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Abstract: Associations between dietary patterns (DPs) and sarcopenia remain controversial, and fewer
studies have mentioned the relationship between dietary energy composition and sarcopenia.
The present cross-sectional study was conducted in three regions of China, to detect the associations
between DPs and sarcopenia, and to identify the influencing nutrients. Exploratory factor analysis
was conducted for DP identification. Logistic regressions were performed to explore the associations
between DPs and sarcopenia. Dietary nutrients and dietary energy composition were calculated
and compared among different DPs. Three DPs were identified from 861 community-dwelling older
people. The “mushrooms–fruits–milk” pattern was negatively associated with sarcopenia (OR = 0.33,
95% CI = 0.14~0.77, p-trend = 0.009). Subjects in the highest quartile of the “mushrooms–fruits–milk”
pattern showed more abundant intake (1.7 g/kg/d) of dietary protein, and lower percentage (31%)
of energy from fat (PEF) than the other two DPs. Further analyses indicated that lower PEF (<30%)
was negatively associated with sarcopenia. In conclusion, the “mushrooms–fruits–milk” pattern was
negatively associated with sarcopenia in community-dwelling older Chinese people. This pattern
showed abundant protein intake and low PEF, which may partially contribute to its protective effect on
sarcopenia. Therefore, besides protein, dietary fat and PEF may also be considered in the prevention
and management of sarcopenia.

Keywords: dietary pattern; dietary fat; sarcopenia; community-dwelling older Chinese

1. Introduction

Sarcopenia, characterized by muscle mass decline and muscle quality impairment, has caused
widespread concern in recent years [1]. It is significantly associated with physical capability decline,
disability, and increased mortality in older people [2]. Aging, diet, physical activity, metabolic balance,
and inflammation were proven to be associated with sarcopenia in previous studies [2–5]. As a
modifiable factor among those influencing factors in older people, diet was considered in the prevention
and management of sarcopenia [3,4].
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Due to the complex etiologies of diseases, single food or nutrient research may be difficult to
explain due to the multiple relationships between diet and health outcomes [6]. Compared with the
traditional analysis of single food or nutrient, dietary pattern (DP) analysis has been identified as a more
comprehensive method to characterize diet. Previous studies indicated that, DP analysis could offer a
broader picture of food consumption, and reflect a more real dietary habit [7]. Furthermore, with the
comprehensive reflect of diet and the superiority of reducing the collinearity between various food
groups, DP analysis could provide some practical approaches to disease prevention [4,6,7]. Therefore,
DP analysis has been progressively used by researchers to explore the relationships between diet
and health outcomes [7–10]. Recently, several studies discussed the associations between DP and
sarcopenia [3,4]. A cross-sectional study in Italy found the Mediterranean-style pattern was positively
associated with physical performance in older people [11]. Another cohort study in Finland found the
Nordic diet pattern, with favorable food of fruits, berries, vegetables, cereals, low-fat milk, and fish,
was significantly associated with better gait speed and skeletal muscle strength in older women [12].
A cohort study in the UK found that, keeping a “healthy” DP in adult lifetime, characterized by higher
consumption of fresh fruits, leafy vegetables, and wholegrain bread, may increase physical performance
in older age [13]. While, most of those studies were conducted in a particular region [4], the identified
DPs with regional characteristics were limited to extrapolate in other regions or populations. Further,
most of the previous studies only discussed the associations between DPs and sarcopenia, the potentially
influencing nutrients and dietary energy composition were rarely mentioned.

Compared with DP studies, more studies discussed the associations between dietary nutrients and
sarcopenia [4]. Protein has been recognized as one of the most important nutrients in the regulation
of muscle health in older people [14,15]. Reasonable protein intake could stimulate muscle protein
synthesis, and maintain skeletal muscle mass and muscle function [16]. However, the associations
between dietary nutrients and sarcopenia are rather complex [4,17]. In addition to dietary protein,
dietary fat, branched-chain amino acids, calcium, selenium, and magnesium, have been involved
in muscle cell metabolism by different regulatory pathways, including muscle protein synthesis,
muscle fiber regulation, antioxidant stress, and muscle cell atrophy [16,18–21]. Separating the influence
of one kind of nutrients or dietary components from the whole diet, may not be enough to explain the
relationship between diet and sarcopenia [4].

Based on those previous studies, we hypothesized that: DPs may associate with sarcopenia
in community-dwelling older people. Furthermore, in addition to dietary protein, there may be
other nutrients involved in the development of sarcopenia. Therefore, the present cross-sectional
study was conducted to explore the associations between DPs, dietary nutrients, and sarcopenia
in community-dwelling older Chinese people. In the present study, diet and muscle condition of
community-dwelling older people from three regions of China (Wuyuan, Taicang, and Yuexiu, located in
the north, east, and south of China, respectively) was investigated. According to the eigenvalue of food
intake, dominant DPs were extracted by exploratory factor analysis. The relationship between DPs
and sarcopenia was discussed to find the DP with potential protective effect on sarcopenia. Moreover,
the intake of dietary nutrients that participated in muscle metabolism (including protein, fats, minerals,
branched-chain amino acids, and dietary energy composition) was calculated, and the variation of
nutrients among DPs was analyzed comprehensively to further understand the different effects of DPs
on sarcopenia.

2. Materials and Methods

2.1. Participants and Study Design

This cross-sectional study was conducted in three demographically representative regions of
China in 2018. Dietary habits and food supply in the three regions are significantly different. The main
staple food in Wuyuan is wheat. Taicang is located by the Yangtze River and there are more aquatic
products than Wuyuan. Yuexiu located in the Pearl River Delta, and has more variety in the supply of
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vegetables and fruits than the other two regions. About 300 community-dwelling older people aged
65 years old or older were respectively recruited from two to four randomly selected local communities
in each region. Individuals with the following conditions were excluded: (1) disability for daily activity
or physical measurement; (2) refuse for body composition analysis; (3) pacemaker or severe edema;
(4) obstacle for communication or investigation; and (5) under 65 years old. All of the participants
signed an informed consent before the enrollment. There were 861 older subjects that were finally
analyzed in the present study. This study was conducted in accordance with the Declaration of Helsinki,
and was approved by the Ethics Committee of National Institute for Nutrition and Health (NINH),
Chinese Center for Disease Control and Prevention (CCDC), with the ethics number of 2018-014.

2.2. Questionnaire and Dietary Assignment

Demographics, lifestyle, physical activity, and diagnosis history of relevant diseases were assessed
and collected by trained public health investigators from the local Center for Disease Control and
Prevention (CDC) and hospital. Age, gender, and regional information in health file of the participant
were collected at the beginning of the study, and were rechecked by investigator in the face-to-face
interview. An international physical activity questionnaire was used to collect the information of
exercise activity [22]. Total metabolic equivalent (MET) value was calculated from the frequency (week),
duration (minutes) and type of exercise activity (MET). Total MET < 600 MET-min/w was recognized as
low exercise activity, 600 MET-min/w~3000 MET-min/w was recognized as moderate exercise activity,
total MET > 3000-min/w was recognized as high exercise activity. Lifestyle and smoke information
were recorded in the questionnaire by investigator in the face-to-face interview. Hypertension, type 2
diabetes (T2D), and cardiovascular disease were identified as non-communicable chronic diseases
(NCDs) in the present study, diagnosis history, and treatment information of those NCDs were assessed
by the investigator and recorded in the questionnaire. A 64-item food frequency questionnaire (FFQ),
which represented a slightly expanded version of the verified FFQ that was used in China National
Nutrition and Health Surveys (CNNHS) [23,24]. The investigator asked and recorded the usual intake
amount and frequency of each food item over the past year. The intake amount and the portion size
were explained to each participant by the standard catalog of pictures of each kind of food, which was
edited by NINH of CCDC and used in CNNHS. The daily intake amount of each item of food was
calculated according to the food intake amount and intake frequency. Daily intake amounts of dietary
energy, dietary nutrients related to muscle health were respectively calculated using the Chinese Food
Composition Table [25]. There were 64 items of food that were then merged into 21 food groups for DP
analysis and dietary variety (DV) score calculation.

