to 0.55; p = 0.000),
and trials that used crocin (SMD: 0.55 mg/L; 95% CI: 0.26 to 0.85;
p = 0.000) (Table 3).

Effect of saffron on TOS serum levels

The effects of crocin supplementation on serum TOS levels were
investigated in 2 studies. A total of 90 patients had serum TOS levels
(45 cases and 45 controls). Using a fixed-effects model, a significant
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FIGURE 2

Study quality and risk of bias assessment of included studies
according to the Cochrane Collaboration’s tool.

decrease in serum TOS levels was found after treatment with crocin
(SMD: −0.654; 95% CI: −1.08, −0.23; I2 = 68%, Figure 5).

Effect of saffron on PAB

The effects of saffron supplementation on PAB levels were
investigated in 2 studies. A total of 106 patients had PAB levels (55
cases and 51 controls). Using a fixed-effects model, there was not a
significant change in PAB levels after treatment with saffron (SMD:
−0.342; 95% CI: −0.71, 0.03; I2 = 00%, Figure 5).

Effect of saffron on GPx serum levels

The effects of saffron supplementation on serum GPx levels were
investigated in 2 studies. A total of 129 patients had serum GPx levels
(67 cases and 62 controls). Using a fixed-effects model, a significant
increase in serum GPx levels was found after treatment with saffron
(SMD: 0.447; 95% CI: 0.10, 0.80; I2 = 35%, Figure 6).

Effect of saffron on SOD serum levels

The effects of saffron supplementation on serum SOD levels were
investigated in 2 studies. A total of 129 patients had serum SOD levels
(67 cases and 62 controls). Using a fixed-effects model, there was not
a significant change in SOD levels after treatment with saffron (SMD:
0.316; 95% CI: −0.03, 0.67; I2 = 18%, Figure 6).

Publication bias

Visual inspection of the funnel plots did not reveal any evidence
of asymmetry. Formal assessments of publication bias using Egger’s

regression tests also demonstrated a lack of publication bias for both
MDA (p = 0.23) and TAC (p = 0.07).

Meta-regression

Since MDA and TAC levels were significant, meta-regression
analysis was performed to determine the relationship between saffron
supplement dose, saffron duration of intervention, and the age of
subjects included in the study with oxidant/antioxidant markers.

Meta-regression analysis showed that there was no significant
direct relationship between saffron dosage with MDA (z = −0.37,
p = 0.71) and TAC (z = −1.58, p = 0.11) as well as the age
with MDA (z = 0.88, p = 0.40) and TAC (z = −1.73, p = 0.08).
Although there was no significant relationship between the duration
of intervention with saffron and TAC (z = −0.52, p = 0.60), there
was a significant direct relationship with MDA (z = 2.66, p = 0.007)
(Supplementary Figure 1).

Discussion

This study is an updated systematic review and meta-analysis of
the effects of saffron on oxidative stress markers (MDA, TAC, TOS,
GPx, SOD, and PAB). A combination of 16 eligible trials showed
that saffron supplementation significantly reduced MDA and TOS
levels, as well as increased TAC and GPx levels. In addition, subgroup
analysis revealed that in trials in which the duration of administration
was <12 weeks, the supplement dosage was <30 mg/day, the age of
participants was under 50 years old, and used the crocin supplement,
reduced MDA and increased TAC were significant events.

Saffron has long been used not only as a food source
but also as a medicinal plant. In various human and animal
studies, the effects of saffron are anti-inflammatory, antioxidant,
anticancer, antidepressant, anti-genotoxic, analgesic, antibacterial,
and respiratory relaxant (13, 23, 59). The effects mentioned above of
saffron have been observed in various chronic inflammatory diseases
such as asthma, COPD, cardiovascular disease, sexual dysfunction,
cancer, and diabetes mellitus (14, 17, 60–62). The active ingredients
of saffron with high biological activity are crocin, safranal, crocetin,
and picrocrocin.

In several in vivo and in vitro studies, the anti-inflammatory
effects of saffron have been attributed to its potent antioxidant and
radical scavenging properties (59). Oxidative stress is caused by an
imbalance in oxidant/antioxidant markers, disruption of endogenous
antioxidant defense, and an increase in oxidative factors (3). Among
the highly oxidative products of oxidative stress are MDA and TOS.
Instead, the depletion of antioxidant markers, such as TAC, GSH,
catalase, and SOD, occurs under oxidative stress conditions (3). In
addition, the PAB ratio has been investigated as an indicator of
oxidative stress (53). Although most preclinical studies have shown
the antioxidant effects of saffron and crocin, clinical trials are essential
to determine their effectiveness in human studies.

The current updated meta-analysis of RCTs showed that
intervention with saffron had beneficial effects on MDA, TOS, GPx,
and TAC levels. Subgroup analysis revealed that a supplement dosage
of >30 significantly reduced MDA levels in the trials. Interestingly,
regarding TAC levels, it was found that in the trials prescribed, a
dosage of <30 supplements was beneficial. In addition, contradictory
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FIGURE 3

Forest plot showing the summary effect size for malondialdehyde (MDA) levels between saffron and placebo groups.

TABLE 3 Subgroup analysis assessing the effect of saffron intake on MDA and TAC.

Variable Sub-grouped by No. of arms Effect size (SMD) 95% CI I2 (%) p for heterogeneity

MDA Duration ≥12ωεεκσ 5 −0.228 −0.45, −0.01 0 0.68

<12ωεεκσ 4 −0.5 −0.95, −0.05 62.6 0.045

Saffron dosage >30µγ/δαψ 4 −0.335 −0.56, −0.11 0 0.981

≤30µγ/δαψ 5 −0.335 −0.77, 0.09 65.5 0.02

Age <50 4 −0.526 −0.93, −0.13 57 0.073

50≤ 5 −0.196 −0.42, 0.03 0 0.66

Supplementation type Saffron 6 −0.262 −0.46, −0.07 0 0.908

Crocin 3 −0.537 −1.28, 0.21 78 0.011

Disease type Diabetic 3 −0.169 −0.46, 0.19 0 0.408

Non-diabetic 6 −0.415 −0.69, −0.14 41.5 0.128

TAC Duration ≥12ωεεκσ 6 0.292 0.03, 0.55 37.1 0.159

<12ωεεκσ 4 0.308 0.04, 0.57 0 0.746

Saffron dosage >30µγ/δαψ 4 0.214 −0.04, 0.47 16.9 0.306

≤30µγ/δαψ 6 0.362 0.13, 0.60 0 0.443

Age <50 4 0.415 0.16, 0.67 0 0.774

50≤ 6 0.213 −0.03, 0.45 22.6 0.263

Supplementation type Saffron 6 0.174 −0.02, 0.37 0 0.534

Crocin 4 0.552 0.26, 0.85 0 0.875

Disease type Diabetic 3 0.183 −0.27, 0.64 58 0.092

Non-diabetic 6 0.358 0.16, 0.55 0 0.825
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FIGURE 4

Forest plot showing the summary effect size for total antioxidant capacity (TAC) levels between saffron and placebo groups.

results were observed regarding the effect of saffron supplementation
duration on MDA and TAC levels in the subgroup analysis. Decreased
levels of MDA were significantly evident in the administration
duration of saffron <12 weeks, whereas increased levels of TAC were
significant in the intervention for more than 12 weeks. Perhaps the
reason for these contradictory results is the ambiguity of the findings
due to the small sample size included in the subgroup analysis.

On the other hand, subgroup analysis of the results showed
that the effect of age on oxidative stress markers was similar;
therefore, under 50 years old, decreased MDA and increased TAC
levels were significant compared to those above 50 years old. Severe
oxidant/antioxidant imbalance in old age may have been an essential
factor in the effects of saffron in seniors over 50 old. The results
of the subgroup analysis also showed that crocin administration
significantly reduced MDA and increased TAC levels compared
with saffron administration. The results of the current meta-analysis
are consistent with preclinical studies of the effectiveness of active
saffron components such as crocin, crocetin, and safranal (63).
Beneficial effects of crocin have been reported in various disorders
such as asthma, COPD, PCOS, gastritis, and hepatitis (16, 17, 64).
By upregulating the expression of mitochondrial antioxidant genes,
crocin reduced ROS formation, decreased lipid peroxidation levels
and MDA levels, increased TAC, and modified TOS (65).

The results of trial studies evaluating serum levels of TOS also
showed the protective effects of crocin on serum levels. Two trials

included in this study revealed that intervention with crocin reduced
the serum TOS levels. No significant effect of saffron on the amount
of PAB was observed. In fact, in two trial studies that examined
the effect of saffron on PAB levels, it was not significant despite
the decrease in serum PAB levels. The probable reason for the lack
of significance in the results was the small sample size used in the
current meta-analysis.

Various mechanisms have been proposed to explain the
beneficial effects of saffron and its biologically active components in
improving oxidative stress. In inflammatory diseases, ROS formation
increases the production of intracellular advanced glycation end
products, and activation of protein kinase C pathways occurs,
leading to the activation of inflammatory signals, such as the NF-
κB pathway, p38 mitogen-activated protein kinase (p38MAPK),
Jun N-terminal kinases (JNK), and ER stress. The activation
of inflammatory signaling cascades increases the synthesis and
secretion of inflammatory cytokines, growth factors, eicosanoids,
and chemokines. The antioxidant and anti-inflammatory effects
of saffron are probably mediated by modulation of the following
signaling pathways: NF-κB p65, protein kinase C (PKC), mitogen-
activated protein kinases (MAPK/ERK), signal transducer and
transcription activator 6 (STAT6), inducible nitric oxide synthase
(iNOS), Ca2 + /calmodulin-dependent protein kinase 4 (CAMK4),
ER stress markers, phosphoinositide-3-kinase (PI3K)/Akt, Nrf2,
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FIGURE 5

Forest plot showing the summary effect size for (A) total oxidant status (TOS) and (B) pro-oxidant/antioxidant balance (PAB) levels between saffron and
placebo groups.

FIGURE 6

Forest plot showing the summary effect size for (A) glutathione peroxidase (GPx) and (B) superoxide dismutase (SOD) levels between saffron and placebo
groups.
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c-JNK, and high-mobility group box 1 (HMGB-1) pathways (15,
17, 59).

Although the current meta-analysis revealed the beneficial effects
of saffron and crocin in clinical trial studies on oxidative stress
markers such as TAC, MDA, and TOS, some limitations must be
considered. First, the number of studies included in the current
study, although higher than the previous study, was small for a more
detailed analysis. Second, all the studies included in the meta-analysis
were from Iran and could not be generalized to other nationalities.
Third, some potential confounders that may have influenced the
study results were not considered in the analysis of the trial studies,
such as smoking, physical activity, and diet. Fourth, the nature of
the diseases included in the trial study was different, which may have
affected the study results. Finally, the lack of protocol registration was
another limitation of the study.

In summary, the results of the current study showed that
saffron and its active ingredients were able to establish a balance
of oxidants/antioxidants in various disease conditions in trial
studies. However, additional trial studies are necessary to reveal the
effectiveness of saffron and its active ingredients on inflammatory and
oxidative stress markers.
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Malnutrition is associated with  
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emergency department with hip 
fracture
Kristina Franz 1*†, Johannes Deutschbein 2†, Dorothee Riedlinger 3, 
Mareen Pigorsch 4, Liane Schenk 2, Tobias Lindner 3, 
Martin Möckel 3, Kristina Norman 1 and Ursula Müller-Werdan 1

1 Charité –  Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Humboldt-
Universität zu Berlin, Department of Geriatrics and Medical Gerontology, Geriatrics Research Group, 
Berlin, Germany, 2 Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin 
and Humboldt-Universität zu Berlin, Institute of Medical Sociology and Rehabilitation Science, Berlin, 
Germany, 3 Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and 
Humboldt-Universität zu Berlin, Division of Emergency Medicine Campus Mitte and Virchow, Berlin, 
Germany, 4 Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and 
Humboldt-Universität zu Berlin, Institute of Biometry and Clinical Epidemiology, Berlin, Germany

Background: Hip fractures in older people are a common health problem 
often associated with malnutrition that might affect outcomes. Screening for 
malnutrition is not a routine examination in emergency departments (ED). This 
analysis of the EMAAge study, a prospective, multicenter cohort study, aimed to 
evaluate the nutritional status of older patients (≥ 50 years) with hip fracture, factors 
associated with malnutrition risk, and the association between malnutrition and 
the six-months mortality.

Methods: Risk of malnutrition was evaluated using the Short Nutritional 
Assessment Questionnaire. Clinical data as well as data on depression and physical 
activity were determined. Mortality was captured for the first six months after the 
event. To assess factors associated with malnutrition risk we used a binary logistic 
regression. A Cox proportional hazards model was used to assess the association 
of malnutrition risk with six-month survival adjusted for other relevant risk factors.

Results: The sample consisted of N = 318 hip fracture patients aged 50 to 98 (68% 
women). The prevalence of malnutrition risk was 25.3% (n = 76) at the time of injury. 
There were no differences in triage categories or routine parameters measured in 
the ED that could point to malnutrition. 89% of the patients (n = 267) survived for 
six months. The mean survival time was longer in those without malnutrition risk 
(171.9 (167.1–176.9) days vs. 153.1 (140.0–166.2) days). The Kaplan Meier curves 
and the unadjusted Cox regression (Hazard Ratio (HR) 3.08 (1.61–5.91)) showed 
differences between patients with and patients without malnutrition risk. In the 
adjusted Cox regression model, risk of death was associated with malnutrition risk 
(HR 2.61, 1.34–5.06), older age (70–76 years: HR 2.5 (0.52–11.99); 77–82 years: 
HR 4.25 (1.15–15.62); 83–99 years: HR 3.82 (1.05–13.88)) and a high burden of 
comorbidities (Charlson Comorbidity Index ≥3: HR 5.4 (1.53–19.12)).

Conclusion: Risk of malnutrition was associated with higher mortality after hip 
fracture. ED parameters did not differentiate between patients with nutritional 
deficiencies and those without. Therefore, it is particularly important to pay 
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attention to malnutrition in EDs to detect patients at risk of adverse outcomes 
and to initiate early interventions.

KEYWORDS

hip fracture, malnutrition, acute medicine, emergency department, geriatrics, short 
nutritional assessment questionnaire, health services research

Introduction

Hip fractures are a common musculoskeletal injury in older people 
with a serious impact on the patient’s daily life. Consequences are 
reduced mobility, loss of independence, impaired quality of life, and 
increased morbidity (1). Patients with hip fracture make up a significant 
proportion of the growing number of older and multimorbid adults 
with complex medical and psychosocial problems, posing a challenge 
to healthcare providers, including emergency departments (2). 
Malnutrition is a particularly pronounced health problem in old age 
and is associated with a higher risk of hip fracture in older adults (3).

Old adults are particularly prone to nutritional deficiencies due to 
their age-associated physiological changes and decreasing physiological 
reserves (4), thus they are of high risk to develop malnutrition (5). 
Causes of malnutrition in older adults are multifactorial and associated 
with physiological, pathological, social, and mental problems in old age 
(6). A systematic review of the literature based on longitudinal data 
revealed significant risk factors for malnutrition in older adults such as 
age, polypharmacy, impairments in physical function, cognitive 
impairment, dementia, loss of appetite and poor nutritional status, 
depressive symptoms as well as institutionalization (7). Patients with 
hip fracture have a considerably lower intake of calories and protein 
during the first 10 days of hospitalization than recommended (8). 
Furthermore, the increase in energy demand due to inflammation 
results in a catabolic status that persists for up to 4 months after the 
fracture (9, 10). Following weight loss, older adults are less able to 
regain body weight, particularly lean mass, compared to younger adults 
(11). This is attributed to a lack of adaptation in energy metabolism as 
well as reduced postprandial muscle protein synthesis (12, 13). 
Malnutrition has a significant negative impact on functional status and 
leads to reduced rehabilitation rates in hip fracture patients (14). The 
health economic importance of malnutrition in patients with hip 
fracture results from longer inpatient stays increased rehospitalization 
rates, and increased resource consumption and treatment costs (15, 
16). This emphasizes the need for nutritional support in clinical (17) as 
well as in community and long-term care settings (18).

Few studies have addressed malnutrition in older patients in 
emergency departments (ED), and especially in Germany there is too 
little data on the prevalence of malnutrition in ED patients with hip 
fractures and its correlation with mortality. Previous studies have 

reported a prevalence of malnutrition in older ED patients up to 29% 
(19–22) which was associated with a higher mortality (20, 23).

The aim of this study was to determine the prevalence of self-
reported signs of malnutrition in a cohort of older ED patients with 
hip fracture (≥ 50 years), to explore factors associated with risk of 
malnutrition, and to analyze the association between risk of 
malnutrition and six-month mortality.

Materials and methods

Study design and study population

Analyzes are based on data from the EMAAge study. EMAAge is 
a multicenter, prospective cohort study in the context of EMANet, a 
regional network of health services research in emergency and acute 
medicine in Berlin-Mitte, Germany (24, 25). The study included 
N = 318 patients aged 50 years and older (M = 76.6, SD = 11.0) with a 
hip fracture admitted to the EDs of six hospitals between June 2017 
and June 2019 (24). Patients with dementia were included via their 
relatives or legal guardians. Participants or their proxies were 
interviewed by study nurses during the first days after initial treatment 
of the fracture by using a standardized questionnaire. Follow-up 
interviews were conducted via telephone or postal questionnaires  
six months later. Patient-reported data were complemented by clinical 
data on the ED and in-hospital care from hospital information 
systems. More details on the study design and data collection have 
been reported previously (26).

The study was approved by the ethics committee of Charité –
Universitätsmedizin Berlin (EA1/362/16) and was registered in the 
German Clinical Trials Register (DRKS-ID: DRKS00014273). Written 
informed consent was obtained from all study participants. The 
authors confirm that all methods were carried out in accordance with 
good clinical practice.

Data and variables

The following clinical parameters were extracted from the 
hospital information systems using an electronic clinical report form: 
Manchester Triage System category (MTS, categorized in high acuity: 
MTS levels 1 to 3 and low acuity: MTS levels 4 and 5), vital signs 
(systolic blood pressure, heart rate, respiratory rate and numerical 
pain scale), Glasgow Coma Scale (GCS) (27), ICD diagnoses, type of 
surgery, ICU stay, complications (yes/no), and length of hospital stay 
(LOS). Documented comorbidities were used to calculate the 
Charlson Cormorbidity Index(CCI) (28). Polypharmacy was defined 
as five or more medications per day. Pre-fracture care dependency 

Abbreviations: BMI, Body mass index; CCI, Charlson Cormorbidity Index; ED, 

Emergency department; GCS, Glasgow Coma Scale; GLIM, Global Leadership 

Initiative on Malnutrition; LOS, Length of hospital stay; MTS, Manchester Triage 

System; MNA-SF, Mini Nutritional Assessment Short-Form; PHQ-4, Patient Health 

Questionnaire 4; ONS, Oral nutritional supplements; SNAQ, Short Nutritional 

Assessment Questionnaire.
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was determined according to the German long-term care insurance 
which classifies the level of dependency in patients’ activities of 
daily living.

The following variables were constructed by using self-reported 
patient data: The standardized questionnaire the Short Nutritional 
Assessment Questionnaire (SNAQ) was used to screen for the risk of 
malnutrition (29). It includes the following questions: “(1.) Did 
you lose weight unintentionally? More than 6 kg in the last 6 months (3 
points) or More than 3 kg in the last month (2 points)? (2.) Did 
you experience a decreased appetite over the last month? (1 point) (3.) 
Did you use supplemental drinks or tube feeding over the last month? (1 
point).” The SNAQ instrument classifies patients into three groups: 
normal nutritional status (0–1 points), moderate risk of malnutrition 
(2 points) and severe risk of malnutrition (≥ 3 points).

Self-reported weight and height were used to calculate the body 
mass index (BMI, kg / m2) by using the formula BMI = body weight / 
height2. Physical activity before the fracture was assessed with the 
question: “How often do you do things that are slightly or moderately 
strenuous?” (≥ 1x / week, 1x / week, 1x -3x / month or never). 
Furthermore, participants were asked to report the frequency of 
previous falls (six months before the fracture). The Patient Health 
Questionnaire 4 (PHQ-4) was used to screen for symptoms of 
depression and anxiety (30). The PHQ-4 ranges from 0–12 points, 
increased PHQ-4 scores (cut-off ≥6) indicate depressive disorder. 
Cognitive impairment was assessed according to the 6-CIT screening 
instrument (31). Signs of moderate and severe impairment were 
interpreted as cognitive impairment. Patients participating via proxies 
were classified as cognitively impaired as well.

At six months, a follow-up interview was conducted. Additionally, 
mortality was determined through inquiries with registration offices.

Data analysis

Descriptive parameters are given as absolute and relative 
frequencies (n, %). For continuous variables, with means and standard 
deviations (SD) or median and interquartile range (IQR) are reported. 
Effect sizes of group differences are given as standardized 
mean differences.

To assess factors associated with the risk of malnutrition, binary 
logistic regression analysis was performed. Based on a systematic 
review on risk factors for malnutrition (7), we included age, gender, 
BMI, cognitive impairment (binary category), PHQ-4 depression 
(binary category), the burden of comorbidities (CCI), and reduced 
physical activity in the binary logistic regression model as independent 
variables. Results are reported as odds ratios (OR) with 95% 
confidence intervals (CI).

The influence of malnutrition risk on the risk of mortality within 
the first six months after hip fracture was determined by using a Cox 
proportional hazards model calculating hazard ratios (HR) with 95% 
CI. The model was adjusted for age, gender and CCI score. In addition, 
Kaplan–Meier survival curves were created for patients with and 
without the risk of malnutrition. Survival time was calculated as the 
number of days from initial hospital stay to six-months follow up.

For all analyses, risk of malnutrition was used as a binary variable 
combining moderate and severe risk. For the multiple models, age was 
categorized into four groups: 50–69 years; 70–76 years; 77–82 years 
and 83–99 years.

To handle missing values within the regression models, we used 
multiple imputation (32). The imputation models consisted of the 
variables in the corresponding analysis model. In the imputation 
model for the logistic regression, we added further variables from the 
EMAAge study with the potential to improve the estimation of 
imputed data: we used items from the health-related quality of life 
questionnaire EQ-5D-5L (mobility, usual activities and anxiety (33), 
educational status, dependency in ADLs), the presence of a wheelchair 
or walker, and the usage of insoles due to urinary incontinence. For 
the imputation of the malnutrition variable, we first imputed the three 
SNAQ-variables and did a passive imputation when only single 
malnutrition items were missing (32). Sensitivity analyses were done 
for different modifications of the imputation models. For both 
regression models we  used the R package “mice for multiple 
imputation” with m = 20 imputations (34).

The analyses of this paper are explorative and are not designed to 
draw confirmatory conclusions, therefore we  did not correct for 
multiple testing. Descriptive statistics were performed using the 
statistics program IBM SPSS statistic (version 27). The models were 
done using R version 4.1.1.

Results

Characteristics of the study population

The characteristics of the study population are shown in Table 1. 
The analysis included N = 318 hip fracture patients aged 50 to 98 years 
(M = 76.6, SD = 11.0), 68% were women. For n = 300 participants, 
complete information on their risk of malnutrition could be obtained 
according to the SNAQ instrument. An involuntary weight loss of 
more than 6 kg within six months or more than 3 kg in the previous 
month was found in 18% (n = 54) and 6.7% (n = 20) of the patients, 
respectively. A quarter of the patients reported a loss of appetite in the 
previous month. Oral nutritional supplements were used by 6.3% 
(n = 19) of the patients. According to the SNAQ score, 22.3% (n = 67) 
of the study cohort showed a severe risk of malnutrition, followed by 
3% (n = 9) with a moderate malnutrition risk. Compared to well-
nourished patients, patients with risk of malnourishment were older 
and had a lower BMI (Table 1): 7.1% (n = 19) showed a BMI below 
20 kg / m2 (≤ 70 years) and 20.8% (n = 56) below 22 kg / m2 (> 70 years).

At ED admission, almost nine in 10 patients had a high acuity 
(1–3) in the Manchester Triage System (MTS) rating. There was no 
difference between patients with and without malnutrition. The vital 
signs at admission, namely systolic blood pressure, pain score, and 
GCS did not differ between patients with and without malnutrition 
risk. During their hospital stay, patients with malnutrition risk 
experienced more often complications (69.9% vs. 53.2%) and were 
admitted to the ICU more frequently (43.4% vs. 31.8%). Patients at 
risk received a higher number of medications per day (6.7 ± 4.1 vs. 
5.0 ± 4.1) and were more frequently cognitively impaired (54.1% vs. 
30.2%). Participants at risk of malnutrition reported more often 
previous falls in the last six months (36.8% vs. 28.1%). Symptoms of 
depression were reported by 23.1% of the patients at risk of 
malnutrition compared to 10.6% in the normal group. Patients at risk 
of malnutrition were more frequently dependent on long-term care at 
admission (52.1% vs. 34.2%) and had a lower physical activity level 
(no activity: 46.3% vs. 19.9%). During the initial hospital stay, 1.7% of 
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TABLE 1 Characteristics of ED patients with hip fracture screened for malnutrition.

Characteristics
All

(n = 300)
Risk of malnutrition 

(n = 76)
No risk of malnutrition 

(n = 224)
Standardized mean 

difference between groups

Gender (male) n (%) 96 (32.0) 22 (28.9) 74 (33.0) 0.097

Age (years) mean (SD) 76.6 (11.0) 79.2 (10.5) 75.7 (11.1) 0.306

Age categories n (%)

  50–69 years 84 (28.0) 13 (17.1) 71 (31.7) 0.376

  70–76 years 37 (12.3) 10 (13.2) 27 (12.1)

  77–82 years 83 (27.7) 20 (26.3) 63 (28.1)

  83–99 years 96 (32.0) 33 (43.4) 63 (28.1)

MTS Triage levela n (%) 0.312

  High acuity (MTS level 1–3) 212 (86.9) 62 (92.5) 150 (84.7)

  Low acuity (MTS level 4 and 5) 32 (13.1) 5 (7.5) 27 (15.3)

Type of fracture n (%) 0.364

  Femoral neck fractures (ICD-10 S72.0) 137 (45.7) 26 (34.2) 111 (49.6)

  Pertrochanteric fractures (ICD-10 S72.1) 138 (46.0) 44 (57.9) 94 (42.0)

  Subtrochanteric fractures (ICD-10 S72.2) 20 (6.7) 4 (5.3) 16 (7.1)

  Periprosthetic hip fractures 5 (1.7) 2 (2.6) 3 (1.3)

BMI (kg/m2)b mean (SD) 24.1 ± 13.9 22.5 ± 4.6 25.1 ± 5.5 0.468

Dimensions of Malnutrition (SNAQ)

Involuntary weight loss n (%)

> 6 kg within six months
54 (18.0) 54 (71.1) –

> 3 kg in the last month 20 (6.7) 20 (26.3)

Loss of appetite n (%) 75 (25) 44 (57.9) 31 (13.8) 1.034

Intake of ONS in last three month  (yes) n (%) 19 (6.3) 14 (18.4) 5 (2.2) 0.552

Vital signs at ED admission median (IQR)

  GCS (points)c 15 (15;15) 15 (15;15) 15 (15;15) 0.165

  Systolic blood pressure (mmHg)d 150 (131; 161) 142 (120;157) 150 (134;163) 0.461

  Heart rate (Bpm)e 81 (70; 90) 81 (65;89) 82 (71;90) 0.099

  Respiratory rate (Breaths/min)f 15 (14; 17) 16 (14;17) 15 (14;17) 0.020

  Numerical pain scale (points)g 5 (4; 6) 5 (4;7) 5 (4;6) 0.217

Polypharmacy (yes) n (%) 161 (53.7) 45 (59.2) 116 (51.8) 0.161

Long-term care dependency at admission (yes)h n (%) 113 (38.7) 38 (52.1) 75 (34.2) 0.366

Admitted to ICU (yes) n (%) 104 (34.8) 33 (43.4) 71 (31.8) 0.229

Complications (yes) n (%) 167 (57.4) 51 (69.9) 116 (53.2) 0.342

LOS (length of stay in days)i mean (SD) 11.7 (10.0) 13.2 (13.2) 11.0 (8.3) 0.198

Burden of comorbidity (CCI) n (%)

  0 87 (29.0) 15 (19.7) 72 (32.1)

0.306
  1–2 118 (39.3) 32 (42.1) 86 (38.4)

  3–4 64 (21.3) 19 (25.0) 45 (20.1)

  >5 31 (10.3) 10 (13.2) 21 (9.4)

Cognitive impairmentjn (%)

  No cognitive impairment 189 (63.9) 34 (45.9) 155 (69.8)
0.483

  Moderate and severe cognitive impairment 107 (36.1) 40 (54.1) 67 (30.2)

Depression (PHQ-4 category)k n (%)

  Depression (≥ 6 points) 32 (13.3) 12 (23.1) 20 (10.6)
0.327

  No depression (< 6 points) 208 (86.7) 40 (76.9) 168 (89.4)

Physical activity level l n (%)

  ≥ 1x / week 155 (62.0) 20 (37.0) 135 (68.9)

0.706
  1x / week 21 (8.4) 5 (9.3) 16 (8.2)

  1x - 3x / month 10 (4.0) 4 (7.4) 6 (3.1)

  Never 64 (25.6) 25 (46.3) 39 (19.9)

Number of falls in six months prior to hip fracturemn (%)

  1 42 (46.2) 11 (39.3) 31 (49.2)

0.294  2–3 31 (34.1) 10 (35.7) 21 (33.3)

  ≥ 3 18 (19.8) 7 (25.0) 11 (17.5)

Mortality n (%)

  Initial hospital stay 5 (1.7) 1 (1.3) 4 (1.8) 0.040

  Six-month follow up 33 (11.2) 18 (24.0) 15 (6.8) 0.431

BMI, Body Mass Index; ONS: oral nutritional supplements. ED, Emergency Department. GCS, Glasgow Coma Scale. MTS, Manchester Triage System. ICU, Intensive care unit. CCI: Charlson 
Comorbidity Index. Sample size of the cohort regarding each parameter: an = 243; bn = 269; cn = 257; dn = 245; en = 229; fn = 179; gn = 166; hn = 292; in = 291; jn = 294; kn = 240; ln = 250; mn = 286. k,l: 
all proxy cases are missing by design, because these questions could only be answered by the participants themselves.
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all participants died, overall mortality after six months was 11.2% 
(Table 1).

Parameters associated with risk of 
malnutrition in hip fracture patients and  
six-month mortality

Table 2 shows the results of the binary logistic regression for risk 
of malnutrition in ED patients with hip fracture. Higher BMI was 
associated with lower risk of malnutrition in ED patients (OR: 0.89, 

0.83–0.96). There was a negative association between reduced physical 
activities and risk of malnutrition (OR: 0.28, 0.14–0.58). Risk of 
mortality was higher in patients with malnutrition risk (unadjusted 
Cox regression HR: 3.08, 1.61–5.91). Figure 1 shows the Kaplan–
Meier curves indicating differences between patients with and without 
malnutrition risk during the first six months after hip fracture. The 
mean survival time was longer in patients without malnutrition risk 
(171.9 days; 95% CI: 167.1–176.9 days vs. 153.1 days; 95% CI: 140.0–
166.2 days). In Table 3, the results of the Cox regression model for 
mortality in the first six months after hip fracture is shown: 
malnutrition (HR: 2.61, 1.34–5.06), older age (70–76 years: HR: 2.5, 
0.52–11.99; 77–82 years: HR: 4.25, 1.15–15.62; 83–99 years: HR: 3.82, 
1.05–13.88) and a higher CCI score ≥ 3 (HR: 5.4, 1.53–19.12) were 
associated with higher risk of mortality.

Discussion

In this study of ED patients with hip fracture over 50 years of age, 
the risk of malnutrition was observed in every fourth patient. 
Malnutrition was associated with a higher risk of mortality during the 
first six months after adjusting for age, gender, and the burden of 
comorbidities. Several studies have shown an association of the 
mortality risk in patients with hip fractures with various patient and 
health system factors. However, few studies have investigated the 
underlying mechanisms that influence mortality in patients with hip 
fracture (35). A systematic review by Xu and colleagues identified the 
following predictors for mortality in patients with hip fracture: 
medical factors (presence of concomitant diseases, sarcopenia), 
surgical factors (including delay of surgery, e.g., > 48 h), type of 
fracture, socioeconomic factors (age, gender and ethnicity), and 
system factors (centers with lower case volume) (35). Malnutrition in 
old patients with hip fracture has at least three different dimensions: 
Malnutrition is a risk factor for hip fracture (36), it is associated with 
reduced functional capacity and worse recovery after hospital 
discharge (37), and, as shown in our study, it is associated with a 
higher mortality rate.

TABLE 2 Binary logistic regression model for malnutrition among ED patients with hip fracture.

OR Lower 95% CI Upper 95% CI value of p

Intercept 5,79 0,78 42,80 0,087

Age (70–76 y)a 1,99 0,74 5,40 0,175

Age (77–82 y) 1,08 0,45 2,57 0,868

Age (83–99 y) 1,78 0,77 4,11 0,179

Gender (men)b 1,02 0,53 1,96 0,946

BMI (kg/m2) 0,89 0,83 0,96 0,001

Cognitive impairment (moderate and severe)c 1,34 0,67 2,67 0,409

CCI (= 1)d 0,98 0,40 2,42 0,963

CCI (= 2) 1,51 0,59 3,86 0,387

CCI (≥ 3) 1,39 0,61 3,18 0,440

Reduced physical activity (1x/months or less)e 0,28 0,14 0,58 0,001

Depression (PHQ-4 ≥ 6)f 1,20 0,49 2,97 0,695

Reference categories: a 50–69 y, b women, c no cognitive impairment, d CCI = 0, e physical activity 1x / week or more, f PHQ-4 score < 6 (no depressive symptoms). 
ED, Emergency Department. CI, Confidence Interval. OR, Odds Ratio. BMI, body mass index. CCI, Charlson Comorbidity Index. PHQ-4, Patient Health Questionnaire-4.

FIGURE 1

Kaplan-Meier curves for older ED patients with and without 
malnutrition from the beginning of the initial hospital stay after ED 
until the follow up at six months without adjustment. Number of 
patients at risk and  patients who died at selected time points for 
malnutrition: 0 days (75 vs. 0), 50 days (68 vs. 8), 100 days (60 vs. 15) 
and 150 days (58 vs. 17); no malnutrition: 0 days (223 vs. 0), 50 days 
(213 vs. 10), 100 days (207 vs. 16) and 150 days (204 vs. 19).
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The 25.3% prevalence of malnutrition risk is within the range of 
prevalence rates found in studies with similar patient populations and 
clinical settings (4). Previous studies reported that the prevalence of 
malnourished patients with hip fracture has increased and ranges from 
about 7 to 26% (1). Compared to our study, the recently published Irish 
OPTI-MEND study showed in secondary analyses a lower prevalence 
of malnutrition (7.6%) in older ED patients, using the validated Mini 
Nutritional Assessment Short-Form (MNA-SF) screening tool. 
However, they found a higher number of ED patients with ED patients 
with malnutrition had lower MTS triage levels and had a lower risk of 
adverse health outcomes (38). This may partly be explained by our 
cohort, since hip fractures are associated with malnutrition, and these 
patients are typically more vulnerable or frail compared to older ED 
patients overall. The OPTI-MEND data revealed that at 30 days after 
ED, malnourished patients had a higher readmission rate, increased 
functional limitations and lower quality of life (38).

Differences in prevalence of malnutrition in studies can also 
be explained by the usage of different tools for the assessment of 
malnutrition. A recent secondary data analysis including 11 European 
and one New Zealand study with over 5,000 older adults showed 
higher malnutrition rates in adults >80 years of age, in women, and in 
people with one or more morbidities, with varying prevalence rates 
depending on geographic location and the tools used (39). Despite 
numerous publications and international discussions, there was no 
generally accepted definition of malnutrition until 2019, the time our 
study was conducted. Today, the concept of the Global Leadership 
Initiative on Malnutrition (GLIM) defines diagnostic criteria of 
malnutrition in all clinical settings, initiated by four world-leading 
clinical nutrition societies: the American Society for Parenteral and 
Enteral Nutrition, the European Society of Clinical Nutrition and 
Metabolism, Federación Latinoamericana de Terapia Nutritional, 
Nutrición Clínica y Metabolismo, and The Parenteral and Enteral 
Nutrition Society of Asia (40). The GLIM concept includes phenotypic 
parameters such as weight loss (> 5% in the last six months or > 10% 
beyond six months), low BMI (< 70 years: < 20 kg/m2; > 70 years: < 
22 kg/m2), and reduced muscle mass as well as etiologic parameters 
such as reduced food intake, food reduction for more than 2 weeks, 
or any chronic gastrointestinal diseases and inflammation (40). In our 
study, one of the phenotypic criteria (involuntary weight loss) and one 

of the etiologic criteria (reduced food intake) were considered 
through the validated SNAQ instrument. Our study showed no 
difference between patients with and without malnutrition when 
assessing important ED routine parameters such as vital signs and 
triage levels, so malnourished patients may remain unnoticed without 
targeted screening.

Causes of malnutrition are diseases, aging processes, and lifestyle 
factors; the interaction between these factors is known. Patients 
screened for the risk of malnutrition in our study were older, had a 
reduced BMI, a higher number of medications per day, and more 
often experienced complications during their hospital stay. These 
malnourished patients were also more likely to be reduced in their 
physical activity status before hip fracture. Furthermore, patients with 
malnutrition risk were more likely to have a higher depression score. 
The regression analysis revealed lower BMI and self-reported lower 
physical activity as relevant factors associated with malnutrition risk 
in older ED patients with hip fracture. However, malnutrition in obese 
patients with higher BMIs is rarely recognized or completely missed 
since their fat mass masks the underlying muscle breakdown, and 
weight loss due to malnutrition is not detected (41). Although 
malnutrition was predominantly associated with a low BMI in our 
study, 12.1% of the cohort were obese (BMI ≥ 30.0 kg/m2). A higher 
BMI was recently found to be a nutritional risk factor for malnutrition 
in older adults (42) and the geriatric syndrome sarcopenic obesity is 
equally important in this context (43).

Data conflicting with our results have been published concerning 
comorbidity risk factors for negative nutritional outcomes (7), whereas 
in our study these parameters were not associated with malnutrition 
risk. We  suspect that these differences to previous studies can 
be  explained by the heterogeneity of older adults and their health 
conditions (44). Identifying the determinants of malnutrition is critical 
to effectively tackling the issue, but the complex etiology of malnutrition 
is still not completely understood. However, predicting nutritional 
deficiencies in older ED patients with hip fracture could reduce the 
negative impact on the patient’s functional status and quality of life (1) 
as well as reduce the health costs and rate of adverse events (45).

The study has clear strengths. First, as a health services research 
study, it aimed to be inclusive and patient-centered: we tried to include 
all patients affected by a hip fracture including cognitively impaired 

TABLE 3 Cox proportional hazards model of six-month mortality among patients with hip fracture.

