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	 Background:	 This study aimed to investigate the factors associated with sarcopenia in elderly residents in three nursing 
homes in Suzhou City, East China including the association with nutrition and physical exercise.

	 Material/Methods:	 Elderly residents (n=316) from three nursing homes included 112 men and 204 women. The appendicular skel-
etal muscle index (ASMI), grip strength, and movements were measured to diagnose sarcopenia. The correla-
tion between sarcopenia with age, sex, body mass index (BMI), ASMI, upper arm circumference, calf circumfer-
ence, muscle content, grip strength, dietary intake, degree and duration of movement were also assessed.

	 Results:	 The prevalence of sarcopenia was 28.8% (30.4% for men and 27.9% for women). Patients with sarcopenia 
were older compared with controls. Height, BMI, upper arm circumference, calf circumference and arm mus-
cle mass, lower limb muscle mass, limb skeletal muscle index and ASMI, grip strength, and pace of movement 
were lower than controls. The prevalence of sarcopenia correlated with the intake of meat, fish, eggs, and milk, 
and duration of weekly aerobic and resistance exercise. Logistic regression analysis showed a positive corre-
lation between the prevalence of sarcopenia and age, and a negative correlation between BMI and consump-
tion of meat, eggs, and milk.

	 Conclusions:	 The prevalence of sarcopenia in elderly residents in three nursing homes in Suzhou City was 28.8%. Increasing 
age was a risk factor for sarcopenia. Increased BMI and a diet containing meat, eggs, and milk were protective 
factors. The findings from this study provide support that adequate dietary protein can prevent sarcopenia in 
the elderly.
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Background

Changes in the musculoskeletal system associated with aging are 
a serious concern in the elderly population. Sarcopenia was first 
described in 1989 by Rosenberg to describe reduced muscle mass 
and decreased muscle strength associated with aging [1]. With 
the increased understanding of sarcopenia, in 2011 an interna-
tional sarcopenia working group defined sarcopenia as an ‘age-
associated loss of skeletal muscle mass and function’ [2]. Previous 
studies have shown that muscle loss after the age of 30 years 
occurs at a rate of between 1–5% per year [3,4]. Muscle loss of 
30% can affect normal muscle function, and muscle loss of 40% 
can threaten life, and rapid skeletal muscle loss in the limbs is 
an independent risk factor that predicts all-cause mortality [5–7].

Age-related loss of muscle is often accompanied by an increase 
in intramuscular and visceral fat content [8,9], but reduced 
subcutaneous fat. Increased intramuscular fat content induces 
a decline in physiological functions of muscle and movement 
disorders, including unsteady gait and falls [10]. Therefore, 
the early identification and prevention of sarcopenia and its 
complications are essential to improve the quality of life of 
the elderly population. Previous studies on sarcopenia have 
mainly focused on elderly residents in the community or hos-
pital inpatients. However, in the developed eastern regions of 
China, a large number of elderly people choose to spend their 
later years in nursing homes. The effects of nutritional habits 
and physical exercise on the prevalence of sarcopenia in older 
adults in nursing homes remain poorly understood.

Therefore, this study aimed to investigate the factors associated 
with sarcopenia in elderly residents in three nursing homes in 
Suzhou City, East China including the association with nutri-
tion and physical exercise.

Material and Methods

Participants

This case-control study included elderly residents of three re-
tirement homes in Suzhou City, East China. The study was 
conducted between September 2016 to April 2017. The study 
included elderly people aged more than 60 years of age who 
voluntarily participated in the study and signed informed con-
sent. The exclusion criteria included elderly individuals with 
cognitive impairment, speech impairment, or hearing loss, 
individuals with mental illness, severe metabolic disease, organ 
failure, individuals who had a pacemaker or artificial joint, 
serious disability, incomplete clinical information, or who re-
fused to participate in the study (Figure 1). This study was ap-
proved by the Ethics Committee of Suzhou Municipal Hospital, 
and the written consent was obtained from all participants.

