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Objective: People with type 2 diabetes are at an increased risk of hypertension, arteriosclerosis, 

heart disease, and stroke. Glucose intolerance (insulin resistance) is the main feature of type 2 

diabetes. Obesity leads to insulin resistance, dyslipidemia, etc. The aim of this study was to assess 

the biochemical parameters and measures of obesity in type 2 diabetes mellitus (T2DM).

Methods: A total of 2,273 males and 6,547 females previously healthy volunteers (aged 

41–95 years old) were recruited by open invitation. The basic information, including age, sex, 

height, weight, body mass index (BMI), waistline, hipline, menstrual cycle, and medical history, 

was collected by questionnaire survey and physical examination. Serum lipid profile, liver 

transaminase, blood glucose, postprandial blood glucose, and hemoglobin A1c were obtained 

after 12 hours of fasting.

Results: According to our results, diabetic patients presented serum lipid abnormality. Elevated 

triglyceride (TG) levels ($1.7 mmol/L) were noted in 19.69% of males and 20.40% of females, 

and reduced high-density lipoprotein cholesterol (HDL-C) levels (#1.15 mmol/L) were noted in 

21.96% of males and 15.74% of females. The combination of elevated TG and reduced HDL-C 

was the most prevalent of the combined lipid abnormalities. In contrast, no differences were 

observed in the levels of low-density lipoprotein cholesterol and total cholesterol. Moreover, 

there were statistically significant differences in the levels of BMI and waistline between T2DM 

and non-T2DM participants. After adjustment for BMI, logistic regression analysis revealed 

that the subjects with BMI #20 kg/m2 and .30 kg/m2 had a significantly elevated hazard ratio 

of T2DM compared with participants having a BMI range of 20 –30 kg/m2 in both males and 

females. However, there was a significant difference between T2DM patients and non-T2DM 

patients in waistline (χ2=8.57, P,0.001) than in BMI parameter (χ2=6.29, P,0.001).

Conclusion: The present study shows for the first time that low levels of HDL-C, high levels 

of TG, and abnormal levels in BMI and waistline increase the risk of type 2 T2DM in Chinese 

people.
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Introduction
Type 2 diabetes mellitus (T2DM) is a well-known disease in both developing and 

developed countries. In addition to being a chronic disease, obesity is a key risk factor 

for T2DM, cardiovascular disease (CVD), hypertension, respiratory disease, and other 

chronic noninfectious diseases and is becoming an important global public health 

problem that leads to disability, which adversely affects the individual’s quality of 

life and increases his or her financial burden on the state.1–3 Even the prevalence of 

obesity in the People’s Republic of China is not as high as that in developed countries; 
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however, in recent years, it has shown an epidemic trend, and 

obesity-related metabolic syndrome in the People’s Republic 

of China has received widespread attention.4

To account for the correlation between obesity and 

T2DM, body mass index (BMI) has been introduced as 

a composite covariate for adjustment in T2DM studies. 

BMI is obtained by dividing weight by the square of 

height (ie, kg/m2). In developed countries, subjects with a 

BMI $25 kg/m2 are defined as overweight and those with 

a BMI $30 kg/m2 are defined as obese, and there are good 

associations and positive predictive effects between BMI 

and obesity-related chronic diseases.5,6 Even though BMI 

captures the degree of overweight and obesity, it ignores 

body fat distribution. Visceral fat tissue is metabolically more 

active than nonvisceral fat and secretes more hormones and 

cytokines, which might be important for the development of 

diabetes.7,8 It is a simple way to assess the levels of visceral 

fat using the measurement of waistline.9

However, it is also reported that most patients with type 2 

diabetes could have dyslipidemia at varying degrees, charac-

terized by increased levels of triglyceride (TG) and decreased 

serum high-density lipoprotein cholesterol (HDL-C). When 

this characteristic lipid profile is seen in T2DM, it is referred 

to as diabetic dyslipidemia and confers a risk of CVD. Insulin 

resistance and T2DM are generally accompanied by low 

levels of HDL-C and high TG.10–12

Both obesity and dyslipidemia are closely related to 

T2DM and share a common pathogenesis associated with 

“insulin resistance”. However, the association between serum 

lipid profile, BMI, and T2DM has not been assessed simul-

taneously in both Chinese men and women. We aimed 

to investigate this relationship and make an evaluation of 

the serum lipid profile and BMI in Chinese patients with 

T2DM in this setting.

