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Abstract

Sarcopenia is a core contributor to several health consequences, including falls, fractures, physical limitations and disability. The pathophysio-
logical processes of sarcopenia may be counteracted with the proper diet, delaying sarcopenia onset. Dietary pattern analysis is a whole diet
approach used to investigate the relationship between diet and sarcopenia. Here, we aimed to investigate this relationship in an elderly Chinese
population. A cross-sectional study with 2423 participants aged more than 60 years was performed. Sarcopenia was defined based on the guide-
lines of the Asian Working Group for Sarcopenia, composed of low muscle mass plus low grip strength and/or low gait speed. Dietary data were
collected using a FFQ that included questions on 100 food items along with their specified serving sizes. Three dietary patterns were derived by
factor analysis: sweet pattern, vegetable pattern and animal food pattern. The prevalence of sarcopenia was 16-1 %. The higher vegetable pattern
score and animal food pattern score were related to lower prevalence of sarcopenia (Pyeng = 0-006 and < 0-001, respectively); the multivariate-
adjusted OR of the prevalence of sarcopenia in the highest v. lowest quartiles were 0-54 (95 % CI 0-34, 0-86) and 0-50 (95 % CI 0-33, 0-74), sep-
arately. The sweet pattern score was not significantly related to the prevalence of sarcopenia. The present study showed that vegetable pattern
and animal food pattern were related to a lower prevalence of sarcopenia in Chinese older adults. Further studies are required to clarify these
findings.
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the Asian Working Group of Sarcopenia (AWGS) definition
was estimated at 9-6-22-1% in older men and 7-7-21-8% in

Sarcopenia is an age-related syndrome characterised by a
progressive loss of muscle mass combined with reduced muscle

strength and/or physical performance”. Accumulating evi-
dence suggests that sarcopenia predisposes older individuals
to many adverse outcomes, such as falls, fractures, disability,
hospitalisation and mortality®>. It is estimated that the overall
prevalence of sarcopenia was 10% in older adults in the
world®. In Asia, the prevalence of sarcopenia according to

older women”, Asian people appear to have a higher preva-
lence of sarcopenia than other regions”. Due to the escalation
of the reported prevalence of sarcopenia in elderly popula-
tions, sarcopenia has emerged as a major health issue in the
elderly population and an important burden for health
systems(”.

Abbreviation: AWGS, Asian Working Group of Sarcopenia.
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The aetiology and underlying mechanisms of sarcopenia are
complicated and multifactorial, reportedly involving nutrition
status, insulin resistance, chronic inflammation and oxidative
stress® V. Dietary interventions, such as protein, amino acids
and antioxidants, may delay or prevent the onset of sarcopenia
by counteracting some of these pathological processes"?!?,
Moreover, individual nutrient supplements, such as protein, vita-
min D and 7-3 fatty acids**7, have been shown to be beneficial
for slowing down or preventing the age-dependent changes in
muscle. However, compared with the monitoring of single
nutrients, dietary patterns account for the complexity of dietary
intake, the interaction of various nutrients and the synergy
between foods and nutrients. Thus, this type of monitoring
may be more effective to examine the dietary influence on age-
ing muscle and may facilitate translation of findings into public
health recommendations®.

Studies of the relationship between dietary patterns and sarco-
penia in elderly adults are rare and have predominantly focused on
Western dietary patterns and Mediterranean diets"*~2%. One study
has previously examined this relationship in a Hong Kong (a city in
southern China) population®. Another study investigated the rela-
tionship between dietary patterns and sarcopenia in older Chinese
people from three cities, located in the north, east and south of
China®?. However, habitual diets of subjects in northern China
and southern China are heterogeneous. The southern Chinese diet
is characterised by a high consumption of seasonal vegetables and
fruits, freshwater fish and shrimp, legumes, and a moderate con-
sumption of whole grain rice, plant oils (mainly rapeseed oil)
and red meat'®. Northern Chinese people have a higher consump-
tion of wheat flour, starch, tubers, other cereals and animal foods,
and a lower consumption of vegetables and fruits®”. Dietary com-
ponents, styles or patterns may be one of the major contributors to
the chronic non-communicable disease prevalence discrepancy
between the two parts of China®®. Therefore, we conducted a
community-based cross-sectional study to explore the relationship
between dietary patterns and sarcopenia in a large-scale elderly
population in northern China.

Methods
Study population

Participants in this cross-sectional study were recruited from the
Tianjin Chronic Low-grade Systemic Inflammation and Health
Cohort Study, which is a large prospective dynamic cohort study
focusing on the relationships between chronic low-grade systemic
inflammation and the health status of a population living in
Tianjin, China. Tianjin Chronic Low-grade  Systemic
Inflammation and Health Cohort Study was initiated in 2007.
The inclusion criteria for this Tianjin Chronic Low-grade
Systemic Inflammation and Health Cohort Study were men and
women who were 18 years and older living in Tianjin, China
for at least 5 years. Participants were recruited from health man-
agement centres and community management centres. They all
had received annual health examinations and completed ques-
tionnaires regarding their smoking and drinking habits and dis-
ease history. Moreover, a detailed lifestyle questionnaire survey
(which information educational level,

collected about

employment status, marital status and household income, physi-
cal activity, dietary habits, history of diseases and depressive
symptoms) and measurements of handgrip strength and gait
speed were administered to participants since 2013. Participants
further received bioelectrical impedance analysis since 2017.
The study protocol was approved by the Institution Review
Board of Tianjin Medical University. All participants provided writ-
ten informed consent.

This cross-sectional study used baseline data from the Tianjin
Chronic Low-grade Systemic Inflammation and Health, ranging
from the year of 2017-2019. Participants aged above 60 years
who had received health examinations, bioelectrical impedance
analysis, handgrip strength, gait speed test and questionnaire
survey were included (7 2698). We excluded participants who
did not complete data collection on FFQ or measurements of
muscle mass, grip strength and gait speed (n 275). Owing to
these exclusions, the final cross-sectional study population com-
prised 2423 participants.