Evaluation using an electronic questionnaire

The data of elderly people in three nursing homes, the Jinshi 
Community, the Chunhui Nursing Home, and Yiyang Elderly 
Apartments in Suzhou City were studied using cluster sam-
pling. Study investigators received training to conduct face-
to-face interviews and evaluations using an electronic ques-
tionnaire before physical examinations were performed by the 
professional medical staff.

The questionnaire recorded data on gender, age, marital status, 
education level, height, weight, upper arm circumference, calf 
circumference, contents of upper and lower limb muscles, grip 
strength, pace of movement, and frequency of eating protein 
from meat, fish, eggs, soy, and tofu (>50 g/day), dairy prod-
ucts including milk and yogurt (>200 g/day), calcium supple-
ments (>300 mg/day), vitamin D supplements (>400 IU/day), 
duration of weekly aerobic exercise that included jogging, 
cycling, swimming, and tai chi, and duration of weekly resis-
tance training, including climbing stairs, and weight training.

Measurement of muscle mass

Muscle mass was measured by bioelectrical impedance anal-
ysis using a DBA-210 human component analyzer (Beijing 
Donghuayuan Medical Equipment Co., Ltd., China). Before mea-
surement of muscle mass, the study participants went with-
out food and drink for two hours and measurements were 
performed with the participants with clothing removed from 
their arms and legs, and barefoot. Study participants stood 
still on the test platform of the foot electrode and held the 
handle electrode with arms straight about 30° away from the 
trunk while the measurements of muscle mass were recorded.

Measurement of grip strength

After adjusting the grip distance, a Jamar dynamometer 
(Sammons Preston, Bolingbrook, IL, USA) was used to mea-
sure the grip strength of the arm when the participants held 
the grip in a sitting position, with the upper arm and forearm 

Normal Decreased

Normal Decreased

Age≥60 years

Grip strenght and pace measurement

Non-sarcopenia Sarcopenia

Non-sarcopenia Measurement of skeletal muscle mass

Figure 1. Diagnostic flow chart of sarcopenia.
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at a 90° angle and the testing arm slightly abducted at 30°. 
The maximum value in the two tests was taken as the grip 
strength and used for statistical analysis.

Measurement of the pace of movement

The start and end points of a 4-meter straight line were tagged 
with a colored ribbon. The time when the first foot crossed 
the ribbon was taken as the start and, the pace of movement 
was calculated with the distance divided by the difference 
between start and end times measured using a stopwatch. 
The fastest pace of movement in two tests was used in the 
final statistical analysis.

Measurement of the upper arm and calf circumference

The upper arm circumference was measured around the arm at 
the midpoint between the acromion and the olecranon of the 
ulna, with the upper limb in a naturally hanging state. The calf 
circumference was measured with the tape placed horizontally 
around the thickest part of the calf while the legs were sepa-
rated by a distance equal to the shoulder width.

Diagnostic criteria for sarcopenia

Sarcopenia was diagnosed according to a consensus report 
of the Asian Working Group for Sarcopenia (Figure 1) [11]. 
Reduced muscle mass was defined using the appendicular skel-
etal muscle mass index (ASMI) calculated as the appendicu-
lar skeletal muscle mass/height2 (men <7.0 kg/m2 and women 
<5.7 kg/m2) according to measurement using bioelectrical im-
pedance analysis. Reduced pace of movement was defined as 
a step speed <0.8 m/s. Low muscle strength was defined as 
grip strength <26 kg for men and <18 kg for women. The el-
derly people who met the diagnostic criteria were included 
in the sarcopenia group. The control group included the non-
sarcopenia group.

Statistical analysis

Data were statistically analyzed using SPSS version 17.0 soft-
ware. Data for the measurements were expressed as the mean 
± standard deviation (SD). The t-test was used for comparison 
between two groups, and analysis of variance (ANOVA) was 
used for comparison between multiple groups. Measurement 
data were represented by the percentage or rate and a chi-
squared (c2) test was performed to compare the groups. 
Pearson’s correlation analysis was used for continuous vari-
ables, Spearman’s correlation analysis was used for classifi-
cation variables, and logistic regression analysis was used to 
analyze sarcopenia-associated factors. P<0.05 indicated a sta-
tistically significant difference.

