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Abstract
Researches have suggested Mediterranean diet might lower the risk of chronic diseases, but data on skeletal muscle mass (SMM) are limited.
This community-based cross-sectional study examined the association between the alternate Mediterranean diet score (aMDS) and SMM in
2230 females and 1059 males aged 40–75 years in Guangzhou, China. General information and habitual dietary information were assessed in
face-to-face interviews conducted during 2008–2010 and 3 years later. The aMDS was calculated by summing the dichotomous points for the
items of higher intakes of whole grain, vegetables, fruits, legumes, nuts, fish and ratio of MUFA:SFA, lower red meat and moderate ethanol
consumption. The SMM of the whole body, limbs, arms and legs were measured using dual-energy X-ray absorptiometry during 2011–2013.
After adjusting for potential covariates, higher aMDS was positively associated with skeletal muscle mass index (SMI, SMM/height2, kg/m2) at
all of the studied sites in males (all Ptrend< 0·05). The multiple covariate-adjusted SMI means were 2·70% (whole body), 2·65% (limbs), 2·50%
(arms) and 2·70% (legs) higher in the high (v. low) category aMDS in males (all P< 0·05). In females, the corresponding values were 1·35%
(Ptrend= 0·03), 1·05, 0·52 and 1·20%, (Ptrend> 0·05). Age-stratified analyses showed that the favourable associations tended to be more
pronounced in the younger subjects aged less than the medians of 59·2 and 62·2 years in females and males (Pinteraction> 0·10). In conclusion,
the aMDS shows protective associations with SMM in Chinese adults, particularly in male and younger subjects.
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Skeletal muscle mass (SMM) increases up to a peak in the
fourth decade of life, after which it gradually declines(1). The
age-related decrease in SMM is associated with poor health
consequences like weakness, frailty(2) and mortality(3), and is
an important criterion for sarcopenia, the progressive and
generalised loss of SMM and muscle strength or performance(4).
The prevalence of sarcopenia has reached an epidemic
proportion and costed seriously in terms of both healthcare and
human life. In the USA, it is estimated that cost-related health
consequences of sarcopenia is over $18·5 billion in 2000(5). The
prevalence of sarcopenia in older community-dwelling Taiwan
adults aged 65 years and above is 3·9–7·3% according to dif-
ferent definitions of sarcopenia(6). Therefore, identification of
modifiable risk factors for SMM decline is important to allow
more effective prevention of this trend.
The Mediterranean diet (MD) is characterised by high

consumption of olive oil, fruit, vegetables, legumes, nuts and
cereals, low intakes of SFA and red meat, and moderate intake
of alcohol(7). A large number of studies have showed the MD
as a model of healthy eating due to its benefits to the prevention

of various chronic diseases, such as CVD(8), Alzheimer’s
dementia(9), cognitive decline(10), stroke, depression(11) and
cancer(12–15). A few studies have also shown favourable
associations between the main components of the MD and the
occurrence of sarcopenia, such as moderate consumption of
ethanol(16), lower intake of SFA(17) and higher intake of fish
oil(18) and fruits and vegetables(19). Previous studies have
reported that closer adherence to the MD is associated with
lower concentration of inflammation markers(20) and lower
oxidative stress(21), from which it might be assumed that there is
a positive association between the MD pattern and SMM.

To date, favourable associations between the MD pattern
(or score) and with the measures related to SMM were observed
in two cross-sectional studies in UK females(22) and in German
females (not males)(23), but not in another one in Iranian
females(24). One prospective study showed no significant cross-
sectional nor longitudinal association between the MD score
(MDS) and sarcopenia in Hong Kong older adults(25). Among
these studies, percent fat-free mass was used in the UK
study(22), whereas a ratio of appendicular lean mass:BMI was
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used in the German study(23), and the Iranian study only
analysed a posteriori pattern (a MD-like pattern) rather than the
MDS. Therefore, the association between MDS and SMM
remains speculative. In this cross-sectional study, we examined
the hypothesis that higher alternate Mediterranean diet score
(aMDS) is associated with greater SMM in a middle-aged and
older population.