2.3. Anthropometric Measurements

Body weight and height were measured once. Body mass index were calculated as body
weight (kg)/height2 (m2). Mid-upper arm circumference (MUAC), calf circumference (CC), and waist
circumference (WC) were measured twice by trained investigators, using a non-elastic tape. The average
data of the two measurements of each circumference were used for the analysis. A bioimpedance device,
in body 770 (Biospace, Seoul, Korea), were used to measure body composition, such as percentage of
body fat mass (PBF), visceral fat area (VFA), fat-free mass (FFM), bone minerals content (BMC) and
appendicular skeletal muscle mass (ASM) [26,27]. Skeletal muscle mass index (SMI) was calculated
as ASM (kg)/height (m)2 and analyzed as the surrogate of skeletal muscle mass in this study [28].
Handgrip strength was assessed in a standing position with a grip strength meter (CAMRY EH101,
Xiangshan, Zhongshan, China) [29] and performed the maximum strength twice with both hands.
The maximum strength was analyzed as muscle strength in this study. The walk test was assessed twice
by the time walking in a distance of 4 m at a habitual gait speed. The average speed was calculated
and analyzed as gait speed in this study.
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2.4. Diagnosis of Sarcopenia

Older subjects with low muscle mass and low grip strength or low gait speed could be diagnosed
as sarcopenia [28,30]. This study was conducted in 2018, diagnosis criteria of sarcopenia recommended
by the Asian Working Group for Sarcopenia in 2014 (AWGS2014) were used in the present study.
In addition, the associations between DPs and sarcopenia defined by AWGS2019 were presented in
Supplementary Table S1. According to the cut-off values of components of sarcopenia recommended
by AWGS2014, low skeletal muscle mass: male with SMI < 7 kg/m2, or female with SMI < 5.7 kg/m2.
Low grip strength: male with handgrip strength < 26 kg, or female < 18 kg. Low gait speed: a subject
with gait speed < 0.8 m/s.

2.5. DV Score Calculation and DP Assessment

DV was scored by the variety section of Dietary Quality Index-Internal (DQI-I), which was
calculated and verified in previous Chinese studies [31,32]. The DV score ranges from 020–and
higher scores represent more various dietary compositions. Total variety score, overall food variety
score, and protein source variety score were calculated as previous studies described [32]. In brief,
overall food variety contained 5 major food groups: (1) meat, poultry, fish, and eggs; (2) dairy and beans;
(3) grains; (4) fruits; and (5) vegetables. Overall, food variety score ranged from 0~15, and 3 points for
1 food group consumed daily. Protein source variety score contained 6 major protein sources: (1) meat;
(2) poultry; (3) fish; (4) dairy; (5) beans; and (6) eggs. If there were more than 2 protein sources in
daily diet, this component of food variety scored 5 points. If there were 2 protein sources in daily diet,
this component scored 3 points. If there was only 1 protein source in daily diet, this component scored
1 point. No protein source scored 0 points.

Exploratory factor analysis was used to extract DPs based on the 21 food groups. Three factors
were retained based on an eigenvalue bigger than 1.0 and the interpretability [33]. Each pattern was
named with the food groups with the highest loading. Three DPs were identified and finally named
“mushrooms–fruits–milk oils” pattern (DP1), “mushrooms-fruits” pattern (DP2), and “animal foods”
pattern (DP3). The factor score of each pattern was calculated for all of the subjects by summing the
intake amounts of each food group and weighted by their factor loading. A higher factor score in the
pattern represents greater conformity in this pattern.

2.6. Statistical Analysis

Quantitative data were presented as mean and standard deviance (SD), comparisons between two
groups were performed by t-test or Wilcoxon test according to the examination of normal distribution.
Categorical data were presented as number and percentage, comparisons between groups were
performed by chi-square test. Partial correlation coefficients, with the adjustment of age, gender,
and region, were calculated by Spearman rank correlation due to the non-normal distribution of food
consumption in older people. A correlation matrix was carried out to reflect inter-relationships among
all of the 21 food groups. Food groups were ranked by hierarchical clustering. Exploratory factor
analysis was used for the identification of DPs. Partial correlations between DV score, DP score and
muscle-related anthropometric characteristics were adjusted by age, gender, and region. Subjects were
classified by quartiles according to the factor score in each pattern. Logistic regression was used to
analyze the relationships between DV, DPs, and sarcopenia. The lowest quartile was defined as a
reference, odds ratios (ORs), and 95% confidence intervals (CIs) were calculated in different models.
Model 1 was a crude model; model 2 was adjusted by age, gender, and region; model 3 was adjusted
by age, gender, region, body mass index (BMI), exercise activity, lifestyle, and total dietary energy;
model 4 was adjusted by age, gender, region, BMI, exercise activity, lifestyle, total dietary energy,
smoke status, and status of NCDs. All of the covariates were coded as dummy variables before
the adjustment. Kruskal–Wallis rank test was used for the comparisons of DV score and nutrients
intake among the highest quartiles of three DPs. The significance level of inter-group comparison
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was adjusted by the Bonferroni method. Dose-dependent relationships between sarcopenia and the
percentage of energy from carbohydrate (PEC) and the percentage of energy from fat (PEF) were
assessed by restricted cubic splines regression models. The models were adjusted for age, gender,
region, BMI, exercise activity, lifestyle, smoke, status of NCDs, total dietary energy, protein amount per
body weight, intake amount of dietary carbohydrate and fat, and DP score. All of the statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC, USA) and R studio 3.1.3. p-value < 0.05 was
considered as statistically significant.

3. Results

3.1. Particpants Characteristics

Participants characteristics of all of the 861 subjects were presented in Table 1. The prevalence
rate of sarcopenia was 15.3% (132/861) according to the diagnosis criterion of AWGS2014. There were
no significant differences among the subjects with or without sarcopenia, regarding gender,
region, exercise activity, lifestyle, and the status of NCDs. While, subjects with sarcopenia,
with lower level of BMI (p-value < 0.001), were significantly older than subjects without sarcopenia
(p-value < 0.001). Current smokers (20.1%) showed significantly higher prevalence of sarcopenia than
non-smokers (13.9%).

Table 1. Participants characteristics.

Characteristic Total Sarcopenia

Yes No p-Value

Subjects 861 (100.0) 132 (15.3) 729 (84.7)
Age (y) 71.0 ± 4.8 74.2 ± 5.4 70.4 ± 4.4 <0.001

BMI (kg/m2) 23.8 ± 3.6 21.2 ± 3.5 24.3 ± 3.4 <0.001
Gender

Male 405 (47.0) 62 (15.3) 343 (84.7)
0.986Female 456 (53.0) 70 (15.4) 386 (84.6)

Region
South China (Yuexiu) 286 (33.2) 35 (12.2) 251 (87.8)

0.092Middle China (Taicang) 311 (36.1) 47 (15.1) 264 (84.9)
North China (Wuyuan) 264 (30.7) 50 (18.9) 214 (81.1)

Exercise activity
Low 20 (2.3) 5 (25.0) 15 (75.0)

0.257Moderate 485 (56.3) 79 (16.3) 406 (83.7)
Heavy 356 (41.4) 48 (13.5) 308 (86.5)

Lifestyle
Living alone 87 (10.1) 13 (14.9) 74 (85.1)

0.401Living with spouse 656 (76.2) 96 (14.6) 560 (85.4)
Living with others 118 (13.7) 23 (19.5) 95 (80.5)
Current smoker

Yes 204 (23.7) 41 (20.1) 163 (79.9)
0.031No 657 (76.3) 91 (13.9) 566 (86.2)

NCDs
Hypertension 417 (48.4) 63 (15.1) 354 (84.9) 0.86

T2D 113 (13.1) 13 (11.5) 100 (88.5) 0.226
CVD 178 (20.7) 31 (17.4) 147 (82.6) 0.386

Quantitative data are shown as mean ± SD, categorical data are shown as n (%). Abbreviations: BMI—Body mass
index; NCDs—Non-communicable chronic diseases; T2D—Type 2 diabetes; CVD—Cardiovascular disease.

3.2. Consumption Correlations among Food Groups

Consumption correlations among all of the 21 food groups were presented by correlation matrix
in Figure 1. According to the order of hierarchical clustering, four identical clusters were identified
and ranked. Other livestock meats (beef, mutton, and the other red meats except for pork), wheat,
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animal oils, coarse cereals, and tubers showed the most intensive correlations and ranked as the first
cluster. Rice, vegetable oils, soybean and its products, and vegetables were identified as the second
cluster. Legumes, mushrooms and fungi, fish and seafood, cakes and snacks, fruits, and milk were
ranked as the third food cluster. The other food groups such as eggs, pork, poultry, animal viscera,
soft drink, and alcoholic beverages combined into the fourth cluster.
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3.3. Three Identified DPs in Older Subjects

Three DPs were identified in the present study among all of the 861 subjects (Table 2).
Twenty-one food group were ranked and presented as four food cluster identified in Figure 1.
According to the factor loadings of all of the 21 food groups, three DPs were identified and named as
“mushrooms–fruits–milk oils” pattern, “mushrooms–fruits–milk” pattern and “animal foods” pattern,
respectively. The “cereals–tubers–animal oils” pattern explained 13.8% variance of all of the food
groups among all of the older subjects, the “mushrooms–fruits–milk” pattern explained 10%, and the
“animal foods” pattern explained 7%, all of the three patterns explained more than 30% variance of
food intake in this study.
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Table 2. Food group factor loadings for different dietary patterns (DPs).

