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Introduction

Diabetic retinopathy (DR) is the leading cause of blindness 
in working-age adults.1 Previous epidemiological studies, 
inclusive of our community-based study of Fushun 
Diabetic Retinopathy Cohort Study (FS-DIRECT), have 
shown the prevalence of DR to be 11.9%–44.3% in the 
Chinese population.2–7 In addition, these studies have iden-
tified certain risk factors, such as duration of diabetes, 
hyperglycaemia and hypertension,2,4–6,8 which were con-
sistent with results from other populations.9,10

Myopia was suggested as a protective factor for DR 
in population-based studies, clinical studies and meta-
analysis.11–18 However, several studies have denied the 

protective effect for myopia against DR.2,19–21 Regarding 
the association in Chinese population, data are limited 
and remain controversial.2,13,21 In the Beijing Eye Study 
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(BES) with a moderate sample size (n = 362), Xie et al. 
found that neither the prevalence of DR nor the stage of 
DR was associated with refractive error.2 Although the 
10-year longitudinal results of BES found that the inci-
dence of DR was associated with a shorter axial length 
[odds ratio (OR), 95% confidence interval (CI): 0.48, 
0.33–0.71], no such association was found for refractive 
error.21 Also from Beijing, a clinical study showed that 
myopia was negatively associated with DR.13

Though several studies assessed the protective relation-
ship of myopia against DR, very few studies directly 
explored the underlying mechanisms. As the eye elon-
gates, the retinal vessels stretch and become thinner. The 
thinner or less dilated vessels may reduce leakage of lipids, 
erythrocytes and serum through a vessel wall, thus reliev-
ing the progression of DR. This phenomenon was sup-
ported by several studies.22–25 For example, in the Blue 
Mountains Eye Study, the authors reported that the mean 
retinal venular calibre was wider in participants with mod-
erate–severe non-proliferative diabetic retinopathy 
(NPDR) than in non-diabetic participants or participants 
with diabetes but no DR.23 Hence, we propose the hypoth-
esis that high myopia can be protective against DR via 
thinning retinal vasculature.

We therefore conducted this study in patients with type 
2 diabetes mellitus (T2DM) living in Fushun, northeast of 
China to (1) verify the protective role of myopia against 
DR in diabetic patients with Chinese ethnicity, (2) assess 
the relationship between myopia and retinal vessel diame-
ters and (3) verify the underlying effect of thinner retinal 
vessels.

Methods

The FS-DIRECT is an ongoing community-based cohort 
study. Residents aged 30 years and above in Jiangjun 
Street, Fushun City, with T2DM were recruited between 
July 2012 and May 2013. Ethics Committee approval was 
obtained from the Fushun Eye Hospital. Written informed 
consent was obtained from all subjects. The details of the 
rationale, study design and methodology of FS-DIRECT 
have been previously described elsewhere.7 The inclusion 
criteria for this study were available data of patients with 
gradable fundus photography. The exclusion criteria were 
(1) history of refractive surgery, such as laser-assisted in-
situ keratomileusis, (2) aphakic or pseudophakic eyes and 
(3) history of penetrating ocular trauma.

Definition of DM

DM was diagnosed according to the criteria of American 
Diabetes Association:26 fasting plasma glucose (FPG) 
⩾7.0 mmol/L or 2-h oral glucose-tolerance test (2-h 
OGTT) ⩾11.1 mmol/L or self-reported diabetes medica-
tion use. DM was considered to be type 1 if the participant 
was aged less than 30 years when diagnosed with diabetes 

and was receiving insulin therapy. Otherwise, DM was 
considered to be type 2.