Methods

Study population

This study was based on cross-sectional data from the
Guangzhou Nutrition and Health Study (GNHS), a community-
based prospective cohort study designed to investigate the
determinants of major health problems. The cohort study
recruited a total of 3169 apparently healthy participants aged
40–75 years old by advertisement and referral between 2008
and 2010 in Guangzhou, China. In the first follow-up survey
conducted between 2011 and 2013, 649 participants dropped
out and another 879 new participants were recruited in the
same way in 2013. Information on habitual diet and covariates
were collected in both 2008–2010 and 2011–2013, and SMM
was measured by dual energy X-ray absorptiometry (DXA)
during the 2011–2013 survey. Details of the study population
have been described previously(26). Overall, 110 individuals
were excluded due to (I) core data missing (sixty-seven
subjects); (II) a history of malignancy (thirty subjects), hepatic
cirrhosis (three subjects), and renal insufficiency (six subjects);
(III) extreme energy intake(26) (three subjects); and (IV)
extreme BMI (one subject). Finally, the study included 3289
participants with at least cross-sectional diet and SMM data
collected during 2011–2013. All of the participants provided
written informed consent. The study was approved by Sun
Yat-Sen University’s School of Public Health Ethics Committee
and was conducted according to the Declaration of Helsinki.

Data collection

Information about socio-demographic characteristics (e.g. age,
sex, household income, education,), lifestyle (physical activity,
smoking and drinking status), use of oral oestrogen and years
since menopause (YSM) for females, and personal and family
history of chronic diseases and medications was collected
by means of face-to-face interviews using a structured ques-
tionnaire. Physical activity was specified as activities of daily
life, work time and leisure time (excluding sleeping and sitting)
and was calculated as the metabolic equivalent (h/d) as
described previously(27). Height and weight were measured
with the participant in a standing position and wearing light
clothes and no shoes.

Assessment of dietary intake

Participants were asked about their food intake at five possible
frequencies (never, per year, per month, per week and per day)
over the past year using a seventy-nine-item quantitative FFQ.
The Chinese Food Composition Table, 2004 was used to cal-
culate the average daily intake of nutrients and total energy(28).

The interview methods have been described in detail
elsewhere(26). For the 2520 subjects, who provided dietary data
at both baseline and the first follow-up, we calculated the
average intake, which is commonly used to assess long-term
dietary habits and reduce within-subject variation as did in
previous studies(29,30); for the 879 new participants, only one set
of dietary data was available and used in further analyses.

Calculation of alternate Mediterranean diet score

The traditional MDS was developed by Trichopoulou et al.(31)

to indicate the adherence to traditional MD in a Greek popu-
lation, in which eight items were included and classified
adherence by assigning 0 to 5 points for each food component:
high MUFA:SFA ratio; moderate consumption of ethanol; high
consumption of cereals, fruits, vegetables, legumes; low con-
sumption of milk and dairy products, meat and meat products.
Fung et al.’s aMDS(32) included vegetables, fruits, nuts, whole
grains, legumes, fish, ratio of MUFA:SFA, red and processed
meats and alcohol. The aMDS is calculated by summing the
dichotomous points (0 or 1) for the items of higher intakes of
whole grain, vegetables (excluding potatoes), fruits, legumes,
nuts, fish and ratio of MUFA:SFA, lower red meat according to
their sex-specific group medians, and moderate ethanol con-
sumption (5–15 g/d in females and 15–25 g/d in males)(32)

(online Supplementary Table S1). The possible score range for
aMDS was 0 to 9, with a higher score representing closer
adherence to the MD(32). As previous studies suggested that
SMM might be associated with fish oil(33) and nut(34), we finally
chose to use Fung et al.’s aMDS to evaluate the diet quality in
our study.