HR Lower 95% CI Upper 95% CI value of p

Unadjusted Model

Malnutritiona 3.08 1.61 5.91 0.001

Adjusted Model

Malnutritiona 2.61 1.34 5.06 0.006

Age (70–76 y)b 2.50 0.52 11.99 0.242

Age (77–82 y) 4.25 1.15 15.62 0.031

Age (83–99 y) 3.82 1.05 13.88 0.042

Gender (men)c 0.93 0.46 1.91 0.846

CCI (= 1)d 2.48 0.62 9.95 0.193

CCI (= 2) 1.91 0.42 8.56 0.388

CCI (≥ 3) 5.40 1.53 19.12 0.011

Reference categories: a normal nutritional status, b 50–69 y, c women, d CCI = 0. 
ED, Emergency Department. CI, Confidence Interval. HR, Hazard Ratio. CCI, Charlson Comorbidity Index.
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patients that were unable to participate in the interview themselves as 
well as hard to reach patients such as people from community shelters, 
nursing homes, and patients with a migration background. Second, the 
use of the short SNAQ questionnaire can be seen as another strength. 
With its three question units it can elicit malnutrition in times of high 
clinical workload through a quick and concrete evaluation. The study 
has a few limitations. The integrative real-life approach leads to a 
comparatively heterogeneous sample. Our results cannot be generalized 
to other population groups since the data come from an inner-city 
neighborhood of a major German city with specific living and 
healthcare conditions. Furthermore, body weight and height were self-
reported resulting in a potential recall bias. The anthropometric data 
from our EMAAge cohort cannot easily be  compared with other 
studies using medical measurement instruments.

Conclusion

Malnutrition is an important risk factor for death after hip fracture. 
However, to date, a systematic screening for malnutrition is not 
performed in all patients with hip fractures or other geriatric indications. 
Identification of particularly vulnerable, older, malnourished patients in 
the ED or the subsequent in-patient stay could prevent negative 
outcomes and lead to the initiation of a patient-centered care approach 
including nutritional therapy. A recently implemented national guideline 
for the treatment of hip fracture patients defines new standards of care 
(46). This includes a systematic screening for geriatric syndromes and 
the involvement of geriatricians which has been recommended and 
evaluated internationally (47). The potential of this approach to meet the 
risks of malnutrition needs to be analyzed in future studies.
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Introduction: The geriatric nutritional risk index (GNRI), a nutritional screening
tool specifically for the aging population, has been proven to be associated with
worse outcomes in chronic kidney disease patients, especially in the hemodialysis
population. However, the predictive validity of GNRI in critically ill elderly patients
with acute kidney injury (AKI) is yet to be determined. This analysis sought to
examine the prognostic e�ects of GNRI on elderly AKI patients in intensive care
units (ICUs).

Methods: We collected elderly AKI patient-relevant data from the Medical
Information Mart for Intensive Care III database. AKI was diagnosed and staged
according to the “Kidney Disease Improving Global Outcomes” criteria. In the
study, 1-year mortality was considered the primary outcome, whereas in-hospital,
ICU, 28-day and 90-daymortality, and prolonged length of stay in ICU and hospital
were selected as the secondary outcomes.

Results: In all, 3,501 elderly patients with AKI were selected for this study, with a
1-year mortality rate of 36.4%. We classified the study population into low (≤98)
and high (>98) GNRI groups based on the best cuto� value. The incidence of
endpoints was remarkably lower in patients with elevated GNRI (p < 0.001). When
stratified by the AKI stage, patients with high GNRI at AKI stages 1, 2, and 3 had
markedly lower 1-year mortality than those with low GNRI (all p < 0.05). The
multivariable regression analysis identified the independent prognostic ability of
GNRI on the research outcomes (all p < 0.05). Restricted cubic spline exhibited a
linear correlation between GNRI and 1-year death (p for non-linearity = 0.434).
The prognostic implication of GNRI on 1-year mortality was still significant in
patients with the most subgroups.

Conclusion: In critically ill elderly patients with AKI, elevated GNRI upon admission
was strongly correlated with a lower risk of unfavorable outcomes.
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1. Introduction

Acute kidney injury (AKI) is a frequent complication in

intensive care units (ICUs) and contributes to important nutritional

problems (1, 2). A previous study has reported that the caloric

intake of severe AKI patients receiving renal replacement therapy

is very low (3). The European Society for Parenteral and Enteral

Nutrition (ESPEN) guideline strongly recommends providing

nutritional support for hospitalized AKI patients (4), and some

medical nutrients may facilitate the recovery of renal function

in AKI patients (5). However, malnutrition remains under-

recognized and underdiagnosed, particularly in older patients

with frailty. It has been reported that ∼ 9% of inpatients

are diagnosed with malnutrition, and in fact, the incidence

of malnutrition among inpatients is ∼ 40% (6–8). Thus, an

accurate assessment of the nutritional status is pivotal to

improving malnutrition.

The geriatric nutritional risk index (GNRI), a simple and useful

nutritional screening tool specifically for the aging population, has

been widely used in multiple clinical scenarios, including patients

with cancer, heart failure, cardio-cerebrovascular disease, and acute

respiratory failure (9–14). Furthermore, a previous study revealed

the prognostic implication of GNRI in critically ill patients (15).

An increasing body of evidence has established the correlation

between GNRI and worse outcomes in patients with chronic kidney

disease (CKD) and hemodialysis (16, 17). Taken together, it is

reasonable to speculate that GNRI might be correlated with the

poor prognosis in AKI patients. No studies have hitherto assessed

the predictive validity of GNRI in critically ill elderly patients

with AKI. Accordingly, this research sought to evaluate the ability

of GNRI to predict the prognosis in elderly AKI patients in

the ICU.

2. Materials and methods

2.1. Data sources

This research was based on the Medical Information

Mart for Intensive Care III (MIMIC-III), a freely

accessible large critical-care database covering many

critically ill patients at the Beth Israel Deaconess Medical

Center from 2001 to 2012 (https://mimic.mit.edu/). The

researcher (Yonghua Deng) received the seniority to extract

data from this database after completing the required

training course.

2.2. Population selection

Patients aged over 65 years old and diagnosed with AKI

were involved in this analysis. We excluded patients who lacked

serum albumin or weight or height, had repeat admissions, and

stayed in the ICU for <2 days, as well as patients with pre-

existing CKD.

2.3. Data extraction and definitions

The extracted variables contained demographic data (age,

gender, weight, and height), vital signs (heart rate and blood

pressure), comorbidities [such as coronary heart disease (CHD),

sepsis, and liver cirrhosis], laboratory parameters at admission

[such as albumin, blood urea nitrogen (BUN), and serum creatinine

(SCr)], sequential organ failure assessment (SOFA), Charlson

comorbidity index (CCI), treatment information [continuous

renal replacement therapy (CRRT), vasopressors, and mechanical

ventilation], and types of intensive care unit (ICU). The

laboratory indicators were taken from the first measurement

recorded after admission. BMI was defined as weight in

kilograms/(height in meters)2. GNRI was calculated as follows:

14.89 × serum albumin (g/dl) + 41.7 × BMI/22 (18). AKI

was diagnosed and staged according to the “Kidney Disease

Improving Global Outcomes” criteria (19). In the study, 1-

year mortality was considered the primary outcome, whereas

in-hospital, ICU, 28-day and 90-day mortality, and prolonged

length of stay (LOS) in the ICU and hospital were selected as

the secondary outcomes. Excessive LOS was determined as the

length of stay above the 75th percentile. Thus, the prolonged

ICU and hospitalization LOS were more than 10 and 19

days, respectively.

2.4. Statistical analysis

A Kolmogorov–Smirnov test was used with continuous

variables to determine whether their distributions were normal.

Continuous variables were summarized as median (interquartile

range) and examined by the Mann–Whitney U-test because of

the skewed distribution of these variables. Categorical data were

characterized as numbers with proportions, and comparisons

between groups were employed using the chi-square test. We built

a receiver operating characteristic (ROC) curve to determine the

optimal cutoff value of GNRI for predicting 1-year death. The

cutoff point was applied to divide patients into two groups. A

multivariable linear regression analysis was employed to confirm

the relationship between GNRI and relevant clinical variables.

Furthermore, the 365-day cumulative survival between the two

groups was compared using the Kaplan–Meier (KM) curve with

the log-rank test. We carried out multivariable logistic and Cox

proportional hazards regression analyses to verify the impact

of GNRI on the adverse outcomes, adjusting for the potential

confounding factors. These covariates were related to the 1-year

mortality in the univariable Cox regression analyses. Meanwhile,

GNRI was examined as both a continuous and a categorical

variable. Restricted cubic spline (RCS) with four knots was applied

to explore the curve relationship between GNRI and 365-day death.

We also carried out a stratification analysis to figure out whether the

predictive significance of GNRI for 1-year mortality was sustained

across the different subgroups classified by gender, age, AKI stage,

comorbidities, sofa score, CCI, ICU types, CRRT, vasopressors,

and mechanical ventilation. We employed all statistical analyses

with the R software (version 3.6.3) and MedCalc (version 19.1). A

P-value < 0.05 was regarded as statistically significant.
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TABLE 1 Baseline characteristics of participants according to the GNRI category.

Variables Total High GNRI (>98) Low GNRI (≤98) P

N = 3,501 N = 1,941 N = 1,560

Age, years 76.7 (71.1, 82.4) 75.7 (70.3, 81.2) 78.1 (72.6, 83.6) <0.001

Male, n (%) 1,880 (53.7) 1,076 (55.4) 804 (51.5) 0.022

SBP, mmHg 120 (104, 138) 119 (105, 137) 120 (103, 139) 0.937

DBP, mmHg 59.0 (50.0, 70.0) 60.0 (51.0, 70.0) 59.0 (50.0, 69.0) 0.283

Heart rate, bpm 86.0 (75.0, 98.0) 85.0 (75.0, 94.2) 88.0 (76.0, 102.0) <0.001

Hypertension, n (%) 2,078 (59.4) 1,284 (66.2) 794 (50.9) <0.001

Diabetes, n (%) 995 (28.4) 670 (34.5) 325 (20.8) <0.001

CHD, n (%) 1,607 (45.9) 1,074 (55.3) 533 (34.2) <0.001

Heart failure, n (%) 1,450 (41.4) 822 (42.3) 628 (40.3) 0.211

Liver cirrhosis, n (%) 123 (3.5) 70 (3.6) 53 (3.4) 0.739

Malignancy, n (%) 786 (22.5) 381 (19.6) 405 (26.0) <0.001

Sepsis, n (%) 462 (13.2) 186 (9.6) 276 (17.7) <0.001

WBC, k/ul 9.9 (7.2, 13.8) 9.2 (6.9, 12.9) 10.8 (7.8, 14.9) <0.001

Hemoglobin, g/dl 11.9 (10.5, 13.2) 12.3 (10.9, 13.6) 11.4 (10.1, 12.7) <0.001

BUN, mg/dl 22.0 (16.0, 31.0) 22.0 (16.0, 30.0) 23.0 (16.0, 33.0) 0.046

SCr, mg/dl 1.0 (0.8, 1.4) 1.0 (0.8, 1.3) 1.0 (0.8, 1.4) 0.036

Sodium, mEq/l 139 (136, 141) 139 (136, 141) 138 (135, 141) <0.001

Potassium, mEq/l 4.1 (3.8, 4.5) 4.1 (3.8, 4.5) 4.1 (3.8, 4.6) 0.485

Anion gap, mEq/L 14.0 (13.0, 17.0) 15.0 (13.0, 17.0) 14.0 (12.0, 17.0) 0.884

Bicarbonate, mEq/L 25.0 (22.0, 27.0) 25.0 (23.0, 28.0) 24.0 (21.0, 27.0) <0.001

ALT, u/l 23.0 (15.0, 41.0) 23.0 (16.0, 37.0) 24.0 (14.0, 45.0) 0.293

AST, u/l 31.0 (21.0, 57.0) 29.0 (20.0, 50.0) 35.0 (21.0, 66.0) <0.001

SOFA score 5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 5.0 (3.0, 8.0) 0.006

CCI 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (4.0, 7.0) <0.001

ICU types <0.001

CSRU 1,271 (36.3) 869 (44.8) 402 (25.8)

CCU 617 (17.6) 346 (17.8) 271 (17.4)

MICU 850 (24.3) 384 (19.8) 466 (29.9)

SICU 492 (14.1) 225 (11.6) 267 (17.1)

TSICU 271 (7.7) 117 (6.0) 154 (9.9)

CRRT, n (%) 198 (5.7) 96 (4.9) 102 (6.5) 0.043

Vasopressors, n (%) 2,445 (69.8) 1,376 (70.9) 1,069 (68.5) 0.130

Ventilation, n (%) 1,375 (39.3) 651 (33.5) 724 (46.4) <0.001

Length of ICU stay 5.2 (3.2, 9.9) 4.7 (3.0, 8.0) 6.2 (3.6, 12.5) <0.001

Length of hospital stay 11.9 (7.9, 18.8) 10.9 (7.8, 16.6) 13.3 (8.2, 22.0) <0.001

In-hospital mortality 678 (19.4) 256 (13.2) 422 (27.1) <0.001

ICU-mortality 540 (15.4) 213 (11.0) 327 (21.0) <0.001

28-days mortality 848 (24.2) 329 (17.0) 519 (33.3) <0.001

90-days mortality 1,005 (28.7) 391 (20.1) 614 (39.4) <0.001

1-year mortality 1,276 (36.4) 519 (26.7) 757 (48.5) <0.001

GNRI, geriatric nutritional risk index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart disease; WBC, white blood cell count; BUN, blood urea nitrogen; SCr,

serum creatinine; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SOFA, sequential organ failure assessment; CCI, Charlson comorbidity index; ICU, intensive care unit; CCU,

coronary care unit; CSRU, cardiothoracic surgery recovery unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; TSICU, trauma and surgical intensive care unit; CRRT,

continuous renal replacement therapy.
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TABLE 2 Linear regression analysis for GNRI.

Univariable analysis Multivariable analysis

β (95%CI) P β (95%CI) P

Age −0.48 (−0.56,−0.41) <0.001 −0.37 (−0.44,−0.29) <0.001

Male 0.71 (−0.36, 1.79) 0.195

Hypertension 5.01 (3.93, 6.09) <0.001 3.92 (2.89, 4.94) <0.001

Diabetes 7.01 (5.84, 8.17) <0.001 6.07 (4.89, 7.25) <0.001

CHD 6.51 (5.45, 7.56) <0.001 3.55 (2.50, 4.60) <0.001

Heart failure 1.55 (0.46, 2.64) 0.005 3.14 (2.06, 4.23) <0.001

Liver cirrhosis 1.19 (−1.73, 4.10) 0.425

Malignancy −3.01 (−4.29,−1.73) <0.001 −0.03 (−1.36, 1.29) 0.962

Sepsis −5.98 (−7.55,−4.41) <0.001 −3.55 (−5.08,−2.02) <0.001

Hemoglobin 1.57 (1.32, 1.82) <0.001 1.24 (1.00, 1.48) <0.001

SOFA score −0.27 (−0.44,−0.10) 0.002 −0.04 (-0.20, 0.12) 0.651

CCI −1.01 (−1.29,−0.73) <0.001 −0.86 (−1.19,−0.52) <0.001

CRRT −0.41 (−2.73, 1.91) 0.729

Ventilation −3.73 (−4.83,−2.64) <0.001 −1.61 (−2.69,−0.54) 0.003

Vasopressors 0.78 (−0.39, 1.95) 0.191

95% CI, 95% confidence interval; other abbreviations as in Table 1.

FIGURE 1

1-year mortality at di�erent AKI stages between high and low GNRI groups. GNRI, geriatric nutritional risk index; AKI, acute kidney injury. **P < 0.01;
***P < 0.001.

3. Results

3.1. Patient characteristics

In total, 3,501 elderly patients with AKI were selected

for this analysis, with a 1-year mortality rate of 36.4%

(Supplementary Figure 1). Patients were categorized into low

(≤98) and high (>98) GNRI groups based on the optimum

cutoff score determined by ROC curve analysis (the area under

the curve was 0.655, and the sensitivity and specificity were

0.618 and 0.623, respectively; Supplementary Figure 2). The

baseline characteristics by categories of GNRI (high and low

GNRI groups) are summarized in Table 1. The two groups

presented a statistically significant difference in terms of age,

gender, heart rate, hypertension, diabetes, CHD, malignancy,

sepsis, white blood cell count (WBC), hemoglobin, BUN, SCr,

sodium, bicarbonate, aspartate aminotransferase (AST), SOFA

score, CCI, ICU types, and CRRT. The low GNRI group had

worse in-hospital mortality, ICU mortality, 28-day mortality,

90-day mortality, 1-year mortality, and longer ICU and hospital

stay length than the high GNRI group (all p < 0.001, Table 1). A

multivariable linear regression analysis was carried out to examine

the relationship between GNRI and the relevant clinical variables.

In the univariable analysis, elevated GNRI was associated with

decreased age, the prevalence of malignancy and sepsis, sofa score,

CCI, the use of mechanical ventilation, and increased prevalence

of hypertension, diabetes, CHD, heart failure, and a higher level of

hemoglobin (Table 2). The multivariable analysis confirmed that
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GNRI was positively related to diabetes, hypertension, CHD, heart

failure, and hemoglobin and negatively related to age, sepsis, CCI,

and ventilation (Table 2).

FIGURE 2

Kaplan–Meier curves for 1-year accumulative survival rates grouped
by high and low GNRI. GNRI, geriatric nutritional risk index.

3.2. Clinical outcomes

When stratified by the AKI stage, patients with high GNRI at

AKI stages 1, 2, and 3 had markedly lower 1-year mortality than

those with low GNRI (all p < 0.05, Figure 1). The KM curves for

365-day cumulative survival are presented in Figure 2, showing the

significant survival advantage for patients with increased GNRI

compared with those with decreased GNRI (log-rank p < 0.001).

Next, the multivariable regression analysis was conducted

to confirm the independent relationship between GNRI and

the worse outcomes. A one-unit increment of GNRI was

remarkably associated with a lower risk of clinical outcomes

after potential confounding factor adjustment (all p ≤ 0.001,

Table 3), and these covariates (including age, gender, systolic

blood pressure, heart rate, hypertension, diabetes, CHD, heart

failure, liver cirrhosis, malignancy, sepsis, WBC, hemoglobin,

BUN, SCr, sodium, potassium, anion gap, bicarbonate, alanine

aminotransferase, AST, SOFA score, CCI, ICU types, CRRT, and

ventilation) were significant in the univariable Cox regression

analyses (Supplementary Table 1). Patients with elevated GNRI also

had markedly reduced risk of adverse outcomes even after the

potential confounding factors were controlled [OR (95% CI): 0.63

(0.51–0.77) for in-hospital mortality; OR (95%CI): 0.70 (0.56–0.87)

for ICU mortality; OR (95% CI): 0.60 (0.50–0.73) for 28-day death;

OR (95% CI): 0.59 (0.49–0.71) for 90-day death; OR (95% CI): 0.66

(0.54–0.79) for hospital stay ≥ 19 days; OR (95% CI): 0.62 (0.51–

0.76) for ICU stay≥ 10 days; and HR (95% CI): 0.68 (0.60–0.77) for

1-year mortality, Table 3]. RCS verified a linear association between

GNRI and 1-year mortality (p for non-linearity= 0.434, Figure 3).

TABLE 3 Adjusted OR/HR of GNRI for adverse outcomes.

Univariable analysis Multivariable analysis

OR/HR (95%Cl) P OR/HR(95%Cl) P

GNRI as continuous variable

In-hospital death 0.97 (0.96–0.97) <0.001 0.98 (0.97–0.99) <0.001

ICU death 0.97 (0.97–0.98) <0.001 0.99 (0.98–0.99) <0.001

28-days death 0.97 (0.96–0.97) <0.001 0.98 (0.97–0.99) <0.001

90-days death 0.97 (0.96–0.97) <0.001 0.98 (0.97–0.99) <0.001

Hospital stay≥19 days 0.98 (0.97–0.98) <0.001 0.98 (0.98–0.99) <0.001

ICU stay≥10 days 0.98 (0.97–0.98) <0.001 0.98 (0.98–0.99) <0.001

1-year death 0.97 (0.97–0.98) <0.001 0.98 (0.98–0.99) <0.001

GNRI as categorical variable

In-hospital death 0.41 (0.34–0.49) <0.001 0.63 (0.51–0.77) <0.001

ICU death 0.46 (0.39–0.56) <0.001 0.70 (0.56–0.87) 0.002

28-days death 0.41 (0.35–0.48) <0.001 0.60 (0.50–0.73) <0.001

90-days death 0.39 (0.33–0.45) <0.001 0.59 (0.49–0.71) <0.001

Hospital stay≥19 days 0.51 (0.44–0.60) <0.001 0.66 (0.54–0.79) <0.001

ICU stay≥10 days 0.49 (0.42–0.58) <0.001 0.62 (0.51–0.76) <0.001

1-year death 0.47 (0.42–0.52) <0.001 0.68 (0.60–0.77) <0.001

Multivariable analysis adjusted for age, gender, systolic blood pressure, heart rate, hypertension, diabetes, CHD, heart failure, liver cirrhosis, malignancy, sepsis, WBC, hemoglobin, BUN, SCr,

sodium, potassium, anion gap, bicarbonate, alanine aminotransferase, AST, SOFA score, CCI, ICU types, CRRT, and ventilation.

OR, odds ratio; HR, hazard ratio; other abbreviations as in Table 1.
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FIGURE 3

Relationship between GNRI and 1-year mortality using restricted
cubic spline analysis. A linear relationship between GNRI and 1-year
mortality was observed after adjusting for age, gender, heart rate,
hypertension, diabetes, CHD, heart failure, CKD, liver cirrhosis,
malignancy, sepsis, WBC, hemoglobin, BUN, SCr, sodium,
potassium, anion gap, bicarbonate, ALT, AST, SOFA score, CRRT, and
ventilation. GNRI, geriatric nutritional risk index.

3.3. Subgroup analyses

We further carried out subgroup analyses to figure out whether

the correlation between GNRI and 1-year death was constant in

various subclasses (Figure 4). GNRI still independently predicted

1-year death in patients with the most subgroups. Notably, the

predictive implication of GNRI appeared to be more pronounced

in patients with AKI stages 1 and 2 (Pinteraction = 0.022), diabetes

(Pinteraction = 0.012), and CHD (Pinteraction = 0.005) and also

patients who did not receive mechanical ventilation (Pinteraction
= 0.035).

4. Discussion

Our study confirmed a negative linear correlation between

GNRI and 1-year death in elderly AKI patients in the ICU,

and upon an increase in GNRI, the mortality rate gradually

decreased. GNRI at admission was remarkably related to a

lower risk of research outcomes even after the covariates

were controlled. Moreover, the relationship between GNRI

and long-term mortality remained significant irrespective of

the AKI stages.

At present, the common nutritional screening tools

recommended for the older population include the Mini-

Nutritional Assessment (MNA), Subjective Global Assessment

(SGA), and Nutritional Risk Screening 2002 (NRS-2002) (20).

Research studies have verified that SGA and NRS-2002 were vital

markers for predicting poor prognosis in AKI patients (21, 22).

No studies were found on MNA and AKI prognosis. These

nutritional scoring tools are easily influenced by a subjective

evaluation by trained professionals, particularly for questions

regarding weight loss and dietary intake changes. These questions

are too complex and cumbersome for critically ill older patients,

which results in an inaccurate assessment of the patient’s

nutritional status. GNRI is a straightforward, objective, and

well-established nutritional screening tool specially developed

for the hospitalized elderly (18). Our analysis exhibited that

decreased GNRI was remarkably associated with elevated mortality

risk and prolonged stay length. This was in agreement with the

results of the previously published studies: Malnourished AKI

patients revealed lower survival rates (21–23). The BMI and ALB,

components of GNRI, demonstrated a strong correlation with

the mortality of critically ill AKI patients (24, 25). The present

study extends the population to the elderly. More importantly,

GNRI was consistently significantly related to long-term mortality

irrespective of the AKI stage. Therefore, we recommend using

GNRI to accurately assess the nutritional status of elderly patients

with severe AKI, to identify high-risk malnutrition patients and

provide nutritional guidance.

It has been well-established that comorbidities, such as sepsis,

malignancy, heart failure, and liver cirrhosis, can further aggravate

the nutritional status of patients in multiple ways (26). Nutritional

status becomes worse with advancing age (27). Interventions,

including CRRT, vasopressors, and mechanical ventilation, have

been independently related to the mortality of severe AKI patients

(28). Our results exhibited that the prognostic implication of GNRI

remained significant in most of the subgroups, which indicated that

the correlation between GNRI and long-term mortality could be

generalized to different clinical settings. However, we could not

explain why the predictive implication of GNRI was not significant

in patients with CKD.

A higher GNRI indicates a lower nutritional risk. There

was a negative linear relationship between GNRI and the

research outcomes in the present analysis. High GNRI is

caused by elevated albumin and BMI. The main pathological

mechanisms of malnutrition in AKI patients are the reduced

intake of nutrients and the loss of protein and energy related

to metabolic disorders (4, 29), which lead to a decrease in

BMI and albumin. Patients with high BMI tend to have better

outcomes. This theory is called the obesity paradox, which

has been proved in patients with AKI (25), CHD (30, 31),

and heart failure (32) and in those receiving hemodialysis

(33). Another mechanism that explains the association between

albumin and malnutrition in patients with kidney disease is that

albumin possesses anti-inflammatory and antioxidant properties

(34, 35). It has been documented that inflammatory cascades

and oxidative stress play an essential role in the progression of

malnutrition (29, 36).

Our analysis still existed certain limitations. Although the

data in this study were obtained from large public databases,

no external verification was conducted to verify the predictive

significance of GNRI. Second, GNRI was assessed only at

admission. Further research should be conducted to explore the

prognostic implication of the dynamic change of GNRI. Third,

since MIMIC III is based on data from 2001 to 2012, our research
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FIGURE 4

Relationship between GNRI and 1-year mortality in various subgroups. The HR was examined regarding the low GNRI as reference. HF, heart failure;
AKI, acute kidney injury; CKD, chronic kidney disease; CHD, coronary heart disease; CRRT, continuous renal replacement therapy; GNRI, geriatric
nutritional risk index; HR, hazard ratio; 95% CI, 95% confidence interval.

may not be fully generalizable to current medical conditions.

Next, because of the limitations of the MIMIC database, we

could not collect information on diet and physical activity, which

was correlated with the nutritional status of patients. Finally, we

cannot clarify the reason for AKI due to the limitations of the

MIMIC database.
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5. Conclusion

On-admission GNRI is a pivotal predictor of the adverse

endpoints of elderly AKI patients in the ICU. Our results

suggested that GNRI helped to identify elderly AKI patients

at a high risk of malnutrition to ensure timely and effective

nutritional support.
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In the Diabetes Prevention Program (DPP) randomized, controlled clinical 
trial, participants who were  ≥ 60 years of age in the intensive lifestyle (diet and 
physical activity) intervention had a 71% reduction in incident diabetes over the 
3-year trial. However, few of the 26.4 million American adults age ≥65 years with 
prediabetes are participating in the National DPP. The BRInging the Diabetes 
prevention program to GEriatric Populations (BRIDGE) randomized trial compares 
an in-person DPP program Tailored for Older AdulTs (DPP-TOAT) to a DPP-TOAT 
delivered via group virtual sessions (V-DPP-TOAT) in a randomized, controlled trial 
design (N = 230). Eligible patients are recruited through electronic health records 
(EHRs) and randomized to the DPP-TOAT or V-DPP-TOAT arm. The primary 
effectiveness outcome is 6-month weight loss and the primary implementation 
outcome is intervention session attendance with a non-inferiority design. Findings 
will inform best practices in the delivery of an evidence-based intervention.

KEYWORDS

diabetes prevention, older adults, nutrition, physical activity, lifestyle change, virtual, 

social support, implementation science

1. Introduction

Over one-quarter (29.2%) of US adults aged 65 and older have Type 2 diabetes (i.e., 15.9 
million people), and the Centers for Disease Control and Prevention (CDC) estimated that an 
additional 26.4 million older adults had prediabetes, defined as fasting plasma glucose values of 
100 to 125 mg/dl or hemoglobin A1C values of 5.7 to 6.4%, in 2019 (1). Evidence-based diabetes 
prevention strategies, such as the National Diabetes Prevention Program (DPP), reduce the risk 
of developing diabetes but remain underutilized. In the original Diabetes Prevention Program 
(DPP) study, the diet and physical activity intervention conferred a 71% reduction in risk of type 
2 diabetes for the participants who were ≥60 years of age (n = 648) after 3 years of follow-up (2). 
Since the seminal DPP was established as efficacious (2), the intervention has been implemented 
in hospital, community, work, and other settings.

Despite this, just 14.6% of rural counties and 48.4% of urban counties in the nation have a 
DPP site. Barriers to DPP participation exist for both individuals and healthcare systems. 
Individuals face barriers to access, including travel to 22 in-person sessions, as well as cost if 
they elect to utilize a commercial online program. Older adults, in particular, face barriers to 
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care, including transportation, costs, time burden, and limited 
physical function/reserve. Healthcare systems face significant cost 
burdens for training DPP facilitators and hosting the program (3). In 
the few studies that have reported on costs of administering the DPP, 
there was a 5-fold difference in cost per participant across studies, 
with a virtual program costing less than on-site delivery (4, 5). In the 
BRInging the Diabetes prevention program to GEriatric Populations 
(BRIDGE) trial, we will address these barriers by generating a DPP 
Tailored for Older Adults (DPP-TOAT) and delivered via Virtual 
sessions (V-DPP-TOAT).

Technology use among older adults is increasing. Almost 
two-thirds (63%) of adults aged 66–75 years use the Internet to access 
health information, including 49% of adults aged 75 and older (6). 
Furthermore, 69% of adults ≥65 have a mobile phone, including 56% 
of adults ≥75 years of age. Web-based interventions have effectively 
increased health knowledge (7) and physical activity among older 
adults (8–10). The proportion of older adults enrolling in internet-
based programs will grow with the aging of younger cohorts who are 
more accustomed to depending on technology to meet their health 
care and other needs.

Delivering a DPP through a videoconferencing platform may 
extend the program’s reach into the older adult community that may 
otherwise lack access (11). The NYU Langone Health catchment area 
includes more than 7.2 million people, of whom nearly 1 million 
individuals are aged 65 and older. An intervention using technology 
to provide remote training and individualized feedback increases the 
likelihood of reproducibility outside of the NYU Langone Health 
network and sustainability over time (12). Virtual interventions do not 
require brick-and-mortar facilities or centralized staff; these highly 
scalable interventions can be delivered from any location. However, a 
recent behavioral weight loss trial reported that in-clinic group visits, 
but not telephone group visits, resulted in statistically significant 
greater weight loss at 24  months compared with traditional in-clinic 
individual visits (13). Lessons learned from the implementation 
evaluation of the BRIDGE DPP will provide the opportunity for other 
healthcare systems to offer the program to eligible patients. The study 
aims are to compare the effectiveness and implementation of V-DPP-
TOAT versus DPP-TOAT within a large healthcare system.

2. Methods

2.1. Study design and overview

We will conduct a type 1 hybrid (14), randomized, controlled 
trial of the BRInging the Diabetes prevention program to GEriatric 
Populations (BRIDGE) study, which will compare an in-person 
DPP Tailored for Older AdulTs (DPP-TOAT) to a DPP-TOAT 
delivered via group virtual sessions (V-DPP-TOAT; Figure 1). All 
randomized individuals (N = 230; 1:1 randomization) will receive 
22 intervention sessions over the course of a year facilitated by a 
certified DPP lifestyle coach, but the delivery method will vary 
(virtual versus in-person).

Outcome assessments will be conducted at 0, 6, and 12 months at 
the clinic where we will assess weight, hemoglobin A1c, diet, and 
physical activity in both groups. At baseline, we will assess height, 
weight, waist circumference, and administer questionnaires to all 
participants. The trial design will adhere to the CONSORT checklist 

(see Appendix A), including an intention-to-treat analysis (15). 
Meticulous adherence to the study protocol and fidelity monitoring 
will ensure robust and unbiased results.

2.2. Recruitment

The NYU Langone Health patient population includes over 15,000 
patients aged 65 or older with a diagnosis of prediabetes who meet the 
basic inclusion criteria. NYU Langone Health clinical providers utilize 
Epic, one of the country’s largest electronic health record platforms, 
and its patient portal (MyChart), which allows for direct outreach and 
bi-directional communication with patients. Using Epic, we  will 
continuously identify eligible older adults with prediabetes. As in our 
prior work (16–19), patients will be recruited through both physician 
referral and proactive outreach to patients. For proactive outreach, 
we use Epic-generated lists of eligible patients based on our eligibility 
criteria. A research team member will send lists to patients’ primary 
care provider (PCP), who will subsequently identify any 
contraindications to participating. Potential participants will be sent 
a message through the patient portal (MyChart) and/or mailed a letter 
signed by the principal investigators (JB and JC) and medical director 
(EG) that describes the study and gives them the opportunity to opt 
out (i.e., request not to be  contacted). We  will then call potential 
participants to recruit, screen for eligibility, and schedule a baseline 
visit. Table 1 outlines eligibility criteria for study participation.

2.2.1. Randomization into Intervention Arms
The study statistician (HZ), will generate randomized treatment 

allocation in a blinded environment using a Research Electronic Data 
Capture (REDCap, https://projectredcap.org/) randomization tool.

2.2.2. Retention
We will use the following strategies to encourage retention of 

participants in both arms of the study: (1) reminder of study visits and 
intervention sessions via email and phone call, (2) financial incentives 
following successful completion of study visits ($50 gift card for each 
baseline, 6, 12 month visits), (3) birthday cards, (4) certificates of 
completion and milestone emails.

2.2.3. Masking
As with most behavioral trials, it is difficult to mask participants 

to the intervention arm. To reduce bias, all outcome assessors will 
be masked to the intervention arm and participants will be asked not 
to disclose treatment allocation. To detect potential unmasking, 
we will ask outcome assessors about participant allocation after each 
post-randomization measurement visit.

2.3. Intervention arms

2.3.1. Common components to both 
interventions: V-DPP-TOAT and DPP-TOAT

Both programs will be  composed of sixteen 60-min weekly/
bi-weekly sessions followed by six 60-min monthly support sessions 
(see Appendix B) with a group size of 8–15 facilitated by a certified 
DPP lifestyle coach. The DPP intervention is based on Social 
Cognitive Theory (20), which focuses on the role played by 
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self-referent thought in the maintenance of behavior change. The 
following describes the theoretical concepts threaded throughout 
the intervention sessions. Self-efficacy (e.g., the participant’s 
confidence in their ability to engage in healthier behavior) is derived 
from four major sources of information: (1) mastery experiences; (2) 
social modeling; (3) verbal persuasion; and (4) physiological states. 
Mastery experiences emphasize past successes; setting incremental, 
easily achievable goals; identifying modifiable barriers to healthy 
behavior; receiving positive feedback on goal achievement; and 

practicing problem solving skills around barriers to adherence. 
Social modeling enhances mastery when participants share their 
successes and help each other problem-solve around barriers they 
encounter. Verbal persuasion emphasizes the participant’s previous 
successes to demonstrate their capability (e.g., “As a result of your 
effort, you lost a pound last week. You can do it again.”) We will assist 
participants in recognizing physiologic benefits they experience 
from lifestyle change (e.g., more energy, better sleep, or BP control). 
Intervention materials, which are based on the 2021 PreventT2 
lifestyle change program (21), will include:

 • Participant Manual: An evidence-based manual describing 
detailed program content and personalized calorie and 
macronutrient recommendations to achieve the desired weight. 
Written at the sixth-grade reading level in a large (14 point) sans 
serif font, self-assessments and goal setting procedures will 
be included along with approaches to self-monitor food intake, 
physical activity, and cooking and meal pattern guides. To 
enhance self-identification with the program and for ongoing 
visual cues for program affiliation, we  will provide tote bags 
inscribed with the institutional logo.

 • Tailoring of content for aging: Based on our prior work (22), 
we have adapted group sessions to the unique needs of older 
adults. Resources include healthful eating strategies for dentition 
issues, changes in taste, and special attention to interactions 
between food and medications. Physical activity sessions provide 
adaptations for physical limitations, including chair exercises and 
strength training.

 • Food Guide: Resources developed by the United  States 
Department of Agriculture (23) providing tailored advice for 
older adults will be provided, along with instructions and tips for 
using programs such as Healthwatch 360 (24) to track calorie and 
nutrient intake compared to recommendations.

 • Hearing Assistance: For participants in the in-person arm, we will 
offer a personal amplifier (PA; PockeTalker™) to all participants 

FIGURE 1

Study flow diagram.

TABLE 1 Eligibility criteria.

Inclusion Criteria

• Aged ≥65 years*

• Prediabetes (A1C 5.7–6.4%, fasting glucose 100–125 mg/dl, or oral glucose 

tolerance test of 140–199 mg/dl within 12 mo) *

• BMI of ≥25 kg/m2, ≥ 23 kg/m2 if Asian American*

• English speaking*

• Under the care of PCP in the NYU Langone Health system*

• Able to travel to NYU medical center for in-person evaluations *

Exclusion Criteria

• Prevalent diabetes or End-Stage Renal Disease (> = CKD stage 3)*±

• Prior participation in Diabetes Prevention Program±

• A documented history of active psychosis or other cognitive issues via ICD-10 

codes*

• Taking FDA-approved weight loss medications*±

• PCP stating that patient should not participate

• Inability to communicate due to severe, uncorrectable hearing loss or speech 

disorder±

• Severe visual impairment (if it precludes completion of assessments and/or 

intervention)±

*if assessed through EPIC, ±if assessed during screening. A1c, hemoglobin A1c; BMI, body 
mass index; mo, months; PCP, primary care provider; FDA, Food and Drug Administration.
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to address any self-reported or suspected hearing loss. A simple 
PA consists of an amplifier and microphone with the amplifier 
feeding a speaker’s voice directly into the wearer’s ears via 
headphones or ear buds. These devices reduce the difficulty with 
hearing in “difficult listening situations” by feeding the speaker’s 
amplified voice directly into the patient’s ear, while headphones 
or ear buds muffle external sounds (i.e., signal is louder than 
background noise level). These devices require no professional 
customization; simple volume and tuning controls allow for use 
directly out of the box. PAs enhance communication for those 
who have hearing loss in a variety of clinical settings (25–27). PAs 
were equivalent in performance to hearing aids in one 
randomized controlled trial (28), sound quality of PAs was 
preferred over hearing aids, improved physician-patient 
communication for elderly hospitalized patients (29) and 
understanding discharge information in an Emergency 
Department setting (30). Participants in the virtual arm will 
be offered ear buds to address any self-reported or suspected 
hearing loss.

 • Videos: Each intervention session will also feature educational 
and behavioral coaching videos developed by our team or 
reputable organizations such as the National Institutes Health 
and VA MOVE (Weight Management Program, supported by 
VA’s National Center for Health Promotion and Disease 
Prevention) (31). The videos last 3–5 min, and will be used to 
anchor the discussion. Videos will also be available on the study 
website for participants to review as they desire.

 • Smart Scales: We  will provide participants with a Renpho® 
(Joicom Corporation, Eastvale, CA) Smart Scale for Body 
Weight, Digital Bathroom Scale for self-monitoring purposes 
and to monitor weight given the possibility of disruptions in 
in-person study visits due to COVID-19 pandemic restrictions. 
Renpho® Scales will transmit weights to researchers 
automatically using BlueTooth technology and have been used 
in other weight management studies. A research assistant will 
instruct each participant during the baseline visit on using the 
scale to report weekly weights, providing written instructions 
as well as a phone number and email address to obtain technical 
support as needed.