Cluster Food Group DP1 DP2 DP3

Cluster 1

Other livestock meats 0.351 −0.013 0.689
Wheat 0.653 −0.036 0.240

Animal oils 0.583 −0.373 0.129
Coarse cereals 0.442 0.416 0.069

Tubers 0.550 0.149 0.056

Cluster 2 Rice −0.714 0.120 0.031
Vegetable oils −0.351 −0.144 −0.015

Soybean and products −0.016 0.309 0.182
Vegetables −0.111 0.173 −0.059

Cluster 3 Legumes 0.064 0.353 0.105
Mushrooms and fungi 0.141 0.596 0.104

Fish and seafood −0.244 0.428 0.235
Cakes and snacks 0.183 0.512 0.055

Fruits −0.023 0.553 0.050
Milk 0.243 0.583 −0.049

Cluster 4 Eggs −0.026 0.216 0.194
Pork −0.031 0.112 0.697

Poultry 0.126 0.092 0.733
Animal viscera −0.053 0.019 0.380

Soft drinks −0.070 0.305 −0.058
Alcoholic beverages −0.319 −0.025 0.129

Variance explained (%) 13.8 10 7

Abbreviation: DP1—Mushrooms–fruits–milk oils pattern; DP2—Mushrooms–fruits–milk pattern; DP3—Animal
foods pattern.

3.4. Partical Correlations between DV Score, DPs Score, and Anthropometric Characteristics

Partial correlations between DV, DPs, and anthropometric characteristics related to muscle health
were shown in Table 3. With the adjustment of age, gender, and region, FFM, BMC, handgrip strength,
and gait speed were positively correlated with DV scores. For the DP1, compared with WC (r = 0.09,
p-value = 0.007) and gait speed (r = 0.07, p-value = 0.032), scores of DP1 showed higher partial
correlation coefficients with PBF (r = 0.21, p-value < 0.001) and VFA (r = 0.20, p-value < 0.001). For the
DP2, significant correlations were observed between the DP2 score and CC (r = 0.12, p-value < 0.001),
FFM (r = 0.12, p-value <0.001), BMC (r = 0.12, p-value < 0.001), grip strength (r = 0.07, p-value = 0.044),
gait speed (r = 0.09, p-value = 0.009), and SMI (r = 0.11, p-value = 0.002), respectively. For the
DP3, only significant correlations were observed between DP3 score and grip strength (r = 0.08,
p-value = 0.015).

3.5. Associations between DV, DPs, and Sarcopenia

The associations between DV, DPs, and sarcopenia were shown in Table 4. Compared with
the lowest quartile of DV score, higher quartiles of DV were negatively associated with sarcopenia.
While the significant associations were attenuated after multiple adjustments. In the adjusted model,
the second quartile (OR = 0.51, 95% CI = 0.28~0.96) and the third quartile showed negative associations
with sarcopenia (OR = 0.35, 95% CI = 0.16~0.75). For DPs, the DP1 and the DP3 showed no significant
association with sarcopenia defined by AWGS2014. However, compared with the lowest quartile of
DP2, the increase of pattern score reduced the OR values of sarcopenia in the crude model and the
adjusted model. In the adjusted model, compared with the lowest quartile, the highest quartile of
DP2 score showed strongly negative association with sarcopenia defined by AWGS2014 (OR = 0.33,
95% CI = 0.14~0.77, p-trend = 0.009).
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Table 3. Partial correlations between dietary variety (DV), DPs, and anthropometric characteristics.

Characteristic DV Score DP1 Score DP2 Score DP3 Score

r p-Value r p-Value r p-Value r p-Value

MUAC 0.02 0.574 0.03 0.402 0.04 0.254 −0.03 0.4
CC 0.02 0.512 0.07 0.056 0.12 <0.001 −0.06 0.09
WC −0.02 0.51 0.09 0.007 0.04 0.212 −0.03 0.34
PBF −0.03 0.376 0.21 <0.001 0.02 0.588 −0.03 0.325
VFA −0.02 0.619 0.20 <0.001 0.04 0.264 −0.03 0.333
FFM 0.07 0.037 0.06 0.061 0.12 <0.001 <0.01 0.99
BMC 0.08 0.016 0.02 0.511 0.12 <0.001 −0.02 0.62

Grip strength 0.08 0.014 0.05 0.128 0.07 0.044 0.08 0.015
Gait speed 0.08 0.014 0.07 0.032 0.09 0.009 0.05 0.169

SMI 0.03 0.426 0.06 0.075 0.11 0.002 −0.03 0.362

Partial correlations were obtained with the adjustment of age, gender, and region. Abbreviation: MUAC—Mid-upper
arm circumference; CC—Calf circumference; WC—Waist circumference; PBF—Percentage of body fat mass;
VFA—Visceral fat area; FFM—Fat free mass; BMC—Bone minerals content; SMI—Skeletal muscle index.
DV—Dietary variety; DP1—“Mushrooms–fruits–milk oils” pattern; DP2—“Mushrooms–fruits–milk” pattern;
DP3—“Animal foods” pattern.

Table 4. Associations between DV, DPs, and sarcopenia.

DP Model 1 Model 2 Model 3 Model 4

OR 95%CI p-Trend OR 95%CI p-Trend OR 95%CI p-Trend OR 95%CI p-Trend

DV score
Q1 a Ref 0.008 Ref 0.071 Ref 0.059 Ref 0.099
Q2 0.64 (0.38, 1.07) 0.69 (0.40, 1.19) 0.51 (0.28, 0.95) 0.51 (0.28, 0.96)
Q3 0.37 (0.20, 0.71) 0.41 (0.21, 0.81) 0.33 (0.15, 0.70) 0.35 (0.16, 0.75)
Q4 0.50 (0.30, 0.84) 0.59 (0.33, 1.08) 0.49 (0.24, 0.97) 0.52 (0.26, 1.05)

DP1
Q1 b Ref 0.45 Ref 0.345 Ref 0.619 Ref 0.689
Q2 0.76 (0.44, 1.32) 0.67 (0.36, 1.22) 0.63 (0.31, 1.28) 0.63 (0.31, 1.27)
Q3 1.18 (0.71, 1.96) 1.03 (0.45, 2.34) 1.28 (0.51, 3.17) 1.28 (0.51, 3.23)
Q4 1.07 (0.64, 1.80) 0.68 (0.27, 1.76) 0.80 (0.28, 2.30) 0.85 (0.29, 2.47)

DP2
Q1 c Ref <0.001 Ref <0.001 Ref 0.006 Ref 0.009
Q2 0.64 (0.40, 1.04) 0.71 (0.41, 1.20) 0.82 (0.46, 1.48) 0.81 (0.45, 1.46)
Q3 0.46 (0.28, 0.77) 0.47 (0.26, 0.85) 0.53 (0.27, 1.03) 0.53 (0.27, 1.04)
Q4 0.29 (0.17, 0.52) 0.30 (0.15, 0.60) 0.32 (0.14, 0.75) 0.33 (0.14, 0.77)

DP3
Q1 d Ref 0.313 Ref 0.673 Ref 0.863 Ref 0.807
Q2 0.87 (0.52, 1.45) 0.81 (0.48, 1.38) 0.63 (0.34, 1.16) 0.63 (0.34, 1.17)
Q3 0.87 (0.52, 1.46) 0.91 (0.53, 1.56) 0.79 (0.42, 1.47) 0.82 (0.43, 1.52)
Q4 0.75 (0.44, 1.27) 0.85 (0.48, 1.52) 0.91 (0.44, 1.89) 0.87 (0.41, 1.82)

Model 1: Crude model. Model 2: adjusted by age, gender, and region. Model 3: adjusted by age, gender,
region, BMI, exercise activity, lifestyle, and total dietary energy. Model 4: adjusted by age, gender, region, BMI,
exercise activity, lifestyle, total dietary energy, smoke status, status of NCDs. a DV score ranged from 3 to 20; Q1 (3~9),
Q2 (10~13), Q3 (14~16), Q4 (17~20). b DP1 score ranged from −3.41 to 4.67; Q1 (−3.41~−0.75), Q2 (−0.74~−0.07),
Q3 (−0.06~0.68), Q4 (0.69~4.67). c DP2 score ranged from −2.09 to 6.12; Q1 (−2.09~−0.66), Q2 (−0.65~−0.21),
Q3 (−0.20~0.48), Q4 (0.49~6.12). d DP3 score ranged from −1.39 to 14.2; Q1 (−1.39~−0.57), Q2 (−0.56~−0.28),
Q3 (−0.27~0.27), Q4 (0.28~14.2). Abbreviation: DV—Dietary variety; DP1—“Mushrooms–fruits–milk oils” pattern;
DP2—“Mushrooms–fruits–milk” pattern; DP3—“Animal foods” pattern; BMI—Body-mass index.

