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High myopia is protective against diabetic 
retinopathy in the participants of the National 
Health and Nutrition Examination Survey
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Abstract 

Purpose  To investigate the association of subjects with refractive error and diabetic retinopathy (DR) in the United 
States comparing results between different race groups.

Methods  All data were derived from National Health and Nutrition Examination Survey (NHANES) from 2005 to 2008. 
The data were divided into four groups (emmetropia, mild myopia, high myopia, hypertropia) according to the spheri-
cal equivalent (SE), and those who met the enrollment conditions were selected as the study subjects. Multivariable 
logistic regression analysis was used to evaluate the relationship between refractive error and diabetic retinopathy 
risk.

Results  A total of 1317 participants were included in the study, including 331 participants with diabetic retinopa-
thy, and 986 without diabetic retinopathy. After adjustment for potential confounders, subjects with high myopia 
were associated with a lower risk of diabetic retinopathy. The odds ratio (OR) was 0.44, 95% confidence interval (CI): 
(0.20–0.96), P-value = 0.040 in the multivariate regression analysis. Subgroup analyses showed that subjects with high 
myopia in the non-Hispanic Black group were associated with decreased odds of diabetic retinopathy. (OR was 0.20, 
and 95% CI: 0.04–0.95, P-value = 0.042).

Conclusion  The results show that high myopia is associated with diabetic retinopathy in diabetic patients.
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Introduction
Diabetic retinopathy is one of the leading causes of 
blurred vision in middle-aged and elderly patients 
[1]. Irreversible central and peripheral vision loss can 
be triggered when effective treatment is not timely 
[2, 3]. Epidemiological studies have identified a vari-
ety of important systemic factors that influence the 
development of diabetic retinopathy, such as kidney 
damage, duration of diabetes mellitus, glycemic con-
trol, insulin use, hypertension, and cardiovascular 
disease [4–6]. Furthermore, several studies have men-
tioned that myopia is one of the factors that are pro-
tective against diabetic retinopathy. The correlation of 
these two eye diseases has been studied for over half a 

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Ophthalmology

*Correspondence:
Bilian Ke
kebilian@126.com
1 Department of Ophthalmology, Shanghai General Hospital, Shanghai 
Jiao Tong University School of Medicine, No. 100 Haining Road, 
Shanghai 200080, China
2 Shanghai Key Laboratory of Fundus Disease, Shanghai, China
3 Shanghai Engineering Center for Visual Science and Photomedicine, 
Shanghai, China
4 Eye Institute and Department of Ophthalmology, Eye & ENT Hospital,, 
Fudan University, Shanghai, China
5 Shanghai Public Health Clinical Center & Institutes of Biomedical 
Sciences, Fudan University, Shanghai, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-023-03191-x&domain=pdf


Page 2 of 6Ten et al. BMC Ophthalmology          (2023) 23:468 

century [7–14]. Although the pathogeneses are differ-
ent, the progressing development of high myopia and 
diabetic retinopathy both contribute to high risks of 
visual impairment. Through complete fundus exami-
nation (OCT, fundus photos), ophthalmologists can 
accurately determine the development of high myopia 
and diabetic retinopathy [15]. However, these stud-
ies focus on the analysis of the correlation between 
patients with diabetic retinopathy and those with low 
or moderate myopia, and rarely analyze patients with 
high myopia. In addition, there are far more Asian 
population studies than Western population studies. 
To more accurately explore the relationship between 
diabetic retinopathy and different refractive degrees in 
western different races, we analyzed the data from the 
NHANES dataset.

Materials and methods
Data source and study population
The National Health and Nutrition Examination Survey 
(NHANES) is a survey of the noninstitutionalized civil-
ian US population conducted by the Centers for Disease 
Control since 1959. Representative participants were ran-
domly selected through a multistage sampling design to 
assess their health and nutritional status. According to 
the 1975 Helsinki Declaration, all participants provided 
informed consent before enrollment.