Assessment of sarcopenia

Muscle mass was assessed using Direct Segmental Multi-
Frequency Bioelectrical Impedance Analysis (In-Body 720; Bio
space Co., Ltd). The participants were asked to wear light cloth-
ing, remove their shoes and socks, and stand over the electrodes
on the machine for 3-5 min. The relative skeletal mass index was
calculated by dividing the appendicular skeletal muscle mass
(kg) by the square of height (m).

Handgrip strength (kg) was measured using an adjustable
hydraulic hand-held dynamometer (EH101; CAMRY; range 0-90
kg; accuracy 0-1 kg). Participants were tested by the trained eval-
uators with standardised verbal instructions. The dynamometers
were calibrated before testing and adjusted for optimal fit for each
participant according to instructions on the dynamometer.
Participants were instructed to hold the dynamometer beside but
not against their body while standing upright with the arm vertical
and then grip the dynamometers as hard as they could. Handgrip
strength was measured twice for each hand and the greatest
recorded value was considered the maximal grip strength.

Gait speed over a distance of 4 m was measured to assess
muscle performance. Participants were directed to wear flat,
comfortable walking shoes, and walk for 4 m at their regular
speed. The gait speed test was performed only once. The trained
evaluators recorded the time using a stopwatch as second (s).

Based on the consensus of the AWGS, sarcopenia was defined
by low muscle mass simultaneously with either low grip strength
orlow gait speed®. Low muscle mass was defined as relative skel-
etal mass index < 7-0 kg/m? in men and < 5-7 kg/m? in women.
Low grip strength was defined as handgrip strength < 26 kg in
men and < 18 kg in women. Low gait speed was defined as walk-
ing speed < 1 m/s in both men and women, which was made an

adjustment for the participants®®.

Assessment of dietary intake

Dietary intake was assessed by a modified version of the self-
administered semi-quantitative FFQ, which consisted of 100
food items (the initial version of the FFQ included eighty-one
food items®”) with their specified serving sizes. Participants
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were instructed to indicate their mean frequency of consumption
over the past month by checking one of the seven levels of fre-
quency for foods, ranging from ‘almost never eat’ to ‘twice or
more per day’ and one of the eight levels of frequency for bev-
erages ranging from ‘almost never drink’ to ‘four or more times
perday’. The mean daily intake of nutrients was calculated using
an ad hoc computer programme developed to analyse the ques-
tionnaire. The Chinese food composition tables were used as the
nutrient database. The reproducibility and validity of the ques-
tionnaire were assessed in a random sample of 150 participants
from our cohort using data from repeated measurements of the
FFQ approximately 3 months apart and 4-d weighed diet record.
Spearman rank correlation coefficient for energy intake between
two FFQ administered 3 months apart was 0-68. Correlation coef-
ficients for food items (fruits, vegetables, fish, meat and bever-
ages) between two FFQ administered 3 months apart ranged
from 0-62 to 0-79. Spearman’s rank correlation coefficient for
energy intake by the weighed diet record and the FFQ was
0-49. Correlation coefficients for nutrients (vitamin C, vitamin
E, PUFA, SFA, carbohydrate and Ca) by the weighed diet record
and the FFQ ranged from 0-35 to 0-54. Subjects also were asked
whether or not they had changed their eating habits during the
past 5 years.

Assessment of other variables

The socio-demographic variables including age, sex, educa-
tional level, employment status, marital status and household
income, health behaviours including physical activity, smoking
status and drinking status were collected using a standardised
health-related questionnaire. The personal history of diseases
(hypertension, hyperlipidaemia, diabetes, CHD, stroke and
cancer) was assessed according to the responses to relevant
questions, the personal health records ®® and annual health
check. Total energy intake was calculated according to the
response of the FFQ, combined with the food composition table.
Anthropometric measurements (including body height and body
weight) were measured by trained personnel using a standard
protocol, and the BMI was computed as the body weight (in
kg) divided by height squared (in m?). Depressive symptoms
were evaluated by the Chinese version of the Zung Self-Rating
Depression Scale.

Statistical analysis

Statistical analyses were performed using the Statistical Analysis
System 9.3 edition for Windows (SAS Institute). We categorised
the food items and beverages from the FFQ into forty-two pre-
defined food groups, which were used to derive dietary patterns
and determine factor loadings via factor analysis (principal com-
ponent analysis). Factors were rotated with Varimax rotation to
maintain uncorrelated factors and enhance interpretability. After
the evaluation of eigenvalues (> 1-0) and the scree test, three
factors were determined. Food groups with a factor loading
> |0-30| were the main contributors to dietary patterns and rep-
resentative of the character of each pattern.

For participant characteristics, the continuous variables were
presented as mean (95% CD), and categorical variables were
presented as percentages. The association between quartile

categories of dietary pattern scores and the presence of sarcope-
nia was analysed using multiple logistic regression models. The
linear trend cross-increasing quartiles were tested using the
median value of each quartile as a continuous variable based
on linear regression. OR and 95 % CI were calculated. The model
1 was the unadjusted model and the model 2 was adjusted for
age, sex and BMIL. The model 3 was further adjusted for physical
activity, smoking status, drinking status, individual history of
diseases (CHD, stroke, cancer, diabetes, hypertension and
hyperlipidaemia), total energy intake, depressive symptoms,
household income, marital status, educational level and employ-
ment status. The model 4 was additionally adjusted for scores of
other dietary patterns with each other. Moreover, we did strati-
fied analyses to assess potential effect modification by sex (men
or women), BMI (< or > 24-0 kg/mz), physical activity (< or > 23
MET-h/week), diabetes (yes or no), hypertension (yes or no)
and hyperlipidaemia (yes or no). The potential interactions
between dietary pattern scores and the stratifying factors were
tested by the addition of the cross-product term to the multivari-
able model, separately. All tests were two-tailed, and P values
< 0:05 were considered statistically significant.