Methods
Subjects
A total of 10,300 subjects (2,665 males and 7,635 females aged 

40–95 years) who voluntarily requested to be hospitalized 

for a 2-day complete physical check-up during 2012–2015 

were enrolled in this study. The exclusion criteria for the 

present study were as follows: type 1 diabetes mellitus (DM), 

noninsulin-dependent DM, severe scoliosis, polio, hyper- or 

hypothyroidism, impaired renal function, significant chronic 

lung disease, apparently abnormal liver function, rheuma-

toid arthritis or collagen disease, malignancies, or a history 

of alcoholism, heavy smoking (.1 pack/d), hysterectomy, 

estrogen use, oophorectomy, and corticosteroid use. Finally, 

2,273 healthy males aged 41–95 years (median 60 years) and 

6,547 healthy females aged 41–95 years (median 57 years) 

were classified to be eligible for the present study. All the 

subjects came from a local population of Dalian city, which 

is located in the northern part of the People’s Republic of 

China. All the study subjects belonged to the Han Chinese 

ethnic group, which comprises ~90% of the total popula-

tion of the People’s Republic of China. Before entering the 

project, all subjects signed informed consent documents, 

and the protocols for the study were reviewed and approved 

by the Ethics Committee of the Dalian Central Hospital 

(Dalian, People’s Republic of China). For each study sub-

ject, basic information, including age, sex, family history, 

inheritance history, and medical history, was obtained from 

self-administered questionnaires. The menstrual history of 

each woman was recorded during an individual interview. 

Menopause was defined as the absence of any menstrual cycle 

for at least 1 year. Height, weight, waistline, and hipline were 

measured during the interview, with subjects wearing light 

indoor clothes without shoes.

Laboratory measurement
The biochemical parameters, including fasting blood glucose 

(FBG), postprandial blood glucose (PBG), hemoglobin A1c 

(HbA1c), total cholesterol (TC), TG, and serum HDL-C, were 

measured using an Abbott Diagnostics C8000i autoanalyzer 

(Abbott Laboratories, Abbott Park, IL, USA) with com-

mercial kits. Multigent direct assays were used to estimate 

serum low-density lipoprotein cholesterol (LDL-C) levels 

(Abbott Laboratories). The whole measurement procedure 

was supported by the Department of Clinical Laboratory 

in the hospital. As a test of the Abbott Diagnostics C8000i 

autoanalyzer and multigent direct assay’s precision, we 

measured blood from 15 individuals twice on the same day. 

The coefficient of variation for these subjects was 0.5% for 

FBG, 1.1% for PBG, 0.9% for HbA1c, 0.7% for TC, 1.2% 

for TG, 2.0% for HDL-C, and 1.5% for LDL-C.

Diagnosis criteria
FBG .7.0 mmol/L, PBG .11.1 mmol/L, and HbA1c .6.5% 

were used as the diagnosis criteria for T2DM. Subjects with 

a BMI $25 kg/m2 were defined as overweight and those with 

a BMI $30 kg/m2 were defined as obese.

Statistical analysis
Continuous variables were defined using median values 

and interquartile ranges (25th to 75th percentile) because 

they were not normally distributed. According to the China 

Adult Dyslipidemia Prevention Guide, variables were 

categorized as follows. We divided subjects into groups 
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using stratified BMI levels. Subjects were classified by 

BMI into #17.5 kg/m2, 17.5–20 kg/m2, 20–22.5 kg/m2, 

22.5–25 kg/m2, 25–27.5 kg/m2, 27.5–30 kg/m2, 30–32.5 kg/m2, 

and .32.5 kg/m2. BMI of 22.5–25 kg/m2 group was used as 

the reference to calculate hazard ratios (HRs) with 95% con-

fidence intervals (CIs); HDL-C #1.15 mmol/L (1.54 mmol/L 

in males), $1.16 mmol/L (1.55 mmol/L in males); 

