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ABSTRACT
Aims/Introduction: Non-alcoholic fatty liver disease (NAFLD) is becoming more and
more prevalent in type 2 diabetes mellitus. Evidence connecting NAFLD to diabetic
retinopathy (DR) is increasing, but the results vary. Thus, we undertook a meta-analysis to
explore the effect of NAFLD on diabetic retinopathy in patients with type 2 diabetes melli-
tus.
Materials and Methods: PubMed, Embase, Cochrane and Scopus database were
searched for until September 30, 2019. Original studies analyzing the association between
NAFLD and diabetic retinopathy in the type 2 diabetic population were included. This
meta-analysis was processed by RevMan 5.3 software. Subgroup analyses based on coun-
tries were carried out. The pooled odds ratios and 95% confidence intervals were used to
evaluate the association between NAFLD and diabetic retinopathy incidence. The I2 test
was used to assess heterogeneity of studies.
Results: We retrieved 414 articles, and nine studies involving 7,170 patients were
included in the final analysis. The pooled effects estimate suggested that NAFLD was not
associated with the risk of diabetic retinopathy in patients with type 2 diabetes mellitus.
Subgroup analysis suggested that in China, Korea and Iran, patients with type 2 diabetes
mellitus with NAFLD had a decreased risk for diabetic retinopathy compared with the
non-NAFLD individuals. However, in Italy and India, patients with type 2 diabetes mellitus
with NAFLD had an increased risk for diabetic retinopathy compared with the non-NAFLD
individuals. In addition, no relevance between NAFLD and diabetic retinopathy was found
in America.
Conclusions: On the whole, there was no association between NAFLD and diabetic
retinopathy in individuals with type 2 diabetes mellitus. However, subgroup analysis
showed that a difference of country may have an influence on the result.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), one of the causes of
chronic liver disease, is a common multiorgan disorder. It
affects about 30% of the general adult population and 60–70%
of patients with diabetes and obesity1. NAFLD consists of
extensive pathological conditions including simple steatosis,
nonalcoholic steatohepatitis, liver fibrosis, and cirrhosis. Some

researchers have found a correlation between NAFLD and obe-
sity, insulin resistance and diabetes mellitus2. It has been con-
firmed that insulin resistance can promote the accumulation of
triglycerides in the liver and is a key factor in the pathophysiol-
ogy of NAFLD3,4. Diabetic retinopathy (DR) is the most com-
mon chronic complication of diabetes mellitus and one of the
leading causes of acquired vision loss worldwide5. In Western
countries, the prevalence of diabetic retinopathy is around
33%6. Research has proven that the main pathogenic
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mechanism of diabetic retinopathy is hyperglycemia caused by
impaired insulin action due to insulin resistance or insulin defi-
ciency7.
Some studies have indicated that NAFLD may increase the

incidence of complications in patients with type 2 diabetes mel-
litus, especially vascular complications, which comprise
macrovascular complications and microvascular complica-
tions8,9. Macrovascular complications involve cardiovascular dis-
ease and cerebrovascular disease10,11, while microvascular
complications involve retinopathy and chronic kidney disease12.
Multiple studies have proved that NAFLD can clearly increase
the morbidity of cardiovascular disease in patients with type 2
diabetes mellitus11,13,14. Thus, it is speculated that NAFLD may
be a risk factor for diabetic retinopathy among patients with
type 2 diabetes mellitus. Increasing research has shown that
NAFLD and diabetic retinopathy may have common patho-
genic mechanisms and interactions15–17. However, the evidence
for a link between NAFLD and diabetic retinopathy is uncer-
tain due to the small study populations and the borderline
associations between NAFLD and traditional risk factors for
diabetic retinopathy in the published literature. It is extremely
important to provide accurate evidence to prove whether there
is a correlation between NAFLD and diabetic retinopathy
among patients with type 2 diabetes mellitus. Therefore, we
performed this meta-analysis to evaluate this correlation.

