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Abstract 

Objective  To investigate the prevalence and possible factors influencing metabolic syndrome in people 
from Guizhou Province and to explore the predictive value of the fat-to-muscle ratio in diagnosing 
metabolic syndrome. 

Methods  A multistage stratified sampling method was used in this cross-sectional study of 20-80 years 
old Han and Bouyei populations from Guizhou Province, southwestern China, from October-December 
2012. The study included 4,553 cases of metabolic syndrome, that was defined according to 2005 
International Diabetes Federation criteria. The receiver operating characteristic curve was used for 
determining the sensitivity, specificity, and predictive ability of the fat-to-muscle ratio for the diagnosis 
of metabolic syndrome. 

Results  The age-standardized prevalence of metabolic syndrome was 11.38% (men: 9.76%; women: 
12.72%) for Han and 4.78% (men: 4.43%; women: 5.30%) for Bouyei populations. In Guizhou Province, 
the cut-off value for the men fat-to-muscle ratio was 0.34, the area under the curve was 0.95, and the 
sensitivity and specificity were 0.94 and 0.85, respectively. The cut-off value for the women 
fat-to-muscle ratio was 0.55, the area under the curve was 0.91, and the sensitivity and specificity were 
0.93 and 0.79, respectively. 

Conclusion  The fat-to-muscle ratio is highly predictive of metabolic syndrome in Guizhou Province, 
and a useful reference indicator. 
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INTRODUCTION 

etabolic syndrome (MetS) is a group 
of clinical syndromes characterized by 
aggregation of multiple risk factors 

such as obesity, hypertension, hyperlipidemia, and 
impaired glucose regulation[1]. MetS is associated with 
the incidence of diabetes and cardiovascular and kidney 
diseases as well as an increased risk for cardiovascular 
disease mortality and all-cause mortality[2-5]. 
According to the China Noncommunicable Disease 
Surveillance Group, MetS has become a serious public 
health problem. For example, in 2010 the prevalence 
of MetS in China was 33.9% (men: 31.0%; women: 
36.8%), affecting nearly 454 million people[6]. 

Risk prediction indicators and assessment 
models can be used to effectively predict MetS, and 
some investigators have examined biochemical 
parameters as predictors of the risk of MetS, such as 
insulin resistance indexes, apolipoprotein 
B/apolipoprotein A1 ratio, high-sensitivity C-reactive 
protein levels, serum leptin levels, and white blood 
cell count[7-11]. However, as these indicators can 
involve complex and invasive tests and are expensive, 
researchers have begun exploring the predictive 
ability of anthropometric indicators such as body 
mass index (BMI), waist circumference, body fat 
percentage, waist-to-height ratio, and waist-to-hip 
ratio in identifying MetS[12-14]. However, these 
indicators are not without limitations. For example, 
BMI does not reflect the fat content and distribution 
across the entire body, and waist circumference 
measurement requires repeated training and has 
great variability[15]. Furthermore, these indicators 
only consider the effect of fat on metabolism, yet 
ignore skeletal muscle, another important tissue. 

Skeletal muscle is the body’s largest non-fat 
component and can contribute up to 40% of the 
body weight of an adult[16]. It plays important roles in 
glucose metabolism, and synthesizes and secretes 
many biological signaling molecules that participate 
in energy metabolism[17,18]. Studies have reported 
that a low muscle mass is associated with an 
increased risk for insulin resistance[19] and 
cardiovascular disease[20]. The phenomenon by 
which muscle mass reduces with the accumulation 
of adipose tissue is known as sarcopenic obesity, 
which is associated with MetS, and is more closely 
associated with MetS than with sarcopenia or 
obesity alone[21-23]. The muscle/fat ratio is also 
clinically useful for evaluating the presence of insulin 
resistance[24]. 

We explored the predictive value of the 
fat-to-muscle ratio (FMR) in diagnosing MetS, and 
hypothesized that the FMR is a good predictive 
indicator of MetS. 

