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Abstract

Sarcopenia, a progressive loss of muscle mass and function associated with aging, has
become an increasingly important public health concern worldwide. Research has
demonstrated that the relationship between adherence to the Mediterranean diet
and muscle mass is generally positive; however, findings regarding its association
with sarcopenia have been inconsistent. To investigate whether adherence to the
Mediterranean diet is associated with sarcopenia prevalence, we analyzed data from
adults aged 20 years and older in the National Health and Nutrition Examination
Survey from 2011 to 2018, with a sample size of 17,110 adults. Multivariable-adjusted
logistic regression analysis was employed. The robustness of our results was assessed
using several methods, including subgroup analysis, weighted quantile sum (WQS)
regression, and sensitivity analysis. Results revealed that participants with higher
adherence to the Mediterranean diet were less likely to have sarcopenia. In the
adjusted model, the protective effect remained significant (p=0.006). Subgroup
analysis indicated that this protective effect might be more pronounced among
individuals aged 45 years and older, and independent of body mass index. We used
WQS regression and logistic regression to assess individual components of the
Mediterranean diet and found that fish and nuts had the highest weights and showed
significant associations. Sensitivity analysis confirmed the robustness of the results.
In conclusion, higher adherence to the Mediterranean diet is associated with a lower
prevalence of sarcopenia. In the absence of effective pharmacological treatments,
it may serve as a promising nutritional intervention for preventing and managing
sarcopenia. Further validation through prospective studies is needed.

Keywords: Mediterranean diet; Sarcopenia; Cross-sectional research; National health and
nutrition examination survey
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1. Introduction

Known as a progressive musculoskeletal disorder,
sarcopenia is marked by the accelerated decline in skeletal
muscle mass, strength, and function.! This deterioration
substantially contributes to impaired mobility and a higher
risk of falls and fractures, ultimately diminishing the quality
of life in aging populations. As an etiologically complex
condition, sarcopenia is caused by multiple factors,
including aging, disease, inactivity, and malnutrition.?
Nutritional issues are widely prevalent globally.” Nutrients,
such as protein and vitamin D, have been proven to
be effective in preventing sarcopenia.* During the past
decade, there has been a substantial increase in evidence
regarding the positive relationship between healthier
dietary patterns and musculoskeletal health.® Nutritional
intervention, therefore, emerges as a promising approach
for both preventive strategies and therapeutic management
of sarcopenia.’

The Mediterranean diet is a plant-based dietary pattern
prevalent in Mediterranean regions, emphasizing a high
intake of vegetables, cereals, nuts, fruits, legumes/beans,
e\virgin olive oil, and dairy products; moderate intake of
fish and red wine; and limited consumption of eggs and
sweets.® It contains an abundance of fibers, polyphenols,
high-quality proteins, and w-3 fatty acids, contributing to
healthy metabolism and exerting anti-inflammatory and
antioxidant effects.”® Recognized as one of the healthiest
recommended dietary patterns,’ the Mediterranean diet
significantly reduces the risk of developing major chronic
diseases, particularly cardiovascular disease, Type 2
diabetes, and various cancer types."

Over the past decades, the Mediterranean diet has also
gained attention for its beneficial effects on muscle quality
and physical performance, with burgeoning evidence
suggesting its potential role in preventing sarcopenia
progression.!! However, significant knowledge gaps
persist. Previous studies have investigated the relationship
between adherence to the Mediterranean diet and several
common muscle-related outcomes, such as grip strength,
appendicular muscle mass, walking speed, and the ability to
rise from a chair; generally finding positive correlations.
Rodacki et al.'? found that fish oil supplements (rich in
-3 fatty acids) resulted in higher leg muscle strength. The
Mediterranean diet is known for its anti-inflammatory
and antioxidant effects, which are suggested to have a
significant effect on muscle function.'*'* Researchers have
also concentrated on its relationship with sarcopenia,
but have drawn inconsistent conclusions. For example,
association was statistically evident in the PREDIMED-
Plus study,” while no significance was found in the
Lookup 7+ database.'® However, some shortcomings limit

those studies from drawing a consistent conclusion: few
studies have used sarcopenia as an outcome, and there are
significant population differences in current research.'>"”

In summary, studies investigating the relationship
between adherence to the Mediterranean diet and
sarcopenia remain limited, and the conclusions have been
inconsistent. Therefore, we designed a large-scale cross-
sectional study to explore this relationship, providing more
evidence for its effectiveness.

