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Relationship between dyslipidemia s

and diabetic retinopathy in patients with type
2 diabetes mellitus: a systematic review
and meta-analysis
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Abstract

Background Diabetic retinopathy (DR) affects more than 80% of patients with diabetes. However, literature

on the association between serum lipids and DR in patients with type 2 diabetes mellitus (T2DM) is inconsistent.
Hence, in this study, we aimed to investigate the relationship between baseline serum lipids and the incidence of DR
in patients with T2DM.

Methods We searched relevant articles in the PubMed, Embase databases, and the Cochrane Library up to February
7,2022, and reviewed the reference lists of the included articles to identify appropriate cohort studies. The weighted
mean difference (WMD) and the corresponding 95% confidence intervals (Cls) were calculated.

Results Thirteen cohort studies, including 7459 participants, were included in the present study. Higher levels

of total cholesterol (2.94 mg/dL, 95% Cl 1.32, 4.56), triglycerides (8.13 mg/dL, 95% Cl 5.59, 10.66), and low-density
lipoprotein cholesterol (2.53 mg/dL, 95% Cl 1.02, 4.04) at baseline were observed in patients with later onset of DR.
However, no significant difference in the high-density lipoprotein cholesterol level (0.27 mg/dL, 95% Cl—0.91, 1.45)
was observed between patients with DR and without DR.

Conclusion The present results suggest that baseline triglyceride and cholesterol levels are significantly associ-
ated with the occurrence of DR in patients with T2DM. Thus, patients with T2DM may benefit from lowering serum
lipids. Future studies exploring the relationship between longitudinal changes in serum lipids and DR occurrence are
warranted.

Systematic review registration PROSPERO CRD42022319978
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Introduction
The number of patients with type 2 diabetes mellitus
(T2DM) is increasing yearly from 1990 onwards [1, 2]. As
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Diabetic retinopathy (DR), one of the chronic micro-
vascular complications of diabetes [4], affects more
than 80% of patients with diabetes for whom the dis-
ease course exceeds 20 years and in some cases can
lead to irreversible visual loss [5]. As the Vision Loss
Expert Group reported [6], DR resulted a visual loss in
0.86 million patients who were above 50 years of age
and became the fifth leading cause of blindness in 2020
globally. Thus, it is important to explore the pathogen-
esis and potential risk factors of DR.

Serum lipids are involved in the occurrence and
progression of DR in T2DM; however, the results are
controversial. The Chennai Urban Rural Epidemiol-
ogy Study [7] showed that total cholesterol (TC), total
triglyceride (TG), and low-density lipoprotein choles-
terol (LDL-C) were associated with DR. After adjust-
ing for glycosylated hemoglobin and the body mass
index (BMI), only TG maintained a significant associa-
tion with DR. Chen et al. reported TG as a risk factor
for developing DR by multivariate Cox regression [8].
Furthermore, the poor controlling of TC was associ-
ated with the incidence of vision-threatening DR and
macular edema, and higher TG levels were related to
the progression to proliferative DR [9]. Benarous et al.
[10] found that patients with higher LDL-C levels were
more likely to have clinically significant macular edema
when adjusting for age, gender, BMI, lipid-lowering
agents, and some other factors. A multi-ethnicity-based
cohort study suggested that higher LDL-C levels were
risk factors for DR progression [11]. However, the evi-
dence of the relationship between serum lipids and DR
is inconsistent. The AusDiab study [12], which was the
first national study on DR in a developed country, failed
to show significant correlations between serum TC lev-
els and TG levels and DR incidence. Additionally, Dai
et al. reported no significant difference in baseline TC,
TG, LDL-C, and high-density lipoprotein cholesterol
(HDL-C) levels between patients with new-onset DR
and those without DR [13]. A previous meta-analysis
[14] showed a slightly higher level of LDL-C in the DR
group than in the no-DR group; however, no significant
differences were observed in TG, TC, and HDL-C lev-
els between the two groups. In this meta-analysis pub-
lished in 2018, seven studies with 4366 participants
were included, among which 3879 (88.85%) had T2DM.
Furthermore, they failed to differentiate the effects of
serum lipids on patients with TIDM and T2DM. To
date, no meta-analysis focusing exclusively on T2DM
has been published.

