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Abstract:    Objective: To investigate the association of serum lipids and other risk factors with diabetic retinopathy 
(DR) in Chinese type 2 diabetic patients. Methods: Five hundred and twenty-three type 2 diabetic patients underwent 
ophthalmic examination by experienced retinal specialists to assess their DR. Serum lipids, including triglycerides, 
total cholesterol, high density lipoprotein cholesterol (HDLC), and low density lipoprotein cholesterol (LDLC), were 
measured using Roche automated clinical chemistry analyzers. The concentration of very low density lipoprotein 
cholesterol (VLDLC) was calculated based on total cholesterol, HDLC and LDLC. Hyperlipidemia was defined as a 
total cholesterol concentration of 6.2 mmol/L or higher or the use of lipid-lowering medications. The association of risk 
factors with any DR or proliferative diabetic retinopathy (PDR) was assessed using the odds ratio (OR) and its 95% 
confidence interval (CI), calculated from logistic regression models. Results: In multivariate logistic regression models, 
hyperlipidemia (OR=2.39, 95% CI: 1.02–5.66), higher VLDLC (OR=1.59, 95% CI: 1.14–2.23), and higher triglyceride 
(OR=1.18, 95% CI: 1.03–1.37) were associated with increased risk of DR. A longer diabetic duration was associated 
with increased risk of DR (P<0.0001) and PDR (P=0.002) in a dose-response manner. Higher systolic blood pressure 
(P=0.02) and higher serum creatinine (P=0.01) were independently associated with increased risk of DR, and female 
gender was associated with increased risk of PDR (P=0.03). Conclusions: Among Chinese type 2 diabetic patients, 
hyperlipidemia, higher VLDLC, and higher triglyceride were independently associated with increased risk of DR, 
suggesting control of serum lipids may decrease the risk of DR. 
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1  Introduction 
 
As a major public health problem in China, 

diabetes has reached an epidemic level, affecting 92.4 
million adults with diabetes and 148.2 million with 
prediabetes (Yang et al., 2010). China has become the 
country with the largest number of diabetic patients. 

The chronic nature of the diabetes poses a significant 
public health burden due to its associated complica-
tions including macrovascular and microvascular 
diseases, such as cardiovascular diseases and diabetic 
retinopathy (DR). Assessing the risk factors of DR, 
particularly modified risk factors, is important for 
early intervention to reduce the risk or slow the pro-
gression of DR. Several population-based epidemi-
ological studies (Yau et al., 2012), conducted mostly 
in Western populations, have investigated the risk 
factors of DR. These studies consistently established 
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that a longer diabetic duration, hyperglycemia and 
hypertension were associated with increased risk of 
DR. Epidemiological studies and clinical trials also 
have investigated the association between serum lip-
ids and DR; however, a conclusive association remains 
elusive (Lim and Wong, 2012; Yau et al., 2012). 

Although China has the largest diabetic popula-
tion, epidemiological data on the risk factors of DR in 
Chinese populations are relatively scarce. The gen-
eralizations of findings from Western populations to 
Chinese populations are uncertain, due to their dif-
ferences in genetic susceptibility, socioeconomic 
status, environmental background, and lifestyle. Sus-
ceptibility to DR and its risk factors may vary among 
ethnic groups, as reported by a number of multiethnic 
studies (Haffner et al., 1993; Wong et al., 2006; 
Raymond et al., 2009; Yau et al., 2012). 

The purpose of this study was to assess the risk 
factors of DR in Chinese type 2 diabetic patients, with 
particular interest in investigating the association 
between serum lipids and DR. 

 
 

2  Materials and methods  

2.1  Study participants 

This was a cross-sectional study of patients with 
type 2 diabetes who were admitted between January 
2009 and December 2011 to the Diabetic Clinic in the 
Department of Endocrinology of the First Affiliated 
Hospital of Zhejiang University in Hangzhou, Zhe-
jiang Province of China. To be eligible for the study, 
patients had to have an eye examination for DR and 
have type 2 diabetes according to the criteria of the 
World Health Organization (Alberti et al., 1998),  
i.e., positive findings from any two of the following 
tests on different days: symptoms of diabetes mellitus 
plus a casual plasma glucose concentration of  
200 mg/dl (11.1 mmol/L) or a fasting plasma glucose 
concentration of 126 mg/dl (7.0 mmol/L) or a 2-h 
post-test plasma glucose concentration of 200 mg/dl 
(11.1 mmol/L) after a 75-g oral glucose load.  

