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Abstract
Aims  Prognostic significance of apolipoproteins in diabetic retinopathy risk has not been well investigated. The aim of this 
study was to reveal the relationship between the risk of diabetic retinopathy and the levels of several apolipoproteins and 
their ratios in a 10-year prospective cohort.
Methods  A total of 1023 diabetic patients without retinopathy were selected from a 10-year hospital-based diabetic cohort. 
In this cohort, all subjects had type 2 diabetes. Blood samples were obtained, and serum levels of several apolipoproteins 
were measured. In the follow-up period, diabetic retinopathy was diagnosed by two ophthalmologists through a series of 
ophthalmologic examinations. A Cox proportional hazard analysis was adopted to determine the relationship between the 
risk of diabetic retinopathy and the levels of several apolipoproteins and their ratios.
Results  In the follow-up period, 315 diabetic patients were suffered from diabetic retinopathy, and the remaining 708 patients 
did not. Baseline serum level of apoAI ≥ 7.4 μmol/L was related to the decreased risk of diabetic retinopathy (HR 0.86, 
95% CI 0.70–0.99). Baseline levels of apoCIII ≥ 6.3 μmol/L, apoE ≥ 1.1 μmol/L, apoCIII-to-apoAI ratio ≥ 0.9 and apoE-to-
apoAI ratio ≥ 0.2 were associated with the increased risk of this complication (HR 1.25, 95% CI 1.04–1.49; HR 1.23, 95% 
CI 1.03–1.47; HR 1.34, 95% CI 1.11–1.60; HR 1.21, 95% CI 1.01–1.46).
Conclusion  Elevated level of apoAI might be a protective factor for diabetic retinopathy. Increased levels of apoCIII, apoE, 
apoCIII-to-apoAI and apoE-to-apoAI ratios might be risk factors for this complication.
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Introduction

Diabetes mellitus (DM) is a common chronic disease with 
several metabolic disorders. In 2013, among adults in China, 
the estimated overall prevalence of DM is 10.9% and that for 
prediabetes is 35.7% [1]. In 2016, about 422 million people 
have DM globally, and more than 90% of them are type 2 
DM patients [2]. Diabetic retinopathy (DR) is one of the 
major chronic microvascular complications. It affects more 
than 80% of patients with a diabetic duration of more than 
20 years, and eventually leads to irreversible blindness [3]. 

In the USA, DR accounts for about 12% of new blind cases 
annually [4]. In China, the prevalence of DR in DM is more 
than 27.0% in a multi-hospital-based population [5]. Hyper-
glycemia, hypertension, disease duration and body mass 
index (BMI) are risk factors for DR, but other risk factors 
are still not clear [5–7].

Traditional lipids such as high density lipoprotein cho-
lesterol (HDL-C) are useful prognostic indicators for type 2 
DM [8]. But, the potential role of these traditional lipids in 
the development and progression of DR remains controver-
sial. To date, some studies had confirmed the relationship 
between the traditional lipids and DR risk [9, 10], and others 
had failed to do so [11, 12].

Apolipoproteins are one kind of protein which combine 
with lipids to form lipoproteins. These combinations have 
good solubility in water and facilitate the transport of lipids 
in peripheral circulation. Furthermore, serum levels of many 
apolipoproteins are not disturbed by dietary status [13].
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Recently, some studies focused on the prognostic role of 
apolipoproteins in DM risk and reported that some apoli-
poproteins (i.e., apoA1 and apoB) were good or even better 
prognostic indicators compared with the traditional lipids 
[14, 15]. An increasing number of studies also focused on 
the relationship between the serum levels of apolipoproteins 
and the risk of DR in DM patients, and provided some inter-
esting results [16–18]. But, there were obvious limitations in 
these studies. First, most of the studies had a cross-sectional 
design and included a few subjects. Second, nearly all these 
studies focused on the apoA1 and apoB and did not explore 
other apolipoproteins. So, the prognostic significance of 
the apolipoproteins in the risk of DR remains to be fully 
elucidated.

Therefore, we conducted a 10-year prospective cohort 
study, included more than 1000 subjects, focused on sev-
eral apolipoproteins (i.e., apoA1, apoCIII, apoD and apoE) 
and their ratios to apoA1 and tried to reveal the relationship 
between the serum level of apolipoproteins and the risk of 
DR in type 2 DM patients.

Materials and methods

Diabetic cohort

The study was approved by the ethics committee of Shuyang 
People’s Hospital.

