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Background: We explored the prevalence of and risk factors for type 2 diabetes in the adult population of Shanghai (China)
with and without dyslipidemia.
Material/Methods: We conducted a cross-sectional survey including 14 385 adults (aged 16 to 88 years) in Shanghai using a strat-
ified, multistage cluster sampling approach.
Results: Type 2 diabetes and hyperlipidemia were found in 1456 (10.1%) and 4583 (31.9%) subjects, respectively. Type
2 diabetes was more common in males (11.4%) than in females (9.2%, P<0.01), in the elderly (> or =65 years,
22.5%) than in younger (<55 years, <10%, P<0.01) individuals, and in urban (12.8%) than in rural populations
(5.2%, P<0.01). Diabetes incidence was higher among patients with hyperlipidemia than in controls (16.9% vs.
7.0%, P<0.01; OR=2.72, 95% Cl 2.44-3.03). Compared with controls, the risk for diabetes in subjects with iso-
lated hypertriglyceridemia, isolated hypercholesterolemia, and mixed hyperlipidemia increased 1.75-fold (95%
Cl 1.53-1.99), 1.53-fold (95% CI 1.17-2.01), and 2.93-fold (95% Cl 2.37-3.63), respectively. The fasting plasma
glucose (FPG) and 2h-postprandial plasma glucose (2h-PG) increased with age in both sexes. The age- and sex-
adjusted FPG and 2h-PG levels in hyperlipidemia were significantly higher than in controls (P<0.01).
Conclusions: A high prevalence of type 2 diabetes in hyperlipidemia patients exists in Shanghai. Hyperlipidemia is associ-
ated with elevated blood glucose levels and therefore requires prompt intervention for prevention and treat-
ment of diabetes in patients with dyslipidemia.
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Background

Type 2 diabetes is one of the most common chronic condi-
tions and its prevalence has increased continuously over the
past decades. China’s rapid economic growth, increased life
expectancy, and altered lifestyle have significantly increased
the prevalence of type 2 diabetes [1-3]. Dyslipidemia is a com-
mon comorbidity in diabetes [3]. In Asian and European ep-
idemiological studies, hyperlipidemia is commonly associat-
ed with diabetes [3,4]. However, few, if any, epidemiological
surveys have investigated the role of serum lipids in incident
of type 2 diabetes in Shanghai, the biggest city of China [5].

Therefore, we carried out a subanalysis of dada of the Shanghai
Dyslipidemia Study [6], using a cross-sectional survey to deter-
mine the prevalence of type 2 diabetes in patients with and
without dyslipidemia. We assessed the risk odds of type 2 di-
abetes associated with different type of hyperlipidemia in the
adult population of Shanghai.

Material and Methods

Study design and participants

The study is a stratified, multistage cluster sampling research
involving 2 rural districts and 4 urban districts of Shanghai
region. The study design, selection criteria, methodology, and
participants’ baseline characteristics have been detailed else-
where [6]. Inclusion in the study was restricted to adults aged
at least 16 years and registered as local residents. Participants
with known type 1 diabetes, serious diseases, or pregnancy
were excluded. Anthropometric indexes, including body weight,
height, and waist and hip circumference, were measured. Body
mass index (BMI, weight/height? [kg/m?]) and waist-to-hip
ratio (WHR) were calculated from these measurements. The
levels of serum triglyceride (TG), total cholesterol (TC), and
high-density lipoprotein cholesterol (HDL-C) were measured.
Participants were administered a standard 2-h 75-g oral glu-
cose tolerance test (OGTT).

The study protocol, which is in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical/Epidemiological
Studies of the National Health and Family Planning Commission
of the People’s Republic of China, received ethics approval from
the institutional review boards of all the participating institu-
tions. All enrolled patients provided written informed consent.

