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Objective: This study aimed to explore the prevalence and impact of related factors for sarcopenia among community-dwelling older 
people in Chongming district, China, according to the diagnostic criteria of the Asia Working Group for Sarcopenia-2019.
Methods: We conducted a cross-sectional study from April 2021 to December 2021. Diagnosis of sarcopenia (non-sarcopenia, 
possible sarcopenia, sarcopenia, and severe sarcopenia) was based on appendicular skeletal muscle mass index, handgrip strength, gait 
speed, and the 5-time chair stand test. Staff collected all subjects’ clinical and sociodemographic characteristics, cardiovascular disease 
(CVD) risk factors, inflammatory markers, physical activity (PA), and daily lifestyle activities to identify sarcopenia-related factors.
Results: A total of 1407 older people aged ≥ 65 years were enrolled into the study (58.7% female). The prevalence of confirmed 
sarcopenia was 19.6% (17.1% in females and 23.1% in males). The prevalence of possible sarcopenia, sarcopenia, and severe 
sarcopenia were 19.7% (22.2% in females, 16.2% in males), 11.9% (10.1% in females, 14.5% in males), and 7.7% (7% in females, 
8.6% in males), respectively. Increasing age, gender, depression status, and high-fat mass were associated with an increased likelihood 
of sarcopenia in all subjects. In females, living alone, high-fat mass, lower body mass index (BMI), lower body weight, and have no 
time spent doing housework increased the likelihood of sarcopenia. In males, depression status, high-fat mass, higher neutrophils-to- 
lymphocytes ratio (NLR), lower BMI, lower body weight increased the likelihood of sarcopenia.
Conclusion: Our study showed a high prevalence of sarcopenia among community-dwelling older people in the Chongming district. 
Detection, prevention, and treatment efforts are needed to reduce the impact of sarcopenia in older, rural communities in China.
Keywords: sarcopenia, prevalence, risk factor, older people, rural area

Introduction
Sarcopenia is a progressive and generalized geriatric syndrome characterized by accelerated loss of muscle mass, 
strength, and performance.1 It occurs commonly as an age-related process in older people.2 It is estimated that sarcopenia 
affects 5–13% of people aged 60–70 years (y), increasing to 11–50% for those aged 80 y or older.3 Sarcopenia is 
increasingly recognized as a serious, global public health concern that causes substantial economic and social burdens. It 
is associated with falls and fractures,4 functional decline,5 cardiovascular disease (CVD),6 and premature death,7 

increasing healthcare costs.8 In 2000, the USA’s direct health care costs for sarcopenia were nearly $18.5 billion.9 

Clinical staff should focus on screening for sarcopenia for all older people and, for those with sarcopenia, provide 
appropriate treatment to delay the progression of sarcopenia.

China is facing many serious challenges related to aging. As one of the fastest-aging countries globally, China had 
190.64 million older people ≥ 65 y in 2020, accounting for 18.7% of the total population.10 The Chongming district of 
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Shanghai is the third largest island in China. This district is one of the areas with the highest aging population in 
Shanghai. In 2021, 189,024 people ≥ 65 y lived in Chongming district, accounting for 29.6% of the total population. 
Compared with 2011, the proportion of older people increased by 11.7%. The growing aging population exacerbates the 
high prevalence of sarcopenia, which brings individuals and society a substantial financial burden.

The prevalence of sarcopenia varies across studies because of differences in study populations (such as gender, age, and 
ethnicities), living environments (urban vs rural), measurement methods, and diagnostic criteria. Yang et al11 compared the 
prevalence of sarcopenia in 483 Chinese community-dwelling older people using five criteria to determine sarcopenia: the 
European Working Group on Sarcopenia in Older People-2011 (EWGSOP-2011), the European Working Group on Sarcopenia 
in Older People-2014 (EWGSOP-2014), the Asia Working Group for Sarcopenia (AWGS-2014), the International Working 
Group on Sarcopenia (IWGS), and the National Institutes of Health (FNIH) Sarcopenia Project criteria. They noted the 
prevalence of sarcopenia defined by EWGSO-2014 (4.6%) was lower than the prevalence of sarcopenia defined by EWGSOP- 
2011 (15.7%), AWGS-2014 (9.1%), and IWGS (16.1%) criteria. They also noted the prevalence of sarcopenia was higher using 
the EWGSO-2014 criteria (4.6%) than the FNIH criteria (3.3%). Gao et al12 compared the prevalence of sarcopenia in 887 
community-dwelling older people in western China and found that the rural elderly were more likely to suffer from sarcopenia 
than the urban elderly. Many factors, such as low body mass index (BMI), increasing age, poor nutritional status, and smoking 
are related to sarcopenia.13 However, these sarcopenia-related factors may differ from other studies due to diverse cultures, 
living environments, and lifestyles. Therefore, it is necessary to investigate sarcopenia’s prevalence and sarcopenia-related 
factors among different Chinese populations to provide practical strategies for prevention and treatment.

There are few studies on the prevalence of sarcopenia in older Chinese people, especially in rural areas.12 

Accordingly, large-scale cross-sectional studies are needed to identify the prevalence of sarcopenia in older Chinese 
populations. The studies can increase the awareness of sarcopenia in older people and in clinical staff working in 
community health centers. They also can inform timely and effective treatments for those with sarcopenia. Our study’s 
primary aim was to conduct a large-scale cross-sectional study to explore the prevalence of sarcopenia among commu-
nity-dwelling older people in the Chongming district of Shanghai, China using AWGS-2019 criteria. The secondary aim 
was to identify the likelihood of sarcopenia based on subjects’ clinical and sociodemographic characteristics, CVD risk 
factors, inflammatory markers, physical activity (PA), daily lifestyle activities, and by gender in this population.

Materials and Methods
Study Design and Subjects
We conducted a cross-sectional study from April 2021 to December 2021 in the Chongming district of Shanghai, China. Two 
towns (Chengqiao Town and Sanxing Town) were selected at random from 16 towns and had a similar age group distributions 
and gender ratios. We used a computer-generated random list to select seven communities from these two towns (5 
communities from Chengqiao Town and two communities from Sanxing Town). To aid in subject recruitment, we conducted 
sarcopenia-related health education courses and distributed brochures on sarcopenia in both communities before recruitment. 
Inclusion criteria were: (1) ages ≥ 65 y; (2) lived in one of the two towns of the Chongming District; and (3) willing to 
participate in this study. Exclusion criteria were: (1) suffering from severe cognitive impairment, mental illness, or other 
neurodegenerative disorders; (2) had severe hearing impairment, visual impairment, or communication difficulties; and (3) 
had physical disabilities or suffering from dyskinesia disease that made one unable to walk independently and perform the 
handgrip strength test, 6-meter gait speed test and five times sit to stand test. All those eligible for inclusion but not eligible for 
exclusion were invited to participate in our study. The subjects signed informed consent forms after agreed to participate our 
study. Figure 1 shows the recruitment decisions for inclusion and exclusion.

Definition of Possible Sarcopenia, Sarcopenia, and Severe Sarcopenia
We defined sarcopenia status according to the diagnostic criteria of AWGS-201914 (Figure 1). Possible sarcopenia was 
defined as low skeletal muscle strength or low muscle performance. Sarcopenia was defined as low skeletal muscle mass 
and low muscle strength or low physical performance. Severe sarcopenia was defined as low skeletal muscle mass, low 
muscle strength, and low muscle performance. The remaining subjects were classified as non-sarcopenia.
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Upper and lower skeletal muscle mass in kilograms (kg) was measured by bioelectrical impedance analysis (Inbody 
720, Korea). Appendicular skeletal muscle mass (ASM) in kg was defined as the sum of the skeletal muscle mass of the 
upper and lower limbs. The appendicular skeletal muscle mass index (ASMI) was calculated as ASM divided by weight 
in kg divided by height in meters (m) squared (kg/m2). The definition of low muscle mass was ASMI <7.0 kg/m2 for 
males and <5.7 kg/m2 for females.

