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Purpose: Either visceral fat or muscle mass is identified to be correlated with cardiometa-
bolic diseases, especially in type 2 diabetes (T2DM). But, the synergistical effect of visceral 
fat along with skeletal muscle on the risk of cardiovascular diseases (CVD) in T2DM still 
remains controversial. Thus, we investigated the relationship between skeletal muscle mass 
to visceral fat area ratio (SVR) and 10-yr CVD risk scores.
Patients and Methods: A total of 291 T2DM patients aged 40–80 years were enrolled in 
the current study. SVR was evaluated based on bioelectrical impedance measurements. Both 
Framingham risk score system and China-PAR risk model were applied to estimate future 
10-yr CVD risk in T2DM population.
Results: The 10-yr CVD risk scores increased with the decreased SVR tertiles in T2DM (All 
P<0.001). SVR value was obviously lower in the high-risk group than that of low- or 
moderate-risk group (All P<0.05). However, no significant differences were observed in 
BMI among different CVD risk groups. Besides, SVR was correlated with Framingham risk 
score (r=−0.408; P<0.001) and China-PAR risk score (r=−0.336; P<0.001). HOMA-IR, 
triglycerides and blood pressure were also inversely related to SVR (All P<0.05). 
Furthermore, SVR value was independently correlated with both Framingham 10-yr CVD 
risk score (β=−0.074, P=0.047) and China-PAR risk score (β=−0.100, P=0.004) after adjust-
ment for confounding factors, including age, gender, BMI, FPG, HbA1c, diabetes duration, 
albumin, creatinine, uric acid, smoking, blood pressure and blood lipid. The linear regression 
analysis was also conducted for men and women, respectively, indicating that the negative 
relationship between SVR and 10-yr CVD risk was observed in men but not in women.
Conclusion: T2DM populations who have lower SVR value are more likely to increase 
CVD risk. SVR levels show marked and inverse correlation with estimated 10-yr CVD risk 
in T2DM, indicating that SVR could be a valuable parameter to assess the risk of CVD 
events in clinical practice, especially in men.
Keywords: type 2 diabetes mellitus, cardiovascular diseases, skeletal muscle mass to 
visceral fat area ratio, risk assessment

Introduction
Cardiovascular diseases (CVD) remain amongst the top causes of mortality glob-
ally. While type 2 diabetes (T2DM) is known to be a major risk factor for CVD 
events and CVD associated mortality.1,2 Compared with general population, 
patients with T2DM are 2 to 4 times more likely to develop CVD3 and more 
than 50% of T2DM patients died due to cardiovascular events.4 Currently, changes 
in body composition were considered as important factors for developing of CVD.5 
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Among them, excessive accumulation of visceral fat was 
strongly correlated with cardiometabolic risk factors, 
including hypertension and dyslipidemia, especially in 
T2DM populations.6–8 In addition to increasing visceral 
fat, the reduction of skeletal muscle mass was also link 
with CVD. A prospective research illustrated that skeletal 
muscle mass was inversely related to 10-yr CVD incidence 
after adjusting for various confounders.9 A number of 
previous cross-sectional studies have also indicated that 
low appendicular skeletal muscle mass was significantly 
associated with stroke and ischemic heart disease.10,11

Unfortunately, fat accumulation might always be combined 
with decreased muscle quantity, which was termed as sarco-
penic obesity. Cross-sectional studies demonstrated that com-
bined phenotypes of obesity with lower muscle mass to be 
positively associated with dyslipidemia,12 metabolic 
syndrome,13 and hypertension.14 Existing work even indicated 
a close relationship between sarcopenic obesity and elevated 
Framingham CVD risk scores in Korean non-diabetic 
population.15 However, several prospective studies did not 
consider such combined phenotype to have a higher risk for 
the development of CVD incidents in the elderly.16–18 Thus, 
the association between visceral obesity along with low muscle 
mass and the hazard of CVD has not been fully clarified in 
T2DM.