Individual data were forwarded to the Epidemiology Unit of
Shanghai Jiao Tong University for data analysis.
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Working definitions

Type 2 diabetes as defined by the American Diabetes Association,
is characterized by fasting plasma glucose (FPG) level >7.0
mmol/L (126 mg/dl) or 2h-postprandial plasma glucose (2h-PG)
level of at least 11.1 mmol/L (200 mg/dl) during OGTT. Other
parameters were defined as follows. Isolated impaired fasting
glucose (IFG): FPG level, 5.6mmol/L [100 mg/dl] -6.9 mmol/L
[125 mg/dl], and 2h-PG level,<7.8 mmol/L [140 mg/dl]); Isolated
impaired glucose tolerance (IGT): 2h-PG level, 7.8 mmol/L
[140 mg/dl] -11.0 mmol/L [199 mg/dl] and FPG level,<5.6
mmol/L [100 mg/dl]); and Combined IFG and IGT: FPG level,
5.6 mmol/L [100 mg/dl] 6.9 mmol/L [125 mg/dl], and 2h-PG
level, 7.8 mmol/L [140 mg/d|]-11.0 mmol/L [199 mg/dl]) [7].
Previously diagnosed diabetes was identified by a valid ques-
tionnaire. Impaired glucose regulation was defined as either
impaired fasting glucose or impaired glucose tolerance.

According to the criteria set by the National Cholesterol
Education Program-Adult Treatment Panel Il (NCEP-ATP 111) [8],
hyperlipidemia was classified into three phenotypes: isolated
hypertriglyceridemia (TG >1.7 mmol/L and TC <6.2 mmol/L);
isolated hypercholesterolemia (TC >6.2 mmol/l and TG
<1.7 mmol/L); and mixed hyperlipidemia (TG >1.7 mmol/L
and TC >6.2 mmol/L).

Statistical analysis

All analyses were performed using SPSS for Windows (version
13.0; SPSS Inc., Chicago, IL, USA). The significance of univari-
ate differences was assessed by chi-squared and Student’s t-
tests. Logistic regression analysis was performed to estimate
the odds ratio (OR) of type 2 diabetes and 95% confidence in-
tervals (Cls). We used logistic regression models to estimate
the adjusted odds ratios (ORs) and 95% confidence inter-
vals (CI) for incident type 2 diabetes comparing three pheno-
types of hyperlipidemia categories to the normal group. The
data were adjusted for the multiple covariates. In the multi-
variate models, we included variables that might confound
the relationship between hyperlipidemia and type 2 diabe-
tes, which include: age (per 10-yr increment), sex, urban resi-
dence, waist circumference, BMI and phenotypes of hyperlip-
idemia. A P-value<0.05 was considered statistically significant
and all values were two-sided.

Results

Sample status

A total of 17 526 individuals were invited to participate in the
study, of which 14 401 participants completed the study, with
an overall response of 82.2%. After the exclusion of 12 subjects
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Figure 1. Age-specific prevalence of diabetes mellitus and impaired glucose regulation among men and women. Prevalence of total
type 2 diabetes (A), isolated impaired fasting glucose (B), isolated impaired glucose tolerance (C) and combined impaired
fasting glucose and impaired glucose tolerance (D) in men and women (* P<0.05).

with missing plasma lipid profile, 14 385 (42.8% men) were
included in the final analysis. Of these, 14 342 (99.7%) were
ethnic Han Chinese, 5084 subjects were from rural and 9301
were from urban areas, aged 16-88 years, living in Shanghai.

Prevalence of type 2 diabetes and impaired glucose
regulation

There were 1456 subjects (10.1%) with type 2 diabetes, includ-
ing 699 (11.4%) men and 757 (9.2%) women (Figure 1). The
prevalence of isolated IGF, isolated IGT, and combined IFG and
IGT was 10.8%, 4.1% and 2.4%, respectively. After age and sex
standardization based on the 2000 China census data, the type
2 diabetes prevalence was 7.0% (7.6% for men and 6.7% for
women) (data not shown). Men showed a significantly high-
er prevalence of diabetes than women (x2=18.28, P<0.01).