2.3.1.1. V-DPP-TOAT Arm specific information
Intervention sessions will take place via videoconference rather than 

in-person, and we will encourage participants to use their preferred device 
to connect with the group (e.g., tablet, computer, and smartphone). 
Participants will be offered a tablet computer if they do not have an 
electronic device they’d like to use to connect. A research assistant will 
orient each participant to the tablet during the baseline visit, providing 
written instructions, a phone number and email address to obtain 
technical support as needed. Before or after the intervention session, 
participants will be assigned to breakout rooms where they will have a 
1-on-1 visit with the lifestyle coach, report their weight, physical activity 
minutes and discuss action plan and goal achievement.

2.3.1.2. DPP-TOAT Arm specific information
All interactions will be in-person and weights will be measured 

immediately before or after intervention sessions using a 
Renpho® scale.

2.4. Data collection

In-person data collection will occur during study visits for both 
arms. Assessments will occur at: baseline (first in-person encounter), 
six, and 12 months (Tables 2, 3). Participants will meet with a research 
assistant masked to treatment assignment to complete surveys and to 
measure glycemia, weight, height, and waist circumference (baseline, 
six, and 12 months). Research staff will administer all surveys, entering 
data directly into a REDCap database. The DPP facilitator will record 
DPP attendance data.

2.4.1. Aim 1: to evaluate the effectiveness of the 
V-DPP-TOAT compared to the DPP-TOAT

Core measures for Aim 1 are displayed in Table 2.

2.4.2. Aim 1: quantitative data analysis
We will compare the effect of the V-DPP-TOAT versus the 

DPP-TOAT interventions on weight and glycemia, which are both 
continuous outcomes. First, we  will report means and standard 
deviations by randomization assignment and assess the assumption of 
normality in the outcomes. We will estimate the model using ordinary 
least squares regression

 Y Y P ei i i i6 00 0 1= + + +β α α

TABLE 2 Aim 1 BRIDGE measures.

Measures
Month

0 6 12

Demographics, health-

related characteristics1,2,3

X

Anthropometrics (height, 

weight, waist 

circumference)4

X X X

Hemoglobin A1c5 X X X

Social support6 X X X

Self-efficacy7 X X X

Dietary intake including 

alcohol, Food records (4 days 

including weekend day)

X X X

Physical activity record X X X

Physical activity/sleep, 

accelerometry

X X X

Smoking8 X X X

Quality of life9,10 X X X

Physical function, walking 

limitations11

X X X

1Prediabetes Risk Test (32).
2Health literacy (33, 34).
3Technology use (35).
4Anthropometric measures (36).
5Blood draw per standard HbA1c protocol.
6NIH adult toolbox social relationship scales (37).
7Weight efficacy lifestyle questionnaire (38).
8Smoking (39).
9Emotional wellbeing (40).
10Summary score (40).
11Physical functioning (40).
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where Y i6  is the 6-month weight or Hemoglobin A1c for 
participant i. Y i0  is the baseline weight or A1c for participant i. Pi is an 
indicator variable, where Pi =1 if the participant i has been randomized 
to V-DPP-TOAT, and Pi = 0 for the DPP-TOAT. ei  is an error term. 
The parameters to be estimated are as follows: β0 is the average for 
those in the DPP-TOAT group; α0 represents the relationship between 
the baseline and follow-up outcome (weight or A1c) measurement; if 
the relationship is strong, the inclusion of the baseline measurement 
can increase statistical power; and α1 represents the effect of the 
V-DPP-TOAT intervention. Specifically, the hypothesis test will 
compare H0 1:α < ∆  vs. HA :α1 ≥ −∆  with the noninferiority 
margin ∆  set as 5% for each of the outcomes. We will calculate the 
95% confidence interval of α1. If the lower bound is above the margin 
-Δ, the V-DPP-TOAT is deemed non-inferior and the trial is a 
“success.” Further, if the lower bound of that same CI is also above 
zero, then superiority of V-DPP-TOAT can also be declared (41). 

Interaction terms between Y i0  and Pi will be tested to see if there is 
effect modification by any of the baseline covariates.

We will assess heterogeneity in outcomes among healthcare 
settings/clinics by estimating an intraclass correlation coefficient 
(ICC). If the heterogeneity cannot be ignored, we will use a multi-level 
model with nested random effects in the above equation to 
accommodate the correlations caused by healthcare settings/centers. 
Outcomes analysis will use an intention-to-treat principle, with a 
per-protocol analysis as a sensitivity analysis (41) employing R 
software (version 1.2.5019, R Foundation for Statistical Computing) 
for all analyses.

2.4.2.1. Sensitivity analysis for missing data
We will compare demographic and clinical covariates in 

participants with and without missing data to identify factors 
potentially contributing to missingness. We  will use 10 multiple 
imputations from the original dataset using the predictive mean 
matching method substituting missing values within each impute.

2.4.2.2. Power: aim 1
To achieve 80% power to detect non-inferiority using a one-sided, 

two-sample t-test (lower bound), we will need 85 participants per group. 
The margin of non-inferiority is 5% of weight loss in the DPP-TOAT arm. 
The true efficacy difference between the 6-month weight loss is assumed 
to be 1.6 kg (weight loss of 5 kg in the V-DPP-TOAT arm and 6.6 kg in the 
in-person DPP-TOAT arm with standard deviation of 5 kg in each arm 
(42)). The significance level (alpha) of the test is 0.05. A total of 230 
participants are needed, assuming 25% attrition at 6 months based on data 
from our work and others (22, 42, 43).

2.4.3. Aim 2: to evaluate the implementation of 
DPP-TOAT

To determine the feasibility of generalizing the DPP-TOAT 
intervention to other clinics within the NYU Langone Health system 
in New  York and, ultimately, to other states, we  will evaluate the 
implementation of the program during the RCT. Based on previous 
work, we  hypothesize that adherence to the V-DPP-TOAT will 
be greater than the DPP-TOAT, as measured by the number of group 
sessions completed by each participant (42). We will use the RE-AIM 
(reach, effectiveness, adoption, implementation, maintenance) 
framework (44) to assess quantitative implementation outcomes 
during the Aim 1 effectiveness trial (Table  3). We  will use the 
Consolidated Framework for Implementation Research (CFIR) (45) 
to examine barriers/facilitators to implementation within five main 
domains (intervention characteristics, inner setting, outer setting, 
participant/stakeholder characteristics, and implementation process), 
ensuring that this intervention can be  generalized and readily 
disseminated and implemented elsewhere.

 • Reach: We define the reach of the intervention as the number 
(proportion) of individuals who are (a) eligible for the study 
based on electronic health record data, (b) exposed to 
recruitment, (c) who initially responded, and (d) who decided to 
participate. We will survey those who decline participation to 
evaluate reasons for not participating. We will evaluate factors 
associated with participation by comparing the demographic and 
clinical characteristics of patients reached by the intervention vs. 
those not reached.

TABLE 3 Aim 2 BRIDGE measures.

Month

Component 0 6 12

R Recruitment1,2,3 X

E Weight and HbA1c 

outcomes4

X X X

A Adoption by the 

healthcare system5

X X

Fidelity to CDC DPP 

curriculum6

X X

I Participant attendance 

at group sessions7

X X

Participant and DPP 

facilitator acceptability8

X X

Cost analysis9 X

M Weight and HbA1c 

outcomes4

X

Program maintenance 

and growth5

X

RE-AIM, reach, efficacy, adoption, implementation, maintenance; HbA1c, hemoglobin A1c; 
CDC, Centers for Disease Control and Prevention; DPP, diabetes prevention program. 
1Use EPIC to evaluate the number (proportion) of individuals who are:
   aEligible for the study based on EHR data.
  bInvited to participate through MyChart and/or via study recruitment mailings.
  cResponsive to study invitation.
  dEnrolled in study.
2Evaluate factors associated with participation by comparing the demographic and clinical 
characteristics of patients reached by the intervention vs. those not reached.
3Evaluate reasons for not participating (one multiple choice question at end of screening).
4Outcomes assessment per standardized procedures (see aim 1 measures table).
5Intervention process data and key informant interviews.
6Training Period – Monitor skill acquisition and quality of counseling.
    • Lifestyle coaches completed CDC training via New York City Department of Health.
    • Curriculum certification requirements are built into data collection (e.g., attendance, 
weekly weigh-ins, physical activity minute tracking).
    • Intervention Period – Record group sessions throughout the intervention period, and a 
study team member will monitor 10% of the sessions.
    o Fidelity Checklist.
    o Will provide refresher training if fidelity checklist ratings average < 80%.
7Measure attendance, outcomes assessment completion, and diet and physical activity 
monitoring completion.
8Acceptability and Feasibility.
9Costs associated with staffing, supplies, and participant time for each arm.
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 • Effectiveness: We will explore potential outcome differences in 
subgroups (e.g., sex, BMI category). We will conduct descriptive 
exploratory data analyses to explore which components may 
contribute most to the improvement of the outcomes.

 • Adoption: We will assess willingness to adopt the intervention if 
it is found to be effective among key settings serving older adults 
with prediabetes, including other healthcare systems (e.g., a 
public hospital setting, senior centers, and rural settings, 
identifying barriers/facilitators toward future adoption.

 • Implementation: We  will evaluate implementation fidelity and 
resource requirements. We will also evaluate the acceptability and 
feasibility of the intervention among participants and facilitators, as 
well as barriers to implementing the program during the trial and to 
inform future implementation efforts. We will collect data on time 
spent delivering the intervention by lifestyle coaches including 
number of sessions, cost of materials, and other program costs.

 • Maintenance: We will assess long-term maintenance of primary 
clinical outcomes (weight maintenance and glycemia at 
12 months post-baseline visit).

2.4.3.1. Aim 2 data collection
Research assistants keep detailed recruitment records using 

standardized forms to capture variables related to intervention reach 
described above (e.g., percent eligible, percent who enroll). Recordings 
of each session provide rich data related to implementation fidelity 
described above (e.g., number of group sessions completed, session 
length, topics covered during each session). Core measures for Aim 2 
are listed in Table 3.

2.4.3.2. Quantitative data analysis
Aim 2 uses the RE-AIM framework to evaluate implementation 

of the V-DPP-TOAT and in-person DPP-TOAT interventions. We will 
compare the number of group sessions completed by each participant 
in the two arms using generalized linear models with count outcomes, 
because DPP session attendance is positively associated with weight 
loss (42, 46), and is a CDC recognition status benchmark (47). The 
proportion of participants who complete at least eight intervention 
sessions will be compared by logistic regression between the two arms 
to make our findings comparable to other DPP implementation 
studies (42, 46). However, our primary implementation outcome of 
attendance is independent of any threshold chosen in the number of 
sessions. We will test interaction terms between baseline covariates 
and treatment assignment to determine if there is effect modification 
by any of the baseline covariates.

If there are imbalances at baseline for any important participant 
health, demographic or other factors, we will adjust the models to take 
these imbalances into consideration. For the remaining analyses, we will 
conduct similar types of analyses, using logistic regression for categorical 
outcomes and linear regression models for continuous outcomes.

We will use mediation analysis to dissect the indirect effects of 
the treatment acting through the intermediate variables (social 
support, self-efficacy, and self-monitoring) on the primary outcome 
(attendance), and the direct effects of treatment on the outcome 
(attendance) not mediated through the mediators. For each of the 
three mediators, an overall score and subscale scores will 
be computed by summing relevant items. This analysis will help 
understand the underlying treatment mechanisms of behavior 
change. Specifically, we  will use the principal stratification and 

structural mean models. We will assess the assumptions necessary 
for attaining identifiability of key parameters of the basic causal 
model and perform a series of sensitivity analyses. We will also 
investigate the interactions between baseline covariates and the 
mediation effects to determine whether any baseline factors modify 
the mediation effects (48, 49).

In order to inform cost for future implementations and policy 
makers (4), we will compare the sum of variable (e.g., operating costs, 
supply costs, percent time of intervention and staff) and fixed costs 
(e.g., space, equipment) between intervention arms (50).

2.4.3.3. Aim 2 power
Based on data from Lee 2018, we expect a higher proportion of 

V-DPP-TOAT participants will complete at least eight intervention 
sessions compared to DPP-TOAT participants (89 vs. 63%, 
respectively) (42). With 90 samples in each arm at 6 months, 
we achieve 98% power to detect the difference in session completion 
proportions of 26% at alpha = 0.05 (89 vs. 63% respectively) and 
80% power to detect smaller difference of 19% (82 vs. 63% 
respectively).

2.4.3.4. Aim 2 qualitative data
All interviews will be recorded using Zoom (in-person sessions 

will use Zoom via conference room video and audio system) with 
transcripts saved. Data analysis from transcriptions will follow 
techniques of narrative analysis (51, 52) and a “constant comparison” 
analytic approach (53). To code transcripts, the research team will 
develop an initial set of codes, informed by the open-ended questions 
and the interviews’ guiding conceptual framework. For each core code, 
we  will ultimately develop one or more “secondary codes” that 
represent either more specific or restricted aspects of the phenomenon 
for contextualization or to suggest underlying personal meanings. The 
secondary codes will vary in specificity or subtlety depending on the 
judged substantive value of additional refinements. The coding schema 
is a strategy for organizing and assimilating the large amount of data 
that the interviews will yield. To ensure that the coding is both valid 
(i.e., well grounded in the data) and reliable (consistent in meaning), 
the criteria for assigning a specific code to a block of text will 
be  systematically developed and well documented. The resulting 
codebook will be refined and expanded upon to reflect and incorporate 
emerging insights throughout the coding process. All transcripts will 
be  double-coded, and discrepancies will be  resolved by 
consensus discussion.

The coded transcripts will be analyzed with Atlas.ti (Version 8, 
Berlin, Germany), a software package for qualitative data analysis. 
With Atlas.ti, concepts (constructs, themes), contextual factors, 
participant characteristics, behaviors and attitudes can be related to 
one another. This will be  particularly important to examine, for 
example, how themes vary or are consistent across different participant 
subgroups. Frequency counts will be generated for core or secondary 
codes by identified subgroups, and the total data file.

2.4.3.5. Intervention fidelity
We will use a fidelity checklist to monitor skill acquisition and 

quality of counseling. A study team member will monitor 10% of the 
recorded intervention sessions using a fidelity checklist. We  will 
provide refresher training if fidelity checklist ratings average <80%. 
We will measure attendance, outcomes assessment completion, and 
diet and physical activity monitoring completion.
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Dissemination. The RE-AIM and CFIR frameworks analyses will 
address generalizability and transportability to facilitate 
future dissemination.

3. Discussion

Previous DPP studies have shown great benefit for older adult 
participants with reductions in incidence of diabetes of up to 71% (2). 
Barriers to attendance in older adults limit participation and barriers 
to engagement may include reduced hearing acuity in a group setting, 
reduced visual acuity and ability to read DPP materials, and reduced 
applicability of diet and physical activity recommendations. These 
barriers may be attenuated by adaptations made in the BRIDGE study.

This work will contribute to the growing body of implementation 
studies that at present, consist largely of commercial online DPP programs 
that engaged older adults (Table 4) (42, 46, 54, 55). Most recently, Omada’s 
randomized, controlled trial recruiting from primary care centers in 
Nebraska demonstrated meaningful reductions in weight and HbA1c (42, 
46, 54, 56–58). However, none of the commercial programs provide 
facilitated theory-based group sessions. Data from our work and others 
suggests the social support provided by these sessions is critical for 
engagement and retention of older adults (22, 43, 59). Furthermore, 
existing programs do not offer adaptations for older adults for nutrition, 
physical activity, hearing impairment, and/or low vision. Due to the 
COVID-19 pandemic, Medicare allowed for virtual delivery of the DPP 
(60), and it is likely that demand for convenient, online programs will 
continue (61, 62). The goal of this project is to test the effectiveness of a 

TABLE 4 Healthcare system implementations of online diabetes prevention programs (DPP) engaging older adults.

Lead 
Author/
Year

Study 
design

N Population Program Program 
delivery

Results

Block, 2015 

(54, 55)

Randomized, 

controlled trial

339 Recruited from 

Palo Alto Medical 

Foundation; 

Mean age 55.0 

(8.9)

Alive PD-1-year program of 

regular contact and goal setting, 

weekly in the first 6 months and 

biweekly thereafter, plus 

midweek automated email and 

mobile phone

Automated 

online platform 

with interactive 

voice response 

phone calls and 

a mobile app.

Alive-PD participants achieved significantly 

greater reductions than controls in fasting 

glucose (mean − 7.36 vs. −2.19 mg/dl, 

p < 0.001), HbA1c (mean − 0.26%vs. 

mean − 0.18% p < 0.001), and body w eight 

(mean − 3.3 vs. −1.3 kg, p < 0.001).

Castro 

Sweet, 2018 

(46)

Single-arm, 

retrospective

501 Humana 

Medicare 

Advantage 

beneficiaries with 

evidence of 

prediabetes/

metabolic 

syndrome

Prevent – a DPP-based group 

lifestyle intervention that 

integrates a private online social 

network, weekly lessons, health 

coaching, and a w ireless scale 

and pedometer. Consists of a 

core 16-w eek intensive lifestyle 

change intervention and post-

core lifestyle change 

maintenance intervention

Online platform, 

mobile app

92% completed at least 9 of 16 core lessons. 

At 12 months, average weight loss was 7.5% 

(7.8). Among participants with clinical data, 

average HbA1c decrease was 0.14% 

(p = 0.001) and average total cholesterol 

decrease was 7.08 mg/dl (p = 0.008). Self-

reported w ell-being, depression, and self-

care improved (p < 0.0001).

Lee, 2018 

(42)

Post hoc analysis 

of two 

prospective, 

pragmatic, 

nonrandomized 

studies

≥65 years: 

120 

<65 years: 

258

Veterans with 

prediabetes

VA-DPP – DPP Group Lifestyle 

Balance curriculum’s 16 core 

sessions over 6 months followed 

by 6 monthly maintenance 

sessions Online-DPP – Prevent 

curriculum, weekly online 

modules over 12 months

VA-DPP: In-

person Online-

DPP: Online 

platform, mobile 

app

A higher proportion completed eight or more 

sessions in the Online-DPP intervention than 

in the VA-DPP intervention (p < 0.05). 

Veterans ≥65 years achieved similar 

participation and weight loss as younger 

adults, whether DPP was delivered in person 

or online. Both age groups lost a clinically 

and statistically significant amount of weight 

(5 kg or 5% weight at 6 and 12 months; 

p < 0.05) and had similar w eight loss 

trajectories over the 12 months (p < 0.05).

Almeida, 

2020/

Katula, 

2020 (56, 

57)

Randomized, 

controlled trial

599 Nebraska 

Medicine primary 

care clinics

Omada Health Program – 16-

week intensive curriculum 

focusing on w eight loss follow 

ed. by 36-week curriculum 

focusing on weight 

maintenance

Online platform, 

mobile app 

versus one two 

hour group 

diabetes 

prevention class

Omada produced significantly greater 

reductions in HbA1c (−0.23 vs. −0.15%, 

p < 0.01) and reduction in percent change of 

body w eight from initial w eight (−5.4 vs. 

−2.0%, p < 0.01) relative to control at 

12 months.

Fitzpatrick 

2021 (55)

Mixed-methods 

natural 

experiment

7,123 Kaiser 

Permanente 

Northwest 

patients

In-person DPP Digital DPP 

versus Omada Health Program 

compared

In-person versus 

online platform

In progress

DPP, diabetes prevention program; HbA1c, hemoglobin A1c; VA, veterans administration.
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virtual adaptation that will: (1) be accessible to those who cannot afford 
to pay for commercial programs; (2) provide social support by the 
facilitated group sessions; (3) reduce the barriers associated with 
in-person DPP programs; and (4) serve the unique needs of older adults.

Our study has several strengths. The results of our trial can directly 
inform policy recommendations to Medicare that will have broad 
implications for older adults with prediabetes (63). Another major 
strength is our ability to recruit a diverse study population from broad 
socioeconomic backgrounds, which will help us to better understand how 
implementation may need to be tailored for different populations and 
settings. Our team has the breadth and depth of experience in conducting 
behavioral intervention trials and implementation to analyze results and 
interpret them for stakeholders to inform potential future adoption of the 
DPP by a large healthcare system. We  have also identified several 
challenges and discussed ways to address these. First, trials often have 
challenges recruiting people from underrepresented groups. Our 
experience recruiting underserved populations from health care systems 
enhances our ability to meet recruitment targets. Second, there is inherent 
measurement error associated with self-reported dietary intake, but we do 
not expect the measurement error to differ between randomized groups, 
allowing for a valid, randomized comparison. Third, though using 
technology to engage participants can be challenging, technology use 
among older adults is increasing (64), and our prior and ongoing work 
suggests it is feasible and increases opportunities for broader 
dissemination of successful interventions.

This work will generate a high fidelity, easily implemented 
adaptation of a theory-based DPP for older adults in a virtual setting. 
This will increase access to an evidence-based prediabetes intervention 
tailored to older adults, providing opportunities to address multiple 
potential barriers for care (e.g., travel, need for care partners, social 
distancing due to COVID-19). We anticipate that including virtual 
social support will increase adherence and maintain effectiveness of 
the intervention. The information gained will inform best practices for 
other virtual health interventions both for the general population as 
well as for older adults.

Online/remote learning is rapidly becoming a critical piece of the 
new normal going forward for DPP programs. Findings will inform 
policy decisions regarding the use of virtual DPP programs to prevent 
diabetes among the Medicare population to improve best practices in 
the delivery of an evidence-based intervention, having the potential 
to help over 26.4 million people with prediabetes (1).
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Many eye diseases, such as diabetic retinopathy (DR), age-related macular
degeneration (AMD), and cataracts are preventable and treatable with lifestyle. The
objective of this review is to assess the most recent research on the ideal dietary
approach to prevent or support the treatment of DR, AMD, and cataracts, as well
as to construct a food pyramid that makes it simple for people who are at risk of
developing these pathologies to decide what to eat. The food pyramid presented
here proposes what should be consumed every day: 3 portions of low glycemic
index (GI) grains (for fiber and zinc content), 5 portions (each portion: ≥200
g/day) of fruits and vegetables (spinach, broccoli, zucchini cooked, green leafy
vegetables, orange, kiwi, grapefruit for folic acid, vitamin C, and lutein/zeaxanthin
content, at least≥42µg/day, are to be preferred), extra virgin olive (EVO) oil (almost
20 mg/day for vitamin E and polyphenols content), nuts or oil seeds (20–30 g/day,
for zinc content, at least ≥15.8 mg/day); weekly: fish (4 portions, for omega-3
content and eicosapentaenoic acid (EPA)+ docosahexaenoic acid (DHA) 0.35–1.4
g/day), white meat (3 portions for vitamin B12 content), legumes (2 portions for
vegetal proteins), eggs (2 portions for lutein/zeaxanthin content), light cheeses
(2 portions for vitamin B6 content), and almost 3–4 times/week microgreen
and spices (sa�ron and curcumin). At the top of the pyramid, there are two
pennants: one green, which indicates the need for personalized supplementation
(if daily requirements cannot be met through diet, omega-3, and L-methylfolate
supplementation), and one red, which indicates that certain foods are prohibited
(salt and sugar). Finally, 3–4 times per week, 30–40min of aerobic and resistance
exercises are required.
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1. Introduction

The 2019 WHO World Report on Vision confirms that more

than a billion people worldwide suffer from vision disorders, which

can be prevented or treated to avoid blindness. Furthermore, the

number of people suffering from partial or severe blindness is

increasing alarmingly. Cataracts and refractive defects make up

half of the cases of blindness or severe vision impairment; diabetic

retinopathy (DR) is the major cause among persons of working

age, whereas age-related macular degeneration (AMD) is the major

cause in the elderly (1). While there is a surgical treatment for

cataracts, there is still no cure for many eye conditions that

cause blindness. Among these is AMD. This is why it is very

important to study mechanisms that lead to disease and to slow

down the progression through prevention. Diet and lifestyle are

two of the most important thoroughly studied factors, but are still

little known by patients. Both seem to significantly influence the

onset of the disease and rate of progression. Many eye diseases

are treatable and preventable, especially in the first phase in which

they occur and lifestyle, understood as nutrition and physical

activity (PA), plays an essential role. The growth of studies in

the literature on the subject suggests that various eye diseases,

including glaucoma, AMD, and DR are associated with lower levels

of physical activity. Similarly, physical activity levels are lower in

people with lower vision (2). The relationship between PA and

three of the most common vision diseases has abundant evidence

supporting a possible protective role of PA against vision loss. A

very recent narrative review (3) analyzed evidence in the literature

between dietary styles and common eye diseases: specifically, the

authors conclude that there is enough evidence in the literature

to suggest that the Mediterranean diet and the “Asian diet” are

linked with a reduced incidence of AMD, whereas the Western

diet is associated with a greater incidence. Moreover, there seems

to be evidence of a positive correlation between the Western diet

and the development of cataracts, while there are not enough data

to identify a correct dietary style that prevents this pathology.

The data currently available come mainly from observational

studies and some randomized clinical studies related to nutritional

epidemiology. Among these, the most important to-date remain

the Age-Related Eye Disease Study (AREDS) and AREDS2 studies

(4, 5).

1.1. Antioxidants

1.1.1. Carotenoids
Only zeaxanthin and meso-zeaxanthin (a lutein metabolite

formed in the macula through metabolic transformation) are

present in significant amounts in the macula of human plasma (6).

Together, these two carotenoids form the pigment of the macula,

an essential component for maintaining vision at optimal levels,

and this pigment can be used as a marker to assess the risk of

AMD. Diet and supplements can alter the concentration of lutein

and zeaxanthin, and thus their potential biological function. In

1997, the study by Hammon showed that the modification of

one’s diet can modify retinal receptor density: the addition of

60mg of spinach (10.8mg of lutein, 0.3mg of zeaxanthin, and

5mg of b-carotene) and/or 150 g of corn (0.4mg of lutein and

0.3 of zeaxanthin) for 15 weeks to one’s daily diet affected retinal

receptor density (+19%) in 8 out of 12 subjects studied (7). In

2007, Schalch administered lutein (10mg), zeaxanthin (10mg), or

a combination of the two (10+10mg) to 126 male subjects for 1

year to assess their ability to influence macular pigment optical

density (MPOD), by measuring monthly retinal parameters. It

was found that the administration of one of the two components

alone or the combined administration of both can improve MPOD

up to 15% of the initial value. Furthermore, it was found that

lutein tends to act mainly on the fovea, while zeaxanthin acts on

the entire surface of the retina (8). Johnson (2008) investigated

the effect of lutein (12mg) and docosahexaenoic acid (DHA)

(800mg) supplementation for 4 months in preventing AMD in

a sample of 49 women (aged 60–80 years): the subjects were

randomized into four treatment groups (placebo, DHA, lutein, and

DHA+lutein) and were evaluated before and after treatment for

blood parameters and MPOD. The study showed that both lutein

and DHA can significantly increase MPOD individually and in

combination (p < 0.01) at 2 and 4 months after administration

(9). Another feature of lutein is that it can be retained in the

human retina for an extended period. In the study carried out

by Landrum, two healthy subjects were supplemented with lutein

esters equivalent to 30mg of free lutein for 140 days, and during

the intake period, it was possible to highlight a significant increase

(+20–40% depending on the eye and the subject analyzed) of the

MPOD, and this parameter continued to increase up to 50 days

after the suspension of the supplementation and then progressively

decreased (10). The articles by Eisenhauer and Perry report the

content of lutein and zeaxanthin in foods; foods rich in lutein

(lutein>900 mg/100 g) are in descending order of content: cooked

spinach, cooked kale, cilantro, raw spinach, parsley, green leafy

vegetables (lettuce and romaine), pistachios, zucchini cooked with

skin, cooked asparagus. Foods rich in zeaxanthin (zeaxanthin>500

mg/100 g) are in descending order of content: scallions cooked in

oil, oranges, raw egg yolk, and cooked egg yolk (11, 12).

The behavior of carotenoids in cooking has been investigated

in the literature, but mainly for lutein, while studies on zeaxanthin

are lacking. From a review by Palermo (13) regarding the effects

of cooking on phytochemicals, several studies have analyzed lutein

content in various vegetables before and after different types of

cooking. Lutein tends to increase with steam cooking, probably due

to the degradation of cellulose which allows for greater release and

tends to be reduced with frying in proportion to the temperatures

and surfaces exposed to cooking (cutting into smaller pieces tends

to increase the surface in contact with the oil and therefore the loss

of lutein). Evidence is conflicting for microwave cooking. A new

frontier in the food sector is the use of “microgreens” or young

seedlings (harvested 7–21 days after sowing) of various species

of vegetables, wild plants, and aromatic herbs. These foods are

richer in vitamins, micronutrients, and antioxidant compounds

more than matured vegetables and plants. Xiao analyzed the

content of lutein, zeaxanthin, tocopherol, beta carotene, and

violaxanthin of these “young” vegetables (14): the microgreens

richest in beta carotene (beta carotene:>10 mg/100 g fresh weight)

are: cilantro, peppercress, red cabbage, and red sorrel, while
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the microgreens richest in lutein/zeaxanthin (lutein/zeaxanthin>8

mg/100 g fresh weight) include cilantro, garnet amaranth, and red

cabbage. In consideration of these high contents of compounds

useful for eye health, microgreens can be an excellent addition

to a diet aimed at the prevention of eye diseases. Egg yolk is

the finest non-vegetarian food source of lutein and zeaxanthin

because eggs’ high-fat content boosts the absorption of carotenoids

(15), even though their level mostly depends on the hen’s diet,

which includes lutein and zeaxanthin in its esterified forms along

with trace amounts of lycopene and β-carotene (16). In-depth

knowledge of release into the circulation and before that of the

absorption, transport, and accumulation of carotenoids in the eye

is essential to evaluate their beneficial aspects. Carotenoids are

generally lipophilic, however, lutein and zeaxanthin are more polar

substances than hydrocarbon carotenoids like beta-carotene and

lycopene because of the presence of the hydroxyl group. Lutein and

zeaxanthin absorption from meals determines their bioavailability

in ocular tissue (17), and intestinal absorption is in turn influenced

by several factors: the type of the food matrix (natural food or

supplement), the amount and type of fats consumed, which let

carotenoids circulate, the potential existence of phospholipids,

and the availability of dietary fiber. The characteristics of the

food matrices have a significant impact on the bioavailability

of carotenoids (18). Lutein, zeaxanthin, and beta-cryptoxanthin

have been found to release almost completely from fruits (orange,

kiwi, grapefruit, and sweet potato), but only 19–38% from green

vegetables (spinach and broccoli) (19). Human tissues do not all

contain the same amounts of lutein, with the macula having the

highest concentration (20).

1.1.2. Vitamin A
Unsaturated isoprenoid chain structure distinguishes the group

of fat-soluble, vegetal, and animal-derived chemicals known as

vitamin A and, in general, they are defined “retinoids.” All vitamin

A types have the same physiological effects on an organism and

a comparable structural makeup and they could be either from

a natural or synthetic source. Unlike water-soluble vitamins, all

of these substances are liposoluble and can easily accumulate in

the body, particularly in the liver and adipose tissue (21). In

this instance, 11-cis-retinol is the active vitamin A derivate; it is

connected to the G-coupled protein receptor in the retina known

as opsin. The complex is referred to as rhodopsin, and it is the

essential pigment for seeing in the dark (22). Vitamin A deficiency,

common in the presence of generalized malnutrition, is associated

with night blindness, conjunctival xerosis, and corneal ulceration,

particularly with concomitant measles infection (23, 24). Two

recent reviews have shown significant effects of vitamin A in

preventing ocular diseases such as cataracts: data from the meta-

analysis presented by Wang A et al. showed that ingesting enough

vitamin A decreased the risk of cataracts by 17% (95% CI, 0.757–

0.913) (25) and the review of Jiang H et al. showed a significant

reduced risk of cataract by the consumption of carotenoids [relative

risk (RR), 0.81; 95% CI, 0.71–0.92] (26). Although data from the

National Health and Nutrition Examination Survey (NHANES I)

initially showed a protective effect of a diet based on the high

amount of fruit and vegetables rich in vitamin A on developing

AMD (27), the following epidemiological studies did not found any

significative evidence on the association between dietary intake of

vitamin A and reduced risk of AMD (28), so further investigations

are needed.

In light of this background, the objective of this review is

to assess the most recent information regarding the ideal dietary

approach to prevent or support the treatment of DR, AMD, and

cataracts, and to construct a food pyramid that enables subjects

who are at risk of developing these pathologies or subjects who have

these pathologies to easily figure out what to eat.

Figure 1 summarizes the main risk factors common to the three

eye diseases discussed in the review.

2. Methods

The procedures used to carry out this narrative review are as

follows (29): (1) Three clinical nutrition-trained operators compose

the working group (one acting as a methodological operator and

two participating as clinical operators); (2) Formulation of the

revision question based on the abstract’s points: “the most recent

information on the optimal dietary approach to prevent or support

the treatment of DR, AMD, and cataracts”; (3) Identification of

pertinent studies: The following research method was planned

on PubMed [Public MEDLINE, operated by the National Center

for Biotechnology Information (NCBI) of the National Library of

Medicine of Bethesda (Bethesda, MD, USA)]: (a) the definition

of the keywords (DR, foods, nutrients, and diet), which can

be used singly or in combination, (b) the use of the Boolean

operator, which enables the establishment of logical relationships

between concepts, (c) advanced search as a research modality, (d)

Limitations: human subjects; English; articles published within the

last 30 years; and (e) manual search by senior researchers skilled

in clinical nutrition through the revision of reviews and particular

patient dietary therapy publications published in journals qualified

in the Index Medicus; (4) analysis and presentation of outcomes:

the data extrapolated from the “revised studies” were allocated in

tables; in particular, for each study, the authors, year of publication,

and study characteristics were reported; (5) A narrative review

of the reports was used to carry out the analysis. Each section’s

introduction includes a list of the studies that were considered as

well as the type of study and keywords. We reviewed studies of any

design that took account of the importance of diet, foods, nutrients,

and dietary patterns (DPs) to prevent or support the treatment of

DR, AMD, and cataracts.

Figure 2 shows the eligible studies and Figure 3 represents

proper nutrition and lifestyle to prevent or support the treatment

of DR, AMD, and cataracts, specifying the quality and amount of

food needed to provide ideal dietary management and to construct

a food pyramid.

3. Results

3.1. DR

3.1.1. Dietary and food patterns
The following keywords served as the basis for this research:

“diet” OR “Mediterranean diet” OR “natural food “OR “Fruits
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FIGURE 1

Chronic eye disease and risk factors.

and vegetables” OR “nuts” OR “saffron” OR “curcumin” OR

“Tea and coffee” AND “diabetic retinopathy” OR “eye diseases”

OR “diabetes.” Thirty-one articles were consulted, including five

narrative reviews, four systematic reviews, one systematic review &

meta-analysis, a review of in vitro studies, 11 clinical trials (two post

hoc analyses of randomized trials, one cross-sectional study, one

retrospective study, two cohort studies, one randomized controlled

trial, two case–control studies, and one prospective trial), six in

vitro studies, and three studies on animal models.

Table 1 shows the studies that evaluated the relationship

between DPs and food and diabetic retinopathy with their strength

of evidence.

3.1.2. Nutrients, vitamins, and antioxidants and DR
This research was conducted based on the keywords:

“nutrients” OR “Vitamins” OR “antioxidants” OR “Vitamin A

and carotenoids “OR “vitamin E” OR “vitamin D and 25-

hydroxyvitamin D” OR “Polyphenols” OR “vitamin C” OR “B

vitamins” OR “Fatty acids” OR “zinc” AND “diabetic retinopathy”

OR “eye diseases” OR “diabetes.” Forty-one studies have been

referenced, including nine narrative reviews, one systematic review,

19 clinical trials (two cross-sectional studies, five retrospective

studies, three cohort studies, five randomized controlled trials, two

case–control studies, one prospective study, and one longitudinal

study), seven in vitro studies, three animal model studies, one book,

and one Health Professional Fact Sheet.

Table 2 shows the studies that evaluated the relationship

between Nutrients, Vitamins, and antioxidants and diabetic

retinopathy with their strength of evidence.

3.1.3. Fiber and hydratation, and DR
The keywords used in this research were: “fiber” OR “hydration

status” OR “water intake” AND “DR” OR “eye diseases” OR

“diabetes.” Six articles were sourced: one narrative review, one

systematic review, two cross-sectional studies, one randomized

controlled trial, and one post-hoc analysis of a randomized trial.

Table 3 includes studies that assessed the connection between

fiber and hydration, and DR alongside the strength of evidence.

3.1.4. Gut microbiota and DR
These keywords were used as the basis for the research: “Gut

microbiota” OR “dysbiosis;” AND “diabetic retinopathy” OR “eye

diseases” OR “diabetes.” Four articles were sourced: one narrative

review, two studies on animal models, and one comment on a study

based on animal models.

3.1.5. PA and DR
This study was done based on the following keywords: “physical

activity” OR “sedentary behavior” OR “lifestyle” OR “resistance

training” OR “aerobic exercise” AND “diabetic retinopathy” OR

“eye diseases” OR “diabetes.” Twenty-four articles were sourced:

four narrative reviews, three systematic reviews and meta-analysis,

one review of in vitro studies, one mini review, nine clinical trials

(one cross-sectional study, one retrospective study, one cohort

study, three prospective trials, and three observational studies), five

studies on animal models, and one Clinician’s Guide.

The studies that assessed the connection between PA and DR

are listed in Table 4 along with their strength of evidence.

Table 5 shows the reviews about DR and DPs.
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FIGURE 2

Flow chart.

3.2. AMD

This research was conducted based on the keywords: “AMD”

OR “AMD” AND “diet” OR “nutrients” OR “nutrition” OR “food”

OR “supplements” OR “supplementation.” Nineteen articles were

sourced: one randomized controlled trial, one cross-sectional trial,

seven cohort studies, two multi-center studies, four population-

based prospective studies, three case–control studies, and one

clinical trial.

Table 6 includes the research that assessed the connection

between AMD nutrition, including supplement use, and their level

of evidence.

3.3. Cataracts

These keywords served as the basis for the research: “cataract”

OR “lens opacities” AND “nutrition” OR “supplementation” OR

“supplementation” OR “physical activity” OR “hydration.” Eleven

articles were sourced: Four observational studies, four case–control

studies, one narrative review, one systematic review, and one meta-

analysis.

Tables 7, 8 include the research that evaluated the

relationship between PA and bone along with the strength of the

evidence.

4. Discussion

4.1. DR

DR is a major microvascular complication of diabetic disease

and is a major cause of vision loss in working-age populations

globally (106–108). In a meta-analysis of 35 studies conducted

worldwide between 1980 and 2008, an overall prevalence of DR

of 34.6% (95% CI 34.5–34.8), proliferative DR (PDR) of 6.96%

(6.87–7.04), and diabetic macular edema (DME) of 6.81% (6.74–

6.89) was recorded; it has also been estimated that 10.2% (10.1–

10.3) of diabetic patients are at risk of visual impairment from

retinopathy (107). Complex microvascular, neurodegenerative,

immunological, genetic/epigenetic, and inflammatory interactions
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FIGURE 3

Food pyramid for eye health.

contribute to the development of DR (109). Among the various

factors involved, there are both modifiable and non-modifiable

risk factors. Modifiable risk factors include hyperglycemia, arterial

hypertension, dyslipidemia, obesity and inadequate nutritional

status, hyperhomocysteinemia, chronic kidney disease, alcohol

consumption, and smoking. Those that cannot be modified are

represented by gender, age, myopia, duration of the diabetic disease,

type of diabetes, and family history of DR (110, 111).

This broad range of pathogenic pathways explains how

hyperglycemia is etiologically related to aging and other

pathologies, including DR and AMD. Therefore, in this context,

these pathologies can be considered metabolic diseases of the retina

in all aspects (112).