In view of this, clarifying whether serum lipid lev-
els affect the occurrence of DR in patients with T2DM
is necessary. Therefore, we conducted a systematic
review and meta-analysis to elucidate the preliminary
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relationship between serum lipid levels and DR incidence
in patients with T2DM.

Materials and methods
This study was registered with PROSPERO (registration
number: CRD42022319978). This systematic review was
conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [15].

Search strategy and selection criteria

Published studies focusing on the relationship between
serum lipids and DR in T2DM were identified through
PubMed, Embase, and the Cochrane Library (until Feb-
ruary 7, 2022). The terms or keywords used were as
follows: (1) low-density lipoprotein OR high-density lipo-
protein cholesterol OR triglyceride OR total cholesterol,
(2) serum lipids OR dyslipidemia OR lipemia OR blood
lipid profile, and (3) diabetic retinopathy. The reference
lists of the included studies were also reviewed in order
to find potentially relevant records. No language restric-
tion was imposed. The detailed search strategy is shown
in Additional file 4: Table S1.

Inclusion and exclusion criteria

After removing duplicate studies, two investigators (QQJ
and WQ) independently reviewed the titles, abstracts,
and full texts to assess the eligibility of the studies. Any
discrepancy was solved by discussion or consultation of
another investigator (FL). The following are the inclusion
criteria: (1) being cohort studies, (2) assessing the effect
of the lipid level on DR incidence, and (3) the mean value
and corresponding standard deviations (SDs) of blood
lipid levels could be obtained. The exclusion criteria were
as follows: (1) irrelevant articles, (2) cross-sectional or
case—control studies or some other publication types
(e.g., letters, comments, case reports, or reviews), and (3)
inaccessibility of full-text.

Data extraction

Data extraction was performed by two researchers inde-
pendently. First author, year of publication, study design,
sample size, country of origin, duration of follow-up,
outcomes, mean values, and SDs of serum lipid concen-
trations were extracted. Any disagreements in the data
extraction were resolved through discussion or consul-
tation of another investigator (FL). All serum lipid data
were expressed in mg/dL. To convert TC, LDL-C, and
HDL-C to mg/dL, multiply by 38.66; to convert TG to
mg/dL, multiply by 88.6.
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Quality assessment

We used the Newcastle—Ottawa Scale (NOS) to assess
the methodological quality of the included studies in
this meta-analysis. In NOS, the selection of cohorts,
the comparability of cohorts, and the ascertainment of
the exposure and outcome of interest were taken into
account [16]. A higher score indicates a higher quality.
Studies achieved score 6 or more are considered to be
of high quality. The maximum score is nine.

Statistical analysis

STATA 12.0 (StataCorp, College Station, TX, USA)
was used for statistical analyses. The weighted mean
differences (WMDs) and relevant 95 percent confi-
dence intervals (CIs) (95% ClIs) of TC, TG, LDL-C,
and HDL-C levels between DR cases and the controls
were pooled. Cochrane’s Q test and the ? statistic were
used to test for heterogeneity. The fixed effects model
was applied to combine the summary estimates if het-
erogeneity index I> was <50%; otherwise, the random
effects model was used [17]. A sensitivity analysis was
performed by removing each study to identify whether
the results could be affected markedly by a single study.
Subgroup analysis was performed according to the
country of origin and duration of follow-up. Potential
publication bias was assessed by Begg’s test and Egger’s
test [18]. Two-tailed p-value of<0.05 was considered
statistically significant.
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Results

Characteristics of the studies and risk of bias

The PRISMA flow diagram of the study selection pro-
cess in the present meta-analysis is presented in Fig. 1.
Through the initial search, a total of 2569 articles were
found, and of which 2251 records were excluded after
screening their titles and the abstracts. By reviewing the
full text of the remaining 318 articles, 305 articles were
excluded for various reasons. Finally, 13 cohort studies
[8, 11, 13, 19-28] including 7459 participants were con-
sidered relevant and included in the meta-analysis. The
characteristics of the included studies are summarized
in Table 1. Overall, the quality of the included studies
was generally high or moderate, with ten studies scoring
7 and three studies scoring 6 points. The overall risk of
bias was low to moderate (Additional file 1: Fig. S1). The
details of assessing items for each study are available in
Additional file 5: Table S2.