Results
Dietary patterns

Factor analysis revealed three main dietary patterns for the
population in the present study. Food groups and factor load-
ings are presented in Table 1. Dietary patterns were descrip-
tively named according to the nature of the food groups
showing high loading (absolute value) for each of the factors.
The first factor was defined as the sweet pattern because it was
characterised by greater consumption of fruits and some root
vegetables which tasted sweet. The second factor, named the
vegetable pattern, was typified by frequent consumption of
vegetables, coarse cereals and soya products. The third factor
represented frequent consumption of poultry, meat and fish,
which was identified as the animal food pattern. The first to
third dietary patterns accounted for 7-19, 6-87 and 6-44 %,
respectively, of the variance in food intakes and totally
explained 20-5 % of the variability.

Characteristics of participants

A total of 2423 participants were enrolled in the present study.
The prevalence of sarcopenia was 161 % (391/2423) in all par-
ticipants, 14-0% (134/959) in men and 17-6 % (258/1464) in
women. The characteristics of the participants are shown in
Table 2. The proportion of men was 39-6 % (959/2423). The
mean age was 67-6 (95 % CI 67-4, 67-9) years. Compared with
participants without sarcopenia, those with sarcopenia were
older (P values < 0-0001), were more likely to be females (P val-
ues = 0-02), have lower BMI (P values < 0-0001), have a higher
Self-Rating Depression Scale score (P values < 0-001) and have a
history of hypertension (P values=0-04), hyperlipidaemia
(P values < 0-001), diabetes (P values = 0-02) and stroke (P val-
ues < 0-:001). The individuals with sarcopenia were significantly
more likely to be have lower levels of physical activity
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Table 1. Principal component analysis Varimax-rotated forty-two food groups factor loading scores (n 2423)

Food groups Sweet pattern Vegetable pattern Animal food pattern
Refined grains -0-16 0-58* -0-12
Noodles 0-19 0-18 018
Bread 0-25* 0-01 0-11
Rice 0-15 0-21* 0-15
Whole grains -0-15 0-60* -0-09
Dairy products 0-15 -0.04 018
Poultry 0-11 —-0-03 0-59*
Red meats —0-06 —-0-03 0-58*
Organ meats 0-35* —-0-09 0-32*
Sausage 0-19 012 0-31*
Chicken egg -0.08 0-19 0-28
Preserved egg 0-31* —-0-05 0-08
Seafood (Squid, octopus, lobster, shellfish) 0-37* 0-03 0-25*
Fish (fish bone and all, dried fish, fatty fish and less-fat fish) 0-16 0-09 0-40*
Dark green and leafy vegetables 0-28* 0-61* 0-14
Solanaceous vegetables 0-29* 0-44* 0-25*
Carotenoid vegetables 0-54* 0-20 0-02
Starchy vegetables 0-34* 0-44* 0-03
Mushroom and fungi 0-48* 0-28* 0-27*
Hot and sweet peppers 013 0-27¢ 0-24*
Tomato -0-20 0-47* 0-19
Bulb vegetable 0-15 0-47* 0-18
Ginger 0-01 0-28* 0-34*
Seaweed 0-40* 0-09 018
Legumes and soya products 0-22¢ 0-29* 0-34
Preserved vegetables 0-10 0-36* 0-28*
Salted eggs 0-04 0-28* 0-27*
Fruits (citrus fruits) 0-53* 0.07 -0-10
Fruits (all kinds except for citrus fruits, persimmon, strawberry and kiwi fruit) 0-60* 0.23* -0-01
Fruits (persimmon, strawberry, kiwi fruit) 0-58* 0-05 -0-13
Dim sum (cakes, cookies and biscuits) 0-21* 0-06 017
Sweets and desserts 0-26* —-0-02 0-01
Honey 0-09 0-01 0-22*
Nuts 0-12 0-32* 0-26*
Tea 0-03 012 0-27*
Coffee 0-02 0-07 -0-04
Soda and sweetened beverages 012 -0-06 0-11
Fruits or vegetables juice 0-06 —0-06 0-03
Alcohol consumption -0.04 0-01 0-33*
Fried foods 0-32* 0-21* 0-32*
Bean vermicelli 0-19 0.07 0-29*
Sesame and sesame products 0-06 0-06 0-37F

*Loadings with an absolute value more than 0-20.

(P values < 0-001), education (P values < 0-001) and household
income (P values = 0-005).

Dietary patterns and sarcopenia

As shown in Table 3, the sweet pattern score was not sta-
tistically significantly related to the prevalence of sarcopenia
before and after adjustment. Higher vegetable pattern score
was related to a lower prevalence of sarcopenia before and
after adjustment for multiple confounders and the scores of
the other two dietary patterns (P for trend < 0-001 and 0-000,
respectively). Multivariate-adjusted OR of the prevalence of
sarcopenia across quartile of the vegetable pattern score were
1:00 (reference), 0-87 (95 % CI 0-62, 1-21), 0-68 (95 % CI 0-47,
0-99) and 0-54 (95 % CI 0-34, 0-86). Higher animal food pattern
score was also related to a lower prevalence of sarcopenia
before and after adjustment (P for trend <0-0001 and
<0-001, respectively). Multivariate-adjusted OR of the

prevalence of sarcopenia across quartile of the animal food
pattern score were 1-00 (reference), 0-86 (95 % CI 0-63, 1-18),
0-79 (95 % CI 0-57, 1-10) and 0-50 (95 % CI 0-33, 0-74).

Stratified analyses

In stratified analyses, the relationship between quartiles of factor
scores and sarcopenia is shown in Table 4. All interactions were
not statistically significant (P for interaction > 0-05), except for ani-
mal food pattern score and BMI (P for interaction < 0-05, Table 4).