MATERIALS AND METHODS 

Study Population 

This study is part of the China National Health 
Survey project, a nationwide representative and 
population-based cross-sectional survey being 
conducted in several provinces of China. From 
October to December 2012, a multi-level, stratified, 
and cluster sampling method was used to conduct a 
cross-sectional survey of both Han and Bouyei 
people in Guizhou Province. In the first stage, the 
prefecture-level cities and autonomous counties 
with dwellers being mostly ethnic minorities were 
selected. Three Han and Bouyei areas with different 
economic situations and high population densities 
were selected in the province, namely Qiannan 
prefecture, Anshun City, and Guiyang City (provincial 
capital). These areas represent the developing, 
underdeveloped, and developed areas of the 
province, respectively. In the second stage, Longli 
County in Qiannan prefecture, Zhenning County in 
Anshun City, and two administrative districts in 
Guiyang were selected. The cities’ communities or 
rural towns were randomly selected in the third 
stage. In the fourth stage, sub-districts were 
randomly selected from the corresponding 
communities, and villages were randomly selected 
from the rural towns. People aged 20-80 years old of 
both Han and Bouyei ethnicities who had been 
locally settled for more than 1 year were randomly 
selected according to age-sex-ethnicity distribution. 
A total of 5,777 participants were included, and 
5,619 of them completed the questionnaire. MetS 
analysis was limited only to individuals with 
complete anthropometric measurements, laboratory 
tests, and questionnaire information, totaling 4,553 
people. The study was approved by the Bioethical 
Committee of the Institute of Basic Medical Sciences, 
the Chinese Academy of Medical Sciences, Beijing, 
China (approval No. 028-2013). 

Written informed consent was obtained from all 
subjects before data collection. 

Data Collection 

Data collection was performed at the residence 
of each participant. For the questionnaire, local staff 
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of the Centers for Disease Control trained in the 
survey program were employed for face-to-face 
interviews in the Bouyei language, the local dialect, 
and Mandarin. Questionnaire information included 
age, sex, ethnicity, education, occupation, and 
household income. Disease history included the 
diagnosis and treatment of diseases such as 
hypertension, diabetes, cancer, and infectious 
diseases. The authors had access to information that 
could identify individual participants during or after 
data collection. 

Physical Examination 

Blood pressure was measured accurately with 
an electronic sphygmomanometer (HEM-907; 
Omron Healthcare, Kyoto, Japan). After resting for 5 
min, each participant set their right arm at heart 
level and had their blood pressure taken three times, 
with an interval of 1 min between measurements, to 
determine the mean value. When measuring height, 
the participants removed their shoes and were 
measured three times to determine the mean (± 0.1 
cm). When measuring body weight, fat mass, and 
muscle mass, the participants were in light clothing 
and stood barefoot. Measurements were taken 
using a body composition instrument (BC-420; Tanita, 
Tokyo, Japan) that used bioelectrical impedance 
analysis, with an accuracy of 0.01 kg. The 
bioelectrical impedance method used in this study is 
easy to perform, portable, and cost effectives, and 
the accuracy of its body composition analysis has 
been confirmed[25,26]. However, as the accuracy of 
this measurement method may be affected by the 
amount of water a person has drunk or by physical 
activity, we asked participants to undergo the 
examination following a morning fast and not to 
undergo other examinations before the completion 
of this study’s assessments. A new variable, FMR 
(ratio of fat mass to muscle mass, both in kilograms) 
was created. Waist circumference was measured 
midway between the iliac crest and lowermost 
margin of the ribs[27]. Hip circumference was the 
maximum circumference around the hips. Both waist 
and hip circumferences were measured three times 
to determine means. 

Laboratory Examination 

A 10 mL of blood sample after overnight fasting 
was collected from the antecubital vein. It was then 
centrifuged for 10 min at 3,000 rpm; separation and 
aliquot of serum was completed within 4 h. After 
completion of separate loadings, the serum was 

delivered to the local community health service 
center or the Centers for Disease Control, for storage 
at -20 °C. After completion of the entire survey, a 
cold chain box was used to transport the serum to 
Peking Union Medical College Hospital, where it was 
stored at -80 °C before being analyzed. Blood 
glucose was measured using a modified hexokinase 
method, while total cholesterol, triglycerides, and 
very low-density lipoprotein cholesterol were 
measured using the enzymatic method, and 
high-density lipoprotein cholesterol (HDL-C) was 
measured using the chemical precipitation method. 
An automatic biochemical analyzer (AU5800 ll; 
Beckman Coulter, Brea, CA) was used for all 
measurements. 