Meta-analysis results

A total of 13 articles evaluated baseline TC levels in
patients with and without DR in T2DM. The pooling
of these results revealed a significantly higher TC level
(WMD 2.94 mg/dL, 95% CI 1.32, 4.56, p<0.001) at base-
line in participants who developed DR later on, with a
fixed effects model (*=11.0%, p heterogeneity =0.335)
(Fig. 2). A significantly higher baseline TG level (WMD
8.13 mg/dL, 95% CI 5.59, 10.66, p<0.001; I>=39.0%,
p heterogeneity=0.089) was observed in cases who

Records identified through
pubmed (n=2383)
Embase (n=558)
Cochrane library (n=112)

‘—>{ Duplicates removed (n=484)

]

identification

Potentially relevant references
screened (n=2569)

Excluded on the basis of title

Records screened (n=2569) }—é

and/or abstract

screening

(n=2251)

Excluded(n=305)

Full text articles assessed for
inclusion (n=318)

R Cross-sectional studies(n=227)

Case-control studies(n=14)

Included

Studies included (n=13)

Fig. 1 Flow diagram of the literature search and study selection

Case-cohort study(n=1)
Case report/series studies(n=4)
No desirable outcomes(n=59)
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Table 1 Characteristics of the included studies
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Author Year Regions Age (years) Male (n (%)) Duration DR/NDR (n) Exposures Duration of NOS score

of T2DM follow-up

(years) (years)
Chiu [19] 2021 Taiwan 67.85(6.53) 339(428%) NR 611/181 TC, TG, HDL-C, LDL-C  NR 4
Cheung [11] 2021 USA 63.2(8.9) 251(504%) 9.4(7.9) 70/295 TC, HDL-C, LDL-C 8 8
Chen [8] 2021 China 5860 (10.55) 163 (49.4%) 7.09 (5.36) 30/300 TC, LDL-C 3.66 (1.90) 6
Dai [13] 2021 China 58.0(10.1) 191 (60.6%) 10.7 (643) 81/234 TC, TG, HDL-C, LDL-C 342 6
Zhang [20] 2018 China 57.0(5.8) 635 (62.1%)  4.81(2.01) 315/708 TC, TG, HDL-C 10 6
Yun [21] 2016 South Korea 54.2(10.0) 236 (424%) 6.3 (5.3) 263/293 TC, TG, HDL-C, LDL-C 111 7
Tseng [22] 2015 Taiwan 58.2(13.1) 354 (526%) 1068 (6.46)  91/482 TC, TG, HDL-C, LDL-C 29 5
Salinero-Fort [23] 2013 Spain 67.5(10.6) 1217 (50.6%) 7.6 (7.2) 194/2211 TC, TG, HDL-C, LDL-C 4 8
Manaviat [24] 2008 Iran 55.2(9.64) 31 (25.8%) 116 (6.2) 57/63 TC, TG 4 5
Tung [25] 2005 Taiwan 61.7 (11.6) 238 (434%) 7.59(2.6) 93/455 TCTG 2.56(0.73) 7
Van Leiden [26] 2003 Netherlands 62.1 (6.8) 124 (53.2%) NR 27/206 TC, TG, HDL-C 94 7
Tudor [27] 1998 USA 573(9.7) 73 (43.2%) 4.52 (6.0) 47/122 TC, TG, HDL-C 4.8 (2.0-6.6) 8
Jarrett [28] 1986 UK 44-73 30 (100%) NR 8/22 TC, TG 10 5

NG Not reported, DR Diabetic retinopathy, NDR No diabetic retinopathy, NOS Newcastle-Ottawa Scale, TC Total cholesterol, TG Total triglyceride, LDL-C Low-density
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol

Study
ID
Chiu (2021) ——
cheung (2021) —_——
Chen (2021) -+ E
Dai (2021) __E_._
Zhang (2018) —Q—E-
yun (2016) —I'.:_
Tseng (2015) E;
Salinero-Fort (2013) —-p'—
manaviat (2008) E <

X

Tung (2005) —_—

van Leiden (2003)

tudor (1998)

Jarrett (1986)

Overall (I-squared = 11.0%, p = 0.335)

WMD (95% Cl)