Two study protocols of NHANES (2005–2008) were 
collected in our analysis. The flow diagram of the par-
ticipation is presented in Fig. 1. A total of 6797 partici-
pants aged ≥ 40  years had retinal photographs and were 
obtained. We excluded those with incomplete retinopa-
thy information and vision data (n = 1198), no diabetes 
mellitus (n = 4109), and absence of covariates (n = 173). 
1317 subjects were ultimately included in this study.

Definition of diabetic retinopathy
Participants sat in a room with no windows and lights 
off, and two images of the fundus exam were obtained 
using the Canon EOS 10D digital camera (Canon, Tokyo, 
Japan) and the Canon CR6-45N Ophthalmic Digital 
Imaging System. The pictures provided photographic 
documentation of the optic disc, macula, and substantial 
portions of the temporal arcades. Diabetic retinopathy 
was diagnosed by ophthalmologists at the University of 
Wisconsin. Researchers evaluated grading standards of 
diabetic retinopathy based on the Early Treatment for 
Diabetic Retinopathy Study (ETDRS). In the study, dia-
betic retinopathy was defined as the presence of retinal 
microaneurysms, blot hemorrhage, hard exudate, soft 
exudate, intraretinal microvascular abnormalities, venous 
beading, or fibrous proliferation. Also, clinically signifi-
cant macular edema (CSME) on photographs in patients 
with diabetes was considered as diabetic retinopathy.

Assessment of refractive error
Objective refraction of both eyes was assessed using the 
Nidek Autorefractor Model ARK-760, without cyclople-
gia or pupillary dilation. The data of measurements were 
converted into SE calculated as the spherical value plus 
half of the astigmatic value. Emmetropia was defined as 
the average SE value from -1.0 D to 1.0 D, mild myopia 
from -1.0 D to -5.0 D, high myopia as less than or equal 
to -5.0 D, and hypertropia as more than 1.0 D.

Ascertainment of diabetes mellitus
The definition of Diabetic Mellitus in the NHANES study 
was described previously. According to the criteria, (1) 
Diabetic Mellitus was ascertained by the self-reported 
history of a physician diagnosis DIQ010 “Doctor told you 
to have diabetes” in the “Diabetes” questionnaire sec-
tion in NHANES. The answer “yes” represented Diabetic 

Fig. 1  Flowchart of studied participants selection
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Mellitus; (2) glycated hemoglobin A1c (HbA1c) ≥ 6.5%; 
(3) received antidiabetic treatments including insulin or 
oral hypoglycemic agents.

Other variables
Demographic characteristics were collected from a 
computer-assisted personal interview system includ-
ing age, gender, race/ethnicity (non-Hispanic white, 
non-Hispanic Black, Hispanic, other), and education 
attainment (high school or below, any college). Body 
mass index (BMI) was calculated as weight in kilograms 
divided by height in meters squared. The family poverty 
income ratio (PIR) compares family income to US cen-
sus-defined poverty levels. The CVD-related information 
was assessed by a self-reporting questionnaire of coro-
nary heart disease, angina, myocardial infarction, stroke, 
or congestive heart failure. Cigarette smoking status was 
attained by using the questions “Do you now smoke ciga-
rettes?”, and “Smoked at least 100 cigarettes in life?”.

Statistical analysis
We obtained and merged the data from the 2005–2008 
NHANES as mentioned previously. For the descrip-
tion of the baseline characteristics, categorical vari-
ables and continuous variables were performed using the 
chi-squared test and t-test for proportions and means, 
respectively.

Three logistic regression models were used to evalu-
ate the relationship between high myopia and diabetic 
retinopathy, and the adjusted ORs and 95% CI were cal-
culated. Model I was unadjusted regression. Next, Model 
II was adjusted for sex, age, and race/ethnicity. Finally, 
Model III was further adjusted for education level, BMI, 
PIR, CVD, hypertension, and smoking based on Model 
II. All statistical analyses were conducted using SAS (ver-
sion 9.4). All tests were two-sided with a significance 
level of p < 0.05.

Result
A total of 1317 participants met the criteria after exclud-
ing missing data of gradable fundus photographs, incom-
plete vision data, and non-diabetics. Among them were 
986 subjects with non-diabetic retinopathy, and 331 sub-
jects with diabetic retinopathy. In addition, there were 
610 subjects in the total study population with refractive 
errors (46.32%).