Discussion

In this large-scale cross-sectional study of an elderly Chinese
population, we identified three major dietary patterns: sweet pat-
tern, vegetable pattern and animal food pattern. These dietary
patterns were similar to those reported in previous studies that
also analysed dietary patterns in the general population in

ssaud Ais1anun abpriquie) Ag auljuo paystiand L£8€001ZSLLL000S/LL0L0L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114521003871

o

British Journal of Nutrition

904

X. Wang et al.

Table 2. Participant characteristics by sarcopenia status
(Mean values and 95 % confidence intervals, n 2423)

Without sarcopenia

With sarcopenia

Characteristics Mean 95 % Cl Mean 95 % Cl P*

No. of subjects 2032 391 -

Sex (males, %) 40-6 34-3 0-02

Age (years) 672 66-9, 67-41 702 697, 707 < 0-0001

BMI (kg/m?) 254 252,255 239 235,242 < 0-0001

Total energy intake (kcal/d) 2057-8 2029, 2086-6 19919 1926-2, 2057-6 0-07

Self-Rating Depression Scale score 33-8 334, 342 356 347, 365 < 0-001

Physical activity (Mets x h/week) 93-2 88-0 < 0-001

Smoking status (%)

Smoker 378 326 0-24
Ex-smoker 50-6 59-0 0-06
Non-smoker 116 8-33 0-25
Drinking status (%)
Everyday 141 113 0-14
Sometime 752 6:92 0-68
Ex-drinker 1.82 1.03 0-28
Non-drinker 76-6 80-8 0-07

Educational level (> college grade, %) 5.81 1.28 < 0-001

Managers (%) 173 161 0-56

Marital status (married, %) 982 982 0-98

Household income (> 10 000 Yuan, %) 118 6-91 0-005

Individual history of diseases (%)

Hypertension 52.8 586 0-04
Hyperlipidaemia 42.4 52.9 < 0-001
Diabetes 12:6 171 0-02
CVD 115 141 0-15
Stroke 4.23 870 < 0-001
Cancer 0-64 026 0-38

* ANOVA or logistic regression analysis.

1 Mean (95 % confidence interval) (all such values).

Table 3. Relationship between quartiles of factor scores and sarcopenia

(Odds ratios and 95 % confidence intervals, n 2423)

Quatrtiles of factor scores (range)

Dietary patterns OR OR 95 % Cl OR 95 % Cl OR 95 % Cl P for trend*

Sweet pattern Level 1 (-2:55, —0-59) Level 2 (-0-59, —0-24) Level 3 (-0-23,0-33) Level 4 (0-33,9-7) -

No. of sarcopenia 91 105 92 103 -
Model 1t 1-00 (reference) 1.19 (0-87, 1-61)f 1.02 0-74,1-39 116 0-85, 1-58 053
Model 2§ 1-00 (reference) 115 0-84, 1-59 1-03 074, 1-42 1.08 0-78, 1-49 0-85
Model 3lI 1-00 (reference) 112 0-80, 1-56 1.06 0-75, 1-48 117 0-84, 1-65 0-42
Model 49 1-00 (reference) 1.05 0-75, 1-48 1.01 0-71, 1.42 1.06 0-74, 1.50 0-87

Vegetable pattern Level 1 (-3:13, -0-72) Level 2 (-0-71, —-0-1) Level 3 (-0-1,0-56) Level 4 (0-57,5-19) -

No. of sarcopenia 120 105 87 79 -
Model 1t 1-00 (reference) 0-85 063, 1-13 0-68 0-50, 0-92 0-61 0-44, 0-83 < 0-001
Model 2§ 1-00 (reference) 0-92 0-68, 1-24 076 0-55, 1-04 070 0-50, 0-96 0-02
Model 3| 1-00 (reference) 0-95 0-69, 1-31 0-79 0-56, 1-12 070 0-46, 1-06 0.07
Model 49 1-00 (reference) 0-87 062, 1-21 0-68 0-47, 0-99 0-54 0-34, 0-86 0-006

Animal food pattern Level 1 (-3-28, —0-65) Level 2 (-0-65, —0-21) Level 3 (-0-21,0-47) Level 4 (0-47,7-85) -

No. of sarcopenia 124 103 94 70 -
Model 11 1-00 (reference) 0-80 0-60, 1-06 072 0-53, 0-96 0-51 0-37, 0-70 < 0-0001
Model 2§ 1-00 (reference) 0-88 0-65, 1-19 077 0-56, 1-05 0-55 0-39, 0-78 < 0-001
Model 3| 1-00 (reference) 0-88 0-65, 1-21 0-84 0-60, 1-16 0-58 0-40, 0-85 0-006
Model 49 1.00 (reference) 0-86 063, 1-18 079 057,110 0-50 0-33, 0-74 < 0-001

* Analysis by multiple logistic regression model.

1 Model 1 was crude model.

1 OR (95 % confidence interval) (all such values).

§ Model 2 was adjusted for age, sex and BMI.

I Model 3 was adjusted for variables in model 2 plus physical activity, smoking status, drinking status, individual history of diseases (CHD, stroke, cancer, diabetes, hypertension and
hyperlipidaemia), total energy intake, depressive symptoms, household income, marital status, educational level, employment status.