Remarkably, there is no unified diagnostic standard for 
sarcopenic obesity currently, which may result in the large 
differences in the study conclusions.19 Thus, a more uniform 
and quantifiable index to evaluate the combined changes in 
visceral fat and muscle quantity is required in clinical practice. 
While skeletal muscle mass to visceral fat area ratio (SVR), 
combining two anthropometric parameters, has been estab-
lished to be a supplementary measure of sarcopenic obesity at 
present. The decrease of SVR can reflect the changes in body 
composition arising from the reduction in skeletal muscle 
amount and the increase of visceral fat to some extent. 
Recently, a growing body of studies have shown the role of 
SVR in cardiometabolic disease, such as arterial stiffness,20 

non-alcoholic fatty liver disease21 and metabolic phenotype.22 

Thus, the current study is proposed to explore the association 
between SVR and 10-yr CVD risk as estimated using 
Framingham and China-PAR risk model in T2DM patients.

Materials and Methods
Study Participants
A total of 291 T2DM patients who visited Zhujiang 
Hospital of Southern Medical University between 

March 2019 and January 2021 were enrolled in our 
study. The patients aged 40–80 years, providing detailed 
information required for evaluating the 10-yr CVD risk 
were included in the current study. All participants were 
not diagnosed with myocardial ischemia or stroke before 
enrollment. Exclusion criteria included acute metabolic 
complication of diabetes, such as diabetic ketoacidosis 
and lactic acidosis; thyroid dysfunction; severe kidney or 
liver dysfunction; mental disorders; Cushing syndrome; 
pregnant or lactating women. Patients with a history of 
malignancy also failed to meet the inclusion standard of 
study. Besides, patients who have had bariatric surgery, 
using steroid, or receiving weight loss medication cur-
rently (ie, Orlistat, Phentermine/Topiramate, Naltrexone/ 
bupropion), or with incomplete biochemical parameters 
and anthropometric were also excluded.

Measurements of Body Composition
Bioelectrical impedance analyzer (BIA) was applied to mea-
sure body composition with 15 reactance measurements. 
BIA (Jawon Medical Co., Ltd., Korea) is now considered 
a non-invasive and accurate method for body composition 
evaluation. The visceral fat area and skeletal muscle mass 
were measured. Then, the SVR value was calculated as 
appendicular skeletal muscle mass (kg) divided by the visc-
eral fat area (cm2). Since there were no uniform standards for 
classifying SVR levels, all study participants were grouped 
according to the SVR tertiles (T1-T3).

Clinical Indicators Measurements
Each participant underwent a complete physical examina-
tion in order to obtain measurements of waist circumfer-
ence, weight and height according to standardized 
methods. BMI (kg/m2) was calculated as weight divided 
by the square of height. After resting for at least 5 minutes, 
the blood pressure was taken in duplicate, and then the 
average value was computed.

All blood samples were collected after overnight fast-
ing for 10h. Blood analyses were performed in the hospital 
laboratory to measure fasting C-peptide, fasting plasma 
glucose (FPG), uric acid, albumin, creatinine and blood 
lipids, including LDL-cholesterol, total cholesterol, trigly-
cerides and HDL-cholesterol. Glycated hemoglobin 
(HbA1c) was also performed using high-performance 
liquid chromatography. A Correct Homeostasis 
Assessment Model (HOMA2) Calculator23 was applied 
to estimate HOMA-IR and insulin sensitivity index. 
Ultrasound examinations were performed by trained 
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sonographers to evaluate the presence of carotid plaque 
and fatty liver.

Calculation of 10-Yr Cardiovascular Risk 
Scores
The Framingham Risk Score and China-PAR risk model 
are two algorithms for assessing the individual absolute 
10-yr risk of developing CVD. The Framingham 10-yr 
CVD risk score system, including age, blood pressure, 
current smoking, HDL-cholesterol and total cholesterol 
for each gender, is commonly used worldwide, where 
Framingham 10-yr CVD risk score<10% was considered 
as low risk, 10–20% was moderate risk, and more than 
20% was high risk.24 The 10-yr risk for CVD events was 
also evaluated by China-PAR risk model (https://www. 
cvdrisk.com.cn/ASCVD/Eval), which has been established 
to be the most suitable for Chinese, including gender, age, 
blood pressure, waist circumference, HDL-cholesterol, 
total cholesterol, smoking status, diabetes mellitus, family 
history of CVD, and residential area currently. China-PAR 
risk score<5% was considered as low risk, a total score of 
5 to 9.9% as intermediate risk, and ≥10% as high risk.25