Results

Comparison of demographic data between study 
participants with or without sarcopenia

There were initially 370 participants in the study, and 316 met 
the study inclusion criteria (112 men and 204 women). The prev-
alence of sarcopenia was 28.8% (30.4% for men and 27.9% for 
women). No significant differences were found between men 
and women. Reduced height, body mass, body mass index 
(BMI), upper arm circumference, calf circumference, arm muscle 
mass, lower limb muscle mass, limb skeletal muscle mass, the 
appendicular skeletal muscle mass index (ASMI), grip strength, 
and pace of movement, and increased age were found in the 
sarcopenia group compared with the control group (Table 1).

Pearson’s correlation analysis of sarcopenia-associated 
indicators in the elderly population

Pearson’s correlation analysis showed that regardless of gender, 
ASMI was positively correlated with body mass index (BMI), upper 
arm circumference, calf circumference, upper limb and lower limb 
muscle mass, grip strength, and pace of movement in the elderly 
population. Pace of movement and grip strength were negatively 
correlated with age. A positive correlation was also found between 
upper arm circumference and arm muscle content, between calf 
circumference and lower limb muscle content, between upper 
limb muscle content and grip strength, and between lower limb 
muscle content and pace of movement. ASMI, calf circumference, 
and muscle content of the upper and lower limbs were negatively 
correlated with age in elderly women (Table 2).

Dietary intake and the prevalence of sarcopenia

Significant differences were found in the prevalence of sarcope-
nia between the groups with different dietary intake of meat, 
fish, eggs, and milk. However, no statistically significant differ-
ence was found for the prevalence of sarcopenia between the 
groups with different frequencies of intake of soy products, 
calcium supplements, and vitamin D supplements (Table 3).

Pairwise comparison of the effect of dietary intake on the 
prevalence of sarcopenia

Pairwise comparison showed that the frequencies of intake of 
meat, fish, eggs, and milk during 4–7 days per week were as-
sociated with the lowest prevalence of sarcopenia in the el-
derly population. No difference was found in the prevalence 
of sarcopenia for dietary intake of protein between the 1–3 
days/week group and the ‘never eat’ group. Different preva-
lence of sarcopenia was found for intake frequencies of meat 
or milk, but not for fish or eggs, between the 4–7 days/week 
group and the 1–3 days/week group (Table 4).
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Duration of weekly aerobic exercise and the prevalence of 
sarcopenia

A significant difference was found in the prevalence of sar-
copenia between the groups with different hours per week 
(<150 min, 150–300 min, 300–450 min, and >450 min) of aer-
obic exercise, such as walking, cycling, swimming, and tai chi 
(c2=16.28; P=0.001) (Table 5).

Duration of weekly resistance training and the prevalence 
of sarcopenia

Significant differences were found in the prevalence of sarco-
penia between the groups for different duration of weekly re-
sistance training (<40–90 min, 90–120 min, 120–180 min, and 
>180 min) that included climbing stairs, standing from sitting, 
weight training, and standing on tiptoe (Table 6).

Age BMI ASMI
Biceps 
circum-
ference

Calf 
circum-
ference

Upper limb 
muscle 
mass

Lower limb 
muscle 
mass

Grip 
strength

Pace

Age –0.015 –0.122 –0.147 –0.229* –0.174 –0.099 –0.512** –0.427**

BMI 0.047 0.381** 0.511** 0.622** 0.411** 0.166 0.183 0.029

ASMI –0.418** 0.325** 0.288** 0.438** 0.895** 0.921** 0.462** 0.264**

Biceps 
circumference

0.005 0.362** 0.243** 0.557** 0.320** 0.272** 0.128 –0.001

Calf 
circumference

–0.225** 0.455** 0.409** 0.287** 0.457** 0.333** 0.383** 0.229*

Upper limb 
muscle mass

–0.408** 0.344** 0.828** 0.219** 0.362** 0.810** 0.494** 0.286**

Lower limb 
muscle mass

–0.458** 0.049 0.859** 0.212** 0.369** 0.766** 0.433** 0.244*

Grip strength –0.585** 0.160* 0.613** 0.078 0.285** 0.575** 0.639** 0.583**

Pace –0.593** –0.026 0.411** 0.027 0.223** 0.343** 0.432** 0.554**

Table 2. Pearson correlation analysis of sarcopenia with related indicators in the elderly.

