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Abstract 

Background: The prognostic significance of diabetic retinopathy (DR) for cardiovascular diseases (CVD) remained 
unclear. Therefore, we performed this meta‑analysis to assess whether DR predicted CVD mortality in diabetic 
patients.

Methods: We searched PubMed, Embase, Web of Science and Cochrane Library for cohort studies reporting the 
association of DR and CVD mortality. Then we pooled the data for analysis.

Results: After screening the literature, 10 eligible studies with 11,239 diabetic subjects were finally included in quan‑
titative synthesis. The pooled risk ratio (RR) of DR, mild DR, and severe DR for CVD mortality was 1.83 (95% confidence 
interval (CI): 1.42, 2.36; p < 0.001), 1.13 (95% CI 0.81, 1.59; p = 0.46), and 2.26 (1.31, 3.91; p = 0.003), respectively, com‑
pared to those without DR. In type 2 DM, the patients with DR had a significantly higher CVD mortality (RR: 1.69; 95% 
CI 1.27, 2.24; p < 0.001). Subgroup analysis also showed a significantly higher CVD mortality in DR according to various 
regions, study design, data source, and follow‑up period (all RR > 1; all P values < 0.05). Data from 2 studies showed no 
significant correlation of DR and CVD mortality in diabetic patients receiving cardiovascular surgery (RR: 2.40; 95% CI 
0.63, 9.18; P = 0.200).

Conclusions: DR is a risk marker of cardiovascular death, and severe DR predicts a doubled mortality of CVD in diabe‑
tes. These findings indicate the importance of early identification and management of diabetic patients with DR to 
reduce the risk of death.
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Introduction
Diabetes mellitus (DM) has become one of the largest 
public health challenges throughout the world, both in 
developed and developing countries [1]. According to the 
global estimate from the International Diabetes Federa-
tion (IDF), there were about 415 million diabetic patients 
in 2015, and the number will probably rise to 642 mil-
lion by 2040 [2]. The main burden of DM results from 
its complications, which can be traditionally divided into 

macrovascular complications (e.g., cardiovascular disease 
(CVD)) and microvascular complications (e.g., renal dis-
ease, retinopathy, and polyneuropathy) [3].

Diabetic retinopathy (DR) is a common microvascu-
lar complication of DM, and has emerged as the leading 
cause of irreversible blindness in working-age population 
[4]. DR can be further classified as non-proliferative dia-
betic retinopathy (NPDR) and proliferative diabetic retin-
opathy (PDR). In the Wisconsin Epidemiologic Study 
of Diabetic Retinopathy (WESDR), the overall 10-year 
incidence of retinopathy in diabetes was 74% [5]. And 
in patients with retinopathy at baseline, 64% developed 
more severe retinopathy and 17% progressed to PDR 
finally [6].
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It has been reported that individuals with DM have 
poorer survival rates than those without, mainly due to 
the incidence of CVD [7, 8]. Therefore, efforts have been 
made to clarify the prognostic factors for mortality in 
diabetes. Although several investigations have found 
DR is associated with all-cause mortality and incidence 
of CVD events in both type 1 and type 2 DM [9], it still 
remains unclear whether DR serves as an indicator of 
CVD mortality. The inconsistent findings may result 
from variations in population, study design, sample size, 
type of DM, duration of diabetes and other factors. Clari-
fying the relationship between DR and CVD mortality 
may have significant public health implications for the 
primary prevention. Therefore, we performed this meta-
analysis to assess whether DR is able to predict CVD 
mortality.

Methods
Literature search
The protocol of the meta-analysis was registered in 
PROSPERO website (University of York, York, UK) with 
a registration number of CRD42020194324. We searched 
PubMed, Embase, Cochrane Library, and Web of Science 
using following keywords with various combinations: 
“retinopathy”, “diabetic retinopathy”, “DR”, “diabetes”, 
“diabetes mellitus”, “cardiovascular disease”, “vascular dis-
ease”, “coronary heart disease”, “myocardial infarction”, 
“heart failure”, “heart disease”, “mortality”, and “death”. 
The last search date was June 1st, 2020 and the literature 
was limited to human study only.