Statistical Analyses
The continuous data of normal distribution in different 
groups were compared by One-way ANOVA, while 
Kruskal–Wallis test was performed for skewed distributed 
parameters. The Post Hoc test was conducted using LSD 
test. Categorical variables were analyzed with Chi-Square 
test. Besides, the relationship between SVR and clinical 
variables was ascertained using Spearman correlation ana-
lysis. Linear regression analysis was further conducted to 
evaluate the relationship between SVR and 10-Yr CVD 
risk after controlling the confounding factors, including 
age, gender, BMI, FPG, HbA1c, diabetes duration, albu-
min, creatinine, uric acid, smoking, blood pressure and 
blood lipid. All statistical analyses were carried out by 
IBM SPSS V.26.0 (Armonk, NY, USA). Bar plots were 
generated by GraphPad Prism V.8.0 (San Diego, CA, 
USA). The P value<0.05 was considered significance 
(two-tailed).

Results
Characteristics of Study Participants by 
SVR Tertiles
In total, 291 T2DM patients aged 40–80 years were 
included in this cross-sectional study, of which 57.4% 

(n=167) were males and 42.6% (n=124) were females. 
The patients were divided into three groups according to 
SVR tertiles, with tertile 1 having the lowest and tertile 3 
the highest level. The characteristics of participants are 
presented in Table 1. The patients with the lowest level 
of SVR tertile tend to be oldest (P=0.010). As shown in 
Table 1, BMI and waist circumference decreased from T1 
to T3, as were their systolic blood pressure, uric acid and 
triglycerides (All P<0.05), while a positive tendency could 
be observed in HDL-cholesterol (P=0.001). Additionally, 
compared with T2 and T3 groups, 10-yr CVD risk scores 
assessed by both Framingham and China-PAR model were 
highest in T1 group (All P<0.05). Furthermore, those with 
lower SVR levels were more likely to suffer from carotid 
plaque (P=0.018), fatty liver disease (P<0.001), and meta-
bolic syndrome (P<0.001). We also found that HOMA-IR 
value tended to be higher, but the insulin sensitivity index 
was lower in T1 group than that of group T3 (All P<0.05). 
However, no significant differences were observed in dia-
betes duration and HbA1c among SVR tertiles groups (All 
P>0.05).

SVR and Anthropometric Among T2DM 
with Different 10-Yr CVD Risk Grades
Based on the 10-yr CVD risk scores, the study participants 
were divided into low-, moderate- or high-risk group. 
When comparing SVR values in different groups, 
a statistically significant difference was shown in the 
comparisons (All P<0.05). The SVR levels in our research 
was 0.261±0.113kg/cm2 in Framingham low-risk 
(FRS<10%) group, 0.223±0.087kg/cm2 in moderate-risk 
(FRS 10–20%) group, and only 0.180±0.038kg/cm2 in 
the high-risk (FRS>20%) group (Figure 1A). Similarly, 
the SVR values were obviously lower in high-risk group 
than that of low- or moderate-risk group assessed by 
China-PAR risk model (P<0.05) (Figure 2A). However, 
significant pairwise differences in BMI and waist circum-
ference among different CVD risk groups did not always 
exist (Figures 1B–C and 2B–C). Consistently, the propor-
tions of SVR tertiles (T1-T3) also differed significantly 
among different Framingham 10-yr CVD Risk Grades 
(P<0.001). As shown in Figure 3, the highest proportion 
of T3 was found in the low-risk group, whereas the pro-
portion of T1 was considerably higher in the high-risk 
group (Figure 3A). Similar results were observed in 
China-PAR risk score model (Figure 3B).
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Relationship Between SVR and Other 
Variables
The association between SVR and clinical parameters in the 
whole study population and by gender are summarized in 
Table 2. Of all the study participants, Spearman correlation 
analysis revealed that SVR was significantly correlated with 
Framingham risk score (r=−0.408; P <0.001) and China-PAR 
risk score (r=−0.336; P<0.001). Besides, age, waist circumfer-
ence, BMI, HOMA-IR, triglycerides, systolic blood pressure, 
diastolic blood pressure and uric acid were inversely related to 
SVR (All P<0.05), while insulin sensitivity index and HDL- 
cholesterol showed positive association with it (All P<0.001). 