There was a hospital-based prospective diabetic cohort in 
Shuyang People’s Hospital. All type 2 diabetic patients in 
Department of Endocrinology, Shuyang People’s Hospital 
between January 2004 and December 2006 were invited to 
join this cohort. A total of 2654 patients agreed with the 
request and signed the written informed consents. The rest 

of 175 patients or their family rejected to participate this 
cohort, and rejection rate was 6.2% (175/2829). In the fol-
low-up period, 211 patients were lost, and loss rate was 8.0% 
(211/2654). All patients in the cohort were confirmed type 
2 diabetic patients, and their diabetic durations at baseline 
were more than 1 year. Demographic information, eating 
habit, personal history, medical history and other medical 
information were recorded. Physical, serological, imaging, 
ophthalmic and other examinations were also performed.

The first follow-up for each patient was conducted 
between January 2009 and December 2011, and the sec-
ond follow-up was conducted between January 2014 and 
December 2016. The examination items of the first and sec-
ond follow-ups were the same as that at baseline.

In this study, we only selected the patients without base-
line retinopathy from this cohort. Finally, 1023 diabetic 
patients without retinopathy between January 2004 and 
December 2006 were included in our study (Fig. 1).

Serological examination

Three blood samples of each patient were collected during 
the whole study period (separately at baseline, the first and 
second follow-ups). The samples were sent to our biochemi-
cal laboratory in Shuyang People’s Hospital immediately 
and were centrifugated, extracted and stored at − 70 °C. All 
these samples were determined in this laboratory.

Serum levels of total cholesterol (TC), triglycerides (TG), 
HDL-C were measured by a Bayer ADVIA-1650 Chemis-
try System (Bayer Co., Tarrytown, NY, USA). Serum levels 
of apoA1, apoCIII, apoD, and apoE were detected using 
latex-particle-enhanced immunonephelometric assays on a 
BN ProSpec nephelometer (Dade Behring Co., Liederbach, 
Germany). Serum level of non-HDL-C was calculated using 

Fig. 1   Flowchart of the diabetic 
cohort from 2004 to 2016
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a formula: non-HDL-C (mmol/L) = TC (mmol/L) − HDL-C 
(mmol/L).

Each serological marker (i.e., glycosylated hemoglobin 
and traditional lipids) was measured three times using three 
serum samples separately collecting at baseline, the first and 
second follow-ups. Average value of each marker was calcu-
lated. Both baseline and average values of these serological 
markers were included in the study.

Diagnosis of diabetes mellitus and its ophthalmic 
complication

All patients in our study were diagnosed with DM according 
to the World Health Organisation standard [19]. The diag-
nostic criteria was listed as follows: (1) fasting blood glu-
cose level ≥ 7.0 mmol/L, (2) 2-h postprandial blood glucose 
level ≥ 11.1 mmol/L; (3) blood glucose level 2 h after a 75 g 
oral glucose load in a glucose tolerance test ≥ 11.1 mmol/L.

A preliminary diagnosis of DR was made by a profes-
sional ophthalmologist and was rechecked by another pro-
fessional ophthalmologist. The final diagnosis was made by 
them both. In this process, each patient received a visual 
acuity test and an ophthalmoscopy (after pupil dilation). If 
some signs of DR (such as leaking blood vessels and macu-
lar edema) were found, fundus fluorescein angiography was 
performed.

The severity of DR was determined according to a modi-
fied airlie house classification system [20]. Severe non-
proliferative DR, proliferative DR and macular edema were 
regarded as vision threatening DR (VTDR).

Definition

Smoking was defined as having at least one cigarette per 
week for 1 year or more after the diagnosis of DM. Alcohol 
drinking was defined as drinking alcohol at least one time 
per week for 1 year or more after the diagnosis of DM. Tea 
drinking was defined as having at least a cup of tea per day 
for 1 year or more after the diagnosis of DM.

History of chronic diseases was defined as having one 
kind of chronic disease for 1 year or more after the diagno-
sis of DM. History of cardiovascular disease was defined 
as a history of angina pectoris, myocardial infarction, per-
cutaneous coronary intervention or coronary artery bypass 
graft surgery and was verified by an electrocardiographic 
examination. History of cerebrovascular disease was defined 
as a history of cerebral infarction or cerebral hemorrhage 
and was verified by a cranial CT examination (if necessary). 
History of hypertension was defined as a history of taking 
antihypertensive drugs and was verified by a blood pres-
sure examination. A physical examination was conducted, 
and BMI was calculated according to a formula: BMI (kg/
m2) = weight (kg)/height2 (m2). Underweight, overweight 