MetS Diagnosis 

According to the 2005 criteria of the 
International Diabetes Federation (IDF)[28], MetS was 
defined as: (1) central obesity (Chinese men with a 
waist circumference ≥ 90 cm and women with a 
waist circumference ≥ 80 cm) and (2) combinations 
of any two of the following four indicators: (i) 
increased triglycerides: ≥ 1.7 mmol/L (150 mg/dL), or 
on drug therapy for elevated triglycerides; (ii) 
decreased HDL-C level: men < 1.03 mmol/L (40 
mg/dL) and women < 1.29 mmol/L (50 mg/dL), or on 
drug therapy for low HDL; (iii) increased blood 
pressure: systolic blood pressure ≥ 130 or diastolic 
blood pressure ≥ 85 mmHg, or on drug therapy for 
elevated blood pressure, or had been previously 
diagnosed with hypertension; and (iv) increased 
fasting blood-glucose: fasting blood-glucose ≥ 100 
mg/dL (5.6 mmol/L), or the participant had been 
previously diagnosed with type 2 diabetes, or on 
drug therapy for elevated glucose. 

Statistical Analysis 

A database was established using EpiData (ver. 
3.1) software. Data were entered by two people 
independently, and consistency testing was 
performed to ensure data accuracy. The Statistical 
Program for Social Sciences (IBM SPSS Statistics for 
Windows, ver. 19.0., Armonk, NY: IBM Corp) was 
used to analyze data. Measurement data are 
expressed as mean ± SD and/or numbers and 
percentages, as appropriate. Measurement data 
means were evaluated for normality by the 
Kolmogorov-Smirnov test and compared using the 
t-test. Count data were compared using the χ2 test. 
Age-standardized prevalence was calculated 
according to the 2010 population census of China[29]. 
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A receiver operating characteristic curve (ROC) was 
drawn to calculate area under the curve (AUC) and 
the best cut-off value of the FMR for MetS was 
determined using the maximum Youden’s index. 
Youden’s index is defined as: J = [sensitivity + 
specificity - 1]; the critical threshold value is the 
point at which the sensitivity and specificity is 
maximized. Multivariate logistic regression analysis 
was used to comprehensively analyze risk factors for 
MetS. A P-value < 0.05 was considered statistically 
significant. 

RESULTS 

Demographic and Other Clinical Features 

There were 4,553 participants who completed 
the questionnaire, and the biochemical and body 
composition examinations as well; 2,344 of them 
were Han and 2,209 were Bouyei. There were 
significant differences in the basic characteristics of 
the indicators between the Han and Bouyei groups 
(P < 0.05) (Table 1). Compared with the Han group, 
the Bouyei group was older, mostly from rural areas 
(85.29%), with a lower educational level, and 
exercised less frequently; however, more people in 
the Bouyei group were involved in heavy physical 
labor work and had smoking and drinking habits.  

Regarding clinical features, there were no 
significant differences in grip strength and diastolic 
blood pressure. However, HDL-C and systolic blood 
pressure of the Bouyei group were significantly 
higher than that of the Han group. All other 
indicators were lower in the Bouyei group than in 
the Han group.  

Sex-specific analysis showed no differences in 
smoking habits and diastolic blood pressure levels 
between the two ethnic groups. Women in the 
Bouyei group were older than women in the Han 
group. All other indicators were higher in the Han 
group compared with the Bouyei group. 

Crude and Age-standardized Prevalence and 
Components of MetS in the Han and Bouyei Groups 

Table 2 presents the crude prevalence rates for 
MetS and its components according to of the IDF’s 
definition of MetS. Regardless of the overall or 
sex-specific situation, the prevalence of MetS and its 
components in the Han group were significantly 
higher than those in the Bouyei group (P < 0.01). 
Compared with other components, central obesity 
was the most prevalent component of MetS in the 

population from Guizhou. Comparisons between 
men and women showed no significant differences 
for high triglyceride levels (P = 0.18) and fasting 
blood glucose increases (or use of hypoglycemic 
drugs) (P = 0.10) between the sex; however, the 
prevalence of MetS, central obesity, low HDL-C, and 
hypertension (or use of antihypertensive drugs) for 
women were significantly higher than men. 