Obesity is frequently linked to DM and cardiovascular disease

as a risk factor. It can be defined by waist-to-hip ratio, waist

circumference, and body mass index (BMI). Both higher waist-to-

hip ratio and waist circumference are risk factors for DR (113–115).

The OR of DR is 1.28 per 5 cm increase in waist circumference (OR

= 1.28; 95% CI, 1.05–1.56; P= 0.014) (115). Also, malnutrition is a

potential risk factor for the development of DR (116).

4.1.1. Hyperhomocysteinemia
The enzyme methylenetetrahydrofolate reductase (MTHFR) is

essential for adding the methyl group to folates. Polymorphisms in

the MTHFR gene that reduce its activity, impairing the enzyme’s

ability to generate L-methylfolate, are common (117). These

mutations are associated with hyperhomocysteinemia and other

diseases, including DR (118, 119). At the cellular level, it has been

demonstrated that a high level of homocysteine is harmful to the

hemo-retinal barrier and has a pro-inflammatory effect on the

epithelial cells of the retinal pigment, with the risk of increasing

apoptosis phenomena (120). Elevated homocysteine levels increase

the risk of hypertension, hypertensive retinopathy, diabetes, and

DR (121) and are also associated with increased incidence and

progression of DR (118, 119).

Supplementation with L-methylfolate [the bioactive form of

folic acid (118)] can lead to the conversion of homocysteine into

methionine, restoring its stocks, regardless of dietary deficiencies

or genetic polymorphisms (122, 123). Optimal combinations of

vitamins B1, B2, B6, L-methylfolate, methylcobalamin (B12), C,

D, natural vitamin E complex, lutein, zeaxanthin, and alpha-lipoic

acid are identified for protecting the retina and choroid. Nutritional

interventions can support conventional therapies for DR to reduce

the disease risk and severity of DR (122).

As far as alcohol is concerned, two important publications in

literature have dealt with the relationship between DR and the

consumption of alcoholic beverages (124, 125). Both concluded that

there was no statistically significant association between alcohol

consumption and DR risk. A first meta-analysis was conducted

by Zhu in 2017 and included a total of 15 studies. Interestingly,

in the statistical analysis analyzing different types of alcoholic

beverages, wine or sherry intake was associated with a reduced

risk of DR. In the publication, however, it was not possible to

establish the dose responsible for this reduction, since there were

no statistically significant differences between the various quantities

taken (124, 125). The authors attributed this result to the potential

protective effects of consuming low-to-moderate alcohol levels

on the risk of diabetes mellitus (DM) and cardiovascular disease

(126). However, the inflammatory response and oxidative stress

could be influenced by alcohol, and are significantly associated

with the risk of DR (127, 128). The stratified analyses of this
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TABLE 1 Dietary and food patterns and DR.

References Study
design

Study period Endpoint Subjects (age, sex,
number…)

Method Results Strength of
evidence

Diaz-Lopez

et al. (30)

Post-hoc

analysis of a

randomized

trial

6 years (from 2003

to 2009)

To determine the effect of the

three dietary interventions on

the incidence of diabetes

complications.

Type 2 diabetes participating

in the “PREvencion con DIeta

MEDiterranea (PREDIMED)”

randomized clinical trial, who

were free of microvascular

complications at enrolment (n

= 3,614, aged 55–80 years)

Patients were randomly assigned to one of

three dietary interventions: MedDiet

supplemented with extravirgin olive oil

(MedDiet+EVOO), MedDiet supplemented

with mixed nuts (MedDiet+Nuts), or a

low-fat control diet. Two independent

outcomes were considered: new onset of

diabetic retinopathy and nephropathy.

Hazard ratios (HRs) were calculated using

multivariable-adjusted Cox regression.

Compared with the control diet,

multivariable-adjusted HRs for

diabetic retinopathy were 0.56

(95% CI 0.32–0.97) for the

MedDiet+EVOO and 0.63

(0.35–1.11) for the MedDiet+Nuts.

No between-group differences

were found for nephropathy.

Moderate

Salas-Salvadó

et al. (31)

Post-hoc

analysis of a

randomized

trial

8 years (2003 to

2011)

To assess the efficacy of

Mediterranean diets for the

primary prevention of

diabetes in the Prevención

con Dieta Mediterránea trial.

7447 partecipants at high

cardiovascular risk, aged

between 55 and 80 years (57%

were female)

Participants were randomly assigned and

stratified by site, sex, and age but not diabetes

status to receive 1 of 3 diets: Mediterranean

diet supplemented with extra-virgin olive oil

(EVOO), Mediterranean diet supplemented

with nuts, or a control diet (advice on a

low-fat diet). No intervention to increase

physical activity or lose weight was included.

A Mediterranean diet enriched

with EVOO but without energy

restrictions reduced diabetes risk

among persons with high

cardiovascular risk.

Moderate

Sala-Vila et al.

(32)

Prospective

randomized

trial

6 years (From 2003

to 2009)

To determine whether

LCω3PUFA intake relates to a

decreased incidence of

sight-threatening DR in

individuals with type 2

diabetes older than 55 years

3,614 individuals aged 55 to

80 years with a previous

diagnosis of type 2 diabetes,

participating in the

“PREvencion con DIeta

MEDiterranea (PREDIMED)”

randomized clinical trial,

considering only subjects with

type 2 diabetes at baseline.

Dietary intake was assessed at baseline and

yearly during follow-up up by using a

137-item semiquantitative food-frequency

questionnaire validated for the PREDIMED

study. Information on seafood products was

collected in 8 items of the questionnaire

(uncanned oily fish; lean fish; smoked/salted

fish; mollusks; shrimp, prawn, and crayfish;

octopus, baby squid and squid; oily fish

canned in oil; and oily fish canned in salted

water).

In middle-aged and older

individuals with type 2 diabetes,

intake of at least 500 mg/d of

dietary LCω3PUFA, easily

achievable with 2 weekly servings

of oily fish (as recommended in the

Mediterranean diet), is associated

with a decreased risk of

sight-threatening DR.

Moderate

El Bilbeisi et al.

(33)

Cross sectional

study

2 years (from 2015

to 2016)

To identify major dietary

patterns among DM2pt and

its association with diabetes

complications

1,200 T2DM patients, selected

by a cluster random sampling

method, aged 20–64 years

receiving care in the primary

healthcare centers (PHCs) in

Gaza Strip, Palestine, (59.8%

females, 40.2% males)

Data about dietary patterns were collected by

an expert nutritionist, using a validated

semi-quantitative food frequency

questionnaire (FFQ). Dietary patterns were

obtained using factor analysis after the

classification of food items into 25 groups.

The Asian-like dietary pattern

(high intake of whole grains,

potatoes, beans, legumes,

vegetables, tomatoes and fruit) is

associated with a lower prevalence

of diabetes complications among

DM2 patients rather than

sweet-soft drinks-snacks pattern

Low

Tanaka et al.

(34)

Cohort 8 years (from 1995

to 2003)

To establish the effect of fruit

& vegetables (Vitamin C,

Vitamin E, Carotenoids, fiber)

intake on DR incidence

This study is part of the Japan

Diabetes Complications

Study, an open-labeled

randomized trial originally

designed evaluate the efficacy

of a long-term therapeutic

intervention focused on

lifestyle education. It included

978 patients aged 40–70 years.

Baseline dietary intake was assessed by a food

frequency questionnaire based on food

groups and 24-h dietary records. Primary

outcome was incident diabetic retinopathy

determined using international severity

scales.

Adequate fruit consumption of

173.2 g per day was associated with

a 50% reduced risk of DR

incidence, compared with

consumption of 53.2 g of fruit per

day or less

Low

(Continued)
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TABLE 1 (Continued)

References Study
design

Study period Endpoint Subjects (age, sex,
number…)

Method Results Strength of
evidence

Bazzano et al.

(35)

Retrospective 4 years (from 1971

to 1975)

To examine the association of

fruit and vegetable intake with

the risk of cardiovascular

disease

9608 adults aged 25–74 years

participating in the first

National Health and

Nutrition Examination

Survey Epidemiologic

Follow-up Study and free of

cardiovascular disease at the

time of their baseline

examination.

Fruit and vegetable intake at baseline was

measured with a food-frequency

questionnaire.

The frequency of fruit and

vegetable intake is inversely

associated with stroke incidence

and mortality, ischemic heart

disease mortality, cardiovascular

disease mortality, and all-cause

mortality in the general US

population. fruit and vegetables

should be consumed in each meal

in adequate quantities equal to at

least 400 g per day. Each additional

serving of fruit and vegetables

reduces the risk of cardiovascular

events by 4% and stroke by 5%

Low

Sala-Vila et al.

(36)

Randomized

controlled trial

2 years To examinate the cognitive

effects of a 2-years walnut

intervention in cognitively

healthy elders

636 participants (63–79 yeras

old, 68% women) of the

Walnuts And Healthy Aging

(WAHA) study (Barcelona,

Spain; Loma Linda, CA)

The participants were randomly allocated to

a diet enriched with walnuts at∼15% energy

(30–60 g/d) or a control diet (abstention

from walnuts). a comprehensive

neurocognitive test battery was administered

at baseline and 2 years.

Walnut supplementation for 2 y

had no effect on cognition in

healthy elders. However, brain

fMRI and post-hoc analyses by site

suggest that walnuts might delay

cognitive decline in subgroups at

higher risk.

Moderate

Nunes et al.

(37)

Case-control

study

/ To characterize the

association of lifestyle and

nutritional risk profiles with

age-related macular

degeneration (AMD) in two

subpopulations with differing

AMD prevalence.

1,992 participants included

768 patients with AMD and

1,224 age- and sex-matched

participants without AMD

Enrolled participants completed a validated

lifestyle and food frequency questionnaire. A

score to measure adherence to the

Mediterranean diet (mediSCORE; Range,

0–9) was constructed from individual food

intakes, which were further analyzed by

conversion to nutrient consumption

High adherence to a

Mediterranean diet and regular

physical activity seem to be

protective factors for AMD in a

Portuguese population. The effect

of the diet is likely driven by the

increased consumption of

vegetables, fruits, and nut.

Low

Ma et al. (38) Case-control

study

1 year (2013) To determine the association

between regular Chinese

green tea consumption and

the risk of DR in diabetic

patients in China.

200 patients: 100 DR patients

and 100 age-sex-matched

diabetic controls without

retinopathy, including 68 men

and 132 women aged 35–85

years

DR was defined from retinal photographs

and detailed information on Chinese green

tea consumption of the participants was

collected through a face-to-face interview.

Diabetic patients who had regularly

drunk Chinese green tea every

week for at least 1 year in their lives

had a DR risk reduction of about

50% compared with those who had

not.

Low

Hjellvik et al.

(39)

Cohort 4 years (from 2004

to 2008)

To study the association

between consumption of

filtered boiled coffee

consumption and incident of

type 2 diabetes.

3,62,045 Norwegians

(1,71,414 Men and 1,90,631

Women) aged 40–45 years old

at the time of health survey

administration.

Information on self-reported coffee

consumption was available from health

surveys conducted from 1985 to 1999 in

Norway. Type 2 diabetes incidences were

extimated from redeemed prescriptions of

oral antidiabetic drugs in the period 1

January 2004 to 1 January 2008 from the

Norwegian Prescription Database.

A moderate inverse association was

found between consumption of

both boiled and other types of

coffee at the age of 40–45 years and

the risk of being prescribed oral

antidiabetic drugs 5–20 years later.

Low

(Continued)
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meta-analysis were mixed due to the presence of various types

of included studies; therefore, the results of these analyses are

unreliable. A second meta-analysis in 2020 by Chen undertaken to

correct the previous one and to implement the analysis with the

new works that had been published in the meantime, confirmed the

results of the previous one, not finding any significant association

between alcohol intake and risk of DR of alcoholic beverages

(125). However, even in this case, most of the studies considered

reported inconsistent results. The Casteldaccia study showed that

the duration of alcohol intake between 1 and 19 years was not

associated with a risk of DR, but conversely, there was a reduction

in the risk of DR with alcohol intake for a greater or equal number

of years at 20 (129). According to Beulens’ study, people with

type 1 diabetes who drink moderate amounts of alcohol had a

lower risk of microvascular problems (130). Fenwick showed that

people with type 2 diabetes who occasionally consumed white

wine had a lower risk of developing diabetic complications (131).

This cross-sectional study was conducted in 2015 in patients with

type 2DM, who were given a questionnaire that evaluated alcohol

consumption and lifestyle. Patients included in the study then

underwent retinography, and DR was staged as absent, present

without, and at risk of vision loss. The relationship of DR intensity

to alcohol consumption was adjusted for clinical-demographic,

socioeconomic, and lifestyle factors. After adjusting for traditional

risk factors and those for which they varied in univariate analysis,

it was discovered that moderate drinkers (1–14 units/week) had a

decreased risk of developing DR than non-drinkers. Therefore, the

study concludes that in type 2 diabetics, the moderate consumption

of alcoholic beverages is independently associated with a reduced

risk of DR.

4.1.2. Dietary and food patterns
Regarding DPs, there is evidence for the protective effect

of the Mediterranean diet on the onset of DR. Diaz-López

conducted a nutritional intervention study in type 2 DM patients

who did not have microvascular complications at baseline. Three

different dietary models were analyzed: the Mediterranean diet

supplemented with extra virgin olive (EVO) oil, the Mediterranean

diet supplemented with nuts, and a low-fat control diet. After

a 6-year follow-up, it was observed that the Mediterranean

diet supplemented with EVO oil had a protective effect on the

development of DR (30). A 2018 review by Dow examined the

association among individual foods, macro- or micronutrients,

dietary supplements, DPs, and DR or DME. In particular, the

following were taken into consideration: fruit, vegetables, fish, milk,

carbohydrates, fibers, fats, proteins, salt, potassium, vitamins C,

D, and E, carotenoids, food supplements, green tea, and alcohol.

Studies suggest that adherence to the Mediterranean diet and a

high intake of fruit, vegetables, and fish may protect against the

development of DR, although evidence is limited (70). Another

review, also published in 2018, systematically searched the literature

for studies on diet and DR published between 1967 and 2017 using

standardized criteria for diet and DR. The review concluded that

higher dietary intake of fiber and fish and higher adherence to the

Mediterranean diet were protective against DR. Conversely, high

total caloric intake was associated with increased risk of DR. No
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TABLE 2 Vitamins and antioxidants and DR.

References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Brazionis et al.

(41)

Cross-

sectional

study

/ To evaluate the

relationship between

plasma carotenoids and

diabetic retinopathy.

111 individuals with type 2

diabetes aged 44–77 years

Data for clinical and demographic variables

and risk factors for diabetic retinopathy were

obtained from 24 h urine and fasting blood

samples, and an interviewer-assisted lifestyle

questionnaire.

The study suggests synergies between

carotenoids and DR, regardless of established

risk factors. The results indicate that dietary

modulation of retinopathy risk may be

possible by increasing intakes of lutein- and

lycopene-rich foods (higher plasma levels of

lutein and zeaxanthin were associated with a

lower risk of DR).

Low

Garcia-Medina

et al. (42)

Randomized

clinical trial

5 years To evaluate the effect of

antioxidant

supplementation on DR

over a 5-year follow-up

period.

105 type 2 diabetic patients

with nonproliferative DR,

aged 41–68 years (53 males,

52 femakes).

A complete ophthalmic checkup and a

plasma determination of oxidative

[malonyldialdehyde (MDA)] and antioxidant

parameters [total antioxidant status (TAS)]

were obtained as the baseline. Patients were

randomly assigned to the oral antioxidant

supplementation group at nutritional doses

(OASG) (n= 62) or to the absence of

supplementation group (ASG) (n= 43). The

best-corrected visual acuity, DR score, MDA,

and TAS values were compared at the

beginning and after 5 years (the end of the

follow-up).

Best-corrected visual acuity did not change

during the follow-up, irrespective of

supplementation. However, the retinopathy

stage showed a retardation of progression in

the subgroup with supplementation, but

worsened in the subgroup with no

antioxidant supplementation. Furthermore,

the antioxidant supplementation group

maintained its antioxidant plasma status

levels, which was related to decreased

oxidative plasma activity.

Moderate

Zhang et al.

(43)

Randomized,

double-blind,

placebo-

controlled

trial

9 months To determine whether

supplementation with

lutein improved visual

function in patients with

non-proliferative

diabetic retinopathy.

31 patients (8 females, 23

males) aged 40–85 years with

type 2 diabetes and NPDR

The participants were assigned randomly to

10 mg/d of lutein or identical placebo for 36

weeks. Visual performance indices, including

visual acuity (VA), contrast sensitivity (CS)

and glare sensitivity (GS) at four different

spatial frequencies, were measured at

baseline, week 18 and 36.

In patients with NPDR, supplementation

with lutein resulted in potential

improvements in CS at low spatial frequency.

Further studies are required to determine the

possibility that such intervention could be

used as an adjunct therapy to prevent vision

loss in diabetic patients.

High

Moschos et al.

(44)

Retrospective

study

2 years To investigate the effects

of a carotenoid

supplementation on

retinal thickness and

macular function of

patients with diabetes

using optical coherence

tomography (OCT) and

multifocal

electroretinography

(mfERG).

120 eyes of 60 patients age

between 40 and 60 years with

non-insulin dependent type 2

diabetes mellitus without

diabetic retinopathy

Patients underwent OCT and mfERG and

took vitamin supplements for a period of 2

years. Patients received a carotenoid

supplement containing lutein (10mg),

zeaxanthin (2mg) and meso-zeaxanthin

(10mg) once a day for 2 years. The thickness

of the fovea was evaluated using OCT and the

macular function was tested by mfERG.

OCT showed an increase in the central foveal

thickness and mfERG revealed increased

retinal response density within the central

13◦ surrounding the fovea (rings 1 to 3) at 2

years after the onset of carotenoids

supplement intake. The use of carotenoid

supplements may be of benefit for improving

visual function of type 2 diabetes patients.

Low
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References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Millen et al.

(45)

Cohort study From 1987 to

1998

To study the association

between prevalent DR

and intake of vitamins C

and E in participants of

the Atherosclerosis Risk

in Communities Study.

A total of 1353 subjects, aged

45–64 years, with type 2

diabetes diagnosed between

1993 and 1995 or before were

included. The subjects were

extracted from the

Atherosclerosis Risk in

Communities Study (ARIC

Study), who is a prospective

study designed to investigate

the etiology of atherosclerosis.

Participants were recruited to return 3

additional times after visit 1: visit 2

(1990–1992), visit 3 (1993–1995), and visit 4

(1996–1998). Dietary data were collected

from participants at visits 1 and 3. Eye

photographs of the participants were taken

only at visit 3. Nutrient intake was assessed

with a food-frequency and supplement

questionnaire administered between

1987–1989 and 1993–1995. Prevalent

retinopathy (n= 224) was determined in

1993–1995 from graded fundus photographs.

No association of DR with intake of vitamin

C or E from food alone or from food and

supplements combined was observed. A

decreased odds of DR was found among

users (reported use > or=3 y before

1993–1995) of vitamin C or E supplements or

multisupplements compared with reported

use of no supplements: 0.5 (0.3, 0.8), 0.5 (0.2,

0.8), and 0.4 (0.2, 0.9), respectively.

Therefore, supplement use may reflect

non-dietary factors or a possible benefit of

supplementation.

Low

Mayer-Davis

et al. (46)

Longitudinal

study

/ to examine the relation

between dietary and

supplement intakes of

vitamins C, E, and

beta-carotene and the

risk of DR.

A total of 387 participants

with type 2 diabetes, from the

San Luis Valley Diabetes

Study, including

non-Hispanic white and

Hispanic adults in southern

Colorado.

Ordinal logistic regression analysis was used,

taking advantage of multiple clinic visits by

individual participants and observations

from both eyes, to assess the risk for

increased DR severity over time as a function

of changes in intake of vitamin C, vitamin E,

and beta-carotene. Inteake of vitamina C, E

and beta-carotene was obtained from a 24-h

dietary recall (including vitamin supplement

use). Six categories of intake for each nutrient

(first to fourth quintiles and ninth and tenth

deciles) were considered to ascertain any

potential threshold effect. Analyses

accounted for age, duration of diabetes,

insulin use, ethnicity, glycated hemoglobin,

hypertension, gender, and caloric intake.

No protective effect was observed between

antioxidant nutrients and DR. Depending on

insulin use, there appeared to be a potential

for deleterious effects of nutrient antioxidants

Low

Millen et al.

(47)

Cohort study 8 years

(1987–1995)

To examine the

association between

vitamin D status and

prevalent DR in

participants with

diabetes from a

population-based cohort.

1339 participants (710 females

and 629 males, aged 45–65

years) were included from the

ARIC Study, recruited

participants from different

areas of USA. This study

sample consists of Caucasian

and African American

participants with T2DM.

The study steps include 3 visit: at visit 1

(1987–1989) dietary intake of vitamin D was

assessed, at visit 2 (1989–1992) the

participants had serum 25-hydroxyvitamin

(25[OH]D) concentrations assessed and at

visit 3 (1993–1995) and non-mydriatic retinal

photographs were taken. Logistic regression

was used to estimate odds ratios (ORs) and

95 % confidence intervals (CIs) for diabetic

retinopathy by categories of season-adjusted

25(OH)D (<30 [referent], 30–<50, 50–<75

and ≥75 nmol/L), by quartile of vitamin D

intake (IU/day), and use of vitamin D or fish

oil supplements (yes/no). P for trend was

estimated using continuous 25(OH)D or

vitamin D intake. ORs were adjusted for race,

and duration of diabetes. A further

adjustement was for HBA1c and

hypertension to examine if 25(OH)D

influenced diabetic retinopathy via its effects

on either glycemic control or blood pressure.

ORs (95 % CIs) for retinopathy, adjusted for

race and duration, were 0.77 (0.45–1.32), 0.64

(0.37–1.10), and 0.39 (0.20–0.75), p for trend

= 0.001, for participants with 25(OH)D of

30–<50, 50–<75, and ≥75 nmol/L,

respectively. No statistically significant

association was observed between vitamin D

intake from foods or supplements and

retinopathy. Therefore, 25(OH)D

concentrations ≥75 nmol/L were associated

with lower odds of any retinopathy assessed 3

years later. The aauthors suggest this may be

due in part to vitamin D’s influence on blood

glucose control.
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References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Long et al. (48) Retrospective,

population-

based,

cross-sectional

study

3 years

(2005–2008)

To evaluate the

association between

vitamin D deficiency and

retinopathy severity in

diabetic patients with

poorly or well-controlled

glycaemia.

The National Health and

Nutrition Examination

Survey (NHANES) 2005–2008

data were used for the study.

The population included 842

adults (52.8% women) with

mean age of 61.2 years.

Outcomes assessed included retinopathy

severity, HbA1c levels, socioeconomic,

behavioral, and biological factors. Univariate

and multivariate regression analysis was used

to evaluate association of different

parameters with retinopathy severity. The

interaction among HbA1c control, vitamin D

deficiency, and retinopathy severity were also

explored.

Multivariate ordinal regression analysis

found being male (odds ratio (OR): 1.602, P

= 0.001), increased duration of diabetes (OR:

1.072, P = 3.77E – 7) and poorly controlled

HbA1c (OR: 3.522, P = 2.00E – 5) were

associated with greater retinopathy severity.

The association between vitamin D deficiency

and DR severity only found in diabetic

patients with well-controlled glycaemia.

Low

Mahoney et al.

(49)

Retrospective,

population-

based,

cross-sectional

study

3 years

(2003–2006)

To determine the

relationship between

dietary flavonoid-rich

fruit and vegetable

consumption on

diabetes-related

biomarkers (e.g.,

HgbA1c) and DR.

381 participants with diabetes

from the NHANES study

2003–2006, mean age 61.4

years, 53.8% female.

Blood samples were taken to measure

C-reactive protein (CRP), HgbA1C, and

fasting glucose and insulin. Diabetic

retinopathy was assessed from a retinal

imaging exam. A high-flavonoid fruit and

vegetable consumption (HFVC) index

variable was created from a food frequency

questionnaire (FFQ).

Greater HFVC was associated (p b 0.05) with

lower levels of CRP (β = – 0.005), HgbA1C

(β = – 0.005) and glucose (β =−0.59), with

greater HFVC reducing the odds of having

DR by 30%. Therefore, adults with diabetes

consuming more flavonoid-rich fruits and

vegetables had lower degrees of

inflammation, better glycemic control, and

reduced odds of DR.

Low

Park et al. (50) Case-control

prospective

study

/ To determine whether

vitreous level of vitamin

C is compromised in

patients with PDR and to

investigate the

association of diabetic

macular ischemia and

vitamin C.

40 patients (13 males, 27

females) who underwent pars

plana vitrectomy for the

treatment of PDR (PDR

group, n= 20) and

non-diabetic patients with

idiopathic epiretinal

membrane (control group, n

= 20). PDR patients (60.4±

2.1 y) were younger than

non-diabetic control patients

(67.4± 1.2 y).

Serum, aqueous humor, and the vitreous

were collected for the analysis of vitamin C

level by HPLC. Diabetic macular ischemia

(DMI) in PDR group was evaluated with

fluorescein angiography (FA).

Vitreous level of vitamin C in PDR patients

showed a 10 fold decrease, which was

associated with the degree of macular

ischemia. This suggests that vitreous vitamin

C depletion may cause macula ischemia in

PDR patients.

Low

Gurreri et al.

(51)

Retrospective

study

/ to demonstrate that

statins and vitamin C

(alone or in combination

with statins) as

complementary therapy

could have an impact on

the non-proliferative

NPDR complication rate.

479 patients with NPDR Statins and vitamin C intake were analyzed,

along with the rate of diabetic macular edema

(DME), vitreous hemorrhage (VH), circinate

maculopathy (CM), and proliferative DR

(PDR).

Statins, alone or with vitamin C, appear to

reduce the complication rate of NPDR.

Low

Thosar et al.

(52)

Randomized

Controlled

Trial

/ To test the hypothesis

that antioxidant Vitamin

C prevents the

impairment of

endothelial function

during prolonged sitting.

Eleven men (24.2± 4.4 yrs) Participants are randomized in 2 groups: the

sitting without vitamin C (SIT) and the

sitting with vitamin C (VIT). Participants

were seated for 3 h without moving their legs.

Additionally, in the VIT trial, participants

ingested 2 vitamin C tablets (1 g and 500mg)

at 30min and 1 h 30min, respectively.

Superficial femoral artery (SFA)

flow-mediated dilation (FMD) was measured

hourly for 3 h.

Three hours of sitting resulted in impaired

SFA FMD. Antioxidant Vitamin C prevented

the decline in SFA FMD, suggesting that

oxidative stress may contribute to the

impairment in endothelial function during

sitting.

Moderate
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References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Memisogullari

et al. (53)

Case-control

study

/ To assess the

relationship between

serum homocysteine, a

potential parameter for

atherosclerosis, and the

ocular blood flow

velocity and the

resistivity index in

highway toll collectors.

22 toll collectors (mean age

39,7±7,1) and 24 control

subjects (mean age 38±6,7).

All subjects are male.

The peak systolic and end diastolic flow

velocities and the resistivity index were

measured in 22 toll collectors and 24 control

subjects by color Doppler ultrasonography.

The resistivity index, which is an indirect

measure of the atherosclerotic process, was

calculated: resistivity index= (peak systolic

velocity – end diastolic velocity)/peak systolic

velocity. Serum homocysteine levels were

determined by fluorometric

high-performance liquid chromatography

There were significant correlations between

the serum homocysteine level and

ophthalmic artery resistivity index in both

highway toll collectors (p < 0.001) and

controls (p < 0.005). Exposure to exhaust

particles might increase the serum

homocysteine level, which in turn could lead

to the decreased ocular blood flow and the

increased resistivity index.

Low

Horikawa et al.

(54)

Case-control

study

/ To investigate the

relationship between

vitamin B6 intake and

the incidence of diabetic

retinopathy in Japanese

patients with type 2

diabetes.

978 particiapnts from an

examination of a nationwide

cohort of patients with type 2

diabetes aged 40–70 years

with HbA1c ≥ 48 mmol/mol,

47% female.

Cox regression analyses estimated hazard

ratios (HRs) for retinopathy according to

vitamin B6 intake adjusted for age, gender,

body mass index, HbA1c, smoking, energy

intake, and other confounders.

HRs for diabetic retinopathy in the 2nd, 3rd,

and 4th quartile groups of vitamin B6 intake

compared with the 1st quartile group were

1.17 (95% confidence interval 0.81–1.69, p=

0.403), 0.88 (0.58–1.34, p= 0.550), and 0.50

(0.30–0.85, p= 0.010), respectively. Findings

suggested that high vitamin B6 intake was

associated with a lower incidence of DR in

Japanese with type 2 diabetes.

Low

Gopinath et al.

(55)

Cohort study / To investigate

associations between

intakes and serum

concentrations of folate

and vitamin B-12 or

serum tHcy and 10-y

age-related macular

degeneration (AMD)

incidence.

1,390 participants, aged 59–78

years from the Blue

Mountains Eye Study (BMES,

a population-based cohort

study of common eye diseases

and other health outcomes in

a suburban Australian

population located west of

Sydney. Steps of data

collection: Baseline

(1992–1994, BMES-1), after 5

y (1997–1999; BMES-2), 10 y

(2002–2004; BMES-3), and 15

y (2007–2009; BMES-4).

Serum folate, vitamin B-12, and tHcy were

determined from blood samples drawn in

1997–1999 from cohort members aged ≥55

y. AMD was assessed in 1,760 survivors from

retinal photographs taken in 2002–2004 and

2007–2009. Total intakes of folate and

vitamin B-12 were assessed by using a

food-frequency questionnaire.

Elevated serum tHcy and folate and vitamin

B-12 deficiencies predicted increased risk of

incident AMD, which suggests a potential

role for vitamin B-12 and folate in reducing

AMD risk.

Low

Sasaki et al.

(56)

Cross-

sectional

study

/ To assess the associations

between dietary intake of

polyunsaturated fatty

acids (PUFAs) and DR.

379 patients (median age: 66.0

years, 66% male) with diabetes

attending a diabetes eye clinic

Daily fatty acid intake was assessed by using a

validated Food Frequency Questionnaire and

adjusted for energy intake. Diabetic

retinopathy was graded from fundus

photographs as no DR, non-proliferative DR,

or proliferative DR. Patients were categorized

as “well-controlled diabetes” (n= 123) and

“poorly controlled diabetes” (n= 256),

defined as glycated hemoglobin (HbA1c)

level < 7.0% or ≥ 7.0%, respectively.

Increasing PUFA intake was associated with a

reduced likelihood of the presence and

severity of DR in well-controlled diabetes,

whereas increasing saturated fatty acid intake

was associated with an increased likelihood

of the presence and severity of DR.

Low
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Ansar et al.

(57)

Randomized

Controlled

Trial

8 weeks To examine the effects of

alpha-lipoic acid (ALA)

treatment over a period

of 2 months on fasting

blood glucose (FBG),

insulin resistance (IR),

and glutathione

peroxidase (GH-Px)

activity in type 2 diabetes

(T2DM) patients.

57 type 2 DM patients (n=

57)

Patients were divided into 2 groups to receive

either ALA (300mg daily) or placebo by

systematic randomization, and were

followed-up for 8 weeks. After an overnight

fasting and 2 h after breakfast, patients’ blood

samples were drawn and tested for FBG, 2 h

PPG, serum insulin level, and GH-Px activity.

The study showed a significant decrease in

FBG and PPG levels, IR-Homeostasis Model

Assessment (IR-HOMA index) and GH-Px

level in the ALA group. The comparison of

differences between FBG and IR at the

beginning and at the end of study in the ALA

treated group and the placebo group were

also significant. Therefore, this study

supports the use of ALA as an antioxidant in

the care of diabetic patients.

Moderate

Xiang et al.

(58)

Randomized

controlled trial

/ To examine endothelial

dysfunction (ED) in the

fasting state and after a

glucose challenge as well

as after administration of

an antioxidant agent.

The study subjects included

42 with Impaired glucose

tolerance (IGT) and 26

healthy individuals (control

group).

The IGT patients were randomly divided into

two groups, 21 in each group (the

alpha-lipoic acid group and the placebo

group). In the alpha-lipoic acid group,

300mg of alpha-lipoic acid was administrated

before an oral glucose tolerance test (OGTT);

in the placebo group, 250ml of 0.9% sodium

chloride was administrated before the OGTT.

In addition, 250ml of 0.9% sodium chloride

was also administrated to the control subjects

before the OGTT (control group), and then

vascular function was examined in the fasting

state and repeated 1 and 2 h after the glucose

load. High-resolution ultrasound was used to

measure flow-mediated

endothelium-dependent arterial dilation

(FMD) and glyceryltrinitrate (GTN)-induced

endothelium-independent arterial dilation.

In subjects with IGT, FMD was impaired

both in the fasting state and after a glucose

challenge, probably through increased

production of oxygen-derived free radicals.

The Endothelial dysfunction observed after a

glucose challenge is related to the extent of

hyperglycaemia and thiobarbituric acid

reactive substances, and an antioxidant agent

can improve the impairment of endothelial

function induced by acute hyperglycaemia.

Moderate

Luo et al. (59) Retrospective 1 years To analyze the

relationship between

zinc level and each

diabetic microvascular

complication and

identify the features

related to low serum zinc

level.

412 hospitalized T2D patients

(233 males, 179 females, aged

41–71 years) In Department

of Endocrinology, Peking

University People’s Hospital,

Beijing, China, from May 30,

2013 to March 31, 2014.

The authors initially compared the serum

zinc levels between patients with specific

microvascular complications and those

without. They then analyzed the association

between zinc level and each microvascular

complication. Furthermore, they identified

the unique features of patients with high and

low serum zinc levels and analyzed the risk

factors related to low zinc level.

Lower serum zinc level in T2D patients was

related to higher prevalence of diabetic

microvascular complications, and

represented as an independent risk factor for

DN. Patients with lower zinc level were more

likely to have a longer duration of diabetes,

poorer glucose control, and worse β-cell

function.

Low
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TABLE 3 Fiber, hydratation, and DR.

References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Diaz- Lopez

et al. (30)

Post-hoc

analysis of a

randomized

trial

6 years (from

2003 to 2009)

To determine the effect

of the three dietary

interventions on the

incidence of diabetes

complications.

Type 2 diabetes participating

in the “PREvencion con DIeta

MEDiterranea (PREDIMED)”

randomized clinical trial, who

were free of microvascular

complications at enrolment (n

= 3,614, aged 55–80 years)

Patients were randomly assigned to one of

three dietary interventions: MedDiet

supplemented with extravirgin olive oil

(MedDiet+EVOO), MedDiet supplemented

with mixed nuts (MedDiet+Nuts), or a

low-fat control diet. Two independent

outcomes were considered: new onset of

diabetic retinopathy and nephropathy.

Hazard ratios (HRs) were calculated using

multivariable-adjusted Cox regression.

Compared with the control diet,

multivariable-adjusted HRs for diabetic

retinopathy were 0.56 (95% CI 0.32–0.97) for

the MedDiet+ EVOO and 0.63 (0.35–1.11)

for the MedDiet+Nuts. No between-group

differences were found for nephropathy.

Moderate

Salas-Salvadó

et al. (31)

Randomized

controlled trial

4 years To test the effects of two

Mediterranean diet

(MedDiet) interventions

vs. a low-fat diet on

incidence of diabetes.

418 non-diabetic subjects

aged 55–80 years recruited in

one center of the Prevención

con Dieta Mediterránea

[PREDIMED] study, a large

nutrition intervention trial for

primary cardiovascular

prevention in individuals at

high cardiovascular risk.

Participants were randomly assigned to

education on a low-fat diet (control group) or

to one of two MedDiets, supplemented with

either free virgin olive oil (1 liter/week) or

nuts (30 g/day). Diets were ad libitum, and

no advice on physical activity was given. The

main outcome was diabetes incidence

diagnosed by the 2009 American Diabetes

Association criteria.

The Mediterranean diet, in fact, rich in food

sources of fiber, such as fruit, vegetables and

unrefined carbohydrates, has been associated

with a reduced incidence of DR.

High

Zhang et al.

(60)

Cross-

sectional

study

3 years To explore the

association between

hydration status and DR.

5,220 US adults 40 years of

age and older (2005–2008

NHANES study)

Serum osmolality was used to assess

hydration status for all participants and

calculated osmolality was evaluated for only

older people.

Adults with lower hydration status had

higher risk of DR, moderate/severe

non-proliferative retinopathy, and

proliferative diabetic retinopathy.

Dehydration in older adults, classified by

calculated osmolality, is associated with a

higher rate of DR.
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TABLE 4 Physical activity (PA) and DR.

References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Praidou et al.

(61)

Cross-

sectional,

non-

interventional

study

1 years to investigate potential

correlation between

physical activity and

diabetic retinopathy

320 patients were included in

the study: 240 patients with

diabetes type 2 (80 patients

with mild to moderate NPDR,

80 patients with severe to very

severe NPDR and 80 ones

with PDR) were compared

with 80 non-diabetic patients

(control group).

Physical activity of patients was assessed by

the international physical activity

questionnaire. HbA1c and BMI were also

measured in diabetic patients. Group

comparisons were attempted for levels of

physical activity and sedentary behavior.

Increased physical activity is associated with

less severe levels of diabetic retinopathy,

independent of the effects of HbA1c and

BMI.

Low

Yan et al. (62) Cohort study 10 years To examine the

association of physical

activities (PA) with

diabetic retinopathy

(DR) progression based

on a 10-year follow-up of

a large cohort of

working-aged diabetic

populations in Australia.

Nine thousand and eighteen

working-aged diabetic

patients were enrolled from

the baseline of the 45 and Up

Study from New South Wales,

Australia.

Self-reported PA collected by questionnaire

at baseline in 2006 was graded into low (<5

sessions/week), medium (≥5 to 14), and high

(≥14) levels. Retinal photocoagulation (RPC)

treatment during the follow-up period was

used as a surrogate for DR progression and

was tracked through the Medicare Benefits

Schedule, which was available from 2004 to

2016. Cox regression was used to estimate the

association between PA and RPC incidence.

Higher PA level was independently associated

with a lower risk of DR progression among

working-aged diabetic populations in this

large cohort study.

Low

Kuwata et al.

(63)

Prospective

observational

study

2 years To assess the association

between baseline levels

of physical activity (PA)

and the incidence of

newly developed diabetic

retinopathy (DR) in

patients with type 2

diabetes.

1,814 patients (mean age 65.5

years) with type 2 diabetes

without DR were obtained

from a Japanese diabetes

registry at Tenri Hospital,

Nara, Japan.

The participants were divided into five

categories based on their PA levels. A Cox

proportional hazards model with

time-varying exposure information was used

and adjusted for potential confounders to

assess the independent correlations.

higher PA was independently associated with

a lower incidence of DR in patients with type

2 diabetes.

Low

Al-Othman

et al. (64)

Observational

study

/ To determine whether

the prevalence of vitamin

D deficiency is related to

degree of physical

activity and sun

exposure among

apparently healthy Saudi

children and adolescents.

331 Saudi children aged 6–17

years (153 boys and 178 girls)

Levels of physical activity and sun exposure

were determined using a standard

questionnaire. Anthropometry, serum

calcium and 25-(OH) vitamin D were

analyzed.

Vitamin D deficiency is common among

Saudi children and adolescents, and is

influenced by both sun exposure and physical

activity. Promotion of an active outdoor

lifestyle among Saudi children in both homes

and schools may counteract the vitamin D

deficiency epidemic in this vulnerable

population.