LDL-C ,3.1 mmol/L, $3.1 mmol/L; TC #2.8 mmol/L, 

2.8–5.17 mmol/L, $5.17 mmol/L; and TG #0.56 mmol/L, 

0.56–1.7 mmol/L, $1.7 mmol/L. For comparison of two 

unpaired groups, unpaired t-test was used for data that follow 

normal distribution and homogeneity of variances. Homo-

geneity of variances was tested using Levene’s test. In case 

data were not normally distributed, nonparametric tests were 

used. Mann–Whitney and Kruskal–Wallis tests, respectively, 

were used for comparing two groups and more than two 

groups simultaneously. Groups for categorical variables 

were analyzed by chi-square or Fisher’s exact tests. Logistic 

regression was used to explore the risk factors of T2DM. The 

Statistical Package for the Social Sciences software (Version 

21.0; IBM Corporation, Armonk, NY, USA) was used for 

statistical analysis. Statistical significance was accepted for 

a P-value of 0.05.

Results
Basic characteristics of the subjects and a comparison 

between males and females are listed in Table 1. Significant 

differences (P,0.001) in age, height, weight, BMI, waistline, 

hipline, FBG, PBG, creatinine, HDL-C, LDL-C, TC, alanine 

transaminase, aspartate aminotransferase, and glutamyltrans-

petidase were found between males and females.

According to the criteria, males and females were classi-

fied into two groups (diabetic and nondiabetic participants), 

and their characteristics are presented in Table 2. Significant 

differences between diabetic and normal groups were found. 

The basic characteristics, including age, weight, BMI, 

waistline, FBG, PBG, HDL-C, and HbA1c, had significant 

differences between diabetic and normal subjects. Here we 

found that diabetic patients had lower levels of HDL-C but 

higher levels of TG compared with nondiabetic participants. 

There was a strong relation between diabetic patients and 

nondiabetic subjects in waistline (χ2=8.57, P,0.001) than 

in BMI (χ2=6.29, P,0.001).

Furthermore, after adjustment for BMI, logistic regres-

sion analysis revealed that the subjects of BMI #20 kg/m2 

and .30 kg/m2 had significantly elevated HR of diabetes 

compared with subjects having 20–30 kg/m2 in both males 

(BMI #17.5 kg/m2: HR 1.524, P,0.05; BMI 17.5–20 kg/m2: 

HR 1.557, P,0.05; BMI 30–32.5 kg/m2: HR 1.669, P,0.05; 

BMI .32.5 kg/m2: HR 2.085, P,0.05) and females 

(BMI #17.5 kg/m2: HR 2.832, P,0.05; BMI 17.5–20 kg/m2: 

HR 2.794, P,0.05; BMI 30–32.5 kg/m2: HR 2.507, P,0.05; 

BMI .32.5 kg/m2: HR 3.442, P,0.05, Figure 1A). Among 

adults older than 65 years, both those with BMI #20 kg/m2 

and .30 kg/m2 had a significantly elevated HR of diabetes 

compared with participants having 20–30 kg/m2 (Figure 1B).