3.6. Different DV Score and Nutrients Intake of Three Identified DPs

Table 5 presented the differences in general characteristics, prevalence of sarcopenia, food variety,
and relevant nutrient intake among the subjects from the highest quartiles of DPs. Characteristics
and prevalence of sarcopenia among different quartiles of DPs have been shown in Tables S1–S3,
respectively. The lowest prevalence rate of sarcopenia was found in the highest quartile of DP2 (8.4%).
Compared with the other two patterns, DP2 scored higher in the food variety (13.4 ± 2.2) and protein
variety (3.3 ± 1.2). Meanwhile, the highest quartile of DP1 scored only 10.3 ± 3.3 at overall food
variety and 2.0 ± 1.3 at protein source variety, both of them were the lowest among all of the three
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patterns (p-value < 0.001). Besides the differences of food variety, three DPs showed more differences
regarding the intake amounts and compositions of macronutrients. Compared with the other patterns,
DP2 showed the highest intake amounts of dietary carbohydrates (324.7 g) per day. There was no
significant difference in total protein intake between DP2 and DP3. In line with the intake amounts of
macronutrients, DP2 showed the highest percentage of energy supply from carbohydrate (53.4%) and
the lowest energy from dietary fat (31.2%). The highest intake amounts of minerals related to bone
and muscle health, such as calcium, phosphorus, magnesium, potassium, were all observed in DP2.
However, there was no significant difference among the intake amounts of dietary branched-chain
amino acids (BCAAs) between DP2 and DP3.

Table 5. Different food variety and nutrients intake among the highest quartiles of three DPs.

Characteristic DP1 (n = 215) DP2 (n = 215) DP3 (n = 215) p-Value

General characteristic
Age (y) 71.3 ± 5.1 70.4 ± 4.6 69.9 ± 4.2 a 0.025

BMI (kg/m2) 23.9 ± 4.0 24.1 ± 3.2 23.6 ± 3.3 0.318
Male (n, %) 104 (48.4) 100 (46.5) 138 (64.2) ab <0.001

Sarcopenia (n, %) 35 (16.3) 18 (8.4) a 29 (13.5) 0.044
Food variety score of DQI-I

Overall food variety score 10.3 ± 3.3 13.4 ± 2.2 a 11.2 ± 2.8 ab <0.001
Protein variety score 2.0 ± 1.3 3.3 ± 1.2 a 2.7 ± 1.3 ab <0.001

Total variety score 12.7 ± 4.6 17.5 ± 3.2 a 14.4 ± 3.9 ab <0.001
Dietary nutrients intake and composition

Energy (kcal) 2190.8 ± 855.2 2468.4 ± 788.5 a 2555.1 ± 776.8 a <0.001
Carbohydrate (g) 272.9 ± 121.0 324.7 ± 106.6 a 283.7 ± 102.6 b <0.001

Protein (g) 77.6 ± 42.7 101.5 ± 39.3 a 102.1 ± 42.1 a <0.001
Protein per weight (g/kg) 1.3 ± 0.7 1.7 ± 0.7 a 1.7 ± 0.7 a <0.001

Fat (g) 89.6 ± 46.3 87.1 ± 41.5 108.5 ± 44.6 ab <0.001
PEC (%E) 49.9 ± 11.8 53.4 ± 9.5 a 44.6 ± 10.0 ab <0.001
PEP (%E) 13.7 ± 2.8 16.4 ± 2.9 a 16.0 ± 3.6 a <0.001
PEF (%E) 37.2 ± 12.1 31.2 ± 8.6 a 38.3 ± 10.3 b <0.001

Calcium (mg) 553.2 ± 379.0 871.1 ± 373.8 a 620.9 ± 343.6 ab <0.001
Phosphorus (mg) 1246.9 ± 643.6 1624.6 ± 575.9 a 1468.6 ± 592.0 ab <0.001
Magnesium (mg) 372.8 ± 204.5 483.5 ± 186.9 a 409.8 ± 178.8 ab <0.001
Potassium (mg) 2418.9 ± 1317.3 3368.3 ± 1242.1 a 2790.8 ± 1245.1 ab <0.001
Valine (mg/kg) 44.6 ± 27.0 55.8 ± 30.1 a 58.5 ± 30.5 a <0.001

Leucine (mg/kg) 68.6 ± 42.9 85.6 ± 47.3 a 89.5 ± 47.9 a <0.001
Isoleucine (mg/kg) 37.5 ± 23.7 47.7 ± 26.6 a 50.6 ± 27.2 a <0.001

a Statistically different with DP1; b Statistically different with DP2. Abbreviation: DP1—“Mushrooms–fruits–milk
oils” pattern; DP2—“Mushrooms–fruits–milk” pattern; DP3—“Animal foods” pattern; BMI—Body mass index;
PEC—Percentage of energy from carbohydrate; PEP—Percentage of energy from protein; PEF—Percentage of energy
from fat.

3.7. Associations between Sarcopenia and Dietary Energy Composition of Carbohydrate and Fat

Dose-dependent relationships between sarcopenia and dietary energy composition were assessed
by restricted cubic splines regression (Figure 2). Models were adjusted by age, gender, region, BMI,
exercise activity, lifestyle, smoke, status of NCDs, dietary energy, protein amount per body weight,
dietary consumption of carbohydrate and fat, and DP2 score, which showed significant association with
sarcopenia in the present study. As shown in Figure 2a, with the reference of 50% PEC level showed no
significant association with and sarcopenia (p-value = 0.350). A significant association was observed
between sarcopenia and PEF. With the reference of 30%, lower PEF (<30%) showed a significantly
negative association with sarcopenia, 30~50% PEF showed significantly positive association with
sarcopenia (p-value = 0.015), and higher PEF showed no significant association with sarcopenia in
Figure 2b.
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4. Discussion

With the increasing consideration for the whole diet, researchers developed DPs for the assessment
of dietary quality [7]. While, to the best of our knowledge, several studies have been conducted to
explore the association between DP and sarcopenia, but fewer of them compared the DV, dietary energy
composition, and related nutrients among different DPs associated with sarcopenia [4]. In the present
study, we assessed the DPs of 861 community-dwelling older people from three regions of China.
“Mushrooms–fruits–milk oils” pattern, “mushrooms–fruits–milk” pattern, and “animal foods” pattern
were progressively identified (Table 2). A higher dietary score in the “mushrooms–fruits–milk” pattern
showed a lower risk of sarcopenia, the other two patterns showed no significant association with
sarcopenia, using the recommended criterion of AWGS2014. Besides, similar trends were also observed
between the three DPs, DV, and sarcopenia, using the criterion of AWGS2019 (Table S4). To explore the
different associations between DPs and sarcopenia, we assessed the differences in DV, nutrients intake,
and dietary energy composition among the three identified DPs. Compared with the other two
DPs, subjects in the highest quartile of “mushrooms–fruits–milk” pattern showed higher score of DV,
abundant intake of protein and relevant nutrients related to muscle health, and a significantly lower
PEF. Furthermore, we found a non-linear dose-dependent association between sarcopenia and PEF.
A lower PEF (<30%) was negatively associated with sarcopenia, and a higher PEF (30~50%) in dietary
energy was positively associated with sarcopenia. Our study partially expounded the relationships
between identified DPs and sarcopenia in community-dwelling older Chinese, and the potential
mechanism regarding nutrients intake and dietary energy composition. Relevant results provided
scientific evidence for the prevention and management of sarcopenia.

In 2015, a cross-sectional study in Iran identified three DPs from 300 middle-aged people from one
district and discussed their relationship with sarcopenia. Only the Mediterranean pattern, characterized
by higher consumption of vegetables, fish, fruits, and nuts, could reduce the risk of sarcopenia [34].
The other two patterns characterized by higher consumption of fast foods, sugar, and soy, or higher
consumption of animal proteins, potatoes, and refined grains showed no significant association with
sarcopenia. Chan et al. analyzed three DPs from Chinese community-dwelling older subjects in Hong
Kong, China. After a 4-year observation, older males with a higher score in DQI-I or “vegetables–fruits”
pattern, characterized by a higher loading of fruits and vegetables, showed a lower likelihood of
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sarcopenia [35]. Three DPs were identified from community-dwelling older people living in three
different regions of China in the present study. The “mushrooms–fruits–milk” pattern, with higher
factor loading of coarse cereals, mushrooms and fungi, fruits, milk, and fish, showed a higher score in
DV and a lower risk of sarcopenia.