and obesity were separately defined as BMI < 18.5 kg/m2, 
23.0–24.9 kg/m2 and ≥ 25 kg/m2. History of hepatic dys-
function was defined as a history of virus hepatitis, hepatic 
adipose infiltration or other type of chronic liver disease and 
was verified by a liver function examination (total bilirubin 
> 34.2 μmol/L, glutamic pyruvic transaminase > 80 U/L 
or glutamic oxaloacetic transaminase > 80 U/L). History 
of renal dysfunction was defined as a history of diabetic 
nephropathy, glomerular nephritis or other type of chronic 
kidney disease and was verified by a renal function exami-
nation and an urinary albumin examination (serum creati-
nine > 133 μmol/L, urinary albumin > 30 mg/24 h). Dia-
betic nephropathy was defined as urinary albumin excretion 
> 30 mg/24 h coupled with exclusion of other causes of 
albuminuria in our diabetic patients.

Drug history relating to the following drug classes: 
statins, fibrates, calcium channel blockers, emictories, 
β-receptor blockers, antiepileptic drugs, and antipsychotic 
drugs, was documented based on taking any of these medi-
cations regularly for at least 1 year after the diagnosis of 
DM.

Active physical activity was defined as carrying out some 
kinds of physical activities (such as running) 1 h per day for 
1 year or more after the diagnosis of DM. Negative physical 
activity was defined as never carrying out any kind of physi-
cal activity after the diagnosis of DM.

History of taking edible oils was defined as having edible 
oils ≥ 30 g/days for 1 year or more after the diagnosis of 
DM. History of taking beans and nuts was defined as having 
beans and nuts ≥ 50 g/days for 1 year or more after the diag-
nosis of DM. History of taking animal proteins was defined 
as having animal proteins ≥ 100 g/days for 1 year or more 
after the diagnosis of DM. History of taking vegetables was 
defined as having vegetables ≥ 400 g/days for 1 year or more 
after the diagnosis of DM.

This information was mainly collected from their medical 
records and follow-up records. If these records were unavail-
able, an interview would be performed. All these confirma-
tions were completed by two physicians.

Statistical analysis

Continuous variables (such as age) were showed as arith-
metical mean and standard deviation. Categorical variables 
(such as gender) were expressed as frequency and constitu-
ent ratio. Difference of two continuous variables was meas-
ured using independent sample t test. Difference of three 
continuous variables was measured using one-way vari-
ance analysis. Difference of those categorical variables was 
determined by Chi-square test. If a P value was less than 
0.05, the difference was statistically significant. Relation-
ships between the levels of apolipoproteins and the risk of 
retinopathy were measured using a Cox proportional hazard 
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analysis. Because many variables could affect the serum lev-
els of apolipoproteins or the risk of DM, two multifacto-
rial models were performed. In model 1, it was adjusted 
by age and gender. In model 2, it was adjusted by age, gen-
der, smoking, alcohol drinking, tea drinking, cardiovascu-
lar disease, cerebrovascular disease, hypertension, obesity, 
overweight, underweight, hepatic dysfunction, diabetic 
nephropathy, other type of renal dysfunction, oral agents, 
physical activity, diet, hypoglycemic therapy, glycosylated 
hemoglobin, duration of diabetes, serum levels of lipids and 
apolipoproteins. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) were obtained. If a 95% CI included value 
one, the relationship was statistically significant. All analy-
ses were performed using SPSS 19.0 (SPSS Inc, Chicago, 
IL, USA).

Results

In the follow-up period, a total of 315 diabetic patients were 
suffered from DR, and the remaining 708 patients did not. 
Table 1 shows the characteristics of the diabetic patients 
with retinopathy and the patients without retinopathy. Age, 
duration of DM, baseline and average serum level of glyco-
sylated hemoglobin were higher in the patients with DR than 
in the patients without DR (P = 0.005, P < 0.001, P < 0.001, 
P < 0.001). Compared with the patients without DR, hyper-
tension, total renal dysfunction, diabetic nephropathy and 
obesity/overweight were more common in the patients with 
DR (P = 0.007, P = 0.002, P = 0.001, P = 0.003). The patients 
without DR tended to carry out some more physical activi-
ties than the patients with DR did (P = 0.001, P = 0.016).