2. Data and methods
2.1. Study participants

The National Health and Nutrition Examination Survey
(NHANES) is conducted in the United States (US), aiming
to assess the health and nutrition status of adults and
children. By performing physical examinations, interviews,
and laboratory tests on diverse populations, NHANES
collects data to support public health policies and research.
NHANES is conducted in line with the Declaration of
Helsinki and is approved by the National Center for Health
Statistics Ethics Review Board. NHANES is conducted
under federal privacy regulations and adheres to strict
data-protection standards.

We analyzed data in NHANES from 2011 to 2018,
focusing on adults aged 20 and over. Participants with
missing data on dual-energy X-ray absorptiometry (DXA),
hand grip strength, and nutrient intakes were excluded
from our analyses. The final analytic sample included
17,110 adults. These participants were then divided into
two groups: One with complete DXA data and the other
with complete grip-strength data. A flow diagram of the
study population is shown in Figure S1.

2.2. Assessment of the alternate Mediterranean diet
(aMED) score

The aMED score assessment comprises nine components,
including fruits, vegetables, nuts, legumes, whole grains,
fish, red and processed meat, the ratio of monounsaturated
fat to saturated fat, and alcohol intake. All these components
were obtained through a 24-h dietary recall over 2 days
during the examination in Mobile Examination Center.
To minimize recall bias, the first dietary recall interview
was conducted in person in an examination center, while
the second interview was conducted over the phone
3-10 days after the first interview. We used the R package
“dietaryindex” for aMED calculation. “Dietaryindex” was
created and validated by Zhan et al.,'* and its results have
been proven to be consistent.”” Red and processed meat
consumption below the median received 1 point. Alcohol
intake between 5 and 15 g/d received 1 point; otherwise,
0 points. For other components, participants with intake
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above the median intake received 1 point. The possible
score range for aMED was 0 to 9, and a higher score
represented closer adherence to the Mediterranean diet.

2.3. Assessment of sarcopenia and its components

Sarcopenia was the primary outcome variable in this study,
indicating a condition of low muscle mass. NHANES
obtained appendicular lean mass through the DX A method.
Staff used Hologic Discovery model A densitometers
(Hologic, Inc., US) with Apex 3.2 software to complete the
whole body scans. Before being released publicly, its data
was analyzed using APEX v4.0 (Hologic), and its quality
was inspected by a technologist. Participants with a height
of over 192.5 cm, a weight of more than 136.4 kg, or a status
of pregnancy were unqualified for the DXA examination.
Sarcopenia was defined based on an objective index,
calculated as the total mass of appendicular skeletal muscle
(kg) divided by body mass index (BMI; kg/m?). According
to the guidelines from the Foundation for the National
Institutes of Health, the index had different cutoff points
for men (0.789) and women (0.512).2' Participants with
an index lower than the cutoft points were diagnosed with
sarcopenia.

Muscle mass and grip strength are also crucial
indicators in other diagnostic guidelines for sarcopenia.”’
These indicators were investigated as secondary outcome
variables. Grip strength measurements were conducted
during the 2011-2014 NHANES. According to the survey
protocol, participants alternately squeezed a dynamometer
with maximum effort 3 times for each hand, totaling six
attempts. The maximum value of all measurements was
calculated as the result of the grip strength test, commonly
referred to as the dominant grip strength.

2.4. Assessment of the covariates

In this study, covariates included age, data release cycle,
gender, ethnicity, education level, marital status, the ratio
of family income to the federal poverty threshold (PIR),
smoking status, physical activity, hypertension, diabetes,
and BMI. These covariates were included if commonly
used in prior research or were considered as potential
confounders that might be associated with sarcopenia.?**
Data release cycle was categorized as “2011-2012)
“2013-2014, “2015-2016," and “2017-2018” Ethnicity
was categorized as Hispanic, non-Hispanic White, non-
Hispanic Black, Mexican American, and others. Education
level was categorized as less than high school, more
than high school, high school, and general educational
development. Marital status was categorized as never
married, married/living with partner, and separated/
divorced/widowed. Smoking status was dichotomized
as “No” (never smokers) and “Yes” (former or current

smokers). Physical activity was categorized as less than
moderate, moderate, and vigorous according to the
questionnaire in NHANES. Hypertension and diabetes
were also self-reported through questionnaires. Since
alcohol was a part of the Mediterranean diet, it was not
treated as a covariate in this study.