Table 1 Basic characteristic of the subjects

Parameter Males (n=2,273) Females (n=6,547) χ2 P-value

Age (years) 60 (55–67) 57 (53–63) 14.51 ,0.001
Height (cm) 169 (165–173) 158 (154.5–162) 56.47 ,0.001
Weight (kg) 71 (64–79) 63 (58–70) 25.81 ,0.001
BMI (kg/m2) 25.09 (22.74–27.18) 25.26 (23.07–27.69) 5.01 ,0.001
Waistline (cm) 92 (88–100) 89 (82–95) 20.37 ,0.001
Hipline (cm) 102 (98–106) 100 (95–105) 11.58 ,0.001
FBG (mmol/L) 5.87 (5.41–6.89) 5.61 (5.24–6.21) 13.87 ,0.001
PBG (mmol/L) 7.72 (6.15–11.03) 7.2 (6.05–9.36) 6.00 ,0.001
Creatinine (µmol/L) 73 (67.4–82.5) 61.4 (56.7–67) 46.35 ,0.001
HDL-C (mmol/L) 1.22 (1.06–1.44) 1.39 (1.21–1.61) 22.02 ,0.001
LDL-C (mmol/L) 3.12 (2.57–3.68) 3.3 (2.74–3.89) 8.37 ,0.001
TC (mmol/L) 5.16 (4.51–5.83) 5.52 (4.85–6.21) 14.60 ,0.001
TG (mmol/L) 1.29 (0.92–1.89) 1.27 (0.92–1.82) 1.51 0.13
ALT (U/L) 18 (13–24) 16 (12–22) 8.18 ,0.001
AST (IU/L) 22 (18–26) 21 (18–25) 3.40 ,0.001
GT (IU/L) 30 (21–46) 21 (15–30) 26.73 ,0.001
HbA1c (%) 5.8 (5.5–6.2) 5.8 (5.6–6.2) 0.05 0.96

Notes: Data are presented as median with interquartile range. χ2 value is the result of Mann–Whitney test between males and females. P,0.05 was considered statistically 
significant.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; PBG, postprandial blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate aminotransferase; GT, glutamyltranspetidase; HbA1c, glycosylated 
hemoglobin.
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Figure 1 Comparison of BMI (kg/m2) category-related HR changes between (A) males and females and (B) participants aged $65 and ,65 years.
Notes: BMI of 22.5–25 kg/m2 group was used as the reference to calculate HRs with 95% CIs. *P,0.05 compared to BMI 22.5–25 kg/m2. P,0.05 was considered statistically 
significant.
Abbreviations: BMI, body mass index; HR, hazard ratio; CI, confidence interval.

Table 2 Frequency of the BMI, waistline, FBG, PBG, lipid profile, and HbA1c in all subjects with and without diabetes

Parameter Diabetes (n=1,336) Nondiabetes (n=7,484) χ2 P-value

Age (years) 61 (55–68) 58 (53–63) 11.87 ,0.001
Height (cm) 160 (155–166) 161 (156–166) 2.04 0.04
Weight (kg) 67 (59–74) 65 (58–72) 4.44 ,0.001
BMI (kg/m2) 25.88 (23.59–28.12) 25.1 (22.91–27.41) 6.29 ,0.001
Waistline (cm) 94 (85–100) 90 (83–96) 8.57 ,0.001
Hipline (cm) 101 (97–106) 100 (96–105) 5.47 ,0.001
FBG (mmol/L) 7.56 (5.88–9.79) 5.59 (5.24–6.07) 33.22 ,0.001
PBG (mmol/L) 13.43 (8.36–18.19) 7.04 (5.94–8.77) 34.61 ,0.001
Creatinine (µmol/L) 65.5 (59.9–73) 63.7 (58–70.9) 7.14 ,0.001
HDL-C (mmol/L) 1.27 (1.1–1.5) 1.36 (1.18–1.58) 9.37 ,0.001
LDL-C (mmol/L) 3.24 (2.64–3.88) 3.25 (2.7–3.83) 0.53 0.60
TC (mmol/L) 5.44 (4.73–6.15) 5.42 (4.76–6.12) 0.11 0.91
TG (mmol/L) 1.45 (1.01–2.07) 1.25 (0.9–1.79) 8.52 ,0.001
ALT (U/L) 17 (13–24) 16 (12–23) 5.31 ,0.001
AST (IU/L) 21 (17–25) 21 (18–26) 4.63 ,0.001
GT (IU/L) 24 (17–35) 22 (16–34) 4.20 ,0.001
HbA1c (%) 6.7 (5.8–8.1) 5.8 (5.5–6.1) 30.84 ,0.001

Notes: Data are presented as median with interquartile range. χ2 value is the result of Mann–Whitney test between diabetic and nondiabetic participants. P,0.05 was 
considered statistically significant.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; PBG, postprandial blood glucose; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate aminotransferase; 
GT, glutamyltranspetidase.