Prevalence of type 2 diabetes increased with age, from 0.9%
(15-24 years age group) to 22.5% (65 years of age and old-
er). The prevalence of type 2 diabetes was <10% before the
age of 55 years. The prevalence of impaired glucose regula-
tion increased with age.
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The prevalence of isolated IFG, type 2 diabetes, and combined
IFG and IGT in urban areas was significantly higher than in ru-
ral areas (13.8%, 12.8%, and 2.9%, respectively, in urban ar-
eas; and 5.2%, 5.2%, and 1.3%, respectively, in rural areas;
all P<0.01). However, the prevalence of isolated IGT in ru-
ral areas was higher than that in urban areas (2.9% vs. 1.3%,
P<0.01) (Table 1).

The prevalence of type 2 diabetes was higher in subjects with
hyperlipidemia than that in subjects without hyperlipidemia
(16.9% vs. 7%, P<0.01) (Table 2). A similar higher prevalence
was observed for isolated IGT (6.3% vs. 3.0%, P<0.01) and com-
bined IFG and IGT (3.9% vs. 1.7%, P<0.01).

Analysis of risk factors for type 2 diabetes

The 14 385 subjects were divided into diabetes group (1456)
and non-diabetes group (12 929). Univariate analysis showed
that sex, age, BMI, WHR, waist circumference, FPG, 2-h PG, tri-
glyceride, TC, TC/HDL-C (total cholesterol/HDL cholesterol ra-
tios), and non-HDL-C (non-HDL cholesterol) were associated
with diabetes (Table 3).
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Table 1. Comparison of abnormal glucose metabolisms prevalence and serum glucose concentrations between urban and rural
residents in Shanghai.

Rural areas Urban areas

Characteristics Without With Without With
Overall - . Y Overall - M- e
(n=5084) hyperlipidemia  hyperlipidemia (n=9301) Hyperlipidemia  Hyperlipidemia
. (n=3413) (n=1671) . (n=6389) (n=2912)
Male, % 39.5 41.1 36.3 44.5 415 51.1
(95% CI) (38.2, 40.8) (39.4, 42.8) (34.0, 38.6)* (43.5, 45.5)*** (40.3, 42.7) (49.3, 52.9)*
Age (years), 47.0 45.0 51.7 50.9 48.9 55.3
mean (SD) (14.0) (14.4) (11.4)* (14.7)*** (15.3) (12.3)*
BMI (kg/m?), 23.6 23.0 24.9 24.1 23.6 25.4
mean (SD) (3.4) (3.2) (3.4)* (3.5)** (3.4) (3.3)*
WC (cm), 77.8 75.6 82.3 80.2 78.2 84.6
mean (SD) (9.4) (8.9) (9.0)* (10.2)*** (9.9) (9.3)*
FPG (mmol/L), 4.7 4.6 4.9 5.5 5.3 6.0
mean (SD) (1.4) (1.2) (1.8)* (1.6)** (1.3) (2.2)*
2h-PG (mmol/L), 5.7 5.3 6.5 6.0 5.6 7.0
mean (SD) (2.5) (2.0) (2.3)* (2.9)** (2.4) (3.7)*
IFG, % 5.2 5.4 4.8 13.8 13.0 15.4
(95% CI) (4.6, 5.8) (4.6, 6.2) (3.8, 5.8) (13.1, 14.5)*** (12.2,13.8) (14.1, 16.7)**
IGT, % 6.1 4.5 9.6 3.0 2.3 4.5
(95% Cl) (5.4, 6.8) (3.8,5.2) (8.2, 11.0)* (2.7, 3.4)** (1.9, 2.7) (3.7,5.3)*
IFG+IGT, 1.8 2.9 2.0 5.1
% (95% Cl) Ll 2Ll LI Y (1.2, 2.4) (2.6, 3.2 (17, 2.3) (4.3, 5.9)*
Diabetes, 5.2 3.5 8.9 12.8 8.8 215
% (95% Cl) (4.6, 5.8) (2.9, 4.1) (7.5, 10.3)* (12.1, 13.5)*** (8.1, 9.5) (20.0, 23.0)*

* P-value <0.01 between with and without hyperlipidemia; ** P-value <0.05 between with and without hyperlipidemia; *** P-value
<0.01 between rural and urban areas. BMI — body mass index; WC — waist circumference; FPG — fasting plasma glucose; 2h-PG - 2-h
postprandial plasma glucose; IFG — isolated impaired fasting glucose; IGT — isolated impaired glucose tolerance; IFG+IGT — combined
impaired fasting glucose and impaired glucose tolerance.