Muscle mass assessment

During the 2011–2013 survey, the SMM (kg) of the whole body
and the arms and legs was measured by DXA (Discovery W;
Hologic Inc.) using a default model and analysed with Hologic
Discovery software version 3.2. The DXA scanner was
calibrated daily. The in vivo coefficients of variation of the
duplicated measurements in thirty participants after reposi-
tioning were 6·1% for the whole body, 3·1% for the limbs, 2·2%
for the arms and 4·0% for the legs. The skeletal muscle mass
index (SMI) was defined as SMM/height2 (in kg/m2)(4), and SMI
were calculated for the whole body, four limbs, arms and legs,
respectively.

Statistical analysis

Analyses were performed using SPSS (version 17.0; SPSS Inc.),
and two-sided P values below 0·05 were considered significant.
The participants were divided into three categories (low (0–3),
middle (4, 5) and high (6–8)) according to the aMDS. The
common characteristics of the participants were presented as
frequencies and percentages for categorical variables, and
mean values and standard deviations for continuous variables
by sex. The t test, χ2 test and Wilcoxon rank sum test were used
to compare the differences between females and males for the
continuous, categorical and ordinal variables, respectively.
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Multivariate ANCOVA were used to compare the covariate-
adjusted mean SMI between the three aMDS categories in
females and males separately. Model 1 adjusted for age and
physical activity. Model 2 adjusted for age, physical activity,
smoking status, passive smoking status, dairy foods, daily
energy intake and dietary protein intake in males, and further
adjusted for YSM and oral oestrogen use in females based on
theoretical relevance and significance in univariate analysis
(P< 0·2). Furthermore, we carried out age stratified analyses
according to the group medians of age in males (62·2 years) and
females (59·2 years) using model 2. Bonferroni tests were used
for multiple comparisons between the aMDS categories. Our
study could achieve a statistical power of 86% to detect a
non-zero contrast of the means of the total body SMI based on
the our data in total subjects using PASS 2011(35).
In sensitive analyses, regression analysis was used to test

whether there was a significant linear association when the
aMDS was considered as a continuous variable. Moreover, we
compared the SMI by dichotomous categories of each compo-
nent in model 2 to assess which components of the aMDS were
responsible for the associations of aMDS. We also performed
discriminant classification analysis using Fisher’s linear dis-
criminant function and the calculation of Wilks’ λ to explore the

discriminating ability of the individual components of the
aMDS. To explore whether the association between aMDS and
SMI was modified by age, sex, physical activity or dietary intake
of energy and protein, the potential interactions were assessed
in model 2.

Results

The characteristics of the study population are shown in
Table 1. Analyses included 2225 females and 1064 males. Sex,
BMI, energy intake, smoking status, physical activity and
food intakes were significantly different across the three aMDS
categories.

Comparisons of the covariate-adjusted mean values with their
standard errors of the SMI by aMDS categories are presented in
Table 2. Generally, there is a favourable association between
aMDS and SMI. However, the favourable associations tended to
be more pronounced in males (all Ptrend< 0·05) than in females
at all measured sites in both models 1 and 2. In males, graded
and positive associations were found between the aMDS and
SMI at all measured sites (all Ptrend< 0·05). After adjusting for
multiple covariates in model 2, the favourable associations
tended to be slightly strengthened (all Ptrend: 0·002–0·013).

Table 1. Characteristics of the participants by categories of the alternate Mediterranean diet score (aMDS)
(Mean values and standard deviations; numbers and percentages)

Low (0–3) Middle (4, 5) High (6–8)

aMDS Mean SD Mean SD Mean SD P

n 1283 1377 629
Female 0·783

n 857 942 431
% 67·1 68·1 68·5

Age (years)* 60·49 6·07 60·66 5·86 60·92 5·94 0·335
Body fat percentage 32·40 6·65 32·40 6·64 32·31 6·51 0·955
Energy (kJ/d) 6770 1678 6707 1623 6736 1707 0·650
Energy (kcal/d) 1618 401 1603 388 1610 408 0·650
Smoking† 0·001

n 183 155 54
% 14·3 11·2 8·6

Passive smoking‡ 0·001
n 336 308 121
% 26·3 22·3 19·2

Years since menopause 9·77 6·13 9·47 5·81 9·49 6·02 0·523
Oestrogen use 0·210

n 40 59 29
% 3·1 4·3 4·6

Physical activity (MET h/d)§ 16·44 6·74 16·99 6·86 17·58 7·04 0·002
Protein intake (g/d) 67·40 10·14 70·16 10·33 72·00 9·80 <0·001
Components of aMDS (serving/d)