Evaluation of DR and macular edema

Six fields of colour fundus photography with stereoscopic 
macula image of each subject were taken by certified pho-
tographers using a 45° non-mydriatic retinal camera 
(Kowa, VK-2, Tokyo, Japan) after pupil dilation. Fundus 
photographs were graded in a masked manner by two 
graders according to the modified Airlie House 
Classification system.27 The level of retinopathy was 
graded according to the following criteria: (1) no DR (lev-
els 10–20); (2) NPDR [mild (levels 31–37), moderate (lev-
els 43–47) or severe (levels 53)] or (3) proliferative DR 
(levels 60–85). ME was defined as the presence of retinal 
thickening within 1 disc diameter from the foveal centre or 
presence of focal photocoagulation scars in the macular 
area. Clinically significant macular edema (CSME) was 
considered present when one of the following situations 
occurs: (1) retinal thickening within 500 μm from centre of 
macula or focal photocoagulation scars were present, (2) 
hard exudates within 500 μm from centre of macula with 
adjacent retinal thickening and (3) retinal thickening of 
more than one optic disc area within one optic disc diam-
eter from centre of macula.

Measurement of central retinal vessel 
diameters

The central retinal vessel diameters were measured using 
the Integrative Vessel Analysis (IVAN) software version 1.3 
(Department of Ophthalmology and Visual Science, 
University of Wisconsin, Madison, WI, USA) from the fun-
dus photographs. The details of the measurement for rest 
vertical dimension have been described elsewhere.28 Briefly, 
six largest arterioles and venules passing completely through 
a circumferential zone 0.5–1 disc diameter from the optic 
disc margin were identified automatically by IVAN pro-
gramme. Three summary variables were calculated by the 
software automatically: the central retinal arteriolar equiva-
lent (CRAE), the central retinal venular equivalent (CRVE) 
and the ratio of the two variables (arteriole-to-venule ratio), 
using the revised Parr–Hubbard formula.29

Slit lamp examination

The anterior and posterior segments were examined at the 
slit lamp. The status of the lens was recorded as phakic, 
pseudophakic and aphakic.

Refractive error

All participants received a non-cycloplegic, monocularly 
(right followed left eye), autorefraction (NIDEK, 
AR-610/630A, Japan). The data of autorefraction were 



Lin et al. 3

converted to spherical equivalent calculated as the spheri-
cal value plus half of the astigmatic value. High myopia 
was defined as spherical equivalent less than −5D.16

Statistical analysis

Since the level of DR and value of spherical equivalent of 
the right and left eyes were highly correlated (Pearson cor-
relation coefficient was 0.87 and 0.73, respectively), only 
information of right eyes were used for further analyses for 
simplicity.

The normally distributed parameters were presented as 
the mean ± standard deviation and compared by independ-
ent t-tests. Chi-square tests or Fisher’s exact tests (if neces-
sary) were performed for the comparison of the discrete 
categorized data. Risk factors, including age, gender, pres-
ence of high myopia, spherical equivalent, education level, 
income level, duration of DM, FPG, HbA1c, body mass 
index, waist hip ratio, systolic blood pressure (SBP), dias-
tolic blood pressure (DBP), serum creatinine, blood urea 
nitrogen, blood uric acid, total cholesterol, total triglycer-
ides, low-density lipoprotein (LDL), high-density lipopro-
tein (HDL) and urine protein level, were primarily assessed 
in the univariate regression for the association with DR, as 
well as with CRAE/CRVE. Age, gender as well as risk fac-
tors with statistical p value less than 0.1 were further ana-
lysed in multivariate regressions. Statistical analyses were 
performed using Statistical Analysis System for Windows 
version 9.1.3 (SAS Inc., Cary, NC, USA). A p value less 
than 0.05 was considered to be statistically significant.

Results

There were 1849 patients with gradable fundus photogra-
phy and refraction data. Among them, 32 patients with 
aphakic or pseudophakic eyes were excluded. No patients 
with history of refractive surgery or penetrating ocular 
trauma were excluded. Hence, 1817 patients (male = 751, 
41.3%), including 102 (5.6%) high myopia patients, were 
enrolled for further analysis. The mean age and duration of 
DM for the overall patients were 61.3 ± 8.6 years and 
7.5 ± 5.8 years, respectively. Of them, 688 (37.9%) patients 
had DR, with 629 (34.6%) and 59 (3.3%) patients were 
classified as non-proliferative diabetic retinopathy (NPDR) 
and proliferative diabetic retinopathy (PDR), respectively. 
Table 1 presented the characteristics of patients with and 
without high myopia.