Multivariable logistic regression revealed that urban residence,
age, waist circumference, isolated hypertriglyceridemia, isolat-
ed hypercholesterolemia, and mixed hyperlipidemia were inde-
pendently related to type 2 diabetes. The odds ratio (OR) for
type 2 diabetes and the corresponding 95% confidence inter-
vals (Cl) were calculated using a dichotomous variable logis-
tic regression model (Table 4).

Age- and sex-specific blood glucose categories in
hyperlipidemia

Compared with individuals without hyperlipidemia, levels of
FBG and 2hPG increased in subjects with hyperlipidemia in
most of the age groups both in men and women (Figure 2).
No differences in average levels of FBG and 2hPG were seen
between men and women. The levels of FBG and 2hPG in-
creased with age.

The prevalence of type 2 diabetes increased significantly with in-
creasing BMI (P<0.05 for both hyperlipidemia and without hyper-
lipidemia) in normal waist circumference subgroups (Figure 3).
In each BMI subgroup, the prevalence of type 2 diabetes was
higher in central obesity than in normal waist circumference
(P<0.05 for both hyperlipidemia and without hyperlipidemia).

Discussion

The prevalence of type 2 diabetes was reported to be 6.87%
in a sample of 5628 men and women aged 20-94 years, living
in a Shanghai urban community in 2001 [5]. This study reports
one of the largest population-based type 2 diabetes studies
ever conducted in Shanghai. Our investigation demonstrated
that the prevalence of type 2 diabetes among Shanghai adults
was 10.1%, which is higher than the Chinese national average
(9.7% in 2008) [2]. Furthermore, the prevalence rates of impaired
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Table 2. Comparison of abnormal glucose metabolisms prevalence between with hyperlipidemia and without hyperlipidemia.

Without hyperlipidemia (n=9802)

Characteristics With hyperlipidemia(n=4583)

Isolated Impaired Fasting Glucose, % (95% Cl)

Men 10.0 (9.1, 10.9) 11.7 (10.3, 13.1)**
"""" Women 17091158 114402126
"""" Age<ed  ea@s00 112004123
"""" Age>6s  s7@9s) 12501061447
"""" ol 10408110 115006124

Men 2.9 (2.4, 3.4) 5.2 (4.2, 6.2)*
"""" Women  31@73%  74(64s84
"""" Agessd  26@329  626470°
"""" Age26s  sa@zes  68(383)
"""" Total  30@733)  636670°

Men 1.5 (1.1, 1.9) 4.7(3.8, 5.6)*
"""" Women  1sas22 320539
"""" Age<ed o1zan1s 3379t
"""" Age>6s 36745  se@3er
"""" ol 170420 396348

Men 8.3 (7.5,9.1) 17.3 (15.7, 18.9)*
"""" Women  60(468  1es(siislr
"""" Ageset  as@ysy  137026148%
"""" Age>6s  aqraty  268(42,294%
"""" ol 70657% 16901581808

* P-value <0.01 between with and without hyperlipidemia; ** P-value <0.05 between with and without hyperlipidemia.

fasting glucose and impaired glucose tolerance (17.3%) found that subjects with hyperlipidemia showed higher FPG and

in this study were significantly higher than average Chinese na-
tional standards (15.5%). The prevalence of diabetes was higher
among urban than rural residents [2]. Thus, the high incidence
of diabetes in Chinese adults prompted screening of the high-
risk population for early detection of diabetes.