Handgrip strength (HG) in kg was assessed using a hand dynamometer (Jamar Plus+ Digital Hand Dynamometer; IL, 
USA). HG strength was measured sequentially on the dominant hand three times, with the highest value in kg recorded. 
Low HG strength was defined as HG <28 kg for males and <18 kg for females.

Gait speed (GS) and the 5-time chair stand test (5-CTS) assessed physical performance. GS was measured by recording 
the time (in seconds, s) it took to walk 6-meters. The test was performed twice and the average speed was recorded. The 
5-CTS required subjects to stand from a sitting position in a chair (without arms) five times as quickly as possible. Speed was 
measured in seconds. The test was conducted three times, with a 1-minute break between each test, and the average speed 
was recorded. Low physical performance was defined as a GS <1 meter per second (m/s) or 5-CTS ≥ 12s.

Data Collection
Data were collected after subjects completed their national free physical examination program at a community health 
center. All measures were obtained by study staff trained to conduct face-to-face questionnaire surveys and collect 
physical measures.

Figure 1 Flow of subjects in the study stand test. 
Abbreviations: F, female; M, male; HG, handgrip strength; GS, gait speed; ASMI, appendicular skeletal muscle mass index; 5-CTS, 5-time chair We have revises it.
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Subject Characteristics
Clinical characteristics included age group (65–69, 70–74, 75–79, ≥ 80 y), gender, body weight, body mass index (BMI), 
nutritional status, cognitive status, and depression status. Sociodemographic characteristics included educational attainment, 
living status, smoking habits, alcohol drinking habits, fall history, and farming. Farming refers to older people who did 
farming and fishing for work. PA and daily lifestyle activities include habitual exercise, daily activities, and structured PA.

Assessment of Nutritional Status
Nutritional status was assessed using the Mini Nutritional Assessment (MNA).15 The MNA consists of four assessment 
domains and each domain item was assigned points according to the answer given, and the total score was the sum of 24 
items, ranging from 0 to 30 points. A total score of < 17 points indicates malnutrition; 17 to 23.5 points indicate 
a risk of malnutrition, and ≥ 24 points reflect a normal nutritional status. The MNA takes 10 minutes to complete.

Assessment of Cognitive Function and Depressive Symptom
The Mini-Mental State Examination (MMSE) is an 11-item screening tool to evaluate cognitive function in community- 
dwelling, hospitalized, and institutionalized older adults.16 The score ranges from 0 to 30 points, with higher scores 
indicating a better cognitive function. A score of ≤ 17, 20, or 24 points for illiterate, elementary school, and college 
students indicates cognitive impairment.

Depression was evaluated using the short-form 15-item Chinese version of the Geriatric Depression Scale (GDS- 
15).17 The GDS-15 has 15 items that ask subjects to respond yes (1 point) or no (0 points) about how they felt over the 
past week. With a maximum score of 15 points, higher scores indicate more obvious depressive symptoms. We used 
a cut-off score of 5 and above to define depressive symptoms for this study.18

Assessment of Anthropometric Factors
Fat mass in kg was measured using bioelectrical impedance (BIA). Waist and hip circumference were measured in cm 
using cloth tape measures centered around the umbilicus (waist circumference) and mid-hip level (hip circumference). 
Waist-to-hip ratio (WHR) was calculated by dividing waist circumference by hip circumference.

Assessment of CVD Risk Factors and Inflammatory Markers
Six CVD risk factors were studied. Anthropometric risk factors were high-fat mass (≥ 35% in females and ≥ 25% in 
males),19 high waist circumference (≥ 88 cm in females and ≥ 102 cm in males),20 and high WHR (≥ 0.8 in females and ≥ 
0.95 in males).21 A circulatory risk factor was hypertension, defined as a systolic blood pressure of ≥ 140 mmHg, 
a diastolic blood pressure of ≥ 90 mmHg, or taking antihypertensive drugs at the baseline measurement. Metabolic risk 
factors were type 2 diabetes and hypercholesterolemia. Subjects were considered to have type 2 diabetes if they had 
a previous diagnosis of type 2 diabetes, fasting glucose ≥ 7 millimole per liter (mmol/l),22 or taking antidiabetic 
medication at the baseline visit.23 Hypercholesterolemia was defined as a total serum cholesterol ≥ 6.2 mg/dL or taking 
hypercholesterolemia medication at baseline.24

Inflammatory markers were the white blood cell count (WBC) and its subtypes (lymphocytes, monocytes, neutrophils, 
and eosinophils), platelet count, neutrophils-to-lymphocytes ratio (NLR), and platelet-to-lymphocytes ratio (PLR). Blood 
sample (5mL) were obtained by clinic nurses from peripheral venipuncture and analyzed by standardized chemical 
analysis in a biochemistry laboratory.

Assessment of Physical Activity and Daily Lifestyle Activities
PA was assessed using the short form of the International Physical Activity Questionnaire (IPAQ-SF) in the Chinese 
language25 and a daily lifestyle activities questionnaire developed for this study. The IPAQ-SF consists of 7 items 
identifying minutes of activity per day (min/d) and events per week (events/wk) of vigorous- and moderate-intensity PAs, 
walking, and hours per day (h/d) of sitting. The IPAQ-SF total score is in MET-minutes per week (MET-min/wk). The 
IPAQ-SF continuous score is determined by multiplying the MET level x min/d x events/wk for vigorous- and moderate- 
intensity PAs and walking. Following the IPAQ scoring guidelines, min/day PA values are truncated at 3 hours (180 
minutes) to avoid over-reporting PA duration in a single day. MET levels for PAs are vigorous (8 METs), moderate (4 
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METs), and walking (3.3 METs). The total score is computed by summing the MET-min/wk for vigorous- and moderate- 
intensity PAs and walking. The IPAQ-SF takes about 5 minutes to complete. Following the IPAQ scoring guidelines, the 
IPAQ-SF categorical score identifies three levels of PA: highly active, moderately active and low active.

Daily lifestyle activities (in h/day) were assessed by questionnaires self-administered and it included habitual exercise 
(brisk walking, running, and resistance training) and daily activities (housework, sleep, and sitting). Housework included 
light housework (tidying, dusting), straightening and cleaning up, shopping, heavy housework, farming, and home 
repairs. Engaging in daily lifestyle activities was defined as consistently (> 1 year) engaging in exercise or daily 
activities at least three events/wk for more than 20 min/event.

Ethics Statement
This study was approved by the Ethics Committee at Xinhua hospital Chongming branch. All subjects read and signed an 
informed consent form before enrolling in the study. This study had complied with the Declaration of Helsinki.

Statistical Analysis
Subjects were classified into two major groups, each with two subgroups: without sarcopenia (non-sarcopenia and 
possible sarcopenia) and confirmed sarcopenia (sarcopenia and severe sarcopenia). Prevalence data and categorical 
variables are presented as numbers and percentages. Continuous variables are presented as means and standard deviations 
(M±SD) and means and standard errors (M±SE). The normality of continuous variables was determined using the 
Shapiro–Wilk test. The Mann–Whitney, Kruskal–Wallis test (continuous data), and the Pearson chi-squared test (cate-
gorical data) were performed to compare sarcopenia-related factors (clinical and sociodemographic characteristics, CVD 
risk factors, inflammatory markers, PA, and daily lifestyle behaviors) between the gender and the different sarcopenia 
statuses. Sarcopenia-related factors with a p-value < 0.1 between non-sarcopenia and confirmed sarcopenia status in the 
total sample were included in multivariate logistic regression analysis models (separately for the total sample and by 
gender) to quantify the added risks or protection of sarcopenia-related factors. Possible sarcopenia-related factors with 
a p-value < 0.1 between non-sarcopenia and possible sarcopenia status in the total sample were included in multivariate 
logistic regression analysis models to quantify the possible sarcopenia-related risks factors. The regression models were 
performed with forward stepwise selection. Multiple imputations were used to assess the sensitivity of results to missing 
values. Odds ratios (OR) and 95% confidence intervals (CI) were computed and the Hosmer-Lemshow test (H-L test) 
was used to determine the goodness-of-fit for the logistic regression models. P<0.05 indicates statistical differences. 
Statistical analyses were performed using the SPSS version 22 statistical package (IBM, Armonk, NY, USA).