Table 2 showed the frequency and pathological features 
of DR between eyes with and without high myopia. The 
frequency of DR was significantly less in eyes with high 
myopia than that in eyes without high myopia (23.5% vs 
38.7%, p = 0.002). Similar differences between the groups 
were also found for the NPDR (22.5% vs 35.3%, p = 0.005), 
but not for the PDR. It showed that the eyes with high 
myopia had significantly less severity of microaneurysms 
and spot haemorrhages (p = 0.04). It also showed that the 
presence of hard exudates (11.8% vs 21.7%, p = 0.02) and 
intraretinal microvascular abnormality (IRMA; none vs 
4.2%, p = 0.03) were less frequent in eyes with high myo-
pia. However, no significant difference was found for cot-
ton wool spots, venous beading or diabetic macular edema 
(DME).

Table 1. Characteristics of subjects with and without high myopia.

Absence of high myopia (n = 1715) High myopia (n = 102) p value

Age (years) 61.4 ± 8.5 59.5 ± 9.9 0.06
Male, n (%) 725 (42.3) 26 (25.5) <0.001
Spherical equivalent (diopter) 0.18 ± 1.55 -9.33 ± 4.96 <0.001
Duration of diabetes (years) 7.6 ± 5.8 6.5 ± 4.9 0.03
FPG (mmol/L) 9.3 ± 3.4 9.6 ± 3.9 0.41
HbA1C (%) 7.8 ± 2.0 7.8 ± 1.9 0.96
BMI (kg/m2) 26.4 ± 3.4 26.5 ± 3.3 0.80
Waist/hip ratio 0.96 ± 0.06 0.97 ± 0.06 0.48
SBP (mmHg) 147.1 ± 23.2 149.7 ± 24.1 0.27
DBP (mmHg) 77.3 ± 11.2 79.3 ± 13.4 0.14
Serum creatinine (μmol/L) 84.6 ± 19.6 83.0 ± 17.0 0.42
BUN (mmol/L) 6.3 ± 3.3 5.9 ± 1.8 0.047
BUA (μmol/L) 309.6 ± 88.2 312.7 ± 82.6 0.73
Total cholesterol (mmol/L) 5.5 ± 1.3 5.5 ± 1.1 0.94
Total triglycerides (mmol/L) 2.2 ± 1.7 2.1 ± 1.6 0.56
LDL (mmol/L) 3.2 ± 0.9 3.2 ± 0.8 0.50
HDL (mmol/L) 1.5 ± 0.4 1.5 ± 0.4 0.36
Current smoker, n (%) 385 (22.4) 19 (18.6) 0.37
Current drinker, n (%) 384 (22.4) 18 (17.6) 0.26
Proteinuria, n (%) 1154 (67.3) 67 (65.7) 0.74

FPG: fasting plasma glucose; HbA1c: glycosylated haemoglobin A1c; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; BUN: blood urea nitrogen; BUA: blood uric acid; LDL: low-density lipoprotein; HDL: high-density lipoprotein.
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In a multivariate logistic regression, adjusting for age, 
gender, income level, duration of DM, FPG, HbA1c, SBP, 
total cholesterol, HDL and urine protein level, selected 
from univariate regressions, high myopia had significantly 
negative association with the presence of DR (OR, 95% 
CI: 0.39, 0.22–0.68). When high myopia was changed to 
spherical equivalent, the model showed that for every 1 
diopter increase, there was a 1.08 (1.03–1.12) increase in 
OR for DR. Similar associations between high myopia/
spherical equivalent and NPDR were found. However, no 
associations were found for PDR (Table 3).

Among the 1817 patients, 1782 with available data 
(1117 no DR, 614 NPDR, 51 PDR) of CRAE and CRVE 
were used for further corresponding analyses. Scatter plot 
between CRAE/CRVE and refractive error is shown in 
Figure 1. The multivariate regression, adjusting for age, 
gender, education level, income level, duration of DM, 
FPG, HbA1c, body mass index, SBP, DBP, serum creati-
nine, blood uric acid, total triglycerides, HDL and urine 
protein level, showed significant associations between 
CRVE and high myopia (β = −37.1, 95% CI: −42.3 to 
−31.8, p < 0.001), CRVE and diopters (per 1 diopter 

increase, β = 4.3, 95% CI: 3.9–4.7, p < 0.001). Similar 
results were found for CRAE and high myopia/diopter 
(Table 4).