The boldface is the correlation coefficient between indicators for men, while the non-boldface is the correlation coefficient between 
indicators for women.* P<0.05; ** P<0.01.

Control (n=225) Sarcopenia (n=91) Test value P value

Age 	 74.99±9.55 	 81.70±8.95 –5.77 0.00

Sex (Male),n(%) 78 (34.67) 34 (37.36) 0.21 0.65

Height (cm) 	 159.19±8.21 	 154.20±11.29 3.83 0.00

Body mass (Kg) 	 61.53±10.56 	 53.69±9.66 6.12 0.00

BMI (kg/m2) 	 24.28±3.72 	 22.23±3.48 4.51 0.00

Biceps (cm) 	 28.88±5.73 	 27.16±3.57 2.67 0.01

Calf (cm) 	 33.92±3.83 	 31.67±3.74 4.76 0.00

Upper limb muscle mass (Kg) 	 4.57±1.27 	 3.20±0.79 11.57 0.00

Lower limb muscle mass (Kg) 	 13.30±1.17 	 10.13±2.55 8.47 0.00

Limbs’ skeletal muscle mass (Kg) 	 17.86±4.29 	 13.33±3.17 9.12 0.00

ASMI (kg/m2) 	 6.97±1.11 	 5.44±0.78 12.01 0.00

Grip strength (Kg) 	 25.37±7.48 	 15.23±5.91 12.75 0.00

Pace (m/s) 	 0.91±0.28 	 0.58±0.36 7.67 0.00

Table 1. Comparison of demographic data between control and sarcopenia group.

Compared with men, # P<0.05; compared with control group, * P<0.05.
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Spearman’s correlation analysis of factors associated with 
sarcopenia

Spearman’s correlation analysis of sarcopenia with age, gen-
der, BMI, upper arm circumference, calf circumference, different 

dietary intake frequencies (meat, fish, eggs, soy, milk, calcium 
tablets, and vitamin D), and duration of different ways of move-
ment (aerobic exercise and resistance training) showed that 
age was positively correlated with the prevalence of sarco-
penia, but BMI, upper arm circumference, calf circumference, 

Meat Fish Eggs

Control Sarcopenia
Prevalence 

(%)
Control Sarcopenia

Prevalence 
(%)

Control Sarcopenia
Prevalence 

(%)

4~7 days/week 126 27 17.65 70 17 19.54 156 45 22.39

1~3 day(s)/week 79 51 39.23 121 50 29.24 22 9 29.03

Never eating 20 13 39.39 34 24 41.38 47 37 44.05

c2 17.99 8.13 13.56

P value <0.01 <0.05 <0.01

Bean products Dairy Calcium tablet Vitamin D

Control
Sarco-
penia

Preva-
lence (%)

Control
Sarco-
penia

Preva-
lence (%)

Control
Sarco-
penia

Preva-
lence (%)

Control
Sarco-
penia

Preva-
lence (%)

4~7 days/
week

82 25 23.36 139 37 21.02 50 17 25.37 35 12 25.53

1~3 day(s)/
week

99 50 33.56 22 12 35.29 7 4 36.36 7 3 30.00

Never eating 44 16 26.67 64 42 39.62 168 70 29.41 183 76 29.34

c2 3.32 11.95 0.73 0.29

P value 0.19 <0.01 0.69 0.87

Table 3. Effect s of dietary and different intake frequencies on the prevalence of sarcopenia.

Groups
Meat Fish Eggs Dairy

c2 P value c2 P value c2 P value c2 P value

G1 vs. G2 16.40 <0.01 2.82 >0.05 0.66 >0.05 3.24 <0.05

G1 vs. G3 7.61 <0.05 8.18 <0.05 13.56 <0.01 11.35 <0.01

G2 vs. G3 0.00 >0.05 2.92 >0.05 2.13 >0.05 0.20 >0.05

Table 4. Pairwise comparison of effect of intake frequencies on prevalence of sarcopenia.