2.5. Statistical analysis

The NHANES samples are not simple random samples;
they use a multistage sampling design that includes primary
sampling units, strata, and sample weights. Accordingly,
we incorporated the sampling weights recommended in
NHANES guidelines. The characteristics of participants
were presented as means with SD for continuous variables
or percentages for categorical variables. Statistical
characteristics were based on the sarcopenia status. In our
analysis, continuous variables were assessed using survey-
weighted analysis of variance, while categorical variables
were evaluated by using chi-square tests to examine the
significance of differences between different sarcopenia
statuses.

Weighted multivariate logistic regression analysis was
conducted to assess the association between adherence
to the Mediterranean diet, as well as its components, and
sarcopenia, by calculating odds ratios (ORs) and 95%
confidence intervals. The aMED score was divided into
tertiles, with T1 serving as the reference to investigate any
linear trends. Three models were created to control for the
effects of confounding factors. Model 1 was a crude model.
Model 2 was adjusted for age, data release cycle, gender,
ethnicity, education level, marital status, and PIR. Model
3 was adjusted for the covariates in Model 2, as well as
smoking status, physical activity, hypertension, diabetes,
and BMI.

According to Model 3, we performed subgroup analysis
to examine the correlation between the Mediterranean
diet and sarcopenia across different subgroups. Stratified
variables included age (<45 and 245), BMI (<25 and 225),
gender (male and female), race (Mexican American, other
Hispanic, non-Hispanic White, non-Hispanic Black, and
other), and PIR (<1.3, 1.3-3.5, and >3.5). The results of the
subgroup analysis are shown in the form of a forest plot.

Furthermore, we investigated the correlation between
individual food components of the Mediterranean diet and
sarcopenia. First, we conducted weighted quantile sum
(WQS) regression to assess the importance of individual
food components by calculating their weights. WQS
regression is a statistical model for multivariate regression,
commonly used in high-dimensional datasets such as
environmental exposure studies. This is a machine learning
model, constructing a weighted index in a supervised
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manner to assess the overall effect and the contribution
of each component. In our model, we set the training
set ratio to 70%, the number of resampling’s to 100, and
assumed a normal distribution for the data. Alcohol
components were excluded from the WQS model because
of their unidirectionality. Second, we repeated weighted
multivariate logistic regression on each food component to
determine the correlation. Finally, we performed a series
of sensitivity analyses to ensure the stability of our results.
We excluded participants who were overweight (BMI
>50 kg/m?*) or underweight (BMI <15 kg/m?).

All  analyses were performed using RStudio
(version 4.3.1, Posit, US). A p<0.05 was considered
statistically significant.

3. Results
3.1. Participant characteristics

The characteristics of individuals based on sarcopenia
status are shown in Table 1. The p-values were calculated
as weighted means for continuous variables and as
weighted percentages for categorical variables. This study
included 17,110 participants, comprising 8,149 (47.6%)
males and 8,961 (52.4%) females. Among the participants
with complete DXA data (8,849), 773 participants were
diagnosed with sarcopenia. Participants with higher aMED
scores tended to be older, of non-Hispanic White ethnicity,
with a lower BMI, higher education level, higher income,
and engaged in more physical activity. We also found that
females showed greater adherence to the Mediterranean
diet (p<0.001), and observed a small but statistically
significant difference between survey cycles (p=0.046). The
prevalence of sarcopenia declined with increasing tertiles
of Mediterranean diet adherence scores. In the highest
tertile, the prevalence of sarcopenia was 6.8%.