Study selection
Inclusion criteria were: (1) prospective or retrospective 
cohort study based on population or hospital; (2) the 
study included at least 100 participants; (3) the median 
follow-up period was more than 2 years; (4) the retinopa-
thy was examined and graded by ophthalmologists using 
ophthalmoscope or fundus photography, with or without 
applying fundus fluorescence angiography (FFA); (5) the 
study reported the CVD mortality in diabetic patients 
with and without DR; (6) deaths related to CVD included 
death due to various cardiovascular causes, including 
myocardial infarction, coronary heart disease, and heart 
failure; and (7) English-language bibliography.

Exclusion criteria were: (1) studies that based on the 
same population and failed to provide additional infor-
mation; (2) ongoing or unpublished studies; and (3) una-
vailable to obtain the original data. The literature was 
independently screened and selected by two researchers 
(XHX, AQD), and any disagreements between them were 
resolved by discussion.

Quality assessment and data extraction
For the articles that passed the primary screening, they 
were reviewed by two authors (XHX, AQD). They inde-
pendently evaluated the quality of the studies according 
to the STROBE statement [10]. The research with low 
quality or evident defects in study design were excluded 
from this meta-analysis. Any disagreements between 
the two reviewers were resolved through discussion or 
judged by senior researchers. The extracted data were: 
(1) basic characteristics of the included studies and par-
ticipants; (2) the CVD mortality in diabetic patients with 
and without DR.

Statistical analysis
The quantitative synthesis was performed using RevMan 
5.3 software (Cochrane Collaboration, Denmark). The 
risk ratio (RR) with 95% confidence interval (CI) was cal-
culated for dichotomous variables. Forest plots were used 
for presenting the RR for CVD mortality. In this study, 
DR was further classified as mild and severe DR. Mild 
DR was defined as mild to moderate NPDR. Severe DR 
was defined as severe NPDR, PDR and vison-threaten-
ing diabetic retinopathy (VTDR). Subgroup analysis was 
performed according to the type of DM, regions, study 
design, data source, follow-up period and surgery con-
dition. The statistical heterogeneity among studies was 
analyzed using the chi-squared test and presented as the 
I-squared (less than 50%: low heterogeneity, 50% to 75%: 
moderate heterogeneity, and more than 75%: high het-
erogeneity). Fixed-effects model was applied when the 
heterogeneity was lower than 50%, otherwise, random-
effects model was used. The publication bias for included 
studies was evaluated using Funnel plots. Two-sided 
P-value lower than 0.05 was considered as statistically 
significance.

Results
Figure 1 showed the process of the literature selection. At 
the initial searches, a total of 1,005 articles were poten-
tially eligible (319 from PubMed, 453 from EMBASE, 2 
from Cochrane Library, and 231 from Web of Science). 
After primary screening and removing duplicates, 210 
potentially eligible articles were selected. After full-text 
review, 10 eligible cohort studies with 11,239 diabetic 
patients were finally included in the quantitative synthe-
sis [11–20].

The included cohort studies consisted of 7 prospective 
studies and 3 retrospective studies. 7 of them were based 
on hospital and others were based on population. Data 
from 5 studies were based on Asian countries and others 
were based on the western countries. Most participants 
in the included studies were type 2 DM (T2DM), and 
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subjects in 2 studies underwent percutaneous coronary 
intervention (PCI) [13] or coronary artery bypass graft 
(CABG) surgery [20] for the treatment of coronary heart 
disease (Table 1).

Overall, the pooled RR of DR, mild DR, and severe DR 
for CVD mortality was 1.83 (95% confidence interval 
(CI): 1.42, 2.36; p < 0.001;  I2 = 77%), 1.13 (95% CI 0.81, 
1.59; p = 0.46;  I2 = 64%), and 2.26 (1.31, 3.91; p = 0.003; 
 I2 = 85%), respectively, compared to those without DR 
(Fig.  2). In T2DM, the patients with DR had a signifi-
cantly higher CVD mortality than those without (RR: 
1.69; 95% CI 1.27, 2.24; p < 0.001;  I2 = 75%).