METHODS
Search strategy
The PubMed, Embase, Cochrane, and Scopus databases were
searched to gather related articles until September 30, 2019. We
retrieved all the English language articles. Our search terms
were as follows: (“Non-alcoholic Fatty Liver Disease”[Mesh]
OR Non alcoholic Fatty Liver Disease OR Nonalcoholic Fatty
Liver Disease OR NAFLD OR Fatty Liver, Nonalcoholic OR
Liver, Nonalcoholic Fatty OR Nonalcoholic Steatohepatitis OR
Steatohepatitis, Nonalcoholic OR NASH) AND (“Retinal Dis-
eases” [Mesh] OR Disease, Retinal OR Retinopathy OR
Microvascular complications OR Microangiopathy) AND
(“Diabetes Mellitus, Type 2”[Mesh] OR T2DM OR Type 2 Dia-
betes OR Type 2 Diabetes Mellitus). We also retrieved refer-
ences from the identified original studies, in order to provide a
more complete search.

Study selection and inclusion criteria
Two researchers (DD Song, ZC Wang) independently
screened the articles for their eligibility for inclusion. We
applied the following criteria as eligibility for inclusion: (i)
The article was a cross-sectional design; (ii) The aims of the
original studies were to assess the relationship between
NAFLD and diabetic retinopathy in patients with type 2 dia-
betes; (iii) NAFLD had to be diagnosed by liver histology,
imaging (ultrasound, computer tomography, magnetic reso-
nance imaging, or spectroscopy), or biochemistry (elevations
in serum AST, ALT, or GGT). Competing causes of steatosis,

including alcohol intake (≤140 g/week in women
and ≤ 210 g/week in man) and viral hepatitis infection had to
be excluded according to standard guidelines1; (iv) Diabetic
retinopathy was diagnosed by fundus photography and was
evaluated by experienced ophthalmologists based on a guide-
line for clinical treatment of diabetic retinopathy18. We
excluded case reports or review articles. We also reviewed the
reported institutions, period of data collection, and the authors
of eligible studies to exclude overlapping data. When duplicate
publications were identified, we included the most recent arti-
cle.

Data extraction
Two investigators (DD Song, ZC Wang) independently
extracted the following information from the included studies:
(i) general characteristics including study design, sample size,
and year of publication; (ii) diagnostic methods of NAFLD; (iii)
the proportion of NAFLD patients and diabetic retinopathy
patients; (iv) adjusted confounders. Disagreements between the
two investigators were settled by consensus or consultation with
another author (YH Zhao).

Quality assessment
The Newcastle–Ottawa Quality Assessment Scale was used to
assess the quality of each study, and it was conducted by two
reviewers independently (DD Song, CQ Li). The quality of each
article ranged from 1 to 9 stars on the basis of three items: (i)
selection of the patients; (ii) comparability of groups or cohorts;
and (iii) exposure evaluation for case-control studies and the
outcome evaluation for cohort studies. If there was any discrep-
ancy, it would be resolved by a joint re-evaluation with a third
researcher (YH Zhao). The second author (CQ Li) also assessed
the association between quality assessment and meta-analysis
results.

ETHICAL APPROVAL
Our research is in line with the Declaration of Helsinki. As this
research is a meta- analysis, no prior ethical approval is
needed.

Statistical analysis
Data extracted from each study were processed and analyzed
using Revman 5.3. We used odds ratio (OR) as the parameter
of association between NAFLD and diabetic retinopathy. The
random-effects model was selected, resulting in a more conser-
vative estimate compared with the fixed-effects model, accord-
ing to significant heterogeneity among studies. The statistical
heterogeneity between summary data was evaluated using the
I2 test, where I2 ≥ 25%, I2 ≥ 50%, and I2 ≥ 75% were defined
as low, moderate, and high heterogeneity, respectively. To
explore the causes of heterogeneity, we further performed sub-
group analyses. A sensitivity analysis was additionally carried
out by removing studies one by one to observe the impact on
the ultimate effect estimate. Funnel plot analysis was used to
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evaluate publication bias. A P value of less than 0.05 was con-
sidered statistically significant.