3.2. Mediterranean diet and sarcopenia

The results of the three weighted logistic regression models
are shown in Tables 2 and 3. When aMED scores were
treated as a categorical variable, compared with the lowest
tertile of theaMED score, the highest tertile was significantly
associated with a lower risk of sarcopenia (OR = 0.52 [0.39-
0.69]). When aMED scores were treated as a continuous
variable, a noticeable trend was observed between them
and sarcopenia (p<0.001). In adjusted models, almost all
of the aMED score tertiles were significantly associated
with sarcopenia, and the trend test remained significant
(p=0.010). For the components of sarcopenia, there
were no significant differences in the unadjusted model.
However, we detected a significant association between
aMED and the sarcopenia components relevant to muscle
mass after adjusting for covariates (Model 2: Appendicular

muscle mass, p<0.001; total muscle mass, p<0.001; hand
grip strength, p<0.001; Model 3: Appendicular muscle
mass, p<0.001; total muscle mass, p=0.002; hand grip
strength, p=0.410).

3.3. Subgroup analysis

To investigate the consistency of our results, we conducted
subgroup analysis stratified by age, gender, BMI, race,
and PIR (Figure 1). For individuals over 45 years of
age, the indicator showed a significant protective effect
(OR = 0.60 [0.47, 0.76]), whereas those under 45 years
of age did not exhibit a significant effect (OR = 1.06
[0.85,1.33]). Regardless of obesity status, the Mediterranean
diet had a protective effect against sarcopenia, with a
more pronounced effect in individuals with a BMI below
25 (OR = 0.30 [0.11, 0.83]). The protective effects were
prominent in both male (OR =0.77 [0.59, 1.00]) and female
(OR =0.73[0.56, 0.95]). For PIR, we observed a significant
effect for values between 1.3 and 3.5, and a minor effect for
values <1.3. No interaction effect was found in gender and
the PIR subgroup.

3.4. Individual components of the Mediterranean
diet and sarcopenia

The results of the association between individual
components of the Mediterranean diet and sarcopenia
are presented in Table 4 and Figure 2. We applied two
approaches to assess the weight and reliability of individual
components. In WQS regression, we hypothesized that all
components of the Mediterranean diet have protective
effects against sarcopenia based on the positive results
from aMED analysis. According to WQS regression, fish
and nuts were among the highest weights (fish: 0.47, nuts:
0.26), followed by legumes and vegetables (legumes: 0.14,
vegetables: 0.05). These components accounted for over
95% of the total weight. In the regression of individual
components, significant trends were observed in vegetables
(p=0.006), nuts (p=0.034), and fish (p=0.048), while a
subtle trend was found in legumes (p=0.061). In contrast,
whole grains, alcohol, fruits, red/processed meats, and
the ratio of monounsaturated to saturated fatty acids were
not significantly associated with sarcopenia prevalence.
The results of WQS regression might vary across different
sampling methods. Therefore, we could only infer that the
results of the two methods were consistent in fish and nuts.

3.5. Sensitivity analysis

We excluded BMI outliers to minimize the influence of
individuals who might be in a disease state. The results
remained significant in the adjusted model (OR = 0.45
[0.28, 0.91], p=0.005; Table S1). The sensitivity analysis
showed the robustness and consistency of the results.
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Table 1. Characteristics of study participants by aMED score tertiles (n=17,110)