Low

Scott et al. (65) Prospective

study

mean

follow-up of

2.6± 0.4 years

To verify prospective

associations between

25OHD, muscle

parameters, and PA in

community-dwelling

older adults.

Six hundred and eighty-six

community-dwelling older

adults (49% women; mean±

SD 62± 7 years old).

Appendicular lean mass percentage (%ALM)

and body fat assessed by Dual-energy X-ray

Absorptiometry, leg strength by

dynamometer, leg muscle quality (LMQ), PA

assessed by pedometer, self-reported sun

exposure by questionnaire, and serum

25OHDmeasured by radioimmunoassay.

25OHDmay be important for the

maintenance of muscle function, and higher

skeletal muscle mass and function as well as

general PA levels may also be beneficial for

25OHD status, in community-dwelling older

adults.
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TABLE 4 (Continued)

References Study
design

Study
period

Endpoint Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Klenk et al.

(66)

Observational

study

1 week To analyse the seasonal

relationship of

objectively measured

physical activity with

vitamin D status in older

persons from Southern

Germany (latitude:

48.4◦N).

1,193 community-dwelling

individuals aged ≥65 years

(58% men)

Physical activity was assessed in participants

over 1 week using a thigh-worn

accelerometer. Furthermore, the

25-hydroxyvitamin D (25(OH)D) level was

measured. Least-square means of 25(OH)D

serum levels were calculated for quartiles of

average daily walking duration stratified by

season and adjusted for gender, age and body

mass index.

Although a positive dose-response

relationship was seen between walking

duration and the 25(OH)D serum level for

most seasons, vitamin D insufficiency was

still very prevalent even in high-active

persons during all seasons.

Low

Black et al.

(67)

Prospective

study

6 years To investigate vitamin D

status and predictors of

serum

25-hydroxyvitamin D

(25(OH)D)

concentrations in

adolescents.

1,045 Australian adolescents Serum 25(OH)D concentrations were

measured in the same participants at 14 and

17 years (n 1,045 at both time points). The

authors examined the predictors of serum

25(OH)D concentrations, including sex, race,

month of blood collection, physical activity,

BMI, family income, and Ca and vitamin D

intakes (n 919 at 14 years; n 570 at 17 years),

using a general linear mixed model.

The authors identified physical activity as a

significant predictor of serum 25(OH)D

concentrations in 258 adolescents

Low

Herrmann

et al. (68)

Observational

study

5 years To investigate the

relationship between

blood

25-hydroxyvitamin D

(25OH-D) concentration

and vascular disease risk

in type 2 diabetes.

9,795 participants aged 50–75

years with type 2 diabetes

from the Fenofibrate

Intervention and Event

Lowering in Diabetes (FIELD)

trial

The relationships between blood 25OH-D

concentration at baseline and the incidence

of macrovascular (including myocardial

infarction and stroke) and microvascular

(retinopathy, nephropathy, neuropathy, and

amputation) disease were analyzed with Cox

proportional hazards models and logistic

regression.

Low blood 25OH-D concentrations are

associated with an increased risk of

macrovascular and microvascular disease

events in type 2 diabetes.

Low

Schneider et al.

(69)

Retrospective

study

10 years To examine the effects of

a program of diet and

exercise on various

metabolic and

hemodynamic

parameters, and to assess

the ability of patients to

perform physical

training safely.

255 previously sedentary

diabetic patients and 58

control subjects

A group of individuals with diabetes

attempted to use regular exercise as part of

their therapeutic management. The patients

were followed for varying times, up to 1 yr

after entry into the physical training

component of a diabetes lifestyle

modification program. Metabolic and

hemodynamic parameters were collected.

Study suggests a program of regular aerobic

training can be safely and effectively used in

an outpatient population with diabetes

mellitus for up to 3 mo.

Low
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TABLE 5 Dietary and food patterns and DR.

References Study design Purpose Main findings

Dow et al. (70) Systematic review To identify, summarize and interpret the literature

on the association between the diet and dietary

intakes of specific foods, nutrients, and food

groups, and the risk of diabetic retinopathy.

Adherence to the Mediterranean diet and high fruit,

vegetable and fish intake may protect against the

development of diabetic retinopathy, although the evidence

is limited. Studies concerning other aspects of the diet are

not in agreement. The role of the diet in the development of

diabetic retinopathy is an area that warrants more attention.

Wong et al. (71) Systematic review To study the associations between dietary intake

and DR, with the primary goal of providing a

comprehensive assessment of the existing

knowledge on the topic.

No significant associations of carbohydrate, vitamin D, and

sodium intake with DR were found. Associations of

antioxidants, fatty acids, proteins and alcohol with DR

remain equivocal. Dietary fiber, oily fish, a Mediterranean

diet and a reduced caloric intake are associated with lower

risk of DR.

Francisco et al. (3) Narrative review To discuss the impact of dietary patterns on the

incidence and progression of age-related eye

diseases, namely age-related macular degeneration

(AMD), cataracts, diabetic retinopathy, and

glaucoma.

The authors found strong evidence about dietary patterns in

regard to AMD and some in cataract, but there is

surprisingly little conclusive evidence linking specific dietary

patters with DR and glaucoma. Across studies looking at

AMD progression, there are consensus findings that

adherence to a prudent dietary pattern, the Mediterranean

diet, and the healthy eating index all protect against AMD

and that the western dietary pattern can accelerate AMD

progression.

Ros et al. (72) Narrative review To focused on the latest findings concerning

health effects of walnuts and ALA and relevant

micronutrients.

Walnuts have a high content of fiber, polyphenols,

phytosterols, gamma-tocopherol, and mainly linolenic acid

(ALA), as well as various minerals, which confer antioxidant,

anti-inflammatory, cardio- and neuro-protective,

antithrombotic, antiarrhythmic, hypocholesterolemic

properties and regulation of the intestinal microbiota

Poulose et al. (73) Narrative review To review evidences for the beneficial effects of

consuming a walnut-rich diet.

Polyphenolic compounds found in walnuts not only reduce

the oxidant and inflammatory load on brain cells but also

improve interneuronal signaling, increase neurogenesis, and

enhance sequestration of insoluble toxic protein aggregates.

Valero-Vello et al.

(74)

Systematic review To identify he role of diet and nutrition in the eyes

and vision, and the potential antioxidant,

anti-inflammatory and neuroprotective effects of

natural food (broccoli, saffron, tigernuts and

walnuts), the MD and nutraceutic for patients at

risk of vision loss.

Nut-enriched diet bring benefits in ocular diseases, such as

glaucoma, DR and degenerative maculopathy, chronic

pathologies of a degenerative nature for the ocular

structures, which have common pathophysiological

mechanisms, related precisely to oxidative stress and

inflammation

Meng et al. (75) Systematic review To summarize and discusses the effects of tea

against diabetes mellitus and its complications

based on the findings from epidemiological,

experimental, and clinical studies, with the special

attention paid to the mechanisms of action.

Epidemiological studies found that drinking tea could

reduce the risk of diabetes mellitus and diabetic

complications. In addition, experimental studies have shown

that tea could protect against diabetes mellitus and diabetic

complications by improving insulin resistance, activating the

insulin signaling pathway, playing an insulin-like role,

improving oxidative stress, and alleviating inflammatory

response. Further, tea has synergistic effects with certain

antidiabetic drugs. Tea has been observed to act as a potent

neuroprotector in the retina.

Natella et al. (76) Narrative review To examine the possibility that the pattern of

coffee consumption could influence risk of type 2

diabetes, and to evaluate the possible relationship

between coffee consumption and other risk factors

associated with diabetes.

The studies conducted thus far provide a clear indication

that healthy, habitual coffee drinkers are more protected

from the risk of contracting diabetes than individuals who

do not drink coffee. Long-term consumption of coffee is able

to reduce oxidative stress. This could be due to the caffeine

itself, which is considered an antioxidant, but also to other

coffee components,

Akash et al. (77) Narrative review To explore and summarize the scientific literature

on the potential effects of coffee consumption on

T2DM.

Coffee may directly affect different mechanistic factors that

are involved in the pathogenesis of T2DM. Several

components of coffee may ameliorate the symptoms of

T2DM by affecting glucose regulation. These may include

the effects of CGA on glucose-6-phosphatase, the

antioxidant activity of polyphenols on α-glucosidase, and the

effects of caffeine on insulin secretion.

Carlström et al. (78) Meta-analyses of

observational studies

To cover current knowledge regarding the effects

of coffee consumption on development of T2D or

modulation of adverse complications. Moreover,

bioactive components in coffee, polymorphisms,

and potential underlying mechanisms in relation

to T2D and adverse complications are discussed.

Available evidence indicates that coffee consumption is

inversely associated with risk of T2D. Possible mechanisms

behind this association include thermogenic, antioxidative,

and anti-inflammatory effects; modulation of adenosine

receptor signaling; and microbiome content and diversity.

Frontiers inMedicine 18 frontiersin.org87

https://doi.org/10.3389/fmed.2023.1168560
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


R
o
n
d
an

e
llie

t
al.

1
0
.3
3
8
9
/fm

e
d
.2
0
2
3
.1
1
6
8
5
6
0

TABLE 6 Nutrition and AMD.

References Study
design

Study
period

End point Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Gopinath et al.

(55)

Cohort study 2 years Association between

intakes and serum

concentrations of folate

and vit B12 or serum

tHcy and 10-y AMD

incidence

1,760 subjects aged ≥ 55 years Serum folate, vit B12, and tHcy determined

from blood samples drawn

Elevated serum tHcy and folate and vit B12

deficiencies predicted increased risk of

incident AMD, suggesting a potential role for

vit B12 and folate in reducing AMD risk

Low

Seddon et al.

(79)

Cross-

sectional

study

/ Modifiable risk and

protective factors for

AMD among elderly

twins

681 twins (222 with

intermediate or advanced

stage AMD and 459 without

AMD or with initial signs of

the disease)

Eye examination, fundus photography, food

frequency and risk factor questionnaires.

Risk for AMD according to cigarette smoking

and dietary fat intake estimated using logistic

regression analyses.

Cigarette smoking increases risk while fish

consumption and omega-3 fatty acid intake

reduce risk of AMD

Low

Chua et al.

(80)

Cohort study 5 years Associations between

dietary fat and incident

age-related maculopathy

(ARM)

2,335 subjects aged ≥ 49 years Semiquantitative food frequency

questionnaire

Participants in the top quintile of omega-3

fatty acid intake had a lower risk of early

AMD onset than the lowest quintile, with a

40% reduction in incidence when consuming

fish at least once a week. No association

between incident ARM and butter,

margarine, or nut consumption.

Low

Tan et al. (81) Cohort study 5 and/or 10

years

Relationship between

baseline dietary fatty

acids and 10-year

incident AMD

3,654 participants examined

at baseline and 2,454

examined 5 and/or 10 years

later

Evaluation of AMD from retinal

photographs; semiquantitative food

frequency questionnaire

Evidence of protection against early AMD

from regularly eating fish, greater

consumption of omega-3 polyunsaturated

fatty acids, and low intakes of foods rich in

linoleic acid. Association between

consumption of 1–2 portions of nuts per

week (compared to less than one portion per

week) and a reduction in the risk of early

AMD.

Low

SanGiovanni

et al. (82)

Case-control

study (AREDS

study)

/ Association of lipid and

vit C intake with baseline

severity of AMD

4,519 subjects (60–80 years of

age at enrolment)

Stereoscopic color fundus photographs;

estimates of habitual nutrient intake through

self-administered semi-quantitative food

frequency questionnaires

Top quintile of total long-chain omega-3

intake and DHA associated with a lower risk

of neovascular AMD (NV AMD) than the

bottom quintile. Higher consumption of fish

inversely related to NV AMD; arachidonic

acid taken with food directly associated with

the incidence of this pathology. Reduced

probability of developing neovascular AMD

in subjects with the highest vitamin C intake

(not confirmed following addition of

covariates).

Low

Robman et al.

(83)

Cohort study 7 years Effects of dietary intake

of lutein, zeaxanthin and

fats on the progression of

AMD

252 subjects (134 F−118M)

diagnosed with early AMD

Food frequency questionnaires to estimate

the intakes of lutein, zeaxanthin and fatty

acids

Association of increased intakes of dietary

lutein, zeaxanthin and omega-3 fatty acids

with progression of AMD, suggesting that too

much of a good thing might be harmful.

Low/Moderate
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TABLE 6 (Continued)

References Study
design

Study
period

End point Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Delcourt et al.

(84)

Population-

based

study

1 year Correlation between fats

and increased risk of

age-related maculopathy

832 subjects ≥70 years Dietitian-administered food-frequency

questionnaire

Association of high total, saturated and

monounsaturated fat intake with increased

risk for ARM. Total polyunsaturated fatty

acid not significantly associated with ARM.

Total and white fish intake not significantly

associated with ARM; association of fatty fish

intake (more than once a month vs. less than

once a month) with a 60% reduction in risk

for ARM

Low

Seddon et al.

(85)

Multicenter

case-control

study

1 year Relationship between

intake of total and

specific types of fat and

risk for AMD

349 cases (age 55–80 years),

affected by advanced

neovascular AMD, and 504

controls without AMD but

with other ocular diseases

Standardized interview, physical

examination, ophthalmic examination,

laboratory analysis of blood specimens, semi-

quantitative food-frequency questionnaire (a

modification of an extensively validated

questionnaire, containing a list of food items

selected as the major sources of a variety of

nutrients and adapted for use among elderly

subjects with eye disease)

Higher intake of specific types of fat

(including vegetable, monounsaturated, and

polyunsaturated fats and linoleic acid) rather

than total fat intake associated with greater

risk for advanced AMD. Inverse association

between diets high in omega-3 fatty acids and

fish and risk for AMD if low intake of linoleic

acid.

Low

Chiu et al. (86) Clinical trial 8 years Effects of AREDS

supplement, intake of

docosahexaenoic acid

(DHA) and

eicosapentaenoic acid

(EPA), and dietary

glycaemic index (dGI)

on AMD

2,924 subjects, mean age 69.3

years, 1,698 F−1,226M

Validated 90-item modified Block FFQ;

stereoscopic fundus photographs of the

macula.

Association of higher intakes of DHA, EPA

and lower dGI with a lower risk for

progression to advanced AMD.

Moderate

Seddon et al.

(87)

US multicentre

study EDCCS

(Eye Disease

Case-Control

Study)

/ Association of blood

levels of carotenoids and

dietary carotenoids and

vitamins C, A and E

intake with risk of AMD.

421 patients with neovascular

AMD and 615 controls

Blood analysis; surveys. Markedly reduced risk (equal to one-half and

one-third, respectively) in subjects with

intermediate and high blood levels of

carotenoids compared to participants with

low levels; subjects in the top quintile of

dietary carotenoid intake with a risk of AMD

43% lower than subjects in the bottom

quintile (lutein and zeaxanthin associated

with the strongest reduction of AMD risk).

No statistically significant association

between consumption of vitamin C and risk

of AMD.

Low

Snellen et al.

(88)

Case-control

study

/ Association of low

antioxidant intake with

the occurrence of AMD

72 cases and 66 control

patients

Interview on antioxidant intake (i.e., in fruit

and vegetables), cigarette smoking, sunlight

exposure and familial predisposition.

Antioxidant intake calculated according to

the method described in the Framingham

Eye Study.

Prevalence rate of AMD in patients with low

antioxidant intake and low lutein intake

(dichotomized at the median value) about

twice as high as that in patients with high

intake, with a clear dose–response

relationship.

Low
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TABLE 6 (Continued)

References Study
design

Study
period

End point Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Goldberg et al.

(27)

NHANES

study

2 years Determination of factors

associated with the

prevalence of AMD.

Subjects aged ≥45 years at the

time of the ophthalmology

examination

Ophthalmology examination; FFQ. Negative association of the frequency of

consumption of fruits and vegetables rich in

vitamins A and C with the prevalence of

AMD after stratified adjustment for age.

Low

Simonelli et al.

(89)

Case-control

study

/ Determination of the

weight of oxidative status

as risk factor in the early

stage of AMD.

Forty-eight ARM patients (19

early and 29 late form) and 46

normal subjects

Determination of serum/plasma antioxidants

(vitamins C, E, A, total and individual

carotenoids, zinc, total plasma antioxidant

capacity— TRAP) and oxidative parameters

(reactive oxygen metabolites—ROM,

oxidized-low-density lipoprotein

antibodies—anti-Ox- LDL).

Association of a deficit of antioxidants

(vitamins C, E and carotenoids) with AMD

in Italian patients, particularly the advanced

form (in AMD patients macular susceptibility

to oxidative damage not related with age).

Low

Kassoff et al.

(90)

11- center,

randomized,

placebo-

controlled,

double-

masked

clinical trial

(AREDS)

Average

follow-up of

6.3 years

Photographic assessment

of progression to or

treatment for advanced

AMD and at least

moderate visual acuity

loss from baseline.

3,640 participants, aged 55–80

years (3416 M−224 F)

Participants randomly assigned to receive

daily oral tablets containing: (1) antioxidants

(vitamin C, 500mg; vitamin E, 400 IU; and

beta carotene, 15mg); (2) zinc, 80mg, as zinc

oxide, and copper, 2mg, as cupric oxide; (3)

antioxidants plus zinc; or (4) placebo.

Statistically significant reduction fof the

development of advanced AMD with

antioxidants plus zinc. Association of both

zinc and antioxidants plus zinc with

significantly reduced odds of developing

advanced AMD. No statistically significant

serious adverse effect associated with any of

the formulations.

High

Klein et al. (91) Population-

based

prospective

study (Beaver

Dam Eye

Study)

15 years Incidence of age-related

cataracts, AMD, and

high IOP for one set of

analyses and incidence of

supplement use for the

second set of analyses.

Participants in the Beaver

Dam Eye Study contributing

data in 1988 to 1990 (n=

4,926), 1993 to 1995 (n=

3,722), 1998 to 2,000 (n=

2,962), and 2003 to 2005 (n=

2,375).

Data about use of all medications and

supplements collected from participants at

each of 4 examinations; intraocular pressure

(IOP) measurement and fundus and lens

photography at each visit; visual field data

available only from baseline; photographs of

the lenses, retina, and discs graded using

standard protocols by trained graders.

Little evidence of any significant associations

between supplement use and incident ocular

outcomes except for a small protective effect

for cortical cataracts by vitamins A and D,

zinc, and multivitamins and increased odds

of late AMD. Association of late AMD with

incident use of vitamins A, C, and E and zinc.

Low

Merle et al.

(92)

Prospective

cohort study

13 years of

follow-up

Association of adherence

to the Mediterranean

diet and genetic

susceptibility with

progression to advanced

AMD

2,525 subjects (1,124

M−1401 F)

Demographic questionnaires; FFQ; the

alternate Mediterranean diet (aMeDi) score;

examination of ten genetic loci in 7 genes.

Association of a higher adherence to a

Mediterranean diet with reduced risk of

progression to advanced AMD, modifiable by

genetic susceptibility.

Low

de Koning-

Backus et al.

(93)

Prospective

population-

based cohort

study

9.1± 5.8 years

of follow-up

Association of the intake

of vegetables, fruit, and

fish with incident AMD.

4202 participants from the

Rotterdam Study (≥55 years

of age)

Fundus photographs; validated 170-item FFQ

(food intakes categorized into food patterns

based on guidelines from Health Council).

Association of a diet of 200 grams per day of

vegetables, fruit two times per day, and fish

two times per week with a significantly

reduced risk of AMD.

Low

(Continued)
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significant association was found among carbohydrates, vitamin

D, sodium, and DR; however, the association between DR and

antioxidants, fatty acid (FA), proteins, and alcohol remained in

doubt (71). In a more recent review, released in 2020, the effect of

DPs on the occurrence and development of age-related eye illnesses

such as DR, degenerative maculopathy, cataracts, and glaucoma

was reviewed. Treatments for diabetes should slow the growth of

DR. However, only a small number of research have confirmed

if following particular DPs or eating a more or less healthy diet

affects the prevalence of DR (3). For example, the randomized

clinical trial PREDIMED (Prevention with Mediterranean Diet)

(132) demonstrated how adherence to the Mediterranean diet

could prevent diabetes. To see if DR might be avoided similarly,

it seemed sense to do so. According to Dáz-post-hoc López’s post-

hoc analysis of the PREDIMED research, consuming 500mg/day of

omega-3 fatty acids (a readily feasible intake with strong adherence

to theMediterranean DP) considerably lowers the chance of getting

DR (30).

Eating fish (an omega-3-rich dietary source) does, in fact, assist

to delay the onset of DR. Eating oily fish at least two times weekly

(rather than less frequently) has been related to a roughly 60%

lower incidence of retinopathy (32). According to a 2017 cross-

sectional study carried out in Palestine, a healthy eating pattern

known as “Asian,” which is characterized by a high intake of whole

grains, potatoes, legumes, vegetables, and fruit, can be linked to a

lower prevalence of diabetes problems. This was contrasted with

the “sweet-soft drinks-snacks pattern,” which was described as a

harmful eating behavior characterized by high consumption of

refined cereals, sugar, sweets, desserts, snacks, and soft drinks (33).

4.1.3. Fruits and vegetables
In a Japanese cohort study that considered type 2 DM patients,

a high fruit intake was linked to a decreased risk of DR. It was

discovered that daily fruit eating of at least 173.0 g was related

to a 50% lower risk of retinopathy incidence than daily fruit

consumption of 53.2 g or less (34). Fruits and vegetables are

generally good sources of flavonoids, fiber, minerals, and vitamins.

They should be consumed in sufficient amounts, or at least 400 g

per day, at each meal. The risk of cardiovascular events is decreased

by 4% and the risk of stroke is decreased by 5%with each additional

serving of fruit and vegetables (35).

4.1.4. Nuts
Gamma-tocopherol, phytosterols, polyphenols, fiber, and

linolenic acid (ALA) are all abundant in walnuts, as well as

various minerals, which confer antioxidant, anti-inflammatory,

cardio- and neuro-protective, antithrombotic, antiarrhythmic,

hypocholesterolemic properties, and regulation of the intestinal

microbiota (72). Nut consumption has been linked in human

clinical trials to enhance cognitive function, with favorable effects

on memory, learning, motor coordination, anxiety, and locomotor

activity (36, 73). These researches also concluded that a diet high

in nuts is beneficial for treating brain disorders and other chronic

conditions linked to inflammation and oxidative stress (36, 37, 73).

These health benefits also occur at the ocular level in various

diseases, such as glaucoma, DR and degenerative maculopathy,
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TABLE 7 Nutrition and cataract (observational studies and case-control studies).

References Study
design

Endpoint Study
period

Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Christen et al.

(96)

Observational

study

to examine whether

higher fruit and

vegetable intake reduces

the risk of cataract and

cataract extraction in a

large, prospective cohort

of women.

8 years of

medium

follow up

39,876 apparently healthy

female health professionals

aged ≥45 y

Fruit and vegetable intake was assessed at

baseline with the use of a validated,

semiquantitative food-frequency

questionnaire. A total of 35 724 of these

women were free of a diagnosis of cataract at

baseline and were followed for incident

cataract and cataract extraction.

During an average of 10 y of follow-up, 2,067

cataracts and 1,315 cataract extractions were

confirmed. Compared with women in the

lowest quintile of fruit and vegetable intake,

women with higher intakes had modest

10–15% reduced risks of cataract (P for trend

< 0.05).

Moderate

Jacques et al.

(97)

Observational

study

To assess the relation

between usual nutrient

intake and subsequently

diagnosed age-related

nuclear lens opacities

15 years Four 478 non-diabetic women

aged 53–73 years without

previously diagnosed

cataracts sampled from the

Nurses’ Health Study cohort

Usual nutrient intake was calculated as the

average intake from 5 food frequency

questionnaires that were collected during a

13- to 15-year period before the evaluation of

lens opacities. The duration of vitamin

supplement use was determined from 7

questionnaires collected during this same

period

vitamin C intake remained significantly

associated (P = 0.003 for trend) with the

prevalence of nuclear opacities. The

prevalence of nuclear opacities was

significantly lower (P < 0.001) in the highest

vitamin C intake quintile category relative to

the lowest quintile category (odds ratio, 0.31;

95% confidence interval, 0.16–0.58). There

were also statistically significant trends of

decreasing prevalence of nuclear opacities

with increasing duration of use of vitamin C

(P = 0.004 for trend).

MODERATE

Delcourt et al.

(84)

Observational

study

To assess the

associations of plasma

lutein and zeaxanthin

and other carotenoids

with the risk of

age-related maculopathy

(ARM) and cataract in

the population-based

Pathologies Oculaires

Liées à l’Age (POLA)

Study

– 2,584 participants, age over 60

years

Cataract classification was based on a direct

standardized lens examination at the slit

lamp, according to Lens Opacities

Classification System III. Plasma carotenoids

were measured by high-performance liquid

chromatography (HPLC), in 899 subjects of

the cohort.

After multivariate adjustment, the highest

quintile of plasma zeaxanthin was

significantly associated with reduced risk of

nuclear cataract (OR= 0.23; 95% CI:

0.08–0.68; P for trend= 0.003) and any

cataract (OR= 0.53; 95% CI: 0.31–0.89; P for

trend= 0.01). Among other carotenoids,

only β-carotene showed a significant negative

association with nuclear cataract.

Moderate

Moeller et al.

(98)

Observational

study

to evaluate associations

between nuclear cataract

(determined from

slitlamp photographs

between May 2001 and

January 2004) and lutein

and zeaxanthin in the

diet and serum

– total of 1,802 women aged 50

to 79 years with intakes of

lutein and zeaxanthin above

the 78th (high) and below the

28th (low) percentiles in the

Women’s Health Initiative

Observational Study

(1994–1998) were recruited 4

to 7 years later (2001–2004)

into the Carotenoids in

Age-Related Eye Disease

Study.

Serum samples were obtained from

participants at WHI baseline examinations

(1994–1998) after a≥ 10-h fast and were

stored at−80 degrees centigrade 0.29 Serum

levels of lutein, zeaxanthin, and tocopherols

were determined at Tufts University

(2004–2005) by a reverse phase HPLC

analysis. Measurements were made using a

standardized protocol by the psychophysical

method of heterochromatic flicker

photometry (HFP) during CAREDS study

visits conducted from 2001 to 2004. This

protocol, described in detail previously, 20,

33 had high test-retest reliability (r = 0.9) and

participant response. T-tests, ANCOVA, and

Chi-Square tests were performed to assess the

statistical significance of potential covariates

Women in the group with high dietary levels

of lutein and zeaxanthin had a 23% lower

prevalence of nuclear cataract (age-adjusted

odds ratio, 0.77; 95% confidence interval,

0.62–0.96) compared with those with low

levels.). Women in the highest quintile

category of diet or serum levels of lutein and

zeaxanthin as compared with those in the

lowest quintile category were 32% less likely

to have nuclear cataract

(multivariable-adjusted odds ratio, 0.68; 95%

confidence interval, 0.48–0.97; P for trend=

0.04; and multivariable-adjusted odds ratio,

0.68; 95% confidence interval, 0.47–0.98; P

for trend= 0.01, respectively).

Moderate

(Continued)
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TABLE 7 (Continued)

References Study
design

Endpoint Study
period

Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Pastor-Valero

et al. (99)

Case-control

study

To Investigate the

association of

antioxidant vitamins and

minerals and risk of

cataract in a

Mediterranean

population

- Cases with cataract (343) and

334 age/sex

frequency-matched controls

aged 55 to 74 y were selected

from an ophthalmic outreach

clinic

Participants were interviewed about their diet

using a Food Frequency Questionnaire, and

other information on potential confounders,

such as smoking, alcohol, and education.

Blood samples were analyzed by a

colorimetric method for vitamin C and by

reversed-phase HLPC for other blood

antioxidants

Blood levels of vitamin C above 49

micromol/L were associated with a 64%

reduced odds for cataract (P < 0.0001).

Dietary intake of vitamins C, E and selenium

were marginally associated with decreased

odds (P = 0.09, P = 0.09, P = 0.07,

respectively), whereas moderately high levels

of blood lycopene (>0.30 micromol/L) were

associated with a 46% increased odds of

cataract (P = 0.04). results strengthen the

evidence for a protective role for vitamin C

on the aging lens as this effect was seen in a

population characterized by high vitamin C

intakes

Moderate

Ghanavati

et al. (100)

case-control

study

To evaluate and compare

healthy eating index

among the patients with

cataract and healthy

individual

– 97 patients with cataract and

198 healthy people (as a

control group)

Individuals were selected by the convenience

sampling method and the food frequency

questionnaire (FFQ) was completed for them.

At first, HEI was calculated and then the HEI

scores were compared in cataract patients

and healthy individuals.

The analysis of FFQ showed that the scores of

vegetables (7.81 vs. 10), nutritional variation

(5.5 vs. 7) and sodium (2 vs. 6) groups (P <

0.001) were significantly lower among the

patients with cataract than the healthy

individuals. Also this significant difference

was observed in the scores of total HEI and

fruits (respectively 73.26 vs.79.30 and 7.1 vs.

9.8) (P < 0.01). On the other hand, the scores

of saturated fatty acids (10 vs. 9; P = 0.02),

total fat (8 vs. 7; P = 0.004) and cereals (10 vs.

10; P < 0.001) were higher among the

patients with cataract than the healthy

individuals. In addition, after adjusting the

confounding factors the results showed that

the HEI high score was associated with

reducing the risk of coming down with

cataract (OR= 0.18, CI: 95%, P < 0.001,

0.08–0.41).

Moderate

(Continued)
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TABLE 7 (Continued)

References Study
design

Endpoint Study
period

Subjects (age, sex,
number…)

Method Results Strengthof
evidence

Sedaghat et al.

(101)

case-control

study

To assess the relation

between nutrient

patterns and cataract risk

– 97 cataract patients and 198

matched controls.

Dietary consumption was collected through a

valid food frequency questionnaire (FFQ).

Nutrient patterns were detected by applying

factor analysis. Unconditional logistic

regression models were used to estimate odds

ratio (ORs) and 95%Cis. They identified 5

main nutrient patterns: -Pattern 1: included

niacin, thiamin, carbohydrates, protein, zinc,

vitamin B6 and sodium (sodium pattern)

-Pattern 2: characterized by oleic acid,

monounsaturated fats, polyunsaturated fats,

linoleic acid, trans fatty acid, linolenic acid,

vitamin E and saturated fats (fatty

acid pattern). -Pattern 3: factor represented

high intake of vitamin B12, vitamin D,

cholesterol and calcium (mixed pattern)

-Pattern 4: high in intake of beta and alpha

carotene, vitamin A and vitamin C

(antioxidant pattern). - Pattern 5: pattern

loaded heavily on docosahexaenoic acid

(DHA) and eicosapentaenoic acid (EPA)

(omega-3 pattern)

In crude and multivariate analysis, the

sodium pattern was associated with increased

risk of cataract (OR= 1.97, 95%CI:

1.09–3.96). The fatty acid pattern elevated the

risk of cataract (OR= 1.94, 95%CI: 1.1–3.86).

Antioxidant pattern was associated with a

significant 79% reduced risk (2nd category

compared with the 1st). Omega-3 pattern was

significantly negatively associated with risk of

cataract (P = 0.04).

Moderate

Minassian

et al. (102)

case-control

study

To investigate the

association between

cataract and clinical

manifestations

concearning hydratation

24 months 1,364 patients, 881 males, 483

females. Divided in cataract

and non-cataract group

depending on ophthalmic

diagnosis

All patients aged 30 to 69 attending the eye

unit during the study period were

systematically tested and examined to assess

visual acuity and central lens opacities.

Generalities and antropometry were assessed.

All patient underwent an interview about

past risk factor and past diseases concearning

hydratation.

The results strongly confirm the findings

from the first study and indicate thatan

estimated 38% of blinding cataract may be

attributable to repeated de-hydrational crises

resulting from severe life threatening

diarrhoeal disease and/or heatstroke. The risk

of blinding cataract was strongly related to

level of exposure to de-hydrational crises in a

consistent and dose-dependent manner, thus

indicating a causal association.

Moderate
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TABLE 8 Nutrition and cataract (reviews).

References Study design Purpose Main findings Strength of
evidence

Chong and Wong

(103)

Narrative review To examine literature evidences about

cataract and nutrition

Dietary modifications that can retard cataract

formation, if found, can have pro- found implications

by reducing the personal, community, and financial

burden caused by this common condition. However,

based on the literature available currently, definitive

recommendations on the use of a multivitamin

supplement in preventing age-related cataract are

premature

Low

Jiang et al. (104) Meta-analysis To summarize quantitatively the

prospective association between

physical activity and age-related cataract

(ARC) risk

The findings from this Meta-analysis provide additional

evidence that increased physical activity is inversely

associated with age-related cataract risk

dose-responsively

High

Sherwin et al. (105) Systematic review To investigate current evidence

implicating changes in hydration and

their association with ocular physiology

and morphological characteristics and

to asses relevant clinical correlations of

changes in hydration and major

common eye diseases

systemic hydration status broadly affects a variety of

ocular pathophysiologic processes and disease states

and the assessment of hydration status may be an

important consideration in the management of patients

with chronic eye diseases.

High

and chronic pathologies of a degenerative nature for the ocular

structures, which have common pathophysiological mechanisms

related precisely to oxidative stress and inflammation (74).

4.1.5. Sa�ron
In DR, saffron may reduce insulin resistance in patients

with “prediabetes” (74). It has been shown in vitro that saffron

can control the activation of microglia. Moreover, crocin (the

carotenoid that gives saffron its distinctive color) supplementation

reduces retinal thickness and enhances visual acuity in patients with

diabetic macular edema, perhaps as a result of its anti-inflammatory

effects (120).

This was observed in a double-blind, placebo-controlled,

randomized phase 2 clinical trial. Sixty patients with diabetic

maculopathy refractory to conventional therapy [including

macular photocoagulation and intravitreal injection of an

endothelial growth factor inhibitor (bevacizumab) with or without

steroids (triamcinolone)] were considered. Patients were divided

into three groups: patients in the crocin group were given 5mg

or 15mg crocin tablets daily for 3 months, while patients in the

placebo group received one placebo tablet daily during the study.

Best corrected visual acuity (BCVA) and central macular thickness

(CMT) were measured at baseline, and then monthly for a total

of 3 months post-operatively. Blood chemistry tests were also

evaluated at baseline and at the end of the study. BCVA and CMT

were evaluated as primary outcomes, while glycated hemoglobin

(HbA1c) and fasting blood glucose (FBS) were investigated

as secondary outcomes in this study. The results showed that

administering crocin tablets 15mg daily could significantly

reduce HbA1cg and CMT and improve BCVA compared to the

placebo group. Although administering crocin tablets 5mg daily

can improve HbA1c, FBS, CMT, and BCVA, the difference was

not significant compared with the placebo group. Thus, this

study highlighted how crocin may act as a potent antioxidant

and neuroprotective in short-term refractory DME; however,

the clinical significance has yet to be demonstrated in a longer

study with a larger sample size that includes treatment-naïve

patients (120).

4.1.6. Curcumin
Literature has shown that turmeric has an interesting activity

on the retina; in vitro, treatment of high-glucose-induced human

retinal endothelial cells (HRECs) with curcumin significantly

reduced the intracellular production of reactive oxygen species

(ROS), as well as the release of tumor necrosis factor-α

(TNFα) (133).

Similar results were also obtained when curcumin was added to

particular cell lines of the retinal pigment epithelium, called ARPE-

19 (a spontaneous human retinal pigment epithelium cell line with

normal karyotype that forms polarized epithelial monolayers on

porous filter media) (134, 135).

Curcumin reduced the production of ROS and increased the

expression of heme oxygenase-1 (HO-1), a type of redox-sensitive

protein, whose activation protects cells from various types of stress.

These findings imply that curcumin exhibits indirect antioxidant

activity in addition to direct antioxidant activity by enhancing the

activity of HO-1 and other antioxidant enzymes (134, 136).

Similarly, Maugeri argued that curcumin treatment can largely

prevent the changes of DNA methyltransferase activity in high

glucose-related stress ARPE-19 cells by downregulation of ROS

production (137).

Given this background, although the studies are currently

conducted exclusively in vitro and in the animal model, the

results of the same encourage the routine intake of curcumin at

least weekly.

4.1.7. Tea and co�ee
Tea has been found to act as a strong neuroprotector in

the retina (75), inhibiting neovascularization and protecting
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pericytes preventing neovascularization (138). By lowering the

production of ROS, boosting the expression of the glutamate

transporter, reestablishing intercellular connections, and

promoting glutamine/glutamate recycling, green tea can preserve

retinal neurons in diabetes patients and control the retinal

microenvironment (139). Furthermore, a low dose of green tea

improves antioxidant defenses, reduces markers of inflammation,

and prevents retinal basement membrane thickening (140). In a

Chinese case–control study, including diabetic patients without

DR, regular consumption of Chinese green tea every week for

at least 1 year was associated with a reduced likelihood of DR

in female subjects, but not in male subjects (38). In an animal

model study, black tea was shown to lower blood sugar and

slow the development of cataracts (141). Green and black tea

(in 1.25% water) were administered to streptozotocin-induced

diabetic rats for 3 months. Normal and diabetic control groups

were also studied. As expected, the tested diabetic animals showed

a significant increase in lens and plasma glucose. Red blood cell

lens and sorbitol were significantly increased due to activation

of the aldose reductase pathway. The thiobarbituric acid reactive

substances of plasma, lens lipids, and protein glycation were also

significantly elevated. Both teas significantly inhibited diabetic

cataracts and caused significant reductions in the biochemical

pathway implicated in the development of the disease. After

corrections for glucose, teas have been found to delay the

development of diabetic cataracts due to a hypoglycemic effect,

which in turn inhibits biomarkers of the disease. Significant

correlations were found among glucose level, cataract severity, and

these indicators. Green tea, but not black tea, caused a significant

drop in triglycerides in diabetic animals. The study concludes

that tea may be a simple and cost-effective means of preventing

or delaying diabetes in humans and resulting complications.

Therefore, tea should also be studied as a therapeutic adjuvant in

the treatment of diabetes. As for coffee, its long-term consumption

can reduce oxidative stress (76). This could be due to the caffeine

itself, which is considered an antioxidant, but also due to other

coffee components, such as some trace elements (zinc, copper,

and iron) and other substances, including chlorogenic acid

(CGA), cafestol, trigonelline, and caffeic and ferulic acids (77). By

modifying adenosine signaling, inhibiting glucose-6-phosphatase,

inhibiting glucose-6-phosphate translocase 1, inhibiting intestinal

glucose absorption, decreasing glucose production in the liver,

increasing insulin secretion from pancreatic islets, and improving

peripheral insulin sensitivity and glucose uptake, caffeine and

CGA affect insulin and glucose homeostasis (by stimulation of

the glucose transporter type 4 (GLUT4) and modulation of the

activation of the intracellular signaling pathway that includes Akt,

AMPK, and MAPK) (78). In healthy, obese, and 2DM adults,

regular coffee consumption can reduce levels of pro-inflammatory

biomarkers. The anti-inflammatory adiponectin, interleukin 4,

and interleukin 10 can all be increased by it (76, 77). A Norwegian

study found that high compared with low coffee consumption

reduced the risk of type 2 DM by about 35% (39). This study looked

at more than 360,000 subjects between 40 and 45 years of age,

over 20 years, who were divided according to coffee consumption

into four groups: <1 cup of coffee per day, 1 to 4 cups/day, 5 to 8,

or more than 9 cups of coffee per day. The group that drank less

than one cup of coffee per day was used as a reference. Compared

to this, the other groups had relative risks of developing type 2

DM (0.87 for the 1–4 cups/day group, and 0.65 for both the 5–8

cups/day and > 9 cups/day groups). This regards the consumption

of “boiled” coffee, while for other types of coffee, mainly filtered,

the relative risks were as follows: 0.84 (1–4 cups/day), 0.67 (5–8

cups/day), and 0.62 (>9 cups/day). Similar results were obtained in

a Finnish cohort study, in which coffee consumption was inversely

correlated with type 2 DM (40).