G1 – 4~7 days/week; G2 – 1~3 day(s)/week; G3 – never eating.

Control Sarcopenia Prevalence (%) c2 P value

<150 min 91 58 38.93

16.28 0.001
150–300 min 70 22 23.91

300–450 min 26 6 18.75

>450 min 38 5 11.63

Table 5. Effect of weekly aerobic exercise duration on the prevalence of sarcopenia.
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increased intake frequency of dietary meat, fish, eggs, and milk, 
and long duration of aerobic exercise and resistance training 
were negatively correlated with sarcopenia (Table 7).

Logistic regression analysis of factors associated with 
sarcopenia

Logistic regression analysis of sarcopenia with other related 
factors showed that age was positively correlated with the 
risk of sarcopenia, but increased BMI and intake of meat, 
eggs, and milk were negatively correlated with the risk of sar-
copenia (Table 8).

Discussion

The prevalence of sarcopenia was 28.8% (30.4% in elderly 
men and 27.9% in elderly women) at three retirement homes 
in Suzhou City, with no significant difference between men 
and women. This finding was higher than the prevalence 
of sarcopenia in Taiwan or Japan reported by Wu et al. and 
Tanimoto et al. [12,13]. Fielding et al. reported that the preva-
lence of sarcopenia in European and American populations was 
7–27% in men, 10–23% in women, and was between 30–50% 
in the population aged 80 years and older [2]. The prevalence 
of sarcopenia has previously been reported to increase with 
age and was reported to be higher in men than in women [14]. 
However, Coin et al. reported no gender difference in the prev-
alence of sarcopenia in the elderly population [15]. Therefore, 
the prevalence of sarcopenia in the present study was higher 
than that found in previous studies. These differences might 
have been caused by differences in race, study inclusion cri-
teria, and diagnostic criteria of sarcopenia [16].

Grip strength, walking speed, and limb muscle index are the 
three common indicators for diagnosing sarcopenia, as recom-
mended by the Asian sarcopenia working group. Two indicators 
of physical function, grip strength and walking speed, signifi-
cantly correlate with poor prognosis, disability, and mortality 
due to sarcopenia [17,18]. The results of the present study 
showed that the age of the population with sarcopenia was 
significantly higher, whereas BMI, grip strength and walking 
speed were significantly lower, compared with a normal pop-
ulation. Pearson’s correlation analysis indicated that the ap-
pendicular skeletal muscle mass index (ASMI) of both men and 
women in the elderly population positively correlated with BMI, 
grip strength, and pace of movement, which has been previ-
ously reported [19]. Also, a positive correlation was found be-
tween upper arm circumference and arm muscle content, calf 
circumference and lower limb muscle content, the content of 
the upper limb muscles and grip strength, and lower extremity 
muscle content and pace of movement, but pace of move-
ment and grip strength were negatively correlated with age. 
These results indicated that physical function, including grip 
strength and movement, had the tendency to decline gradually 
with the increasing age. The muscle content of the limbs af-
fects their function, and with the decline in physical function, 

Control Sarcopenia Prevalence (%) c2 P value

<150 min 152 81 34.76

15.86 0.001
150–300 min 47 7 12.96

300–450 min 20 3 13.04

>450 min 6 0 0.00

Table 6. Effect of weekly resistance training duration on the prevalence of sarcopenia.

Spearman correlation 
coefficient r

P value

Age 0.307 0.000

Sex 0.026 0.651

BMI –0.253 0.000

Upper arm 
circumference

–0.192 0.001

Calf circumference –0.280 0.000

Meat –0.229 0.000

Fish –0.159 0.005

Eggs –0.201 0.000

Bean products –0.051 0.369

Dairy –0.193 0.001

Calcium tablets –0.028 0.624

VitaminD –0.027 0.635

Aerobic exercise –0.226 0.000

Resistance training –0.221 0.000

Table 7. �Spearman correlation analysis of senile sarcopenia with 
related factors.
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B Sig. OR 95%CI

Age 0.079 0.000 1.082 (1.043, 1.122)

BMI –0.201 0.000 0.818 (0.730, 0.916)