5.03 (2.75, 7.31)
3.20 (-6.85, 13.25)
-8.89 (-23.40, 5.62)
6.96 (-2.25, 16.17)
0.00 (-3.59, 3.59)
0.77 (5.53, 7.07)
3.70 (-9.62, 17.02)
2.00 (3.72, 7.72)
7.03 (8.61, 22.67)
-5.00 (-14.29, 4.29)
5.00 (-14.27, 24.27)
-3.00 (-18.06, 12.06)
7.73 (-20.12, 35.58)

2.94 (1.32, 4.56)

%

Weight

50.42
259
124
3.08
20.28
6.60
1.48
8.00
1.07
3.04
0.71
1.15
0.34

100.00

I
-35.6

0

356
Fig. 2 Forest plot of comparing TC levels between the DR population and the control group. WMDs, weighted mean differences; 95% Cls, 95%
confidence interval; TC, total cholesterol; DR, diabetic retinopathy
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developed DR later on (Fig. 3). In addition, as shown
in Fig. 4, the combined WMD of LDL-C suggested that
LDL-C was significantly higher in DR cases (WMD
2.53 mg/dL, 95% CI 1.02, 4.04, p=0.001) with a fixed
effects model (> =0%, p heterogeneity =0.668). However,
the present meta-analysis showed no significant differ-
ence in HDL-C levels (WMD 0.27 mg/dL, 95% CI—-0.91,
1.45, p=0.656) between these two groups with a random
effects model (I*=59.1%, p heterogeneity=0.012) (Fig. 5).

Exploration of the source of heterogeneity

To explore the source of heterogeneity, a sensitivity anal-
ysis was performed for HDL-C, for which > was 59.1%.
After removing one influential study [20], the pooled
result did not change significantly (WMD —0.01 mg/
dL, 95%CI:—0.78, 0.59, p=0.784) with a fixed effects
model (*=0%, p heterogeneity=0.467). Because only
nine studies on HDL-C were available, we did not con-
duct a meta-regression analysis as recommended by the
Cochrane Handbook version 5.1.0 [29]. In the present
study, the subgroup analysis was performed on the basis
of the country of origin and duration of follow-up. The
heterogeneity in the Asian group was high (=62.7%,
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p heterogeneity=0.030), whereas no heterogeneity was
observed in the “other” group (?=0%, p heterogene-
ity=0.721) (Additional file 2: Fig. S2A). Neither of the
two subgroups (Asian vs. others) showed that HDL-C
affected the occurrence of DR. When the studies were
stratified on the basis of whether the follow-up time
was over 4 years, no heterogeneity was observed in the
group with a short follow-up time (I>=0%, p heteroge-
neity=0.735); however, the heterogeneity in the “other”
group was relatively high (?=47.3%, p heterogene-
ity=0.108) (Additional file 2: Fig. S2B). Similarly, the two
subgroups showed no significant difference in HDL-C
levels in participants who developed DR.

However, the duration of follow-up was not speci-
fied in the study by Chiu et al. [19]; thus, we conducted
the meta-analysis by excluding this study. As shown
in Additional file 3: Fig. S3A, no significantly higher
TC level was observed in DR cases (WMD 0.81 mg/
dL, 95% CI—1.49, 3.11, p=0.489) in the fixed effects
model (?=0.0%, p heterogeneity=0.802). TG levels
were significantly higher in patients with DR than in
patients without DR (WMD 7.85 mg/dL, 95% CI 5.24,
10.46, p<0.001) in the fixed effects model (I>=42.6%,

Study %
ID WMD (95% Cl) Weight
i
Chiu (2021) —%—+— 12.40 (2.13,22.67) 6.07
Dai (2021) E 15.06 (-13.15, 43.27) 0.80
Zhang (2018) - 8.86 (6.09, 11.62) 83.64
yun (2016) —0——: -9.74 (-26.61,7.12) 225
Tseng (2015) E 17.90 (-14.61,50.41) 0.61
Salinero-Fort (2013) —0——i -3.20 (-15.45,9.05) 427
I
manaviat (2008) + : -18.62 (-59.94, 22.70) 0.38
Tung (2005) E + 33.20 (5.78, 60.62) 0.85
van Leiden (2003) + i -9.00 (-44.70, 26.70) 0.50
I
tudor (1998) + ; -8.86 (-70.65, 52.93) 0.17
Jarrett (1986) + 5 -13.60 (-51.06, 23.86) 0.46
Overall (I-squared = 39.0%, p = 0.089) ® 8.13(5.59, 10.66) 100.00
I
I
I
I : I
-70.7 0 707