Patients with hyperlipidemia are at an increased risk of devel-
oping type 2 diabetes and abnormal glucose metabolism [4],
as well as increased morbidity and mortality from type 2 dia-
betes and cardiovascular disease [9,10]. It is well established
that serum lipid profiles are worse in diabetic than in non-di-
abetic individuals from different ethnic groups [3,4]. We found

2h-PG levels than normolipidemic individuals. To the best of
our knowledge, the prevalence of type 2 diabetes in the dyslip-
idemia population has been less studied in China. This might
be the first large-scale epidemiologic study on the prevalence
of and risk factors for type 2 diabetes in Chinese patients with
dyslipidemia in China.

The most common pattern of dyslipidemia in Chinese with and
without type 2 diabetes is represented by elevated serum triglyc-
eride levels and hypertriglyceridemia [11]. Hypertriglyceridemia
was an independent risk factor for type 2 diabetes in Qingdao,
north China [12]. Hypertriglyceridemia (31.8%) was the most
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Table 3. Anthropometric data and serum glucose and lipid levels in 14,385 participants in Shanghai, China.

Without
e All subjects Isolated Isolated . i
Characteristics (n=14,385) hypertrigly- hypercholeste- M!x?d ] hyperlipidemia  P-value
i S " hyperlipidemia Overall (n=9802)
ceridemia rolemia (n=544)
(n=3582) (n=457) .
6150 1736 153 206 4055

Male, n (%) (42.8) (48.5) (33.5) (37.9) 2095(34.) (65.9) <001
Age (years), 49.5 52.7 58.5 57.8 54.0 47.6 <0.01
mean (SD) (14.5) (12.4) (10.4) (10.4) (12.1) (15.1) ’
BMI (kg/m?), 24.0 25.3 24.1 25.8 25.2 234 <0.01
mean (SD) (3.5) (3.3) (3.4) (3.4) (3.3) (3.4 ’
WC (cm), 79.4 84.0 80.3 85.3 83.8 77.3 <0.01
mean (SD) (10.0) (9.1) 9.9) 9.2) (9.2) (9.7) ’
WHR, 0.85 0.88 0.84 0.88 0.87 0.83 <0.01
mean (SD) (0.07) (0.06) (0.07) (0.06) (0.07) (0.07) ’
TG (mmol/L), 1.5 2.7 1.2 3.4 2.6 1.0 <0.01
mean (SD) (1.2) (1.9) 0.3) (2.9 (1.7) 0.3) ’
TC (mmol/L), 47 438 6.8 6.9 5.2 4.4 001
mean (SD) (1.1) 0.8) (1.0) 0.9) (1.2) (0.8) ’
HDL-C (mmol/L), 1.4 1.3 1.8 1.5 1.3 1.4 <0.01
mean (SD) (0.5) (0.5) (0.5) 0.4) (0.5) (0.5) ’
TC/HDL, 3.5 4.0 4.1 5.1 4.1 3.2 <0.01
mean (SD) (1.2) (1.2) (1.3) (1.7) (1.3) (1.0) ’
non-HDL (mmol/L), 3.2 3.5 5.0 5.5 3.9 2.9 <0.01
mean (SD) (1.0) (0.8) (1.1) 0.9) (1.2) (0.8) ’
FPG (mmol/L), 5.2 5.5 5.7 6.2 5.6 5.0 001
mean (SD) (1.6) (2.0) (2.0) (2.5) (2.1) (1.3) ’
2h-PG(mmol/L), 5.9 6.7 6.3 7.9 6.8 5.5 <0.01
mean (SD) (2.8) (3.4 (3.6) (4.9) (3.6) (2.0) ’
IFG, % 10.8 10.6 14.9 15.3 11.5 10.4 0.037
(95% ClI) (10.3,11.3) (9.6,11.6) (11.6,18.2) (12.3,18.3) (10.6,12.4) (9.8,11.0) ’
IGT, % 4.1 6.9 3.7 4.8 6.3 3.0 <0.01
(95% ClI) (3.8,4.4) 6.1,7.7) (2.0,5.4) (3.0,6.6) (5.6,7.0) (2.7,3.3) ’
IFG+IGT, 2.4 3.9 2.2 5.5 3.9 1.7 <0.01
% (95% Cl) (2.1,2.7) (3.3,4.5) (0.9,3.5) (3.6,7.4) (3.3,4.5) (1.4,2.0) :
Diabetes, % 10.1 15.3 16.4 27.9 16.9 7.0 <0.01
(95% ClI) (9.6,10.6) (14.1,16.5) (13.0,19.8) (24.1,31.7) (15.8,18.0) (6.5,7.5) ’