Upper arm circumference –0.026 0.641 0.974 (0.873, 1.087)

Calf circumference –0.038 0.409 0.962 (0.879, 1.054)

Meat

	 Never eating* 0.024

	 1~3 day(s)/week –0.441 0.409 0.643 (0.107, 0.850)

	 4~7 days/week –1.198 0.023 0.302 (0.226, 1.832)

Fish

	 Never eating* 0.908

	 1~3 day(s)/week –0.106 0.804 0.899 (0.403, 2.821)

	 4~7 days/week 0.064 0.897 1.066 (0.389, 2.079)

Eggs

	 Never eating* 0.014

	 1~3 day(s)/week –1.200 0.038 0.301 (0.177, 0.756)

	 4~7 days/week –1.005 0.007 0.366 (0.097, 0.937)

Dairy

	 Never eating* 0.032

	 1~3 day(s)/week –0.666 0.213 0.514 (0.198, 0.794)

	 4~7 days/week –0.924 0.009 0.397 (0.180, 1.467)

Aerobic exercise

	 <150 mina 0.352

	 150–300 min –0.149 0.692 0.861 (0.100, 1.110)

	 300–450 min 0.010 0.987 1.010 (0.315, 3.237)

	 >450 min –1.098 0.073 0.333 (0.412, 1.802)

Resistance training

	 40–90 mina 0.168

	 90–120 min –1.101 0.036 0.333

	 120–180 min –0.769 0.291 0.463 (0.111, 1.929)

	 >180 min –19.994 0.999 0.000 (0.119, 0.931)

Constant 1.997 0.390 7.370

Table 8. Logistic regression analysis of sarcopenia with related factors.

* Reference category.
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the prevalence of sarcopenia increases [20]. Preserving limb 
muscle content can delay the decline of grip strength and pace 
of movement, postpone the occurrence and development of 
sarcopenia, and reduce the risk of the poor prognosis associ-
ated with sarcopenia [17,18].

An adequate intake of nutritional supplements and protein and 
energy balance as part of a program of therapy in the elderly 
can help to prevent or reverse sarcopenia [21–23]. This study 
found that a regular and frequent weekly intake of meat, fish, 
eggs, or milk was correlated with a low risk of sarcopenia in the 
elderly population, but the intake frequency of bean products, 
calcium supplements, or vitamin D supplements had no influ-
ence on the prevalence of sarcopenia. This finding was consis-
tent with the findings reported by Beasley et al. [24]. The effect 
of animal proteins on increasing muscle mass is greater than 
that of plant proteins, which may be related to the fact that 
animal proteins can provide more energy and improve mus-
cle function more efficiently. Animal-based proteins, such as 
milk protein, are rich in casein and whey protein and can bet-
ter promote muscle protein synthesis, increase muscle mass, 
improve muscle strength and pace of movement, and improve 
movement when compared with soybean protein [25].

In the present study, further analysis showed that the frequency 
of intake of meat, fish, eggs, and dairy products in the 4–7 
days/week group was associated with the lowest prevalence 
of sarcopenia. No difference was observed in the prevalence of 
sarcopenia between the 1–3 days/week group and the never 
eat protein group. These results suggested that high protein 
intake might help to reduce the risk of sarcopenia. The cur-
rent dietary protein recommendation of 0.8 g/kg/day may not 
be sufficient to maintain the normal functioning of skeletal 
muscles in the elderly population [24]. Previous studies have 
shown that supplementing the diet with more than the rec-
ommended amount of protein can improve muscle function in 
the frail elderly population [26]. Muscle synthesis is reduced 
in patients with protein deficiency, and it may be more appro-
priate for elderly people to increase their total protein intake 
to 1.2–1.5 g/kg/day [27]. Studies have shown that vitamin D 
supplementation is beneficial for preventing sarcopenia [28]. 
In 2014, the European Society for Clinical and Economic Aspects 
of Osteoporosis and Osteoarthritis recommended that vitamin D 
should be used at a dose of >800 IU/day to prevent sarcope-
nia [29]. However, in the present study, the findings did not 
show any impact of different frequencies of intake of oral vi-
tamin D supplements on the prevalence of sarcopenia, possi-
bly because fewer people took vitamin D supplements, or be-
cause the dose was insufficient.