Nutrients related to sarcopenia have been compared among different DPs in the present study to
explore the potential mechanism regarding DP and sarcopenia. Protein has been recognized as one
of the most important nutrients in muscle health [36]. Some researchers recommended an abundant
intake of dietary protein for the prevention and management of sarcopenia in older people [37,38].
However, the ideal intake amount of daily protein is still unclear. Morais et al. recommended an
ideal protein intake range from 1.0 to 1.3 g/kg/d for nitrogen balance in healthy older people [39].
Some experts increased the protein intake amount from 0.83 to 1.2~1.6 g/kg/d for older people for
anabolic resistance and muscle protein synthesis [40–42]. While, a recent study in the UK reported that,
the “traditional British” dietary pattern, with a higher proportion of older people (over 85 years old) ate
butter, red meats/meat dishes, gravy, potatoes, vegetables, and sweets, increased the risk of sarcopenia
at baseline and after a 3-year follow-up in participants with good protein intake [43]. In our study,
the protein intake amount in the highest quartile of subjects in the “mushrooms–fruits–milk” pattern
reached 1.7 g/kg/d, and subjects in the highest quartile of the “animal foods” pattern were the same
(Table 5). Relevant indicators of renal function were compared between subjects in different DPs.
There was no significant difference of serum creatinine among the three DPs. Meanwhile, the mean
level of glomerular filtration rate in DP2 was even higher than the other two patterns, which indicated a
higher protein intake level (1.7 g/kg/d) in DP2 and DP3 may not increase the risk of renal failure among
Chinese community-dwelling older people (Table S5). However, the “animal foods” pattern, with an
abundant intake of dietary protein (1.7 g/kg/d), showed no significant association with sarcopenia.
In line with the previous study [43], this result indicated other potential mechanisms should be also be
mentioned and discussed, except for the intake amount of dietary protein.

Other micronutrients related to bone and muscle health were then compared among the three
identified DPs (Table 5). With the highest score of DV, older subjects in the highest quartile of
the “mushrooms–fruits–milk” pattern showed a higher intake of minerals (calcium, phosphorus,
magnesium, and potassium) related to bone and muscle health. BCAAs were also analyzed in our
study. Leucine, isoleucine, and valine, account for more than 50% of muscle protein essential amino
acid [44]. A previous study reported that BCAAs intake (5.6 g) could increase the synthesis of muscle
protein after physical training [45]. A meta-analysis including 16 studies and 999 subjects reported a
mean effect of 0.99 kg increase in lean body mass after leucine supplementation in all of the participants,
and 1.14 kg increase of lean body mass in the participants with manifested sarcopenia [46]. Very few
studies have associated dietary BCAA with sarcopenia in community-dwelling people, and there
is still little evidence for the dietary BCAA intake for the prevention of sarcopenia in older people.
In the present study, two DPs were identified with a higher intake of BCAAs. The World Health
Organization (WHO) recommended daily requirements of valine (26 mg/kg/d), leucine (39 mg/kg/d),
and isoleucine (20 mg/kg/d) for older people in 2007 [47]. With an abundant intake of dietary protein
(1.7 g/kg/d) in older people, all of the intake amounts of daily BCAAs in the highest quartiles of the
“mushrooms–fruits–milk” pattern (valine 55.8 mg/kg/d, leucine 85.6 mg/kg/d, isoleucine 47.7 mg/kg/d)
were higher than the recommendations of WHO, respectively. However, the “animal foods” pattern
with the same protein intake (1.7 g/kg/d) and relevant higher intake level of BCAAs (valine 58.5 mg/kg/d,
leucine 89.5 mg/kg/d, isoleucine 50.6 mg/kg/d) showed no significant association with sarcopenia in
older people.

To further explore the different associations between two protein-sufficient DPs with sarcopenia,
the dose-dependent relationship between sarcopenia and dietary fat intake was analyzed, which was
one of the most significant differences between DP2 and DP3. There are several potential mechanisms
regarding dietary fat and muscle mass decline in previous studies. Intermuscular adipocytes and
intramyocellular lipids (IMCLs) caused by over intake of dietary fat were two of the most concerned
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underlying factors at present [48,49]. For intermuscular adipocytes, in vitro evidence suggested that
adipocytes from visceral fat in obese could decrease the expression of contractile proteins such as
troponin, titin, and myosin in myotubes, and consequently provoke dysfunction and atrophy in
muscle cells [50]. As for IMCLs, plasma fatty acids (FAs) moved into skeletal muscle cells through FA
transport proteins, such as a cluster of differentiation 36 (CD36), and then entered the oxidation process,
triglyceride synthesis in muscle cells [49,51]. Lipid accumulation in skeletal muscle dramatically
increased when FA uptake outpaced FA oxidation in muscle cell, and then generated intermuscular
adipose tissue and IMCLs [49]. Lipid droplets (LDs) in muscle cells, covered with multiple perilipins,
mainly composed by IMCLs, triglyceride and sterol esters, played a vital role in intracellular lipid
homeostasis [52,53]. High-fat diet (HFD) increased the expression of CD36, and then increased FA
uptake in skeletal muscle cells [54]. Long-term HFD feeding significantly increased the size of LDs
and the expression of perilipins in skeletal muscle of mice [55]. Over-sized LDs progressively altered
insulin signaling and increased the accumulation of oxidation intermediates, such as diacylglycerols
and ceramides, which are implicated in lipotoxic effect on cells [56]. Oxidative stress and lipotoxicity
could produce muscle atrophy and muscular weakness, and then lead to muscle mass decline and
sarcopenia [57]. In recent years, insulin resistance caused by lipid infusion has been widely discussed
as another risk factor of muscle decline [48]. Previous studies have demonstrated well that insulin
could increase the transportation of amino acid into cells and stimulate muscle protein synthesis
in skeletal muscle [48,58]. Meanwhile, insulin also played a clear role in reducing muscle protein
breakdown in humans [59]. Those effects made insulin a vital role in the regulation of protein synthesis
in muscle cell. Previous studies indicated that insulin resistance (IR) may cause muscle protein wasting
by upregulating the phosphorylation of elongation factor 2α [60], activating the caspase-3 and the
ubiquitin-proteasome proteolytic pathway in skeletal muscle cells [61]. The above studies partially
explained the potential mechanism regarding dietary fat and sarcopenia, over intake of dietary fat may
increase lipid infusion in intermuscular adipocytes, generate oxidative stress, lipotoxicity, and IR in
skeletal muscle cells, and then lead to protein wasting and autophagy in muscle cells, and finally cause
skeletal muscle mass decline and sarcopenia. Nevertheless, the reasonable intake amount of dietary
fat for the prevention of sarcopenia is still unclear. Partially in line with those previous studies, our
analysis observed a lower fat diet (dietary PEF < 30%) showed a significantly negative association
with sarcopenia, and a higher fat diet (dietary PEF ranged from 30~50% showed a significantly
positive association with sarcopenia (Figure 2). The result provided a reasonable range of dietary fat
consumption for the prevention of sarcopenia, and may partially explain the non-significant association
between the “animal foods” pattern and sarcopenia. Though this kind of DP has abundant protein
intake, its higher PBF in daily diet may increase the risk of sarcopenia in older people. Besides the
intake amount, several studies reported the nature of dietary fat was also important for skeletal muscle.
Palmitic acid, a kind of saturated fatty acid, induced inflammation and IR in skeletal muscle cells,
and has been used for IR modeling [62,63]. An in vivo study reported that diet enriched in oleate
restored muscle protein synthesis and improve insulin sensitivity in old rats, while the diet enriched in
palmitate showed adverse effects [64]. Oleate could also relieve the adverse effects caused by palmitate
though promoting triglyceride accumulation and mitochondrial beta-oxidation in muscle cells [65].
However, there is still a limited amount of relevant evidence. More studies need to be conducted to
discuss the relationship between intake amount of dietary fat, fat composition, and sarcopenia.

There are some limitations in the present study. The present study was a cross-sectional study,
more cohort and intervention studies are required to explore the relationship between diet and
sarcopenia in the future. Furthermore, there are no uniform diagnosis criteria of sarcopenia at present,
AWGS 2014 was chosen as the standard criteria of sarcopenia in the present study.