One-way variance analysis revealed that there was a sig-
nificant difference among three measured values of TC, TG 
or non-HDL-C (P = 0.031, P = 0.020, P = 0.045), and there 
was no difference among three measured values of HDL-
C, apoAI, apoCIII, apoD, apoE, apoCIII-to-apoAI ratio, 
apoD-to-apoAI ratio or apoE-to-apoAI ratio (P = 0.088, 
P = 0.165, P = 0.658, P = 0.712, P = 0.134, P = 0.453, 
P = 0.147, P = 0.361). So, both baseline and average values 
of the traditional lipids were included in the study, and only 
baseline values of the apolipoproteins were included in the 
study. This arrangement reduced the bias and enhanced the 
practical importance of the conclusion.

Table 2 shows the serum levels of the lipids and apoli-
poproteins in the diabetic patients with retinopathy and the 
patients without retinopathy. The baseline serum level of 
apoAI was lower in the patients with DR than in the patients 
without DR (P = 0.032). On the contrary, the baseline serum 
levels of apoCIII and apoE were higher in the patients with 
DR than in the patients without DR (P = 0.005, P = 0.043). 
The baseline apoCIII-to-apoAI and apoE-to-apoAI ratios 
were also higher in the patients with DR than in the patients 

without DR (P = 0.001, P = 0.005). There was no significant 
difference in the baseline levels as well as the average levels 
of these traditional lipids between the patients with DR and 
the patients without DR (P > 0.05).

Table 3 shows the associations of serum lipids and apoli-
poproteins levels with DR risk. The baseline serum level of 
apoAI ≥ 7.4 μmol/L was related to the decreased risk of DR 
in the diabetic patients (HR 0.86, 95% CI 0.70–0.99). The 
baseline levels of apoCIII ≥ 6.3 μmol/L, apoE ≥ 1.1 μmol/L, 
apoCIII-to-apoAI ratio ≥ 0.9 and apoE-to-apoAI ratio ≥ 0.2 
were associated with the increased risk of DR (HR 1.25, 
95% CI 1.04–1.49; HR 1.23, 95% CI 1.03–1.47; HR 1.34, 
95% CI 1.11–1.60; HR 1.21, 95% CI 1.01–1.46).

Because apoAI, apoCIII, apoE, apoCIII-to-apoAI and 
apoE-to-apoAI ratios provided some statistically significant 
results, these apolipoproteins and their ratios were included 
in the following analysis. Table 4 shows the relationship 
between the DR risk and serum apolipoproteins levels in 
the different level groups. With the increase in levels in 
these markers, the associations of the DR risk with these 
apolipoproteins and their ratios were even stronger. Serum 
apoAI ≥ 8.47 μmol/L showed a stronger protective effect 
(HR 0.76, 95% CI 0.61–0.98). And, apoCIII ≥ 7.18 μmol/L, 
apoE ≥ 1.34 μmol/L, apoCIII-to-apoAI ratio ≥ 1.01 or apoE-
to-apoAI ratio ≥ 0.22 showed a stronger pathogenic effect 
(HR 1.49, 95% CI 1.12–1.93; HR 1.36, 95% CI 1.05–1.76; 
HR 1.72, 95% CI 1.30–2.25; HR 1.89, 95% CI 1.42–2.47).

Of the 315 patients with DR, 110 patients had VTDR in 
the study. Table 5 shows the associations of serum apoli-
poproteins levels with the risk of VTDR. The associations 
of the complication risk with apoAI ≥ 7.4 μmol/L, apoC-
III ≥ 6.3  μmol/L, apoE ≥ 1.1  μmol/L, apoCIII-to-apoAI 
ratio ≥ 0.9 and apoE-to-apoAI ratio ≥ 0.2 were possibly 
strengthened in the patients with VTDR compared with the 
patients with common DR. The detailed results are listed 
in Table 5.

Discussion

In this study, we revealed that several apolipoproteins (i.e., 
apoAI, apoCIII, apoE) and their ratios (i.e., ApoCIII-to-
apoAI, ApoE-to-apoAI ratio) were significantly associated 
with the risk of DR in DM patients. Among them, apoAI 
seemed to be a protective factor against DR. If serum apoAI 
level ≥ 7.4 μmol/L at baseline, the risk of DR in the follow-
up period might be reduced by approximately 15%. ApoC-
III, apoE and their ratios to apoAI should be pathogenic 
factors for DR. If one of these indicators had a relatively 
high serum level (apoCIII ≥ 6.3 μmol/L, apoE ≥ 1.1 μmol/L, 
apoCIII-to-apoAI ratio ≥ 0.9 or apoE-to-apoAI ratio ≥ 0.2), 
the risk of DR might has an increase in 20–30% in the next 
10 years. Furthermore, if the levels of these indicators 
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further increased, their prognostic significance became even 
stronger (Table 4). These results were partly consistent with 
a previous study focusing on the relationship between serum 
apolipoproteins levels and incident type 2 DM [14].