Fig. 3 Forest plot of comparing TG levels between the DR population and the control group. WMDs, weighted mean differences; 95% Cls, 95%

confidence interval; TG, total triglyceride; DR, diabetic retinopathy
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Study %
D WMD (95% ClI) Weight
Chiu (2021) —_— 3.09 (1.25,4.93) 67.00
|
cheung (2021) - - -1.60 (-9.51,6.31) 364
I
I
1}
Dai (2021) -+ 2.71(-5.07, 10.49) 377
I
I
I
Chen (2021) 2 2 : -6.18 (-16.93, 4.57) 197
I
I
yun (2016) —4— : 1.55 (-3.95, 7.05) 752
1
I
]
Tseng (2015) - 220 (-4.12,852) 571
I
I
1
Salinero-Fort (2013) —_— 2.80(-1.88,7.48) 10.40
I
Overall (lsquared = 0.0%, p = 0.668) @ 253(1.02,4.04) 100.00
I
!
I
I
|
!
1
I I

-16.9 0

16.9

Fig. 4 Forest plot of comparing LDL-C levels between the DR population and the control group. WMDs, weighted mean differences; 95% Cls, 95%
confidence interval; LDL-C, low-density lipoprotein cholesterol; DR, diabetic retinopathy

p heterogeneity=0.074) (Additional file 3: Fig. S3B).
No significantly higher LDL-C levels were observed
in DR cases (WMD 1.38 mg/dL, 95% CI-1.25, 4.01,
p=0.303) in the fixed effects model (I*=0.0%, p het-
erogeneity =0.704) (Additional file 3: Fig. S3C). Simi-
larly, the pooled result showed no significant difference
in HDL-C levels (WMD 0.032 mg/dL, 95% CI—0.082,
0.146, p=0.582) in the random effects model (I*=56%,
p heterogeneity =0.026) (Additional file 3: Fig. S3D).

Publication bias

No evidence of publication bias was detected by Begg’s
test and Egger’s test in TC (Begg’s test p =0.502; Egger’s
test p=0.269), TG (Begg’s test p=0.276, Egger’s test
p=0.313), and HDL-C (Begg’s test p=0.917, Egger’s
test p=0.852). However, Begg’s and Egger’s tests sug-
gested potential publication bias in LDL-C among the
included studies (Begg’s test p=0.035; Egger’s test
p=0.048). Visual inspection of the funnel plots did not
lead to concerns about publication bias in TC, TG, and
HDL-C but indicated little evidence of publication bias
in LDL-C (Fig. 6). Thus, the results of LDL-C should be
interpreted cautiously.

Discussion

To the best of our knowledge, this is the first meta-anal-
ysis to evaluate the relationship between serum TC, TG,
LDL-C, and HDL-C levels and DR incidence focusing
on T2DM. The overall pooled results showed signifi-
cantly higher lipid levels including TC, TG, and LDL-C
in patients with later onset of DR than that in patients
without DR. However, in this study, no significant differ-
ence in HDL-C levels were observed between the DR and
control groups. Generally, our results suggest that lower-
ing serum lipids may benefit patients with T2DM for pre-
venting the DR incidence.

The present results are consistent with previous find-
ings. Dyslipidemia probably was a risk factor for DR in
Thai patients with T2DM [30]. In a hospital-based ret-
rospective cohort study, Takele et al. [31] found that
TC>200 mg/dL was a significant predictor of DR with an
adjusted hazard ratio of 2.22 (1.08—4.55). In a large com-
munity prospective cohort study, Jin et al. found that low
TG level was an independently protective factor for the
regression of DR in T2DM [32]. Another cohort study
showed that LDL-C level was an important factor for the
development of DR in older populations with T2DM in
Taiwan [19].
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Study %

ID WMD (95% CI) Weight
|

Chiu (2021) + 0.00 (-1.01, 1.01) 18.85
I

cheung (2021) - : -0.40 (-3.89, 3.09) 750
I
I

Dai (2021) I; 0.38 (-2.40, 3.16) 9.86
I
|

Zhang (2018) : —_—— 3.87(1.82,592) 13.15
]

yun (2016) —-Ir—O— 1.16 (-0.48,2.80) 15.36
!