9 Model 4 was adjusted for variables in model 3 plus the scores of other two dietary patterns.
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Table 4. Relationship between quartiles of factor scores and sarcopenia stratified by major covariates
(Odds ratios and 95 % confidence intervals)

Quatrtiles of factor scores (range)

OR 95 % Cl OR 95 % CI OR 95% Cl  Pfortrend* P for interactiont
Sweet pattern Level 1 (—2:55,-0-59) Level 2 Level 3 Level 4
(-0-59,-0-24) (-0-23,0-33) (0-33,9-70)
Sex
Men 1-00 (reference) 1-18 (0-65, 2-16)% 124 066,230 129 071,234 0-40 0-47
Women 1-00 (reference) 0-98 065,149 089 058,136 090 057,141 0-55
BMI (kg/m?)
<240 1-00 (reference) 1.04 0-64,1.68 1.04 064,170 095 058,155 0-70 0-33
> 240 1-00 (reference) 1-00 061,164 094 056,156 1.15 068,195 0-55
Physical activity
(MET x hour/week)
> 230 1-00 (reference) 1.05 074,150 1.00 070,143 1.15 079, 1.66 0-51 0-27
<230 1-00 (reference) 1-66 038,764 155 034,731 062 014,268 0-31
Diabetes
Yes 1-00 (reference) 1-56 0-64,384 1.46 058,365 1.33 050,352 0-86 0-28
No 1-00 (reference) 1.03 071,149 092 063,135 1.04 071,153 0-85
Hypertension
Yes 1-00 (reference) 0-83 0-53,1.32 086 054,136 092 058,147 079 0-87
No 1-00 (reference) 1-49 089,254 1.21 070,209 1.20 0-68,2-11 0-79
Hyperlipidaemia
Yes 1-00 (reference) 1-08 0-65,1-80 144 088,240 1.21 0:72,2.03 0-52 0-14
No 1-00 (reference) 1-00 063,160 070 042,114 089 053,148 0-55
Vegetable pattern Level 1 (-3:13, —0-72) Level 2 Level 3 Level 4
(-0-71,-0-10) (-0-1,0-56) (0-57,5-19)
Sex
Men 1-00 (reference) 073 0-39,1.35 062 032,119 049 0-23,1.03 0-054 0-41
Women 1-00 (reference) 0-92 062,137 066 042,105 054 029,098 0-03
BMI (kg/m?)
<240 1-00 (reference) 1-21 077,193 066 039,112 061 031,116 0-055 0-71
>24.0 1-00 (reference) 0-64 0-39,1.05 070 041,119 049 025,095 0-06
Physical activity
(MET x hour/week)
> 230 1-00 (reference) 0-85 060,120 068 046,100 056 0-34,0:90 0-01 0-44
<230 1-00 (reference) 0-51 0-12,2.08 035 007,168 0-16 0.02,1.12 0-06
Diabetes
Yes 1-00 (reference) 1.77 068,467 1.36 052,361 093 028 312 0-75 0-33
No 1-00 (reference) 0-76 053,109 059 039,089 049 0-29,081 0-005
Hypertension
Yes 1-00 (reference) 0-93 059,147 068 041,111 051 028,092 0-02 0-59
No 1-00 (reference) 078 048,127 065 037,116 057 027,118 0-10
Hyperlipidaemia
Yes 1-00 (reference) 0-94 058,151 066 0-39,1.13 049 0-26, 091 0-01 0-48
No 1-00 (reference) 0-80 0-50,1-30 072 042,122 062 031,124 0-20
Animal foods pattern  Level 1 (-3-28,—-0-65) Level 2 Level 3 Level 4
(-0-65,-0-21) (-0-21,0-47) (0-47,7-85)
Sex
Men 1-00 (reference) 0-67 0-34,1.30 067 036,126 0-39 0-20,076 0-01 0-79
Women 1-00 (reference) 0-93 065,133 081 054,121 055 0-32,0-92 0-02
BMI (kg/m?)
<240 100 (reference) 0-87 0-54,1.38 1.06 066,171 083 047,145 0-51 0-003
>24 1-00 (reference) 0-93 0-60,1-45 066 041,1.07 032 017,058 0-001
Physical activity
(MET x h/week)
> 230 1-00 (reference) 0-91 065,127 090 063,128 060 0-39,0:91 0-02 0-23
<230 1-00 (reference) 0-37 0-09,1-38 0-07 001,032 0-09 0-02, 040 0-001
Diabetes
Yes 1-00 (reference) 097 039,241 076 029,195 032 0-10,0:99 0-04 0-52
No 1-00 (reference) 0-78 0-55,1.10 078 0:54,1.12 053 0-34, 082 0-01
Hypertension
Yes 1-00 (reference) 0-89 0-58,1.37 077 049,121 062 0-37,1.04 0-051 0-81
No 1-00 (reference) 0-76 047,122 075 045,124 035 018,066 0-002
Hyperlipidaemia
Yes 1-00 (reference) 1-05 067,165 090 055,146 050 028,089 0-02 0-07
No 1-00 (reference) 0-66 0-42,1.05 067 041,1.07 047 0-26,084 0-01

MET, metabolic equivalent.

* Obtained using multiple logistic regression model. Adjusted for age, sex, BMI, physical activity, smoking status, drinking status, individual history of diseases (CHD, stroke, cancer,
diabetes, hypertension and hyperlipidaemia), total energy intake, depressive symptoms, household income, marital status, educational level, employment status and the scores of

other two dietary patterns.

1 P for interaction was calculated using likelihood ratio test.
1 OR (95 % confidence interval) (all such values).
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Tianjin, China®”. The present results demonstrated that higher
vegetable pattern score and animal food pattern score were
related to a lower prevalence of sarcopenia in elderly adults,
whereas sweet pattern score was not related to the prevalence
of sarcopenia in older people.

In the present study, the prevalence of sarcopenia using the
AWGS criteria was 14-0% in men and 17-6% in women over
60 years of age, which was higher than the previously reported
international prevalence of sarcopenia (10 %) in older adults©.
It was estimated that the prevalence in older Asian adults using
the AWGS definition varied from 9-6 to 22:1% in men and 7-7
to 21-8% in women’”. A previous longitudinal study reported
that older Chinese people in a community setting had less muscle
mass, weaker grip strength and slower gait speed than Black or
White people of the same age®?. The prevalence of sarcopenia
differed among measurement methods. Although the AWGS
has recommended the use of dual energy X-ray absorptiometry
and BIA to assess muscle mass, previous studies found that the
BIA-based measurement of sarcopenia was higher than the dual
energy X-ray absorptiometry-based approach®.