The institutional review board approved the 
study protocol and a written consent form was ob-
tained from each patient. 

2.2  Risk factors and serum lipid assessment 

After consenting for the study, patients were 

interviewed to obtain information on their age, dura-
tion of diabetes (in years), current use of diabetic, 
antihypertensive, and lipid-lower medications. Blood 
pressure was measured while the participant was 
seated. 

A blood sample was drawn from each patient 
after 10 h of overnight fasting. Roche automated 
clinical chemistry analyzers (Roche Diagnostics, 
Indianapolis, IN, USA) were used to measure the 
concentrations of serum glucose and lipids including 
triglycerides, total cholesterol, high density lipopro-
tein cholesterol (HDLC), and low density lipoprotein 
cholesterol (LDLC). The concentration of very low 
density lipoprotein cholesterol (VLDLC) was calcu-
lated using the formula: cVLDLC=cTC−cHDLC−cLDLC, 
where cVLDLC, cTC, cHDLC, and cLDLC are concentra-
tions of VLDLC, total cholesterol, HDLC, and LDLC, 
respectively. 

2.3  Diabetic retinopathy determination 

As a part of a comprehensive assessment of di-
abetic complications, the diabetic patients underwent 
ophthalmic examination for DR by two experienced 
retinal specialists, masked to the serum lipid findings. 
For ophthalmic examination, 0.01 g/ml tropicamide 
was administered to both eyes until the best possible 
mydriasis was achieved. Dilated ophthalmoscopy was 
used to assess the presence and severity of DR in each 
eye using standard clinical criteria (NHMRC, 1997), 
and ophthalmic examination findings on DR were 
recorded as: (1) normal, no apparent sign of DR;  
(2) non-proliferative DR (NPDR), including micro- 
aneurysms, hard exudates, intraretinal hemorrhages, 
venous beading or prominent intraretinal micro- 
vascular abnormality; (3) proliferative DR (PDR), 
including retinal or optic disc neovascularization, 
vitreous hemorrhage or preretinal hemorrhage. 

2.4  Statistical analysis 

The presence and severity of DR in a patient 
were determined based on the eye showing the worst 
retinopathy. Hypertension was defined as systolic 
blood pressure of 140 mmHg or more, or diastolic 
blood pressure of 90 mmHg or more, or the current 
use of antihypertensive medications. Hyperlipidemia 
was defined as total cholesterol of 6.2 mmol/L or 
higher or the use of lipid-lowering drugs. 

The mean and standard deviation (SD) were 
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used to summarize the continuous measures, and 
proportions were calculated for categorical measures. 

The associations of each serum lipid measure 
and other risk factors with DR were assessed first by 
univariate logistic regression analyses, followed by 
multivariate logistic regression analyses. Risk factors 
with a P<0.20 from the univariate analyses were in-
cluded in the multivariate analysis to assess the in-
dependent effect of each risk factor. The final multi-
variate models were created by applying a backward 
selection procedure that retained only risk factors 
with P≤0.10, plus each lipid measure included in the 
final multivariate models, regardless of its statistical 
significance, because our primary interest was to 
assess the association of each lipid measure with DR 
with adjustment for other risk factors. The association 
of each lipid measure with DR was summarized using 
the odds ratio (OR) and its 95% confidence interval 
(CI) calculated from the logistic regression models. 
Because total cholesterol, triglyceride, HDLC, LDLC, 
and VLDLC concentrations were highly correlated, 
separate logistic models were evaluated for each se-
rum lipid measure. These analyses were performed 
for both outcomes of any DR or PDR. 