Results
The Prevalence of Confirmed Sarcopenia
A total of 7321 community-dwelling older people (age ≥ 65 y) participating in the national free physical examination 
program from April 2021 to December 2021 in these communities were invited to participate in a comprehensive 
sarcopenia assessment (5286 people from Chengqiao Town and 2035 people from Sanxing Town). Overall, 1558 older 
people agreed to participate in the sarcopenia assessment (21.3% response rate) and we obtained complete data on 1407 
older people. 275 out of 1407 older people screened were sarcopenics according to AWGS-2019 criteria. The overall 
prevalence of confirmed sarcopenia was 19.5% (17.1% in females and 23.1% in males) (Table 1).

Confirmed sarcopenia status increased rapidly with age, ranging from 12.1% in the 65–69 y to 41.8% in those ≥ 80 
y. The subjects without sarcopenia decreased rapidly with age, ranging from 87.9% in the 65–69 y to 58.2% in those ≥ 80 
y. Prevalence for confirmed sarcopenia was higher in males than females in all age groups. In females, confirmed 
sarcopenia ranged from 10.4% in the 65–69 y age group to 39.3% in the ≥ 80 y age group. In males, confirmed 
sarcopenia ranged from 15.1% in the 65–69 y age group to 44.7% in the ≥ 80 y age group (Table 2 and Figure 2).
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The Prevalence of Possible Sarcopenia, Sarcopenia, and Severe Sarcopenia
The proportions of subjects with any sarcopenia status were possible sarcopenia (19.7%), sarcopenia (11.9%), and severe 
sarcopenia (7.7%). Possible sarcopenia had the highest prevalence in all age groups, ranging from 13.5% in the 65–69 
y to 34.5% in ≥ 80 y. The prevalence of sarcopenia was 9.6% in the 65–69 y to 17.6% in ≥ 80 y. The prevalence of severe 
sarcopenia was lowest in the 65–69 age group (2.4%) and increased exponentially in the ≥ 80 age group (24.2%) (Table 2 
and Figure 2).

Comparing sarcopenia diagnosis by age and gender showed similar graded increases in sarcopenia status by age 
groups (Table 2 and Figure 2). The prevalence of possible sarcopenia was lower in males than females in all age groups. 
Sarcopenia and severe sarcopenia prevalence were higher in males than females in all age groups. In females, possible 
sarcopenia, sarcopenia, and severe sarcopenia prevalence increased steeply with age. Comparing prevalence values in the 
65–69 y age group to the ≥ 80 y age group showed increases in possible sarcopenia from 15.8% to 38.2%. Sarcopenia 
increased with age from 8.4% to 13.5%, and severe sarcopenia increased with age from 1.9% to 25.8%. In males, the 
prevalence of sarcopenia increased steeply with age for all sarcopenia status. The range of prevalence values for the 60– 
69 y age group to the ≥ 80 age group for possible sarcopenia was 9.3% to 30.3%. The range of sarcopenia and severe 
sarcopenia was 11.7% to 22.4% and 3.4% to 22.4%, respectively.

Table 1 The Prevalence of Sarcopenia Status for the Full Sample and by Gender

Without Sarcopenia (n=1132) Confirmed Sarcopenia (n=275)

Total* 
n (%)

Non-Sarcopenia 
n (%)

Possible Sarcopenia 
n (%)

Total** 
n (%)

Sarcopenia 
n (%)

Severe Sarcopenia 
n (%)

Total 1132 (80.5) 855 (60.8) 277 (19.7) 275 (19.5) 167 (11.9) 108 (7.7)
Female 685 (82.9) 502 (60.8) 183 (22.2) 141 (17.1) 83 (10.1) 58 (7.0)

Male 447 (76.9) 353 (60.8) 94 (16.2) 134 (23.1) 84 (14.5) 50 (8.6)

Notes: *Prevalence of without sarcopenia = prevalence of non-sarcopenia + prevalence of possible sarcopenia. **Prevalence of confirmed sarcopenia = prevalence of 
sarcopenia + prevalence of severe sarcopenia.

Table 2 The Prevalence of Sarcopenia Status by Age Groups and Gender

Age Groups Without SARCOPENIA (n=1132) Confirmed Sarcopenia (n=275)

Total* 
n (%)

Non-Sarcopenia 
n (%)

Possible Sarcopenia 
n (%)

Total** 
n (%)

Sarcopenia 
n (%)

Severe Sarcopenia 
n (%)

Total 65–69 (n=572) 503 (87.9) 426 (74.5) 77 (13.5) 69 (12.1) 55 (9.6) 14 (2.4)

70–74 (n=436) 360 (82.6) 279 (64.0) 81 (18.6) 76 (17.4) 51 (11.7) 25 (5.7)

75–79 (n=234) 173 (73.9) 111 (47.4) 62 (26.5) 61 (26.1) 32 (13.7) 29 (12.4)

≥80 (n=165) 96 (58.2) 39 (23.6) 57 (34.5) 69 (41.8) 29 (17.6) 40 (24.2)

Female 65–69 (n=367) 329 (89.6) 271 (73.8) 58 (15.8) 38 (10.4) 31 (8.4) 7 (1.9)

70–74 (n=248) 209 (84.3) 160 (64.5) 49 (19.8) 39 (15.7) 25 (10.1) 14 (5.6)

75–79 (n=122) 93 (76.2) 51 (41.8) 42 (34.4) 29 (23.8) 15 (12.3) 14 (11.5)

≥80 (n=89) 54 (60.7) 20 (22.5) 34 (38.2) 35 (39.3) 12 (13.5) 23 (25.8)

Male 65–69 (n=205) 174 (84.9) 155 (75.6) 19 (9.3) 31 (15.1) 24 (11.7) 7 (3.4)

70–74 (n=188) 151 (80.3) 119 (63.3) 32 (17.0) 37 (19.7) 26 (13.8) 11 (5.9)

75–79 (n=112) 80 (71.4) 60 (53.6) 20 (17.9) 32 (28.6) 17 (15.2) 15 (13.4)

≥80 (n=76) 42 (55.3) 19 (25.0) 23 (30.3) 34 (44.7) 17 (22.4) 17 (22.4)

Notes: *Prevalence of without sarcopenia = prevalence of non-sarcopenia + prevalence of possible sarcopenia. **Prevalence of confirmed sarcopenia = prevalence of 
sarcopenia + prevalence of severe sarcopenia.
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Figure 2 Prevalence of sarcopenia in all subjects, female subjects and male subjects among different age groups. The numbers at the top of each bar are the sample 
percentages in each category.
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Clinical and Sociodemographic Characteristics of Study Subjects
Significant differences in the sarcopenia-related factors were observed between the without sarcopenia (non-sarcopenia 
and possible sarcopenia) and confirmed sarcopenia (sarcopenia and severe sarcopenia) groups for mean age, age group, 
gender, weight, BMI, nutritional status, depressive scores, educational attainment, and smoking status (p<0.05) (Table 3). 
Similar differences were observed between the non-sarcopenia and possible sarcopenia status (mean age, age group, 
gender, BMI, cognitive status, depression, educational attainment, drinking status, farming, and fall history) (P<0.05). 
Comparison by sarcopenia status (possible sarcopenia, sarcopenia, and severe sarcopenia) showed significant differences 
in mean age, age group, gender, weight, BMI, nutritional status, cognitive status, depression, smoking status, and fall 
history (p<0.05). On average, subjects with severe sarcopenia were older, predominantly female, and had a higher 
proportion with lower cognitive status, and higher fall history.

