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Medicine, Shanghai, China, 2Department of Rehabilitation, Xinhua Hospital Chongming Branch,

Shanghai, China, 3School of Kinesiology, Shanghai University of Sport, Shanghai, China

Objectives:The aim of the present studywas to explore the prevalence and risk

factors of sarcopenia without obesity (S) and sarcopenic obesity (SO) among

community-dwelling older people in the Chongming District of Shanghai,

China, according to the Asian Working Group for Sarcopenia (AWGS) 2019

Consensus as the diagnostic criteria of sarcopenia.

Methods: In this cross-sectional study, a total of 1,407 subjects aged ≥

65 years were included, where the mean age of the subjects was 71.91

± 5.59 years and their mean body mass index (BMI) was 24.65 ± 3.32

kg/m2. According to the Asian Working Group for Sarcopenia (AWGS) 2019

Consensus, sarcopenia was defined as a low appendicular skeletal muscle

mass index (≤7.0 kg/m2 in males and ≤5.7 kg/m2 in females), decreased

handgrip strength (<28.0 kg in males and <18.0 kg in females), and/or low

gait speed (<1.0 m/s) or poor 5-time chair stand test (5CST) (≥12s). The SO

met both the diagnostic criteria for sarcopenia and obesity, meanwhile obesity

was defined as an increased percentage of body fat (PBF) (≥25% in males and

≥35% in females). Univariate and multiple logistic regression analyses were

performed to explore the risk factors of both S and SO.

Results: The prevalence of S and SOwas 9.74% (M: 9.29%, F: 10.05%) and 9.95%

(M: 13.94%, F: 7.14%). Lower BMI (OR= 0.136, 95% CI: 0.054–0.340, p < 0.001),

lower hip circumference (OR= 0.858, 95%CI: 0.816–0.903, p< 0.001), farming

(OR = 1.632, 95% CI: 1.053–2.530, p = 0.028), higher high-density lipoprotein

cholesterol (HDL-C) level (OR = 2.235, 95% CI: 1.484–3.367, p < 0.001), and

a sleep duration <7h (OR = 0.561, 95% CI: 0.346–0.909, p = 0.019) were risk

factors for S.While aging (70–74 y, OR= 1.923, 95%CI: 1.122–3.295, p= 0.017;

75–79 y, OR = 3.185, 95% CI: 1.816–5.585, p < 0.001; ≥80 y, OR = 7.192,

95% CI: 4.133–12.513, p < 0.001), male (OR = 1.981, 95% CI: 1.351–2.904, p

< 0.001), higher BMI (OR = 4.865, 95% CI: 1.089–21.736, p = 0.038), higher
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monocyte level (OR = 4.203, 95% CI: 1.340–13.181, p = 0.014), and a sleep

duration >9h (OR = 1.881, 95% CI: 1.117–3.166, p = 0.017) were risk factors

for SO.

Conclusion: Our study showed the high prevalence of S and SO among

community-dwelling older people in the Chongming District. The SO was

more prevalent in males. Behavioral factors and lifestyle (such as farming and

sleep duration) were associated more with the development of S, while age

and male gender were associated more with the development of SO.

KEYWORDS

sarcopenia, sarcopenic obesity, prevalence, risk factor, older people, suburban

1. Introduction

Sarcopenia, a chronic and progressive disease associated

with aging, is characterized by low skeletal muscle mass,

decreased muscle strength, and/or reduced physical

performance (Chen et al., 2020). It has several adverse

outcomes such as falls, fractures, poor quality of life, and even

premature mortality in older people (Tsekoura et al., 2017;

Zhang et al., 2018, 2020). Obesity, as a prevalent disease among

older population, is related to a variety of adverse outcomes,

such as chronic low-grade inflammation state, metabolic

diseases, cardiovascular disorders, and mortality (Calle et al.,

2005; Ghoorah et al., 2016; Saltiel and Olefsky, 2017; Kawai

et al., 2021). Sarcopenia and obesity are both associated with

aging, which leads to a higher risk of having sarcopenia and

obesity simultaneously in older people, resulting in a novel

geriatric syndrome defined as sarcopenic obesity (SO) (Batsis

and Villareal, 2018).

A number of studies have been conducted to explore the

risk factors for total sarcopenia or SO alone. For example,

a study by Chen et al. included age, body mass index

(BMI), chronic diseases, physical activity (PA), and lifestyle as

Abbreviations: S, sarcopenia without obesity; O, obesity without

sarcopenia; SO, sarcopenic obesity; NSO, non-sarcopenic obesity; CVD,

cardiovascular disease; BIA, bioelectrical impedance analysis; BMI, body

mass index; WC, waist circumference; HC, hip circumference; CC,

calf circumference; PBF, percentage of body fat; ASM, appendicular

skeletal muscle mass; ASMI, appendicular skeletal muscle mass index;

HGS, handgrip strength; GS, gait speed; 5CST, 5-time chair stand

test; TCHOL, total cholesterol; TG, triglycerides; LDL-C, low-density

lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;

WBC, white blood cell; LMR, the ratio of lymphocytes to monocytes;

PLR, the ratio of platelet to lymphocytes; LMR, the ratio of lymphocytes

to monocytes; NLR, the ratio of neutrophils to lymphocytes; AWGS,

the Asian Working Group for Sarcopenia; PA, physical activity; IPAQ-SF,

Short form International Physical Activity Questionnaire; METs, metabolic

equivalent tasks; OR, odds ratio; 95% CI, 95% confidence interval.

factors in the analysis to explore risk factors of sarcopenia,

and found that only older age was an independent risk

factor for sarcopenia (Chen et al., 2021). And a study by

Wagenaar et al. included age, number of comorbidities, PA,

education level, lifestyle, and nutrition intake as factors in

the analysis to explore risk factors of SO, and found that

only older age was a significant risk factor of SO (Wagenaar

et al., 2021). However, most similar studies have not included

comprehensive factors (such as blood biochemical indicators)

in the analysis to explore risk factors for sarcopenia and

SO, which may likely result in the analysis exploring these

factors to be incomplete. It becomes explicit that there is a

strong relationship between blood biochemical indicators and

sarcopenia (Kalinkovich and Livshits, 2015). Skeletal muscle

mass and fat mass are both closely related to lipoprotein

cholesterol levels (Garrison et al., 1980; Vella et al., 2020).

And white blood cell (WBC), as an immune cell type, is

significantly associated with inflammatory diseases (such as

sarcopenia) and reflects the severity of disease progression (Lee

et al., 2019). Thus, it is necessary to identify whether the

change in blood biochemical indicators’ level is a risk factor

for sarcopenia.

Currently, most studies focus on the prevalence and risk

factors of total sarcopenia in urban areas (Hao et al., 2018;

Kurose et al., 2020). However, a significant difference in the

prevalence of total sarcopenia among older people between

urban and suburban areas has been found, which shows that

older people in suburban areas are more likely to suffer

from sarcopenia than those in urban areas (Wu et al., 2021).

Additionally, there are other differences between urban and

suburban areas in terms of demographic characteristics (such

as education level and occupational category) and lifestyles

(such as physical activity [PA] level, sleep duration, and

the quality of life) (Su et al., 2012; Zhang and Crimmins,

2019). Older people in suburban areas have a poorer

quality of life and a lower subjective wellbeing compared

with those in urban areas (Li et al., 2007). All the above

differences are closely related to S or SO (Batsis and Villareal,
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2018; Kitamura et al., 2021). However, a few large-scale

studies have focused on the prevalence and risk factors

of S and SO among community-dwelling older people in

suburban areas.

Our study was performed in the Chongming District which

is known to be one of the most aging areas in Shanghai, i.e.,

housing the maximum number of aging dwellers. So, it has

a large population of older people. According to the 2021

population census data, the Chongming District had more

than 0.18 million older people over 65 years, accounting for

29.6% of the total population of the entire Chongming District.

The development of sarcopenia is significantly associated with

increased age. A cross-sectional study by Therakomen et al.

found that compared with the odds ratio of older people aged

60–69 years, the odds ratio (OR) of sarcopenia in those aged

70–79 years was 6.87 and in those aged ≥80 years it was 13.71

(Therakomen et al., 2020). Thus, it is necessary to explore the

prevalence and risk factors of S and SO in the Chongming

District, whose population is seriously aging. Additionally, the

Chongming District is a typical suburban area located on

a separate island, and its whole area is independent of the

urban area of Shanghai. This special geographical location leads

to low population mobility, especially for older people, and

most of them are mainly engaged in farming. All the above

characteristics affect the developmental activity in the fields

of both economy and medicine. As a result, the awareness of

S and SO is lacking among medical staff and older people.