Characteristics of the study population
The demographic characteristics of subjects in the study 
population with and without high myopia are described 
in Table 1. Compared to the subjects in the non-diabetic 
retinopathy group, those with diabetic retinopathy tend 
to have lower PIR levels (2.57 ± 1.59 vs. 2.31 ± 1.44  kg/

m2, P = 0.010). There were more Female subjects in the 
diabetic retinopathy group than in the non-diabetic 
retinopathy group (56.50% vs. 48.68%, P = 0.014). Partici-
pants with diabetic retinopathy were likely to have CVD 
(26.89% vs. 17.34%, P =  < 0.001).

Associations of refractive error with diabetic retinopathy
Among the participants in the present study, diabetic 
retinopathy compared with non-diabetic retinopathy 
was associated with a lower risk of high myopia, and the 
association was not significant between other refractive 
degrees and diabetic retinopathy. The results from the 
multivariate logistic regression were shown in Table 2. In 
unadjusted analysis (Model I), subjects with high myopia 
had an OR of 0.39 (95% CI: 0.18–0.84, P-value = 0.016) 
for diabetic retinopathy. After adjusting for age, sex, and 

Table 1  Baseline characteristics in unmatched subjects of 2005–
2008 NHANES

NHANES National Heal sth and Nutrition Examination Survey, SE Spherical 
equivalent, DR Diabetic retinopathy, BMI Body mass index, CVD Cerebrovascular 
disease, PIR Poverty impact ratio

Continuous variables: mean ± standard deviation; categorical variables: 
frequency (%)

Variables Non-DR DR P
n = 986 n = 331

Age (years) 61.90 ± 11.15 63.53 ± 10.72 0.020

PIR 2.57 ± 1.59 2.31 ± 1.44 0.010

BMI (kg/m2) 32.07 ± 7.08 31.45 ± 6.83 0.165

Sex 0.014

  Male 506 (51.32%) 144 (43.50%)

  Female 480 (48.68%) 187 (56.50%)

Race/ethnicity  < 0.001

  Non-Hispanic White 472 (47.87%) 124 (37.46%)

  Non-Hispanic Black 236 (23.94%) 117 (35.35%)

  Hispanic 244 (24.75%) 83 (25.08%)

  Other Races 34 (3.45%) 7 (2.11%)

Education 0.031

   < College 599 (60.75%) 233 (67.37%)

   > College 287 (39.25%) 108 (32.63%)

Smoke 0.075

  No 433 (43.91%) 164 (49.55%)

  Yes 553 (56.09%) 167 (50.45%)

CVD  < 0.001

  No 815 (82.66%) 242 (73.11%)

  Yes 171 (17.34%) 89 (26.89%)

Refractive errors 0.002

  Emmetropia (-1.0D < SE < 1.0D) 407 (41.28%) 134 (40.48%)

  Mild myopia (-5.0D < SE < -1.0D) 383 (38.84%) 157 (47.43%)

  High myopia (SE < -5.0D) 62 (6.29%) 8 (2.42%)

  Hyperopia (1.0D < SE) 134 (13.59%) 32 (9.67%)
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race/ethnicity (Model II), the results were significantly 
unchanged. The OR (95% CI) of diabetic retinopathy 
was 0.43 (95% CI: 0.20–0.93, P-value = 0.032) in the high 
myopia patients. After additional adjustments including 
education, BMI, PIR, CVD and smoke (Model III), the 
association between high myopia and diabetic retinopa-
thy remained significant. (OR: 0.44, 95%CI: 0.20–0.96, 
P-value = 0.040). 

Multivariate Analysis for diabetic retinopathy and the Risk 
of high myopia in different races
In this multivariable analysis (Table 3), three models were 
adjusted for the same variables as Table 2. The correlation 
between diabetic retinopathy and high myopia persisted 
in the non-Hispanic Black group, while there was no 
association in other races. The OR of the non-Hispanic 
Black group was 0.20 (95%CI: 0.04–0.95, P-value = 0.042) 
after adjusting additional covariate including education, 
BMI, PIR, CVD, and smoke by Model III.