2 P-value for comparison between subjects with normal glucose tolerance or not at «=0.01 level. BMI — body mass index;

WC — waist circumference; WHR — waist-to-hip ratio; TC — total cholesterol; TG — triglyceride; HDL-C — high-density lipoprotein
cholesterol; TC/HDL - total cholesterol/HDL cholesterol ratios; non-HDL — non-HDL cholesterol (the difference between total cholesterol
and high-density lipoprotein cholesterol); FPG — fasting plasma glucose; 2h-PG — 2-h postprandial plasma glucose; IFG — isolated
impaired fasting glucose; IGT —isolated impaired glucose tolerance; IFG+IGT — combined impaired fasting glucose and impaired
glucose tolerance.

common phenotype of hyperlipidemia in this study, and there-
fore, a total of 547 diabetics (35.7%) were diagnosed with hy-
pertriglyceridemia. However, the risk of isolated hypertriglycer-
idemia and isolated hypercholesterolemia for type 2 diabetes
was almost similar (OR 1.7 vs. 1.5) in this study. Our study
showed that subjects with mixed hyperlipidemia were more

than 3 times higher at risk of developing type 2 diabetes com-
pared with participants with normal lipidemia. Some studies
supported the association of serum glucose with TC level, al-
though not as clearly as compared with serum triglyceride lev-
el [3]. In addition, isolated low HDL-C showed no effect on the
prevalence of type 2 diabetes in this study.
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Table 4. Multivariable-adjusted odds ratios for type 2 diabetes.

Variable Coefficient of regression (b) Standard error (SE) Wald 2 P OR* 95%Cl
Urban residence 0.721 0.074 95.199 0.000 2.056 1.779-2.377
Age, per 10-yr 0.496 0.026 356549 0000 1642  1.560-1.729
increment
Waist circumference 0.045 0.003 198.138 0.000 1.046 1.039-1.052
Isolated

. . i 0.557 0.066 71.175 0.000 1.745 1.533-1.986
hypertriglyceridemia
Isolated e 0.428 0.138 9.627 0002 1534  1.171-2.009
hypercholesterolemia
Mixed hyperlipidemia* 1.074 0.109 97.065 0.000 2.928 2.365-3.626

* Odds ratios were calculated with the use of dichotomous variable logistic regression model. All covariables listed were included in
the model simultaneously. Status with respect to sex and BMI were not significantly associated with the risk of diabetes and were
not included in the final model. ** Isolated hypertriglyceridemia was defined as serum triglycerides >1.7 mmol/L and total cholesterol
<6.2 mmol/L. *** |solated hypercholesterolemia was defined as total cholesterol 6.2 mmol/l or on medication and triglycerides

<1.7 mmol/L. * Mixed hyperlipidemia was defined as triglycerides 21.7 mmol/L and total cholesterol >6.2 mmol/L.

A
Men W Without hyperlipi?emia Men
87 M Hyperlipidemia 87 * *
* *
* * *
6- * * * 6_
£ 4- E 4
2 2
2 ~
16-24 25-34 35-44 45-54 55-64 65— Total 16-24 25-34 35-44 45-54 55-64 65— Total
Age (year) Age (year)
C D
Women Women
8 8
* *
* * * * *
6' % * * 6'
3 3
E 4 E 4
2 2
2 £
24 24
0- 0-
16-24 25-34 35-44 45-54 55-64 65— Total 16-24 25-34 35-44 45-54 55-64 65— Total
Age (year) Age (year)

Figure 2. Age- and sex-specific serum glucose levels with hyperlipidemia. Fasting plasma glucose level in men (A), in women (C) and
2-h postprandial plasma glucose in men (B), in women (D) with and without hyperlipidemia (* P<0.05).