RESULTS
Selection results
The details of identifying qualified researches and the exclusion
criteria are given in Figure 1. In total, 414 articles were
retrieved from PubMed, Embase, Cochrane, and Scopus data-
base, and finally nine articles involving 7,170 patients were
included in our analyses. Due to duplication, 191 articles were
deleted from 414 articles and the rest were independently
reviewed by two researchers. A total of 61 reviews were
removed. We reviewed the full texts of the remaining 162 arti-
cles, but 153 of them were excluded for the following reasons:
117 studies were inconsistent with our research theme; 31 stud-
ies were non-human experiments; and five studies did not have
valid data that we needed. Finally, nine unique observational
articles were eligible for inclusion in this meta-analysis.

Basic characteristics and quality assessment
The primary characteristics of nine articles15–17,19–24 included
are outlined in Table 1. Overall, these nine articles from differ-
ent countries involved 7,170 patients with type 2 diabetes melli-
tus (4,075 with NAFLD and 3,095 without NAFLD) and the

sample size for each study was between 120 and 2,103. A total
of 2,671 diabetic retinopathy events were extracted based on a
guideline for the clinical treatment of diabetic retinopathy18. All
of these studies were cross-sectional studies. The countries of
these studies included China (3), Korea (1), India (2), Iran (1),
Italy (1), and USA (1). All the studies used ultrasound to diag-
nose non-alcoholic fatty liver disease. As for quality assessment,
we adopted the Newcastle–Ottawa Quality Assessment Scale,
and the scores indicated that these nine studies were of high
quality. The second author also assessed the association
between quality assessment and meta-analysis results, and the
results showed that the two were consistent.

Outcome meta-analysis
NAFLD and risk of diabetic retinopathy
Nine studies evaluated the relationship between NAFLD and
diabetic retinopathy among patients with type 2 diabetes
mellitus. Overall, this analysis indicated no correlation
between NAFLD and diabetic retinopathy in patients with
type 2 diabetes mellitus (OR = 0.94, 95% CI 0.51–1.71;
P = 0.83) (Figure 2). However, the heterogeneity test showed
I2 = 96%, indicating a large heterogeneity. Therefore, we uti-
lized the random-effects model to draw a more conservative
conclusion.

Records identified through searching database of
PubMed, Embase, Cochrane and Scopus Library

(n = 414)

Duplicates excluded (n = 191)

Records excluded for reviews (n = 61)

Articles excluded after full-text review
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Studies included in qualitative synthesis
(meta-analysis)

(n = 9)

no human study (n = 31)

insufficient data (n = 5)

Records after duplicates removed
(n = 223)

Full-text articles assessed for eligibility
(n = 162)

Figure 1 | Flow chart of literature selection.
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NAFLD and risk of NPDR
Three articles16,19,21 explored the impacts of NAFLD on the
incidence of non-proliferative diabetic retinopathy (NPDR).
There was no statistical difference in the incidence of NPDR
between NAFLD and non-NAFLD patients (OR = 0.74, 95%
CI 0.36–1.51; P = 0.40) (Figure 3). However, the heterogeneity
test showed I2 = 95%, indicating a considerable heterogeneity.

NAFLD and risk of PDR
Three of nine articles16,19,21 reported the impacts of NAFLD on
the risk of proliferative diabetic retinopathy (PDR) among
patients with type 2 diabetes mellitus. We discovered that there
was also no correlation between PDR and NAFLD among indi-
viduals with type 2 diabetes mellitus (OR = 0.96, 95% CI 0.22–
4.30; P = 0.96) (Figure 4). Similarly, the heterogeneity test
showed I2 = 97%, indicating that a considerable heterogeneity
also existed.