CVD and Inflammatory Markers
Comparisons between the without sarcopenia and confirmed sarcopenia groups showed significant differences in the 
proportions with a high waist circumference, high WHR, high-fat mass, and mean values for lymphocytes and NLR 
(p<0.05) (Table 3). Differences between the possible sarcopenia and non-sarcopenia status were observed for the 
proportions with high waist circumference and fat mass, and mean values for NLR and PLR (p<0.05). Comparison by 
sarcopenia status (possible sarcopenia, sarcopenia, and severe sarcopenia) showed significant differences for the propor-
tions with high waist circumference, WHR, and fat mass (p< 0.05). Proportions with a high waist circumference and 
WHR were highest in the possible sarcopenia status. Proportions with high-fat mass and mean NLR values were highest 
in the severe sarcopenia status. Mean PLR values were highest in the sarcopenia status.

Physical Activity and Daily Lifestyle Activities
The only significant difference between the without sarcopenia and confirmed sarcopenia groups was the time spent in 
housework (p<0.05) (Table 3). Subjects with possible sarcopenia differed from those with non-sarcopenia in the 
proportions reporting habitual exercise, time spent sitting, sleeping, and housework, and in the PA tertiles. (P<0.05). 
Sarcopenia status (possible sarcopenia, sarcopenia, and severe sarcopenia) differed in the time spent sleeping and doing 
housework (p<0.05).

As shown in Figure 3A, the average PA MET-min/wk was highest in the non-sarcopenia status and was significantly 
lower in possible sarcopenia, sarcopenia and severe sarcopenia (p<0.05). Based on Figure 3B, the proportion engaging in 
high PA was highest in the non-sarcopenia status and decreased stepwise with increasing severity of sarcopenia. Among 
those with severe sarcopenia, most subjects engaged in low PA and decreased their participation in a stepwise pattern 
with increasing PA levels.

Table 4 presents differences in sarcopenia-related factors between subjects without sarcopenia and confirmed 
sarcopenia for males and females. Differences in sarcopenia status were significant in each gender for age, age group, 
weight, BMI, nutritional status, high WHR, high fat mass, and daily lifestyle activities (p<0.05). In males, differences 
also were significant for depressive status, drinking frequency, farming, fall history, diabetes, lymphocytes, NLR, PLR, 
and habitual exercise (p< 0.05). In females, differences also were significant for cognitive status, living alone, high waist 
status, and eosinophils (p<0.05).

Multivariate Analysis of Sarcopenia-Related Factors for Sarcopenia and Possible 
Sarcopenia
Table 5 shows that sarcopenia-related factors increasing the likelihood of sarcopenia were being over 70 y (compared 
to 65–69 y), male gender, and having higher depression scores. Sarcopenia-related factors decreasing the likelihood of 
sarcopenia were having higher body weights, higher BMI, higher fat mass, and engaging in housework. Related 
factors increasing the likelihood of possible sarcopenia were being over 70 y (compared to being 65–69 y), having 
a higher waist circumference, and higher PLR values. Lower NLR values decreased the likelihood of possible 
sarcopenia.
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Table 3 Prevalence and Mean (± SD) Values for Clinical and Sociodemographic Characteristics by Sarcopenia Status

Without Sarcopenia Confirmed Sarcopenia P-value1 P-value2 P-value3

Total 
(n=1132)

Non-Sarcopenia 
(n=855)

Possible Sarcopenia 
(n=277)

Total 
(n=275)

Sarcopenia 
(=167)

Severe Sarcopenia 
(n=108)

Clinical characteristics

Age (y), Mean ± SD 71.21±5.05 70.26±4.58 73.86±5.82 74.82±6.68 73.15±6.06 77.40±6.79 <0.0001 <0.0001 <0.0001

Age (y), n (%)
65 to 69 504 (44.52) 426 (50.41) 77 (18.03) 80 (29.09) 55 (32.94) 25 (23.15) <0.0001 <0.0001 <0.0001
70 to 74 360 (31.80) 279 (32.67) 81 (18.97) 65 (23.64) 51 (30.54) 14 (12.96)

75 to 79 173 (15.28) 111 (3.00) 62 (14.52) 61 (22.18) 32 (19.16) 29 (26.85)

≥80 96 (8.48) 39 (4.57) 57 (13.35) 69 (25.09) 29 (17.37) 40 (37.04)
Gender, n (%)
Male 447 (39.49) 353 (41.33) 94 (22.01) 134 (48.73) 84 (50.30) 50 (46.30) 0.02 0.01 0.03

Female 685 (60.52) 502 (58.78) 183 (42.86) 141 (51.27) 83 (49.70) 58 (53.70)
Weight (kg), Mean ± SD 65.73±9.89 65.87±10.00 65.29±9.53 54.16±8.25 54.61±8.81 53.45±7.27 <0.0001 <0.0001 0.33

BMI (kg/m2), Mean ± SD 25.37±3.04 25.25±3.03 25.77±3.01 21.65±2.66 21.48±2.72 21.91±2.56 <0.0001 <0.0001 0.01

Nutrition status (MNA), 
n (%)
Normal 133 (11.75) 103 (12.05) 30 (10.83) 14 (5.09) 10 (5.99) 4 (3.70) 0.002 <0.0001 0.86

At risk of malnutrition 995 (87.90) 749 (87.60) 246 (88.81) 250 (90.91) 152 (91.02) 98 (90.74)
Malnutrition 4 (0.35) 3 (0.35) 1 (0.36) 11 (4.00) 5 (2.99) 6 (5.56)

Cognitive status (MMSE), 
n (%)
Normal 809 (71.47) 645 (71.13) 164 (59.21) 184 (66.91) 123 (73.65) 61 (56.48) 0.03 0.14 <0.0001

Cognitive impairment 323 (28.53) 210 (27.56) 113 (40.79) 91 (33.09) 44 (26.35) 47 (43.52)

Depressive status (GDS- 
15), n (%)
GDS-15 <5 1042 (92.05) 805 (94.15) 237 (85.56) 241 (87.64) 156 (93.41) 85 (78.70) 0.002 0.02 <0.0001
GDS-15 ≥ 5 90 (7.95) 50 (5.85) 40 (14.44) 34 (12.36) 11 (6.59) 23 (21.30)

Sociodemographic characteristics, n (%)

Years of education (y)
≤6 578 (51.06) 415 (48.54) 163 (58.84) 153 (55.63) 82 (49.10) 71 (65.74) 0.07 <0.0001 0.01
7–12 525 (46.38) 415 (48.54) 110 (39.71) 118 (42.91) 83 (49.70) 35 (32.41)

≥13 29 (2.56) 25 (2.92) 4 (1.44) 4 (1.45) 2 (1.20) 2 (1.85)

(Continued)
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Table 3 (Continued). 