So, further studies on S and SO should be performed to raise

the awareness of S and SO among the population in this

suburban area.

Thus, this study aims to conduct a large-scale study to

investigate and explore the prevalence and risk factors of S and

SO among community-dwelling older people in the Chongming

District, Shanghai, to improve the attention of older people to S

and SO, and to provide clinical suggestions for the prevention

and treatment of S and SO.

2. Materials and methods

2.1. Study design

In this cross-sectional study, the data on older people

living in the Chongming District were collected from April to

December in the year 2021 at the Chongming Chengqiaozhen

Community Health Service Center in the Chongming

District of Shanghai, China. The comprehensive assessments

included a number of clinical characteristics (including

age, gender, anthropometrics, demographics, and chronic

diseases), cardiovascular disease (CVD) risk factors (including

inflammation factors and blood lipid factors), PA level, and

lifestyle habits of the elderly population.

2.2. Study subjects

Our study was performed in the Chongming District, a

typical suburban area located on an island independent of

the urban area of Shanghai. And we recruited subjects from

two towns in the Chongming District (Chengqiao town and

Sanxing town), and there were five communities in Chengqiao

town (n = 5,286) and two communities in Sanxing town (n =

2,035). A total of seven communities have similar demographic

characteristics and health statuses. All residents ≥65 years in

seven communities (n = 7,321) were invited to participate in

our study, and eventually, a total of 1,558 community-dwelling

older people were willing to participate in our study. Before the

assessments, informed consent form was filled in, duly signed,

and handed over by each subject. Due to personal reasons or

inability to complete the assignment within the timeframe, a

total of 1,407 community-dwelling older people (aged 71.91

± 5.59 years) were finally included in our study. The eligible

subjects were included, if: (1) age ≥ 65 years; (2) living in

the community for a long time independently (living in their

own house or living together with family); and (3) willing to

participate in our study and take part in various assessments.

Subjects who met the following criteria were not included in the

study: (1) have any physical disabilities or dysfunctions in terms

of cognitive, hearing, or visual impairment which would affect

the study process and (2) cannot communicate with researchers

during the process of assessments.

2.3. Definitions of sarcopenia and
sarcopenic obesity

Our study chose the Asian Working Group for Sarcopenia

(AWGS) 2019 Consensus as the diagnostic criteria of sarcopenia

(Chen et al., 2020). Low appendicular skeletal muscle mass

index (ASMI) was measured by the bioelectrical impedance

analysis (BIA) (Inbody 720, Korea), with cut-off values of

appendicular skeletal muscle mass ≤7.0 kg/m2 in males and

≤5.7 kg/m2 in females. The decreased handgrip strength (HGS)

was measured by the hand dynamometer (Jamar Plus+ Digital

Hand Dynamometer, IL, USA), with cut-off values of decreased

handgrip strength <28.0 kg in males and <18.0 kg in females.

And physical performance wasmeasured by the 6-meter walking

test or the 5-time chair stand test (5CST), and the cut-off values

of low physical performance were <1.0 m/s on gait speed (GS)

or ≥12.0 s for the time of 5CST.

The diagnostic criteria for SO should meet the criteria of

both sarcopenia and obesity, simultaneously. For the diagnosis

of obesity, we chose the method recommended by the World

Health Organization (WHO), with the cut-off values as the

percentage of body fat (PBF) ≥25% in males and PBF ≥35% in

females (World Health Organization, 1995, 2000).

Frontiers in AgingNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnagi.2022.1034542
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Lu et al. 10.3389/fnagi.2022.1034542

2.4. Assessments

Each subject performed each assessment in turn following

a standardized procedure for all assessments that were

later measured by qualified professional researchers. And all

subjects’ parameters were measured in the appropriate physical

condition. If the subjects became physically fatigued due to any

recent work, they were advised to take rest for several days before

taking up the assessment once again. This guideline had to be

strictly followed to avoid bringing down the accuracy of the

assessments due to subject’s acute work fatigue.

2.4.1. Assessment of anthropometric
characteristics

The assessment of anthropometric characteristics included

the height, weight, calf circumference (CC), waist circumference

(WC), and hip circumference (HC) of the subject. It is important

to ensure that the subjects wear tight clothes and avoid wearing

thick clothes during the measurement process, so as not to

affect the measurement results. The body mass index (BMI) was

calculated in our study.

2.4.2. Assessment of body composition

Body composition of the subject was measured with BIA

by trained researchers, following a standardized protocol that

had been validated; meanwhile, the subjects were positioned

for assessment, as required by the manufacturer’s guidelines.

Before using the BIA, the researchers calibrated the machine

according to the manufacturer’s guideline to ensure the accuracy

of the measurement results each time. The assessments of body

composition included appendicular skeletal musclemass (ASM),

which was calculated as the sum of the skeletal muscle mass of

the upper and the lower limbs, body fat mass, and PBF. Besides,

ASMI was calculated by the formula ASMI= ASM (kg)/height2

(m), which was recommended by the AWGS 2019 Consensus.

2.4.3. Assessment of demographic
characteristics

Demographic characteristics of the subjects were recorded.

The subjects who were engaged in activities, such as pulling

grass, fishing, shepherding, and farming, were defined as

farmers. The education level of the subjects was divided into

three categories, of which lower education level included

subjects who were not educated and subjects who received

only primary education, moderate education level included

junior high school education and senior high school education,

and high education level included undergraduate education

and above.

Smoking and drinking status of the subjects were known by

asking the subjects face to face, and both were in turn divided

into three categories including never, current, and former

smoking/drinking. Nutrition status was measured by trained

researchers who conducted the Mini Nutritional Assessment,

which is a simple and high-sensitive nutritional tool for

screening to assess the nutritional condition of subjects (Cereda,

2012). The Mini Nutritional Assessment included the following

four parts: anthropometric assessments (such as body height,

body weight, and CC), global evaluations (such as lifestyle, type

of residence, drug use, and mental/psychological condition),

dietetic evaluations (such as a number of meals per day, appetite

situation, type of food intake, and way of food intake), and

subjective assessments (such as self-awareness of health and

nutritional status). Based on the subjects’ answers, a certain score

was assigned to each item of the four parts (a total of 24 items),

and the total score ranged from 0 to 30 points. The total score

of <17.0 points indicated that the subjects were suffering from

protein-calorie malnutrition, 17.0–23.5 points indicated that the

subjects were at risk of malnutrition, and≥24.0 points indicated

that the subjects had adequate nutritional status.

The depression status was measured by the Geriatric

Depression Scale-15, which is a tool for the diagnosis and

evaluation of depression status in older people (Tang, 2013). In

this questionnaire, a total of 15 items were included, and the total

score ranged from 0 to 15 points, and the higher score, the more

obvious symptoms of depression. In our study, a score of <5

points was scored as no depressive symptoms, and≥5 points was

scored as depressive symptoms (Low et al., 2020).

2.4.4. Assessment of chronic diseases

Hypertension was defined by the following criteria: (1)

has been diagnosed by a professional clinician; (2) or is

currently taking antihypertensive medication; (3) or the systolic

blood pressure of subjects ≥140 mmHg and/or diastolic blood

pressure ≥90 mmHg at the baseline assessment (NCD Risk

Factor Collaboration, 2021). The blood pressure was measured

using an automated blood pressure device (Omron HEM-907,

Tokyo, Japan). Subjects were defined as having dyslipidemia, if

they met the following criteria (Joint Committee on Revision

of Guidelines for Prevention Treatment of Dyslipidemia in

Chinese Adults, 2016): (1) have been diagnosed by a professional

clinician; (2) or are currently taking lipid-lowering drugs; (3)

or the total cholesterol (TCHOL) ≥ 6.2mmol/L; or triglycerides

(TG) ≥2.3 mmol/L; or low-density lipoprotein cholesterol

(LDL-C) ≥4.1 mmol/L; or high-density lipoprotein cholesterol

(HDL-C) <1.0 mmol/L. Those who met the following criteria

were diagnosed with type 2 diabetes: (1) have been diagnosed by

a professional clinician; (2) or are currently taking hypoglycemic

drugs; (3) or a fasting plasma glucose ≥7.0 mmol/L at the

baseline assessment (Kuzuya et al., 2002). If the subject has

diseases of the heart, such as coronary heart disease, ischemic

heart diseases (such as angina pectoris, myocardial ischemia,

and myocardial infarction), and cardiac arrhythmia that can
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be defined as having heart disease. If the subject has a history

of ischemic or hemorrhagic stroke, it can be defined as having

a stroke.