The age-standardized prevalence was calculated 
based on the calculated crude prevalence rate and 
the 2010 census data of Guizhou province (Table 3). 
The age-standardized prevalence of MetS was 
11.38% (men: 9.76%; women 12.72%) for the Han 
group, and 4.78% (men: 4.43%; women: 5.30%) for 
the Bouyei group. Both Han and Bouyei groups were 
40-49 years old when the prevalence peaked, and 
decreased with age. 

MetS Types 

Table 4 presents the MetS types defined by the 
IDF standards. MetS types consist of central obesity 
along with other metabolic indicators. In the central 
obesity type combined with two components, 
hypertriglyceridemia plus hypertension (or use of 
antihypertensive drugs) was the most common 
regardless of sex or ethnicity. In the central obesity 
combined with three components, high triglycerides 
plus low HDL-C plus hypertension (or use of 
antihypertensive drugs) was the most common type 
for the Han group. Hypertension (or use of 
antihypertensive drugs) plus fasting hyperglycemia 
(or use of hypoglycemic drugs) plus high triglycerides 
was the most common type for the Bouyei group. 
High triglycerides plus hypertension (or use of 
antihypertensive drugs) plus fasting hyperglycemia 
(or use of hypoglycemic drugs) was the most 
common type for men. High triglycerides plus 
hypertension (or use of antihypertensive drugs) plus 
fasting hyperglycemia (or use of hypoglycemic drugs) 
was the most common type for women. 

FMR Cut-off Point for Predicting MetS by ROC Curve 

The FMR cut-off point for MetS was determined 
using the maximum Youden’s index and the area 
under the ROC curve. For men, the FMR cut-off point 
was 0.34, and the area under the ROC curve was 
0.95, while the sensitivity and specificity were 0.94 
and 0.85, respectively. For women, the FMR cut-off 
point was 0.55, and the area under the ROC curve 
was 0.91, while the sensitivity and specificity were 
0.93 and 0.79, respectively (Table 5, Figure 1). 
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cut-off point had a much higher risk for MetS (men 
odds ratio: 6.90, 95% confidence interval: 3.09-15.39; 
women odds ratio: 10.44, 95% confidence interval: 
5.65-19.28. 

DISCUSSION 

The prevalence of MetS and its components in 
two major ethnic groups (Han and Bouyei) in 
Guizhou Province was determined for the first time 
using a stratified cluster sampling method. FMR was 
found to have diagnostic value for MetS for these 
populations in Guizhou Province, and is an 
independent risk factor. 

In China, the prevalence of MetS has been 
monitored in many regions, namely the northeast 
(27.4%), Beijing (32.3%), Guangdong (26.7%), and 
Jiangsu (29.5%)[30-33]. There are, however, few 
reports covering the southwest provinces.  

In the current study, the prevalence of MetS in 
the Han and Bouyei ethnic populations in Guizhou 
province is reported for the first time. Based on 
diagnostic criteria defined in the 2005 IDF standards, 
the prevalence of MetS was 19.11% (men: 15.55%; 
women: 21.75%) for the Han and 8.69% (men: 7.15%; 
women: 10.16%) for the Bouyei populations. The 
prevalence of MetS in the Han group was higher 
than that in the Bouyei group and the prevalence for 
women was higher than that of men in Guizhou 
province.  

According to the 2010 population census of 
China, the age-standardized prevalence of MetS is 
11.38% (men: 9.76%; women: 12.72%) for Han, 
which is lower than the national prevalence of 18.2% 
(men: 16.2%; women: 20.0%) as reported in the 
China Health and Nutrition Survey[34]. This may be 
associated with factors such as the location 
(southwest China), the underdeveloped economy, 
and the different climate, geography, and lifestyle 
habits in Guizhou province as compared with other 
regions of China. 