The results of the correlation analysis described above were 
consistent across genders.

Linear Regression Analysis of SVR and 
10-Yr CVD Risk
In the multinomial linear regression model, significant 
association existed between SVR and Framingham risk 
score after adjusting for gender and age (β=−0.168, 
P<0.001) (Table 3). Further adjustment of BMI, the 
link between SVR and Framingham risk score still 
reach statistical significance (β=−0.152, P=0.004). 
Besides, even after controlling for FPG, HbA1c, 

Table 1 Characteristics of T2DM Patients with Tertiles Stratification According to SVR

Variables T1 (n=97) T2 (n=96) T3 (n=98) P value

Age (years) 59.4±9.4 56.8±9.3* 55.6±8.0* 0.010
Male (n, %) 63 (64.9%) 64 (66.7%) 40 (40.8%) <0.001

Diabetes duration (years) 6.0 (1.0–10.0) 6.0 (2.0–10.0) 5.0 (1.0–10.0) 0.472

FPG (mmol/L) 9.2±3.9 8.4±3.8 8.5±3.9 0.304
Fasting C-peptide (ng/mL) 2.9±1.7 2.6±1.0# 2.1±1.7** <0.001

HOMA-IR 2.7±1.7 2.3±1.2 2.0±1.1* 0.007

Insulin sensitivity index 50.4±33.1 54.8±30.2# 66.4±40.2* 0.008
HbA1c (%) 9.0±2.6 8.6±2.5 8.9±2.4 0.403

BMI (kg/m2) 26.5±3.5 24.1±2.8**# 23.0±3.7** <0.001
Waist circumference (cm) 96.5±9.7 91.3±8.0**# 87.0±10.5** <0.001

Systolic blood pressure (mmHg) 135.4±20.7 130.9±19.2 125.8±14.9** 0.002

Diastolic blood pressure (mmHg) 78.3±12.9 76.5±10.0 75.5±12.1 0.239
Total cholesterol (mmol/L) 5.4±1.7 4.9±1.5 5.0±1.3 0.091

Triglycerides (mmol/L) 1.9 (1.3–3.1) 1.6 (1.1–2.7)# 1.3 (0.9–2.1) ** <0.001

HDL-cholesterol (mmol/L) 1.0±0.3 1.1±0.3# 1.2±0.3* 0.001
LDL-cholesterol (mmol/L) 3.2±1.1 2.9±1.0 3.1±1.1 0.162

Uric acid (umol/L) 387.7±99.6 378.0±111.5# 330.6±105.7** <0.001

Albumin (g/L) 41.0±4.4 41.4±4.4 39.9±4.9 0.075
Creatinine (umol/L) 76.6±19.2 78.2±22.9## 65.9±16.2** <0.001

Framingham risk score (%) 13.0±8.6 9.9±7.2*## 5.9±6.5** <0.001

China-PAR risk score (%) 10.7±7.2 8.6±6.1*# 6.0±4.3** <0.001
Carotid plaque (n, %) 60 (61.9%) 52 (54.2%) 41 (41.8%) 0.018

Hepatic steatosis (n, %) 73 (75.3%) 61 (63.5%) 44 (44.9%) <0.001

Metabolic syndrome (n, %) 86 (88.7%) 70 (72.9%) 47 (48.0%) <0.001
Current smoking (n, %) 28 (28.9%) 31 (32.3%) 28 (28.6%) 0.821

Antidiabetic medication therapy, n (%)
Metformin 55 (56.7%) 56 (58.3%) 52 (53.1%) 0.750