After serum lipid was adjusted, Mann–Whitney and 

Kruskal–Wallis tests in Table 3 showed that diabetes 

was more prevalent in the class of lower HDL-C values 

(males: #1.15 mmol/L; females: #1.54 mmol/L) in both 

males and females. However, diabetes was more prevalent in 

the class of higher TG levels ($1.7 mmol/L) in females; no 

significant correlation between diabetes and TG was found 

in males. In this study, no relationships were found between 

LDL-C, TC levels, and diabetes. When a logistic regression 

analysis was performed with the presence of T2DM as a 

dependent variable, males with HDL-C levels #1.15 mmol/L 

and females with HDL-C levels #1.54 mmol/L were found 

to be associated with the presence of T2DM (males: odds 

ratio 1.64, 95% CI 1.17–2.34, P,0.01; females: odds ratio 

1.92, 95% CI 0.92–2.05, P,0.01) compared with HDL-C 

levels $1.16 mmol/L in males and $1.55 mmol/L in females 

even after adjusting for sex, age, height, weight, BMI, waist-

line, and serum creatinine levels (Table 4). We also found 

that a high TG level was also associated with the presence of 

T2DM (males: odds ratio 1.02, 95% CI 0.74–2.02, P,0.05; 

females: odds ratio 2.33, 95% CI 0.67–2.39, P,0.05).

In both sexes, the correlation (r=−0.350 in males, 

r=−0.352 in females) between DM and FBG was higher than 

that between DM and other impact factors. Even both body 
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weight and BMI were positively correlated with diabetes. 

The correlation (r=−0.56) between DM and BMI in both 

males and females was higher than that between DM and 

body weight (r=−0.48). The result showed that the correla-

tion (r=−0.080) between DM and waistline in both males 

and females was higher than that between DM and BMI 

(r=−0.073). HDL-C (r=0.105 in males, r=0.091 in females) 

and TG (r=−0.043 in males, r=−0.108 in females) were cor-

related with DM in both males and females. These relation-

ships are shown in Table 5.

Discussion
The global population is currently undergoing an upward 

shift in its age structure due to decreasing fertility rate and 

increasing life expectancy. Meanwhile, the incidence of 

T2DM is increasing sharply and is becoming a serious public 

health problem. We investigated the relationship between 

BMI, waistline, and blood lipid profiles with T2DM to 

improve its diagnosis and prevention and reduce not only a 

significant economic and societal burden but also a social 

burden on individuals.13

Standards for the definition of obesity using BMI in 

western countries and the Asia-Pacific region are not the 

same. A previous study showed that relative risk of T2DM 

predicted by BMI was 1.18 (95% CI 1.16–1.20), which 

increased with increasing BMI.14,15 BMI and waistline serve 

as parameters to estimate general and abdominal fat masses, 

respectively. It is well known that the abdominal fat mass is of 

particular importance in the development of not only T2DM 

but also other chronic diseases, including CVDs and some 

forms of cancer.16,17 A previous study in Germany has found 

high prevalence for obesity (23.9%) and increased waistline 

(39.5%; males .102 cm, females .88 cm).18 However, there 

is a strong relation between the two parameters, and the terms 

“general” and “abdominal” obesity are not mutually exclu-

sive but designate overlapping fat compartments. It is well 

known that waistline is a more exact measure of visceral fat in 

individuals. At the same time, increased waistline also has a 

high correlation with T2DM, which was found in our present 

study. Moreover, our present study found that excessively 

high or low levels of BMI have high correlation with T2DM, 

which further resulted to testify the discovery from Kuo et 

al.19 In males, there were no significant differences between 

BMI and waistline in T2DM. On the contrary, waistline had 

higher correlation with T2DM than BMI in Chinese females. 

There was a significant difference between DM patients and 

non-DM subjects in waistline (χ2=8.57, P,0.001) than in 

BMI parameter (χ2=6.29, P,0.001).