4.1.8. Nutrients
4.1.8.1. Vitamins and antioxidants

It has been demonstrated that vitamins and antioxidants

(such as vitamins C, E, and carotenoids) may play a role in

the pathogenesis of DR as they lead to a reduction of retinal

neovascularization, with the restoration of blood flow and have a

protective role against free radicals (142). Furthermore, vitamins

C and E appear to suppress vascular endothelial growth factor

(VEGF) production in animal models and decrease advanced

glycation end-products (AGEs) accumulation. Vitamin C can

decrease protein kinase C activation (143), prevent glucose-induced

pericyte apoptosis (144), and reduce oxidative stress in human

retinal pigment epithelium (145). Given these premises, several

studies have attempted to establish whether there was a relationship

between DR and dietary antioxidant intake.

4.1.8.2. Vitamin A and carotenoids
According to Brazionis, greater plasma levels of lutein and

zeaxanthin were linked to a decreased risk of DR, just like they

were for AMD (41). Taking lutein supplements at a level of

6mg per day for 20 days per month (considered a “nutritional”

intake, meaning typically ingested with a healthy and diverse diet)

can stop the progression of DR within 5 years, according to a

randomized trial on certain antioxidants (42). Patients with non-

proliferative DR (NPDR) who take 10mg of lutein daily report

improved contrast sensitivity, glare, and visual acuity (43). In a 2-

year study, diabetic individuals without DR who received 10mg

of lutein and 12mg of zeaxanthin/day showed improved retinal

density on multifocal electroretinography and a modest increase in

non-edematous foveal thickness (44).

4.1.8.3. Vitamin D
It was observed that plasma concentrations of 25-

hydroxyvitamin D ≥75 nmol/L were associated with a reduced

probability of developing retinopathy at 3 years (47). Subsequently,

in a 2017 retrospective cross-sectional study on over 800 adults

emerged that an optimal level of vitamin D is fundamental for

reducing the risk and severity of DR (48).

4.1.8.4. Polyphenols
A cross-sectional study by Mayoney examined the effect of

flavonoids in diabetic patients who were divided into groups based

on the frequency of consumption of fruits and vegetables with high

flavonoid contents. It was observed that there was a significant

association between a high intake of these foods and lower levels

of c-reactive protein (CRP), HgbA1C, and glucose. In addition to
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lower levels of inflammation and better glycemic control, these

patients also had a 30% reduction in the likelihood of DR (49).

4.1.8.5. Vitamin C
It was observed that patients with PDR had a 10-fold lower

level of ascorbate in the vitreous humor and a greater tendency

to DME (50), and that vitamin C taken with statins decreased

NPDR, in a dose-dependent manner, more than statins alone (51).

However, regarding the vitamin C–DR relationship, not all studies

agree: a Japanese cohort study found that high vitamin C intake

(4th quartile) was associated with a 40% reduction in retinopathy

risk (34), while two cross-sectional studies showed no association

between vitamin C consumption and retinopathy (45, 46), except

for an increased likelihood of retinopathy in the 9th decile of

vitamin C intake in the study by Mayer-Davis (46). In diabetic

subjects, oral supplementation with 1,500mg of vitamin C reduces

capillary endothelial dysfunction (52) and therefore can be a useful

support in microvascular pathologies such as RD.

4.1.8.6. B vitamins
Vitamin B1 (thiamine). In addition to controlling intracellular

glucose and preventing the activation of the polyol pathway, which

is brought on by increased intracellular glucose levels, thiamine is a

powerful free radical scavenger (146). This pathway represents one

of the mechanisms in the pathogenesis of DR (147). Furthermore,

elevated serum thiamine levels protect the vascular endothelium

from injury by advanced glycation end products (146, 148, 149).

As reported in a 2020 review published in “Eye and Vision” by Shi,

for the treatment and prevention of vascular end-organ damage,

such as that seen in DR and diabetic nephropathy, high-dose

thiamin supplementation (50–100 mg/day) is safe and effective for

neuroprotection. Because of the low toxicity, no upper limits (UL)

have been recorded (150).

Vitamin B2 (riboflavin). Riboflavin supplementation in

humans likely guards against damage caused by oxidative stress,

hyperglycemia, and homocysteine (53, 151, 152). Supplementing

with vitamins B6 and B12 may also be advantageous since these

nutrients lower homocysteine levels (150).

Vitamin B6. A cohort of Japanese 2DM patients was followed

for 8 years, monitoring vitamin B6 intake and DR onset. It was

noted that low vitamin B6 intake (particularly the lowest quartile

of vitamin B6 intake) was correlated with a higher incidence

of DR (54). There are various forms of B6, and the naturally

occurring active form pyridoxal-5-phosphate (P5P) is the safest

and most efficient form for lowering homocysteine levels (153).

P5P supplementation may lower the chance of developing DR and

diabetes. Vitamin B6 therapy alone, at a dosage of 50–200mg per

day, was associated with a decreased long-term incidence of DR in

a small cohort trial of a few participants (150).

Vitamin B9 (folate). The use of supplements with L-

methylfolate, B2, B6 (in the form of P5P), and B12 can reduce

homocysteine levels, the incidence of DR, and other diabetes-

related diseases (150).

Vitamin B12 (Cobalamin). Increased homocysteine levels, as

already stated, are linked to decreased cerebral and retinal blood

flow, as well as decreased central retinal artery caliber, VEGF

expression, and DR (53, 55, 154). Supplementation with vitamin

B12 increases the release of nerve growth factor (NGF) and brain-

derived neurotrophic factor (BDNF) (155) and allows for the

reduction of DR-associated long-term complications (140). The

active transport necessary for gastrointestinal absorption of vitamin

B12 from food requires the presence of an intrinsic factor, an acidic

environment, and an intact intestinal mucosa (156).

4.1.8.7. FA
FA can influence retinopathy through several pathways. First,

the accumulation of long-chain FA can lead to activation of the

protein kinase C pathway, just as occurs with excess glucose

(112, 157). Second, since the retina is an extremely oxidizing

and polyunsaturated fatty acids (PUFA)-rich environment, an

accumulation of lipids can more easily undergo peroxidation and

accumulation of advanced lipoxidation end products (ALEs) (158).

Both ALEs and AGEs activate a pro-inflammatory response via the

AGE receptor, which activates the proinflammatory transcription

factor NF-kB and decreases the antioxidant response (159).

Concerning the PUFA and DR relationship in Sazaki’s study, an

increase in PUFA intake was linked to a lower likelihood of

DR occurrence and severity in individuals with well-controlled

diabetes, whereas an increase in short-chain fatty acid intake (SFA)

was linked to a higher probability of DR occurrence and severity

(56). A 500 mg/day consumption of omega-3 FA can greatly lower

the possibility of developing DR, as was highlighted in a post-hoc

analysis of the PREDIMED study by Diáz-López (32). Alpha lipoic

acid, an important cofactor of mitochondrial metabolism, has an

antioxidant action by counteracting ROS and enhancing the effects

of endogenous antioxidants such as glutathione and vitamins C

and E (160). The administration of alpha lipoic acid shields the

retina’s ganglion cells and pigment epithelial cells, in particular,

from ischemic damage and apoptosis (161). Furthermore, alpha

lipoic acid reduces hyperglycemia and hyperglycemia-induced

endothelial dysfunction in type 2 DM patients (57, 58). Daily

supplementation with 600mg of alpha lipoic acid is safe and well-

tolerated (150).

4.1.8.8. Zinc
Several chronic disorders, including metabolic syndrome,

diabetes-related complications, such as DR, and metabolic

syndrome, are known to advance more quickly when there

is zinc deficiency. Low serum zinc levels correlate with DM

duration, elevated HbA1c levels, hypertension, and microvascular

complications. Blood zinc levels gradually decline with DR

duration and severity (59).

4.1.8.9. Fiber
A higher risk of getting DR is linked to lower dietary fiber

consumption (162). Furthermore, once this complication occurs,

intensive glycemic control can slow the rate of development (163).

The Mediterranean diet is rich in food sources of fiber, such

as fruits, vegetables, and unrefined carbohydrates, and has been

associated with a lower incidence of DR (30, 31).

4.1.8.10. Hydratation
Results emerging from the review by Sherwin et al. showed

that chronic activation of the renin-angiotensin-aldosterone system

(RAAS) may be implicated in the pathogenesis of DR and

glaucoma, thus suggesting a possible new therapeutic target on
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which to base new studies’ intervention (105). The cross-sectional

population analysis of the 2005–2008 NHANES study (5220 US

adults 40 years of age and older) also found that low levels of

hydration, as assessed by measured (or calculated) formulas based

on blood levels of glucose, sodium, potassium, and urea (limited

to subjects aged ≥65 years), were associated with an increased risk

of DR (60). So, the intake of adequate quantities of water, equal to

1.5–2 liters per day, is a fundamental objective to achieve.

4.1.8.11. Gut microbiota
Beli (164) first described the link between the gut microbiome

and DR in differently fed rodents. The intermittently fasting mice

exhibited retinal histology that was comparable to that of non-

diabetic controls, while the ad libitum diet animals displayed

ocular symptoms of DR. Intermittently fasted rodents showed

increased Firmicutes to Bacteroidetes ratio and changes in bacterial

metabolites, with increased levels of taurochenodeoxycholate

(TUDCA) derived from bile acids and known to have anti-

inflammatory effects. TUDCA enters the bloodstream and activates

GPBAR1, even referred to as TGR5, the TUDCA receptor in the

retina. The results imply that intermittent fasting may protect

against DR by increasing TUDCA levels and, in addition, TGR5

could represent a novel therapeutic target for the diabetic retina

(165). Regarding the role of prebiotics, oligofructose, used alone

or in combination with metformin, is effective in preventing the

development of DM and its microvascular complications, opening

the door for new treatment approaches and research ideas (166).

These results suggest that the growth of beneficial bacteria in

patients with healthy diets, either through pre- and probiotics,

or even through intermittent fasting, could protect against the

development of T2DM (167).

4.1.8.12. Physical activity
Increased PA reduced the risk of its onset (61, 62). Higher

levels of PA were shown to be independently linked to a decreased

incidence of DR in type 2 DM patients (63). A minimum of 30min

of PA, 5 days a week, might minimize the risk of DR advancement

by 40% (168). Conversely, it has been revealed that diabetic subjects

who lead a sedentary lifestyle have a higher risk of developing

DR than those who live actively (169). The results of a meta-

analysis also revealed a possible mechanism of impact of PA on

DR due to improved glycemic control (170). An alteration in 25-

hydroxyvitamin D levels could be another probable mechanism.

Supporting evidence is the finding in subjects of all ages that

25-hydroxyvitamin D levels improve with increased PA (64–67,

171). Low levels of 25-hydroxyvitamin D in the blood have been

linked to an increased risk of macrovascular and microvascular

events, including DR (68). Furthermore, exercise has been shown

to modulate oxidative stress (172). Research on animal models

has shown that exercise reduces oxidative stress in the retinas

of DR mice (173–176). It should be remembered, however, that

high-intensity resistance and aerobic exercise should be avoided in

diabetic patients with DR to lower the risk of vitreous hemorrhage

or retinal detachment (69, 177). Moreover, the risk of vitreous

hemorrhage is increased by any exercise which can lead to a rise

in systolic blood pressure (178, 179). In animal model studies

of diabetic disease, resistance exercise has been shown to lead

to increased muscle mass (180). Skeletal muscle is an essential

reservoir of glucose in the body, and exercise is a powerful

stimulator of glucose uptake, which in part is stored within skeletal

muscles (181). Resistance exercise has a direct impact on skeletal

muscle and may be used to manage individuals with DM2 (182).

4.2. AMD

In the transversal AREDA study conducted on 4,088

participants (whose eyes were divided into three groups: controls,

early AMD, and advanced AMD), two major DPs were identified:

the Western pattern and the Oriental pattern by using a food

frequency questionnaire (FFQ) with subsequent factorial analysis.

The first pattern had a higher prevalence of progressive AMD,

while an “oriental” dietary style appears to be protective against this

pathology (183). Furthermore, according to a recent review, for

both early and late AMD, abdominal obesity would be a risk factor

(184). In a 2013 cohort study that enrolled 1,760 subjects aged

≥55 years, the authors tried to provide epidemiological evidence

for the possible relationship among serum levels of homocysteine,

vitamin B12, and folate, and the risk of AMD, finding that high

homocysteine levels, as well as a vitamin B12 or folate deficiency,

were linked to a higher incidence of AMD at age 10 years; this risk

was decreased by 47% with vitamin B12 supplementation (55).

Moreover, the effects of several dietary sources, including omega-3

and omega-6 fatty acids, mono-, polyunsaturated, and saturated

fats, total fats, trans fats, and cholesterol, on the risk of AMD have

been investigated. In particular, omega-3 has anti-inflammatory

properties and, when transformed into neuroprotectin, can

help prevent oxidation-induced apoptosis in retinal cells and

support the fluidity of the photoreceptor membrane (185). The

polyunsaturated fatty acids EPA and DHA are linked to a lower

incidence of AMD and play a preventive role in the course of the

illness, according to a 2018 review of epidemiological, clinical, and

experimental data. Indeed, in humans, the retina has a lipid profile

that is especially high in long and very long-chain polyunsaturated

FA, which is crucial for maintaining retinal structure and function

(184). In the US Twin Study of AMD, a cross-sectional study

performed on 681 twins, of which 222 subjects had intermediate

or advanced stage AMD and 459 did not or just exhibited initial

signs of the disease, it was demonstrated that a higher omega-3

FA level (upper quartile, corresponding to a mean daily intake of

0.35 g of omega-3, vs. lower quartile, corresponding to 0.06 g/day)

was inversely related to AMD, with a significant risk reduction

observed primarily in subjects with a lower than average intake

of linoleic acid (an omega-6 FA) (1.8 g/day) (79). In the Blue

Mountains Eye Study, 2,335 participants aged 49 years and older

underwent reevaluation at 5 years for the development of AMD.

Results showed that those in the highest quintile of omega-3 fatty

acid intake (0.52–2.11%, expressed as a percentage of total energy

intake) had a lower risk of early AMD onset than those in the

lowest quintile (0.05–0.26%), with a 40% reduction in incidence

when consuming fish at least once a week (80). Consumption

of 1–2 portions of nuts per week (compared to less than one

portion per week) was also related to a lower risk of early AMD

onset, with a protective impact in comparisons of retinal pigment
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abnormalities reported in non-smokers, subjects with a lower-

than-average total cholesterol-to-HDL-cholesterol blood ratio, and

those with higher-than-average beta-carotene intake (6836 g/day)

(81). Within the Age-Related Eye Disease Study (AREDS), 4,519

subjects (60–80 years) provided an estimate of habitual nutrient

intake through self-administered, semi-quantitative FFQ, from

which the study showed that those in the top quintile of total

long-chain-omega-3 intake (0.110% of total energy intake) and

DHA (0.061%) had a lower risk of neovascular (NV) AMD (NV

AMD) than bottom quintile (0.013% for total omega-3 and 0.010%

for DHA). In general, higher consumption of fish was inversely

related to NV AMD, while arachidonic acid taken with food was

directly associated with the incidence of this pathology (82). Several

other studies have looked into the connection between lipid intake

and the risk of AMD, including a cohort study with 6,734 people

(aged 58 to 69) who completed the FFQ and also reported using

supplements (ascorbic acid, vitamin E, cod liver oil, and fish oil).

A greater trans-fat intake was linked to a higher prevalence of late

AMD, whereas higher omega-3 FA and olive oil intake would lessen

the incidence of both early and late AMD, respectively (upper

quartile, 1.4 g/d vs. lower quartile, 1.0 g/d; OR, 0.85; 95% confidence

range, 0.71–1.02; P = 0.03). However, neither monounsaturated

FA nor oleic acid, of which olive oil is particularly rich, were

associated with late AMD; presumably, therefore, other non-FA

contained in this oil could be responsible for its protective effect.

Conversely, conflicting results emerged from an Australian study

on 254 subjects diagnosed with early AMD, in which the possible

progression of the disease at 7 years was evaluated: these findings

contribute to a relationship between omega-3 intake (as measured

by FFQ) and the development of AMD, potentially demonstrating

how excessive consumption of a drug having therapeutic effects

can be hazardous (83). Furthermore, high consumption of total,

saturated, and monounsaturated fats was linked to an elevated

risk of age-related maculopathy in the POLANUT trial, which

involved a sample of 832 people from southern France. While no

significant correlation emerged with polyunsaturated FA intake, a

60% decrease in the risk of maculopathy was associated with fatty

fish consumption frequency (more than once per month vs. less

than once per month) (84). The multi-center, case–control study by

Seddo examined 504 controls without AMD but with other ocular

pathologies, as well as 349 patients (55–80 years) with advanced

neovascular AMD. It concluded that higher consumption of certain

types of fats, especially mono- and polyunsaturated-FA of vegetable

origin, may be linked to an increased risk of advanced AMD, while

diets high in omega-3s and fish (two or more servings/week vs. less

than one serving/week) seemed to be inversely associated with this

risk, but limited to subjects with low linoleic acid intake (≤5.5 g vs.

≥5.6 g) (85). Given that the GI of foods appears to play a role in the

pathogenesis of AMD, a significant group of studies have looked

into the potential involvement of carbs in AMD. Low dietary GI

values (dGI75.2 vs. 81.5, computed as the average of GI of specific

items weighed by the presence of carbs) were linked to a lower

chance of developing advanced forms of AMD, according to an

analysis of the data from the AREDS study: More specifically, it

was discovered that a dGI reduction of 6 units (roughly equivalent

to substituting 5 slices of white bread with 5 slices of whole grain

bread in a subject’s daily diet who consumes 250 g/day of total

available carbohydrates) could prevent 8% of advanced AMD cases

for 5 years. The production of advanced glycosylation products, the

aggregation and precipitation of glycosylated protein aggregates,

and the ensuing inflammatory and angiogenic responses have all

been linked to higher post-prandial glycoxidative stress caused by

high GI foods. Furthermore, the compensatory hyperlipidemia

that occurs in the late post-prandial phase following the intake

of high GI foods could also play a role in the pathogenesis of

AMD (86). A higher mean dietary GI (lower quartile vs. upper

quartile) is associated with a higher 10-year risk of developing

early AMD, according to the Australian Blue Mountain Eye Study

(3,654 participants, 49 years and older, examined at baseline in

1992–1994, of whom 2,335 were re-examined after 5 years, and

1952 after 10 years). This is after adjusting data for potential

confounders and diet constituents. On the contrary, a greater

consumption of whole-meal bread and cereals (in particular, those

with a lower GI) was related to a reduction in this risk. In 1993,

the Eye Disease Case-Control Study Group found that participants

with intermediate and high blood levels of carotenoids had a much

lower chance of developing neovascular AMD than those with low

levels—equivalent to half and one-third, respectively. Within the

same study, surveys performed on a sample of 356 patients with

advanced-stage AMD (55–80 years) and 520 controls showed that

subjects in the top quintile of dietary carotenoid intake had a risk

of AMD 43% lower than subjects in the bottom quintile, and how,

among the specific carotenoids, lutein and zeaxanthin (mainly

found in green leafy vegetables) had the strongest association

with a reduced risk of AMD (consuming spinach and collard

greens more frequently was linked to a significantly decreased

incidence of AMD) (87). A case–control study on the intake of

antioxidants (72 patients and 66 controls) revealed that AMD

was almost two times as common in patients who consumed

fewer antioxidants and lutein than the typical person compared

to those who consumed more, indicating a clear dose–response

relationship (88). Vitamin A, which the body stores as retinol, is

the source of several carotenoids. Even after adjusting for variables,

demographics, and specialists, the National Health and Nutrition

Examination Survey (NHANES) study found a negative correlation

between the frequency of consumption of vitamin A-rich fruits

and vegetables and the prevalence of macular degeneration in

subjects under the age of 45 years (27). These observational studies

collectively imply that lutein and zeaxanthin are the carotenoids

that benefit the retina the most out of all those under investigation.

These effects seem to be exclusive to certain types or stages of

macular degeneration, with advanced disease benefiting most

from a lower risk of damage. It is reasonable to speculate that

vitamin C’s potent antioxidant activities may be crucial in the onset

and progression of the illness given the significance of oxidative

stress on the etiopathogenesis of AMD. Most of the early studies

were case–control studies. In 2002, Simonelli et al. analyzed the

oxidative status of the serum/plasma in 48 Italian patients with

macular degeneration (19 with the early form and 29 with the

late form) and 46 healthy subjects, showing that subjects with

late pathology had plasma levels of vitamin C, vitamin E, total

carotenoids, and beta-cryptoxanthin compared to patients with

early AMD, but with no differences in plasma levels of vitamin

C between patients with ocular disease and healthy controls (89).
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Other observational studies have confirmed a small effect of

vitamin C on the risk of macular degeneration. Data obtained from

4,519 participants in the AREDS study, which suggested a reduced

probability of developing neovascular AMD in subjects with the

highest vitamin C intake, were then not confirmed following the

addition of covariates (82). Even the multicenter Eye Disease Case–

Control Study (EDCCS), which included 520 controls with other

eye diseases and 356 patients with advanced-stage AMD (55–80

years), failed to detect any statistically significant link between

vitamin C consumption and risk of AMD, even though the data

appeared to point to a lower risk among those with the highest

intake of vitamin C (particularly that contained in food) (87).

Following multivariate adjustment, the examination of NHANES

data from 1971 to 1972 revealed that there was no correlation

between vitamin C intake and the prevalence of AMD at any stage

(27). In addition to serving as a catalyst for more than 50 different

enzymes, zinc also controls the expression of genes and contributes

to the structure of proteins, making it a vital component of many

physiological processes (186). Furthermore, zinc, together with

copper, is an essential microelement for the retina, particularly

concentrated in photoreceptors and pigmented epithelium of the

human eye. Zinc and copper also act as cofactors for numerous

ocular enzymes, including superoxide dismutase, a component

of the main antioxidant system that modulates oxidative stress

in the body. Oxidative stress and a reduced antioxidant capacity

have been included among the possible pathogenetic factors

implicated in the genesis of AMD, as the retina, and in particular

the RPE, are particularly susceptible to oxidative stress due to

high oxygen tension, high content of polyunsaturated fats, and

intense exposure to light. These factors have led some researchers

to hypothesize that taking zinc supplements may benefit retinal

health (187). Zinc was a component of the antioxidant mixture

given to the intervention group in the AREDS study. Participants

were first randomized into four groups at random and given one

of the following treatments per day: (1) antioxidants (vitamin C,

500mg; vitamin E, 400 IU; and beta-carotene, 15mg); (2) zinc,

80mg; and copper, 2mg, as cupric oxide; (3) antioxidants plus

zinc; and (4) placebos. Data on subjects who took zinc (thus

including both those who took zinc alone and those who took zinc

plus antioxidants) proved to be suggestive of a reduction in the

risk of developing advanced forms of AMD, while no significant

effect emerged in subjects taking antioxidants (including both the

antioxidants-only group and the antioxidants-plus-zinc group).

A statistically significant risk reduction was seen for antioxidants

+ zinc and suggestive for zinc alone, but not for antioxidants

alone, when individual intervention groups were compared with

placebo. Additionally, considering only individuals with the most

severe forms of AMD, the size of the risk decrease increased

(90). The Beaver Dam Eye Study, a prospective population-based

study that initially enrolled 4,926 participants in 1990 and then

reexamined 3,722, 2,962, and 2,375 participants in 1993–1995,

1998–2000, and 2003–2005, respectively, has revealed a higher

risk of late AMD in users of supplements based on vitamins A,

C, E, and zinc (91). In more recent times, attempts have been

made to analyze the associations between illness and diet not so

much understood as a single nutrient or food, but as a food style,

comparing healthy styles and not starting from the large studies

done in the past. The first and most important investigation of

the Mediterranean diet and AMD was the French prospective

cohort study by Merle et al. from 2015, conducted on 2,525

participants of the AREDS study (in which 1,028 eyes were found

to have progressed to an advanced form of AMD for 13 years).

The alternate Mediterranean Diet score (aMeDi, range: 0–9, from

non-adherent to fully adherent) was calculated for each subject

using a validated, self-administered, semi-quantitative FFQ. This

score is widely used to assess adherence to the Mediterranean

Diet in the US population based on the individual intake of nine

components: vegetables, fruit, legumes, whole grains, nuts, fish, red

and processed meats, alcohol, and the ratio of monounsaturated

and saturated fats. In addition, 10 genetic loci associated with AMD

located in seven different genes were determined and analyzed as

covariates (for inherited predisposition). A high aMeDi score (6–9)

was significantly associated with a 26% reduced risk of progression

to advanced disease after adjusting for demographic, behavioral,

ocular, and genetic covariates (HR: 0.74; 95% CI: 0.61–0.91;

P-trend = 0.007). Furthermore, the aMeDi score appeared to

be associated with a lower risk of incidence of advanced disease

among subjects carrying non-at-risk alleles, while no association

with AMD emerged among subjects homozygous for the risk allele.

Greater adherence to the Mediterranean diet, therefore, appears

to be associated with a reduced risk of progression to advanced

disease, a risk that can be modified by genetic susceptibility.

Finally, the data collected demonstrated that two components of

the aMeDi score, in particular, the consumption of fish and that of

vegetables, were associated with a lower risk of progression (92).

Surveys conducted on 4,202 participants in the Rotterdam Study,

through the administration of a validated FFQ comprising 170

items and classifying the data obtained on dietary intakes in nine

food patterns according to the Health Councils guidelines, showed

an association of fish with 24% reduced risk of AMD occurrence

(mean follow-up of 9.1± 5.8 years), while no other association with

single food categories reached statistical significance. Furthermore,

the authors highlighted that only one DP, the one characterized by

the intake of ≥200 g/day of vegetables, ≥200 g/day (two servings a

day) of fruit, and ≥32 g/day (equivalent to two servings per week)

of fish, was significantly associated with a lower risk of developing

AMD (hazard ratio 0.58 [95% confidence interval 0.36–0.93]) (93).

An additional survey conducted on 4,088 subjects participating in

the AREDS study identified, based on the data obtained through

FFQ, two major DPs (Oriental and Western) and eight minor DPs

(subgroups or extensions of one of the two main patterns, generally

including a smaller number of characterizing foods). The two

major patterns were significantly associated with both early (OR

Oriental pattern: 0.74; OR Western pattern:1.56) and advanced

AMD (OR Oriental pattern:0.38; OR Western pattern:3.70), while

no minor pattern showed a correlation with early AMD, and

only four of these were found to be significantly associated with

advanced AMD, including Steak pattern [similar to the Western

DP; OR comparing the highest to the lowest quintile of the

pattern score = 1.73 (95% confidence interval: 1.24–2.41; P trend

= 0.02)], Breakfast pattern [cereals, fruit, and fruit juices; 0.60

(0.44–0.82); P trend = 0.004], Caribbean pattern [white meat, fish,

rice, low-fat dairy, and offal; 0.64 (0.47–0.89; P trend = 0.009)],

and Peanut pattern [peanuts, snacks, high-fat dairy, and sweets;
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0.64 (0.46–0.89; P trend= 0.03)]. The data collected suggested that

specific foods may harbor potentially beneficial effects (peanuts,

pizza, coffee, and tea) or harmful effects (salad dressing) against

the development of AMD (94). Amirul Islam discovered six food

patterns (or factors) that are characterized by a preponderance of

consumption of fruit (Factor 1), vegetables (Factor 2), grains, fish,

steamed or boiled chicken, vegetables, nuts (Factor 3), red meat

(Factor 4), processed foods, such as cakes, cookies, pastries, and

desserts (Factor 5), and salads (Factor 6). Patterns from factors 1–3

were associated with a lower prevalence of AMD, while factors

4 and 6 were associated with a higher prevalence of advanced

AMD. Notably, factor 4, which also included processed fish, eggs,

and a low intake of whole grain foods (wheat or rye bread) was

associated with an increased risk of late AMD, but not early

AMD (OR = 1.46; 95% CI:1.0–2.17). The typical Western DP

containing mostly processed foods (Factor 5) was found to have

no significant association with AMD. In contrast, the latter pattern

also included foods such as dairy, tea, and peanuts, which are

known to protect against AMD, demonstrating that the impacts of

potentially harmful foods featured in the DP may be mitigated by

the consumption of beneficial foods (95).

4.2.1. Physical activity
An active lifestyle, defined by at least 3 h of daily low-to-

moderate intensity physical activity, is related to a decreased risk of

AMD, according to a recent meta-analysis of nine cross-sectional

studies that assessed the effects of PA on AMD in 15 research,

with a protective association against both early AMD [8 studies,

n = 38,112, odds ratio (OR) 0.92, 95% confidence interval (CI)

0.86–0.98] and late AMD [7 studies, N=28,854, OR 0.59, 95% CI

0.49–0.72] (188).

4.3. Cataracts

The Women’s Health Study (WHS) is the largest prospective

cataract study that also correlates total fruit and vegetable

consumption (96). The study boasts an average of 10 years of

follow-up, in which there were 2,067 cases of cataract onset and

1,315 cases of lens replacement due to cataracts. Compared with

women in the lowest fruit and vegetable consumption quintile,

women in quintiles 2–5 (≥3.4 servings/day) had a moderate (10–

15%) reduction in the risk of cataracts (P = 0.05). In the 2013

study byM. Pator-Valero, an inverse association between increasing

quartiles of fruit and vegetable intake and the prevalence of

cataracts was demonstrated. The study’s stated consumption was

much higher than what other studies had described. The WHO

recommendation of five or more servings of fruit and/or vegetables

per day (>400 g/day), with a median of 440 g/day, was actually

met by 50% of the Spanish study population (IQR 226). The

Alicante diet (study population) is a Mediterranean diet abundant

in fruits and vegetables, particularly citrus fruits, and offers high

levels of antioxidant vitamins (99) compared to the best American

diets of other studies examined. Among the antioxidants examined

in the Spanish study, dietary vitamin C has a more consistent

effect on cataract prevalence. The results show that daily intake

of vitamin C in the diet >107 mg/day are inversely linked with

a decreased risk of developing cataracts (P trend between the

four quartiles = 0.047). Compared with the lowest quartiles, with

vitamin C intakes between 13 mg/day and 83 mg/day, vitamin

C intakes between 83 and 107 mg/day were discovered to be

38 times less likely to be related to cataract prevalence and

intakes between 107 and 143 mg/day were associated with a 51%

lower probability of cataract development. Arrives at 54% with

intakes between 143 and 408 mg/day. These data are consistent

with previous studies that demonstrated that human eye tissues

become saturated with vitamin C with dietary intakes between 200

and 300 mg/day (189). An analysis of the Nutrition and Vision

Project (97) also obtained similar results observing a significant

48% reduction in the likelihood of nuclear opacity for vitamin

C intakes between 140 and 180 mg/day, a reduction of 53% for

intakes between 180 and 240 mg/day, and of 66% for intakes

between 240 and 360 mg/day compared to the intakes of the

highest quintiles (<140 mg/day). The French study POLA (84)

instead found an inverse association between nuclear cataracts and

plasmatic zeaxanthin [OR= 0.23 (0.08–0.68)], thus concluding that

xanthophylls are important for the prevention of ocular compared

to individuals who had low plasma zeaxanthin levels (0.04 mol/L).

Nuclear cataract risk was reduced by 75% in people with high

plasma zeaxanthin levels (>0.08 mol/L), but not for other types

of cataracts. The authors found no association between lutein and

cataracts of any type. The CAREDES study (98), composed of

women previously enrolled in an observational study and who were

above and below the 78th and 28th percentiles, respectively, for

consumption of lutein and zeaxanthin, demonstrated that women

whose overall scores for HEI-95 (Healthy Eating Index-95) were

in the highest vs. lowest quintiles had diets that were less rich in

fat, saturated fat, in particular, and contained less sodium. The

prevalence of cataracts was related to low values for most of the

subscale scores (vegetables, fruit, milk, cereals, total saturated fat,

and food variety in general). Furthermore, this study shows that

meat consumption is directly related to cataracts (p = 0.07). The

analysis of sodium and cholesterol consumption did not lead to

any specific results. Two studies on the same population in Iran

(100, 101) highlighted how DPs rich in sodium and trans-fats

were linked to a higher prevalence of cataracts. Ghanavati used a

case–control study evaluating the association of cataracts with a

healthy eating style, the Healthy Eating Index (HEI). The analysis

of FFQ led to dividing the population into three sub-groups with

respect to the diet followed. The two categories of HEI were found

to be protective against cataracts, while the population in the

lowest quartile [OR = 0.19 (95% CI: 0.09–0.4); P < 0.01] had

the greatest prevalence. Factor analysis was used on dietary data

(101) to extract nutritional patterns and identified two particularly

inadequate nutritional patterns, defined as sodium regimen and

fatty acid regimen. Sedaghat has redivided the nutritional models

into five models based on nutrients. The regimens are as follows:

(1) sodium regimen: included niacin, thiamine, high amounts of

carbohydrates and proteins, zinc, vitamin B6, and sodium; (2)

fatty acid regimen featuring oleic acid, monounsaturated fatty acids

(MUFA), PUFA, linoleic acid, trans FA, vitamin E, and saturated

fat; (3) mixed regimen represented a high intake of vitamin B12,

vitamin D, cholesterol, and calcium; (4) the antioxidant regimen
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had high intakes of beta and alpha carotene, vitamin A, and vitamin

C; and (5) omega-3 regimen contained a high intake of DHA and

EPA. In the crude, multivariate analysis, the sodium model was

associated with an increased risk of cataracts (OR = 1.97, 95%

CI: 1.09–3.96). The FA pattern (this model represents a surrogate

for meats and processed foods) was associated with high risk

(OR = 1.94, 95%CI: 1.1–3.86), while the antioxidant regimen was

associated with 79% reduced risk compared to the sodium regimen.

Finally, the omega-3 model was negatively associated with cataract

risk (P = 0.04). The narrative review by Chong in 2008 suggests

that the risk of cataracts can be reduced by adhering to diets high in

vitamin C, xanthophylls (lutein and zeaxanthin, present not only

in the macula but also in the lens), omega-3 FA, and avoiding

frequent and abundant intakes of simple carbohydrates with a high

GI (103).

4.3.1. Hydration
The high-water content in the eye, as well as the peculiar

fluid regulation system in its context, suggest that the state of

hydration may also play an important role in determining the

health or disease state of the eye itself (105). A 2015 review

suggested that dehydration correlates with the onset of some eye

diseases, such as dry eye syndrome, cataracts, retinal vascular

diseases, and refractive defects (105). In particular, the cornea, the

main refractive medium of the eye, is made up of ∼80% water,

and its transparency mainly depends on its state of hydration.

Indeed, changes in the state of hydration of the cornea can result

in a change in its central thickness and the ability to recover

from such changes decreases with age (190, 191). This could also

affect the outcome of cataract surgery (105). Indeed, diabetes has

also been observed to increase the risk of developing cataracts,

as well as in diabetic patients suffering from cataracts, the total

water content of the eye’s lens system is reduced (192, 193). In

a case–control study conducted in India in 1989 on 434 cases

and 930 controls (30–69 years), 38% of the cases suggested that

the cause could be attributed to episodes of severe dehydration,

in a dose-dependent manner (102). Given this background,

water must therefore be taken in a quantity of 1.5–2 liters per

day, as per the indications of all international guidelines for a

healthy diet.

4.3.2. Physical activity
A recent review (104) evaluated the outcome of PA on cataracts,

finding that regular activity decreases the rate of progression

and risk of incidence. Results from prospective cohort studies

accessible and examined in this review revealed that greater PA

was inversely related to cataract risk and that the association was

significant in studies that measured the metabolic equivalent of

task (MET) PA as opposed to studies that measured it as a weekly

activity. According to a dose–response analysis, each increase of 6

METs/day resulted in a 2% reduction in the chance of developing

cataracts. The ocular lens is highly susceptible to oxidative damage

as it is rich in polyunsaturated FA and the presence of greater

quantities of ROS has great toxicity on the components of the

lens itself, such as the crystalline proteins, whose damage leads to

the development of opacities (194, 195). From this point of view,

PA could reduce the levels of oxidative stress by increasing the

activity of antioxidant enzymes and thus favoring the prevention

of cataracts.

5. Conclusion

Many common eye diseases, in particular DR, AMD, and

cataracts, are treatable and preventable, especially in the first

phase in which they occur. Lifestyle, especially nutrition and

physical activity, plays an essential role. To create a food pyramid

that makes it simple for people who are at risk of developing

DR, AMD, and cataracts to decide what to eat, this narrative

review analyzed the most recent research on the best dietary

strategy needed to avoid the development of these pathologies.

In preventive terms, the subjects who can benefit most from

following the indications given in the pyramid are the following:

diabetic and hypertensive subjects as they are at greater risk of

diabetic retinopathy since both pathologies tend to damage the

retina; subjects who are hypertensive and smokers as they are

at increased risk of age-related macular degeneration; subjects

suffering from other eye diseases such as glaucoma or uveitis,

diabetics, and who have undergone prolonged therapies with

cortisone as they are at greater risk of diabetic retinopathy. The

pyramid illustrates the recommended daily diet: three portions

of grains with low GI (for high fiber and zinc content), five

portions (≥200 g/die) of fruits and vegetables, especially spinach

and broccoli and cooked zucchini and green leafy vegetables,

orange, kiwi, grapefruit (for luteina/zeaxantina at least ≥942

µg/die content, are to be preferred), light yogurt (125ml), skim

milk (200ml), EVO oil (almost 20 mg/day for high vitamin E

and polyphenols content), and nuts or oilseeds (20–30 g/day,

for zinc content, at least ≥15.8 mg/die); and weekly: fish (4

portions, for omega-3 content, EPA+DHA at least 0.35 as far

as 1.4 g/day), white meat (3 portions for vitamin B12 and folic

acid content), legumes (2 portions for vegetal proteins), eggs (2

portions for lutein/zeaxanthin content), fresh and low-fat cheeses

for the content of vitamins of group B), and red or processed

meats (once/week) and microgreen (at least once a week). There

are two pennants at the top of the pyramid: one green indicates

the need for individualized supplementation (if daily requirements

cannot be met through diet, omega-3 supplementation and L-

metilfolate may be a useful strategy with a great benefit-to-cost

ratio) and one red indicates the presence of certain foods that

are prohibited) (salt and sugar). Finally, 30 to 40min of aerobic

and resistance workouts must be done three to four times per

week, and the intake of adequate quantities of water, equal to 1.5–2

liters/day, is a fundamental objective to achieve. Another important

topic on which most of the literature agrees is the importance of

maintaining a BMI between 19 and 25 kg/m2. Finally, in these

conclusions, it is necessary to remember a topic that will be the

subject of many studies in the near future: the relationship between

intestinal microbiota and eye diseases because the microbiota can

influence several metabolic pathways involved in the regulation

of ocular health. Inflammation and hyperglycemia can lead to

intestinal permeability of microbial products, which can in turn

bind to ocular receptors and transmit inflammatory signals. The

gut microbiota influences bacterial and host-derived metabolites,
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which signal distally to the brain and eye and influences systemic

lipid metabolism, and has been shown to influence the lipid

composition of the retina.
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Introduction: Globally, the number of older adults is growing exponentially. Yet, 
while living longer, people are not necessarily healthier. Nutrition can positively 
impact healthy aging and quality of life (QoL). Two decades ago, nutrition and diet 
were rarely viewed as key QoL domains, were not part of QoL screening, and QoL 
studies frequently used unvalidated tools. It is unclear how the nutrition and QoL 
research area may have since evolved.