However, we failed to confirm any prognostic signifi-
cance of several traditional lipids in DR. In this study, 
there was no difference in the baseline or average levels 
of TC, TG, HDL-C and non-HDL-C between the DM 

patients with DR and the patients without DR. Subsequent 
multifactorial Cox proportional hazard analyses reported 
no statistically significant HRs and 95% CIs. So, serum 
apolipoproteins might be stronger prognostic indicators 
of DR than traditional lipids, which was consistent with a 
cross-sectional study including 224 diabetic patients [21]. 
A possible explanation for this result was that traditional 

Table 1   Characteristics of 
diabetic patients according to 
retinopathy

a DR diabetic retinopathy, HbA1c glycosylated hemoglobin
b Continuous variables (such as age) were showed as arithmetical mean and standard deviation

Parameterb Diabetic patients with 
DRa

Diabetic patients with-
out DR

P value

Total (n) 315 708 –
Baseline age (years) 57.8 ± 5.8 56.7 ± 5.8 0.005
Male (n, %) 193 (61.3) 442 (62.4) 0.724
Smoking (n, %) 115 (36.5) 239 (33.8) 0.393
Alcohol drinking (n, %) 97 (30.8) 205 (29.0) 0.552
Tea drinking (n, %) 45 (14.3) 124 (17.5) 0.199
Chronic disease (n, %)
 Cardiovascular disease 128 (40.6) 277 (39.1) 0.648
 Cerebrovascular disease 67 (21.3) 135 (19.1) 0.414
 Hypertension 179 (56.8) 338 (47.7) 0.007
 Obesity/overweight 210 (66.7) 402 (56.8) 0.003
 Underweight 55 (17.5) 113 (16.0) 0.550
 Hepatic dysfunction 34 (10.8) 64 (9.0) 0.379
 Total renal dysfunction 75 (23.8) 110 (15.5) 0.002
 Diabetic nephropathy 72 (22.9) 103 (14.5) 0.001

Oral agents (n, %)
 Statins 117 (37.2) 254 (35.9) 0.697
 Fibrates 21 (6.7) 63 (8.9) 0.230
 Calcium channel blocker 135 (42.9) 290 (41.0) 0.570
 Emictory 28 (8.9) 66 (9.3) 0.825
 β-receptor blocker 120 (38.1) 273 (38.6) 0.888
 Antiepileptic drug 5 (1.6) 3 (0.4) 0.051
 Antipsychotic drug 3 (1.0) 3 (0.4) 0.307

Physical activity (n, %)
 Active 90 (28.6) 281 (39.7) 0.001
 Negative 77 (24.5) 127 (17.9) 0.016

Diet (n, %)
 Edible oils ≥ 30 g/days 58 (18.4) 102 (14.4) 0.103
 Beans and nuts ≥ 50 g/days 79 (25.1) 180 (25.4) 0.907
 Animal proteins ≥ 100 g/days 105 (33.3) 246 (34.8) 0.660
 Vegetables ≥ 400 g/days 189 (60.0) 468 (66.1) 0.060

Hypoglycemic therapy (n, %)
 Insulin only 28 (8.9) 72 (10.2) 0.524
 Oral agent only 193 (61.3) 431 (60.9) 0.905
 Both 94 (29.8) 205 (29.0) –

Baseline HbA1ca (%) 8.6 ± 1.7 7.9 ± 1.7 < 0.001
Average HbA1ca (%) 8.7 ± 2.1 7.7 ± 2.3 < 0.001
Baseline duration of diabetes (years) 8.0 ± 3.3 3.4 ± 1.0 < 0.001



686	 Acta Diabetologica (2018) 55:681–689

1 3

blood lipids were unstable markers, and their serum levels 
were greatly influenced by diets and other factors.

In addition, these apolipoproteins showed more prog-
nostic significance in VTDR than in common DR. Ele-
vated level of apoAI (≥ 7.4 μmol/L) at baseline contrib-
uted to a 35% decrease in VTDR risk in the follow-up 
period. Increased levels of apoCIII (≥ 6.3 μmol/L), apoE 
(≥ 1.1 μmol/L), apoCIII-to-apoAI ratio (≥ 0.9) and apoE-to-
apoAI ratio (≥ 0.2) indicated a 50–90% increase in VTDR 
risk. So, serum apolipoproteins levels might be better prog-
nostic indicators for VTDR.