α-Glucosidase inhibitor 19 (19.6%) 18 (18.8%) 31 (31.6%) 0.059

Secretagogues 26 (26.8%) 26 (27.1%) 25 (25.5%) 0.965
Thiazolidine 9 (9.3%) 6 (6.3%) 7 (7.1%) 0.715

DPP-4 inhibitor 11 (11.3%) 14 (14.6%) 13 (13.3%) 0.797

SGLT2 inhibitor 10 (10.3%) 7 (7.3%) 7 (7.1%) 0.664
Insulin 11 (11.3%) 12 (12.5%) 15 (15.3%) 0.700

Notes: SVR tertiles: T1: SVR≤0.196 kg/cm2; T2: SVR: 0.197–0.238 kg/cm2; T3: SVR≥0.239 kg/cm2. *P<0.05, **P< 0.001 versus T1 group; #P< 0.05, ##P< 0.001 versus T3 
group. One-way ANOVA and Post hoc LSD test were used to test for significance. 
Abbreviations: SVR, skeletal muscle mass to visceral fat area ratio; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance; BMI, body 
mass index; DPP-4, dipeptidyl peptidase-4; SGLT2, sodium-glucose co-transporter-2.
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Figure 1 Comparison of SVR, BMI and waist circumference among T2DM patients with different CVD risks assessed by Framingham risk score. (A) The comparison of SVR 
values among different CVD risk groups. The SVR value was 0.261±0.113kg/cm2 in Framingham low-risk group, 0.223±0.087kg/cm2 in moderate-risk group, and 0.180 
±0.038 kg/cm2 in high-risk group. All pairwise comparisons of the SVR values among different CVD risk groups were statistically significant (All P<0.05). (B) The comparison 
of BMI among different CVD risk groups. The BMI was 24.4±3.6kg/m2 in Framingham low-risk group, 24.6±3.8kg/m2 in moderate-risk group, and 25.4±3.3kg/m2 in high-risk 
group. No significant differences were observed in BMI among different CVD risk groups (All P>0.05). (C) The comparison of waist circumference among different CVD risk 
groups. The waist circumference was 90.0±10.2cm in low-risk group, 93.0±10.2cm in moderate-risk group, and 95.5±8.2cm in high-risk group. The waist circumference in 
low-risk group was significantly lower than that in moderate- and high-risk groups (Both P<0.05), while the difference between moderate- and high-risk group was not 
significant (P=0.206). 
Note: Framingham 10-yr CVD risk scores <10% was considered as low risk, 10–20% was moderate risk, and >20% was high risk. P value for significance among different 
groups was determined by One-way ANOVA and the Post Hoc test was conducted using LSD test.

Figure 2 Comparison of SVR, BMI and waist circumference among T2DM patients with different CVD risks assessed by China-PAR risk model. (A) The comparison of SVR 
values among different CVD risk groups. The SVR value was 0.272±0.113kg/cm2 in China-PAR low-risk group, 0.244±0.114kg/cm2 in moderate-risk group, and 0.199 
±0.050kg/cm2 in the high-risk group. All pairwise comparisons of the SVR values among different CVD risk groups were statistically significant (All P<0.05). (B) The 
comparison of BMI among different CVD risk groups. The BMI was 23.9±3.4kg/cm2 in China-PAR low-risk group, 25.1±4.2kg/cm2 in moderate-risk group, and 24.8±3.3kg/ 
cm2 in high-risk group. The BMI in low-risk group was lower than that in moderate-risk groups (P=0.027). No statistical differences were found between low- and high-risk 
group (P=0.106), or moderate- and high-risk group (P=0.551). (C) The comparison of waist circumference among different CVD risk groups. The waist circumference was 
88.8±9.9cm in China-PAR low-risk group, 93.4±11.3cm in moderate-risk group, and 93.1±8.8cm in high-risk group. The waist circumference in low-risk group was 
significantly lower than that in moderate- and high-risk groups (Both P<0.05), while the difference between moderate- and high-risk group was not significant (P=0.849). 
Note: China-PAR risk scores <5% was considered as low risk, 5–9.9% was moderate risk, ≥10% was high risk. P value for significance among different groups was 
determined by One-way ANOVA and the Post Hoc test was conducted using LSD test.
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diabetes duration, albumin, creatinine, uric acid, smok-
ing, systolic blood pressure, diastolic blood pressure, 
total cholesterol and triglycerides, the relationship 
between SVR and Framingham risk score remained sig-
nificant (β=−0.074, P=0.047). Analogously, the signifi-
cant effect of SVR on China-PAR risk score remained 
after adjusting for all of the above confounders among 
all participants (β=−0.100, P=0.004). Finally, the regres-
sion analysis was also performed for male and female 
separately with essentially the similar results after 
adjustment of age, BMI, FPG, HbA1c, diabetes dura-
tion, albumin, creatinine, uric acid and smoking (All 
P<0.05). However, further adjusting for blood pressure 
and blood lipid, no significant relationship was observed 
in female (Table 4).