Without Sarcopenia Confirmed Sarcopenia P-value1 P-value2 P-value3

Total 
(n=1132)

Non-Sarcopenia 
(n=855)

Possible Sarcopenia 
(n=277)

Total 
(n=275)

Sarcopenia 
(=167)

Severe Sarcopenia 
(n=108)

Smokers
Current smoker 165 (14.58) 131 (15.32) 34 (12.27) 60 (21.82) 42 (25.15) 18 (16.67) 0.01 0.01 0.42

Ever smoker 135 (11.93) 103 (12.06) 32 (11.55) 38 (13.82) 22 (13.17) 16 (14.81)
Nonsmoker 832 (73.50) 621 (72.63) 211 (76.17) 177 (64.36) 103 (61.68) 74 (68.52)

Drinker
Current drinker 312 (27.56) 256 (29.94) 56 (20.21) 61 (22.18) 44 (26.35) 17 (15.74) 0.31 0.07 0.001
Ever drinker 93 (8.21) 60 (7.02) 33 (11.91) 32 (11.64) 18 (10.78) 14 (12.96)

Nondrinker 727 (64.22) 539 (63.04) 188 (67.87) 182 (66.18) 105 (62.87) 77 (71.3)

Farming 550 (48.59) 394 (46.14) 156 (36.53) 151 (54.91) 82 (49.10) 69 (63.89) 0.76 0.06 0.003
Living alone 165 (14.58) 116 (13.58) 49 (17.69) 49 (17.82) 29 (17.37) 20 (18.52) 0.89 0.18 0.09

Fall history 176 (15.55) 122 (14.27) 54 (19.49) 57 (20.73) 32 (19.16) 25 (23.15) <0.0001 0.99 0.0001

CVD risk factors, n (%)

High waist circumference 415 (36.70) 289 (33.80) 126 (45.50) 35 (12.70) 16 (9.60) 19 (17.60) <0.0001 <0.0001 <0.0001
High WHR 813 (71.80) 604 (70.6) 209 (75.50) 141 (51.30) 83 (49.70) 58 (53.70) <0.0001 <0.0001 0.12

High fat mass 743 (65.64) 544 (63.70) 199 (46.60) 139 (50.55) 76 (45.51) 63 (58.33) <0.0001 <0.0001 0.01

Hypertension 812 (71.73) 618 (72.28) 194 (70.04) 184 (66.91) 110 (65.87) 74 (68.52) 0.69 0.12 0.47

Diabetes 292 (25.80) 217 (25.38) 75 (27.08) 79 (28.73) 48 (28.74) 31 (28.70) 0.91 0.32 0.58

Hypercholesterolemia 165 (14.58) 125 (14.62) 40 (23.95) 39 (14.18) 24 (14.37) 15 (13.89) 0.99 0.87 0.94

Inflammatory markers, 
Mean ± SD
WBC (×109/L) 6.19±1.46 6.14±1.41 6.34±11.59 6.21±1.74 6.24±1.67 6.16±1.85 0.67 0.72 0.29

Lymphocytes (×109/L) 2.19±0.73 2.21±0.73 2.14±0.75 2.06±0.85 2.08±0.75 2.04±1.00 0.59 0.001 0.08
Monocytes (×109/L) 0.44±0.13 0.43 ±0.12 0.45±0.14 0.44±0.20 0.44±0.15 0.45±0.28 0.84 0.73 0.16

Neutrophils (×109/L) 3.39±1.10 3.34±1.05 3.57±1.26 3.52±1.30 3.53±1.28 3.50±1.34 0.91 0.14 0.07

Eosinophils (×109/L) 0.17±0.16 0.17±1.15 0.19±0.18 0.18±0.20 0.19±0.22 0.17±0.18 0.71 0.14 0.41
Platelet count (×109/L) 202.48±53.11 202.73±52.27 201.67±55.93 198.08±59.66 201.97±58.61 191.62±61.16 0.34 0.42 0.52

NLR 1.72±1.17 1.69±1.22 1.86±1.00 1.91±0.94 1.90±0.92 1.93±0.98 0.82 0.001 <0.0001

PLR 99.25±43.51 102.58±110.83 103.09±42.20 106.52±44.11 107.56±45.85 104.80±41.27 0.63 0.06 <0.0001
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Physical activity and daily lifestyle activity n (%)

Habitual exercise
Yes 70 (6.18) 61 (7.13) 9 (3.25) 9 (3.27) 7 (4.19) 2 (1.85) 0.57 0.06 002

No 1062 (93.82) 794 (92.87) 268 (96.75) 266 (96.73) 160 (95.80) 106 (98.15)

Daily lifestyle activity
Sitting time (h/d)
≤4 946 (83.57) 729 (85.26) 217 (78.34) 224 (81.45) 143 (85.63) 81 (75) 0.07 0.40 0.01

>4 186 (16.43) 126 (14.72) 60 (21.66) 51 (18.55) 24 (14.37) 27 (25)
Sleep duration (h/d)
≤7 588 (51.94) 461 (53.92) 127 (45.85) 128 (46.55) 81 (48.50) 47 (43.52) <0.0001 0.11 0.02

0.02
>7 544 (48.06) 394 (46.08) 150 (54.55) 147 (53.45) 86 (51.50) 61 (56.48)

Housework time (h/w)
0 138 (12.19) 93 (10.88) 45 (16.25) 51 (18.55) 21 (12.57) 30 (27.78) <0.0001 0.001 0.03
0–2 503 (44.43) 377 (44.09) 126 (45.49) 135 (49.09) 80 (47.90) 55 (50.93)

>2 491 (43.37) 385 (45.03) 106 (38.27) 89 (32.36) 66 (39.52) 23 (21.30)

Physical activity level
Inactive 509 (44.96) 355 (41.52) 154 (55.60) 134 (48.73) 77 (46.11) 57 (52.78) 0.39 0.07 <0.0001

Moderately active 538 (47.53) 430 (50.29) 108 (38.99) 127 (46.18) 81 (48.50) 46 (42.59)
Highly active 105 (9.28) 70 (8.19) 15 (5.42) 14 (5.09) 9 (5.40) 5 (4.63)

Notes: P-value1: the difference among possible sarcopenia, sarcopenia and severe sarcopenia. P-value2: the difference between without sarcopenia and confirmed sarcopenia (variable with P-value<0.1 were included in multivariate logistic 
regression analysis models for sarcopenia-related factors). P-value3: difference between possible sarcopenia and non-sarcopenia (variable with P-value< 0.1 were included in multivariate logistic regression analysis models for possible 
sarcopenia-related factors). 
Abbreviations: BMI, body mass index; h, hour; d, day.
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Since gender increased the likelihood of sarcopenia (Table 5), we performed logistic regression analysis to compute the 
OR and 95% CI for the risk of sarcopenia from sarcopenia-related factors by gender (Table 6). In females, sarcopenia-related 
factors increasing the likelihood of sarcopenia were having a higher-fat mass and living alone. Sarcopenia-related factors 

Figure 3 (A) Mean ± SE for MET-min/wk of physical activity in subjects with non-sarcopenia, possible sarcopenia, sarcopenia, and severe sarcopenia. Statistical comparisons 
are made with the non-sarcopenia group, *p<0.05, **p<0.01; (B) The sample proportion in low-, moderate-, and high physical activity categories among subjects with non- 
sarcopenia, possible sarcopenia, sarcopenia, and severe sarcopenia. The numbers at the top of each bar are the sample percentages in each category.
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Table 4 Prevalence and Mean (± SD) Values for Sarcopenia-Related Factors Sarcopenia Category and Gender

Female (n=826) Male (n=581)

Without 
Sarcopenia 

(n=685)

Confirmed 
Sarcopenia 

(n=141)

P-value Without 
Sarcopenia 

(n=447)

Confirmed 
Sarcopenia 

(n=134)

P-value

Clinical characteristics

Age (y), Mean ± SD 70.86±4.99 74.52±6.61 <0.0001 71.75±5.09 75.13±6.76 <0.0001
Age (y), n (%)
65to 69 329 (48.03) 38 (26.95) <0.0001 174 (38.93) 31 (23.13) <0.0001

70 to 74 209 (30.51) 39 (27.66) 151 (33.78) 37 (27.61)
75to 79 93 (13.58) 29 (20.57) 80 (17.90) 32 (23.88)