Parameters aMED scores p-value
Tertile 1 (n=7,931) Tertile 2 (n=4,365) Tertile 3 (n=4,814)
Age (year; mean+SD) 47.27 (17.54) 51.63 (17.33) 52.91 (16.99) <0.001
Survey cycle (n [%])
2011-2012 1,988 (25.1) 1,068 (24.5) 1,246 (25.9) 0.046
2013-2014 2,051 (25.9) 1,102 (25.2) 1,319 (27.4)
2015-2016 1,956 (24.7) 1,112 (25.5) 1,132 (23.5)
2017-2018 1,936 (24.4) 1,083 (24.8) 1,117 (23.2)
Gender (n [%])
Male 4,040 (50.9) 2,062 (47.2) 2,047 (42.5) <0.001
Female 3,891 (49.1) 2,303 (52.8) 2,767 (57.5)
Race (n [%])
Mexican American 940 (11.9) 661 (15.1) 604 (12.5) <0.001
Other Hispanic 797 (10.0) 457 (10.5) 466 (9.7)
Non-Hispanic White 3,181 (40.1) 1,708 (39.1) 1,801 (37.4)
Non-Hispanic Black 2,213 (27.9) 961 (22.0) 793 (16.5)
Others 800 (10.1) 578 (13.2) 1,150 (23.9)
Education level (n [%])
<High school 1,842 (23.2) 872 (20.0) 680 (14.1) <0.001
>High school 3,940 (49.7) 2,533 (58.1) 3,410 (70.9)
High school 2,144 (27.1) 954 (21.9) 722 (15.0)
Marital status (1 [%])
Married/living with partner 4,299 (54.2) 2,655 (60.8) 3,197 (66.4) <0.001
Never married 1,837 (23.2) 690 (15.8) 677 (14.1)
Separated/divorced/widowed 1,795 (22.6) 1,020 (23.4) 940 (19.5)
PIR (n [%])
<1.3 2,857 (39.3) 1,132 (28.5) 915 (20.8) <0.001
>35 1,616 (22.2) 1,249 (31.5) 1,966 (44.6)
1.3-35 2,791 (38.4) 1,585 (40.0) 1,524 (34.6)
Smoke status (1 [%])
No 1,765 (45.1) 1,131 (63.6) 1,235 (76.1) <0.001
Yes 2,151 (54.9) 647 (36.4) 388 (23.9)
Activity (n [%])
0 2,800 (35.3) 1,435 (32.9) 1,238 (25.7) <0.001
1 2,248 (28.3) 1,361 (31.2) 1,655 (34.4)
2 2,883 (36.4) 1,569 (35.9) 1,921 (39.9)
BMI (kg/m?*) (mean+SD) 30.36 (7.64) 29.73 (7.07) 28.05 (6.30) <0.001
Diabate (n [%])
No 6,837 (86.3) 3,667 (84.0) 4,175 (86.7) <0.001
Yes 1,089 (13.7) 696 (16.0) 638 (13.3)
Hypertension (1 [%])
No 4,967 (62.7) 2,607 (59.8) 3,062 (63.6) <0.001
Yes 2,953 (37.3) 1,754 (40.2) 1749 (36.4)
Appendicular muscle mass (mean+SD) 0.80 (0.21) 0.80 (0.20) 0.80 (0.20) 0.142
Total muscle mass (mean+SD) 1.82 (0.39) 1.81 (0.38) 1.81 (0.37) 0.278
Grip strength (mean+SD) 0.89 (0.28) 0.88 (0.27) 0.90 (0.25) 0.161
Sarcopenia (n [%])
No 3,994 (90.1) 1,944 (91.6) 2,165 (93.2) <0.001
Yes 437 (9.9) 178 (8.4) 159 (6.8)

Abbreviations: aMED: Alternate Mediterranean diet; BMI: Body mass index; PIR: Ratio of family income to poverty; SD: Standard deviation.
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Subgroup n OR (95% CI)
Age

<45 354/5,508  1.06(0.85-1.33)
>45 419/3351  0.60(0.47-0.76)
Gender

Male 379/4,272  0.77(0.59-1.00)
Female 394/4,587  0.73(0.56-0.95)
Race

Mexican American 263/1,268 1.12(0.81-1.56)
Other Hispanic 120/902 1.11(0.75-1.62)
Non—Hispanic White 218/3,164 0.63(0.48-0.81)
Non—Hispanic Black 53/1,923  0.91(0.48-1.73)
Other race 119/1,602  0.84(0.49-1.43)
PIR

<1.3 282/2,592  0.80(0.62-1.05)
1535355 267/2,966  0.79(0.63-0.99)
>3.5 159/2,650  0.74(0.44-1.24)
BMI

<30 232/5,510  0.68(0.46-0.98)
>30 541/3,349  0.80(0.66-0.97)
Hypertension

Yes 260/2,103  1.03(0.79-1.32)
No 513/6,750  0.70(0.56-0.89)
Diabetes

Yes 127/646 0.71(0.47-1.07)
No 647/8,208  0.78(0.65-0.95)

p for interaction
: 0.044
i 0.81
e
i 0.041
| ——
P, ———
: 0.514
——=
E 0.081
; 0.016
_I._
; 0.706
—.—:—
[ [ 1
1 2

0.1

Figure 1. Subgroup analysis for the association between Mediterranean diet and sarcopenia
Notes: An interaction term was added to test the heterogeneity of associations between subgroups; p<0.05 was considered statistically significant.
Abbreviations: BMI: Body mass index; OR: Odds ratio; PIR: Ratio of family income to poverty.