All statistical analyses were performed in SAS 
V9.2 (SAS Institute Inc., Cary, NC, USA), and a 
two-tailed P<0.05 was considered to be statistically 
significant. 

 
 

3  Results 
 
The characteristics of the 523 study participants 

are summarized in Table 1. Their mean age was 58 
years (ranging from 19 to 89 years), 60% were male, 
64% had hypertension, and 44% were using anti-
hypertensive medications. Their mean diastolic blood 
pressure was 80 mmHg, and their mean systolic blood 
pressure 133 mmHg. Eighty-three percent of patients 
were using diabetic medications. The mean diabetic 
duration was 8.5 years, with 18% less than 1 year, and 
16% more than 15 years. Their mean hemoglobin A1c 
(HbA1c) concentration was 9.3%, and mean serum 
creatinine concentration was 6.2 μmol/L. 

The mean (SD) of each serum lipid measure was 
4.6 (1.1) mmol/L for total cholesterol, 1.8 (1.6) mmol/L 
for triglyceride, 1.2 (0.4) mmol/L for HDLC, 2.5  
(0.7) mmol/L for LDLC, and 1.0 (0.7) mmol/L for 

VLDLC. Thirty-five (6.7%) patients had hyperlipi-
demia, defined as a total cholesterol concentration of 
6.2 mmol/L or higher, or the use of lipid-lowering 
drugs. 

Among 523 participants undertaking an eye 
examination by retinal specialists, 206 (39.4%) had 
some form of DR, and 54 (10.3%) had PDR.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Characteristics of study participants (N=523)

Characteristics Value* 

Gender 
Male 312 (59.7%)

Female 211 (40.3%)
Diabetic duration 

≤1 year 90 (17.6%)
>1 year, ≤5 years 120 (23.5%)

>5 years, ≤10 years 105 (20.6%)
>10 years, ≤15 years 115 (22.5%)

>15 years 81 (15.9%)
Unknown 12 (2.3%) 

Current use of diabetic medication 
No 90 (17.2%)

Yes 433 (82.8%)
Hypertension 

No 185 (35.7%)
Yes 334 (64.4%)

Unknown 5 (0.9%) 
Hyperlipidemia 

No 488 (93.3%)
Yes 35 (6.7%) 

Diabetic retinopathy 
Normal 317 (60.6%)

Non-proliferative diabetic retinopathy 152 (29.1%)
Proliferative diabetic retinopathy 54 (10.3%)

Age (year) 58 (13.0) 
Diabetic duration (year) 8.5 (7.3) 

HbA1c (%) 9.3 (2.6) 
Fasting insulin (mIU/L) 15.8 (17.8) 

Fasting plasma glucose (mIU/L) 8.1 (3.4) 
Diastolic blood pressure (mmHg) 80 (12.7) 

Systolic blood pressure (mmHg) 133 (18.9) 
Serum creatinine (μmol/L) 6.2 (2.4) 

Total cholesterol (mmol/L) 4.6 (1.1) 
Triglycerides (mmol/L) 1.8 (1.6) 

HDLC (mmol/L) 1.2 (0.4) 
LDLC (mmol/L) 2.5 (0.7) 

VLDLC (mmol/L) 1.0 (0.7) 
* Values are expressed as number (percent) or mean (standard 
deviation). HDLC: high density lipoprotein cholesterol; LDLC: 
low density lipoprotein cholesterol; VLDLC: very low density 
lipoprotein cholesterol 
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3.1  Risk factors associated with any diabetic  
retinopathy 