Discussion
We used NHANES 2005–2008 data, which was collected 
from a public source with a complex multistage survey 
design for our cross-sectional study, and the results were 
consistent in different statistical models. After adjusting 
all the factors, we substantiated that the protective effect 
of high myopia was associated with a reduced likelihood 
of diabetic retinopathy (OR: 0.44, 95% CI: 0.18–0.96) In 
the stratified analyses, subjects with high myopia levels 
did have a significantly lower risk of diabetic retinopa-
thy in the non-Hispanic Black group (OR: 0.20, 95%CI: 
0.04–0.95). 

The prevalence of people with high myopia from this 
screening data was 5.69%, which is lower than the U.K. 
population (9.5%), but higher than the Chinese (3.93%) 
and elder Indian population (< 1%) [16–18]. Many epi-
demiological surveys had proposed that an increase 
in refractive is a protective influence against diabetic 

retinopathy. However, some studies showed conflicting 
results in severe myopia in meta-analysis studies [19–22].

In recent years, axial length has been considered to be 
one of the most important eye measurement standards 
for diagnosing myopia, and more than 26  mm can be 
regarded as high myopia [23, 24]. Therefore, the relation-
ship between severe myopia and diabetic retinopathy was 
also assessed based on the axial length in some studies. 
Two Singaporean cohort studies had described that the 
OR value of subjects with diabetic retinopathy were 0.86 
and 0.68 per 1  mm increase in axis length, respectively 

Table 2  Association of high myopia with diabetic retinopathy

Model I: unadjusted

Model II: adjusted for age, sex, race/ethnicity

Model III: adjusted for age, sex, race/ethnicity, education, BMI, PIR, smoke and CVD

BMI Body mass index, CVD Cerebrovascular disease, PIR Poverty impact ratio, DR Diabetic retinopathy

Model I Model II Model III

OR 95%CI P OR 95%CI P OR 95%CI P

Emmetropia (-1.0D < SE < 1.0D) Reference Reference Reference

Mild myopia (-5.0D < SE < -1.0D) 1.25 (0.95–1.63) 0.111 1.24 (0.95–1.64) 0.119 1.28 (0.97–1.69) 0.084

High myopia (SE < -5.0D) 0.39 (0.18–0.84) 0.016 0.43 (0.20–0.93) 0.032 0.44 (0.20–0.96) 0.040

Hyperopia (1.0D < SE) 0.73 (0.47–1.12) 0.145 0.70 (0.45–1.10) 0.120 0.72 (0.46–1.13) 0.151

Table 3  Multivariate analysis for diabetic retinopathy and the 
Risk of high myopia in different races

Adjusted for age, sex, education, BMI, PIR, smoke and CVD

BMI Body mass index, CVD Cerebrovascular disease, PIR Poverty impact ratio, DR 
Diabetic retinopathy