2.4.5. Assessment of cardiovascular disease risk
factors

For each subject, the fasting venous blood sample after a

12-h overnight fasting was collected by a professional nurse in

the morning at about 08:00 am−09:00 am. Inflammation factors

(including WBC, blood platelets, lymphocytes, monocytes,

neutrophils, and eosinophils) were included in our study. And

the ratio of platelets to lymphocytes, that of lymphocytes to

monocytes (LMR), and that of neutrophils to lymphocytes

were also calculated in our study. In addition, blood lipid

factors (including TCHOL, TG, LDL-C, and HDL-C) were also

recorded and analyzed.

2.4.6. Assessment of physical activity level and
lifestyle

The short form International Physical Activity

Questionnaire (IPAQ-SF) in Chinese language was conducted to

assess the PA level of subjects (Qu and Li, 2004). The IPAQ-SF

consists of three PA intensities (including walking, moderate-

intensity, and vigorous-intensity) and sitting. And the frequency

(days/week) and duration (min/day) of three intensity PAs in

the past seven days were also recorded. The time spent in each

intensity PA per day (min/day) was multiplied by the number

of days per week (days/week) in which the subject participated,

then multiplied by the metabolic equivalent tasks (METs) of

the corresponding PA intensity, and the final value is the PA

level per week. The MET value for walking is 3.3, meanwhile for

moderate-intensity PA it is 4 and for vigorous-intensity PA it is

8. The total weekly PA level, which is determined by the sum of

three PA levels per week (including walking, moderate-intensity,

and vigorous-intensity), is classified into low, moderate, or high

PA level.

Low PA level can be defined, if it met the following criteria:

(1) No reported activity; or (2) reported a part of activities, but

did not meet the requirements for moderate or high PA level.

Moderate PA level can be defined, if it met the following criteria:

(1) At least 20min of all types of vigorous-intensity PA per day,

for a total number of days ≥3 days; or (2) at least 30min of all

types of moderate-intensity and/or walking per day, for a total

number of days≥5 days; or (3) total number of days of three PA

intensities ≥5 days and a total weekly PA level of ≥600 MET-

min/week. High PA level can be defined, if it met the following

criteria: (1) a total number of days of all types of vigorous-

intensity PA≥3 days and a total weekly PA level of≥1,500MET-

min/week; (2) a total number of days of three PA intensities ≥7

days and a total weekly PA level of ≥3,000 MET-min/week.

A lifestyle PA questionnaire was used to assess the PA of

lifestyle. The assessments include whether the subjects have

exercise habits per day, self-reported sitting time, housework

time, and sleep duration per day. Types of exercise include

regular aerobic exercise, running, swimming, or cycling. Sitting

time refers to the time subjects spend in watching television or

looking at electronic gadgets such as mobile phones. Housework

time refers to the timewhen the subjects sweep the floor, mop the

floor, cook, tidy up the room, and so on. The daily sleep duration

of subjects is divided into three levels as <7 h, 7–9 h, and >9 h,

and each subject was asked the time when they would go to sleep

and when they would get up the next day in the previous seven

days. And the mean daily sleep duration was calculated.

2.5. Statistical analysis

All statistical analyses were conducted by the IBM SPSS

Statistics version 24.0 (SPSS, Inc., USA). All data were presented

as numbers, mean ± standard deviation, and percentages.

Before analyzing the continuous variables, we performed the

Common Normality Tests and used the independent samples t-

tests for normally distributed continuous data, meanwhile the

Mann–Whitney U test was used for non-normally distributed

continuous data.

To analyze the differences between the non-sarcopenic

obesity (NSO) group (including normal, S, and obesity without

sarcopenia [O] group) and the SO group, our study selected

a one-way analysis of variance (ANOVA) test for analyzing

continuous variable data (using Bonferroni, Tukey, and Games-

Howell correction of adjustment), while the Pearson’s chi-square

test was used for the comparison of categorical variable data

(using Bonferroni’s correction of adjustment). Univariate and

multiple logistic regression analyses were performed to explore

the associated risk factors of S and SO in older people, and OR

and 95% confidence intervals (95% CIs) were recorded. The

regression analysis was performed with the forward selection:

likelihood ratio (LR) method as the variable screening method.

The variables with p-value < 0.10 in the univariate logistic

regression analysis would be included in multiple logistic

regression analysis. For all data statistics, the p-value < 0.05 is

considered to be statistically significant.

3. Results

3.1. Baseline characteristics

As many as 1,407 subjects aged ≥ 65 years (M: 581, F: 826)

were finally included according to the AWGS 2019 Consensus

in this cross-sectional study. Figure 1 shows the flowchart of

our study. Among included subjects, the mean age was 71.91 ±

5.59 years old, mean BMI was 24.65 ± 3.32 kg/m2, mean height
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was 1.60 ± 0.08m, and mean weight was 63.47 ± 10.63 kg. The

details of baseline characteristics of included subjects are shown

in Table 1.

3.2. The prevalence of sarcopenia
without obesity and sarcopenic obesity

According to the diagnostic criteria for sarcopenia and

obesity, 388 subjects (M: 104, F: 284) who had no sarcopenia

or obesity were classified into the normal group, 137 subjects

(M: 54, F: 83) were classified into the S group, 742 subjects (M:

342, F: 400) were classified into the O group, and 140 subjects

(M: 81, F: 59) were classified into the SO group. Figure 2 shows

the prevalence of S and SO stratified by gender. With aging, the

prevalence of S and SO increased gradually both in males and

females. Figures 3A–C shows the trend in the prevalence of S

and SO stratified by age and gender.

3.3. The prevalence of sarcopenia
without obesity and sarcopenic obesity
by tertiles of physical activity level

In the low PA group, the total prevalence of S and SO

was 10.39 and 10.24%, while in moderate and high PA groups

the total prevalence was 8.56 and 10.45%, 11.17 and 7.45%,

respectively. Figures 4A–C shows the prevalence of S and SO in

low, moderate, and high PA levels.

3.4. Clinical characteristics and
di�erences between the non-sarcopenic
obesity group and the sarcopenic obesity
group

There are significant differences between the S group

and the SO group in terms of age, gender, BMI, WC,

HC, PBF, nutritional status, and number of comorbidities

(Supplementary Table 1a). Compared with the S group, the SO

group has an older mean age (76.06 ± 6.59 y vs. 73.53 ± 6.50

y, p < 0.001), and the proportion of subjects in the SO group

aged 65–69 years was significantly lower than the proportion

of subjects in the SO group (17.9 vs. 32.1%, p < 0.05). As for

gender, the SO group has more males (57.9 vs. 39.4%) and fewer

females (42.1 vs. 60.6%) than the S group (p< 0.05). In addition,

there are significant differences between the S subjects and the

SO subjects in terms of monocytes and HDL-C (p < 0.05 and

P < 0.001) (Supplementary Table 1b). Supplementary Table 1c

shows that there are significant differences between the NSO

subjects and the SO subjects in terms of housework time and

sleep duration (p= 0.001 and p= 0.010).

3.5. The risk factors of sarcopenia
without obesity and sarcopenic obesity

Figures 5, 6 shows the risk factors for S and SO in our study.

Compared with the subjects aged 65–69 years, the odds ratio of

SO among subjects aged 70–74 years was 1.923 (95% CI: 1.122–

3.295, p= 0.017), aged 75–79 years it was 3.185 (95% CI: 1.816–

5.585, p < 0.001), and aged ≥80 years it was 7.192 (95% CI:

4.133–12.513, p< 0.001). Compared with females, the odds ratio

of SO among males was 1.981 (95% CI: 1.351–2.904, p < 0.001).

Compared with those subjects not working on farming, the odds

ratio of S among working on farming subjects was 1.632 (95%

CI: 1.053–2.530, p = 0.028), while farming was not a risk factor

for SO. An increase in monocytes was positively associated with

an increased risk of SO (OR = 4.203, 95% CI: 1.340–13.181, p

= 0.014). And with the increasing level of HDL-C, the risk of S

showed a significant upward trend (OR= 2.235, 95% CI: 1.484–

3.367, p < 0.001). Supplementary Table 2 shows the complete

results of univariate and multiple logistic regression analyses of

the risk factors for S and SO.