Subgroup analysis was performed according to various 
regions, study design, data source, and follow-up period 

(Table 2). DR patients had significantly higher CVD mor-
tality in both Asian (RR: 2.18; 95% CI 1.53, 3.11; p < 0.001; 
 I2 = 82%) and western countries (RR: 1.46; 95% CI 1.22, 
1.74; p < 0.001;  I2 = 31%). In studies with more than 5-, 
10- and 15-years follow-up, the RR of DR for CVD mor-
tality was 1.86 (95% CI 1.40, 2.46; p < 0.001;  I2 = 78%), 
1.89 (95% CI 1.13, 3.16; p = 0.020;  I2 = 84%), and 1.89 
(95% CI 1.01, 3.56; p = 0.049;  I2 = 86%), respectively. For 
those who underwent cardiovascular surgery, there was 
no significant correlation of DR and CVD mortality (RR: 
2.40; 95% CI 0.63, 9.18; p = 0.200;  I2 = 94%). Only 1 study 
analyzed the association of DR and CVD stratified by 
gender [16]. The results demonstrated the hazard ratio 
(HR) of CVD mortality in male was 1.30 (95% CI 0.86, 

Fig. 1 Flow diagram of literature selection
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1.96) for mild retinopathy and 3.32 (95% CI 1.61, 6.78) for 
severe retinopathy. And the HR in female was 1.71 (95% 
CI 1.17, 2.51) for background retinopathy and was 3.17 
(95% CI 1.38, 7.30) for severe retinopathy.

At last, Funnel plot was used to evaluate the publica-
tion bias of pooled RR of DR for CVD mortality (Fig. 3). 
No obvious publication bias was detected among the 
included studies in this meta-analysis.

Discussion
This meta-analysis of cohort studies shows that the pres-
ence of any degree of DR is correlated with an increased 
risk for cardiovascular death in diabetes. Similar results 

are also obtained in subgroup analysis which is stratified 
by various regions, study design and follow-up period. 
These findings indicate the importance of early screening 
and management of diabetic patients with DR to reduce 
the mortality.

The present study finds diabetic patients with PDR or 
VTDR predict a doubled mortality of CVD than those 
without, but detects no significant association of mild 
DR and CVD mortality. A 7-year follow-up cohort study 
based on 1,059 non-insulin-dependent diabetes mel-
litus (NIDDM) also demonstrates CHD events (CHD 
death or nonfatal myocardial infarction) are only corre-
lated with PDR instead of NPDR [21]. They assumed the 

Fig. 2 Forest plot showing the RRs of DR (a), mild DR (b) and severe DR (c) for CVD mortality. RR: risk ratio, DR: diabetic retinopathy, CVD: 
cardiovascular disease, CI: confidence interval
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correlation between DR and CHD may be due to similar 
pathophysiological backgrounds. Drinkwater et  al. [22] 
also claimed the intensified CVD risk factor management 
should be considered for patients with at least moderate 
NPDR. However, the Age, Gene/Environment Suscepti-
bility-Reykjavik Study (AGES-RS) explores the impact 
of retinopathy on mortality, and declares even mini-
mal retinopathy is a significant predictor of increased 
mortality in older persons, irrespective of diabetes sta-
tus [23]. Although it remains unclear whether mild DR 
will increase the mortality, it is also with significance to 
monitor NPDR patients since a part of them will finally 
develop to PDR.

In our study, DR is related with CVD mortality in stud-
ies with more than 10-year follow-up, which suggests DR 
serves as a valuable predictor for long-term survival rate 
in diabetic patients. A cohort study with 12-year follow-
up also detects the presence of retinopathy is related to 
CVD death and myocardial infarction incidence in dia-
betes [24]. However, in the Central Australian Ocular 
Health Study, although diabetic patients with any DR 
have a higher all-cause mortality than those without, 
no relationship is detected in DR and cardiac mortality 
[25]. Therefore, further studies are still needed. In fact, 
assessing the mortality related to DM presents a lot of 
challenges. It cannot be precisely assessed from death 
certificates since deaths in diabetic patients usually result 
from one of its complications (e.g. stroke, heart disease 
and renal failure), which are regarded as the cause of 
death. Furthermore, it should be noticed that the assess-
ment of long-term mortality risk in diabetes must include 
some related variables, such as glycemic control, glyco-
sylated hemoglobin (HbA1c), renal function, blood pres-
sure, dyslipidemia, and smoking habit [26].