Fish

Nuts

Legumes

Vegetables

Red/processed meat

MUFA/SFA

Whole grains

Fruit

.
e

S
2

02 0.3
Estimated weights for WQS regression

°
Y

Figure 2. Weight quantile sum (WQS) model regression index weights for
individual food components of the Mediterranean diet

Note: Alcohol components were excluded from the WQS model due to
their unidirectionality.

Abbreviations: MUFA: Monounsaturated fatty acids; SFA: Saturated fatty acids.

4, Discussion

By analyzing NHANES data from 2011 to 2018, our
study found that the Mediterranean diet was significantly

Table 2. Association between the aMED score tertiles and
sarcopenia among NHANES 2011-2018 participants:
Sample-weighted multivariate logistic analysis

Model OR (95% CI) p for
Tertile Tertile 2 Tertile 3 trend
1
1 Ref.  0.76 (0.60-0.96) 0.52(0.39-0.69)  <0.001
2 Ref. 0.76 (0.60-0.96)  0.52 (0.39-0.69) <0.001
3 Ref. 0.76 (0.53-1.10)  0.47 (0.25-0.94) 0.010

Notes: Model 1 was unadjusted. Model 2 was adjusted for age, data
release cycle, gender, ethnicity, education, marital status, and PIR.
Model 3 was adjusted for the covariates in Model 2 in addition to
smoking status, physical activity, hypertension, diabetes, and BMI.
Abbreviations: aMED: Alternate Mediterranean diet; BMI: Body mass
index; OR: Odds ratio; PIR: Ratio of family income to poverty;

Ref.: Reference; CI: Confidence interval.

associated with a reduction in the risk of sarcopenia. We
compared to the lowest tertile, the odds of sarcopenia in
the highest tertile were decreased by 53%. The relationship
‘between the Mediterranean diet and sarcopenia
components, especially muscle mass, was consistent. In
addition, subgroup analysis revealed two phenomena:
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Table 3. Relationship between aMED score tertiles and sarcopenia components

Components B (95% CI) p for
Tertile 1 Tertile 2 Tertile 3 trend
Model 1
Appendicular muscle mass Ref. 0.004 (-0.010-0.018) 0.008 (—0.006-0.023) 0.512
Total muscle mass Ref. 0.007 (-0.020-0.034) 0.021 (-0.007-0.049) 0.281
Hand grip strength Ref. 0.004 (-0.010-0.018) 0.008 (—0.006-0.023) 0.384
Model 2
Appendicular muscle mass Ref. 0.017 (0.005-0.028) 0.032 (0.022-0.041) <0.001
Total muscle mass Ref. 0.035 (0.021-0.050) 0.088 (0.073-0.104) <0.001
Hand grip strength Ref. 0.023 (0.008-0.038) 0.062 (0.050-0.075) <0.001
Model 3
Appendicular muscle mass Ref. 0.024 (0.009-0.039) 0.030 (0.010-0.052) <0.001
Total muscle mass Ref. 0.020 (0.001-0.038) 0.031 (0.006-0.057) 0.002
Hand grip strength Ref. 0.006 (-0.015-0.026) —-0.002 (-0.021-0.016) 0.410

Notes: Model 1 was unadjusted. Model 2 was adjusted for age, data release cycle, gender, ethnicity, education, marital status, and PIR. Model 3 was
adjusted for the covariates in Model 2 in addition to smoking status, physical activity, hypertension, diabetes, and BML
Abbreviations: aMED: Alternate Mediterranean diet; BMI: Body mass index; PIR: Ratio of family income to poverty; Ref.: Reference; CI: Confidence

interval.