Subgroup analyses
Meanwhile, a subgroup analysis was carried out based on the
country of the participants. As shown in Figure 5, in Chinese
studies, patients with type 2 diabetes mellitus with NAFLD had
a decreased risk for diabetic retinopathy (OR = 0.67, 95% CI:
0.55–0.82; P = 0.0001) compared with the non-NAFLD indi-
viduals. The heterogeneity test showed that the result had great
stability (I2 = 7%). Similarly, NAFLD was linked to a decreased
incidence for diabetic retinopathy in Korean studies
(OR = 0.21, 95% CI: 0.16–0.28; P < 0.00001) and Iranian stud-
ies (OR = 0.18, 95% CI: 0.09–0.35; P < 0.00001). However,
among Italian studies (OR = 1.56, 95% CI: 1.30–1.88;
P < 0.00001) and Indian studies (OR = 5.89, 95% CI: 2.31–
15.04; P = 0.0002) patients with NAFLD had an increased inci-
dence for diabetic retinopathy compared with non-NAFLD

patients. There was a potential heterogeneity among the Indian
studies (I2 = 66%). Moreover, no correlation between NAFLD
and diabetic retinopathy was found in American studies
(OR = 0.85, 95% CI: 0.62–1.17; P = 0.32).
In addition, we performed analysis in subgroups based on

mean age, duration of diabetes, ALT (alanine aminotransferase),
BMI (body mass index) and HbA1c (glycosylated hemoglobin),
respectively, and no heterogeneous sources were found.

Sensitivity analysis and publication bias
Furthermore, we also performed a sensitivity test by removing
a study one by one, and the results did not change. In evaluat-
ing publication bias, funnel plots were roughly symmetrical,
suggesting no obvious publication bias (Figure 6, S1 and S2).

DISCUSSION
Recently, there have been more and more studies designed to
explore the impacts of non-alcoholic fatty liver disease on the
incidence of diabetic retinopathy in patients with type 2 dia-
betes mellitus, but opinions vary. As far as we know, this is the
first systematic review and meta-analysis aimed at investigating
the relationship between NAFLD and diabetic retinopathy
excluding the effects of type 2 diabetes mellitus. On the basis of
nine observational studies involving 7,170 type 2 diabetes melli-
tus, 4,075 NAFLD, and 2,671 diabetic retinopathy cases, our
research was designed to explore the correlation between
NAFLD and diabetic retinopathy of patients with type 2 dia-
betes. This analysis showed that on the whole, NAFLD had
nothing to do with the risk of diabetic retinopathy among the
type 2 diabetes mellitus population, mostly consistent with the
findings of the American study19. However, subgroup analysis
suggested that a difference of country may have an influence
on the result. Since considerable heterogeneity was observed in

Table 1 | The general characteristics of the nine studies included in the final analysis

References Country Design of study Sample
(n)

Diagnosis of
NAFLD

NAFLD
patients
(%)

DR
patients
(%)

Age
(years)

Duration
of DM
(years)

BMI
(kg/m2)

HbA1c
(%)

ALT
(U/L)

Study
quality†

Afarideh et al.15 Iran Cross-sectional 935 Liver ultrasound 26.5 15.1 57.6 8.1 29 7.8 27.6 8
Kim et al.16 Korea Cross-sectional 929 Liver ultrasound 63.3 46.6 57.7 6.2 24.9 8.4 35 7
Lin et al.19 US Cross-sectional 945 Liver ultrasound 48.6 20.5 57.9 NR NR 7.6 NR 8
Lv et al.17 China Cross-sectional 1217 Liver ultrasound 61 46.3 63.4 9.6 26.3 8.8 22.4 7
Somalwar et al.20 India Cross-sectional 120 Liver ultrasound 56.7 45.8 55.2 9.8 25.2 7.4 33 7
Targher et al.21 Italy Cross-sectional 2103 Liver ultrasound 67.6 46.4 58.4 13.4 26.7 7.1 23.4 7
Viswanathan
et al.22