Type 2 diabetes and hyperlipidemia are diagnosed within the previous study [6]. Among patients with hyperlipidemia aged
same individuals, due to common risk factors including age, sex, above 35, prevalence of type 2 diabetes also increased, with
obesity, physical inactivity, and high fat diet. The prevalence of ~ a prevalence of 4.7% in ages 35 to 44 years, 8.1% in ages 45
hyperlipidemia increased with age, which was reported in our  to 54 years, 13.5% in those aged 55 to 64 years, and 22.5% in
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W Without hyperlipidemia
M Hyperlipidemia

Type 2 diabetes (%)
2

BMI <23 BMI23-24.9 BMI >25
Central obesity (-)

BMI <23 BMI23-24.9 BMI >25
Central obesity (+)

Figure 3. BMI- and waist circumference- specific
% prevalence of type 2 diabetes with
hyperlipidemia. Prevalence of total
type 2 diabetes in patients, based

on BMI; Central obesity is defined as
waist circumference greater than 90
c¢m in males and greater than 80 cm in
females. * Statistically different from
control group (P<0.05).

those aged 65 years or older. Although the prevalence of hy-
perlipidemia was higher in men than in women, we observed
a similar risk of diabetes between men and women with hy-
perlipidemia, which was confirmed by multivariate analysis.
Although these shared risk factors increased the risk of type
2 diabetes and dyslipidemia, these factors were interrelated
and difficult to assess in isolation.

Type 2 diabetes is characterized by both insulin resistance and
hyperinsulinemia. In hyperlipidemia patients, the free fatty ac-
ids act as precursors to gluconeogenesis in the liver, increase
apoptosis in beta cells of the pancreas, and raise insulin resis-
tance in muscles [13], resulting in impaired insulin secretion
and persistent hyperglycemia. The biological links between di-
abetes and dyslipidemia are not clear [14].

Serum lipid values are the predictors of coronary heart dis-
ease among East Asians with diabetes. Aggressive interven-
tions in dyslipidemia reduce the risk of cardiovascular event
for patients with type 2 diabetes. Recent findings from the
Cholesterol Treatment Trialists study using individual patient
data in meta-analysis indicate that the benefits of primary
prevention with statins include lower (<1% per year) risk of a
major cardiovascular event [15]. On the other hand, improved
glycemic control is very effective in reducing serum triglyceride
levels. Insulin therapy (alone or with insulin sensitizers) may
also be particularly effective in lowering serum triglyceride lev-
els in diabetic patients with hyperlipidemia [16]. Endothelial
function is associated with complex interaction between dys-
lipidemia and incident of type 2 diabetes and cardiovascular
disease [17,18].

Our study has several limitations. First, previously diagnosed
diabetes was defined as self-reported diabetes using a ques-
tionnaire, resulting in a potential bias. Second, the time point

of diabetes diagnosis was not considered in the study. Finally,
we failed to evaluate the role of pharmacological anamnesis
and family history of diabetes in development of type 2 dia-
betes. In China, more than 40% of patients with type 2 diabe-
tes remain undiagnosed and untreated.

Conclusions

Our study suggests that type 2 diabetes is very common in
hyperlipidemia patients in Shanghai, and both serum lev-
els of triglyceride and TC are associated with FPG and 2h-PG.
Therefore, prompt intervention for prevention and treatment
of diabetes in patients with hyperlipidemia, especially com-
bined hypertriglyceridemia and hypercholesterolemia, are re-
quired. In 2009, the USPSTF concluded that the evidence was
insufficient to recommend for or against routinely screening
asymptomatic adults for type 2 diabetes or pre-diabetes, but
it did recommend screening adults with hypertension or hy-
perlipidemia [19,20]. Screening adults for type 2 diabetes in
Chinese patients with hyperlipidemia may be effective, espe-
cially in those with mixed hyperlipidemia in China.
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