 
Univariate analysis (Table 2) showed that the 

statistically significant risk factors associated with 
increased risk of DR were: older age (OR=1.40 for 
each 10-year increase, P<0.0001), female gender 
(OR=1.59, P=0.01), longer duration of diabetes 
(P<0.0001, Fig. 1), current use of diabetic medication 
(OR=7.51, P<0.0001), higher fasting insulin level  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(OR=1.02 per mIU/L increase, P=0.01), hypertension 
(OR=2.11, P<0.0001), higher systolic blood pressure 
(OR=1.29 per 10 mmHg increase, P=0.0002), and 
higher serum creatinine (OR=1.18 per μmol/L in-
crease, P=0.0001). Of all the serum lipid measures 
evaluated, only higher VLDLC was marginally asso-
ciated with increased risk of DR (OR=1.27 per 
mmol/L increase, P=0.08). Hyperlipidemia was as-
sociated with increased risk of DR (OR=2.19, 95% CI 
1.09–4.38, P=0.03).  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Univariate analysis for the association of risk factors with diabetic retinopathy and proliferative diabetic 
retinopathy 

Diabetic retinopathy Proliferative diabetic retinopathy
Risk factor 

OR (95% CI) P OR (95% CI) P 

Age (per 10 years) 1.40 (1.21–1.62) <0.0001 1.11 (0.89–1.38) 0.36 

Gender     

Male 1.00  1.00  

Female 1.59 (1.11–2.27) 0.01 1.99 (1.13–3.51) 0.02 

Years of diabetes  <0.0001  0.0005

≤1 1.00  1.00  

>1, ≤5 3.89 (1.70–8.91)  7.22 (0.90–58.02)  

>5, ≤10 6.31 (2.76–14.40)  6.36 (0.77–52.72)  

>10, ≤15 12.02 (5.32–27.01)  16.51 (2.16–126)  

>15 27.50 (11.51–66.02)  25.40 (3.31–195)  

HbA1C 0.96 (0.90–1.03) 0.27 1.06 (0.95–1.18) 0.29 

Fasting insulin (per mIU/L increase) 1.02 (1.01–1.03) 0.01 1.00 (0.99–1.02) 0.56 

Fasting plasma glucose (per mmol/L increase) 0.96 (0.91–1.02) 0.18 1.02 (0.94–1.11) 0.70 

Hypertension     

No 1.00  1.00  

Yes 2.11 (1.43–3.11) <0.0001 0.99 (0.55–1.79) 0.97 

Current use of diabetic medication     

No 1.00  1.00  

Yes 7.51 (3.68–15.31) <0.0001 6.00 (1.44–25.14) 0.01 

Diastolic blood pressure (per 10 mmHg increase) 1.00 (0.86–1.15) 0.94 0.93 (0.74–1.17) 0.53 

Systolic blood pressure (per 10 mmHg increase) 1.29 (1.15–1.41) 0.0002 1.13 (0.98–1.31) 0.10 

Serum creatinine (per μmol/L increase) 1.18 (1.09–1.29) 0.0001 1.02 (0.91–1.14) 0.71 

Total cholesterol (per mmol/L increase) 1.14 (0.97–1.33) 0.12 1.15 (0.90–1.46) 0.28 