India Cross-sectional 298 Liver ultrasound 52.3 20.1 49.5 8.8 28.1 9.1 26 8

Yan et al.23 China Cross-sectional 212 Liver ultrasound 67.5 37.7 53.7 7.5 26.9 9.1 19.2 7
Zhang et al.24 China Cross-sectional 411 Liver ultrasound 60.8 40.9 58.3 12.2 25.7 8.9 25.6 7

ALT, alanine aminotransferase; BMI, body mass index; DM, diabetes mellitus; DR, diabetic retinopathy; HbA1c, glycosylated hemoglobin; NAFLD,
non-alcoholic fatty liver disease; NR, not reported. †The Newcastle–Ottawa scale was used for quality assessment, with scores of 1–3, 4–6, and 7–9
for low-quality, intermediate-quality, and high-quality studies, respectively.
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this analysis and a difference in country may be one of the
sources of heterogeneity, the results should be treated with cau-
tion and confirmed in further research.

An observed phenomenon that no correlation was discovered
between NAFLD and diabetic retinopathy among patients with
type 2 diabetes mellitus is somewhat surprising. The underlying
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Figure 2 | Meta-analysis of association between non-alcoholic fatty liver disease and the risk of diabetic retinopathy in type 2 diabetes mellitus.
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Figure 3 | Meta-analysis of association between non-alcoholic fatty liver disease and the risk of non-proliferative diabetic retinopathy in type 2
diabetes mellitus.
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Figure 4 | Meta-analysis of association between non-alcoholic fatty liver disease and the risk of proliferative diabetic retinopathy in type 2 diabetes
mellitus.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 8 August 2021 1475

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Association of NAFLD with diabetic retinopathy in T2DM



Study or Subgroup

2.1.1 China

Lv 2013 310
54
93

457 355

46
46

92
224
156

68 9
14

23

194
142

52 9.6%
10.6%
20.2% 5.89 [2.31, 15.04]

0.18 [0.09, 0.35]10

10

248
248 131

131
687
687 10.5%

10.5%

11.9% 1.56 [1.30, 1.88]
1.56 [1.30, 1.88]11.9%682

682266

266

1421
1421

710

710

194

194

588
588 239

239

341
341 11.7%

11.7%
0.21 [0.16, 0.28]
0.21 [0.16, 0.28]

0.18 [0.09, 0.35]

3.82 [2.00, 7.33]
9.99 [4.14, 24.08]

1135
250
143
742 254

26
75 161

69
475 11.8%

10.8%
11.4%
34.0%705 0.67 [0.55, 0.82]

0.68 [0.45, 1.02]
1.00 [0.55, 1.82]

0.62 [0.50, 0.79]
Yan 2016

Zhang 2019
Subtotal (95% CI)

Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 2.14, df = 2 (P = 0.34); I2 = 7%

Test for overall effect: Z = 3.81 (P = 0.0001)

Subtotal (95% CI)

Somalwar 2014

2.1.2 India

Viswanathan 2010

Total events
Heterogeneity: Tau2 = 0.31; Chi2 = 2.96, df = 1 (P = 0.09); I2 = 66%

Test for overall effect: Z = 3.71 (P = 0.0002)

2.1.3 Iran

2.1.4 Italy

Targher 2008
Subtotal (95% CI)

Afarideh 2019
Subtotal (95% CI)
Total events

Heterogeneity: Not applicable
Test for overall effect: Z = 5.11 (P < 0.00001)

Total events
Heterogeneity: Not applicable

Test for overall effect: Z = 4.70 (P < 0.00001)

Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 10.59 (P < 0.00001)

Subtotal (95% CI)

Total (95% CI)