At present, there were few studies focusing on the poten-
tial mechanisms by which these apolipoproteins were pro-
tective or facilitate the development of DR. Previous stud-
ies suggested that apoAI and apoCIII could be involved in 
the physiopathology of DR [22, 23]. Vitreous fluid level 
of apoAI was elevated in the diabetic patients with PDR 
[22], and apoAI overexpression is an early event in the retina 
of diabetic patients [22, 23]. Serum apoAI was associated 
with increased vasomotor responsiveness to acetylcholine 
and flickering light and inversely related to retinal vessel 
tortuosity, indicating that higher serum apoAI was associ-
ated with better microvascular function in DM patients [24]. 
On the contrary, elevated serum apoCIII level was related 
to greater risk of subclinical atherosclerosis in DM patients 
[25]. In the DCCT/EDIC cohort, there was an independent 
positive association of serum apoCIII level with microvas-
cular complications of type 1 DM [26].

Prognostic effect of apolipoproteins on microvascu-
lar complication DR might be explained by their mecha-
nisms on large vessel disease. ApoAI was the major protein 

Table 2   Serum levels of lipids and apolipoproteins in diabetic 
patients according to retinopathy

a DR diabetic retinopathy, TC total cholesterol, TG triglyceride, HDL-
C high density lipoprotein cholesterol
b Continuous variables (such as total cholesterol) were showed as 
arithmetical mean and standard deviation

Parameterb Diabetic 
patients with 
DRa

Diabetic 
patients with-
out DR

P value

Total (n) 315 708 –
Baseline TCa (mmol/L) 4.5 ± 0.7 4.5 ± 0.7 0.706
Average TC (mmol/L) 4.7 ± 1.0 4.6 ± 1.1 0.655
Baseline TGa (mmol/L) 1.2 ± 0.2 1.1 ± 0.3 0.261
Average TG (mmol/L) 1.3 ± 0.4 1.2 ± 0.5 0.226
Baseline HDL-Ca (mmol/L) 1.6 ± 0.4 1.5 ± 0.4 0.068
Average HDL-C (mmol/L) 1.4 ± 0.6 1.5 ± 0.5 0.055
Baseline Non-HDL-C 

(mmol/L)
3.2 ± 0.7 3.1 ± 0.7 0.214

Average Non-HDL-C 
(mmol/L)

3.3 ± 1.0 3.2 ± 1.1 0.242

Baseline apoAI (μmol/L) 7.3 ± 1.2 7.5 ± 1.2 0.032
Baseline apoCIII (μmol/L) 6.4 ± 1.1 6.2 ± 1.1 0.005
Baseline apoD (μmol/L) 3.9 ± 0.6 4.0 ± 0.6 0.053
Baseline apoE (μmol/L) 1.2 ± 0.2 1.1 ± 0.2 0.043
Baseline apoCIII-to-apoAI 

ratio
0.9 ± 0.2 0.8 ± 0.2 0.001

Baseline apoD-to-apoAI 
ratio

0.6 ± 0.1 0.6 ± 0.1 0.901

Baseline apoE-to-apoAI 
ratio

0.3 ± 0.1 0.2 ± 0.1 0.005

Table 3   Associations of serum lipids and apolipoproteins levels with diabetic retinopathy risk

a DR diabetic retinopathy, TC total cholesterol, TG triglyceride, HDL-C high density lipoprotein cholesterol, HR hazard ratio, CI confidence 
interval
b Model 1 was adjusted by age and gender. Model 2 was adjusted by age, gender, smoking, alcohol drinking, tea drinking, cardiovascular disease, 
cerebrovascular disease, hypertension, obesity, overweight, underweight, hepatic dysfunction, diabetic nephropathy, other type of renal dysfunc-
tion, oral agents, physical activity, diet, hypoglycemic therapy, glycosylated hemoglobin, duration of diabetes, serum levels of lipids and apolipo-
proteins