We found that the most common component of 
MetS was central obesity for the Han (30.81%) and 
Bouyei (15.80%) groups in Guizhou province, which 
is consistent with the results of a meta-analysis of 35 
related studies[35]. Among those diagnosed with 
MetS, central obesity plus high triglycerides and 
hypertension was the most common type (12.03% 
for Han and 6.52% for Bouyei). This may be related 
to the Guizhou diet, characterized by high content of 
oil and salt.  

Although the prevalence of MetS in Guizhou 
province is lower than the national average, it is 
believed that the prevalence of MetS is expected to 
increase with ongoing urbanization and economic 
development. Therefore, targeted early prevention 
and diagnosis based on the characteristics of MetS in 
Guizhou province will help reduce social, economic, 
and health burdens and costs.  

In addition to the relationship between fat and 
metabolism, muscle has also been found in recent 
years to play an important role in metabolism. 
Skeletal muscle is responsible for controlling 
70%-90% of insulin-mediated glucose 
metabolism[36,37]. Skeletal muscle also expresses, 
synthesizes, and secretes many biological signaling 
molecules. The regulation of skeletal muscle’s 
functions, including growth and metabolism, are 
through paracrine or autocrine processes.   
Skeletal muscle can also regulate other tissues of the 
body through endocrine processes. Therefore, 
skeletal muscle is considered an important 
endocrine organ.  

As people grow older, their mass and strength of 
skeletal muscle declines. Janssen et al.[16] suggested 
that skeletal muscle mass decreases significantly in 
men and women after the age of 45, a finding 
consistent with the highest prevalence of MetS in 
the 40-49 age group in the current study.  

A new phenomenon called sarcopenic obesity 
has been identified, which is characterized by the 
decrease in muscle mass and the increase in fat 
tissue[38]. Ferrara et al.[39] reported that the relative 
fat-free mass-reduction group was more prone to 
impaired glucose tolerance than the normal fat-free 
mass group in a study of patients who were 
overweight or had obesity. Chung et al.[40] reported 
that, in 2,943 patients over 60 years of age, the risk 
for insulin resistance or MetS with sarcopenic 
obesity was higher than that seen in simple 
sarcopenia, simple obesity, and a normal population. 
It is currently thought that sarcopenic obesity 
increases the risk for MetS, and that the increase in 
fat tissue is associated with insulin resistance caused 
by a reduction of insulin-targeted tissue arising from 
the decrease in muscle mass. It is therefore 
suggested that the amount of fat and muscle in the 
diagnosis of MetS should be considered, and as FMR 
considers both, it may be a good indicator for 
predicting MetS. 

This study found for the first time that FMR 
showed a relatively high value for predicting MetS. 
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Furthermore, the multivariate logistic regression 
analysis showed that FMR is an independent risk 
factor for MetS in both men and women. The risk for 
MetS in men with a FMR above 0.34 was 6.9 times 
higher than that in the group with a FMR below 0.34, 
and 10.44 times for women with a FMR above 0.55. 
Muscle strength (grip strength) was not an impact 
factor. 

This study has several limitations. First, its 
cross-sectional study design excludes consideration 
of the sequence of occurrence of exposure and 
outcome, and cannot elucidate the causal link 
between exposure and outcome. Second, the study 
only used the diagnostic standard of the IDF for 
MetS, and it is not certain whether it also has 
predictive significance with other diagnostic 
standards. Third, the study was limited to a 
population of Guizhou province, and whether the 
results are applicable to other populations requires 
further study and verification. 

CONCLUSION 

A large-scale cross-sectional survey was 
conducted in Guizhou province in southwestern 
China. The prevalence and main types of MetS for 
Han and Bouyei ethnicities in Guizhou province are 
reported for the first time. The prevalence of MetS 
in Guizhou province is lower than the national 
average. We also investigated the possible factors 
influencing MetS. We found that hip circumference, 
history of diabetes, BMI, and FMR were independent 
risk factors, regardless of sex or ethnicity. Thus, we 
provide a scientific basis for possible prevention and 
control measures for related populations. FMR 
showed a high predictive value for MetS in this 
population, and the measurement method is simple, 
easy to calculate, and suitable for population 
screening. The method could be used as an 
important reference indicator for the early 
identification of MetS, and may play a role in the 
prevention and reduction of cardiovascular and 
cerebrovascular diseases. 
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