Whole grain (serving/d) 0·22 0·33 0·32 0·31 0·40 0·24 <0·001
Vegetables (except potatoes) 2·85 1·00 3·56 1·21 4·24 1·21 <0·001
Fruits (included juices) 1·18 0·84 1·60 0·88 1·98 0·84 <0·001
Legumes 0·26 0·40 0·39 0·29 0·48 0·30 <0·001
Nuts 0·07 0·09 0·11 0·11 0·14 0·11 <0·001
Fish 0·75 0·50 1·04 0·83 1·25 0·67 <0·001
Red meat 1·73 0·74 1·39 0·64 1·16 0·67 <0·001
Ratio of MUFA:SFA 1·40 0·14 1·44 0·14 1·47 0·13 <0·001
Ethanol (g/month) 0·65 4·86 0·76 5·34 0·37 2·24 0·234

MET, metabolic equivalent.
* Calculated by the time of dual-energy X-ray absorptiometry examination.
† Smoking was defined if they had smoked at least five packages of cigarettes during the last year.
‡ Passive smoking was defined if they had been exposed to others’ tobacco smoke for at least 5min or one cigarette per day for the past year.
§ Physical activities (MET h/d) included daily activities in occupation, leisure-time and household-chores apart from the lying and sitting.
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The SMI means were 2·70% (whole body), 2·65% (limbs),
2·50% (arms) and 2·70% (legs) higher in the high
(v. low) aMDS category (all P< 0·05), respectively. In females,
the corresponding values were 1·35% (whole body), 1·05%
(limbs), 0·52% (arms) and 1·20% (legs), but not statistically
significant except the whole body (Ptrend= 0·03). Age-stratified
results showed that the favourable associations tended to be
more substantial in younger participants than in the older
subjects in both males and females,. However, no statistically
significant interaction was observed in males (P: 0·516–0·821)
and in females (P: 0·109–0·706) (Table 3).
Table 4 showed the associations between food components

of the aMDS and SMI in male and female participants (model 2).
In males, food components with significant associations
included vegetables (all sites, Ptrend: 0·003–0·030), fruits (all
sites, Ptrend: 0·014–0·022), red and processed meats (all sites,
Ptrend: 0·001–0·011), fish (total body, Ptrend: 0·011) and ratio of
MUFA:SFA (arms, Ptrend: 0·017). In female, it is vegetables and
fruits (all sites except arms, Ptrend: <0·001–0·005). In consistent
with the results in Table 4, discriminant classification analysis
showed that the components with significant discriminating
ability were mainly those of vegetable, fruit and ratio of MUFA:
SFA (online Supplementary Table S2).
Multiple regression analyses showed significant linear

relationships between the aMDS (as a continuous variable) and

SMI at all studied sites in males (P: <0·001–0·036), and at all
studied sites (except for the arms) in females (P: <0·001–0·302)
(online Supplementary Table S3). We examined whether the
association between aMDS and SMI was modified by smoking,
passive smoking, physical activity, dietary intake of total
energy and protein. No significant interactions were observed
(Pinteraction: 0·092–0·982) (online Supplementary Table S4).

Discussion

In this cross-sectional study of a middle-aged and elderly
Chinese population, a favourable association was found
between aMDS and SMI after adjusting for potential con-
founding variables. This association tended to be more pro-
nounced in males (v. females) and in younger (v. older)
subjects with ages less than the median age of 59·2 and 62·2
years in females and males.