4. Discussion

In our study, S and SO were found to have high prevalence

rates of 9.74 and 9.95%, respectively. Additionally, our study

explored risk factors in groups of subjects with S and SO, and

found that lower BMI, lower HC, farming, higher HDL-C level,

and a sleep duration <7 h were risk factors for S, meanwhile

aging, male gender, higher BMI, higher monocyte level, and a

sleep duration >9 h were risk factors for SO. To the best of

our knowledge, this study is the first cross-sectional study to

investigate and explore the prevalence and associated risk factors

of S and SO among community-dwelling older people in the

Chongming District of Shanghai, China.

The prevalence of S was 9.74% in our study, and in a

comparison of studies among Chinese population, we found

that the prevalence of S was significantly different from those

of previous studies (Du et al., 2019; Pasdar et al., 2021). A

study by Du et al. demonstrated that the prevalence of S was

8.24% in the Chongming District, which is an urban area

in Shanghai, China (Du et al., 2019), and which was lower

than the result of our study. We speculated that it was due

to the differences in population and regional characteristics

between urban and suburban areas. Our study was conducted

in the Chongming District, a suburban area of Shanghai, China,

which is mainly inhabited by middle-aged and older people

who are engaged in farming. On the contrary, the subjects

included in Du et al. (2019) study did not engage in farming.

A study by Lee et al. proved that the occupational category

was associated with muscle strength that manual workers who

were skilled in agriculture, forestry, fishery, or related trades
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FIGURE 1

The flowchart of our study.

workers had a higher risk of weak HGS than those non-

manual workers (Lee, 2021). The repetitive movements and

heavy works in agricultural activities reduce joint movement

and inhibit skeletal muscle reflexes, which can damage the

skeletal muscle function and result in muscle weakness (Russo

et al., 2006). Under such intensive agricultural activities, the risk

of musculoskeletal disorders such as sarcopenia may increase.

And our study showed that engaging in farming was a risk

factor for S (OR = 1.632, 95% CI: 1.053–2.530), and it

may be the reason for making the prevalence of S in our

study to be higher than Du et al. (2019) study. Therefore,

we recommend that older people engaged in farming should

pay attention to the posture and duration of work to avoid

muscle fatigue and even muscle weakness. Additionally, region

characteristic was also closely associated with sarcopenia. The

economic, educational, and medical levels of the Chongming

District are lower than those of the urban area of Shanghai,

which may lead to a lack of self-awareness of health and

nutritional management among older people in this area.

Our study also found that over 90% of older people in the

Chongming District were at risk of malnutrition. We speculated

that the reason for malnutrition among older people may be
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TABLE 1 Baseline characteristics of included subjects.

Variables Total Normal Sarcopenia
without obesity

Obesity
without sarcopenia

Sarcopenic
obesity

Population, n (%) 1,407 (100) 388 (27.576) 137 (9.737) 742 (52.736) 140 (9.950)

Age (y), mean± SD 71.91 (5.589) 70.25 (4.734) 73.53 (6.501) 71.70 (5.140) 76.06 (6.592)

BMI (kg/m2), mean± SD 24.645 (3.316) 22.999 (2.471) 19.930 (1.704) 26.633 (2.508) 23.282 (2.325)

Height (m), mean± SD 1.602 (0.077) 1.603 (0.073) 1.581 (0.083) 1.610 (0.076) 1.581 (0.083)

Weight (kg), mean± SD 63.467 (10.627) 59.219 (8.295) 49.917 (6.256) 69.170 (8.865) 58.274 (7.840)

CC (cm), mean± SD 34.011 (3.038) 33.411 (2.318) 30.404 (2.146) 35.349 (2.580) 32.121 (3.379)

SBP (mmHg), mean± SD 148.67 (19.201) 147.63 (18.632) 143.72 (20.124) 149.87 (19.016) 150.02 (20.054)

DBP (mmHg), mean± SD 79.43 (10.681) 78.90 (10.437) 76.10 (11.125) 80.40 (10.279) 78.98 (12.223)

HR (time/min), mean± SD 74.87 (5.926) 74.65 (5.453) 74.18 (6.700) 75.11 (5.947) 74.91 (6.250)

ASMI (kg/m2), mean± SD 6.792 (1.038) 6.738 (0.793) 5.723 (0.722) 7.176 (1.022) 5.953 (0.669)

HGS (kg), mean± SD 28.010 (9.874) 27.166 (9.196) 24.285 (8.961) 29.617 (10.108) 25.484 (9.576)

GS (m/s), mean± SD 0.835 (0.190) 0.881 (0.180) 0.771 (0.182) 0.846 (0.184) 0.705 (0.186)

5CST (s), mean± SD 9.535 (3.492) 8.845 (2.394) 9.892 (3.394) 9.384 (3.360) 11.900 (5.362)

History of falls, n (%)

Never 1,174 (83.4) 332 (85.6) 108 (78.8) 622 (83.8) 112 (80.0)

1 time 141 (10.0) 32 (8.2) 15 (10.9) 78 (10.5) 16 (11.4)

≥2 times 92 (6.5) 24 (6.2) 14 (10.2) 42 (5.7) 12 (8.6)

Monthly income, n (%)

<2,000 RMB 497 (35.3) 131 (33.8) 51 (37.2) 255 (34.4) 60 (35.3)

2,000–5,000 RMB 775 (55.1) 230 (59.3) 75 (54.7) 405 (54.6) 65 (46.4)

5,001–10,000 RMB (7.4) 20 (5.2) 7 (5.1) 65 (8.8) 12 (8.6)

>10,000 RMB 31 (2.2) 7 (1.8) 4 (2.9) 17 (2.3) 3 (2.1)

BMI, body mass index; CC, calf circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; ASMI, appendicular skeletal muscle mass index; HGS, handgrip

strength; GS, gait speed; 5CST, 5-time chair stand test.

due to an inappropriate dietary structure (such as lacking

adequate protein intake). Several studies proved that low protein

intake increased the risk of sarcopenia (Lin et al., 2021;

Rogeri et al., 2021). Therefore, future studies should focus on

the relationship between the dietary structure and sarcopenia

among older people in the Chongming District, recommend

a suitable diet for them, and prevent them from suffering

from sarcopenia.

The prevalence of SO was 9.95% in our study, which was

significantly higher than those of previous studies (Kemmler

et al., 2016; Wagenaar et al., 2021). A cohort study by Wagenaar

et al. demonstrated that the prevalence of SO was 1.19% by using

24 h urinary creatinine excretion to diagnose sarcopenia and

using BMI to diagnose obesity (Wagenaar et al., 2021). Similarly,

a study by Kemmler et al. demonstrated that the prevalence

of SO was 2.3% by using ASMI, HGS, and GS to diagnose

sarcopenia, meanwhile they used BMI to diagnose obesity

(Kemmler et al., 2016). We speculated that the difference in the

prevalence of SO was due to the different diagnostic criteria

of sarcopenia and obesity. Wagenaar et al. (2021) study used

the 24 h urinary creatinine excretion to diagnose sarcopenia.

Due to the creatinine being formed from the components of

muscle (creatinine and creatine phosphate) through the non-

enzymatic conversion, its amount depends on the amount of

muscle mass (Stam et al., 2019). In a steady state, creatinine

is produced at a constant rate, while creatinine excretion can

be affected under the effect of external factors (such as protein

intake and kidney function) (Naser et al., 2020), which influences

the diagnosis of sarcopenia further. Thus, using 24 h urinary

creatinine excretion to diagnose sarcopenia is lower than using

an anthropometric indicator such as muscle mass. In addition,

our study used the PBF to diagnose obesity, while Wagenaar

et al. (2021) and Kemmler et al. (2016) studies used the BMI to

diagnose obesity. With aging, older people experience a decrease

in muscle mass and an increase in fat mass, which lead to less

significant changes in the total body weight (Zamboni et al.,

2005; Wannamethee and Atkins, 2015). BMI does not reflect

changes in body composition well that cannot be a sensitive
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FIGURE 2

The prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) stratified by gender.

indicator to identify obesity. Thus, using PBF may be more

suitable to identify obesity than using BMI.

Our study showed that the prevalence of S and SO both

gradually increased with aging. Several studies have also proved

that the prevalence of S and SO both increased with aging among

community-dwelling older people (Alexandre et al., 2014; De

Campos et al., 2020). With increasing age, the prevalence of SO

showed a rapidly increasing trend in our study, that compared

with subjects aged 65–69 years, subjects aged 70–74 years have

a 1.923-fold risk of SO, in aged 75–79 years have a 3.185-fold

risk of SO, and in age ≥80 years old have a 7.192-fold risk

of SO. We speculated that it is due to the change in adipose

tissue, which played a substantial role in the development of SO.