Triglycerides (per mmol/L increase) 1.08 (0.97–1.20) 0.17 0.87 (0.68–1.11) 0.27 

HDLC (per mmol/L increase) 1.02 (0.61–1.69) 0.96 1.34 (0.60–3.00) 0.48 

LDLC (per mmol/L increase) 1.05 (0.83–1.34) 0.68 1.33 (0.92–1.92) 0.13 

VLDLC (per mmol/L increase) 1.27 (0.97–1.65) 0.08 0.92 (0.58–1.46) 0.73 

Hyperlipidemia 2.19 (1.09–4.38) 0.03 1.97 (0.78–4.98) 0.15 

OR: odds ratio; CI: confidence interval; HDLC: high density lipoprotein cholesterol; LDLC: low density lipoprotein cholesterol; VLDLC: 
very low density lipoprotein cholesterol 
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Multivariate analysis (Table 3) showed that 
longer diabetic duration was independently associated 
with increased risk of DR in a dose-response manner 
(P<0.0001). Compared to patients with a diabetic 
duration of less than one year, the OR was 2.4 for a 
duration of from 1 to 5 years, 3.2 for from 5 to 10 
years, 6.1 for from 10 to 15 years, and 12.3 for over 
15 years. Systolic blood pressure was independently 
associated with DR (OR=1.15 for every 10 mmHg 
increase, P=0.02). A higher serum creatinine con-
centration was independently associated with in-
creased risk of DR (OR=1.13 for per μmol/L increase, 
P=0.01). When each lipid measure was evaluated 
separately and adjusted for both diabetic duration and 
systolic blood pressure in multivariate analysis, 
higher triglyceride (OR=1.18, P=0.02), higher 
VLDLC (OR=1.59, 95% CI 1.14–2.23, P=0.006), and 
hyperlipidemia (OR=2.39, 95% CI 1.02–5.66, P=0.04) 
were independently associated with increased risk  
of DR. 
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Fig. 1  Percent of patients with diabetic retinopathy and 
proliferative diabetic retinopathy by years of diabetic 
duration 
Longer diabetic duration is association with higher percent 
of diabetic retinopathy (P<0.0001) and higher percent of 
proliferative diabetic retinopathy (P=0.0005) 

Table 3  Multivariate analysis for the association of risk factors with diabetic retinopathy and proliferative diabetic 
retinopathy 

Diabetic retinopathy Proliferative diabetic retinopathy 
Risk factor 

OR (95% CI)* P OR (95% CI)† P 

Triglyceride (per mmol/L increase) 1.18 (1.03–1.37) 0.02 0.87 (0.67–1.12) 0.28 

Total cholesterol (per mmol/L increase) 1.17 (0.96–1.42) 0.13 1.13 (0.88–1.46) 0.33 

Hyperlipidemia 2.39 (1.02–5.66) 0.04§ 1.83 (0.67–4.96) 0.23‡ 

HDLC (per mmol/L increase) 0.85 (0.47–1.55) 0.60 1.23 (0.54–2.85) 0.62 

LDLC (per mmol/L increase) 0.96 (0.72–1.29) 0.80 1.36 (0.92–2.02) 0.13 

VLDLC (per mmol/L increase) 1.59 (1.14–2.23) 0.006 0.92 (0.58–1.45) 0.71 

Diabetic duration (year)  <0.0001§  0.002‡

≤1 1.00  1.00  

>1, ≤5 2.39 (0.86–6.65)  7.62 (0.94–61.61)  

>5, ≤10 3.15 (1.11–9.00)  5.80 (0.70–48.30)  

>10, ≤15 6.06 (2.15–17.12)  16.01 (2.09–122)  

>15 12.30 (4.09–37.20)  21.74 (2.79–168)  

Current use of diabetic medication     

No 1.00    

Yes 2.32 (0.86–6.26) 0.096§   
Systolic blood pressure  

(per 10 mmHg increase) 
1.15 (1.03–1.28) 0.02§   

Serum creatinine (per μmol/L increase) 1.13 (1.03–1.24) 0.01§   

Female   1.97 (1.07–3.60) 0.03‡ 

OR: odds ratio; CI: confidence interval; HDLC: high density lipoprotein cholesterol; LDLC: low density lipoprotein cholesterol; VLDLC: 
very low density lipoprotein cholesterol. * Adjusted for duration of diabetes, current use of diabetic medication, systolic blood pressure, 
serum creatinine. † Adjusted for duration and gender. § From the multivariate model with duration of diabetics, current use of diabetic medi-
cation, systolic blood pressure, serum creatinine, and hyperlipidemia. ‡ From the multivariate model with duration of diabetics, female gender, 
and hyperlipidemia 
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3.2  Risk factors associated with proliferative 
diabetic retinopathy 

 
Univariate analysis (Table 2, last two columns) 

showed that female gender (OR=1.99, P=0.02), 
longer diabetic duration (P=0.0005, Fig. 1), and cur-
rent use of diabetic medication (OR=6.00, P=0.01) 
were associated with increased risk of PDR. None of 
the lipid measures was significantly associated with 
increased risk of PDR (all P>0.13). Hyperlipidemia 
was not associated with PDR (OR=1.97, P=0.15). 