Recently, the analysis of dietary patterns has emerged as a useful
tool for elucidating the role of diet in sarcopenia. Of all the dietary
patterns, the Mediterranean diet has drawn the greatest focus
because of its ties to various beneficial health outcomes®. In a
cross-sectional study performed in elderly Iranians, a greater adher-
ence to a Mediterranean diet resulted in a lower prevalence of sar-
copenia. A separate cross-sectional study conducted in
menopausal Iranian women also identified a favourable role of a
Mediterranean  diet in the prevention of sarcopenia®”.
Furthermore, a cohort study of elderly community-dwelling
Swedish males (mean age 71) indicated that a Mediterranean diet
decreased the risk for sarcopenia progression over 16 years®?.
The vegetable pattern shares several similarities with the
Mediterranean diet, such as higher consumption of vegetables,
legumes and cereals, and a low intake of meat. Likewise, the present
study shows an adherence of the vegetable pattern is related to a
lower prevalence of sarcopenia. Oxidative stress plays an important
role in the pathogenesis of sarcopenia 9. The vegetable pattern,
particularly rich in vegetables, provides abundant antioxidants which
may contribute to reduced oxidative stress®?. Besides, the vegetable
pattern is also characterised by higher consumption of legumes such
as soyabeans and cowpeas. These have high levels of leucine, which
increases protein anabolism and decreases protein breakdown43,
Leucine and its metabolite, f-hydroxy-f-methylbutyrate, are consid-
ered important components in combating sarcopenia**». Finally,
the alkaline-forming property of the vegetable pattern rich in plant
foods (vegetables, legumes and cereals) could inhibit protein degra-
dation in muscle®®. However, more evidence is required to conclu-
sively link the vegetable pattern and sarcopenia.

The consumption of the animal food pattern, typified by high
intakes of poultry, meat and fish, was found to protect from sar-
copenia in this analysis. One possible factor thought to contribute
to the relationship between the animal food pattern and a lower
risk of sarcopenia is the rich protein of this dietary pattern. The
protein intake was positively related to the meat-product con-
sumption in both the elderly and young individuals®®. An
adequate level of protein intake above the RDA (approximately
25-30 g of protein per meal) is required to maximise muscle

protein synthesis and to prevent or mitigate sarcopenia’®.

Higher dietary protein is correlated with reduced loss of lean mass
in older, community-dwelling men and women®®. Evidence from
a systematic review concluded that protein supplementation may
improve muscle strength and muscle function, as measured by
walking speed®”. However, a cross-sectional study has identified
a ‘cereals-tubers—animal oils’ pattern, a ‘mushrooms—fruits—milk’
pattern and an ‘animal foods’ pattern in community-dwelling
older people from three regions of China, located in the north, east
and south of China, respectively®®. The ‘animal foods’ pattern,
typified by eggs, pork, poultry and animal viscera, showed no sig-
nificant association with sarcopenia in that study®®. The wide var-
iations in habitual diets and disease prevalence discrepancy
among subjects from different regions of China may attenuate
the relationship between derived dietary patterns and sarcopenia.
We also observed a significant interaction between BMI and the
animal food pattern score. Stratified analysis showed the negative
correlation between the animal food pattern score and sarcopenia
only exists in old adults with BMI above 24 kg/m? A previous
study reported that increased BMI and a diet with adequate dietary
protein were both protective factors for sarcopenia®. Therefore,
the animal food pattern might be a modifiable factor for sarcope-
nia, especially in older adults with a higher BMI, and further stud-
ies are required to explain this relationship.

Unlike the other two dietary patterns, the sweet pattern was
not related to sarcopenia prevalence in the present study. This
contradicts a Hong Kong study, which found that higher con-
sumption of vegetables and fruits was related to a lower preva-
lence of sarcopenia in men over 65 years old®?; the antioxidant
nutrients which are found in abundance in fruits may defend
against the negative effects of oxidative stress and thus reduce
the risk for sarcopenia®”. However, besides the high consump-
tion of fruits, the sweet pattern in the present study was also char-
acterised by high sugar content. Dietary sugar consumption
contributes to increased inflammatory processes in humans®“®,
and higher levels of inflammatory markers play a role in sarco-
penia genesis!'”. Therefore, the beneficial effect of fruits may be
counteracted by sugar. Future mechanism studies are required to
shed further light on this topic.

The strengths of our study include the large study sample of
community-dwelling older adults, the definition of sarcopenia
based on Asian-specific criteria and the adjustment of a wide
set of important confounders, such as demographic variables,
socio-economic status, lifestyle factors, physical activity, individ-
ual history of diseases and depression and cognition.
Furthermore, we use factor/principal component to derive the
dietary patterns, which used all available dietary data and may
therefore better define the usual diet in a population.

The present study has several limitations. First, this study had a
cross-sectional design, which makes the inference of causality dif-
ficult. Second, all participants were from Tianjin, China, providing
northern Chinese representation. Therefore, the results might not
apply to other populations. Third, due to the nature of the self-
reporting questionnaire, dietary intake assessment using FFQ is
subject to recall bias. Although studies have indicated reasonable
reproducibility and validity of the major dietary patterns derived
by factor analysis (principal component analysis) using data from
the FFQ“Y, the measurement error could attenuate relationships
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between diet and sarcopenia. Fourth, the three dietary patterns
derived by factor analysis (principal component analysis)
explained the small natural variation in the present study.
Regarding factor analysis (principal component analysis), a larger
number of input variables included in the procedure explain a
smaller percentage of the variance in intake“?. Usually, the fac-
tors derived by factor analysis (principal component analysis)
only have a low to moderate propottion of intake explained“®.
Similar to the present study, a previous study, also conducted
in Chinese community-dwelling older adults, identified three
dietary patterns using principal component analysis, which
explained only 16-7 % of intake variance®?. Dietary patterns usu-
ally capture only a fraction of variation in food intake, which
leaves a large space of potential effects related to foods not
included as components of the pattern®®. As a result, other poten-
tial dietary patterns beneficial to sarcopenia might not have been
identified in the present study. Finally, we cannot rule out the pos-
sibility that unmeasured factors might contribute to the association
observed.