With aging, the accumulation of pro-inflammatory factors and

various adipokines occurs in adipose tissue, then these adipose

tissues ectopically accumulate in the skeletal muscle, resulting in

muscle dysfunction. In turn, the inflammatory state of adipose

tissue may be exacerbated and worsen the development of SO

(Kalinkovich and Livshits, 2017).

We also found that males have a significantly higher risk

for SO than females (OR = 1.981, 95% CI: 1.351–2.904).

These results were not consistent with previous studies, which

were mostly conducted in urban areas (Wagenaar et al., 2021;

Yin et al., 2021). It may be due to the difference in PA

levels between males and females in the Chongming District.

Compared with low and moderate PA levels, a high PA level

was associated with a lower prevalence of SO in males in

our study. Compared with older females, older males engage

in more intensive agricultural activities such as shoveling and

weeding. These intensive agricultural activities involve long-

term and repeated joint movements (such as bending neck,

squatting, and kneeling) that can easily lead to muscle fatigue

in older people (Kang et al., 2021). Long-time agricultural

activities make older people have no enough relaxation time

for muscle recovery, which leads to musculoskeletal disorders

(Kang et al., 2021) and avoidance of PAs. The decreased level

of PA may lead to an increase in fat mass, and it has been

proved that inadequate PA was associated with the risk of SO

(Mendham et al., 2021; Wagenaar et al., 2021). Therefore, we

recommend that older people (especially males) should increase

PA time and maintain an appropriate PA level, and control the

time spent in agricultural activities, to prevent the development

of sarcopenia.

Additionally, our study found that a sleep duration <7 h

(OR = 0.561, 95% CI: 0.346–0.909) was also a risk factor for

S. Several studies have also demonstrated that inadequate sleep

duration was associated with an increasing risk of S (Chien

et al., 2015; Hu et al., 2017). We speculated that it was due to

the effect of inadequate sleep duration on endocrine function

(Lucassen et al., 2012). In the state of inadequate sleep duration,
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FIGURE 3

(A) The trend in the prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) stratified by age in all subjects. (B) The trend in the

prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) stratified by age in males. (C) The trend in the prevalence of sarcopenia

without obesity (S) and sarcopenic obesity (SO) stratified by age in males.

the levels of hormones and pro-inflammatory factors show a

declining trend [such as testosterone and insulin-like growth

factor 1 (IGF-1)] (Chennaoui et al., 2020; Su et al., 2021), and

the synthesis of muscle protein gets weakened, thereby affecting

the skeletal muscle mass and developing into sarcopenia. In

addition, a sleep duration of >9 h per day (OR = 1.881, 95%

CI: 1.117–3.166) was a significant risk factor for SO in our

study. This result was consistent with that of Kwon et al.’s study

(Kwon et al., 2017). In Kwon et al. (2017)’s study, excessive sleep

duration (≥9 h) was significantly more likely to have sarcopenia

(including S and SO) among the Korean older people. It has been

proven that excessive sleep duration can lead to the disruption

of a body’s circadian rhythm and the development of a chronic

inflammatory state, and these body changes can reduce muscle

protein synthesis and even lead to muscle proteolysis (Cesari

et al., 2012; Piovezan et al., 2015). Therefore, inadequate or

excessive sleep duration can increase the risk of S and SO,

and a proper sleep duration is most beneficial for skeletal

muscle synthesis.

In our study, we found that higher HDL-C level was a risk

factor for S in older people. This result was consistent with

those of previous studies (Habib et al., 2020; Liu et al., 2020;

Wang et al., 2020). HDL-C was associated with glucose uptake

in skeletal muscle cells (Drew et al., 2009; Lehti et al., 2013). The

increasing HDL-C decreases insulin resistance levels (Andrew

et al., 2010), leading to an increase in circulating glucose levels

and a decrease in muscular glucose uptake, resulting in muscle

dysfunction and eventually turning into sarcopenia (Merz and

Thurmond, 2020). Monocytes, as a subtype of WBC, were

positively associated with the risk of SO in our study. As an

immune cell type, monocytes play a key role in inflammatory

diseases (SahBandar et al., 2020). It has been demonstrated

that monocytes are linked to the progression of CVD, and the

level of monocytes can reflect the severity of CVD (Williams
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FIGURE 4

(A) The prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) in low, moderate, and high physical activity (PA) levels in all

subjects. (B) The prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) in low, moderate, and high physical activity (PA) levels

in males. (C) The prevalence of sarcopenia without obesity (S) and sarcopenic obesity (SO) in low, moderate, and high physical activity PA levels

in all females.

et al., 2021). In our study, the proportion of subjects who had

hypertension, heart disease, and stroke in the SO group was

higher than the proportion of similar subjects in the NSO group.

CVD is also accompanied by the pro-inflammatory state and

insulin resistance (Wu and Ballantyne, 2017), which may lead

to a decrease in muscle mass and an increase in fat mass, and

ultimately develop into SO (Hong and Choi, 2020).

Our study has the following strengths. First, this is the first

cross-sectional study to investigate and explore the prevalence

and risk factors of S and SO in older people over the age

of 65 years in the Chongming District, which is a suburban

area of Shanghai, China. Currently, most of the studies were

performed in urban areas and they rarely focused on the

suburban population of China. There are significant differences

in the economic and health status between urban and suburban

areas. Thus, investigating and exploring the prevalence and

risk factors of S and SO in suburban areas can improve the

awareness of S and SO among clinical staff and older people,

which is essential for the timely prevention and treatment

of sarcopenia and SO. Second, our study was done on a

relatively large scale that studied two towns, which included

seven communities (a total of 1,407 subjects aged ≥65 years).

To date, there is only one study that has investigated the

prevalence of S and SO in a community of Shanghai (a total

of 631 subjects aged >65 years) (Du et al., 2019). Third,

the risk factors involved in our study were comprehensive,

not only including anthropometric characteristics, demographic

characteristics, and chronic diseases, but also including CVD

risk factors and PA level and lifestyle. Fourth, previous studies

mostly focused on sarcopenia (including S and SO) or only
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FIGURE 5

The risk factors for sarcopenia without obesity (S) according to the univariate and multivariate logistic regression analyses.

FIGURE 6

The risk factors for sarcopenic obesity (SO) according to the univariate and multivariate logistic regression analyses.

SO, respectively. And our study focused on the prevalence

and risk factors of S and SO, simultaneously. Fifth, blood

indicators involved in our study are available and inexpensive. In

suburban communities, the assessments of typical inflammation

factors (such as hypersensitive C-reactive protein, interleukin-

6 (IL-6), and tumor necrosis factor-α (TNF-α) cytokines) are

unavailable and expensive. In our study, we selected blood

indicators involved in routine community medical examinations
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(such as WBC, blood platelet, and lymphocyte). It is necessary

to explore the relationship between the blood indicators and

the prevalence of S and SO by selecting easily available and

inexpensive blood indicators, and provide early screening and

timely prevention and treatment of S and SO, eventually to

improve the quality of life and reduce mortality among older

people in suburban communities.

Our study also has several limitations. First, the assessments

of nutrition status, sleep duration, and PA level in our study were

measured using self-reported questionnaires, therefore they may

produce recall bias. Second, we found that over 90% of older

people in the Chongming District were at risk of malnutrition,

and it may be related to the dietary structure among older

people. In the future, we will perform more studies to explore

the relationship between nutrition and sarcopenia or SO in the

Chongming District.

5. Conclusion

To conclude, we found that the prevalence of S and SO

was 9.74 and 9.95% among older people in the Chongming

District, Shanghai. Additionally, the risk factors of S included

lower BMI, lower HC, farming, higher HDL-C level, and a

sleep duration<7 h, meanwhile aging, male gender, higher BMI,

higher monocyte level, and a sleep duration >9 h were risk

factors for SO. These results indicated that it is necessary to

improve the awareness of S and SO, decrease the time of farming;

meanwhile, it is necessary to increase PA level, keep appropriate

sleep duration, and avoid other risk factors in life that prevent

the occurrence of S and SO.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and

approved by the project of National Natural Science Foundation

of China Mechanism of the Regulation of Skeletal Muscle Cell

AMPK Pathway by Intestinal P.merdae in the Progression of

Sarcopenia (No. 82102651); the Special Health Research Project

of Shanghai Municipal Health Commission on the Health of

Aging, Woman and Children, Exploration on the Screening

and Rehabilitation Intervention Model for Sarcopenia among

Community-dwelling older people in Chongming District

under the Medical Union Model (No. 2020YJZX0137). The

patients/participants provided their written informed consent to

participate in this study.Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.