Discussion
The present study reports an independent inverse associa-
tion between SVR and 10-yr CVD risk assessed not only 
by Framingham risk score system but also by China-PAR 
risk model of the whole study population. T2DM popula-
tions who have lower SVR value are more likely to 
increase CVD risk, especially in men.

Although consistent relationship has been made 
between visceral fat or skeletal muscle and elevated 
major risk factors for CVD,26 the correlation between 
the combination of high visceral fat and low muscle 
mass and the risk of CVD events has not been well 
illustrated completely, especially among T2DM patients. 
T2DM individuals will result in excessive visceral fat 
frequently, along with enhanced loss of muscle 

Figure 3 The proportion of different tertiles of SVR among different CVD risks. 
Note: Proportion of different tertiles (T1-T3) of SVR among different CVD risk groups defined by Framingham Risk Score (A) and China-PAR risk model (B). As shown in 
Fig A and Fig B, the highest proportion of T3 was found in the low-risk group, whereas the proportion of T1 was considerably higher in the high-risk group (Both P<0.001).

Table 2 Correlation of SVR and Other Variables in T2DM Patients

Variables Total Male Female

r P value r P value r P value

Age −0.201 0.001 −0.191 0.013 −0.341 <0.001

Diabetes duration 0.008 0.890 0.050 0.522 −0.112 0.216

HOMA-IR −0.221 <0.001 −0.274 0.001 −0.221 0.019
Insulin sensitivity index 0.220 <0.001 0.272 0.001 0.220 0.020

HbA1c −0.026 0.667 −0.005 0.947 −0.036 0.691
BMI −0.469 <0.001 −0.389 <0.001 −0.610 <0.001

Waist circumference −0.450 <0.001 −0.384 <0.001 −0.508 <0.001

Systolic blood pressure −0.231 <0.001 −0.174 0.024 −0.392 <0.001
Diastolic blood pressure −0.121 0.040 −0.095 0.223 −0.153 0.090

Triglycerides −0.278 <0.001 −0.232 0.003 −0.368 <0.001

Total cholesterol −0.097 0.099 −0.143 0.066 −0.156 0.085
LDL-cholesterol −0.045 0.448 −0.085 0.276 −0.103 0.256

HDL-cholesterol 0.223 <0.001 0.108 0.166 0.254 0.004

Uric acid −0.220 <0.001 −0.157 0.045 −0.186 0.041
Framingham risk score −0.408 <0.001 −0.306 <0.001 −0.485 <0.001

China-PAR risk score −0.336 <0.001 −0.275 <0.001 −0.533 <0.001
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quantity,27 known as sarcopenic obesity. In recent years, 
sarcopenic obesity, which may display a dual metabolic 
burden, has been confirmed to suffer from a higher prob-
ability of cardiometabolic risk factors, such as metabolic 
syndrome13 and non-alcoholic fatty liver disease in 
T2DM.28 Higher 10-yr CVD risk in T2DM patients 
might be affected by the synergistical effect of visceral 
fat accumulation along with low muscle quantity. 
However, whether sarcopenic obesity is associated with 
a greater 10-yr risks of CVD remains controversial.