Methods: A scoping review was conducted in Pubmed of research with community-
living older adults (aged ≥65) from developed economies that included 1 of 29 
common, valid QoL instruments, nutrition indices, and was published between 
1/2000–12/2022. The review followed published methodology guidance and 
used the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) flow diagram to document identified studies and record number of 
included/excluded studies (based on scoping review’s pre-specified criteria).

Results: Of 258 studies identified initially, 37 fully met scoping review inclusion 
criteria; only 2 were QoL studies, 30 focused on nutrition, 3 on measurement tool 
validation/testing, and 2 were other study types. Most studies (n  =  32) were among 
populations outside of North America; majority were conducted in Europe (n  =  22) 
where the EuroQol 5 Dimension (Eq5D) was used in >1/2 the studies. Of 5 North 
American studies, the 36-Item Short Form Survey (SF-36) was most frequently 
used (n  =  4). Myriad nutrition indices described various aspects of eating, dietary 
intake, and nutrition status, making comparability between studies difficult. Studies 
included several different nutrition questionnaires; Mini Nutritional Assessment 
(MNA) (n  =  8) or Mini Nutritional Assessment Short Form (MNA-SF) (n  =  5) were 
used most frequently. The most frequent anthropometric measure reported 
was Body Mass Index (BMI) (n  =  28). Nutrition-related biochemical indices were 
reported infrequently (n  =  8).

Discussion: The paucity of studies over the last two decades suggests research on 
nutrition and QoL among community-living older adults remains underdeveloped. 
Valid QoL instruments and nutrition indices are now available. To ensure greater 
comparability among studies it is important to develop consensus on core indices 
of QoL and particularly nutrition. Greater agreement on these indices will advance 
further research to support healthy aging and improve QoL for community-
dwelling older adults.
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1. Introduction

Globally the number of older adults is growing exponentially, 
spurred by increasing longevity and decreasing fertility rates (1). 
Indeed, in the year 2020, for the first time in history, the number of 
people aged 60 and older outnumbered children younger than five 
years of age in the world. By 2030, one in six people will be aged 60 or 
older, and by 2050, those aged 60 plus will be  double in number 
compared to today, reaching an estimated 2.1 billion. At the same 
time, the number of oldest old (those aged 80 or older) will triple to 
reach 426 million by 2050 (2).

The aging of a population is more economically sustainable when 
older adults are healthy and continue to remain actively engaged in 
society (3). Older individuals’ contributions to society depend heavily 
on their health, and so healthy aging has become a priority for health 
systems throughout the world (4). However, while many people are 
living longer, their lives are not necessarily healthier, even in higher-
income countries such as the United States (US). All countries face 
major challenges in dealing with current demographic shifts, although 
the shifts are particularly pronounced in the US. Americans aged 65 
and older represented 16% of the population in 2019, and by 2040 this 
segment is expected to grow to 22%. During the same timeframe, the 
number of Americans aged 85 or older is projected to more than 
double, from 6.6 million to 14.4 million (a 118% increase) (5).

Most older Americans, particularly those who are 75 years and 
older, are afflicted with multiple chronic conditions and other health-
related problems (6). Those with major noncommunicable diseases 
have earlier and steeper rates of functional decline than their healthier 
peers (7). Healthy aging involves developing and maintaining the 
functional abilities that enable well-being and a high quality of life 
(QoL) in older age, including physical, as well as mental and social 
functional domains (2). This healthy aging goal is recognized in the 
US Healthy People 2030 national health goals that include “reducing 
health problems and improving quality of life for older adults” (8).

Nutrition is fundamental to helping achieve such national health 
goals. The 2022 US White House Conference on Hunger, Nutrition, 
and Health described the vital and often unrecognized role that 
nutrition plays in helping older adults remain healthy and independent 
(9). In addition, food and eating are part of the pleasures of life (10) 
that contribute to physical, mental, and social QoL domains. Older 
adults themselves regard maintaining functional independence and 
QoL as of primary importance (11). Yet difficulties with eating, poor 
diet, and other nutrition issues including malnutrition often remain 
unidentified, although they are potent contributors to frailty, 
functional impairments, and poor QoL, especially among the very old. 
Further, age-associated changes in diet and nutrition status are also 
frequently involved in the development, severity, and/or exacerbation 
of many chronic degenerative diseases that have an impact on 
QoL (12).

There is evidence of a link between nutrition and QoL but there is 
a dearth of research on this important area of healthy aging (13). Four 
decades ago, the 1979 US Surgeon General’s Report on Health 
Promotion and Disease Prevention proclaimed that the main goal for 
older adults was to improve their health and QoL, and recognized 
nutrition as a factor that could help increase older adults’ 
independence, self-sufficiency, and QoL (14). Over 20 years later a 
review of nutrition and QoL in older adults found that nutrition and 
diet were still not part of mainstream research on QoL and were 

seldom included among key QoL domains (15). The absence of both 
nutrition in QoL research and QoL considerations in nutrition 
research after all those years is puzzling since the connection between 
the two is so relevant to both health policy and older adults themselves.

In their nutrition and QoL review, Amarantos et al. found that the 
diversity of QoL screening tools was limited and that unvalidated QoL 
screening tools were frequently used in studies (15). Siette et  al. 
recently summarized existing research on the validity and reliability 
of 29 commonly used, self-reported instruments for assessing QoL 
among older adults (16). However, Siette et al. (16) did not consider 
whether any of these QoL instruments included nutrition.

To guide the development of further research and inform healthy 
aging policy, we  sought to identify how the intersection between 
nutrition and QoL studies in community-living older adults has 
evolved in the last 20 years. Specifically, we  conducted a scoping 
review to determine: (1) how much QoL research in community-
living older adults included nutrition indices and used one or more of 
29 common, validated QoL instruments and (2) how much research 
on nutrition in community-living older adults included one or more 
of the same 29 QoL instruments.

2. Methods

We performed a scoping review with the assistance of a scientific 
and health communications expert (JM) to examine the research 
literature, focusing on studies with community-living older adults that 
assessed both nutrition and QoL and used one or more of the 29 
common, validated QoL instruments identified in Siette et al. (16). 
The review followed published guidance on methodology (17). The 
Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) flow diagram was used to document the studies 
we identified and record the number of studies included and excluded 
based on our pre-specified criteria as detailed below.

2.1. Search strategy

Studies were included if they had: (1) one or more of the 29 
common, validated general QoL instruments used in their entirety, (2) 
a measure of nutrition status and/or a nutrition intervention, (3) a 
research population of older adults aged 65 and over who were living 
in the community or independently, and (5) a study population in a 
country that has a developed economy. Search terms were a 
combination of nutrition terms (i.e., nutrition, nutritional, food, diet, 
hunger, food insecurity) AND independent or community living 
AND the QoL instruments specified in the paper by Siette et al. AND 
older adults (complete research search string available in the 
Supplementary Figure). Articles were retrieved from Pubmed and 
included those published between January 1, 2000, and December 
31, 2022.

Studies were also identified through citations from relevant 
literature reviews that were initially included in the Pubmed retrieval. 
Specifically, all systematic reviews, meta-analyses and umbrella 
reviews were ultimately excluded from our final list of studies but were 
first screened to identify any studies in the reviews that met our 
pre-specified inclusion criteria but were not found in the 
Pubmed search.
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2.2. Study selection and data extraction

2.2.1. Pre-specified inclusions
At least one of the 29 general QoL instruments that Siette et al. 

recently reviewed for validity and reliability (16) had to be used in 
included studies. These instruments were: Alzheimer’s Disease-
Related Quality of Life (ADRQOL), Assessment of Quality of Life 
instrument (including AQoL-8, AQoL-4D, AQoL-6D, AQoL-7D 
AQoL-8D versions), Adult Social Care Outcomes Toolkit (ASCOT), 
Comfort Around Dying-End of Life in Dementia (CAD-EOLD), 
Comprehensive Quality of Life Scale (COMQOL), 15-Dimensional 
instrument (15-D), Dementia Quality of Life measure (DEMQOL), 
Dementia Quality of Life Instrument (DQOL), Duke Health Profile 
(DUKE), EuroQoL-5 Dimensions (EQ-5D), Health Utility Index 
(HUI), ICEpop CAPability measure for Older people (ICECAP-O), 
inter Resident Assessment Instrument Long Term Care Facility 
(inteRAI (LTCF)), Joy-of-Life Scale (JoLS), Long Term Care Quality 
Of Life assessment scale (LTC-QOL), Manchester Short Assessment 
of quality of life (MANSA), Nottingham Health Profile (NHP), 
Nursing Home Vision-Targeted Health-related QoL (NHVQOL), Oral 
Health Impact Profile (OHIP), Older Peoples Quality Of Life 
(OPQOL), Philadelphia Geriatric Centre Moral Scale (PGCMS), 
Quality of Life in Alzheimer’s Disease (QoL-AD), Quality of Life In 
Late-Stage Dementia (QUALID), Dementia Specific Quality of Life 
Instrument (QUALIDEM), Short Form-8 Health Survey (SF-8)/ 
12-Item Short Form Survey (SF-12)/36-Item Short Form Survey 
(SF-36), Satisfaction With Life Scale (SWLS), World Health 
Organization Quality of Life Scale – AGE (WHOQOL-AGE), WHO 
Quality of Life-Bref (WHOQOL-BREF), World Health Organization 
Quality of Life Scale–OLD (WHOQOL-OLD). Note that all of these 
instruments were described as more general QoL instruments and not 
chronic-disease or nutrition-specific instruments. We also searched 
for additional well-validated and reliable QoL instruments that might 
have been developed after the publication of the Siette et al. paper (16); 
none were identified through our further search.

2.2.2. Pre-specified exclusions
Studies were excluded if the research was: (1) only an abstract, 

poster, study protocol/design (i.e., no published paper with results), 
(2) targeted toward a palliative care population, (3) focused on QoL 
for families/caregivers vs. older adults themselves, (4) using only a 
portion of a validated QoL instrument vs. the complete instrument, 
(5) conducted with older adults in assisted living or hospitalized older 
adults but had no follow-up of these subjects in a community-living 
setting, (6) published before the year 2000, (7) published in languages 
other than English, and/or (8) not conducted in a country identified 
by the United Nations as a “developed economy” (18).

2.2.3. Study selection
Five independent researchers (MBA, JG, RC, KWK, JTD) initially 

screened the titles and corresponding abstracts identified during the 
search. Twenty percent of the titles and corresponding abstracts were 
screened by two researchers. All discrepancies involving whether 
studies would advance to the next step in the review process were 
discussed as a group and adjudicated accordingly. Next, the full-text 
articles were reviewed to confirm that the studies fully met the defined 
inclusion criteria. All five researchers screened the full-text articles, 
with 32% of the articles screened by two researchers. Again, all 

discrepancies regarding whether to include studies in the final review 
were discussed among the group and adjudicated.

2.2.4. Data extraction
Once the final group of studies was identified, all five researchers 

were assigned full-text articles to review and more detailed study 
specifics were extracted. Thirty-two percent of the articles were 
reviewed by two researchers and all discrepancies in the study specifics 
extracted were adjudicated as a group. Study-specific details extracted 
included (1) study focus (nutrition intervention, nutrition status, 
validation or test of an instrument, quality of life, other), (2) objective 
of the study, (3) validated QoL instrument used, (4) category of 
nutrition indices used (i.e., questionnaire, anthropometric, 
biochemical), (5) description of nutrition indices used, (6) country 
where the study was conducted, and (7) study title and year published. 
All data were extracted and entered in a Microsoft Excel worksheet.

3. Results

Figure  1 illustrates the PRISMA diagram summarizing the 
number of articles retrieved and screened as well as reasons for 
exclusions. The Pubmed database search identified 248 articles. An 
additional 10 articles were identified by screening articles included in 
systematic reviews, meta-analyses, and umbrella reviews. After all 
exclusions, 37 articles were included in the final review to identify 
articles exhibiting the integration of nutrition and QoL research over 
the last 20 years.

The  Supplementary material Table contains study-specific data 
extracted from the research articles. Of the 37 studies included, the 
most frequently used QoL instruments were the EQ-5D (n = 14), 
SF-36 (n = 13), and SF-12 (n = 5) (Figure 2). The WHOQOL-BREF 
(n = 3) was among the QoL instruments that were used less frequently. 
The 15-D, SWLS, OHIP, and the AQol-6D were each used in only a 
single study. Most of the studies included in the final review were 
conducted in Europe (n = 22) or Oceania (n = 7). The QoL tools they 
used most frequently also varied by country. Studies conducted in 
Europe tended to use the EQ-5D, while most studies in North America 
used the SF-36 (Figure 3). However, it should be noted that North 
America was represented in only five of the 37 studies included in the 
final review.

Figure 4 shows that two of the 37 studies included in the final 
review were focused specifically on QoL. Thirty of the 37 studies were 
nutrition-focused research studies (describing either nutrition 
interventions (n  = 22) or nutrition status (n  = 8)). The remaining 
categories of studies were validation and/or testing studies of 
questionnaires (n = 3) and an “other” group (n = 2) in which one study 
concerned healthcare resource use and another involved factors 
related to frailty.

Various nutrition indices were used to evaluate dietary or 
nutrition status (supplementary material Table). Twenty studies 
reported collecting some type of dietary intake information. Most of 
the studies measured nutrition status by questionnaires rather than by 
biochemical examination (Figure  5). The most commonly used 
nutrition questionnaire to measure nutrition status was the Mini 
Nutritional Assessment or MNA (n = 8) or its shorter version, the 
Mini Nutritional Assessment Short-Form or MNA-SF (n  = 5) 
(Supplementary Table).
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Anthropometric measures (i.e., body mass index (BMI), muscle 
circumference) were reported in nearly all the nutrition 
intervention studies but less frequently in studies focused on 
nutrition status, QoL, or validation/test development studies 
(Figure 5). BMI was the most collected anthropometric measure 
and was specifically reported in 28 studies and handgrip 
strength   was the most-commonly reported measure of muscle 
status (supplementary material Table). Regardless of the type 
of  study, biochemical measures were infrequently reported. 

Biochemical measures were only collected in 8 of the studies, 
with  albumin being the most commonly reported assay (n = 6) 
(Supplementary Table).

4. Discussion

This scoping review identified nutrition and QoL research 
published during the last two decades that both focused on 

FIGURE 1

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for nutrition and quality of life scoping review. *Additional 
articles identified from systematic reviews  (19).

FIGURE 2

Frequency of quality of life instruments used for studies included in nutrition and quality of life scoping review (N  =  37). Reported frequencies >37 
because some studies used multiple quality of life instruments. 15-D, 15-Dimensional instrument; AQoL-6D, Assessment of Quality of Life instrument-
6D Version; EQ-5D, EuroQoL 5-Dimensions; OHIP, Oral Health Impact Profile; SF-12, 12-Item Short Form Health Survey; SF-36, 36-Item Short Form 
Health Survey; SWLS, Satisfaction With Life Scale; WHOQOL-BREF, World Health Organization Quality of Life-Bref.
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community-living older adults and included nutrition parameters as 
well as one or more of 29 common, validated QoL instruments. The 
number of studies found was limited (n = 37). The majority were 
nutrition intervention (n = 22) or nutrition status studies (n = 8), 
while only two were QoL studies. The remainder were either focused 
on validation/test development (n  = 3) or other types of studies 
(n = 2).

Across the studies identified, the most-used QoL instruments 
were the EQ-5D and SF-36, although there were some regional 
differences; European studies most frequently used the Eq-5D and 
North American studies mostly used the SF-36. This is not surprising 

given the origins of these instruments. The EQ-5D is a widely used 
generic instrument for describing and valuing health, developed by 
the EuroQol Group. It is a preference-based instrument, with one 
question for each of five dimensions: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression (20). The 
individual questions have a range of three or five responses, depending 
on the instrument version (3 L or 5 L).

The SF-36 is an older, longer instrument first developed in the US 
at the Rand Corporation. It assesses eight health concepts: physical 
functioning, role limitations due to physical problems, social 
functioning, bodily pain, general mental health, role limitations due 
to emotional problems, vitality, and general health perceptions (21). 
The standard form of the instrument asks for participants to reply to 
questions according to how they have felt over the previous week and 
uses Likert-type scales, some with five or six points and others with 
two or three points. The SF-36 has also been widely used, has excellent 
psychometrics, (22, 23) and has shorter versions such as the 
SF-12 (24).

Most of the QoL instruments are self-report questionnaires 
designed for administration in surveys. Self-report is generally 
preferred for QoL because there can be  significant differences 
between self-reports and proxy reports, even for people with 
disabilities (25). Most of the studies that included nutrition indices 
also used nutrition questionnaires, as might be  expected since 
questionnaires are likely the most feasible tools for use in 
community settings.

In contrast to the finding that a few common, validated QoL 
instruments were used in many studies, the studies used myriad 
nutrition indices that considered different dimensions of the term, 
including eating and swallowing, food intake, anthropometric, and 

FIGURE 3

Quality of life instruments by world region for studies included in nutrition and quality of life scoping review (N  =  37). Reported frequencies >37 
because some studies used multiple quality of life instruments and one study included countries from 2 regions. 15-D, 15-Dimensional instrument; 
AQoL-6D, Assessment of Quality of Life instrument-6D Version; EQ-5D, EuroQoL 5-Dimensions; OHIP, Oral Health Impact Profile; SF-12, 12-Item 
Short Form Health Survey; SF-36, 36-Item Short Form Health Survey; SWLS, Satisfaction With Life Scale; WHOQOL-BREF, World Health Organization 
Quality of Life-Bref.

FIGURE 4

Focus of studies included in nutrition and quality of life scoping 
review (N  =  37).
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biochemical measures. Several studies in our review used nutrition 
questionnaires, most commonly the MNA (n = 8) or MNA-SF (n = 5). 
Both the MNA and MNA-SF are widely used (26) and have been 
validated for use with older adults (27, 28). The original MNA (now 
described as the “full” MNA) was designed as an 18-item questionnaire 
to be completed by a healthcare professional. It includes questions 
about food intake, weight loss, mobility, psychological stress/acute 
disease, neuropsychological problems, BMI, living arrangement, 
prescription drug use, pressure injuries, food consumption, and 
anthropometric measures (mid-arm muscle and calf circumference) 
and takes an estimated 10–15 min to complete (27). The MNA-SF has 
six items, with questions on food intake, weight loss, mobility, 
psychological stress/acute disease, neuropsychological problems, and 
BMI or calf circumference, and takes 5 min or less to complete (28). A 
Self-Mini Nutritional Assessment (SELF-MNA) has also been 
developed and validated (29) although the SELF-MNA was not used 
in any of the studies included in our review.

Three-quarters of the studies included anthropometric indices 
such as BMI, which was specifically reported in 28 studies, and they 
were much more common than biochemical indices which were only 
listed in 8 studies. This finding was expected because biochemical tests 
are difficult to collect in community-living populations, the 
measurements are costly, time-consuming, and when used by 
themselves without dietary and other information they are not reliable 
indicators of nutrition status in older adults (30).

4.1. Progress and gaps

Patient-reported outcomes are increasingly recognized as 
important for shared decision making, guidelines, and health policy 

(31). They also provide a better understanding of the factors associated 
with patient satisfaction and quality (32). It was heartening to note the 
progress made in developing and validating QoL instruments, as 
revealed in Siette et al.’s seminal review summarizing 29 common, 
validated QoL instruments (16). Validated QoL instruments are 
generally self-reported and questionnaire-based and thus are easy to 
use since they do not require physical instruments, biological 
measurements, or detailed training to complete. The array of 
instruments available today provides investigators with multiple 
options that are appropriate and ready for use in nutrition and other 
studies of factors that can impact the QoL of older adults in 
the community.

The recommendation made over two decades ago that more 
studies relating nutrition to quality of life were needed to “illustrate 
and strengthen claims that nutrition improves quality of life” did not 
appear to be  heeded (15). It is puzzling why there is still such a 
striking lack of nutrition research in this area, particularly related to 
nutrition status. Between the years 2000–2022, we found only 30 
nutrition research papers that investigated nutrition and/or diet 
among community-living older adults and included a validated 
general QoL instrument. Most of these studies were describing the 
outcomes of nutrition interventions (n = 22) rather than describing 
nutrition status (n = 8). Of the nutrition research papers identified, 
less than a third (n = 10) had a primary focus on QoL (i.e., where QoL 
was included in the study title). Thus, it appears that QoL instruments 
are still not yet being used routinely in nutrition studies to monitor 
outcomes among older adults in community settings. QoL is a 
complex concept that is interpreted and defined differently within 
and between various health disciplines (33). It may be that because 
of the number of instruments available to assess QoL, there was 
confusion on the part of nutrition researchers as to what instruments 

FIGURE 5

Frequency of nutrition indices used and focus for studies included in nutrition and quality of life scoping review (N  =  37).

113

https://doi.org/10.3389/fmed.2023.1225689
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Arensberg et al. 10.3389/fmed.2023.1225689

Frontiers in Medicine 07 frontiersin.org

were most appropriate for nutrition research and thus QoL outcomes 
were not readily assessed.

The nutrition measures in the reviewed studies were 
heterogeneous. Specifically, a set of consistent core nutrition 
measurements was absent, making the comparison of nutrition results 
between studies difficult. There could be several reasons for this. One 
is that our review of research over the last 20 years indicated that 
nutrition indices have evolved over that time. For example, serum 
albumin is no longer among the criteria used to identify malnutrition 
(34). Additionally, even today consensus is still lacking among 
nutrition researchers on a valid and reliable set of core measures for 
assessing nutrition and nutrition status in all its dimensions, 
particularly for older adults living in the community (35). In a clinical 
setting, the nutrition indices generally considered are those related to 
the five domains of nutrition assessment: (1) food or nutrition-related 
history, (2) biochemical data, medical tests, and procedures, (3) 
anthropometric measurements, (4) nutrition-focused clinical and 
physical findings, and (5) client history (36). Some of these more 
complete assessment measures may not have been included in the 
studies we reviewed because the studies’ goals were to describe only a 
specific aspect of nutrition, or the measures were unfeasible/less 
readily available in community-living populations than might be the 
case in clinical settings. It is also possible that in countries without a 
national health program (such as the US), researchers may have been 
disinclined to characterize all the complexities of nutrition status 
when they lacked the ability/means to fully ameliorate 
identified problems.

Lack of clarity on what constitutes appropriate nutrition status 
measures may have contributed to the very limited number of QoL 
studies (n = 2) we identified that included nutrition measures. It may 
also be  the reason why only one study had a primary focus on 
nutrition, as was indicated in the study title. Interestingly, a recent 
systematic review of QoL research in medicine and health sciences did 
not identify any studies on nutrition and QoL, although that research 
review was limited to one random week’s “snapshot” because 
researchers were concerned about the high number of QoL articles 
published annually (33) and thus their timeframe differed markedly 
from our review of 22 years of published research.

It is disheartening that given the continued, growing emphasis on 
patient-centered care (37) and healthy aging (4) there is still such a gap 
in nutrition and QoL research and the number of studies is so limited. 
Many older adults have one or more chronic diseases (6) and research 
on chronic disease, such as primary prevention studies like 
PREDIMED (38), points to the importance of including nutrition in 
multidimensional approaches to impact health outcomes (39). 
However, traditional indicators such as reduced morbidity may be less 
meaningful for older adults themselves than subjectively assessed 
symptomatic improvements that may relate to their QoL (15). Indeed, 
defining QoL may allow healthcare providers to shift from minimizing 
individuals’ disabilities toward maximizing their abilities (40). Several 
age-associated nutrition changes can also impact QoL, from decreased 
intake to alteration in nutrient needs, and these changes could benefit 
from targeted nutrition interventions if the nexus between those 
changes and QoL could be better elucidated (15). Further, a number 
of older adults face food insecurity and that can impact QoL as well 
(41). Such social risks for poor quality of life must be identified before 
the risks can be addressed by the provision of appropriate health and 
social services. Those conducting community-based research may not 

be prepared or able to do so, and this could be another reason for the 
limited research on nutrition and QoL. However, it is incumbent upon 
health professionals to investigate the scope of such problems if 
societal action is necessary.

An additional gap at the nexus of nutrition and QoL is the 
potential lack of a domain specifically involving food, diet, and eating 
in QoL instruments. Investigation of whether the 29 common, 
validated QoL instruments explicitly included food, diet, or eating-
related questions was beyond the range of our scoping review. 
However, these are important factors in the enjoyment of life and for 
sustenance (42). Older adults with higher diet quality have been found 
to have higher QoL (43). We did identify one study in our review that 
also included the Satisfaction with Food-Related Life scale (44). That 
scale has seven questions related to the positives, negatives, pleasure, 
and satisfaction of food and meals and has been validated among 
older adults (42). Other QoL scales specific to nutrition also exist, 
including the Nutrition Quality of Life Survey (45), Quality of Life 
Factors Questionnaire (46), and an instrument for measuring QoL 
related to nutrition in the general population (47); but in the studies 
we identified none of these instruments were used.

4.2. Opportunities and implications for 
research and policy

There are many challenges involved in promoting independence 
and healthy aging in an increasingly older population. Chief among 
them are: determining how important factors like nutrition impact 
QoL, identifying actionable interventions through research, and then 
implementing policies that follow up on the findings. The 2022 White 
House Conference on Hunger, Nutrition, and Health underscored the 
need for intervention, research, and education on nutrition and 
healthy aging (9). Yet, as was evident in the limited body of research 
that we found, risk factors for poor QoL related to nutrition for older 
adults living in the community is still a gap area. This could 
be exacerbated because there may be differing requirements and tools 
for nutrition screening across various countries and populations even 
as there is consensus on the diagnostic criteria for malnutrition, such 
as the Global Leadership Initiative on Nutrition (GLIM) criteria (48). 
Further, even when nutrition and QoL were considered in one setting, 
research rarely tracked if or how nutrition status or QoL changed as 
older adults traversed the health and social services care chain. Only 
one study in our review specifically investigated care transitions and 
patients’ hospital-to-home journeys. For those older adults who are 
screened and identified as positive for poor nutrition and/or decreased 
QoL and who have remediable problems, there is an unmet need for 
additional assessment, effective interventions, and continuing 
surveillance. Guidance documents such as those from the World 
Health Organization (49) and the National Academies of Sciences, 
Engineering, and Medicine (50) provide strategies for doing so.

Additional opportunities for future research include the need for 
greater collaboration between nutrition and QoL experts to ensure 
that appropriate instruments and indices in both areas of research are 
included in study design and implementation. Maintenance of QoL is 
one of the most important outcomes of care services for older adults 
(51) and yet there is a lack of nutrition and QoL studies, particularly 
in North America. Nutrition researchers in this region should include 
validated QoL measurements more frequently in their studies of 
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community-living older adults. The use of a consistent QoL 
instrument such as the SF-36 or SF-12  in North America would 
permit greater comparability of the results between research 
investigations. Overall, greater consensus among nutrition researchers 
on standardized, validated nutrition status core measures for 
community-dwelling populations (specifically on questionnaires and 
anthropometric measurements) could make it easier for QoL 
researchers to include appropriate nutrition measures and thus lead 
to a more complete picture of nutrition’s impact on QoL in older adults.

4.3. Strengths and limitations

This review had several strengths. It updates the work of 
Amarantos et al. (15) and adds a nutrition perspective to the seminal 
work of Siette et al. (16). Also, it is one of the few studies that has 
considered the nexus between nutrition and QoL and identified 
several gaps that are important to address in considering the role of 
nutrition in healthy aging research and policy. Its limitations include 
that it focused only on community-living older adult populations in 
developed economies and specifically searched for research including 
at least one of 29 common, validated general QoL instruments used 
in their entirety. There is a need to consider the body of literature for 
additional care settings--assisted living facilities, nursing homes, and 
acute care hospitals--and for other countries beyond developed 
economies. Studies of nutrition using condition-specific QoL 
measurements developed for older adults with a particular disease or 
condition were not included in our review, and these deserve attention 
as well. In addition, future research could review other validated QoL 
instruments such as those that are nutrition-specific.

5. Conclusion

Autonomy and living at home are valued by older adults. Healthy 
aging and a high QoL are critical to achieving these goals. Nutrition 
is a fundamental and potentially modifiable factor whose influence is 
often ignored as a contributor to healthy aging and QoL outcomes and 
to date the research area on nutrition and QoL remains 
underdeveloped and neglected. There are valid QoL instruments and 
nutrition measures that could be incorporated into research among 
older adult populations, although the lack of consensus on specific 
indices, particularly for nutrition, is a barrier. It is imperative that 
agreement be reached on the appropriate instruments and measures 

to use to identify the most successful screening, assessment, and 
intervention strategies that ensure healthy aging and QoL of 
older adults.
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Background: Large population-based studies on the association between

changes in body composition and the occurrence of heart failure (HF) are rare.

We aimed to determine the association between changes in body composition,

including the predicted body fat mass index (pBFMI), predicted appendicular

skeletal muscle mass index (pASMI), and predicted lean body mass index (pLBMI),

and the occurrence of HF.

Methods: For present study, 2,036,940 people who consecutively underwent

national health examinations from 2010~2011 (baseline period) to 2012~2013

(follow-up period) were included. The pBFMI, pASMI, and pLBMI were indirectly

investigated using validated anthropometric prediction equations from the

Korean National Health and Nutrition Examination Survey cohort. The

outcome was defined as at least two or more claims of HF.

Results: During a median of 7.59 years of follow-up, 22,172 participants (event

rate, 1.09%) with HF were observed. Decreased changes in the pASMI and pLBMI

were associated with the occurrence of HF among males (hazard ratio [HR]

0.966, 95% confidence interval (CI) [0.944-0.988]; HR 0.939, 95%CI [0.923-

0.955], respectively) and females (HR 0.924, 95%CI [0.900-0.947]; HR 0.951, 95%

CI [0.939-0.963], respectively). An increased change in the pBFMI was associated

with the occurrence of HF in males (HR 1.017, 95%CI [1.001-1.034]). However,

paradoxically, a change in the pBFMI was associated with the occurrence of HF in

females (HR 0.925, 95%CI [0.909-0.942]).

Conclusion: Decreased skeletal muscle mass was related to the occurrence of

HF. However, the relationship between a change in fat mass and the occurrence

of HF was different and even paradoxical depending on sex.
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1 Introduction

Heart failure (HF) is a clinical syndrome that is related to

decreased cardiac contractility accompanied by impairment of the

ejection of blood or ventricular filling (1). HF is a common

cardiovascular disease and a leading cause of hospitalization,

especially in older adults. The economic burden and prevalence of

HF have been increasing worldwide (2). Despite the development of

treatment and prevention tools for HF, the morbidity and mortality

rates associated with HF are still high (2). Therefore, it is important

to identify the hidden risk factors associated with HF. To date, risk

factors for HF, including hypertension, diabetes mellitus, coronary

artery occlusive disease, aortic atheroma, poor oral hygiene,

smoking, and cardiomyopathy, have been suggested. However,

information regarding further modifiable associations or

occurrence for HF is still lacking (3, 4).

Obesity is defined as an abnormal accumulation of health-

impairing fat mass, commonly assessed as a determination of a

body mass index (BMI) ≥30 kg/m2 (5). The prevalence of obesity

has increased over the past few decades throughout the world, and

the global burden of obesity is currently increasing rapidly (6). It is

well known that obesity, especially greater levels of adiposity, is a

well-established risk factor for cardiovascular disease and is

associated with cardiovascular risk factors, including

hypertension, insulin resistance, lipoprotein metabolism, and

inflammation (7, 8). In a previous study, obesity and abdominal

fat were found to be associated with an increased incidence of HF

(9). However, when obesity was evaluated using BMI in patients

with HF, the obesity paradox that obese patients have better long-

term and short-term prognosis was observed (10). Furthermore,

because BMI includes not only fat mass but also skeletal mass and

lean body mass, cannot distinguish between lean body mass and fat

mass, and provides no information on body fat distribution, it is

necessary to check the correlation with HF using body composition

rather than BMI (11).

Nevertheless, there have been few longitudinal studies targeting

a general population of large sample sizes on the association of

changes in body composition with the occurrence of HF. Therefore,

we aimed to investigate the association between changes in body

composition, including the predicted appendicular skeletal muscle

mass index (pASMI), predicted body fat mass index (pBFMI), and

predicted lean BMI (pLBMI), and the occurrence of HF in a

longitudinal setting.
2 Materials and methods

2.1 Participants

This study was performed using the National Health Insurance

Service-Health Screening (NHIS-HEALS) dataset supplied by the

Korean government. In South Korea, adults older than 40 years of

age are advised to undergo free health examinations in alternate

years. The Korean government combined the health screening

dataset with age, sex, household income, and clinical information,

including diagnostic codes, prescriptions, information on treatment
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or procedure, hospitalization, and mortality date (12, 13). For our

study, 2,139,856 people who consecutively underwent national

health examinations from 2010~2011 (baseline period) to

2012~2013 (follow-up period) were included (dataset number

NHIS-2021-1-715) through an identification and validation

process (14–16). Among 2,139,856 participants, those (n=85,947)

with at least one missing data were excluded. Those with a previous

history of HF (n=16,969) were excluded. Finally, 2,036,940

participants were included in the present study (Figure 1). The

present study was approved by the Institutional Review Board of

Ewha Womans University Seoul Hospital (Institutional Review

Board approval number: SEUMC 2022-02-018).
2.2 Change in predicted body composition
and covariates

The pBFMI, pASMI, and pLBMI were indirectly evaluated by

validated anthropometric prediction equations from the Korean

National Health and Nutrition Examination Survey cohort (11). A

previous study suggested that body fat mass, appendicular skeletal

muscle mass, and lean body mass were identified using dual-energy

X-ray absorptiometry, and then a prediction equation was

composed using different combinations of age, anthropometric

measurements (weight, height, waist circumference), serum

creatinine levels, physical activity, smoking status, and alcohol

intake (11). These predictive equations were validated as having

high predictive power, a moderate agreement rate, and low bias in

the Korean general population (11). In the present study, these

prediction equations were applied to evaluate the participants’ body

composition. Body fat mass, appendicular skeletal muscle mass, and

lean body mass were presented as indices (weight [kg] divided by

height squared [m2]); thus, pBFMI, pASMI, and pLBMI,

respectively (Supplementary Methods 1). The change in the

pBFMI, termed DpBFMI, was calculated from the difference

between the baseline and follow-up periods pBFMI, and the
FIGURE 1

The flowchart of participant selection.
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changes in the pASMI and pLBMI (DpASMI and DpLBMI) were

also calculated similarly.

The detailed definitions of covariates were demonstrated in

Supplementary Methods 2 and previous studies (17–19). Variables

including age, sex, BMI, household income (first, second, third, or

fourth quartile), smoking status (never, former, or current), alcohol

intake (0, 1-2, 3-4, or ≥5 times per week), physical activity (0, 1-2, 3-

4, or ≥5 times per week), comorbid disease (hypertension, diabetes

mellitus, dyslipidemia, atrial fibrillation, cancer, and renal disease),

systolic blood pressure, fasting serum glucose, total cholesterol,

estimated glomerular filtration rate, and Charlson Comorbidity

Index (CCI) which is a commonly used method for evaluating

comorbidities were collected (3, 18, 20). Comorbidities were defined

considering the International Classification of Diseases, Tenth

Revision (ICD-10) codes, history of prescriptions, and laboratory

findings from the health examinations (3, 18).
2.3 Outcomes

The index date was defined as the date of the national health

examination. The most recent health examination data were used

for statistical analysis if more than one examination was performed

during the period. Outcomes were defined as two or more claims for

HF (21). Previously, the diagnostic accuracy of the ICD-10 code

(I50) for HF using the NHIS dataset has been validated (3, 21).

Monitoring was conducted until December 31, 2020, or the first

occurrence of death or HF.
2.4 Statistical analysis

Chi-square and paired t-tests were used to compare categorical

and continuous variables according to sex. The Cox proportional

hazards model presented with a hazard ratio (HR) with a 95%

confidence interval (CI) was used to evaluate the effect of changes in

body composition (1 kg/m2 increments in the DpBFMI, DpASMI,

and DpLBMI) between the baseline and follow-up periods on the
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occurrence of HF after adjusting for all potential confounding

factors. In addition, we performed an additional multivariable

analysis after adjusting for all potential confounding factors,

except for variables used in the prediction equations to calculate

the predicted body composition, including age, smoking status,

alcohol intake, and physical activity. Furthermore, we provided

restricted cubic splines of change in the predicted body composition

to visually estimate the association between the change in the

predicted body composition (DpBFMI, DpASMI, and DpLBMI)

and the occurrence of HF. Four knots were placed at the 5th,

35th, 65th, and 95th percentiles of the change in the predicted body

composition. Stratified analyses of the effects of changes in body

composition on the occurrence of HF were conducted according to

the subgroups of age, household income, alcohol intake, smoking

status, physical activity, systolic blood pressure, fasting serum

glucose, total cholesterol, CCI, and BMI at baseline and the

follow-up categories: normal weight (18.5-24.9 kg/m2), overweight

(25-29.9 kg/m2), and obese (≥ 30 kg/m2). To evaluate the combined

effects of changes in the BMI, pASMI, pBFMI, and pLBMI, stratified

analysis was additionally performed to evaluate the effect of changes

in BMI during the two health examinations on the occurrence of HF

according to changes in body composition. Statistical analyses were

performed using R software, version 3.3.3 (R Foundation for

Statistical Computing, Vienna, Austria) and SAS version 9.4 (SAS

Inc., Cary, NC, USA). Two-sided P-values less than 0.05 were

considered significant.
3 Results

Table 1 shows the results of comparing the baseline

characteristics of the 2,036,940 participants according to sex

(n=1,070,377 for males, n=966,563 for females). During a median

of 7.59 years of follow-up, 22,172 participants (event rate, 1.09%)

with HF were observed. The mean age of males was 49.60 ± 13.45

years, and of females was 52.32 ± 13.65 years. Significant differences

in the BMI at baseline and follow-up, household income, smoking

status, alcohol intake, physical activity, systolic blood pressure,
TABLE 1 Baseline characteristics of the study participants.