5. Conclusions

Three DPs, “mushrooms–fruits–milk oils” pattern, “mushrooms–fruits–milk” pattern, and “animal
foods” pattern, were identified from community-dwelling older people in three regions of China.
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Only the “mushrooms–fruits–milk” pattern was negatively associated with sarcopenia. Compared with
the other two DPs, the “mushrooms–fruits–milk” pattern showed abundant protein intake and lower
dietary PEF, indicating that protein and fat may both involved in the development of sarcopenia and
might play different roles. In the present study, the dose-dependent relationship between PEF and
sarcopenia was discussed for the first time. Low PEF (<30%) was negatively associated with sarcopenia.
High PEF (30%~50%) was positively associated with sarcopenia. Therefore, besides protein, dietary fat
and PFE may also be considered in the prevention and management of sarcopenia.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3689/s1,
Table S1: Participants characteristics among different quartiles of DP1, Table S2: Participants characteristics
among different quartiles of DP2, Table S3: Participants characteristics among different quartiles of DP3, Table S4:
Associations between dietary variety, DPs and sarcopenia defined by AWGS2019, Table S5: Renal indicators
among the highest quartiles of three DPs.

Author Contributions: Conceptualization, J.Z. and W.Z.; methodology, C.L. and P.S.; software, P.S.; validation,
X.W., B.X., and J.Z.; formal analysis, C.L. and P.S.; investigation, C.L., B.K., T.Z., H.G., and J.C.; resources, X.W.
and B.X.; writing—original draft preparation, C.L.; writing—review and editing, J.Z.; supervision, W.Z. and J.Z.;
project administration, J.Z.; funding acquisition, W.Z. All authors have read and agreed to the published version
of the manuscript.

Funding: This study was funded by Ministry of Finance of the People’s Republic of China (No. 131031107000150007).

Acknowledgments: We would like to thank all of the participants and investigators for their support
and cooperation.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Anker, S.D.; Morley, J.E.; von Haehling, S. Welcome to the icd-10 code for sarcopenia. J. Cachexia Sarcopenia Muscle
2016, 7, 512–514. [CrossRef] [PubMed]

2. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the
european working group on sarcopenia in older people. Age Ageing 2010, 39, 412–423. [CrossRef] [PubMed]

3. Bloom, I.; Shand, C.; Cooper, C.; Robinson, S. Diet quality and sarcopenia in older adults: A systematic
review. Nutrients 2018, 10, 308. [CrossRef] [PubMed]

4. Granic, A.; Sayer, A.A.; Robinson, S.M. Dietary patterns, skeletal muscle health, and sarcopenia in older
adults. Nutrients 2019, 11, 745. [CrossRef]

5. Rubio-Ruiz, M.E.; Guarner-Lans, V. Mechanisms underlying metabolic syndrome-related sarcopenia and
possible therapeutic measures. Int. J. Mol. Sci. 2019, 20, 647. [CrossRef]

6. Jones-McLean, E.M.; Shatenstein, B.; Whiting, S.J. Dietary patterns research and its applications to nutrition
policy for the prevention of chronic disease among diverse north American populations. Appl. Physiol.
Nutr. Metab. 2010, 35, 195–198. [CrossRef]

7. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002,
13, 3–9. [CrossRef]

8. Ndanuko, R.N.; Tapsell, L.C.; Charlton, K.E. Dietary patterns and blood pressure in adults: A systematic
review and meta-analysis of randomized controlled trials. Adv. Nutr. 2016, 7, 76–89. [CrossRef]

9. Fabiani, R.; Naldini, G.; Chiavarini, M. Dietary patterns and metabolic syndrome in adult subjects:
A systematic review and meta-analysis. Nutrients 2019, 11, 2056. [CrossRef]

10. Pala, V.; Sieri, S.; Masala, G.; Palli, D.; Panico, S.; Vineis, P.; Sacerdote, C.; Mattiello, A.; Galasso, R.;
Salvini, S.; et al. Associations between dietary pattern and lifestyle, anthropometry and other health
indicators in the elderly participants of the epic-italy cohort. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 186–201.
[CrossRef]

11. Fougère, B.; Mazzuco, S.; Spagnolo, P.; Guyonnet, S.; Vellas, B.; Cesari, M.; Gallucci, M. Association between
the mediterranean-style dietary pattern score and physical performance: Results from trelong study. J. Nutr.
Health Aging 2016, 20, 415–419. [CrossRef] [PubMed]

http://www.mdpi.com/2072-6643/12/12/3689/s1
http://dx.doi.org/10.1002/jcsm.12147
http://www.ncbi.nlm.nih.gov/pubmed/27891296
http://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://dx.doi.org/10.3390/nu10030308
http://www.ncbi.nlm.nih.gov/pubmed/29510572
http://dx.doi.org/10.3390/nu11040745
http://dx.doi.org/10.3390/ijms20030647
http://dx.doi.org/10.1139/H10-003
http://dx.doi.org/10.1097/00041433-200202000-00002
http://dx.doi.org/10.3945/an.115.009753
http://dx.doi.org/10.3390/nu11092056
http://dx.doi.org/10.1016/j.numecd.2005.05.009
http://dx.doi.org/10.1007/s12603-015-0588-7
http://www.ncbi.nlm.nih.gov/pubmed/26999242


Nutrients 2020, 12, 3689 14 of 16

12. Perälä, M.M.; von Bonsdorff, M.; Männistö, S.; Salonen, M.K.; Simonen, M.; Kanerva, N.; Pohjolainen, P.;
Kajantie, E.; Rantanen, T.; Eriksson, J.G. A healthy nordic diet and physical performance in old age:
Findings from the longitudinal helsinki birth cohort study. Br. J. Nutr. 2016, 115, 878–886. [CrossRef]
[PubMed]

13. Robinson, S.M.; Westbury, L.D.; Cooper, R.; Kuh, D.; Ward, K.; Syddall, H.E.; Sayer, A.A.; Cooper, C. Adult
lifetime diet quality and physical performance in older age: Findings from a british birth cohort. J. Gerontol.
A Biol. Sci. Med. Sci. 2018, 73, 1532–1537. [CrossRef] [PubMed]

14. Paddon-Jones, D.; Rasmussen, B.B. Dietary protein recommendations and the prevention of sarcopenia.
Curr. Opin. Clin. Nutr. Metab. Care 2009, 12, 86–90. [CrossRef]

15. Cruz-Jentoft, A.J.; Kiesswetter, E.; Drey, M.; Sieber, C.C. Nutrition, frailty, and sarcopenia. Aging Clin. Exp. Res.
2017, 29, 43–48. [CrossRef]

16. Ganapathy, A.; Nieves, J.W. Nutrition and sarcopenia—What do we know? Nutrients 2020, 12, 1755.
[CrossRef]

17. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef]
18. Oh, C.; Jeon, B.H.; Reid Storm, S.N.; Jho, S.; No, J.K. The most effective factors to offset sarcopenia and obesity

in the older korean: Physical activity, vitamin d, and protein intake. Nutrition 2017, 33, 169–173. [CrossRef]
19. Polyzos, S.A.; Margioris, A.N. Sarcopenic obesity. Hormones 2018, 17, 321–331. [CrossRef]
20. Ewaschuk, J.B.; Almasud, A.; Mazurak, V.C. Role of n-3 fatty acids in muscle loss and myosteatosis.

Appl. Physiol. Nutr. Metab. 2014, 39, 654–662. [CrossRef]
21. Tessier, A.J.; Chevalier, S. An update on protein, leucine, omega-3 fatty acids, and vitamin d in the prevention

and treatment of sarcopenia and functional decline. Nutrients 2018, 10, 1099. [CrossRef] [PubMed]
22. Fan, M.; Lyu, J.; He, P. Chinese guidelines for data processing and analysis concerning the international

physical activity questionnaire. Zhonghua Liu Xing Bing Xue Za Zhi 2014, 35, 961–964.
23. He, Y.; Li, Y.; Yang, X.; Hemler, E.C.; Fang, Y.; Zhao, L.; Zhang, J.; Yang, Z.; Wang, Z.; He, L.; et al.