When including both CRAE and CRVE into the multi-
variate logistic regression, adjusting for the same risk fac-
tors for DR, CRVE (per 10 μm increase) had significant 
association with the presence of DR (OR, 95% CI: 1.24, 
1.17–1.31) and NPDR (OR, 95% CI: 1.24, 1.18–1.31), but 
not associated with PDR. Contrarily, CRAE (per 10 μm 
increase) had significantly negative association with the 
presence of PDR (OR, 95% CI: 0.67, 0.56–0.82), but not 
with DR or NPDR. The refraction was shown to be not 
significant in these models (Table 5).

Discussion

Both myopia and diabetes have become prominent public 
health diseases in the Chinese population within the last 
few decades. A 2-year longitudinal study reported that the 
prevalence of myopia and high myopia in junior high 
school students increased from 67.4% and 3.2% to 79.4% 
and 7.0%, respectively.30 The prevalence of diabetes and 
prediabetes among the Chinese population was 9.7% and 
15.5%, respectively, accounting for 92.4 million adults 
with diabetes and 148.2 million adults with prediabetes.31 
Our previous study also showed a very high prevalence 
(44.3%) of DR in the population of this study.7 Hence, 
given the high and increasing prevalence of both condi-
tions, a better understanding of the relationship between 
myopia and DR is paramount for informing and directing 
public health policy making.

There were several important findings in this study. First, 
in this study cohort with a large sample size of Chinese eth-
nicity, we found a negative association between high myo-
pia and DR/NPDR, as well as an increasing OR of diopter 
for DR and NPDR. Previous studies of other ethnicities 
have been reported this association.11,12,14,15 For example, in 

Table 2. Frequency of diabetic retinopathy (DR) and its 
pathological features in eyes with and without high myopia.

Absence of high 
myopia (n, %)

High myopia 
(n, %)

p value

DR 664 (38.7) 24 (23.5) 0.002
 NPDR 606 (35.3) 23 (22.5) 0.005
 PDRa 58 (3.4) 1 (1.0) 0.25
MA and spot haemorrhage
 None 674 (39.3) 53 (52.0) 0.038
 Mild 909 (53.0) 42 (41.2)  
 Severe 132 (7.7) 7 (6.9)  
Hard exudates
 None 1343 (78.3) 90 (88.2) 0.017
 Presence 372 (21.7) 12 (11.8)  
Cotton wool spot
 None 1479 (86.2) 93 (91.2) 0.16
 Presence 236 (13.8) 9 (8.8)  
IRMAa

 None 1643 (95.8) 102 (100.0) 0.031
 Presence 72 (4.2) 0 (0.0)  
VBa

 None 1692 (98.7) 102 (100.0) 0.66
 Presence 23 (1.3) 0 (0.0)  
DME 215 (12.5) 10 (9.8) 0.42
 Non-CSME 95 (5.5) 5 (4.9) 0.68
 CSME 120 (7.0) 5 (4.9)  

NPDR: non-proliferative diabetic retinopathy; PDR: proliferative DR; 
MA: microaneurysm; IRMA: intraretinal microvascular abnormality; 
VB: venous beading; DME: diabetic macular edema; CSME: clinically 
significant macular edema.
aCalculated by Fisher’s exact test, while others calculated by chi-square 
test.

Table 3. Logistic regression analysis for the diabetic 
retinopathy (DR).