Previous studies have suggested favourable associations
between some components of the MD diet (e.g. moderate
consumption of alcohol(16), lower intake of SFA(17) and higher
intake of fish oil(18) and fruits and vegetables(19)) and the risk of
sarcopenia. Analysing dietary data as a whole rather than single
nutrient or single food has been viewed as an important method
to nutritional epidemiologists. As foods were eaten together,
dietary pattern analysis or quality scores could be easier for

Table 2. Comparisons of covariate-adjusted skeletal muscle mass index (SMI) by alternate Mediterranean diet score (aMDS)
categories in males and females
(Mean values with their standard errors)

Categories of aMDS

Low (0–3) Middle (4, 5) High (6–8) ANCOVA

Mean SEM Mean SEM Mean SEM % difference (high v. low)† Pdifference Ptrend‡

Males
n 427 437 200
Model 1, SMI (kg/m2)§

Total body 16·52 0·08 16·77 0·08 16·91 0·11* 2·41 0·006 0·004
Limbs 7·37 0·04 7·49 0·04 7·54 0·05* 2·27 0·018 0·011
Arms 1·88 0·01 1·92 0·01* 1·92 0·02 2·18 0·006 0·025
Legs 5·49 0·03 5·56 0·03 5·62 0·04* 2·29 0·033 0·013

Model 2, SMI (kg/m2)||
Total body 16·49 0·08 16·78 0·08* 16·94 0·11** 2·70 0·003 0·002
Limbs 7·36 0·04 7·49 0·04* 7·56 0·06* 2·65 0·007 0·004
Arms 1·88 0·01 1·92 0·01** 1·92 0·02* 2·50 0·003 0·013
Legs 5·49 0·03 5·57 0·03 5·63 0·04* 2·70 0·013 0·005

Females
n 856 940 429
Model 1, SMI (kg/m2)§

Total body 14·03 0·05 14·05 0·05 14·17 0·07 0·96 0·258 0·119
Limbs 5·95 0·02 5·96 0·02 5·99 0·03 0·71 0·603 0·317
Arms 1·36 0·01 1·36 0·01 1·36 0·01 0·15 0·960 0·875
Legs 4·59 0·02 4·60 0·02 4·63 0·03 0·87 0·475 0·228

Model 2, SMI (kg/m2)||
Total body 14·00 0·05 14·04 0·05 14·19 0·07 1·35 0·088 0·030
Limbs 5·93 0·02 5·95 0·02 5·99 0·03 1·05 0·332 0·138
Arms 1·35 0·01 1·36 0·01 1·36 0·01 0·52 0·743 0·523
Legs 4·58 0·02 4·60 0·02 4·63 0·03 1·20 0·255 0·098

* P<0·05; ** P< 0·01, compared with ‘low category’ by Bonferroni test, α=0·05.
† Percentage difference= (high− low)/low× 100%.
‡ P value for linear trend.
§ Model 1: controlled for age and physical activity.
|| Model 2: controlled for age, physical activity, smoking status, passive smoking status, daily energy intake and dietary protein intake, and years

since menopause and oral oestrogen (in females only) based on theoretical relevance and significance in univariate analysis (P<0·2).
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making recommendations and to avoid the complex inter-
actions among different kinds of food. Furthermore, eating
patterns seem more efficient in the association analyses
between dietary factors and nutrition-related diseases(36).
To date, however, few studies have examined the association
between the MDS and muscle mass or sarcopenia risk.
One cross-sectional study reported significant positive asso-

ciations between the MDS and fat-free mass% in 2570 healthy
females aged 18–79 years from the Twins UK study(22). The
Berlin Aging Study II, a cross-sectional study including 1509
participants (51% females, 68·2 (SD 3·7) years), showed that
greater adherence to the MD was associated with a higher ratio
of appendicular lean mass:BMI in females (P= 0·004), but not
in males(23). Another cross-sectional study showed greater
MD-like pattern score was associated with a lower presence of
sarcopenia (tertile 3 v. tertile 1: OR= 0·42; 95% CI 0·18, 0·97) in
300 elderly Iranian males and females(24). However, null asso-
ciations of the MDS were found with the odds or the 4-year
incidence of sarcopenia (low SMI, low grip strength and low
gait speed) were not found in either the cross-sectional analysis
(P> 0·05) or the longitudinal analysis (P > 0·05) in a sample of
Hong Kong Chinese males (n 1979) and females (n 1978) aged
65 years or older, possibly because of the limited number
of sarcopenic subjects (n 290) at baseline and follow-up

(264 new cases)(25). In this community-based study, a favour-
able association between aMDS and SMI was found in a middle-
aged and elderly Chinese population, particular in males and
younger subjects (age<median). These findings and some pre-
vious results highlight the importance and practical value of the
MD pattern (or higher MDS) in the maintenance of muscle mass.