≥80 54 (7.88) 35 (24.83) 42 (9.40) 34 (25.37)

Weight (kg), Mean ± SD 61.81±8.29 49.67±5.73 <0.0001 71.74±9.09 58.88±7.86 <0.0001
BMI (kg/m2), Mean ± SD 25.19±3.09 21.45±2.51 <0.0001 25.66±2.93 21.86±2.81 <0.0001

Nutrition status (MNA), n (%)
Normal 19 (2.77) 14 (9.93) <0.0001 20 (4.47) 4 (2.99) 0.01
At risk of malnutrition 618 (90.22) 124 (87.94) 377 (84.34) 126 (94.02)

Malnutrition 48 (7.01) 3 (2.13) 50 (11.19) 4 (2.99)

Cognitive status (MMSE), n (%)
Normal 474 (69.20) 83 (58.87) 0.017 335 (74.94) 101 (75.37) 0.92

Cognitive impairment 211 (30.80) 58 (41.13) 112 (25.06) 33 (24.62)

Depressive status (GDS-15), 
n (%)
Normal 612 (89.34) 123 (87.23) 0.47 430 (96.20) 118 (88.06) <0.0001
Cognitive impairment 73 (10.66) 18 (12.77) 17 (3.80) 16 (11.94)

Sociodemographic characteristics, n (%)

Years of education (y)
≤6 397 (57.96) 88 (62.41) 0.60 181 (40.49) 65 (48.51) 0.16
7–12 281 (41.02) 52 (36.88) 245 (54.81) 66 (49.25)

≥13 7 (1.02) 1 (0.71) 21 (4.70) 3 (2.24)

Smokers
Current smoker 4 (0.58) 0 (0) 0.48 162 (36.24) 60 (44.78) 0.16

Ever smoker 3 (0.44) 0 (0) 132 (29.53) 38 (28.36)

Nonsmoker 678 (98.98) 141 (100) 153 (34.23) 36 (26.87)
Drinker
Current drinker 82 (11.97) 10 (7.09) 0.23 230 (51.45) 51 (38.06) 0.02

Ever drinker 7 (1.02) 2 (1.42) 86 (19.24) 30 (22.39)
Nondrinker 596 (87.01) 129 (91.49) 131 (29.31) 53 (39.55)

Farming 392 (57.23) 86 (60.99) 0.41 158 (35.35) 65 (48.51) 0.01

Living alone 105 (15.33) 35 (24.82) 0.006 60 (13.42) 14 (10.45) 0.37
Fall history 127 (18.54) 33 (23.4) 0.13 49 (10.96) 24 (1.49) 0.03

CVD risk factors, n (%)

High waist circumference 213 (31.09) 38 (26.95) 0.034 163 (36.47) 37 (27.61) 0.06

High WHR 464 (67.74) 94 (66.67) 0.001 322 (72.04) 74 (55.22) <0.0001
High fat mass 400 (58.38) 59 (41.84) <0.0001 343 (76.73) 80 (59.70) <0.0001

Hypertension 499 (72.85) 102 (72.34) 0.90 313 (70.25) 82 (61.19) 0.06

Diabetes 187 (27.30) 39 (27.66) 0.93 105 (23.49) 40 (29.85) <0.0001
Hypercholesterolemia 124 (18.10) 29 (20.56) 0.49 41 (9.17) 10 (7.46) 0.54

(Continued)
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decreasing the likelihood of sarcopenia were having a lower body weight and BMI, and engaging in housework. In males, 
sarcopenia-related factors increasing the likelihood of sarcopenia were having a higher fat mass and NLR values, and 
depression. Having a higher body weight and a lower BMI reduced the likelihood of sarcopenia.

Discussion
In this, the prevalence of confirmed sarcopenia in the total sample was 19.5% with 17.1% in females and 23.1% in males. 
The prevalence of possible sarcopenia was higher in females than males and the prevalence of sarcopenia and severe 
sarcopenia was higher in males than females. In the total sample, sarcopenia was positively related to ages 75 y and older, 
depression status, high-fat mass, and male gender and negatively related to high body weight and BMI, and engaging in 
housework. Possible sarcopenia was related to being 75 y and older, having a high waist circumference, and high PLR 
values and negatively related to NLR values. In subgroup analysis by gender, sarcopenia was positively related to higher 

Table 4 (Continued). 

Female (n=826) Male (n=581)

Without 
Sarcopenia 

(n=685)

Confirmed 
Sarcopenia 

(n=141)

P-value Without 
Sarcopenia 

(n=447)

Confirmed 
Sarcopenia 

(n=134)

P-value

Inflammatory markers, Mean ± SD

WBC (×109/L) 6.13±1.44 6.17±1.80 0.99 6.28±1.47 6.25±1.68 0.47
Lymphocytes (×109/L) 2.23±0.76 2.17±0.93 0.14 2.13±0.69 1.95±0.74 0.002

Monocytes (×109/L) 0.41±0.12 0.40±0.12 0.17 0.47±0.13 0.49±0.26 0.89

Neutrophils (×109/L) 3.33±1.11 3.43±1.29 0.28 3.50±1.08 3.61±1.31 0.50
Eosinophils (×109/L) 0.16±0.10 0.16±0.22 <0.0001 0.20±0.22 0.21±0.18 0.20

Platelet count (×109/L) 211.57±54.08 204.84±54.55 0.31 188.33±48.35 190.77±64.18 0.80

NLR 1.68±1.34 1.75±0.84 0.16 1.80±0.85 2.08±1.01 0.01
PLR 107.01±123.53 104.91±40.49 0.54 95.97±36.37 108.27±47.85 0.02

Physical activity and daily lifestyle activities

Habitual exercise, n (%)
Yes 35 (5.11) 5 (3.55) 0.43 35 (7.83) 4 (2.99) 0.049
No 650 (94.89) 136 (96.45) 412 (92.17) 130 (97.01)

Daily lifestyle activity, n (%)
Sitting time (h/d)
≤4 578 (84.39) 116 (82.27) <0.0001 368 (82.33) 108 (80.60) <0.0001

>4 107 (15.62) 25 (17.73) 79 (17.67) 26 (19.40)

Sleep duration (h/d)
≤7 365 (53.28) 72 (51.06) <0.0001 223 (49.89) 56 (41.79) <0.0001

>7 320 (46.72) 69 (48.94) 224 (50.11) 78 (58.21)

Housework time (h/d)
0 62 (9.05) 25 (17.73) <0.0001 76 (17.00) 26 (19.40) <0.0001

0–2 302 (44.09) 64 (45.39) 201 (44.97) 71 (52.99)

>2 321 (46.86) 52 (36.88) 170 (38.03) 37 (27.61)
Physical activity level, n (%)
Low active 318 (46.42) 69 (48.94) <0.0001 191 (42.73) 65 (48.51) <0.0001

Moderately active 314 (45.84) 63 (44.68) 224 (50.11) 64 (47.76)
Highly active 53 (7.74) 9 (4.26) 32 (7.16) 5 (3.73)

Notes: P-value: the different between without sarcopenia and confirmed sarcopenia (variable with P-value< 0.1 were included in multivariate logistic regression analysis 
models for sarcopenia-related factors). 
Abbreviations: BMI, body mass index; h, hour; d, day; MNA, Mini Nutritional Assessment; MMSE, Mini-Mental State Examination; GDS-15, short form 15-items Chinese 
version of Geriatric Depression Scale; WHR, waist to hip circumference; WBC, white blood cell count; NLR, neutrophils-to-lymphocytes ratio; PLR, platelet-to-lymphocytes 
ratio; w, week.
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NLR values, high-fat mass, and depression and negatively related to higher body weight and BMI in males. In females, 
sarcopenia was positively related to living alone and high fat mass and negatively related to body weight and BMI, and 
housework time.