Univariate OR (95% CI) Multivariate OR (95% CI)a

High myopia (vs not high myopia)
 DR 0.49 (0.31–0.78) 0.39 (0.22–0.68)
 NPDR 0.51 (0.32–0.82) 0.40 (0.23–0.70)
 PDR 0.28 (0.04–2.06) 0.33 (0.04–2.51)
Per 1 diopter increase
 DR 1.04 (1.00–1.07) 1.08 (1.03–1.12)
 NPDR 1.04 (1.00–1.08) 1.08 (1.03–1.13)
 PDR 1.00 (0.92–1.10) 1.05 (0.93–1.19)

OR: odds ratio; CI: confidence interval; NPDR: non-proliferative 
diabetic retinopathy; PDR: proliferative DR.
aAdjusted for age, gender, income level, duration of diabetes 
mellitus, fasting plasma glucose, HbA1c, systolic blood pressure, total 
cholesterol, high-density lipoprotein and urine protein level.
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a population-based study of Indians in Singapore (the 
Singapore Indian Eye Study), myopic eyes were less likely 
to have DR compared with emmetropic eyes (OR, 0.68; 
95% CI, 0.46–0.98).14 Similar results were found in 
Singapore Malay Eye Study12 and Korea National Health 
and Nutrition Examination Survey.15 Cohort data from 
Wisconsin Epidemiological Study of Diabetic Retinopathy 
also found that myopia reduced the risk for progression to 
PDR to 40% in patients with younger-onset DM (OR, 95% 
CI: 0.40, 0.18–0.86).11 However, date from other epidemiol-
ogy studies, including Chinese population-based studies, 
did not find this protective effect of myopia.2,19–21,32,33 
Although the longitudinal results of BES found that the inci-
dence of DR was associated with shorter axial length, the 
refraction was never found to be associated with prevalence/
incidence of DR.2,21 Similarly, Man et al. found that the 
longer axial length rather than myopia was the main con-
tributor for the protective effect.32,33 The inconsistent find-
ings may be due to different definitions or classifications of 
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Figure 1. Scatter plot between central retinal arteriolar/venular equivalent (CRAE, CRVE) and refractive error.

Table 4. Association between CRAE/CRVE and high myopia/diopter.

CRAE CRVE

 β (95% CI)a p value β (95% CI)a p value

High myopia (vs not high myopia) –18.8 (–22.3 to –15.2) <0.001 –37.1 (–42.3 to –31.8) <0.001
Per 1 diopter increase 2.0 (1.7–2.3) <0.001 4.3 (3.9–4.7) <0.001

CRAE: central retinal arteriolar equivalent; CRVE: central retinal venular equivalent; CI: confidence interval.
aAdjusted for age, gender, education level, income level, duration of diabetes mellitus, fasting plasma glucose, HbA1c, body mass index, systolic 
blood pressure, diastolic blood pressure, serum creatinine, blood uric acid, total triglycerides and high-density lipoprotein.

Table 5. Logistic regression analysis for the diabetic 
retinopathy (DR).

Univariate OR (95% CI) Multivariate OR (95% CI)a

CRAE (per 10 μm increase)
 DR 1.08 (1.02–1.14) 0.99 (0.92–1.07)
 NPDR 1.12 (1.06–1.19) 1.02 (0.95–1.10)
 PDR 0.71 (0.61–0.82) 0.67 (0.56–0.82)
CRVE (per 10 μm increase)
 DR 1.25 (1.20–1.30) 1.24 (1.17–1.31)
 NPDR 1.26 (1.21–1.32) 1.24 (1.18–1.31)
 PDR 1.01 (0.91–1.13) 1.00 (0.87–1.15)

OR: odds ratio; CI: confidence interval; CRAE: central retinal 
arteriolar equivalent; CRVE: central retinal venular equivalent; CI: 
confidence interval; NPDR: non-proliferative diabetic retinopathy; PDR: 
proliferative DR.
aAdjusted for age, gender, spherical equivalent, income level, duration 
of diabetes mellitus, fasting plasma glucose, HbA1c, systolic blood 
pressure, total cholesterol, high-density lipoprotein and urine protein 
level.
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myopia, methodology of fundus photography and defini-
tions of DR. Besides, it should be noted that the sample size 
of baseline of BES (n = 362) and Diabetes Management 
Project Melbourne (DMP; n = 630) was moderate, which 
may relatively reduce the statistical power to find a signifi-
cant association.