Author contributions

LL, XH, and YS participated in protocol design,

investigation, methodology, formal analysis, and manuscript

preparation. MZ participated in data curation. XW and NC

participated in protocol design, resources, manuscript revision,

and funding acquisition. All authors have read and approved

the final manuscript.

Funding

This work was supported by the project of National Natural

Science Foundation of China Mechanism of the Regulation of

Skeletal Muscle Cell AMPK Pathway by Intestinal P.merdae

in the Progression of Sarcopenia (No. 82102651) and the

special health research project of the Shanghai Municipal Health

Commission on the Health of Aging, Woman and Children,

Exploration on the Screening and Rehabilitation Intervention

Model for Sarcopenia among Community-dwelling older people

in Chongming District under the Medical Union Model

(No. 2020YJZX0137).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fnagi.2022.1034542/full#supplementary-material

Frontiers in AgingNeuroscience 13 frontiersin.org

https://doi.org/10.3389/fnagi.2022.1034542
https://www.frontiersin.org/articles/10.3389/fnagi.2022.1034542/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Lu et al. 10.3389/fnagi.2022.1034542

References

Alexandre, T. d. S., Duarte, Y. A. d. O., Santos, J. L. F., Wong, R., and
Lebrão, M. L. (2014). Prevalence and associated factors of sarcopenia among
elderly in Brazil: findings from the SABE study. J. Nutr. Health Ag. 18, 284–290.
doi: 10.1007/s12603-013-0413-0

Andrew, N., H., Tomas, V., Poulami, M., and Alan, C. (2010).
HDL lipids and insulin resistance. Current Diabetes Reports 10, 78–86.
doi: 10.1007/s11892-009-0085-7

Batsis, J. A., and Villareal, D. T. (2018). Sarcopenic obesity in older adults:
aetiology, epidemiology and treatment strategies. Endocrinology 14, 513–537.
doi: 10.1038/s41574-018-0062-9

Calle, E. E., Teras, L. R., and Thun, M. J. (2005). Obesity andmortality.New Engl.
J. Med. 353, 2197–2199. doi: 10.1056/NEJM200511173532020

Cereda, E. (2012). Mini nutritional assessment. Curr. Opin. Clin. Nutr. Metab.
Care 15, 29–41. doi: 10.1097/MCO.0b013e32834d7647

Cesari, M., Kritchevsky, S. B., Nicklas, B., Kanaya, A. M., Patrignani, P.,
Tacconelli, S., et al. (2012). Oxidative damage, platelet activation, and inflammation
to predict mobility disability and mortality in older persons: results from
the health aging and body composition study. J. Gerontol. 67, 671–676.
doi: 10.1093/gerona/glr246

Chen, L. K., Woo, J., Assantachai, P., Auyeung, T. W., Chou, M. Y., Iijima,
K., et al. (2020). Asian Working Group for Sarcopenia: 2019 consensus update
on sarcopenia diagnosis and treatment. J. Am. Med. Dir. Assoc. 21, 300–307.
doi: 10.1016/j.jamda.2019.12.012

Chen, X., Hou, L., Zhang, Y., and Dong, B. (2021). Analysis of the prevalence of
sarcopenia and its risk factors in the elderly in the chengdu community. J. Nutr.
Health Ag. 25, 600–605. doi: 10.1007/s12603-020-1559-1

Chennaoui, M., Léger, D., and Gomez-Merino, D. (2020). Sleep and the GH/IGF-
1 axis: Consequences and countermeasures of sleep loss/disorders. Sleep Med. Rev.
49, 101223. doi: 10.1016/j.smrv.2019.101223

Chien, M., Wang, L., and Chen, H. (2015). The relationship of sleep duration
with obesity and sarcopenia in community-dwelling older adults. Gerontology 61,
399–406. doi: 10.1159/000371847

De Campos, G. C., Lourenço, R. A., and Lopes, C. S. (2020). Prevalence of
sarcopenic obesity and its association with functionality, lifestyle, biomarkers and
morbidities in older adults: The FIBRA-RJ study of frailty in older brazilian adults.
Clinics 75, e1814. doi: 10.6061/clinics/2020/e1814

Drew, B. G., Duffy, S. J., Formosa, M. F., Natoli, A. K., Henstridge, D.
C., Penfold, S. A., et al. (2009). High-density lipoprotein modulates glucose
metabolism in patients with type 2 diabetes mellitus. Circulation 119, 2103–2111.
doi: 10.1161/CIRCULATIONAHA.108.843219

Du, Y., Wang, X., Xie, H., Zheng, S., Wu, X., Zhu, X., et al. (2019). Sex differences
in the prevalence and adverse outcomes of sarcopenia and sarcopenic obesity in
community dwelling elderly in East China using the AWGS criteria. BMC Endocr.
Disor. 19, 109. doi: 10.1186/s12902-019-0432-x

Garrison, R. J., Wilson, P. W., Castelli, W. P., Feinleib, M., Kannel, W. B., and
McNamara, P. M. (1980). Obesity and lipoprotein cholesterol in the Framingham
offspring study.Metabolism. 29, 1053–1060. doi: 10.1016/0026-0495(80)90216-4

Ghoorah, K., Campbell, P., Kent, A., Maznyczka, A., and Kunadian, V.
(2016). Obesity and cardiovascular outcomes: A review. Eur. Heart J. 5, 77–85.
doi: 10.1177/2048872614523349

Habib, S. S., Alkahtani, S., Alhussain, M., and Aljuhani, O. (2020).
Sarcopenia coexisting with high adiposity exacerbates insulin resistance and
dyslipidemia in saudi adult men. Diab. Metab. Syndr. Obes. 13, 3089–3097.
doi: 10.2147/DMSO.S260382

Hao, Q., Hu, X., Xie, L., Chen, J., Jiang, J., Dong, B., et al. (2018). Prevalence of
sarcopenia and associated factors in hospitalised older patients: A cross-sectional
study. Austral. J. Age. 37, 62–67. doi: 10.1111/ajag.12492

Hong, S., and Choi, K.M. (2020). Sarcopenic obesity, insulin resistance, and their
implications in cardiovascular and metabolic consequences. Int. J. Molec. Sci. 21,
494. doi: 10.3390/ijms21020494

Hu, X., Jiang, J., Wang, H., Zhang, L., Dong, B., and Yang, M. (2017). Association
between sleep duration and sarcopenia among community-dwelling older adults:
A cross-sectional study.Medicine 96, e6268. doi: 10.1097/MD.0000000000006268

Joint Committee on Revision of Guidelines for Prevention and Treatment of
Dyslipidemia in Chinese Adults (2016). Chinese guidelines for the prevention and
treatment of dyslipidemia in adults (2016 Revision). Chin. Circ. J. 31, 937–950.
doi: 10.3969/j.issn.1000-3614.2016.10.001

Kalinkovich, A., and Livshits, G. (2015). Sarcopenia–The search for emerging
biomarkers. Ageing Res. Rev. 22, 58–71. doi: 10.1016/j.arr.2015.05.001

Kalinkovich, A., and Livshits, G. (2017). Sarcopenic obesity or obese
sarcopenia: A cross talk between age-associated adipose tissue and skeletal muscle
inflammation as amainmechanism of the pathogenesis.Age. Res. Rev. 35, 200–221.
doi: 10.1016/j.arr.2016.09.008

Kang, F., He, Z., Feng, B., Qu, W., Zhang, B., and Wang, Z. (2021). Prevalence
and risk factors for MSDs in vegetable greenhouse farmers: a cross-sectional
survey from Shandong rural area, China. La Med. Del Lavoro 112, 377–386.
doi: 10.23749/mdl.v112i5.11490

Kawai, T., Autieri, M. V., and Scalia, R. (2021). Adipose tissue inflammation
and metabolic dysfunction in obesity. Am. J. Physiol. 320, C375–C391.
doi: 10.1152/ajpcell.00379.2020

Kemmler, W., von Stengel, S., Engelke, K., Sieber, C., and Freiberger,
E. (2016). Prevalence of sarcopenic obesity in Germany using established
definitions: Baseline data of the FORMOsA study. Osteoporos. Int. 27, 275–281.
doi: 10.1007/s00198-015-3303-y