In conclusion, the present study found that the vegetable pat-
tern and animal food pattern were related to a lower prevalence
of sarcopenia in older adults, but there is no relationship
between sweet pattern and sarcopenia. Higher-level evidence
is needed to explore optimal diet for the prevention of
sarcopenia.

Acknowledgements

The authors gratefully acknowledge all the people that have
made this study.

This study was supported by grants from the National Natural
ScienceFoundation of China (Nos. 81872611, 81673166,
81941024 and 91746205), National Key Research and
Development Project-Study on Diet and Nutrition Assessment
and Intervention Technology (No. 2020YFC2006300), National
Health Commission of China (No. SPSYYC 2020015) and 2014
and 2016 Chinese Nutrition Society (CNS) Nutrition Research
Foundation—DSM Research Fund (Nos. 2016-046, 2014-071
and 2016-023), China. All researchers worked independently
from the funders. The sponsor did not have a role in design of
the study and collection, analysis and interpretation of data
and in writing the manuscript.

X. W. and K. N. contributed to the study conception and
design; X. W., M. Y., Y. G., X. W., G. M., S. B, H. W., S. Z., Y.
W.,T.Z.,].C.,S.G., T.J.and K. N. contributed to data collection,
assembly, analysis and interpretation of the data; X. W. and K. N.
contributed to the manuscript drafting. K. N. had primary respon-
sibility for final content.

The authors declare that they have no competing interests.

References

1. Chen LK, Liu LK, Woo J, et al. (2014) Sarcopenia in Asia: con-
sensus report of the Asian working group for sarcopenia. J Am
Med Directors Assoc 15, 95-101.

2. Yeung SSY, Reijnierse EM, Pham VK, ef al. (2019) Sarcopenia
and its association with falls and fractures in older adults: a

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

systematic review and meta-analysis. J Cachexia Sarcopenia
Muscle 10, 485-500.

Janssen 1(2000) Influence of sarcopenia on the development of
physical disability: the cardiovascular health study. J Am
Geriatr Soc 54, 56-62.

Zhang X, Zhang W, Wang C, et al. (2018) Sarcopenia as a pre-
dictor of hospitalization among older people: a systematic
review and meta-analysis. BVC Geriatr 18, 188.

Liu P, Hao Q, Hai S, et al. (2017) Sarcopenia as a predictor of
all-cause mortality among community-dwelling older peo-
ple: a systematic review and meta-analysis. Maturitas 103,
16-22.

Shafiee G, Keshtkar A, Soltani A, et al. (2017) Prevalence of sar-
copenia in the world: a systematic review and meta- analysis of
general population studies. J Diabetes Metab Disord 16, 21.
Beaudart C, Rizzoli R, Bruyere O, et al. (2014) Sarcopenia: bur-
den and challenges for public health. Arch Public
Health = Arch Belges Sante Publique 72, 45.

Aleman-Mateo H, Lopez Teros MT, Ramirez FA, et al. (2014)
Association between insulin resistance and low relative appen-
dicular skeletal muscle mass: evidence from a cohort study in
community-dwelling older men and women participants. J
Gerontol Ser A, Biol Sci Med Sci 69, 871-877.

Schaap LA, Pluijm SM, Deeg DJ, et al. (2006) Inflammatory
markers and loss of muscle mass (sarcopenia) and strength.
Am J Med 119, 526.

Meng SJ & Yu LJ (2010) Oxidative stress, molecular inflamma-
tion and sarcopenia. Int J Mol Sci 11, 1509-1526.

Millward DJ (2012) Nutrition and sarcopenia: evidence for an
interaction. Proc Nutr Soc 71, 566-575.

Kim JS, Wilson JM & Lee SR (2010) Dietary implications on
mechanisms of sarcopenia: roles of protein, amino acids and
antioxidants. J Nutr Biochem 21, 1-13.

Scott D, Blizzard L, Fell J, et al. (2011) The epidemiology of sar-
copenia in community living older adults: what role does life-
style play? J Cachexia Sarcopenia Muscle 2, 125-134.
Paddon-Jones D & Rasmussen BB (2009) Dietary protein rec-
ommendations and the prevention of sarcopenia. Curr Opin
Clin Nutr Metab Care 12, 86-90.

Herrema AL, Westerman M]J, van Dongen EJI, et al. (2018)
Combined protein-rich diet with resistance exercise inter-
vention to counteract sarcopenia: a qualitative study on
drivers and barriers of compliance. J Aging Phys Act 26,
106-113.

Bauer JM, Verlaan S, Bautmans 1, et al. (2015) Effects of a vita-
min D and leucine-enriched whey protein nutritional supple-
ment on measures of sarcopenia in older adults, the
PROVIDE study: a randomized, double-blind, placebo-con-
trolled trial. J Am Med Dir Assoc 16, 740-747.

Buoite Stella A, Gortan Cappellari G, Barazzoni R, et al. (2018)
Update on the impact of 72-3 fatty acids on inflammation, insulin
resistance and sarcopenia: a review. Int J Mol Sci 19, 1.
Reedy J, Krebs-Smith SM, Hammond RA, et al. (2017)
Advancing the science of dietary patterns research to leverage
a complex systems approach. J Acad Nutr Diet 117,
1019-1022.

Hashemi R, Motlagh AD, Heshmat R, et al. (2015) Diet and its
relationship to sarcopenia in community dwelling Iranian el-
derly: a cross sectional study. Nutrition 31, 97-104.

Mohseni R, Aliakbar S, Abdollahi A, et al. (2017) Relationship
between major dietary patterns and sarcopenia among meno-
pausal women. Aging Clin Exp Res 29, 1241-1248.