The dietary transition and its association with cardiometabolic mortality among Chinese adults, 1982–2012:
A cross-sectional population-based study. Lancet Diabetes Endocrinol. 2019, 7, 540–548. [CrossRef]

24. Yin, Z.; Chen, J.; Zhang, J.; Ren, Z.; Dong, K.; Kraus, V.B.; Wang, Z.; Zhang, M.; Zhai, Y.; Song, P.
Dietary patterns associated with cognitive function among the older people in underdeveloped regions:
Finding from the NCDFaC study. Nutrients 2018, 10, 464. [CrossRef] [PubMed]

25. Yang, Y.; Wang, G.; Pan, X. China Food Composition; Peking University Medical Press: Beijing, China, 2002.
26. Tosato, M.; Marzetti, E.; Cesari, M.; Savera, G.; Miller, R.R.; Bernabei, R.; Landi, F.; Calvani, R. Measurement

of muscle mass in sarcopenia: From imaging to biochemical markers. Aging Clin. Exp. Res. 2017, 29, 19–27.
[CrossRef] [PubMed]

27. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.;
Sayer, A.A.; et al. Sarcopenia: Revised european consensus on definition and diagnosis. Age Ageing 2019,
48, 16–31. [CrossRef] [PubMed]

28. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.;
Krairit, O.; et al. Sarcopenia in Asia: Consensus report of the Asian working group for sarcopenia. J. Am.
Med. Dir. Assoc. 2014, 15, 95–101. [CrossRef]

29. Liu, X.; Hao, Q.; Hou, L.; Xia, X.; Zhao, W.; Zhang, Y.; Ge, M.; Liu, Y.; Zuo, Z.; Yue, J.; et al. Ethnic groups
differences in the prevalence of sarcopenia using the awgs criteria. J. Nutr. Health Aging 2020, 24, 665–671.
[CrossRef]

30. Chen, L.-K.; Woo, J.; Assantachai, P.; Auyeung, T.-W.; Chou, M.-Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.;
Kim, S.; et al. Asian working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis and
treatment. J. Am. Med. Dir. Assoc. 2020, 21, 300–307. [CrossRef]

31. Kim, S.; Haines, P.S.; Siega-Riz, A.M.; Popkin, B.M. The diet quality index-international (DQI-I) provides
an effective tool for cross-national comparison of diet quality as illustrated by China and the United States.
J. Nutr. 2003, 133, 3476–3484. [CrossRef]

32. Woo, J.; Cheung, B.; Ho, S.; Sham, A.; Lam, T.H. Influence of dietary pattern on the development of overweight
in a Chinese population. Eur. J. Clin. Nutr. 2008, 62, 480–487. [CrossRef] [PubMed]

33. Chan, R.; Chan, D.; Woo, J. Associations between dietary patterns and demographics, lifestyle, anthropometry
and blood pressure in Chinese community-dwelling older men and women. J. Nutr. Sci. 2012, 1, e20.
[CrossRef] [PubMed]

http://dx.doi.org/10.1017/S0007114515005309
http://www.ncbi.nlm.nih.gov/pubmed/26785760
http://dx.doi.org/10.1093/gerona/glx179
http://www.ncbi.nlm.nih.gov/pubmed/29040508
http://dx.doi.org/10.1097/MCO.0b013e32831cef8b
http://dx.doi.org/10.1007/s40520-016-0709-0
http://dx.doi.org/10.3390/nu12061755
http://dx.doi.org/10.1016/S0140-6736(19)31138-9
http://dx.doi.org/10.1016/j.nut.2016.06.004
http://dx.doi.org/10.1007/s42000-018-0049-x
http://dx.doi.org/10.1139/apnm-2013-0423
http://dx.doi.org/10.3390/nu10081099
http://www.ncbi.nlm.nih.gov/pubmed/30115829
http://dx.doi.org/10.1016/S2213-8587(19)30152-4
http://dx.doi.org/10.3390/nu10040464
http://www.ncbi.nlm.nih.gov/pubmed/29642510
http://dx.doi.org/10.1007/s40520-016-0717-0
http://www.ncbi.nlm.nih.gov/pubmed/28176249
http://dx.doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://dx.doi.org/10.1016/j.jamda.2013.11.025
http://dx.doi.org/10.1007/s12603-020-1381-9
http://dx.doi.org/10.1016/j.jamda.2019.12.012
http://dx.doi.org/10.1093/jn/133.11.3476
http://dx.doi.org/10.1038/sj.ejcn.1602702
http://www.ncbi.nlm.nih.gov/pubmed/17327865
http://dx.doi.org/10.1017/jns.2012.19
http://www.ncbi.nlm.nih.gov/pubmed/25191550


Nutrients 2020, 12, 3689 15 of 16

34. Hashemi, R.; Motlagh, A.D.; Heshmat, R.; Esmaillzadeh, A.; Payab, M.; Yousefinia, M.; Siassi, F.; Pasalar, P.;
Baygi, F. Diet and its relationship to sarcopenia in community dwelling iranian elderly: A cross sectional
study. Nutrition 2015, 31, 97–104. [CrossRef] [PubMed]

35. Chan, R.; Leung, J.; Woo, J. A prospective cohort study to examine the association between dietary patterns
and sarcopenia in Chinese community-dwelling older people in Hong Kong. J. Am. Med. Dir. Assoc. 2016,
17, 336–342. [CrossRef] [PubMed]

36. Tieland, M.; Borgonjen-Van den Berg, K.J.; van Loon, L.J.; de Groot, L.C. Dietary protein intake in
community-dwelling, frail, and institutionalized elderly people: Scope for improvement. Eur. J. Nutr. 2012,
51, 173–179. [CrossRef]

37. Groen, B.B.; Res, P.T.; Pennings, B.; Hertle, E.; Senden, J.M.; Saris, W.H.; van Loon, L.J. Intragastric protein
administration stimulates overnight muscle protein synthesis in elderly men. Am. J. Physiol. Endocrinol. Metab.
2012, 302, 52–60. [CrossRef]

38. Scott, D.; Blizzard, L.; Fell, J.; Giles, G.; Jones, G. Associations between dietary nutrient intake and muscle
mass and strength in community-dwelling older adults: The tasmanian older adult cohort study. J. Am.
Geriatr. Soc. 2010, 58, 2129–2134. [CrossRef]

39. Morais, J.A.; Chevalier, S.; Gougeon, R. Protein turnover and requirements in the healthy and frail elderly.
J. Nutr. Health Aging 2006, 10, 272–283.

40. Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.; Stehle, P.;
Teta, D.; et al. Evidence-based recommendations for optimal dietary protein intake in older people: A position
paper from the prot-age study group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [CrossRef]

41. Deutz, N.E.; Bauer, J.M.; Barazzoni, R.; Biolo, G.; Boirie, Y.; Bosy-Westphal, A.; Cederholm, T.; Cruz-Jentoft, A.;
Krznariç, Z.; Nair, K.S.; et al. Protein intake and exercise for optimal muscle function with aging:
Recommendations from the espen expert group. Clin. Nutr. 2014, 33, 929–936. [CrossRef]

42. Lancha, A.H., Jr.; Zanella, R., Jr.; Tanabe, S.G.; Andriamihaja, M.; Blachier, F. Dietary protein supplementation
in the elderly for limiting muscle mass loss. Amino Acids 2017, 49, 33–47. [CrossRef] [PubMed]

43. Granic, A.; Mendonça, N.; Sayer, A.A.; Hill, T.R.; Davies, K.; Siervo, M.; Mathers, J.C.; Jagger, C. Effects
of dietary patterns and low protein intake on sarcopenia risk in the very old: The newcastle 85+ study.
Clin. Nutr. 2020, 39, 166–173. [CrossRef] [PubMed]

44. Santos, C.S.; Nascimento, F.E.L. Isolated branched-chain amino acid intake and muscle protein synthesis in
humans: A biochemical review. Einstein 2019, 17. [CrossRef] [PubMed]

45. Jackman, S.R.; Witard, O.C.; Philp, A.; Wallis, G.A.; Baar, K.; Tipton, K.D. Branched-chain amino acid ingestion
stimulates muscle myofibrillar protein synthesis following resistance exercise in humans. Front. Physiol.
2017, 8, 390. [CrossRef] [PubMed]

46. Komar, B.; Schwingshackl, L.; Hoffmann, G. Effects of leucine-rich protein supplements on anthropometric
parameter and muscle strength in the elderly: A systematic review and meta-analysis. J. Nutr. Health Aging
2015, 19, 437–446. [CrossRef] [PubMed]

47. World Health Organization, Food and Agriculture Organization of the United Nations, United Nations
University. Protein and Amino Acid Requirements in Human Nutrition; Report of a Joint FAO/WHO/UNU
Expert Consultation (WHO Technical Report Series 935); World Health Organization: Geneva, Switzerland,
2007; pp. 1–265.