Kitamura, A., Seino, S., Abe, T., Nofuji, Y., Yokoyama, Y., Amano, H., et al.
(2021). Sarcopenia: prevalence, associated factors, and the risk of mortality
and disability in Japanese older adults. J. Cachexia, Sarcop. Muscle 12, 30–38.
doi: 10.1002/jcsm.12651

Kurose, S., Nishikawa, S., Nagaoka, T., Kusaka, M., Kawamura, J., Nishioka, Y.,
et al. (2020). Prevalence and risk factors of sarcopenia in community-dwelling
older adults visiting regional medical institutions from the Kadoma Sarcopenia
Study. Sci. Rep. 10, 19129. doi: 10.1038/s41598-020-76185-0

Kuzuya, T., Nakagawa, S., Satoh, J., Kanazawa, Y., Iwamoto, Y., Kobayashi,
M., et al. (2002). Report of the Committee on the classification and
diagnostic criteria of diabetes mellitus. Diab. Res. Clin. Pract. 55, 65–85.
doi: 10.1016/S0168-8227(01)00365-5

Kwon, Y., Jang, S., Park, E., Cho, A. R., Shim, J., and Linton, J. A. (2017).
Long Sleep Duration is Associated With Sarcopenia in Korean Adults Based
on Data from the 2008–2011 KNHANES. J. Clin. Sleep Med. 13, 1097–1104.
doi: 10.5664/jcsm.6732

Lee, H. S., Koh, I. H., Kim, H. S., and Kwon, Y. J. (2019). Platelet and white blood
cell count are independently associated with sarcopenia: A nationwide population-
based study. Thromb. Res. 183, 36–44. doi: 10.1016/j.thromres.2019.09.007

Lee, K. (2021). The association between occupational categories and grip
strength in Korean male workers. Int. Arch. Occup. Environ. Health 94, 567–574.
doi: 10.1007/s00420-020-01635-1

Lehti, M., Donelan, E., Abplanalp, W., Al-Massadi, O., Habegger, K. M.,
Weber, J., et al. (2013). High-density lipoprotein maintains skeletal muscle
function by modulating cellular respiration in mice. Circulation 128, 2364–2371.
doi: 10.1161/CIRCULATIONAHA.113.001551

Li, D., Chen, T., and Wu, Z. (2007). Quality of life and subjective well-
being of the aged in Chinese countryside. Chin. J. Gerontol. 27, 1193–1196.
doi: 10.3969/j.issn.1005-9202.2007.12.033

Lin, C., Shih, M., Chen, C., and Yeh, S. (2021). Effects of adequate dietary
protein with whey protein, leucine, and vitamin D supplementation on sarcopenia
in older adults: An open-label, parallel-group study. Clin. Nutr. 40, 1323–1329.
doi: 10.1016/j.clnu.2020.08.017

Liu, X., Hao, Q., Yue, J., Hou, L., Xia, X., Zhao, W., et al. (2020). Sarcopenia,
obesity and sarcopenia obesity in comparison: prevalence, metabolic profile, and
key differences: results from WCHAT study. J. Nutr. Health Aging 24, 429–437.
doi: 10.1007/s12603-020-1332-5

Low, S., Goh, K. S., Ng, T. P., Ang, S. F., Moh, A., Wang, J., et al.
(2020). The prevalence of sarcopenic obesity and its association with cognitive
performance in type 2 diabetes in Singapore. Clin. Nutr. 39, 2274–2281.
doi: 10.1016/j.clnu.2019.10.019

Lucassen, E. A., Rother, K. I., and Cizza, G. (2012). Interacting epidemics? Sleep
curtailment, insulin resistance, and obesity. Ann. NY Acad. Sci. 1264, 110–134.
doi: 10.1111/j.1749-6632.2012.06655.x

Mendham, A. E., Goedecke, J. H., Micklesfield, L. K., Brooks, N. E., Faber, M.,
Christensen, D. L., et al. (2021). Understanding factors associated with sarcopenic
obesity in older African women from a low-income setting: a cross-sectional
analysis. BMC Geriatr. 21, 247. doi: 10.1186/s12877-021-02132-x

Merz, K. E., and Thurmond, D. C. (2020). Role of skeletal muscle
in insulin resistance and glucose uptake. Compr. Physiol. 10, 785–809.
doi: 10.1002/cphy.c190029

Frontiers in AgingNeuroscience 14 frontiersin.org

https://doi.org/10.3389/fnagi.2022.1034542
https://doi.org/10.1007/s12603-013-0413-0
https://doi.org/10.1007/s11892-009-0085-7
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1056/NEJM200511173532020
https://doi.org/10.1097/MCO.0b013e32834d7647
https://doi.org/10.1093/gerona/glr246
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1007/s12603-020-1559-1
https://doi.org/10.1016/j.smrv.2019.101223
https://doi.org/10.1159/000371847
https://doi.org/10.6061/clinics/2020/e1814
https://doi.org/10.1161/CIRCULATIONAHA.108.843219
https://doi.org/10.1186/s12902-019-0432-x
https://doi.org/10.1016/0026-0495(80)90216-4
https://doi.org/10.1177/2048872614523349
https://doi.org/10.2147/DMSO.S260382
https://doi.org/10.1111/ajag.12492
https://doi.org/10.3390/ijms21020494
https://doi.org/10.1097/MD.0000000000006268
https://doi.org/10.3969/j.issn.1000-3614.2016.10.001
https://doi.org/10.1016/j.arr.2015.05.001
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.23749/mdl.v112i5.11490
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1007/s00198-015-3303-y
https://doi.org/10.1002/jcsm.12651
https://doi.org/10.1038/s41598-020-76185-0
https://doi.org/10.1016/S0168-8227(01)00365-5
https://doi.org/10.5664/jcsm.6732
https://doi.org/10.1016/j.thromres.2019.09.007
https://doi.org/10.1007/s00420-020-01635-1
https://doi.org/10.1161/CIRCULATIONAHA.113.001551
https://doi.org/10.3969/j.issn.1005-9202.2007.12.033
https://doi.org/10.1016/j.clnu.2020.08.017
https://doi.org/10.1007/s12603-020-1332-5
https://doi.org/10.1016/j.clnu.2019.10.019
https://doi.org/10.1111/j.1749-6632.2012.06655.x
https://doi.org/10.1186/s12877-021-02132-x
https://doi.org/10.1002/cphy.c190029
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Lu et al. 10.3389/fnagi.2022.1034542

Naser, A. M., He, F. J., Rahman, M., Narayan, K. M. V., and Campbell, N.
R. C. (2020). Urinary sodium excretion and blood pressure relationship across
methods of evaluating the completeness of 24-h urine collections. Nutrients 12,
2772. doi: 10.3390/nu12092772

NCD Risk Factor Collaboration (2021). Worldwide trends in hypertension
prevalence and progress in treatment and control from 1990 to 2019: a pooled
analysis of 1201 population-representative studies with 104 million participants.
Lancet 398, 957–980. doi: 10.1016/S0140-6736(21)01330-1

Pasdar, Y., Darbandi, M., Rezaeian, S., Najafi, F., Hamzeh, B., and Bagheri,
A. (2021). Association of obesity, sarcopenia, and sarcopenic obesity with
hypertension in adults: a cross-sectional study from ravansar, Iran during
2014–2017. Front. Public Health 9, 705055. doi: 10.3389/fpubh.2021.705055

Piovezan, R. D., Abucham, J., Dos Santos, R. V. T., Mello, M. T., Tufik,
S., and Poyares, D. (2015). The impact of sleep on age-related sarcopenia:
Possible connections and clinical implications. Age. Res. Rev. 23, 210–220.
doi: 10.1016/j.arr.2015.07.003

Qu, N., and Li, K. (2004). Study on the reliability and validity of international
physical activity questionnaire (Chinese Vision, IPAQ). Chin. J. Epidemiol. 25,
265–268. doi: 10.3760/j.issn:0254-6450.2004.03.021

Rogeri, P. S., Zanella, R., Martins, G. L., Garcia, M. D. A., Leite, G., Lugaresi, R.,
et al. (2021). Strategies to prevent sarcopenia in the aging process: role of protein
intake and exercise. Nutrients 14, 52. doi: 10.3390/nu14010052

Russo, A., Onder, G., Cesari, M., Zamboni, V., Barillaro, C., Capoluongo, E., et al.
(2006). Lifetime occupation and physical function: a prospective cohort study on
persons aged 80 years and older living in a community. Occupat. Environ. Med. 63,
438–442. doi: 10.1136/oem.2005.023549