Granic A, Mendonca N, Sayer AA, et al. (2019) Effects of
dietary patterns and low protein intake on sarcopenia risk
in the very old: the Newecastle 85+ study. Clin Nutr 39,
166-173.

ssaud Ais1anun abpriquie) Ag auljuo paystiand L£8€001ZSLLL000S/LL0L0L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114521003871

ot

British Journal of Nutrition

908

22.

23.

24.

25.

20.

27.

28.

29.

30.

31.

32.

33.

X. Wang et al.

Karlsson M, Becker W, Michaelsson K, et al. (2019) Associations
between dietary patterns at age 71 and the prevalence of sar-
copenia 16 years later. Clin Nutr 39, 1077-1084.

Chan R, Leung ] & Woo J (2016) A prospective cohort study to
examine the association between dietary patterns and sarcope-
nia in Chinese community-dwelling older people in Hong
Kong. ] Am Med Directors Assoc 17, 336-342.

Li C, Kang B, Zhang T, et al. (2020) Dietary pattern and dietary
energy from fat associated with sarcopenia in community-
dwelling older Chinese people: a cross-sectional study in three
regions of China. Nutrients 12, 12.

Wang J, Lin X, Bloomgarden ZT, et al. (2020) The Jiangnan diet,
a healthy diet pattern for Chinese. J Diabetes 12, 365-371.
Zeng P, Wu S, Han Y, et al. (2015) Differences in body compo-
sition and physical functions associated with sarcopenia in
Chinese elderly: reference values and prevalence. Arch
Gerontol Geriatr 60, 118-123.

Jia Q, Xia Y, Zhang Q, er al. (2015) Dietary patterns are asso-
ciated with prevalence of fatty liver disease in adults. Eur J
Clin Nutr 69, 914-921.

Zhang P, Zhang L, Wang F, et al. (2019) Societal and individual
determinants in the enrollment of personal health records: a
preliminary investigation from China. Int J Health Plann
Manag 34, €752-e762.

Xia Y, Xiang Q, Gu Y, et al. (2018) A dietary pattern rich in
animal organ, seafood and processed meat products is asso-
ciated with newly diagnosed hyperuricaemia in Chinese
adults: a propensity score-matched case-control study. Br J
Nutr 119, 1177-1184.

Auyeung TW, Lee SW, Leung J, et al. (2014) Age-associated
decline of muscle mass, grip strength and gait speed: a 4-year
longitudinal study of 3018 community-dwelling older Chinese.
Geriatr Gerontol Int 14, 76-84.

Willett WC, Sacks F, Trichopoulou A, et al. (1995)
Mediterranean diet pyramid: a cultural model for healthy eat-
ing. Am J Clin Nutr 61, 1402s-1400s.

Del Rio-Celestino M & Font R (2020) The health benefits of fruits
and vegetables. Foods 9, 3.

Nicastro H, Artioli GG, Costa Ados S, et al. (2011) An overview
of the therapeutic effects of leucine supplementation on

34.

35.

30.

37.

38.

39.

40.

41.

42.

43.

skeletal muscle under atrophic conditions. Amino Acid 40,
287-300.

ChanR, Leung ] & Woo J (2015) Association between estimated
net endogenous acid production and subsequent decline in
muscle mass over four years in ambulatory older Chinese peo-
ple in Hong Kong: a prospective cohort study. / Gerontol Ser A,
Biol Sci Med Sci 70, 905-911.

Rousset S, Patureau Mirand P, Brandolini M, et al. (2003) Daily
protein intakes and eating patterns in young and elderly
French. BrJ Nutr 90, 1107-1115.

Houston DK, Nicklas BJ, Ding J, et al. (2008) Dietary protein
intake is associated with lean mass change in older, commu-
nity-dwelling adults: the health, aging, and body composition
(Health ABO) Study. Am J Clin Nutr 87, 150-155.

Malafarina V, Uriz-Otano F, Iniesta R, et al. (2013) Effectiveness
of nutritional supplementation on muscle mass in treatment of
sarcopenia in old age: a systematic review. ] Am Med Directors
Assoc 14, 10-17.

YangLJ, Wu GH, Yang YL, et al. (2019) Nutrition, physical exer-
cise, and the prevalence of sarcopenia in elderly residents in
nursing homes in China. Med Sci Mon: Int Med ] Exp Clin
Res 25, 4390-4399.

Koyanagi A, Veronese N, Solmi M, et al. (2020) Fruit and veg-
etable consumption and sarcopenia among older adults in low-
and middle-income countries. Nutrients 12, 3.

Della Corte KW, Perrar I, Penczynski KJ, et al. (2018) Effect of
dietary sugar intake on biomarkers of subclinical inflammation:
a systematic review and meta-analysis of intervention studies.
Nutrients 10, 5.

Hu FB (2002) Dietary pattern analysis: a new direction in nutri-
tional epidemiology. Curr Opin Lipidol 13, 3-9.

McCann SE, Marshall JR, Brasure JR, et al. (2001) Analysis of pat-
terns of food intake in nutritional epidemiology: food classifica-
tion in principal components analysis and the subsequent
impact on estimates for endometrial cancer. Public Health
Nutr 4, 989-997.

Schulze MB, Martinez-Gonzalez MA, Fung TT, et al. (2018)
Food based dietary patterns and chronic disease prevention.
BM]J 361, k2396.

ssaud Ais1anun abpriquie) Ag auljuo paystiand L£8€001ZSLLL000S/LL0L0L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114521003871

	Dietary patterns and sarcopenia in elderly adults: the Tianjin Chronic Low-grade Systemic Inflammation and Health (TCLSIH) study
	Methods
	Study population
	Assessment of sarcopenia
	Assessment of dietary intake
	Assessment of other variables
	Statistical analysis

	Results
	Dietary patterns
	Characteristics of participants
	Dietary patterns and sarcopenia
	Stratified analyses

	Discussion
	Acknowledgements
	References