This study showed that aerobic exercise and resistance training 
could reduce the risk of sarcopenia, which was consistent with 
previous studies that showed that aerobic exercise, endurance 

exercise, and resistance exercise could increase muscle mass 
and strength in patients with sarcopenia [30–32]. Extending 
the duration of aerobic exercise leads to increased numbers of 
mitochondria, enhanced enzyme activity, increased muscle pro-
tein synthesis, and increased muscle mass [31,33]. Resistance 
training increases muscle mass, strength, and muscle fiber vol-
ume and reduces myostatin synthesis [34,35]. These mecha-
nisms may explain why aerobic exercise and resistance train-
ing reduce the prevalence of sarcopenia [36].

Univariate analysis in this study showed that sarcopenia was 
positively correlated with age and negatively correlated with 
increased BMI, upper arm circumference, calf circumference, 
increased frequency of intake of dietary meat, fish, eggs, and 
milk, and duration of aerobic exercise and resistance training. 
Regression analysis showed that age was a risk factor, but in-
creased BMI and intake of meat, eggs, and dairy products were 
protective factors for sarcopenia. These findings are supported 
by the findings from previous studies that reported that in-
creased age was a risk factor for sarcopenia and increased BMI 
was a protective factor for sarcopenia in the elderly popula-
tion [24,37]. These findings indicate that the appropriate sup-
plementation of high-quality animal proteins, such as meat, 
eggs, and milk, could help delay the occurrence and develop-
ment of sarcopenia.

Anthropometric methods, such as measurement of upper arm 
circumference and calf circumference, can be used to indirectly 
determine muscle mass in a risk prediction model for sarcope-
nia, but are affected by the increase in body fat content and 
the decrease in skin elasticity during aging, and their corre-
lations with sarcopenia may not be significant [38]. However, 
in the present study, univariate analysis showed that the du-
ration of aerobic exercise and resistance training were neg-
atively correlated with the risk of sarcopenia, but regression 
analysis did not find a reduction in the prevalence of sarco-
penia with increased duration of aerobic exercise and resis-
tance training. This finding was similar to the findings of pre-
vious studies that the improvement in the muscle function of 
high-intensity resistance training had similar results to low-
intensity resistance training [39]. This finding might be due 
to the significant increase in muscle mass and improvement 
in function needed for the longer duration of exercise [39]. 
The relationship between duration or intensity of exercise in-
tervention and the prevention of sarcopenia deserves further 
investigation.

This study had several limitations. First, in the elderly popula-
tion studied, the presence of chronic diseases and therapeutic 
drugs not identified in the study might have affected indicators 
such as muscle strength and walking speed, leading to bias in 
the results [40]. Second, the last revised European consensus 
on the definition and diagnosis of sarcopenia recommended 
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that dual-energy x-ray absorptiometry (DXA) is the method 
commonly used for analyzing body composition and muscle 
mass [41]. However, in this study, muscle mass was measured 
by bioelectrical impedance analysis, rather than using imag-
ing methods such as computed tomography (CT) or magnetic 
resonance imaging (MRI) [42]. Although the method of bio-
electrical impedance analysis was more practical, convenient, 
and economical, may not be the most accurate method [14]. 
Third, this study enrolled elderly people from urban commu-
nities or retirement institutions but not from rural regions, 
and was not fully representative of the Chinese population. 
Finally, this study was a cross-sectional survey, and it was dif-
ficult to determine the causal relationship between sarcope-
nia and other influencing factors. These limitations support 

the need for further validation of the results in future large-
scale controlled studies.

Conclusions

This study reported a prevalence of sarcopenia of 28.8%, 
30.4% for men and 27.9% for women, in three elderly retire-
ment homes in East China. These study findings showed that 
increased age was associated with an increased risk of sarco-
penia, while a high-quality protein diet reduced the risk of de-
veloping sarcopenia. The findings indicate that there are fea-
sible measures that can be used to prevent sarcopenia and 
improve the quality of life of the elderly.
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