SahBandar, I. N., Ndhlovu, L. C., Saiki, K., Kohorn, L. B., Peterson, M. M.,
D’Antoni, M. L., et al. (2020). Relationship between circulating inflammatory
monocytes and cardiovascular disease measures of carotid intimal thickness. J.
Atheroscl. Thromb. 27, 441–448. doi: 10.5551/jat.49791

Saltiel, A. R., and Olefsky, J. M. (2017). Inflammatory mechanisms linking
obesity and metabolic disease. J. Clin. Invest. 127, 1–4. doi: 10.1172/JCI92035

Stam, S. P., Eisenga, M. F., Gomes-Neto, A. W., van Londen, M., de Meijer, V.
E., van Beek, A. P., et al. (2019). Muscle mass determined from urinary creatinine
excretion rate, and muscle performance in renal transplant recipients. J. Cachexia,
Sarcop. Muscle 10, 621–629. doi: 10.1002/jcsm.12399

Su, D.,Wu, X.-N., Zhang, Y.-X., Li, H.-P.,Wang,W.-L., Zhang, J.-P., et al. (2012).
Depression and social support between China’ rural and urban empty-nest elderly.
Arch. Gerontol. Geriatr. 55, 564–569. doi: 10.1016/j.archger.2012.06.006

Su, L., Zhang, S., Zhu, J., Wu, J., and Jiao, Y. (2021). Effect of partial and total
sleep deprivation on serum testosterone in healthy males: a systematic review and
meta-analysis. Sleep Med. 88, 267–273. doi: 10.1016/j.sleep.2021.10.031

Tang, D. (2013). Application of short form geriatric depression
scale (GDS-15) in Chinese elderly. Chin. J. Clin. Psychol. 21, 402–405.
doi: 10.16128/j.cnki.1005-3611.2013.03.036

Therakomen, V., Petchlorlian, A., and Lakananurak, N. (2020). Prevalence
and risk factors of primary sarcopenia in community-dwelling outpatient
elderly: a cross-sectional study. Sci. Rep. 10, 19551. doi: 10.1038/s41598-020-
75250-y

Tsekoura, M., Kastrinis, A., Katsoulaki, M., Billis, E., and Gliatis, J. (2017).
Sarcopenia and its impact on quality of life. Adv. Exp. Med. Biol. 987, 213–218.
doi: 10.1007/978-3-319-57379-3_19

Vella, C. A., Nelson, M. C., Unkart, J. T., Miljkovic, I., and Allison, M. A.
(2020). Skeletal muscle area and density are associated with lipid and lipoprotein
cholesterol levels: The Multi-Ethnic Study of Atherosclerosis. J. Clin. Lipidol. 14,
143–153. doi: 10.1016/j.jacl.2020.01.002

Wagenaar, C. A., Dekker, L. H., and Navis, G. J. (2021). Prevalence of sarcopenic
obesity and sarcopenic overweight in the general population: The lifelines cohort
study. Clin. Nutr. 40, 4422–4429. doi: 10.1016/j.clnu.2021.01.005

Wang, N., Chen, M., and Fang, D. (2020). Relationship between serum
triglyceride to high-density lipoprotein cholesterol ratio and sarcopenia occurrence
rate in community-dwelling Chinese adults. Lipids Health Dis. 19, 248.
doi: 10.1186/s12944-020-01422-4

Wannamethee, S. G., and Atkins, J. L. (2015). Muscle loss and obesity: the health
implications of sarcopenia and sarcopenic obesity. Proc. Nutr. Soc. 74, 405–412.
doi: 10.1017/S002966511500169X

Williams, H., Mack, C. D., Li, S. C. H., Fletcher, J. P., and Medbury, H. J. (2021).
Nature versus number: monocytes in cardiovascular disease. Int. J. Molec. Sci. 22,
9119. doi: 10.3390/ijms22179119

World Health Organization (1995). Physical status: the use and interpretation of
anthropometry. Report of a WHO Expert Committee. World Health Organization
technical report series 1–452.

World Health Organization (2000). Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. World Health Organization technical
report series 894.

Wu, H., and Ballantyne, C. M. (2017). Skeletal muscle inflammation and insulin
resistance in obesity. J. Clin. Invest. 127, 43–54. doi: 10.1172/JCI88880

Wu, X., Li, X., Xu, M., Zhang, Z., He, L., and Li, Y. (2021). Sarcopenia
prevalence and associated factors among older Chinese population: Findings from
the China Health and Retirement Longitudinal Study. PloS ONE 16, e0247617.
doi: 10.1371/journal.pone.0247617

Yin, T., Zhang, J., Wang, F., Zhao, J., Zhao, Y., Liu, L., et al. (2021). The
association between sarcopenic obesity and hypertension, diabetes, and abnormal
lipid metabolism in Chinese adults. Diab. Metab. Syndr. Obes. 14, 1963–1973.
doi: 10.2147/DMSO.S308387

Zamboni, M., Mazzali, G., Zoico, E., Harris, T. B., Meigs, J. B., Di Francesco,
V., et al. (2005). Health consequences of obesity in the elderly: a review of four
unresolved questions. Int. J. Obes. 29, 1011–1029. doi: 10.1038/sj.ijo.0803005

Zhang, X. M., Huang, P., Dou, Q. L., Wang, C. H., Zhang, W. W., Yang, Y. X.,
et al. (2020). Falls among older adults with sarcopenia dwelling in nursing home or
community: a meta-analysis. Clin. Nutr. 39, 33–39. doi: 10.1016/j.clnu.2019.01.002

Zhang, Y., Hao, Q., Ge, M., and Dong, B. (2018). Association of
sarcopenia and fractures in community-dwelling older adults: a systematic
review and meta-analysis of cohort studies. Osteoporos. Int. 29, 1253–1262.
doi: 10.1007/s00198-018-4429-5

Zhang, Y. S., and Crimmins, E.M. (2019). Urban-rural differentials in age-related
biological risk among middle-aged and older Chinese. Int. J. Public Health 64,
831–839. doi: 10.1007/s00038-018-1189-0

Frontiers in AgingNeuroscience 15 frontiersin.org

https://doi.org/10.3389/fnagi.2022.1034542
https://doi.org/10.3390/nu12092772
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.3389/fpubh.2021.705055
https://doi.org/10.1016/j.arr.2015.07.003
https://doi.org/10.3760/j.issn:0254-6450.2004.03.021
https://doi.org/10.3390/nu14010052
https://doi.org/10.1136/oem.2005.023549
https://doi.org/10.5551/jat.49791
https://doi.org/10.1172/JCI92035
https://doi.org/10.1002/jcsm.12399
https://doi.org/10.1016/j.archger.2012.06.006
https://doi.org/10.1016/j.sleep.2021.10.031
https://doi.org/10.16128/j.cnki.1005-3611.2013.03.036
https://doi.org/10.1038/s41598-020-75250-y
https://doi.org/10.1007/978-3-319-57379-3_19
https://doi.org/10.1016/j.jacl.2020.01.002
https://doi.org/10.1016/j.clnu.2021.01.005
https://doi.org/10.1186/s12944-020-01422-4
https://doi.org/10.1017/S002966511500169X
https://doi.org/10.3390/ijms22179119
https://doi.org/10.1172/JCI88880
https://doi.org/10.1371/journal.pone.0247617
https://doi.org/10.2147/DMSO.S308387
https://doi.org/10.1038/sj.ijo.0803005
https://doi.org/10.1016/j.clnu.2019.01.002
https://doi.org/10.1007/s00198-018-4429-5
https://doi.org/10.1007/s00038-018-1189-0
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org

	Prevalence and risk factors of sarcopenia without obesity and sarcopenic obesity among Chinese community older people in suburban area of Shanghai: A cross-sectional study
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Study subjects
	2.3. Definitions of sarcopenia and sarcopenic obesity
	2.4. Assessments
	2.4.1. Assessment of anthropometric characteristics
	2.4.2. Assessment of body composition
	2.4.3. Assessment of demographic characteristics
	2.4.4. Assessment of chronic diseases
	2.4.5. Assessment of cardiovascular disease risk factors
	2.4.6. Assessment of physical activity level and lifestyle

	2.5. Statistical analysis

	3. Results
	3.1. Baseline characteristics
	3.2. The prevalence of sarcopenia without obesity and sarcopenic obesity
	3.3. The prevalence of sarcopenia without obesity and sarcopenic obesity by tertiles of physical activity level
	3.4. Clinical characteristics and differences between the non-sarcopenic obesity group and the sarcopenic obesity group
	3.5. The risk factors of sarcopenia without obesity and sarcopenic obesity

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