DRa (n) Total (n) Model 1 HR (95% CI)a, b Model 2 HR (95% CI)b

Total 315 1023 – –
Average TC ≥ 4.6 mmol/L 151 514 0.92 (0.77–1.12) 0.94 (0.79–1.13)
Average TG ≥ 1.2 mmol/L 161 508 1.07 (0.88–1.29) 1.09 (0.89–1.29)
Average HDL-C ≥ 1.5 mmol/L 157 518 0.97 (0.82–1.17) 0.98 (0.84–1.18)
Average Non-HDL-C ≥ 3.2 mmol/L 165 503 1.15 (0.95–1.38) 1.17 (0.96–1.40)
Baseline apoAI ≥ 7.4 μmol/L 141 505 0.84 (0.69–0.99) 0.86 (0.70–0.99)
Baseline apoCIII ≥ 6.3 μmol/L 168 495 1.23 (1.02–1.49) 1.25 (1.04–1.49)
Baseline apoD ≥ 4.0 μmol/L 150 506 0.93 (0.78–1.11) 0.95 (0.79–1.11)
Baseline apoE ≥ 1.1 μmol/L 170 505 1.22 (1.01–1.46) 1.23 (1.03–1.47)
Baseline apoCIII-to-apoAI ratio ≥ 0.9 170 482 1.33 (1.09–1.59) 1.34 (1.11–1.60)
Baseline apoD-to-apoAI ratio ≥ 0.6 155 485 1.08 (0.90–1.30) 1.10 (0.91–1.30)
Baseline apoE-to-apoAI ratio ≥ 0.2 156 463 1.20 (1.00–1.45) 1.21 (1.01–1.46)
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component in serum HDL particles, and reflected lipid 
accumulation in vessel tissues. It was involved in retrograde 
transport of fat molecules, formation of serum cholesteryl 

esters and anti-clotting process and had significant antioxi-
dant, anti-inflammatory and atheroprotective effects [27]. 
ApoAI was regarded as a protective factor for coronary heart 

Table 4   Associations of serum 
apolipoproteins levels with 
diabetic retinopathy risk in 
different level groups

a DR diabetic retinopathy, HR hazard ratio, CI confidence interval
b Model 1 was adjusted by age and gender. Model 2 was adjusted by age, gender, smoking, alcohol drink-
ing, tea drinking, cardiovascular disease, cerebrovascular disease, hypertension, obesity, overweight, 
underweight, hepatic dysfunction, diabetic nephropathy, other type of renal dysfunction, oral agents, phys-
ical activity, diet, hypoglycemic therapy, glycosylated hemoglobin, duration of diabetes, serum levels of 
lipids and apolipoproteins

DRa (n) Total (n) Model 1 HR (95% CI)a, b Model 2 HR (95% CI)b

Total 315 1023 – –
Baseline apoAI (μmol/L)
 < 6.35 93 256 Reference Reference
 6.35–7.39 81 256 0.88 (0.68–1.12) 0.89 (0.69–1.13)
 7.39–8.47 72 256 0.78 (0.61–1.00) 0.79 (0.63–1.00)
 ≥ 8.47 69 255 0.75 (0.59–0.97) 0.76 (0.61–0.98)

Baseline apoCIII (μmol/L)
 < 5.31 64 256 Reference Reference
 5.31–6.21 73 256 1.15 (0.86–1.53) 1.17 (0.87–1.53)
 6.21–7.18 85 256 1.34 (1.02–1.75) 1.35 (1.04–1.76)
 ≥ 7.18 93 255 1.47 (1.12–1.92) 1.49 (1.12–1.93)

Baseline apoE (μmol/L)
 < 0.95 68 256 Reference Reference
 0.95–1.09 77 256 1.14 (0.87–1.49) 1.15 (0.88–1.50)
 1.09–1.34 79 256 1.17 (0.88–1.54) 1.19 (0.88–1.55)
 ≥ 1.34 91 255 1.35 (1.03–1.75) 1.36 (1.05–1.76)

Baseline apoCIII-to-apoAI ratio
 < 0.70 58 256 Reference Reference
 0.70–0.85 72 256 1.25 (0.92–1.68) 1.27 (0.93–1.69)
 0.85–1.01 87 256 1.51 (1.14–1.99) 1.52 (1.16–2.00)
 ≥ 1.01 98 255 1.70 (1.29–2.24) 1.72 (1.30–2.25)

Baseline apoE-to-apoAI ratio
 < 0.16 55 256 Reference Reference
 0.16–0.19 74 256 1.36 (0.99–1.83) 1.38 (0.99–1.84)
 0.19–0.22 84 256 1.54 (1.14–2.06) 1.55 (1.16–2.06)
 ≥ 0.22 102 255 1.87 (1.42–2.46) 1.89 (1.42–2.47)

Table 5   Associations of serum apolipoproteins levels with vision threatening diabetic retinopathy risk

a VTDR vision threatening diabetic retinopathy, HDL: HR hazard ratio, CI confidence interval
b Model 1 was adjusted by age and gender. Model 2 was adjusted by age, gender, smoking, alcohol drinking, tea drinking, cardiovascular disease, 
cerebrovascular disease, hypertension, obesity, overweight, underweight, hepatic dysfunction, diabetic nephropathy, other type of renal dysfunc-
tion, oral agents, physical activity, diet, hypoglycemic therapy, glycosylated hemoglobin, duration of diabetes, serum levels of lipids and apolipo-
proteins