The long-term mortality in diabetic patients with 
tractional retinal detachment (TRD) also deserves 
attention. Shukla et  al. [27] compare the long-term 
all-cause mortality rate in TRD population and those 
diabetic patients with minimal to no retinopathy. 
They calculate a 48.7% 10-year all-cause mortality in 
TRD patients and even a higher mortality in those 
with worse vison. The results indicate TRD requir-
ing vitrectomy surgery is a marker for poor long-term 
survival. Banerjee et  al. [28] observe the mortality of 

Table 2 Subgroup analysis showing the pooled RRs of DR for CVD mortality

RR: risk ratio, DR: diabetic retinopathy, CVD: cardiovascular disease, DM: diabetic mellitus, CI: confidence interval

Subgroups Studies Participants RR (95% CI) P value Heterogeneity

I2, % P value

Type 2 DM 8 7596 1.69 (1.27, 2.24)  < 0.001 75  < 0.001

Regions

 Asian countries 5 6017 2.18 (1.53, 3.11)  < 0.001 82  < 0.001

 Western countries 5 4887 1.46 (1.22, 1.74)  < 0.001 31 0.22

Study design

 Prospective 7 8132 1.54 (1.16, 2.04) 0.003 70 0.003

 Retrospective 3 2772 2.69 (1.49, 4.85) 0.001 84 0.002

Data source

 Population‑based 3 3903 1.68 (1.13, 2.52) 0.010 82 0.004

 Hospital‑based 7 7001 1.93 (1.31, 2.84)  < 0.001 78  < 0.001

Follow‑up period

 More than  5 years 8 10,111 1.86 (1.40, 2.46)  < 0.001 78  < 0.001

 More than 10 years 5 3360 1.89 (1.13, 3.16) 0.020 84  < 0.001

 More than 15 years 2 2712 1.89 (1.01, 3.56) 0.049 86 0.008

 After cardiovascular surgery 2 588 2.40 (0.63, 9.18) 0.200 94  < 0.001

Fig. 3 Funnel plot showing the test for publication bias of pooled RR 
of DR for CVD mortality. RR: risk ratio, DR: diabetic retinopathy, CVD: 
cardiovascular disease, SE: standard error
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148 PDR patients undergoing vitrectomy surgery, and 
detect the 3-, 5- and 7-year survival rates are 94%, 86% 
and 77%, respectively. In an Australian population, 
the 5-, 7- and 9-year survival rates of diabetic patients 
undergoing vitrectomy for DR are 84.4%, 77.9% and 
74.7%, respectively, with CVD as the most common 
cause of death [29].

It should be clarified that the main findings in our 
study cannot be applied in T1DM, since the majority 
of included participants were T2DM. The mortality 
and risk factors have been also evaluated in T1DM, 
and similar results were obtained. In an observa-
tional cohort study of 725 African-Americans with 
T1DM, the 3-year all-cause mortality is 18.1%, and 
90% of the deceased are diagnosed with DR [30]. In a 
12-year observation study of 462 T1DM, the relative 
risk for death is 7.0 times higher in patients with sight-
threatening retinopathy, compared with those with no 
retinopathy [31]. However, this association disappears 
when retinopathy was adjusted for presence of mac-
roalbuminuria. In addition, the 20-year mortality is 
calculated in a Germany cohort with T1DM, and the 
results also detect no association of DR and mortality 
[32]. Therefore, further studies are needed and various 
confounding factors should be taken into account.

The limitations of this study should be also noted. 
First, different definitions of CVD among the included 
investigations may influence the results. Second, some 
included investigations are retrospective cohort stud-
ies, and there is no age- and gender-matched study 
included in the meta-analysis. Third, some included 
studies contain a relatively small sample size. Fourth, 
the heterogeneity among the studies is large, though 
subgroup analysis is performed and random effects 
model is applied. Fifth, due to the limited data from the 
included studies, we fail to calculate the association of 
DR and specific cause of CVD death, such as CHD, 
arrhythmia, and sudden cardiac death. Sixth, we do 
not examine the contribution of individuals’ baseline 
characteristics (e.g. age, gender, HbA1c, and duration 
of DM) as well as therapeutic impacts in evaluating the 
relationship between DR and CVD mortality. Seventh, 
we do not evaluate the degree to which DR is itself a 
sign of poorly controlled CVD risk factors. And it is 
hard to prove whether DR is an independent risk factor 
for CVD, or DR has overlapped effects with other fac-
tors for CVD, including kidney disease, hyperglycemia 
and hypertension. Eighth, we do not perform a further 
sub-group analysis comparing the different diagnostic 
procedure of DR. In addition, since the majority of the 
included participants are T2DM, the findings in our 
study cannot be directly applied in T1DM.

Conclusion
Our results show that DR is a risk marker of cardiovas-
cular death and severe DR predicts a doubled mortality 
of CVD in diabetes. These findings indicate the impor-
tance of early identification and management of diabetic 
patients with DR to reduce the risk of death.
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