Higher aMDS may prevent muscle mass reduction through
several mechanisms. First, better adherence to the MD pattern is
inversely associated with some pro-inflammatory cytokines,
such as C-reactive protein and IL-6. Chronic systemic inflam-
mation was suggested to be one of the key contributors of SMM
declination(37). Besides, people with higher aMDS have high
intake of fruit and vegetables, which are rich in antioxidants,
as oxidative stress is the major mechanism of sarcopenia impli-
cated in aging adults. Sensitivity analysis of aMDS components in
our study also showed significant favourable associations
between intakes of fruit and vegetables, fruits and SMI, suggesting
fruit and vegetables as important explanatory variables.

This study found a more pronounced relationship between
aMDS and SMI in males than in females. Similar trends were
also found when we consider the aMDS as a continuous
variable. Favourable associations between the intake of fruit
and vegetables and sarcopenia (defined as the lowest quintile
of lean mass) in older adults were similarly more prominent in

Table 3. Age and sex stratified comparisons of covariate-adjusted skeletal muscle mass index (SMI) by categories of alternate Mediterranean diet score
(aMDS)*
(Mean values with their standard errors)

Categories of aMDS

Low (0–3) Middle (4, 5) High (6–8) ANCOVA

Mean SEM Mean SEM Mean SEM % difference (C3 v. C1)† Pdifference Ptrend‡ Pinteraction

Males
<62·2 years
n 231 204 99
Total-SMI 16·65 0·11 16·86 0·11 17·07 0·17 2·51 0·107 0·040 0·760
Appendicular SMI 7·44 0·05 7·55 0·06 7·68 0·08 3·10 0·063 0·021 0·588
Arms SMI 1·90 0·01 1·95 0·02 1·96 0·02 2·89 0·037 0·043 0·821
Legs SMI 5·54 0·04 5·60 0·04 5·72 0·06 3·18 0·077 0·024 0·516

≥62·2 years
n 196 233 101
Total-SMI 16·35 0·12 16·68 0·10 16·80 0·16 2·78 0·036 0·023
Appendicular SMI 7·28 0·06 7·42 0·05 7·44 0·08 2·14 0·115 0·097
Arms SMI 1·86 0·02 1·90 0·01 1·89 0·02 1·89 0·140 0·196
Legs SMI 5·43 0·04 5·53 0·04 5·55 0·06 2·23 0·135 0·092

Females
<62·2 years
n 410 493 215
Total-SMI 13·94 0·07 13·97 0·07 14·19 0·10 1·80 0·113 0·045 0·706
Appendicular SMI 5·89 0·04 5·92 0·03 6·03 0·05 2·26 0·076 0·027 0·175
Arms SMI 1·34 0·01 1·35 0·01 1·36 0·01 1·42 0·376 0·198 0·611
Legs SMI 4·56 0·03 4·57 0·03 4·67 0·04 2·50 0·045 0·018 0·109

≥62·2 years
n 446 447 214
Total-SMI 14·06 0·07 14·12 0·07 14·20 0·10 0·99 0·510 0·256
Appendicular SMI 5·96 0·03 6·00 0·03 5·96 0·05 0·03 0·682 0·975
Arms SMI 1·37 0·01 1·37 0·01 1·36 0·01 0·02 0·944 0·841
Legs SMI 4·60 0·03 4·63 0·03 4·60 0·04 0·02 0·603 0·981

* All analyses were controlled for age, physical activity, smoking status, passive smoking status, daily energy intake and dietary protein intake, and years since menopause and oral
oestrogen (in females only) based on theoretical relevance and significance in univariate analysis (P<0·2).