VTDRa (n) Total (n) Model 1 HR (95% CI)a, b Model 2 HR (95% CI)b

Total 110 1023 – –
Baseline apoAI ≥ 7.4 μmol/L 42 505 0.64 (0.44–0.92) 0.65 (0.46–0.93)
Baseline apoCIII ≥ 6.3 μmol/L 64 495 1.49 (1.05–2.12) 1.51 (1.06–2.12)
Baseline apoE ≥ 1.1 μmol/L 66 505 1.55 (1.07–2.22) 1.57 (1.07–2.23)
Baseline apoCIII-to-apoAI ratio ≥ 0.9 70 482 1.89 (1.30–2.73) 1.92 (1.32–2.75)
Baseline apoE-to-apoAI ratio ≥ 0.2 64 463 1.69 (1.19–2.42) 1.70 (1.21–2.42)
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disease [28]. ApoCIII was a component of very low density 
lipoprotein (VLDL). It decreased the clearance of VLDL, 
stimulated the secretion of VLDL, inhibited the activities of 
several fat metabolism enzymes (such as hepatic lipase) and 
reduced the hepatic uptake of TC particles [29]. It was a pre-
dictor of coronary heart disease risk and a pro-inflammatory 
mediator [30]. These biological functions and characteristics 
of apoAI and apoCIII might partly explain their prognostic 
effect on DR.

ApoE was part of the chylomicron (CM) and intermedi-
ate density lipoprotein (IDL). It was a gene polymorphic 
protein with three alleles: ApoE-ε2, ApoE-ε3 and ApoE-ε4 
[31]. ApoE-ε2 and apoE-ε4 were implicated in the devel-
opment of atherosclerosis, but apoE-ε3 was considered to 
be a “neutral” genotype [32, 33]. However, another study 
suggested that apoE-ε2 and apoE-ε3, but not apoE-ε4, pro-
moted retinal pathologic neovascularization in the patients 
with PDR [34]. In our study, apoE and apoE-to-apoAI ratio 
were pathogenic factors for DR. This result was likely to 
be affected by genetic polymorphisms of apoE. So, further 
studies should be carried out to explore the relationship 
between the genetic polymorphisms of apoE and the patho-
genic effect of apoE on DR.

As mentioned above, these apolipoproteins were parts of 
HDL, IDL, VLDL or CM. Changes in serum apolipoprotein 
levels inevitably affected the serum lipids levels. So, these 
lipids became very important confounding factors in this 
study. In order to avoid these bias, we adopted the molar 
ratios of serum apolipoproteins levels to apoA1 and offset 
the interference effects from the lipids. Then, apoCIII-to-
apoAI ratio and apoE-to-apoAI ratio still showed great prog-
nostic significance in DR risk.

Compared with some previous studies, there were sev-
eral characteristics in this study. First, this was a prospec-
tive cohort study, which might avoid the potential causal-
ity confusion. Second, considering that DR was a chronic 
complication in DM, the follow-up period of this study was 
10 years. Third, the study enrolled more than 1000 subjects 
and had a relatively large sample size. Fourth, almost all the 
subjects who met the inclusion criteria were included in the 
study, and the rejection rate was 6.2% and the loss rate was 
8.0%. Fifth, this was a comprehensive study, which focused 
on the association of DR risk with several traditional lipids, 
apolipoproteins and their ratios.

The findings in this study had several clinical implica-
tions. First, the significant variability of serum traditional 
lipids concentrations limited the clinical application in pre-
diction of long-term prognosis in DM patients. Second, due 
to the stability of serum apolipoproteins, their concentra-
tions at baseline provided some useful predictive informa-
tion about the risk of DR in the 10-year follow-up. Apoli-
poproteins might be a much better predictor for DR risk in 
DM patients. Third, elucidating the prognostic role of the 

apolipoproteins in DR was helpful to explore the pathogen-
esis of this complication.

In conclusion, elevated level of apoAI might be a pro-
tective factor for DR. On the contrary, increased levels of 
apoCIII, apoE, apoCIII-to-apoAI and apoE-to-apoAI ratios 
might be risk factors for this complication in DM. The prog-
nostic significance of these apolipoproteins and ratios might 
be strengthened in VTDR compared with common DR.
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