Multivariate analysis (Table 3, last two columns) 
showed that a longer diabetic duration was inde-
pendently associated with increased risk of PDR 
(P=0.002). Compared to patients with a diabetic du-
ration of less than one year, the OR of PDR was 7.6 
for a duration of from 1 to 5 years, 5.8 for from 5 to 10 
years, 16.0 for from 10 to 15 years, and 21.7 for over 
15 years. Female gender was also significantly asso-
ciated with increased risk of PDR (OR=1.97, P=0.03). 
When each serum lipid measure was adjusted for both 
diabetic duration and female gender in multivariate 
analysis, none were significantly associated with 
PDR (Table 3). 

 
 

4  Discussion 
 
This study evaluated the risk factors of DR, par-

ticularly the serum lipids, in Chinese type 2 diabetic 
patients. The study found that hyperlipidemia, higher 
triglyceride, and higher VLDLC were independently 
associated with increased risk of DR. Also, the study 
confirmed that a longer diabetic duration, higher sys-
tolic blood pressure, and reduced renal function were 
associated with increased risk of DR in Chinese type 
2 diabetic patients. 

Associations between serum lipid measures and 
DR have been investigated extensively in many epi-
demiological studies and clinical trials, conducted 
mostly in Western countries (Lim and Wong, 2012). 
However, these studies have not found a consistent 
association. Studies designed specifically to evaluate 
the association of serum lipid measures with DR in 
Chinese diabetic populations are scarce. This study 
evaluated the association of a full profile of serum 
lipids with any form of DR and PDR. To our 
knowledge, this is the first study that has evaluated 
the association between VLDLC and DR and found a 

statistically significant association. The significant 
association of hyperlipidemia with DR in our study is 
consistent with the findings from the recent Beijing 
Communities Diabetes Study (Xu et al., 2012), which 
reported that higher total cholesterol (P=0.003) and 
higher LDLC (P=0.007) were significantly associated 
with increased risk of DR. Our findings are also con-
sistent with a few other studies of Chinese popula-
tions (Table 4), which reported significant or mar-
ginally significant associations between total choles-
terol levels and DR (Liu et al., 2002; Cai et al., 2006; 
Wang F.H. et al., 2011; Wang S. et al., 2012). In the 
Handan eye study, the analysis by quartiles of lipid 
levels found that the third quartile of total cholesterol 
(5.2 to 5.9 mmol/L) was significantly associated with 
increased risk of DR (OR=2.36, 95% CI 1.29–4.33 
from age and gender adjusted analysis). The third 
quartile LDLC (3.1 to 3.6 mmol/L) was also associ-
ated with increased risk of DR (OR=1.93, 95% CI 
1.07–3.48), compared with the lowest quartile (Wang 
F.H. et al., 2011). The Beijing 301 Hospital study also 
found a marginally significant association between 
total cholesterol levels and DR (P=0.054) (Liu et al., 
2002). The Beijing eye study reported a marginally 
significant association between HDLC levels and DR 
(OR=1.96, 95% CI 0.92–4.21, P=0.08 from multi-
variate analysis) and a higher risk of DR in patients 
with dyslipidemia (OR=1.34, 95% CI 0.93–1.93) 
although that association was not statistically sig-
nificant (P=0.12) (Wang S. et al., 2012). However, 
our findings were not consistent with a few other 
studies of Chinese diabetic populations (Table 4). 
These studies tended to have smaller sample sizes or 
lower rates of DR, and thus may not have had suffi-
cient statistical power to detect statistically significant 
associations. 

Besides the serum lipids, our study also con-
firmed that a longer diabetic duration, higher systemic 
blood pressure, and reduced renal function were as-
sociated with increased risk of DR in Chinese diabetic 
patients. Epidemiological studies on Western popu-
lations have established that diabetic duration, hy-
pertension, hyperglycemia, and renal disease are 
major risk factors for DR (Yau et al., 2012). This 
study extended these strong risk factors from Western 
populations (diabetic duration and hypertension) to a 
Chinese population, and confirmed the findings from 
other studies of Chinese populations (Liu et al., 2002; 
Cai et al., 2006). 
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Although HbA1c has been established as a risk 

factor for DR, our study found no statistically sig-
nificant association between HbA1c and either DR or 
PDR. The lack of association may be due to the fact 
that our study subjects were in-patients. These pa-
tients may have better control of their HbA1c than 
subjects in other population-based studies. We found 
that patients who had a longer duration of diabetes 
had better control of HbA1c, because our data suggest 
that there is a negative correlation between HbA1c 
and diabetic duration (Pearson correlation coefficient 
−0.14, P=0.003). 