Total events

Total events
Heterogeneity: Not applicable

Test for overall effect: Z = 1.00 (P = 0.32)

Heterogeneity: Tau2 = 0.79; Chi2 = 211.50,  df = 8 (P < 0.00001); I2 = 96%
Test for overall effect: Z = 0.22 (P = 0.83)
Test for subgroup differences: Chi2 = 172.37, df = 5 (P < 0.0001), I2 = 97.1%

2.1.6 US

88

88

1551

4075

1120

3095 100.0% 0.94 [0.51, 1.71]

0.01 10 1000.1

Favours [NAFLD] Favours [non-NAFLD]

1

459

106

106 486
486 11.7%

11.7% 0.85 [0.62, 1.17]
0.85 [0.62, 1.17]

459Lin 2016

2.1.5 Korea

Kim 2014

Experimental
Events Total Events Total Weight M-H, Random, 95% CI

Control Odds Ratio
M-H, Random, 95% CI

Odds Ratio

Figure 5 | Meta-analysis of association between non-alcoholic fatty liver disease and the risk of diabetic retinopathy in type 2 diabetes mellitus
based on the different countries.

1476 J Diabetes Investig Vol. 12 No. 8 August 2021 ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Song et al. http://wileyonlinelibrary.com/journal/jdi



mechanisms responsible for the association between NAFLD
and diabetic retinopathy in patients with type 2 diabetes melli-
tus remain to be elucidated. Targher et al.21 believed that the
possible molecular mediators linking NAFLD with diabetic
retinopathy might include an increased release of some patho-
genic mediators from the liver, such as advanced glycation end-
products, reactive oxygen species, CRP, interleukin (IL)-6 and
tumor necrosis factor (TNF)-a. Some researchers have proven
that these potential mediators of vascular and/or renal injury
are higher in obese and/or diabetic patients with NAFLD than
in those without NAFLD25–28. However, these studies were
mostly based in patients with non-alcoholic steatohepatitis
(NASH), and there has been little evidence that inflammatory
mediators are increased in patients with simple steatosis. The
pathophysiological mechanism of NAFLD is recognized as a
condition of insulin resistance, the hepatic manifestation of the
metabolic syndrome29. In the study by Targher et al.21, HbA1c
was higher in patients with type 2 diabetes mellitus with
NAFLD than in those without NAFLD. Insulin resistance asso-
ciated with NAFLD might have led to poorer glycemic control
and a higher prevalence of diabetic complications. In contrast,
in the study by Kim et al.16, no statistical difference in HbA1c
was observed between the NAFLD group and the non-NAFLD
group in Korean people with type 2 diabetes mellitus. A possi-
ble explanation is that Asians have relatively lower insulin
secretion compared with Westerners30–32. Higher serum C-pep-
tide and insulin levels in the patients with NAFLD might reflect
a relatively preserved b-cell function, which could have benefi-
cial effects on glycemic control, thus decreasing the occurrence
of diabetic complications. In the study of Afarideh et al.15,

patients with NAFLD had a lower average age and a shorter
duration of type 2 diabetes mellitus compared with those with-
out NAFLD. He also speculated that patients with NAFLD
might participate in more regular and intense physical activity
than non-NAFLD patients to reduce the occurrence of
microvascular complications. In our study, no correlation was
observed between NAFLD and diabetic retinopathy among the
type 2 diabetes mellitus population. There are some potential
explanations for the non-significant relationship between
NAFLD and diabetic retinopathy. The characteristics of
NALFD and metabolic syndrome are similar33,34. Metabolic
syndrome is believed to decrease insulin effects due to insulin
resistance, thus influencing the function to suppress plasma free
fatty acids35. The excess accumulation of fatty acids in the liver
may be the reason for causing fatty liver. In a previous study, a
recent meta-analysis (n = 8075 DM patients; 12 clinical studies)
found no association between metabolic syndrome (or any sin-
gle metabolic syndrome component) and the risk of diabetic
retinopathy for either type of diabetes mellitus36. Therefore,
hyperglycemia and high blood pressure appear to be key risk
factors for diabetic retinopathy, and may explain the pathogen-
esis better than metabolic syndrome or NAFLD.
However, the subgroup analysis showed that in China,