A previous study concluded that persons with impaired 

glucose tolerance and T2DM have hypertriglyceridemia 

and increased HDL catabolism, which result in decreasing 

levels of HDL.20 Many potential mechanisms could explain 

the inverse correlation between the hypertriglyceridemia of 

insulin-resistant states and increased HDL catabolism, leading 

to low plasma HDL concentrations. One possibility may be a 

reduction in lipoprotein lipase (LPL) activity, which would 

have the effect of impairing the maturation of HDL particles. 

The normal insulin-mediated stimulation of LPL activity has 

been shown to be blunted in insulin resistance.21 In T2DM, 

particularly when glycemic control is poor in patients who are 

relatively insulin deficient, LPL activity is reduced.22 Organs 

and tissues with lower blood glucose (BG) include the liver, 

adipose tissue, and muscle, and the liver is a key organ in 

Table 3 The incidence of diabetes in the stratified lipid profile 
levels

Parameter n Diabetes (%) χ2 P-value

Males
HDL-C (mmol/L) 22.75 ,0.001

,1.15 879 21.96

.1.16 1,394 14.20
LDL-C (mmol/L) 0.32 0.57

,3.1 1,110 17.66

$3.1 1,163 16.77
TC (mmol/L) −1.51 0.13

#2.8 8 25.00
2.8–5.17 1,135 18.33
$5.17 1,130 16.02

TG (mmol/L) −1.87 ,0.05
#0.56 95 17.89
0.56–1.7 1,477 15.98
$1.7 701 19.69

Females
HDL-C (mmol/L) 20.19 ,0.001

,1.54 4,531 15.74

.1.55 2,016 11.51
LDL-C (mmol/L) 0.20 0.65

,3.1 2,669 14.20

$3.1 3,878 14.60
TC (mmol/L) −1.29 0.20

#2.8 18 0.00
2.8–5.17 2,322 13.82
$5.17 4,207 14.83

TG (mmol/L) −8.96 ,0.001
#0.56 235 8.09
0.56–1.7 4,400 12.18
$1.7 1,912 20.40

Notes: Data are presented as number and percentage of each category. P-values of 
χ2 results from Mann–Whitney and Kruskal–Wallis tests are presented. P,0.05 was 
considered statistically significant.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
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Table 4 Logistic regression of T2DM

Parameter Unadjusted Adjusted

OR 95% CI P-value OR 95% CI P-value

Males
HDL-C (mmol/L)

#1.15 1.00 (ref) 1.00 (ref)

$1.16 1.57 1.12–1.66 0.007 1.64 1.17–2.34 0.006
LDL-C (mmol/L)

,3.1 1.00 (ref) 1.00 (ref)

$3.1 0.86 0.29–1.59 0.794 0.91 0.34–2.36 0.910
TC (mmol/L)

#2.8 1.00 (ref) 1.00 (ref)
2.8–5.17 1.43 0.68–3.55 1.27 0.39–3.11
$5.17 1.03 0.44–2.73 0.960 0.99 0.26–2.51 0.739

TG (mmol/L)
#0.56 1.00 (ref) 1.00 (ref)
0.56–1.7 1.55 0.89–2.98 1.63 0.97–3.34
$1.7 1.00 0.66–1.75 0.017 1.02 0.74–2.02 0.011

Females
HDL-C (mmol/L)

#1.54 1.00 (ref) 1.00 (ref)

$1.55 1.83 1.05–1.94 0.005 1.92 0.92–2.05 0.003
LDL-C (mmol/L)

,3.1 1.00 (ref) 1.00 (ref)

$3.1 1.18 0.9–1.54 0.222 1.18 0.89–1.56 0.241
TC (mmol/L)

#2.8 1.00 (ref) 1.00 (ref)
2.8–5.17 0.91 0.61–1.38 0.85 0.64–1.44
$5.17 0.97 0.78–1.59 0.870 1.00 0.86–1.62 0.760

TG (mmol/L)
#0.56 1.00 (ref) 1.00 (ref)
0.56–1.7 1.94 0.93–2.35 2.05 0.81–2.56
$1.7 2.27 0.70–2.31 0.014 2.33 0.67–2.39 0.013

Notes: Adjustment for sex, age, height, weight, BMI, waistline, hipline, and serum creatinine levels. P,0.05 was considered statistically significant.
Abbreviations: OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, 
triglyceride; BMI, body mass index; T2DM, type 2 diabetes mellitus.