The second finding of this study was that a further com-
parison of pathological features of DR between eyes with 
and without high myopia, for the first time. For eyes with 
high myopia, the presence of the microaneurysm and spot 
haemorrhage was less severe compared to the eyes without 
high myopia. In addition, the presence of hard exudation, 
and IRMA, was also less frequent. This finding further 
supports the protective effect of high myopia.

The third and most important finding in this study was 
that the thinning retinal venular diameter played a signifi-
cant role on the protective effect of high myopia against 
DR. In this study, we found that the refraction was posi-
tively associated with both CRAE and CRVE in patients 
with diabetes, after adjusting for the confounders (e.g. age, 
blood pressure, which was reported to be associated with 
retinal vessel diameters).22 Moreover, in a further model, 
taking account of the refraction, CRAE and CRVE, we 
found that the CRVE was also positively associated with 
the presence of DR and NPDR. Hence, taken together, the 
results of this study suggested that the protective effect of 
myopia on DR may be partially achieved through thinning 
retinal vein. Epidemiological studies have also reported 
the association between CRVE and DR.22–25 For example, 
in Wisconsin Epidemiologic Study of Diabetic Retinopathy, 
Klein et al. found that larger CRVE was associated with 
the more severe of DR,22 progression of DR (OR, 95% CI: 
1.21, 1.12–1.30) and 6-year incidence of DR (OR, 95% 
CI: 1.26, 1.10–1.43).25 This finding underscores the value 
of clinical observation of retinal venular calibre when 
monitoring patients with retinopathy.

The explanation may lie in the decreasing capillary 
hydrostatic pressure and decreasing leakage as well as 
rupture of compromised retinal capillaries in diabetes 
due to thinner venular calibre (Starling and Laplace’s 
law).34 An alternative explanation was that thinner retinal 
vessel would have a reduction in retinal blood flow (law 
of Hagen–Poiseuille),35 and the latter has been demon-
strated to be associated with less severity and less pro-
gression of DR by clinical studies.36–38 For example, 
Dimitrova et al. found an increasing central retinal vein 
peak systolic velocity and end diastolic velocity in 
patients with DR progression.38 However, other studies 
found no such association39 or a reverse association.40,41 
The contradictory results may be due to different areas of 
blood flow assessed and DR assessment methodol-
ogy.37,39 As most of the clinical studies were conducted 
with small samples and did not adjust for the confound-
ers, further studies are warranted. It should also be noted 
that in patients with thinner retinal thickness and reduced 

capillary density, light from the apparatus may be easier 
to hit and scatter from the moving red blood cells in the 
choriocapillaries instead of retinal capillaries, hence 
skewing the results.

Regarding the PDR, we found a negative association with 
CRAE in this study. This was understandable that a larger 
arterial vessel with more blood flow may provide more oxy-
gen, resulting in a more blunted hypoxic response (e.g. less 
vascular endothelial growth factor release). It should be 
noted that 22 out of the 51 PDR eyes had pan retinal photo-
coagulation (PRP) or vitrectomy (also PRP during surgery), 
which may influence their natural pathological process. 
Furthermore, we did not find an association between either 
high myopia or refraction and PDR in this study, suggesting 
other mechanisms for this pathological change.

Study strengths of this study included a relatively large 
sample size with high response rate (91.4%), standard and 
comprehensive clinical examinations, standard protocols 
of retinal photograph grading and retinal vessel diameter 
measurement. However, some limitations remained in this 
study. First, the axial length or vitreous chamber length, 
which are important parameters accompanied with myopia 
and reported to be associated with DR or diabetic 
ME,12,21,32,33,42–44 were not obtained in this study. Second, 
although the association between myopia and DR has been 
assessed, the cross-sectional design limited our ability to 
determine the causal effect between exposures and out-
comes, as well as its potential mechanism.

In summary, we found that high myopia was negatively 
associated with the presence of DR and NPDR, after 
adjusting for the potential confounders, in a northeastern 
Chinese population aged 30 years and above. The potential 
mechanism for this association may be partially as a result 
of thinning retinal vasculature.
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