Previous studies have shown that the prevalence of sarcopenia varies by diagnostic criteria and in different 
populations. However, despite the diagnostic criteria used or populations studied, the prevalence of sarcopenia increases 
with age in older people, which is consistent with our results.26 Our results showed that the prevalence of possible 
sarcopenia and sarcopenia was higher in ages 75–79 y and over 80 y than ages 65 to 75 y. A meta-analysis by Chen et al 
also indicated that the odds of sarcopenia in Chinese men and women 80 years and older were two-to-three times higher 
than comparable people 60 to 70 years (females, OR= 3.28, 95% CI= 1.09–9.91; males, OR= 2.66, 95% CI= 1.28– 
5.50).27

Table 5 Odds Ratios (95% Confidence Interval) for Sarcopenia and Possible Sarcopenia by Sarcopenia-Related Factorsa

Sarcopenia (n=275) Possible Sarcopenia (n=277)

Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value

Age (y), n (%)

65 to 69 1 (referent) 1 (referent)

70 to 74 1.38 0.84–2.24 0.17 1.41 0.72–2.77 0.32

75 to 79 2.33 1.33–4.09 0.003 3.24 1.47–7.17 0.004

≥80 3.38 1.84–6.24 <0.0001 7.57 2.74–20.95 <0.0001

Gender, n (%)

Female 1 (referent)

Male 9.15 4.94–16.95 <0.0001

Depression status, n (%)

No 1 (referent)

Yes 2.65 1.36–5.18 0.004

BMI (kg/m2), Mean ± SD 0.75 0.65–0.88 <0.0001

Weight (kg), Mean ± SD 0.78 0.73–0.82 <0.0001

High waist circumference (cm) 2.15 1.22–3.80 0.008

High fat mass, n (%)

No 1 (referent)

Yes 8.46 4.72–15.18 <0.0001

NLR, Mean ± SD 0.93 0.89–0.97 0.002

PLR, Mean ± SD 1.06 1.05–1.07 <0.0001

Housework time (h/w), n (%)

0

0–2 0.72 0.41–1.28 0.03

>2 0.48 0.26–0.87 0.02

Notes: aData are not presented for variables that were not statistically significant in the multivariate analysis conducted with data from Table 3. 
Abbreviations: BMI, body mass index; h, hour; d, day.
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We compared our results with several studies that used AWGS-2019 to diagnose sarcopenia among Chinese 
populations, as was done in our study. Surprisingly the prevalence of sarcopenia was higher in our study than in other 
studies. Du et al surveyed 631 older people in the urban community of Shanghai and found that the overall prevalence of 
sarcopenia was 12.2% (19.2% in females and 8.6% in males). The differences between studies might be due to the unique 
environments in which the subjects lived and worked. Compared with older people living in urban areas, rural older 
people typically do more physical work during their lifetime than urban dwellers. Theoretically, rural older people should 
have a lower sarcopenia prevalence given the increased amount of physical work performed. However, this may not be 
the case. In a comparison of sarcopenia in urban and rural older people, Gao et al12 reported rural older people had higher 
levels of sarcopenia than urban older people 13.1% vs 7%, respectively). The following reasons may help to understand 
rural-urban differences in sarcopenia prevalence. First, rural older people are at a higher risk of malnutrition than their 
urban counterparts, which may lead to reduced muscle mass and strength.28 Our research results confirmed this 
possibility as 1245 of 1407 (87%) older people in our study were at risk of malnutrition. Previous research has shown 
an association between dietary habits and sarcopenia suggesting low nutrient intake and poor adherence recommended 
dietary guidelines contributed to sarcopenia29,30. Second, due to limited education and economic levels, the older 
people’s PAs in this study consisted mainly of low-to-moderate intensity farming or housework. Over 90% of our 
subjects did not report doing regular exercise. A cross-sectional study from Zeng et al indicated that rural farmers were 
weaker in muscle strength and physical performance than non-farming Chinese older people.31 Farm work keeps people 
in an unhealthy posture (such as trunk bending, long-term squatting, or kneeling) for a long time, leading to muscle 
fatigue. This type of work places the body in continual fatigue and increases the risk of musculoskeletal disorders.32 In 
addition, chronic low-level exposure to pesticides may also be associated with an increased prevalence of muscle 
symptoms including neurological symptoms and muscle weakness.33 These muscle symptoms may deter older adults 
from regular exercise and leisure-time PA.

Table 6 Odds Ratios (95% Confidence Interval) for Sarcopenia-Related Factors by Gendera

Female (n=826) Male (n=581)

Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value

Depression status, n (%)

No 1 (referent) <0.0001

Yes 5.97 1.66–21.53 0.01

Living along, n (%) 2.63 1.28–5.43 0.01

BMI (kg/m2), Mean ± SD 0.72 0.57–0.92 0.01 0.76 0.60–0.95 0.018

Weight (kg), Mean ± SD 0.74 0.68–0.81 <0.0001 0.79 0.73–0.86 <0.0001

High fat mass, n (%)

No 1 (referent) 1 (referent)

Yes 12.77 5.33–30.63 <0.0001 8.80 3.61–21.44 <0.0001

NLR 1.60 1.15–2.24 0.006

Housework time (h/d), n (%)

0 1 (referent)

0–2 0.37 0.15–0.90 0.03

>2 0.26 0.11–0.66 0.004

Notes: aData are not presented for variables that were not statistically significant in the multivariate analysis of data obtained from Table 4. 
Abbreviations: BMI, body mass index; WHR, waist to hip circumference; NLR, neutrophils-to-lymphocytes ratio; h, hour; d, day.
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Huang et al, screened 266 older people over age 65 y in Zhoushan (the fourth largest island in China) and found that 
the prevalence of sarcopenia was 16.37% (20.59% in females and 12.9% in males).26 Other studies also show the 
prevalence of sarcopenia in males is comparable to that in females or is lower in males than in females.34 The prevalence 
of sarcopenia in the Huang et al study was similar to ours for all subjects combined (19.5%) and in females (17.1%) but 
not males (23.1%). We showed that the likelihood of males diagnosed with sarcopenia was nine times as likely as 
females diagnosed with sarcopenia (OR=9.15, 95% CI=4.94–16.95). We speculate that gender differences in sarcopenia 
may be due to the following reasons. First, we found that depression status and NLR, a marker of subclinical 
inflammation, were related factors for sarcopenia in males but not in females. Inflammation plays an essential role in 
the development of sarcopenia and depression. Inflammatory cytokines increase the interstitial concentrations of 
norepinephrine, dopamine, serotonin, and their metabolites in the hypothalamus and hippocampus, leading to the 
development of depression.35 People with depressive symptoms have lower levels of PA, increasing the risk of 
sarcopenia. Li et al’s meta-analysis supports the association between depression and sarcopenia, reporting an overall 
adjusted OR between depression and sarcopenia of 1.57 (95% CI: 1.32–1.86).36 Huang et al also showed that increased 
PA among rural older people was associated with a reduced risk of chronic diseases and that lower PA levels might 
contribute to sarcopenia.37 Our results confirmed this finding. We showed significantly lower levels of PA in older people 
with confirmed sarcopenia and possible sarcopenia than in those with non-sarcopenia. We also found a decreasing pattern 
in the prevalence of sarcopenia and possible sarcopenia with increasing PA levels. Second, males were mainly engaged in 
low-to-moderate intensity farming work and lacked regular exercise participation. Labor-intensive work (shoveling, 
moving heavy loads, and weeding) can cause musculoskeletal disorders. Prolonged farm work during the day takes time 
and can cause muscle fatigue and musculoskeletal disorders. This work may explain the inverse association between 
exercise and sarcopenia in males. Our study also indicated that engaging in housework is inversely related to sarcopenia. 
Females in our study who performed housework for 0–2 h/d and over 2 h/d decreased the likelihood of sarcopenia by 
63% and 74%, respectively, compared to females who did not report spending time doing housework. This association 
reinforces the concept of housework as a health-enhancing, light-to-moderate intensity PA.38