† Percentage difference= (high− low)/low×100%.
‡ P value for linear trend.
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males than in females in the fourth Korea National Health and
Nutrition Examination(19). Previous studies have also reported
that chronic periods of negative energy balance tend to have
less of an effect on growth and loss of body tissue in females
than in males(38). Other studies(39–41) have shown much higher
rates of reduction in appendicular lean mass in males than in
females. Therefore, males appear to be more sensitive than
females in terms of muscle mass. The difference in sex
hormones may also play a role, as oestrogen could contribute to
the antioxidant defense ability in female muscles(42). In the
age-stratified analysis, we found that the favourable associations
were more pronounced in the younger group than in the older
one. The cumulative effect of a long-term adherence to
the healthy dietary pattern seemed to be attenuated at the
elderly stage. Our findings suggested that the middle aged

(but not elderly) period might be the ‘window period’ for the
intervention of dietary pattern on body SMM. Further longi-
tudinal studies are needed to clarify this issue.

This study had several strengths. First, it examined the
association between aMDS and SMM in a large community-
based population, adding to the limited evidence. Second,
average food intake data were used for analyses, which should
provide a better estimation of habitual intake before muscle
mass was measured in the majority of participants. Third, SMM
was measured by DXA rather than bioelectric impedance.
Previous studies have shown the excellent validity of
DXA compared with the golden methods of MRI and
computed tomography (CT) (R2 0·96–0·98)(43,44). Lastly,
SMI was assessed at multiple sites. Total body SMI provide
us an overall evaluation of participants’ SMM, but when it

Table 4. Comparisons of covariate-adjusted skeletal muscle mass index (SMI) by groups of food components of the alternate Mediterranean diet score
(aMDS) in males and females*
(Mean values with their standard errors)

Males SMI (kg/m2) Females SMI (kg/m2)

Total body Limbs Arms Legs Total body Limbs Arms Legs

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Vegetables
≤Median 16·54 0·07 7·39 0·03 1·89 0·01 5·51 0·03 13·96 0·04 5·92 0·02 1·35 0·01 4·57 0·02
>Median 16·82 0·07 7·50 0·03 1·92 0·01 5·58 0·03 14·16 0·04 6·00 0·02 1·36 0·01 4·63 0·02
Pdifference 0·004 0·031 0·014 0·056 0·002 0·011 0·133 0·007
Ptrend 0·003 0·021 0·023 0·030 <0·001 0·003 0·059 0·001

Legumes
≤Median 16·64 0·07 7·44 0·03 1·89 0·01 5·54 0·03 14·00 0·04 5·94 0·02 1·36 0·01 4·58 0·02
>Median 16·73 0·07 7·45 0·03 1·91 0·01 5·54 0·03 14·12 0·04 5·98 0·02 1·36 0·01 4·62 0·02
Pdifference 0·379 0·726 0·202 0·994 0·063 0·226 0·665 0·167
Ptrend 0·245 0·726 0·082 0·862 0·230 0·758 0·696 0·609

Fruits
≤Median 16·59 0·07 7·39 0·33 1·89 0·01 5·50 0·03 13·96 0·04 5·91 0·02 1·35 0·01 4·56 0·02
>Median 16·78 0·07 7·50 0·33 1·91 0·01 5·58 0·03 14·16 0·04 6·00 0·02 1·36 0·01 4·64 0·02
Pdifference 0·043 0·028 0·093 0·025 0·001 0·002 0·053 0·001
Ptrend 0·019 0·014 0·022 0·018 0·005 0·003 0·136 0·001

Nuts
≤Median 16·65 0·07 7·42 0·03 1·91 0·01 5·52 0·03 14·09 0·04 5·96 0·02 1·36 0·01 4·60 0·17
>Median 16·72 0·07 7·46 0·03 1·90 0·01 5·56 0·03 14·03 0·04 5·95 0·02 1·35 0·01 4·60 0·17
Pdifference 0·442 0·442 0·672 0·250 0·350 0·657 0·330 0·804
Ptrend 0·296 0·349 0·824 0·195 0·264 0·520 0·300 0·632