In a prospective study in men aged 60–79, people with 
low muscle mass determined by mid-arm muscle circum-
ference as well as obesity classified using waist circum-
ference did not display a significantly higher risk of CVD 
events.16 Meanwhile, another prospective cohort study 
conducted in older male and female also indicated that 
obesity coexisted with low muscle amount (categorized 
using total-body muscle quantity and waist circumference) 

did not predict the occurrence of CVD events.17 However, 
a cross-sectional population-based research of 7315 
Korean adults showed that the close relationship between 
the increased 10-yr CVD risk and the combined pheno-
types of high body fat as well as low muscle mass was 
present in men but entirely absent in women.29 Whereas 
Kim et al found the high estimated 10-yr CVD risk to be 
2.2-fold greater for population with a condition of obesity 
and declined muscle quantity when compared with those 
with only one of low muscle mass or obesity. In the 
research, decreased appendicular muscle mass and obesity 
were defined using weight-adjusted skeletal muscle quan-
tity index and BMI, respectively.15 Thus, it evidently 
shows that these contradictory results would be explained 
by some subtle differences within the diagnosis categor-
ization of obesity and low muscle mass, to some extent. 
Besides, the cut-off points also vary strikingly between 
genders. Nevertheless, taken together, the above results 
indicate that a combination of obesity and low muscle 
mass might be associated with increased CVD risk. 
However, investigation into the relationship between com-
bined visceral obesity as well as decreased skeletal muscle 
mass and the estimated CVD risk scores has been scarce in 
T2DM patients.

In the current study, the independent inverse associa-
tion between SVR and 10-yr CVD risk was observed in 
T2DM patients. SVR is a simple surrogate indicator of 
sarcopenic obesity, reflecting the complex combined 
alteration of skeletal muscle and visceral fat. SVR might 
represent the dual metabolic burden and the potential 
adverse effect on CVD and its risk factors, including 
obesity, hypertension, and hyperlipidemia. Besides, the 
general trends discussed in this study may not be disturbed 

Table 3 Linear Regression Analysis of the Association Between 
SVR and 10-Yr CVD Risk Score

Dependent Variable Adjusted Standardized β P value

Framingham risk score Model 1 −0.168 <0.001
Model 2 −0.152 0.004
Model 3 −0.162 0.001

Model 4 −0.074 0.047

China-PAR risk score Model 1 −0.254 <0.001

Model 2 −0.230 <0.001

Model 3 −0.236 <0.001
Model 4 −0.100 0.004

Notes: Model 1: adjustment for gender and age. Model 2: model 1+ BMI. Model 3: 
model 2+ FPG, HbA1c, diabetes duration, albumin, creatinine, uric acid and smok-
ing. Model 4: Model 3+ systolic blood pressure, diastolic blood pressure, total 
cholesterol and triglycerides. 
Abbreviations: β, regression coefficient; CVD, cardiovascular disease.

Table 4 Linear Regression Analysis of SVR and 10-Yr CVD Risk Score in T2DM Patients by Different Gender

Dependent Variable Adjusted Male Female

Standardized β P value Standardized β P value

Framingham risk score Model 1 −0.197 0.006 −0.236 0.001
Model 2 −0.191 0.018 −0.186 0.038
Model 3 −0.236 0.001 −0.214 0.017