Variable Total Male Female P-value

Number of participants 2,036,940 1,070,377 966,563 <0.001

Age, years 50.89 ± 13.61 49.60 ± 13.45 52.32 ± 13.65 <0.001

Baseline period (2010–2011)

BMI, kg/m2 23.79 ± 3.20 24.26 ± 3.03 23.28 ± 3.31 <0.001

pASMI, kg/m2 19.64 ± 5.00 23.67 ± 3.19 15.17 ± 1.85 <0.001

pBFMI, kg/m2 17.56 ± 4.69 16.11 ± 4.27 19.16 ± 4.61 <0.001

pLBMI, kg/m2 45.74 ± 9.74 53.41 ± 6.52 37.25 ± 3.96 <0.001

Follow-up period (2012–2013)

BMI, kg/m2 23.86 ± 3.23 24.34 ± 3.07 23.33 ± 3.32 <0.001

(Continued)
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fasting serum glucose, total cholesterol, estimated glomerular

filtration rate, and CCI were observed between males and females

(Table 1). In the baseline period, the pASMI (23.67 ± 3.19 kg/m2 for

males vs. 15.17 ± 1.85 kg/m2 for females), pBFMI (16.11 ± 4.27 kg/

m2 for males vs. 19.16 ± 4.61 kg/m2 for females), and pLBMI (53.41
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± 6.52 kg/m2 for males vs. 37.25 ± 3.96 kg/m2 for females) were

significantly different according to sex (P<0.001). In the follow-up

period, the pASMI (23.68 ± 3.26 kg/m2 for males vs. 15.13 ± 1.86

kg/m2 for females), pBFMI (16.17 ± 4.34 kg/m2 for males vs. 19.22 ±

4.66 kg/m2 for females), and pLBMI (53.53 ± 6.66 kg/m2 for males
TABLE 1 Continued

Variable Total Male Female P-value

pASMI, kg/m2 19.62 ± 5.04 23.68 ± 3.26 15.13 ± 1.86 <0.001

pBFMI, kg/m2 17.62 ± 4.74 16.17 ± 4.34 19.22 ± 4.66 <0.001

pLBMI, kg/m2 45.79 ± 9.86 53.53 ± 6.66 37.23 ± 4.04 <0.001

Household income <0.001

First quintile, lowest 334,222 (16.41) 126,137 (11.78) 208,085 (21.53)

Second quintile 390,984 (19.19) 180,343 (16.85) 210,641 (21.79)

Third quintile 571,465 (28.06) 324,611 (30.33) 246,854 (25.54)

Fourth quintile, highest 740,269 (36.34) 439,286 (41.04) 300,983 (31.14)

Smoking status <0.001

Never 1,256,017 (61.66) 329,914 (30.82) 926,103 (95.81)

Former 336,000 (16.5) 321,040 (29.99) 14,960 (1.55)

Current 444,923 (21.84) 419,423 (39.18) 25,500 (2.64)

Alcohol intake, days/week <0.001

<1 1,090,488 (53.54) 353,245 (33.00) 737,243 (76.27)

1-2 674,668 (33.12) 480,738 (44.91) 193,930 (20.06)

3-4 195,408 (9.59) 167,853 (15.68) 27,555 (2.85)

≥5 76,376 (3.75) 68,541 (6.40) 7,835 (0.81)

Physical activity, days/week <0.001

<1 1,171,086 (57.49) 530,152 (49.53) 640,934 (66.31)

1-2 514,062 (25.24) 332,208 (31.04) 181,854 (18.81)

3-4 222,472 (10.92) 132,221 (12.35) 90,251 (9.34)

≥5 129,320 (6.35) 75,796 (7.08) 53,524 (5.54)

Systolic blood pressure, mmHg 122.29 ± 12.86 124.53 ± 11.78 119.81 ± 13.53 <0.001

Fasting serum glucose, mg/dL 98.21 ± 20.59 100.38 ± 22.29 95.8 ± 18.22 <0.001

Total cholesterol, mg/dL 195.75 ± 33.63 194.59 ± 33.45 197.04 ± 33.78 <0.001

Estimated glomerular filtration rate, mL/min/1.73m2 <0.001

<30 2,939 (0.14) 1,590 (0.15) 1,349 (0.14)

30-60 115,170 (5.65) 54,748 (5.11) 60,422 (6.25)

60-90 1,277,756 (62.73) 686,691 (64.15) 591,065 (61.15)

≥90 641,075 (31.47) 327,348 (30.58) 313,727 (32.46)

Charlson Comorbidity Index <0.001

0 1,369,775 (67.25) 754,962 (70.53) 614,813 (63.61)

1 446,919 (21.94) 214,619 (20.05) 232,300 (24.03)

≥2 220,246 (10.81) 100,796 (9.42) 119,450 (12.36)
fro
P-values by Student’s t-test and chi-square test. Data are expressed as the mean ± SD deviation or n (%).
BMI, body mass index; pASMI, predicted appendicular skeletal muscle mass index; pBFMI, predicted body fat mass index; pLBMI, predicted lean body mass index.
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vs. 37.23 ± 4.04 kg/m2 for females) were also significantly different

according to sex (P<0.001, Table 1).

Multivariate analysis showed a relationship between the

occurrence of HF and changes in body composition (Table 2;

Supplementary Table 1). In males, with a 1 kg/m2 increase in the

DpBFMI, the HR for the occurrence of HF was 1.017 (95%CI: 1.001-

1.034), and the HRs for a 1 kg/m2 increase in the DpASMI and

DpLBMI were 0.924 (95%CI: 0.900-0.947) and 0.951 (95%CI: 0.939-

0.963), respectively. In females, with a 1 kg/m2 increase in the

DpBFMI, the HR for the occurrence of HF was 0.925 (95%CI: 0.909-

0.942), for a 1 kg/m2 increase in the DpASMI and DpLBMI were

0.966 (95%CI: 0.944-0.988), and 0.939 (95%CI: 0.923-0.955),

respectively. In contrast, decreases in the DpASMI and DpLBMI

were associated with an increased incidence of HF in both sexes.

Furthermore, a decrease in the DpBFMI was associated with a

decreased HF incidence in males, whereas a decrease in the DpBFMI

was associated with an increased HF incidence in females (Table 2;

Supplementary Table 1 and Figure 2). For the stratified analysis,

these trends and results were similar regardless of the BMI status at

baseline. The occurrence-reducing effects of increased DpLBMI and

DpASMI on the occurrence of HF were more prominent when the

participants were less obese. Furthermore, the occurrence-reducing

effect of an increased DpBFMI on the occurrence of HF was more
Frontiers in Endocrinology 05121
prominent when female participants were less obese. In contrast to

females, the occurrence-increasing effect of increased DpBFMI on

the occurrence of HF was more prominent when male participants

were less obese (Table 3; Supplementary Table 2).

Table 4 shows the effect of BMI changes during the two health

examinations on the occurrence of HF according to changes in body

composition. Participants who maintained a stable weight (change

in BMI ± 1 kg/m2) had a reduced incidence of HF occurrence per 1

kg/m2 increase in DpLBMI and DpASMI for males (HR:0.928, 95%

CI 0.911-0.946; HR:0.894, 95%CI 0.863-0.927, respectively) and

females (HR:0.923, 95%CI 0.904-0.943; HR:0.963, 95%CI 0.935-

0.993, respectively). Male participants had an increased incidence of

HF per 1 kg/m2 increase in DpBFMI (HR: 1.028; 95%CI: 1.005-

1.050). However, female participants had a decreased incidence of

HF per 1 kg/m2 increase in DpBFMI (HR: 0.918; 95%CI: 0.899-

0.937; Table 4).

The occurrence-reducing effects of the increase in DpASMI and

DpLBMI were observed in male participants whose BMI increased

from normal to obese or overweight and from overweight to obese.

The occurrence-reducing effect of the increase in the DpASMI and

DpLBMI was also observed in female participants whose BMI

increased from normal to overweight and obese. The decrease in

the DpBFMI showed an occurrence-reducing effect in male
TABLE 2 Hazard ratios and 95%CI of heart failure per 1 kg/m2 increase in the change in the predicted body composition index.

Variable
Male

P-value
Female

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

BMI at the baseline period, kg/m2 0.982 (0.961, 1.003) 0.096 1.043 (1.028, 1.059) <0.001

BMI at the follow-up period, kg/m2 1.031 (1.009, 1.053) 0.006 1.015 (1.000, 1.031) 0.047

Household income

First quintile, lowest 1(reference) 1(reference)

Second quintile 0.723 (0.676, 0.772) <0.001 0.876 (0.825, 0.929) <0.001

Third quintile 0.677 (0.638, 0.719) <0.001 0.978 (0.926, 1.033) 0.432

Fourth quintile, highest 0.773 (0.732, 0.817) <0.001 1.190 (1.132, 1.250) <0.001

Systolic blood pressure, mmHg 1.025 (1.023, 1.026) <0.001 1.031 (1.029, 1.032) <0.001

Fasting serum glucose, mg/dL 1.001 (1.000, 1.002) 0.021 1.002 (1.001, 1.003) <0.001

Total cholesterol, mg/dL 0.994 (0.993, 0.994) <0.001 0.997 (0.997, 0.998) <0.001

Charlson Comorbidity Index

0 1(reference) 1(reference)

1 1.991 (1.902, 2.085) <0.001 1.861 (1.782, 1.944) <0.001

≥2 3.549 (3.376, 3.731) <0.001 2.661 (2.538, 2.791) <0.001

Change in the predicted
body composition index

DpASMI, kg/m2 0.924 (0.900, 0.947) <0.001 0.966 (0.944, 0.988) 0.003

DpBFMI, kg/m2 1.017 (1.001, 1.034) 0.039 0.925 (0.909, 0.942) <0.001

DpLBMI, kg/m2 0.951 (0.939, 0.963) <0.001 0.939 (0.923, 0.955) <0.001
fro
The multivariable model was used for the BMI at the baseline and follow-up period, household income, systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson Comorbidity
Index.
BMI, body mass index; CI, confidence interval; HR, hazard ratio; DpASMI, change in predicted appendicular skeletal muscle mass index; DpBFMI, change in the predicted body fat mass index;
DpLBMI, change in the predicted lean body mass index.
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participants whose BMI decreased from overweight or obese to

normal and from obese to overweight. However, the increase in the

DpBFMI showed an occurrence-reducing effect in female

participants whose BMI increased from normal to obese or

overweight and from overweight to obese (Table 4 ;

Supplementary Table 3). In the subgroup analysis, there was no

h e t e r o g en e i t y among t h e g r oup s , e x c e p t f o r a g e

(Supplementary Table 4).
4 Discussion

In this large-scale cohort study, we found that decreased

DpASMI and DpLBMI were negatively correlated with the

occurrence of HF, regardless of sex. The occurrence-reducing

effects of increased DpASMI and DpLBMI on the occurrence of

HF were alleviated when the participants were more obese and

when their BMI increased. In males, an increased DpBFMI showed

a positive relationship with the occurrence of HF. The occurrence-

increasing effect of increased DpBFMI on the occurrence of HF was

more prominent when male participants were less obese and when

the BMI of participants decreased. In contrast, decreased DpBFMI

showed a negative relationship with the occurrence of HF in

females. The occurrence-reducing effect of increased DpBFMI on

the occurrence of HF was alleviated when the female participants

were obese and when their BMI increased.

Previous studies showed that sarcopenia, which is primarily

characterized by a progressive and widespread decline in skeletal

muscle mass and muscle dysfunction, is common in patients with

HF (about 10%) and is strongly related to the prognosis of HF (22).
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Also, loss of lean body mass was related to the occurrence of HF,

particularly among older males (23). Various mechanisms,

including malnutrition and anorexia, physical inactivity, and

insulin resistance, cause an increase in muscle protein catabolism,

resulting in a loss of muscle or body weight, which is associated with

HF (24). Although present study could not confirm the causal

relationship, in other hand, some studies suggested that muscle

wasting is a consequence of HF and HF lead to several

complications including musculoskeletal abnormalities and

sarcopenia (25, 26). The present study showed that increased

change in muscle mass had a negative relationship with the

occurrence of HF, and the negative correlation was more

attenuated when the participants were more obese and when the

BMI of participants increased.

This study investigated sex-related differences in the association

between changes in body fat mass and HF. Although the fat

distribution varies according to sex, the role of obesity in the

occurrence of HF in females may differ from that in males.

Generally, males store sufficient fat in a visceral distribution,

while females store sufficient fat in a peripheral subcutaneous

distribution (27). These differences in location for stocking

excessive fat have been shown to persist even after menopause. In

males, visceral fat mass is associated with adiposopathy, which

includes fat cell hypertrophy, increased circulating free fatty acids,

and inflammatory and immune responses, leading to common

metabolic diseases and HF (28, 29). The present study showed

that an increased change in the body fat mass had a positive

relationship with the occurrence of HF, and the occurrence-

increasing effect of the increased change in body fat mass was

more noticeable when the male participants were less obese and
FIGURE 2

Association of the changes in the predicted body composition index with heart failure. Association of the changes in the predicted appendicular
skeletal muscle mass index, body fat mass index, and lean body mass index (BMI) with heart failure. The solid lines indicate the hazard ratios, and the
shaded regions show 95% confidence intervals from restricted cubic spline regression. Restricted cubic splines were constructed with four knots
placed at the 5th, 35th, 65th, and 95th percentiles of the change in the predicted appendicular skeletal muscle mass index, body fat mass index, and
lean BMI. The hazard ratios (95% confidence interval) were calculated by Cox proportional hazards regression analysis after adjusting for age, BMI at
baseline and follow-up, household income, smoking status, alcohol intake, physical activity, systolic blood pressure, fasting serum glucose, total
cholesterol, and Charlson Comorbidity Index.
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TABLE 3 Hazard ratios and 95%CI of heart failure per 1 kg/m2 increase in the change in the predicted body composition index stratified by the BMI
group.

BMI at baseline
period

Event
Person-
years

DpASMI P-
value

pBFMI P-
value

DpLBMI P-
valueHR (95%CI) HR (95%CI) HR (95%CI)

Male

Overall
10388 44622.87

0.924 (0.900,
0.947)

<0.001
1.017 (1.001,

1.034)
0.039

0.951 (0.939,
0.963)

<0.001

Normal weight
5784 25210.77

0.889 (0.857,
0.922)

<0.001
1.035 (1.011,

1.060)
0.003

0.928 (0.911,
0.946)

<0.001

Overweight
4144 17551.2

0.932 (0.896,
0.970)

<0.001
1.011 (0.985,

1.039)
0.403

0.959 (0.940,
0.978)

<0.001

Obese
460 1860.9

1.047 (0.998,
1.099)

0.061
0.991 (0.939,

1.047)
0.757

1.027 (0.999,
1.056)

0.055

Female

Overall
11355 48062.99

0.966 (0.944,
0.988)

0.003
0.925 (0.909,

0.942)
<0.001

0.939 (0.923,
0.955)

<0.001

Normal weight
6273 26966.99

0.954 (0.928,
0.982)

0.001
0.919 (0.899,

0.939)
<0.001

0.919 (0.901,
0.938)

<0.001

Overweight
4253 17796.32

0.988 (0.946,
1.031)

0.581
0.936 (0.907,

0.967)
<0.001

0.959 (0.930,
0.988)

0.006

Obese
829 3299.68

0.992 (0.909,
1.083)

0.862
0.988 (0.922,

1.060)
0.744

1.004 (0.954,
1.056)

0.892
F
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The multivariable model was used for the BMI at the baseline and follow-up periods, household income, systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson
Comorbidity Index.
BMI, body mass index; CI, confidence interval; HR, hazard ratio; DpASMI, change in the predicted appendicular skeletal muscle mass index; DpBFMI, change in the predicted body fat mass
index; DpLBMI, change in the predicted lean body mass index.
TABLE 4 Hazard ratios and 95%CI of heart failure per 1 kg/m2 increase in the change in the predicted body composition index stratified by a change
in the BMI group.

Variables Event
Person-
years

DpASMI P-
value

DpBFMI P-
value

DpLBMI P-
valueHR (95%CI) HR (95%CI) HR (95%CI)

Male

Stable weight
6995 30285.72

0.894 (0.863,
0.927)

<0.001
1.028 (1.005,

1.050)
0.014

0.928 (0.911,
0.946)

<0.001

Normal BMI at the baseline period

Maintained normal
1346 5736.32

0.900 (0.837,
0.968)

0.004
1.041 (0.994,

1.091)
0.089

0.934 (0.898,
0.970)

<0.001

Normal to overweight
377 1628.47

0.904 (0.806,
1.013)

0.081
0.967 (0.893,

1.048)
0.411

0.945 (0.893,
1.001)

0.052

Normal to obese
7 30.44

0.970 (0.796,
1.181)

0.759
0.874 (0.675,

1.133)
0.309

0.986 (0.892,
1.089)

0.779

Overweight BMI at the baseline period

Overweight to normal
383 1626.98

1.038 (0.925,
1.165)

0.524 1.102 (1.021, 1.19) 0.013
1.027 (0.967,

1.090)
0.382

Maintained
overweight 851 3571.55

0.945 (0.863,
1.033)

0.213
0.970 (0.918,

1.024)
0.270

0.972 (0.927,
1.020)

0.248

Overweight to obese
107 440.71

0.843 (0.719,
0.988)

0.034
0.933 (0.830,

1.049)
0.247

0.917 (0.848,
0.992)

0.031

(Continued)
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when the BMI of participants decreased. In females, peripherally

distributed fat has a negative impact on exercise intolerance (30).

Also, female patients with HF were found to be in a catabolic state

and have more metabolic reserves. If patients experienced

malnutrition, the burden of morbidity and mortality for HF

increased, and loss of muscle mass occurred, leading to advanced

HF (31). In contrast, obese patients showed low adiponectin levels

and a decreased catecholamine response, which led to improved HF

(32). Finally, obese females showed higher fatty acid uptake and less

myocardial glucose utilization compared with obese males, which

resulted in differences in myocardial metabolism (33, 34). The

present study showed that increased changes in the body fat mass

had a negative relationship with the occurrence of HF, and the

occurrence-reducing effect of the increased change in body fat mass
Frontiers in Endocrinology 08124
was more alleviated when the female participants were obese and

when the BMI of participants increased.

The strength of our study is that it showed an association

between changes in the body composition indices and the

occurrence of HF in a large sample of the Korean general

population in a longitudinal setting. However, our study has

several limitations. First, present study has been conducted using

anthropometric prediction equations to estimate body composition.

Due to time constraint and cost, measurement of body composition

using accurate modalities remains challenging issue in large

epidemiological studies. Therefore, we decided to proceed with

present study based on previous study which developed

prediction equations to indirectly assess body composition using

data obtained with dual-energy X-ray absorptiometry as reference
TABLE 4 Continued

Variables Event
Person-
years

DpASMI P-
value

DpBFMI P-
value

DpLBMI P-
valueHR (95%CI) HR (95%CI) HR (95%CI)

Obese BMI at the baseline period

Obese to normal
7 34.98

1.128 (0.928,
1.371)

0.227
1.372 (0.990,

1.904)
0.057

1.067 (0.967,
1.178)

0.197

Obese to overweight
82 327.42

1.198 (0.990,
1.451)

0.063
1.044 (0.910,

1.197)
0.539

1.094 (0.999,
1.197)

0.052

Maintained obese
135 531.47

1.069 (0.930,
1.228)

0.347
0.986 (0.881,

1.104)
0.807

1.035 (0.966,
1.109)

0.332

Female

Stable weight
6976 29686.87

0.963 (0.935,
0.993)

0.016
0.918 (0.899,

0.937)
<0.001

0.923 (0.904,
0.943)

<0.001

Normal BMI at the baseline period

Maintained normal
1671 7168.64

0.960 (0.906,
1.017)

0.165
0.925 (0.876,

0.978)
<0.001

0.924 (0.887,
0.962)

<0.001

Normal to overweight
453 1895.6

0.931 (0.859,
1.008)

0.078
0.896 (0.867,

0.926)
<0.001

0.910 (0.856,
0.966)

0.002

Normal to obese
8 35.45

0.958 (0.697,
1.316)

0.790
0.911 (0.725,

1.145)
0.424 0.974 (0.84, 1.131) 0.731

Overweight BMI at the baseline period

Overweight to normal
524 2241.71

1.041 (0.962,
1.128)

0.317
1.104 (0.987,

1.235)
0.082

1.036 (0.967,
1.110)

0.317

Maintained
overweight 1036 4259.37

0.908 (0.859,
0.960)

<0.001
0.938 (0.866,

1.016)
0.118

0.901 (0.851,
0.953)

<0.001

Overweight to obese
138 583.26

1.065 (0.967,
1.173)

0.199
0.983 (0.861,

1.122)
0.795

1.056 (0.949,
1.174)

0.319

Obese BMI at the baseline period

Obese to normal
8 24.51

0.934 (0.607,
1.439)

0.758
1.085 (0.832,

1.415)
0.548

0.978 (0.799,
1.197)

0.826

Obese to overweight
139 566.92

1.013 (0.874,
1.173)

0.867
1.038 (0.942,

1.145)
0.452

1.012 (0.939,
1.090)

0.757

Maintained obese
265 1069.9

1.022 (0.893,
1.169)

0.754
0.901 (0.823,

0.987)
0.025

0.998 (0.900,
1.107)

0.971
fro
Multivariable model was adjusted for age, BMI at baseline and follow-up, household income, smoking status, alcohol intake, physical activity, systolic blood pressure, fasting serum glucose, total
cholesterol, and Charlson Comorbidity Index. BMI, body mass index; CI, confidence interval; HR, hazard ratio; DpASMI, change in the predicted appendicular skeletal muscle mass index;
DpBFMI, change in the predicted body fat mass index; DpLBMI, change in the predicted lean body mass index.
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(11). These anthropometric prediction equations from the Korean

National Health and Nutrition Examination Survey cohort was

validated, but it is major limitation of our study. Second, the

equation for predicted body composition was estimated for the

Korean population aged > 19 years; therefore, these findings may

not be generalizable to other ethnicities and may not be directly

applicable to different geographic and/or demographic settings.

Third, although it was conducted with a longitudinal design, this

is a retrospective study; therefore, we could not confirm the causal

relationship or exclude confounders. Finally, because this is an

epidemiologic study, our study cannot explain the basic mechanism

of the association between changes in body composition and HF.

In conclusion, changes in body composition are associated with

the occurrence of HF. Decreased DpASMI and DpLBMI are

associated with the occurrence of HF. Furthermore, in males,

increased DpBFMI was associated with the occurrence of HF.

However, in females, decreased DpBFMI was associated with the

occurrence of HF.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Institutional

Review Board approval number: SEUMC 2022-02-018. The studies

were conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

T-JS had full access to all the data in the study and takes

responsibility for the integrity of the data and the accuracy of the

data analysis. HW, D-HK, HL, MKK, and T-JS conceived of and

designed the study. T-JS and HL conducted the data acquisition and
Frontiers in Endocrinology 09125
statistical analyses. HW, D-HK, MKK, and T-JS interpreted data

and drafted the manuscript. T-JS reviewed and edited the

manuscript. All authors contributed to the article and approved

the submitted version.
Funding

This work was supported by the Institute of Information &

Communications Technology Planning & Evaluation (IITP) grant

funded by the Korean government (MSIT) (2022–0-00621 to T-JS,

Development of artificial intelligence technology that provides

dialog-based multi-modal explainability). This research was

supported by a grant from the Korea Health Technology R&D

Project through the Korea Health Industry Development Institute

(KHIDI), funded by the Ministry of Health & Welfare, Republic of

Korea (grant number: HI22C073600, RS-2023-00262087 to T-JS).

The funding source had no role in the design, conduct, or reporting

of this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1210371/

full#supplementary-material
References
1. Tan LB, Williams SG, Tan DK, Cohen-Solal A. So many definitions of heart
failure: are they all universally valid? A critical appraisal. Expert Rev Cardiovasc Ther
(2010) 8(2):217–28. doi: 10.1586/erc.09.187

2. Savarese G, Lund LH. Global public health burden of heart failure. Card Fail Rev
(2017) 3(1):7–11. doi: 10.15420/cfr.2016:25:2

3. Chang Y, Woo HG, Park J, Lee JS, Song TJ. Improved oral hygiene care is
associated with decreased risk of occurrence for atrial fibrillation and heart failure: A
nationwide population-based cohort study. Eur J Prev Cardiol (2020) 27(17):1835–45.
doi: 10.1177/2047487319886018
4. Inamdar AA, Inamdar AC. Heart failure: diagnosis, management and utilization. J
Clin Med (2016) 5(7):62. doi: 10.3390/jcm5070062

5. Obesity WHOCo and World Health O. Obesity : Preventing and Managing the
Global Epidemic : Report of a WHO Consultation. Geneva: World Health Organization
(2000).

6. Dai H, Alsalhe TA, Chalghaf N, Ricco M, Bragazzi NL, Wu J. The global burden of
disease attributable to high body mass index in 195 countries and territories, 1990-
2017: An analysis of the Global Burden of Disease Study. PloS Med (2020) 17(7):
e1003198. doi: 10.1371/journal.pmed.1003198
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1210371/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1210371/full#supplementary-material
https://doi.org/10.1586/erc.09.187
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.1177/2047487319886018
https://doi.org/10.3390/jcm5070062
https://doi.org/10.1371/journal.pmed.1003198
https://doi.org/10.3389/fendo.2023.1210371
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Woo et al. 10.3389/fendo.2023.1210371
7. Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular disease. Circ Res (2016)
118(11):1752–70. doi: 10.1161/CIRCRESAHA.115.306883

8. Krauss RM, Winston M, Fletcher BJ, Grundy SM. Obesity : impact on
cardiovascular disease. Circulation (1998) 98(14):1472–6. doi: 10.1161/
01.CIR.98.14.1472

9. Aune D, Sen A, Norat T, Janszky I, Romundstad P, Tonstad S, et al. Body mass
index, abdominal fatness, and heart failure incidence and mortality: A systematic
review and dose-response meta-analysis of prospective studies. Circulation (2016) 133
(7):639–49. doi: 10.1161/CIRCULATIONAHA.115.016801

10. Hall ME. Body mass index and heart failure mortality: more is less? JACC Heart
Fail (2018) 6(3):243–5. doi: 10.1016/j.jchf.2017.12.013

11. Lee G, Chang J, Hwang SS, Son JS, Park SM. Development and validation of
prediction equations for the assessment of muscle or fat mass using anthropometric
measurements, serum creatinine level, and lifestyle factors among Korean adults. Nutr
Res Pract (2021) 15(1):95–105. doi: 10.4162/nrp.2021.15.1.95

12. Park MS, Jeon J, Song TJ, Kim J. Association of periodontitis with microvascular
complications of diabetes mellitus: A nationwide cohort study. J Diabetes
Complications (2022) 36(2):108107. doi: 10.1016/j.jdiacomp.2021.108107

13. Chang Y, Lee JS, Woo HG, Ryu DR, Kim JW, Song TJ. Improved oral hygiene
care and chronic kidney disease occurrence: A nationwide population-based
retrospective cohort study. Med (Baltimore) (2021) 100(47):e27845. doi: 10.1097/
MD.0000000000027845

14. Kim J, Kim HJ, Jeon J, Song TJ. Association between oral health and
cardiovascular outcomes in patients with hypertension: a nationwide cohort study. J
Hypertens (2022) 40(2):374–81. doi: 10.1097/HJH.0000000000003022

15. Chang Y, Lee JS, Lee KJ, Woo HG, Song TJ. Improved oral hygiene is associated
with decreased risk of new-onset diabetes: a nationwide population-based cohort study.
Diabetologia (2020) 63(5):924–33. doi: 10.1007/s00125-020-05112-9

16. Woo HG, Chang YK, Lee JS, Song TJ. Association of Periodontal Disease with the
Occurrence of Unruptured Cerebral Aneurysm among Adults in Korea: A Nationwide
Population-Based Cohort Study Medicina (Kaunas), Basel, Switzerland: Licensee MDPI,
Vol. 57. (2021).

17. Park J, Shin JI, Kim DH, Park J, Jeon J, Kim J, et al. Association of atrial
fibrillation with infectivity and severe complications of COVID-19: A nationwide
cohort study. J Med Virol (2022) 94(6):2422–30. doi: 10.1002/jmv.27647

18. Kim HJ, Park MS, Shin JI, Park J, Kim DH, Jeon J, et al. Associations of heart
failure with susceptibility and severe complications of COVID-19: A nationwide cohort
study. J Med Virol (2022) 94(3):1138–45. doi: 10.1002/jmv.27435

19. Lee K, Lee JS, Kim J, Lee H, Chang Y, Woo HG, et al. Oral health and
gastrointestinal cancer: A nationwide cohort study. J Clin Periodontol (2020) 47
(7):796–808. doi: 10.1111/jcpe.13304

20. Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New
ICD-10 version of the Charlson comorbidity index predicted in-hospital mortality. J
Clin Epidemiol. (2004) 57(12):1288–94. doi: 10.1016/j.jclinepi.2004.03.012
Frontiers in Endocrinology 10126
21. Choi EK. Cardiovascular research using the korean national health information
database. Korean Circ J (2020) 50(9):754–72. doi: 10.4070/kcj.2020.0171

22. Sato R, Vatic M, da Fonseca GWP, von Haehling S. Sarcopenia and frailty in
heart failure: is there a biomarker signature? Curr Heart Fail Rep (2022) 19(6):400–11.
doi: 10.1007/s11897-022-00575-w

23. Forman DE, Santanasto AJ, Boudreau R, Harris T, Kanaya AM, Satterfield S,
et al. Impact of incident heart failure on body composition over time in the health,
aging, and body composition study population. Circ Heart Fail (2017) 10(9):e003915.
doi: 10.1161/CIRCHEARTFAILURE.117.003915

24. Springer J, Springer JI, Anker SD. Muscle wasting and sarcopenia in heart failure
and beyond: update 2017. ESC Heart Fail (2017) 4(4):492–8. doi: 10.1002/ehf2.12237

25. Chandrashekhar Iyer L, Vaishali K, Babu AS. Prevalence of sarcopenia in heart
failure: A systematic review. Indian Heart J (2023) 75(1):36–42. doi: 10.1016/
j.ihj.2022.12.004

26. Fülster S, Tacke M, Sandek A, Ebner N, Tschöpe C, Doehner W, et al. Muscle
wasting in patients with chronic heart failure: results from the studies investigating co-
morbidities aggravating heart failure (SICA-HF). Eur Heart J (2012) 34(7):512–9. doi:
10.1093/eurheartj/ehs381

27. Lemieux S, Prud'homme D, Bouchard C, Tremblay A, Despres JP. Sex
differences in the relation of visceral adipose tissue accumulation to total body
fatness. Am J Clin Nutr (1993) 58(4):463–7. doi: 10.1093/ajcn/58.4.463

28. Clark AL, Chyu J, Horwich TB. The obesity paradox in men versus women with
systolic heart failure. Am J Cardiol (2012) 110(1):77–82. doi: 10.1016/
j.amjcard.2012.02.050

29. Snijder M, van Dam R, Visser M, Seidell J. What aspects of body fat are
particularly hazardous and how do we measure them? Int J Epidemiol (2005) 35(1):83–
92. doi: 10.1093/ije/dyi253

30. Haykowsky MJ, Kouba EJ, Brubaker PH, Nicklas BJ, Eggebeen J, Kitzman DW.
Skeletal muscle composition and its relation to exercise intolerance in older patients
with heart failure and preserved ejection fraction. Am J Cardiol (2014) 113(7):1211–6.
doi: 10.1016/j.amjcard.2013.12.031

31. Lavie CJ, De Schutter A, Alpert MA, Mehra MR, Milani RV, Ventura HO.
Obesity paradox, cachexia, frailty, and heart failure. Heart Fail Clin (2014) 10(2):319–
26. doi: 10.1016/j.hfc.2013.12.002

32. Kistorp C, Faber J, Galatius S, Gustafsson F, Frystyk J, Flyvbjerg A, et al. Plasma
adiponectin, body mass index, and mortality in patients with chronic heart failure.
Circulation (2005) 112(12):1756–62. doi: 10.1161/CIRCULATIONAHA.104.530972

33. Peterson LR, Soto PF, Herrero P, Mohammed BS, Avidan MS, Schechtman KB,
et al. Impact of gender on the myocardial metabolic response to obesity. JACC
Cardiovasc Imaging (2008) 1(4):424–33. doi: 10.1016/j.jcmg.2008.05.004

34. Alagiakrishnan K, Banach M, Ahmed A, Aronow WS. Complex relationship of
obesity and obesity paradox in heart failure - higher risk of developing heart failure and
better outcomes in established heart failure. Ann Med (2016) 48(8):603–13.
doi: 10.1080/07853890.2016.1197415
frontiersin.org

https://doi.org/10.1161/CIRCRESAHA.115.306883
https://doi.org/10.1161/01.CIR.98.14.1472
https://doi.org/10.1161/01.CIR.98.14.1472
https://doi.org/10.1161/CIRCULATIONAHA.115.016801
https://doi.org/10.1016/j.jchf.2017.12.013
https://doi.org/10.4162/nrp.2021.15.1.95
https://doi.org/10.1016/j.jdiacomp.2021.108107
https://doi.org/10.1097/MD.0000000000027845
https://doi.org/10.1097/MD.0000000000027845
https://doi.org/10.1097/HJH.0000000000003022
https://doi.org/10.1007/s00125-020-05112-9
https://doi.org/10.1002/jmv.27647
https://doi.org/10.1002/jmv.27435
https://doi.org/10.1111/jcpe.13304
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.4070/kcj.2020.0171
https://doi.org/10.1007/s11897-022-00575-w
https://doi.org/10.1161/CIRCHEARTFAILURE.117.003915
https://doi.org/10.1002/ehf2.12237
https://doi.org/10.1016/j.ihj.2022.12.004
https://doi.org/10.1016/j.ihj.2022.12.004
https://doi.org/10.1093/eurheartj/ehs381
https://doi.org/10.1093/ajcn/58.4.463
https://doi.org/10.1016/j.amjcard.2012.02.050
https://doi.org/10.1016/j.amjcard.2012.02.050
https://doi.org/10.1093/ije/dyi253
https://doi.org/10.1016/j.amjcard.2013.12.031
https://doi.org/10.1016/j.hfc.2013.12.002
https://doi.org/10.1161/CIRCULATIONAHA.104.530972
https://doi.org/10.1016/j.jcmg.2008.05.004
https://doi.org/10.1080/07853890.2016.1197415
https://doi.org/10.3389/fendo.2023.1210371
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


+41 (0)21 510 17 00 
frontiersin.org/about/contact

Avenue du Tribunal-Fédéral 34
1005 Lausanne, Switzerland
frontiersin.org

Contact us

Frontiers

Translating medical research and innovation into 

improved patient care

A multidisciplinary journal which advances our 

medical knowledge. It supports the translation 

of scientific advances into new therapies and 

diagnostic tools that will improve patient care.

Discover the latest 
Research Topics

See more 

Frontiers in
Medicine

https://www.frontiersin.org/journals/Medicine/research-topics

	Cover

	FRONTIERS EBOOK COPYRIGHT STATEMENT

	The role of nutrition in healthy aging

	Table of contents

	Editorial: The role of nutrition in healthy aging
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References

	Metabolic Basis of Cognitive Improvement Associated With Active B Vitamin Supplementation in Cognitively Impaired Elderly Subjects – A Metabolomics Study
	Introduction
	Materials and Methods
	Study Participants
	Clinical Design
	Serum Collection
	Metabolite Extraction
	Untargeted Metabolomics Analyses Based on UPLC-qTOF-MS
	Statistical Analyses

	Results
	Differences in 24-Month Serum Metabolome Profiles Across Different Treatment Groups
	Altered Metabolic Pathways Between Treatment and Control Groups
	Metabolism Underlying Inter-Individual Variability to B Vitamin Supplementation

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References

	Nutrition and sarcopenia: Current knowledge domain and emerging trends
	Introduction
	Materials and methods
	Study design
	Data source
	Search strategy
	Data collection
	Bibliometric analysis

	Results
	Annual publications and total citations
	Main contributors
	Topics and journals
	Countries, institutions, and authors

	Co-authorship analysis
	Co-words analysis

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References

	Effect of saffron supplementation on oxidative stress markers (MDA, TAC, TOS, GPx, SOD, and pro-oxidant/antioxidant balance): An updated systematic review and meta-analysis of randomized placebo-controlled trials
	Introduction
	Materials and methods
	Search strategy
	Selection criteria
	Synthesis methods
	Data extraction
	Statistical analysis

	Results
	Search results
	Characteristics of the included studies
	Quality assessment
	Qualitative results
	Effect of saffron on MDA levels
	Effect of saffron on TAC levels
	Effect of saffron on TOS serum levels
	Effect of saffron on PAB
	Effect of saffron on GPx serum levels
	Effect of saffron on SOD serum levels
	Publication bias
	Meta-regression

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Malnutrition is associated with six-month mortality in older patients admitted to the emergency department with hip fracture
	Introduction
	Materials and methods
	Study design and study population
	Data and variables
	Data analysis

	Results
	Characteristics of the study population
	Parameters associated with risk of malnutrition in hip fracture patients and six-month mortality

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References

	The prognostic effects of the geriatric nutritional risk index on elderly acute kidney injury patients in intensive care units
	1. Introduction
	2. Materials and methods
	2.1. Data sources
	2.2. Population selection
	2.3. Data extraction and definitions
	2.4. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Clinical outcomes
	3.3. Subgroup analyses

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Study protocol: BRInging the Diabetes prevention program to GEriatric Populations
	1. Introduction
	2. Methods
	2.1. Study design and overview
	2.2. Recruitment
	2.2.1. Randomization into Intervention Arms
	2.2.2. Retention
	2.2.3. Masking
	2.3. Intervention arms
	2.3.1. Common components to both interventions: V-DPP-TOAT and DPP-TOAT
	2.3.1.1. V-DPP-TOAT Arm specific information
	2.3.1.2. DPP-TOAT Arm specific information
	2.4. Data collection
	2.4.1. Aim 1: to evaluate the effectiveness of the V-DPP-TOAT compared to the DPP-TOAT
	2.4.2. Aim 1: quantitative data analysis
	2.4.2.1. Sensitivity analysis for missing data
	2.4.2.2. Power: aim 1
	2.4.3. Aim 2: to evaluate the implementation of DPP-TOAT
	2.4.3.1. Aim 2 data collection
	2.4.3.2. Quantitative data analysis
	2.4.3.3. Aim 2 power
	2.4.3.4. Aim 2 qualitative data
	2.4.3.5. Intervention fidelity

	3. Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References

	Diet and ideal food pyramid to prevent or support the treatment of diabetic retinopathy, age-related macular degeneration, and cataracts
	1. Introduction
	1.1. Antioxidants
	1.1.1. Carotenoids
	1.1.2. Vitamin A


	2. Methods
	3. Results
	3.1. DR
	3.1.1. Dietary and food patterns
	3.1.2. Nutrients, vitamins, and antioxidants and DR
	3.1.3. Fiber and hydratation, and DR
	3.1.4. Gut microbiota and DR
	3.1.5. PA and DR

	3.2. AMD
	3.3. Cataracts

	4. Discussion
	4.1. DR
	4.1.1. Hyperhomocysteinemia
	4.1.2. Dietary and food patterns
	4.1.3. Fruits and vegetables
	4.1.4. Nuts
	4.1.5. Saffron
	4.1.6. Curcumin
	4.1.7. Tea and coffee
	4.1.8. Nutrients
	4.1.8.1. Vitamins and antioxidants
	4.1.8.2. Vitamin A and carotenoids
	4.1.8.3. Vitamin D
	4.1.8.4. Polyphenols
	4.1.8.5. Vitamin C
	4.1.8.6. B vitamins
	4.1.8.7. FA
	4.1.8.8. Zinc
	4.1.8.9. Fiber
	4.1.8.10. Hydratation
	4.1.8.11. Gut microbiota
	4.1.8.12. Physical activity


	4.2. AMD
	4.2.1. Physical activity

	4.3. Cataracts
	4.3.1. Hydration
	4.3.2. Physical activity


	5. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References

	Research is still limited on nutrition and quality of life among older adults
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Study selection and data extraction
	2.2.1. Pre-specified inclusions
	2.2.2. Pre-specified exclusions
	2.2.3. Study selection
	2.2.4. Data extraction

	3. Results
	4. Discussion
	4.1. Progress and gaps
	4.2. Opportunities and implications for research and policy
	4.3. Strengths and limitations

	5. Conclusion
	Data availability statement
	Author contributions
	References

	Association between changes in predicted body composition and occurrence of heart failure: a nationwide population study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Change in predicted body composition and covariates
	2.3 Outcomes
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References

	Back Cover


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