Whole grains
≤Median 16·73 0·07 7·45 0·03 1·91 0·01 5·54 0·03 14·05 0·04 5·94 0·02 1·36 0·01 4·58 0·02
>Median 16·66 0·07 7·45 0·03 1·90 0·01 5·55 0·03 14·07 0·04 5·97 0·02 1·36 0·01 4·62 0·02
Pdifference 0·461 0·962 0·754 0·860 0·672 0·307 0·733 0·164
Ptrend 0·608 0·786 0·827 0·665 0·245 0·054 0·363 0·033

Red and processed meats
≤Median 16·86 0·07 7·54 0·03 1·92 0·01 5·61 0·03 14·11 0·04 5·98 0·02 1·37 0·01 4·62 0·02
>Median 16·50 0·07 7·35 0·03 1·88 0·01 5·47 0·03 14·02 0·04 5·93 0·02 1·35 0·01 4·58 0·02
Pdifference <0·001 <0·001 0·006 <0·001 0·140 0·131 0·046 0·207
Ptrend 0·007 0·002 0·011 0·001 0·118 0·068 0·063 0·088

Fish
≤Median 16·59 0·07 7·42 0·04 1·89 0·01 5·53 0·03 14·04 0·04 5·96 0·02 1·36 0·01 4·60 0·02
>Median 16·78 0·07 7·67 0·04 1·91 0·01 5·56 0·03 14·08 0·04 5·96 0·02 1·36 0·01 4·60 0·02
Pdifference 0·075 0·379 0·253 0·467 0·463 0·910 0·910 0·859
Ptrend 0·011 0·107 0·086 0·142 0·134 0·239 0·179 0·293

Ratio of MUFA:SFA
≤Median 16·61 0·07 7·44 0·03 1·78 0·01 5·55 0·03 14·11 0·04 5·98 0·02 1·37 0·01 4·62 0·02
>Median 16·76 0·07 7·45 0·03 1·92 0·01 5·54 0·03 14·02 0·04 5·93 0·02 1·35 0·01 4·58 0·02
Pdifference 0·111 0·692 0·014 0·706 0·140 0·131 0·046 0·207
Ptrend 0·064 0·736 0·017 0·672 0·308 0·688 0·117 0·317

* All analyses were controlled for age, physical activity, smoking status, passive smoking status, daily energy intake and dietary protein intake, and years since menopause and oral
oestrogen (in females only).
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comes to sarcopenia, we always focus on appendicular
muscle mass rather than trunk muscle mass(4). Assessment of
multiple sites enabled a comprehensive understanding of the
association.
Several limitations of this study should be mentioned.

First, the associations derived from a cross-sectional study do
not necessarily indicate causality, although adults generally
maintain stable long-term dietary habits, and the mean dietary
value of the data from two surveys administered about 3 years
apart was used for most of the participants. Moreover, as
with any observational studies, despite attempts to control
major potential confounders, the effect of residual confounding
or unmeasured factors could not be completely ruled out.
Third, volunteers were recruited to the study, which might
have meant that the study population led a healthier lifestyle
than the general population. However, the favourable associa-
tions did not significantly change according to age, education,
income or dietary intake of energy and protein, suggesting that
the generalisability of the results should not be greatly affected
by these factors. Fourth, thought the aMDS are relatively easier
to use, and is comparable among different populations, but is
not targeted to our study population. Further modifications
might be needed to improve its specificity in the Chinese
people. Finally, the 649 withdrew subjects had longer YSM and
lower physical activity at baseline than those 2520 participants
followed-up (online Supplementary Table S5). We therefore
could not exclude the possibility of lost-to-follow-up bias in
this study.

Conclusions

The findings of this study show that aMDS positively associated
with SMI in Chinese adults, particular males and younger sub-
jects aged less than the medians of 59·2 and 62·2 years in
females and males, suggesting that increasing the aMDS might
be of great utility in the maintenance of muscle mass at middle
ages. Additional longitudinal studies, particularly interventional
studies, are needed to confirm these findings.
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