Model 4 −0.174 0.001 −0.063 0.366

China-PAR risk score Model 1 −0.181 0.008 −0.317 <0.001

Model 2 −0.194 0.013 −0.210 0.007

Model 3 −0.198 0.013 −0.230 0.003
Model 4 −0.129 0.001 −0.041 0.377

Notes: Model 1: adjustment for age. Model 2: model 1+BMI. Model 3: model 2+FPG, HbA1c, diabetes duration, albumin, creatinine, uric acid and smoking. Model 4: Model 3 
+ systolic blood pressure, diastolic blood pressure, total cholesterol and triglycerides.
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by a lack of unified diagnostic standard and cut-off points 
for obesity and sarcopenia at present. Patients with lower 
SVR values were more likely to have increased 10-yr 
CVD incidence than in the reference group. But when 
the regression analysis was conducted in men and 
women, respectively, the negative relationship between 
SVR and 10-yr CVD risk was only observed in men 
after adjusting for confounders. Gender differences in 
body composition and fat deposition may be one of the 
important reasons for such sex-specific result. In general, 
males feature larger amounts of visceral fat and well- 
developed skeletal muscle compared with females with 
the same age and BMI. Instead, the accumulation of fat 
tissue in gluteal and femoral regions is more obvious in 
females.30 Thus, the combination of visceral fat area and 
muscle mass may better represent the changes in major 
body composition and their potential adverse effects in 
men. Furthermore, the sex hormone levels change with 
age in female, which may affect cardiovascular health.31 

Therefore, the gender inconsistency results in the current 
study might be associated with the differences in sex 
hormones.

Though BMI and waist circumference have been 
widely used in practical assessment for obesity, they are 
not accurate measurements to quantify body composition, 
resulting in an inability to accurately predict cardiovascu-
lar risk. A prospective study of risk factors for CVD 
indicated that a certain accumulation of the abdominal 
adipose tissue was a stronger risk factor for the develop-
ment of the metabolic diseases than BMI.32 In the present 
study, patients with the higher CVD risk exhibited the 
lower SVR levels, but there was no significant difference 
in BMI among different CVD risk groups. Several possi-
ble mechanisms may account for the association of SVR 
with CVD risk in T2DM patients. On the one hand, ske-
letal muscle serves as the key site of glucose processing 
mediated by insulin, thus decreased of muscle quantity 
may be related to insulin resistance.33 On the other hand, 
excessive visceral fat accumulation has also been recog-
nized to be closely associated with insulin resistance.34 As 
a result, the low SVR may present connection to insulin 
resistance. As shown in our result, the lower SVR value 
was, the lower insulin sensitivity and the more likely 
severe insulin resistance appeared to be. Thus, consistent 
with some existing studies, insulin resistance, served as 
a cardiovascular risk factor, may be responsible for the 
underlying pathophysiology concerning the significant 
relationship between SVR and 10-year CVD incidence.35

Besides, previous studies have demonstrated that SVR 
was independent, negative associated with arterial stiffness 
in T2DM patients.20 Arterial stiffness, measured by bra-
chial-ankle pulse wave velocity (baPWV), was established 
as an independent predictor for risk of CVD events. In the 
current study, we also found that those with lower SVR 
levels were more likely to suffer from carotid plaque. 
A meta-analysis including 11 population-based studies 
(54,336 patients) suggested that the ultrasound assessment 
of carotid plaque is closely related to the future CVD 
events.36 These results suggested the close relationship 
between SVR and macrovascular function in T2DM popu-
lation. Low SVR levels could lead to high arterial stiffness 
and carotid plaque formation, which in turn increases 10- 
yr CVD risk.

The present research had several notable limitations. 
Firstly, due to the cross-sectional design, the causal rela-
tionship between SVR and 10-yr CVD risk could not be 
confirmed. Then, the CVD risk assessment tools used in 
the study may have overestimated the 10-yr risk of CVD, 
as indicated by a previous research.37 Thus, the occurrence 
of CVD events in T2DM patients should be confirmed by 
a long-term follow-up. Finally, the most precise way to 
measure visceral fat area and skeletal muscle mass is the 
Computer Tomography (CT) or dual energy X-ray absorp-
tiometry (DXA). However, limitations existed on account 
of the harmful radiation and high cost that make them 
rather difficult to popularize in a relatively large-scale 
study. Considering of the portability and no radiation of 
the machine, we used BIA instead of “gold standard” CT 
as a tool for the measurement of body composition, and 
the previous studies also indicated that the proxy measures 
are reliable.38,39

Conclusion
In conclusions, SVR level is independently and inversely 
related to the estimated 10-yr CVD risk among Chinese 
T2DM population, indicating that SVR value could be 
a valuable parameter to predict a higher risk of CVD 
events in clinical practice, especially in men.
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