Our study had several limitations. First, the 
study determined the DR from clinical examination 
by senior retinal specialists using ophthalmoscopy 
rather than from the standard grading of fundus pho-
tographs. Ophthalmoscopy may misclassify DR 
status. However, because DR was determined by 
senior retinal specialists who were masked to the lipid 
levels, we believe the misclassification of DR from 
ophthalmoscopy was not dependent on the serum 
lipid levels, and thus was unlikely to bias the asso-
ciation between serum lipids and DR. Second, the 
evaluation of risk factors for DR was not very com-
prehensive. We did not collect data on some risk 
factors that may be potentially associated with DR, 
such as cigarette smoking and body mass index. Thus, 
in our evaluation of the association between serum 
lipid levels and DR, although we adjusted for strong 
risk factors of DR (diabetic duration and hyperten-
sion), we did not account for some other risk factors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lack of adjustment for other risk factors can poten-
tially bias the association of lipid levels with DR in 
either direction. Third, this was a cross-sectional 
study of in-patients, and suffered from the limitations 
of such studies. It did not allow us to evaluate causal 
associations, and it may not be valid to extrapolate the 
results from in-hospital diabetic patients to all Chi-
nese diabetic patients. Finally, the number of cases of 
PDR in this study was small and thus may not have 
provided sufficient power to evaluate the risk factors 
of PDR. 

In summary, our study suggested that hyperlip-
idemia, higher triglyceride, and higher VLDLC were 
significantly associated with increased risk of DR. 
We also confirmed the dose-response relationship of 
diabetic duration with both any form of DR and PDR, 
and the significant associations of systolic blood 
pressure and renal function with DR. Given the in-
creasing prevalence of diabetes mellitus in Chinese 
populations, and that most of these risk factors are 
modifiable, these findings could have a substantial 
public health impact on decreasing the prevalence and 
severity of vision-threatening DR, and on reducing 
the health burden from the complications of diabetes.  
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Table 4  Association of serum lipids with diabetic retinopathy from various studies in Chinese diabetic population 

Serum lipid 
Study/reference 

Number of 
diabetic patients

Outcome
TC TG HDLC LDLC VLDLC

Beijing eye study (Wang S. et al., 2012) 235 DR − − +/− − NA 

Handan eye study (Wang F.H. et al., 2011) 368 DR +/− − − +/− NA 
Beijing community diabetes study (Xu et 

al., 2012) 
2 007 

DR 
PDR 

+ 
− 

− 
− 

− 
− 

+ 
− 

NA 
NA 

Beijing 301 Hospital study (Liu et al., 
2002) 

2 131 DR +/− − NA NA NA 

Peking University People’s Hospital study 
(Cai et al., 2006) 

746 
DR 

PDR 
+ 
− 

− 
− 

+ 
− 

− 
− 

NA 
NA 

Shanghai diabetic complications study 
(Pang et al., 2012) 

799 DR − − − − NA 

Current study 523 
DR 

PDR 
+ 
− 

+ 
− 

− 
− 

− 
− 

+ 
− 

−: no statistically significant association; +: statistically significant association; +/−: marginally significance was dependent on how data were 
analyzed and presented. DR: diabetic retinopathy; PDR: proliferative diabetic retinopathy; TC: total cholesterol; TG: triglyceride; HDLC: 
high density lipoprotein cholesterol; LDLC: low density lipoprotein cholesterol; VLDLC: very low density lipoprotein cholesterol; NA: not 
available 
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This article does not contain any studies with 
human or animal subjects performed by any of the 
authors. 
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