Table 4. Associations between the individual food
components in the Mediterranean diet and the prevalence of
sarcopenia in NHANES participants

Component OR (95% CI) p-value
Vegetables 0.43 (0.24-0.77) 0.006
Nuts 0.53 (0.29-0.95) 0.034
Fish 0.53 (0.28-0.99) 0.048
Legumes 0.55 (0.30-1.03) 0.061
Whole grains 0.83 (0.47-1.46) 0.505
Alcohol 0.78 (0.27-2.27) 0.643
Fruit 0.88 (0.50-1.57) 0.664
Red/processed meat 0.95 (0.61-1.50) 0.827
MUFA/SFA 1.00 (0.63-1.59) 0.989

Notes: Mediterranean diet adherence scores are derived by assigning
a value of “0” and “1” across nine food components. Covariates were
adjusted in the same way as in Model 3.

Abbreviations: MUFA: Monounsaturated fatty acids;

NHANES: National Health and Nutrition Examination Survey;

SFA: Saturated fatty acids; OR: Odds radio; CI: Confidence interval.

the protective effect of the Mediterranean diet was more
pronounced in the elderly population, and the protective
effect could be detected in both obese and non-obese
individuals. In summary, our results support an inverse
association between Mediterranean diet adherence and
sarcopenia.

The Mediterranean diet may influence muscle function
by a variety of mechanisms. Biochemical processes, such
as inflammation and oxidation, are vital pathways through

which the Mediterranean diet exerts its protective effects
against sarcopenia. The occurrence of many diseases is
inflammation-mediated: inflammatory cells facilitate
tumor growth by releasing growth and survival factors®;
recent research links inflammation to cardiovascular
diseases.”>** Musculoskeletal disease is not an exception.
Cross-sectional and cohort studies revealed that increasing
inflammatory markers are associated with muscle
dysfunction and sarcopenia.”?® This indicates that the
Mediterranean diet may reduce the risk of sarcopenia by
inhibiting inflammation. The anti-oxidative effect of the
Mediterranean diet also plays a protective role. From a
macroscopic perspective, individuals with lower oxidative
balance scores are less likely to have sarcopenia.” At the
cellular level, skeletal muscle can produce reactive oxygen
species, which can activate the mitochondrial apoptosis
pathway.* In short, the role of inflammation and oxidative
processes in the development of sarcopenia has become
relatively clear,’* and it is an essential mechanism that
has gained widespread attention. Another trending topic
regarding its potential mechanism is the intestinal microbe.
A review summarized that the Mediterranean diet was
likely associated with increased representation of bacterial
taxa that promoted metabolic function.*® Meanwhile, the
depletion of bacterial taxa, especially those capable of
synthesizing short-chain fatty acids, is a major symbol of
frailty and sarcopenia.***

In this study, we focused on sarcopenia and its
relevant indicators, and drew a consistent conclusion
that the Mediterranean diet has a significant protective
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effect in almost all models. Existing research has
shown mixed results. Although the majority of studies
supported the association between the Mediterranean
diet and sarcopenia, consensus has not been reached.?
The lack of agreement on the definition of sarcopenia
might be a critical factor. As previously stated, some
studies used indicators relevant to sarcopenia without
diagnosing sarcopenia itself; some studies did not make
a confirmed diagnosis. For example, Huang et al.’* found
no association between hand grip strength, gait speed,
and other parameters of sarcopenia. As is known, low
muscle massis akey criterion for the confirmed diagnosis
of sarcopenia.” A cross-sectional study, estimating
muscle mass using an approximate equation rather than
an accurate measurement, reached the conclusion that
the Mediterranean diet had no protective effect.'® Over
the past 5 years, several studies have measured muscle
mass using DXA and obtained encouraging results,*
indicating that accurately measuring muscle mass and
confirming the diagnosis of sarcopenia are substantial
methodologies for reliable results. Therefore, our study
analyzed the NHANES database, which adopted DXA to
assess muscle mass, and reached a consistent conclusion
as expected. It also provided a reasonable explanation
that the result of hand grip strength indirectly showed
a protective effect. It is noteworthy that low muscle
strength is used to diagnose potential sarcopenia.’
These findings suggest that the definition of sarcopenia
still has much room for improvement. Fortunately, the
Global Leadership Initiative in Sarcopenia has been
established to reach a consensus on the definition of
sarcopenia, serving as a gold standard for diagnosis.*
It will bring hope for reaching an objective agreement
on this topic.