Most older people develop inflammation with aging. Several studies have demonstrated that chronic low-grade 
inflammation plays an essential role in the progression of sarcopenia.39,40 Age-related inflammation alters cellular protein 
metabolism to promote proteolysis, accelerating muscle wasting.41 Inflammatory biomarkers, such as interleukin-6 (IL- 
6), C-reactive protein (CRP), and tumor necrosis factor-alpha (TNF-α) contribute to skeletal muscle proteolysis activa-
tion and insulin resistance. These biomarkers, NLR, PLR, and WBC, have been associated with sarcopenia.42 In a cross- 
sectional study of 3671 older adults, Liaw et al showed that higher PLR levels were associated with a higher risk of 
sarcopenia in community-dwelling older people.43 They found that PLR was negatively associated with the skeletal 
muscle index, a ratio of muscle strength to height. Hu et al also noted that NLR was an independent predictor for 
sarcopenia risk.44 Our results showed that higher NLR values increased the likelihood of sarcopenia in males by 62%, but 
not in females. However, not all studies support the findings observed in the studies mentioned above. Dupont et al and 
Tang et al reported no association between PLR, NLR, and WBC and sarcopenia.45,46

Identification of persons with possible sarcopenia is essential in early detection of sarcopenia in primary care settings. 
“Possible sarcopenia” defined as low muscle strength with or without reduced physical performance according to AWGS 
2019. Our results showed that old people with possible sarcopenia had significant higher NLR and PLR values than those 
without sarcopenia. Borges et al also indicated that NLR had a negative correlation with handgrip strength and gait speed. 
These results indicated that systemic inflammation measured by NLR and PLR were associated with possible sarcopenia 
risk.47 As no other studies have reported associations between NLR and PLR inflammatory markers and possible 
sarcopenia, more large-scale studies should be conducted in the future study to verify the relationship between 
inflammatory biomarkers levels and possible sarcopenia status in diverse populations. As inexpensive and easily 
measurable parameters, NLR and PLR (and other) inflammatory biomarkers can be obtained from routine blood 
measurements, reducing the burden of separate testing sessions on medical staff and medical costs. Unfortunately, during 
routine community physical examinations in China (especially in areas with limited medical practices), inflammatory 
biomarkers are seldom measured, limiting their utility to identify sarcopenia status in clinical settings.
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Chronic low-grade inflammation is a high-risk factor for sarcopenia and CVD. Sarcopenia also is an associated risk 
factor for hyperlipidemia and insulin resistance, which is associated with CVD risk.48 Our results showed that high-fat 
mass was associated with sarcopenia regardless of gender. This finding is consistent with other studies.49,50 In addition, 
our results also showed that a high BMI and high body weight were inversely related to sarcopenia. According to Li 
et al49 we infer that fat is redistributed into the intra-abdominal area and muscle during aging. Intramuscular fat 
infiltration reduces muscle renewal leading to pre-sarcopenia. Further, muscle loss (pre-sarcopenia) and fatty infiltration 
(myosteatosis) can aggravate low-grade inflammation and systemic insulin resistance. Due to the mutual masking of 
muscle loss and fat mass increase, the subjects can maintain an average weight but still show fat increases. For example, 
in our study, body weight and BMI values of study subjects with possible sarcopenia were similar to those with non- 
sarcopenia. Increases in myosteatosis may be an explanation for the increased likelihood of possible sarcopenia with 
higher waist circumferences in our study. Myosteatosis (and insulin resistance) also can increase lipolysis and local free 
fatty acid concentrations, increasing hyperlipidemia concentration. Chronic inflammation depletes existing and newly 
formed adipose depots and exacerbates muscle atrophy. This is consistent with our results showing an increased 
likelihood of sarcopenia with lower BMIs and body weights and increased likelihood of possible sarcopenia with higher 
fat mass. Only a few studies have reported the association between CVD risk factors and sarcopenia in Asian 
populations.51,52 Our study showed no associations between diabetes, hypertension, or dyslipidemia with sarcopenia. 
However, Han et al noted that sarcopenia is associated with diabetes and hypertension among Chinese people in 
Tianjin.53 There are very few studies on the relationship between diabetes, hypertension and dyslipidemia and sarcope-
nia, and further studies are needed to explore it.

Our study has several strengths. First, the study subjects were community-dwelling people over 65 y in Chongming 
district, a rural area of Shanghai, China. Our research is the first large-scale cross-sectional study to explore the 
prevalence of sarcopenia in three diagnostic stages (pre-sarcopenia, sarcopenia, and severe sarcopenia) in older people 
in the Chongming district using the latest diagnostic criteria. We also identified sarcopenia-related factors to include 
sociodemographic, clinical, CVD, inflammatory, PA, and lifestyle factors. Studies on the prevalence of sarcopenia in 
Chinese rural areas are rare,12,54 and previous studies have mainly focused on urban populations in China.11,12 

Accordingly, this study can inform prevention and treatment programs for sarcopenia in rural older people in China. 
Second, in addition to exploring the significance of sarcopenia-related factors for sarcopenia and possible sarcopenia 
published in other studies, we explored the impact of additional CVD risk factors, inflammation markers, and PA on 
sarcopenia and possible sarcopenia. This expands the sarcopenia-related factors associated with sarcopenia. Third, we 
explored the strengths of sarcopenia-related factors in increasing or decreasing the likelihood of possible sarcopenia and 
sarcopenia in the total population and the likelihood of sarcopenia by gender. Sarcopenia is a dynamic condition with 
bidirectional transitions between sarcopenia-related factors and different sarcopenia stages, especially the first stage, 
possible sarcopenia. Timely detection and interventions to improve physical function and control chronic conditions can 
help offset sarcopenia progression.55 Knowing the strength of sarcopenia-related factors for sarcopenia progression is 
relevant for addressing sarcopenia in primary care settings. Fourth, we selected measurement parameters that were easy 
to collect, inexpensive, and suitable for wide use in community settings. Last, we also explored the relationship between 
tertiles of PA (low, middle, and high) on the prevalence of sarcopenia stages. As tertiles of PA decreased, the prevalence 
of possible sarcopenia, sarcopenia, and severe sarcopenia increased. This underscores the importance of maintaining 
a physically active lifestyle to maintain muscle mass and strength. This study also has some limitations. We used 
questionnaires to assess PA and daily lifestyle activities. Self-report questionnaires are subject to recall and social 
desirability bias. Also, our response rate was somewhat low (21.3%), which may influence the generalizability of our 
results.

Conclusions
This cross-sectional study showed a high prevalence of sarcopenia among community-dwelling older people aged ≥65 
years in a rural area of Shanghai, especially in male. Confirmed sarcopenia increases significantly with age, especially in 
male, and is associated with gender, depressive status, BMI, weight, and high-fat mass. Our subgroup analysis by gender 
found that factors such as depression, inflammation, and housework activities may have contributed to the risk of 
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sarcopenia. Possible sarcopenia is highly prevalent and is associated with high waist circumference, NLR, PLR, and 
housework.

The Chongming district of Shanghai has the highest proportion of older people in Shanghai. Due to limited medical 
facilities and inconvenient public transportation to and within Chongming, sarcopenia research has not been conducted 
in this area. The lifestyles of the older people in rural areas are unique, requiring sarcopenia-related factors to be 
addressed, such as farming, that not relevant in urban areas. These findings highlight the need for sarcopenia detection in 
primary care clinical settings with sarcopenia prevention and treatment programs provided for in rural Chinese older 
people.
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