OR 95%CI P-value

Non-Hispanic White

  Emmetropia (-1.0D < SE < 1.0D) Reference

  Mild myopia (-5.0D < SE < -1.0D) 1.04 0.67–1.61 0.874

  High myopia (SE < -5.0D) 0.45 0.13–1.56 0.208

  Hyperopia (1.0D < SE) 0.97 0.48–1.98 0.936

Non-Hispanic Black

  Emmetropia (-1.0D < SE < 1.0D) Reference

  Mild myopia (-5.0D < SE < -1.0D) 1.32 0.81–2.15 0.264

  High myopia (SE < -5.0D) 0.20 0.04–0.95 0.042

  Hyperopia (1.0D < SE) 0.41 0.17–1.01 0.053

Hispanic

  Emmetropia (-1.0D < SE < 1.0D) Reference

  Mild myopia (-5.0D < SE < -1.0D) 1.52 0.86–2.70 0.154

  High myopia (SE < -5.0D) 0.81 0.21–3.11 0.757

  Hyperopia (1.0D < SE) 0.87 0.38–1.98 0.739

Other races

  Emmetropia (-1.0D < SE < 1.0D) Reference

  Mild myopia (-5.0D < SE < -1.0D) 14.80 0.44–501.84- 0.134

  High myopia (SE < -5.0D) - - -

  Hyperopia (1.0D < SE) 18.45 0.384–885.49 0.140
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[7, 9]. As for the Chinese population in Beijing, Xu et al. 
explored the incidence of diabetic retinopathy and its 
related factors in 2602 participants during a ten-year 
study. The results showed a total of 109 new patients with 
diabetic retinopathy during the ten years. These patients 
had a shorter eye axis length than the non-diseased per-
son (OR: 0.48; 95% CI: 0.33–0.71) [25]. The prevalence of 
diabetic retinopathy was not related to refractive meas-
urements, but the long axial length was associated with 
lower diabetic retinopathy [12]. This conclusion was sim-
ilar to another study of Chinese populations [26]. In the 
cross-section study, Wang et al. measured axial lengths as 
an eye parameter for the prevalence and severity of dia-
betic retinopathy. A higher prevalence of diabetic retin-
opathy is associated with shorter axial lengths (OR: 0.81, 
95% CI: 0.70–0.95) [13]. Unfortunately, although longer 
axial length is closely related to diabetic retinopathy, the 
structural component of participants was not measured 
in the NHANES datasets. Thus, we could not discuss 
the influence of axial length in our analysis even if it’s an 
important diagnostic indicator.

According to the above-mentioned, Myopia is widely 
considered to be one of the protective factors for DR, 
but most studies have explored the situation in Asia. 
Few studies have explored the relationship between high 
myopia and DR in different Western populations based 
on large sample sizes. We found that high myopia has a 
significant negative relationship with DR in black people. 
There was a negative correlation between high myopia 
interval and diabetic retinopathy in univariate analysis 
(OR: 0.39, 95% CI: 0.18–0.84). After adjustment for age, 
gender, and race (Model II), high myopia might reduce 
the risk of diabetic retinopathy compared with those in 
the emmetropia group (OR: 0.43, 95% CI: 0.20–0.93). 
After further adjustment for education level, BMI, PIR, 
CVD, and smoking status (Model III), high myopia was 
still associated with a reduced diabetic retinopathy risk 
(OR: 0.44, 95% CI: 0.20–0.96).

To the best of our knowledge, there are no large-scale 
population-based studies that have focused on the rela-
tionship between high myopia and diabetic retinopa-
thy in Western countries. Therefore, we investigated 
NHANES, a database with a complex sampling design in 
the United States population, and found high myopia is 
regarded as a factor influencing diabetic retinopathy in 
this public database. Moreover, the correlation between 
different races and diabetic retinopathy may be an influ-
ence factor. Nwanyanwu et al. described the relationship 
between race and the prevalence of diabetic retinopathy 
[27]. In the present study, High myopia is a protective 
factor for diabetic retinopathy in black populations. 

Some limitations of this study should be acknowledged. 
First of all, the analysis was of cross-sectional design, 

thus our study cannot determine a causal relationship 
between two ocular diseases. Second, given the absence 
of data on the axial length of the eye in the NHANES 
dataset, we could not assess this main factor affecting 
refractive error. However, according to previous studies, 
some population-based studies also classify the degree 
of myopia solely based on SE value. If axial length assess-
ment could be provided in later NHANES studies, com-
bined with the SE classification method, it would provide 
more accurate measurements for myopia severity. Last, 
we had not analyzed the association between high myo-
pia and proliferative diabetic retinopathy, which rep-
resents the last stage of this extremely complex retinal 
disease. This is because very few participants simultane-
ously suffered from high myopia and proliferative dia-
betic retinopathy in our analysis.

Conclusion
Based on the analysis for adjusting potential confound-
ing variables, we concluded that participants with high 
myopia have a lower risk of diabetic retinopathy in the 
U.S. population, and such a conclusion was also statisti-
cally significant in the non-Hispanic Black group. Future 
longitudinal studies are needed to promote an under-
standing of the relationship between high myopia and the 
progression of diabetic retinopathy.
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