Table 5 Correlation coefficients among age, height, weight, BMI, waistline, hipline, FBG, HDL, LDL, TC, TG, and DM in males and 
females

Parameter DM Height Weight BMI Waistline Hipline FBG HDL LDL TC TG Age

DM 0.022 −0.48a −0.56b −0.53a −0.039 −0.350b 0.105b 0.016 0.036 −0.043a −0.064b

height 0.067b 0.194b −0.244b 0.190b 0.244b 0.006 −0.052a −0.006 −0.002 0.056b −0.283b

Weight −0.035b 0.332b 0.873b 0.352b 0.377b 0.105b −0.168b 0.033 0.016 0.180b −0.085b

BMI −0.073b −0.150b −0.858b 0.353b 0.354b 0.126b −0.176b 0.033 0.014 0.186b 0.043a

Waistline −0.080b 0.037b 0.594b 0.630b 0.739b 0.175b −0.244b 0.028 0.016 0.280b −0.042a

hipline −0.059b 0.142b 0.697b 0.682b 0.704b 0.129b −0.232b 0.028 0.014 0.227b 0.024
FBg −0.352b −0.079b 0.146b 0.197b 0.247b 0.177b −0.094b 0.088b 0.107b 0.185b 0.036
HDL 0.091b 0.004 −0.224b −0.247b −0.235b −0.217b −0.163b 0.229b 0.349b −0.381b 0.008
LDL −0.002 −0.078b 0.038b 0.086b 0.072b 0.049b 0.101b 0.185b 0.844b 0.106b −0.026
TC −0.02 −0.088b 0.002 0.052b 0.037b 0.027b 0.119b 0.308b 0.866b 0.296b −0.04
Tg −0.108b −0.081b 0.223b 0.284b 0.267b 0.242b 0.286b −0.423b 0.201b 0.327b −0.102a

Age −0.143b −0.291b 0.01 0.166b 0.269b 0.179b 0.264b −0.060b 0.182b 0.213b 0.224b

Notes: The values in the lower triangle are the Pearson’s correlation coefficients for females. Pearson’s correlation coefficients for males are listed in the upper triangle. 
P,0.05 was considered statistically significant. aP,0.05 and bP,0.01.
Abbreviations: DM, diabetes mellitus; BMI, body mass index; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; 
TG, triglyceride.
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substance, energy, and hormone metabolism. In addition to 

lowering BG, the liver can also raise BG by breaking down 

glycogen. Thus, the liver plays a pivotal role in BG regulation. 

In the present study, we found high prevalence of low HDL-C 

and high TG in T2DM patients, which is similar to and further 

demonstrates the findings from a previous study.23

Our present study further confirmed the finding from a 

previous study23 that the relationship between serum lipid 

profile deficiency and the incidence of T2DM could be closer 

than that between obesity/waistline and T2DM in Chinese 

subjects. In addition, abnormal BMI/waistline and lipid 

profile, especially HDL-C and TG together, increased the 

incidence of T2DM, suggesting the presence of an additive 

effect on T2DM risk.

Conclusion
To summarize, our study gives further insight into a com-

prehensive risk assessment for T2DM in Chinese people, 

increasing our understanding of the effect of waistline, BMI, 

and serum lipid profiles, including HDL-C, LDL-C, TC, and 

TG, on T2DM. We found that waistline and BMI are key 

important variables relating to T2DM. There also appears to 

be significant abnormal lipid metabolism in T2DM patients, 

and the same is true for people who have deficient serum lipid 

levels, especially the level of HDL-C and TG. These variables 

and correlations that indicate metabolism deficiency should be 

used in an effort to prevent and reduce the effect of T2DM.
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