48. Cleasby, M.E.; Jamieson, P.M.; Atherton, P.J. Insulin resistance and sarcopenia: Mechanistic links between
common co-morbidities. J. Endocrinol. 2016, 229, 67–81. [CrossRef]

49. Morales, P.E.; Bucarey, J.L. Muscle lipid metabolism: Role of lipid droplets and perilipins. J. Diabetes Res.
2017, 2017, 1789395. [CrossRef]

50. Pellegrinelli, V.; Rouault, C.; Rodriguez-Cuenca, S.; Albert, V.; Edom-Vovard, F.; Vidal-Puig, A.; Clément, K.;
Butler-Browne, G.S.; Lacasa, D. Human adipocytes induce inflammation and atrophy in muscle cells during
obesity. Diabetes 2015, 64, 3121–3134. [CrossRef]

51. Jeppesen, J.; Albers, P.H.; Rose, A.J.; Birk, J.B.; Schjerling, P.; Dzamko, N.; Steinberg, G.R.; Kiens, B.
Contraction-induced skeletal muscle fat/cd36 trafficking and fa uptake is ampk independent. J. Lipid. Res.
2011, 52, 699–711. [CrossRef]

52. Li, X.; Li, Z.; Zhao, M.; Nie, Y.; Liu, P.; Zhu, Y.; Zhang, X. Skeletal muscle lipid droplets and the athlete’s
paradox. Cells 2019, 8, 249. [CrossRef]

http://dx.doi.org/10.1016/j.nut.2014.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25441592
http://dx.doi.org/10.1016/j.jamda.2015.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26774365
http://dx.doi.org/10.1007/s00394-011-0203-6
http://dx.doi.org/10.1152/ajpendo.00321.2011
http://dx.doi.org/10.1111/j.1532-5415.2010.03147.x
http://dx.doi.org/10.1016/j.jamda.2013.05.021
http://dx.doi.org/10.1016/j.clnu.2014.04.007
http://dx.doi.org/10.1007/s00726-016-2355-4
http://www.ncbi.nlm.nih.gov/pubmed/27807658
http://dx.doi.org/10.1016/j.clnu.2019.01.009
http://www.ncbi.nlm.nih.gov/pubmed/30709690
http://dx.doi.org/10.31744/einstein_journal/2019RB4898
http://www.ncbi.nlm.nih.gov/pubmed/31508659
http://dx.doi.org/10.3389/fphys.2017.00390
http://www.ncbi.nlm.nih.gov/pubmed/28638350
http://dx.doi.org/10.1007/s12603-014-0559-4
http://www.ncbi.nlm.nih.gov/pubmed/25809808
http://dx.doi.org/10.1530/JOE-15-0533
http://dx.doi.org/10.1155/2017/1789395
http://dx.doi.org/10.2337/db14-0796
http://dx.doi.org/10.1194/jlr.M007138
http://dx.doi.org/10.3390/cells8030249


Nutrients 2020, 12, 3689 16 of 16

53. Bickel, P.E.; Tansey, J.T.; Welte, M.A. Pat proteins, an ancient family of lipid droplet proteins that regulate
cellular lipid stores. Biochim. Biophys. Acta 2009, 1791, 419–440. [CrossRef] [PubMed]

54. Bonen, A.; Jain, S.S.; Snook, L.A.; Han, X.X.; Yoshida, Y.; Buddo, K.H.; Lally, J.S.; Pask, E.D.; Paglialunga, S.;
Beaudoin, M.S.; et al. Extremely rapid increase in fatty acid transport and intramyocellular lipid accumulation
but markedly delayed insulin resistance after high fat feeding in rats. Diabetologia 2015, 58, 2381–2391.
[CrossRef] [PubMed]

55. Rinnankoski-Tuikka, R.; Hulmi, J.J.; Torvinen, S.; Silvennoinen, M.; Lehti, M.; Kivelä, R.; Reunanen, H.;
Kujala, U.M.; Kainulainen, H. Lipid droplet-associated proteins in high-fat fed mice with the effects of
voluntary running and diet change. Metabolism 2014, 63, 1031–1040. [CrossRef] [PubMed]

56. Engin, A.B. What is lipotoxicity? Adv. Exp. Med. Biol. 2017, 960, 197–220. [PubMed]
57. Meng, S.J.; Yu, L.J. Oxidative stress, molecular inflammation and sarcopenia. Int. J. Mol. Sci. 2010, 11, 1509–1526.

[CrossRef] [PubMed]
58. Dimitriadis, G.; Mitrou, P.; Lambadiari, V.; Maratou, E.; Raptis, S.A. Insulin effects in muscle and adipose

tissue. Diabetes Res. Clin. Pract. 2011, 93 (Suppl. S1), 52–59. [CrossRef]
59. Abdulla, H.; Smith, K.; Atherton, P.J.; Idris, I. Role of insulin in the regulation of human skeletal muscle

protein synthesis and breakdown: A systematic review and meta-analysis. Diabetologia 2016, 59, 44–55.
[CrossRef]

60. Tardif, N.; Salles, J.; Guillet, C.; Tordjman, J.; Reggio, S.; Landrier, J.F.; Giraudet, C.; Patrac, V.;
Bertrand-Michel, J.; Migne, C.; et al. Muscle ectopic fat deposition contributes to anabolic resistance
in obese sarcopenic old rats through eif2α activation. Aging Cell 2014, 13, 1001–1011. [CrossRef]

61. Wang, X.; Hu, Z.; Hu, J.; Du, J.; Mitch, W.E. Insulin resistance accelerates muscle protein degradation:
Activation of the ubiquitin-proteasome pathway by defects in muscle cell signaling. Endocrinology 2006,
147, 4160–4168. [CrossRef]

62. Jeon, J.Y.; Choi, S.E.; Ha, E.S.; Lee, H.B.; Kim, T.H.; Han, S.J.; Kim, H.J.; Kim, D.J.; Kang, Y.; Lee, K.W. Glp-1
improves palmitate-induced insulin resistance in human skeletal muscle via sirt1 activity. Int. J. Mol. Med.
2019, 44, 1161–1171. [CrossRef]

63. Nieuwoudt, S.; Mulya, A.; Fealy, C.E.; Martelli, E.; Dasarathy, S.; Naga Prasad, S.V.; Kirwan, J.P. In vitro
contraction protects against palmitate-induced insulin resistance in c2c12 myotubes. Am. J. Physiol. Cell Physiol.
2017, 313, 575–583. [CrossRef] [PubMed]

64. Tardif, N.; Salles, J.; Landrier, J.F.; Mothe-Satney, I.; Guillet, C.; Boue-Vaysse, C.; Combaret, L.; Giraudet, C.;
Patrac, V.; Bertrand-Michel, J.; et al. Oleate-enriched diet improves insulin sensitivity and restores muscle
protein synthesis in old rats. Clin. Nutr. 2011, 30, 799–806. [CrossRef] [PubMed]

65. Coll, T.; Eyre, E.; Rodríguez-Calvo, R.; Palomer, X.; Sánchez, R.M.; Merlos, M.; Laguna, J.C.;
Vázquez-Carrera, M. Oleate reverses palmitate-induced insulin resistance and inflammation in skeletal
muscle cells. J. Biol. Chem. 2008, 283, 11107–11116. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.bbalip.2009.04.002
http://www.ncbi.nlm.nih.gov/pubmed/19375517
http://dx.doi.org/10.1007/s00125-015-3691-8
http://www.ncbi.nlm.nih.gov/pubmed/26197708
http://dx.doi.org/10.1016/j.metabol.2014.05.010
http://www.ncbi.nlm.nih.gov/pubmed/24972504
http://www.ncbi.nlm.nih.gov/pubmed/28585200
http://dx.doi.org/10.3390/ijms11041509
http://www.ncbi.nlm.nih.gov/pubmed/20480032
http://dx.doi.org/10.1016/S0168-8227(11)70014-6
http://dx.doi.org/10.1007/s00125-015-3751-0
http://dx.doi.org/10.1111/acel.12263
http://dx.doi.org/10.1210/en.2006-0251
http://dx.doi.org/10.3892/ijmm.2019.4272
http://dx.doi.org/10.1152/ajpcell.00123.2017
http://www.ncbi.nlm.nih.gov/pubmed/28835436
http://dx.doi.org/10.1016/j.clnu.2011.05.009
http://www.ncbi.nlm.nih.gov/pubmed/21700370
http://dx.doi.org/10.1074/jbc.M708700200
http://www.ncbi.nlm.nih.gov/pubmed/18281277
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants and Study Design 
	Questionnaire and Dietary Assignment 
	Anthropometric Measurements 
	Diagnosis of Sarcopenia 
	DV Score Calculation and DP Assessment 
	Statistical Analysis 

	Results 
	Particpants Characteristics 
	Consumption Correlations among Food Groups 
	Three Identified DPs in Older Subjects 
	Partical Correlations between DV Score, DPs Score, and Anthropometric Characteristics 
	Associations between DV, DPs, and Sarcopenia 
	Different DV Score and Nutrients Intake of Three Identified DPs 
	Associations between Sarcopenia and Dietary Energy Composition of Carbohydrate and Fat 

	Discussion 
	Conclusions 
	References