There are two other intriguing discoveries. That is,
the protective effects were found to vary across the age
subgroup, but were consistent across BMI status in the
subgroup analysis. For the age subgroup, we used age 45
as the cutoff point for grouping in the subgroup analysis.
In fact, the period from the age of 70-80 is when muscle
mass begins to decline rapidly.*® Hence, enormous
research has focused on the elderly population.’”*%*
Nonetheless, muscle mass begins to be lost at 45 years
old, and a life course framework has been established
to encourage intervention at earlier life stages.**>*
Overall, the combination of the above conclusion and our
outcomes, which showed a significant protective effect
in the population aged 45 and above, demonstrates the
rationality and necessity of early intervention. Meanwhile,
the subgroup analysis regarding BMI brought up the
topic of sarcopenic obesity. Sarcopenic obesity is a type
of sarcopenia that is increasingly garnering attention.***

Current management strategies are exercise and nutrition
interventions.*® The current definition of sarcopenic
obesity is the co-existence of sarcopenia and obesity.
However, establishing a universally accepted cutoft
point for sarcopenic obesity remains challenging. We
tentatively used BMI 230 as the cutoff point of obesity,
as suggested by the American Association of Clinical
Endocrinologists. We can infer from the similar results
that the Mediterranean diet might be beneficial for
sarcopenia patients with different weight conditions.

We also assessed the associations between individual
food components of the Mediterranean diet and the
prevalence of sarcopenia, as these relationships may
offer insights into the underlying mechanisms of
sarcopenia development. In the weighted multivariate
logistic regression, significant differences were found in
four components: Vegetables, nuts, fish, and legumes.
These components contain an abundance of anti-
inflammatory and antioxidant substances, thus fighting
against sarcopenia through the mechanisms mentioned
above. Similar effects were found in another research,
which specifically focuses on vegetables and fruits.*
However, only nuts and fish had the major weights in the
prevention of sarcopenia in the WQS regression. This
finding indicates that although a significant relationship
was observed between these components and sarcopenia,
the strength of this relationship is insufficient to produce a
practical impact. This can be potentially explained by two
reasons. First, the effectiveness of protein in combating
sarcopenia is related to its source. Due to differences in
bioavailability, animal proteins, such as fish and dairy,
are considered high-quality proteins.*” However, there is
also evidence indicating that consuming adequate protein
can offset the influence of protein sources.* Anyway, our
results showed that compared with plant proteins and
other animal proteins, fish may have a stronger protective
effect against sarcopenia. On the other hand, the positive
results of nuts correspond with studies from different
regions.*>*

The most significant contribution of our study is that it
examined a large sample size from a wide-ranging database
and utilized the most accurate definition of sarcopenia
currently available. There is also an innovative aspect in
our study. To the best of our knowledge, few studies have
focused on the impact of individual components of the
Mediterranean diet on sarcopenia,®® and those efforts are
meaningful. Current studies have shown notable ethnic
disparities in the protective effects of the Mediterranean
diet, which may be attributable to varying perceptions of the
same food components among different populations.'”**>!
At the same time, differences among populations and
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factors such as psychosocial stressors also pose difficulties
in adhering to the Mediterranean diet.”>> Summarizing
the components of the Mediterranean diet may hold
considerable importance for its widespread promotion and
longitudinal adherence.

Thelimitations of this study are primarily reflected in the
following aspects. Firstly, the cross-sectional study design
makes it challenging to establish causality between the
Mediterranean diet and sarcopenia. Secondly, NHANES
only measured the DXA of participants aged 8-59 years
for safety reasons. Lastly, dietary data were obtained from
recall questionnaires, which may be subject to recall bias
and changes in eating habits.

5. Conclusion

Better adherence to the Mediterranean diet is associated
with a lower prevalence of sarcopenia, regardless of
weight status, and this association is significant in both
males and females. Among the nine components of the
Mediterranean diet, fish and nuts are potentially more
impactful than other components, as supported by WQS
regression and weighted multivariate logistic regression.
These findings highlight the importance of early dietary
intervention in managing sarcopenia. More studies,
especially clinical trials, should be conducted to definitively
evaluate the relationship between the Mediterranean diet
and sarcopenia.
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