Korea, and Iran, the NAFLD group had lower retinal morbidity
than the non-NAFLD group in patients with type 2 diabetes
mellitus, while in Italy and India, the NAFLD group had a
higher retinal morbidity than the non-NAFLD group. No rele-
vance between NAFLD and diabetic retinopathy was found in
America. Possible explanations are as follows. First, different
pathophysiological characteristics of patients with type 2

0
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0.2

0.3

0.4

0.5
0.01 0.1 1 10 100

OR

SE(log[OR])

Figure 6 | Funnel plots for meta-analysis of association between non-alcoholic fatty liver disease and the risk of diabetic retinopathy in type 2
diabetes mellitus.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 8 August 2021 1477

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Association of NAFLD with diabetic retinopathy in T2DM



diabetes mellitus in different countries may be one reason. As
mentioned above, Asians have a lower insulin secretion capacity
than Westerners30–32, thereby reducing the incidence of diabetic
retinopathy. Second, differences in the characteristics of the
study participants may be another reason for the different
results between countries. Kim et al.16 found that the Korean
participants had a lower percentage of men and lower body
mass index, and were younger patients with poor glycemic con-
trol than the Italian participants21. Third, discrepancies in the
duration of diabetes and glycemic control levels between studies
from different countries may contribute to differences in the
results between countries. Sasongko et al.37 demonstrated that
the duration of diabetes, fasting blood glucose level, and hyper-
tension were independent risk factors for diabetic retinopathy
in patients with type 2 diabetes mellitus. Yun et al.38 also dis-
covered that there is a significant association between diabetic
retinopathy and blood glucose control, duration of diabetes,
age, and proteinuria.
Our meta-analysis also has several potential limitations. First,

the diagnosis of NAFLD in the included studies was dependent
on ultrasound imaging instead of histopathological examination,
which is the gold standard for diagnosing and determining the
degree of NAFLD. Second, it is impossible to differentiate sim-
ple steatosis from steatohepatitis, in the light of the potential
that diverse severity of NAFLD could affect diabetic retinopathy
events differently. Third, the design of all studies is cross-sec-
tional, lacking any causal or temporal relationship between
NAFLD and diabetic retinopathy in patients with type 2 dia-
betes. Thus, larger longitudinal studies are urged to confirm the
associations between NAFLD and diabetic retinopathy in type
2 diabetes mellitus individuals. Finally, our results should be
interpreted with caution on account of residual confounders
including unknown or unmeasured risk factors as well as
potential selection and information bias. Meanwhile, there is
considerable heterogeneity in this meta-analysis, which was
likely to have been a result of the study design, ethnic differ-
ences in the burden of diabetic retinopathy, and the clinical
characteristics of the patients.
In conclusion, our study results suggested that on the whole,

there was no association between non-alcoholic fatty liver dis-
ease and diabetic retinopathy in individuals with type 2 diabetes
mellitus. However, subgroup analysis showed that the difference
of country may have an influence on the result. What is more,
more researchers are urged to elucidate the correlation between
NAFLD and diabetic retinopathy in type 2 diabetes.
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Figure S1 | Funnel plots for meta-analysis of association between non-alcoholic fatty liver disease and the risk of non-proliferative
diabetic retinopathy in type 2 diabetes mellitus.
Figure S2 | Funnel plots for meta-analysis of association between non-alcoholic fatty liver disease and the risk of proliferative dia-
betic retinopathy in type 2 diabetes mellitus.
Figure S3 | PRISMA checklist for this meta-analysis.
Figure S4 | PRISMA checklist for this meta-analysis.
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