Tseng (2015) + : -1.70 (-4.07,0.67) 11.62
|

Salinero-Fort (2013) —0——f— -0.70 (-2.50, 1.10) 1450
I
]

van Leiden (2003) + : -3.00(-7.23,1.23) 573
I

tudor (1998) I 1.30 (-4.55,7.15) 343
|

Overall (I-squared =59.1%, p=0.012) <j> 0.27 (-0.91, 1.45) 100.00
|
|

NOTE: Weights are from random effects analysis :
1

T T

-7.23 0

7.23

Fig. 5 Forest plot of comparing HDL-C levels between the DR population and the control group. WMDs, weighted mean differences; 95% Cls, 95%
confidence interval; HDL-C, high-density lipoprotein cholesterol; DR, diabetic retinopathy

A retrospective cohort study further supported the
conclusion that patients with DR usually had a higher
baseline TC, TG, and LDL-C levels than people without
DR who were newly diagnosed with diabetes [33]. How-
ever, the present results are somewhat different from
those of a previously published meta-analysis on dia-
betes [14], in which slightly higher LDL-C levels were
observed, and the authors failed to discriminate signifi-
cant differences in TC, TG, and HDL-C levels between
the DR and control groups. Due to the limited number of
studies included, they failed to make a subgroup analysis
by diabetes types (T1DM vs. T2DM), although the effects
of serum lipids on these two groups were different.

In the present study, we do not find HDL-C was a
potentially related factor for the occurrence of DR in
patients with T2DM. This result is different from the
result of a previous study. According to the NO BLIND
study [34], a multi-center and cross-sectional study, DR
was independently associated with HDL-C levels (OR:
1.042, 95% CI 1.012-1.109) in patients with T2DM in
Italy. Different study designs and patient populations may
explain these discrepant findings.

In fact, factors that affect the diagnosis of DR and the
determination of serum lipids may affect the results of

the present meta-analysis. The physiological status and
food consumption before blood sample collection can
directly affect serum lipid levels. Nordestgaard et al.
reported [35] that HDL-C levels were hardly affected
by diet, while TG and LDL-C were significantly affected
by diet. Alcohol consumption is known to be the lead-
ing cause of hyper-triacylglycerolemia [36, 37]. Moreo-
ver, strenuous exercise and body position may affect the
blood lipid levels by affecting the fluid distribution in
the blood vessels [38]. Another critical point was that
the longitudinal changes in blood lipids could not be
obtained in the present study. Additionally, the technol-
ogy of the fundus camera, whether mydriasis or not, may
affect the diagnosis of DR [39].

The heterogeneity in HDL-C levels between the
included studies in the present study cannot be ignored
(?=59.1%). The included studies were conducted in
different regions, ages, and durations of follow-up. In
order to minimize the effect of heterogeneity, the ran-
dom effects model was used when pooling HDL-C level
results. Furthermore, a sensitivity analysis was conducted
by omitting one study in each turn, and the pooled results
were still stable. However, because the number of stud-
ies on HDL-C levels was insufficient for meta-regression
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analysis, we did not further explore it. Potential con-
founding factors including BMI, physical activity, and
smoking, were not considered in this study.

The mechanisms linking blood lipid levels and DR were
reported in previous studies. The upregulation of circula-
tory cytokines (e.g., VEGF-A, VEGF-D, and PIGF) result-
ing from dyslipidemia might be linked to the occurrence
and development of DR [40]. Oxidative stress and endo-
plasmic reticulum stress were also associated with the
development of DR [41]. Yang et al. [42] found that the
mitochondrial damage induced by dyslipidemia might
accelerate the apoptosis of retinal neurons, thus contrib-
uting to microvascular damage and retinal destruction in
diabetes. Thus, maintaining serum lipid levels in a normal
range is necessary for preventing DR occurrence. Moreo-
ver, the use of fenofibrate was beneficial for patients with
DR. Fenofibrate stimulated the upregulation of CD34 or
CD133 on hamatopoietic stem cells in patients with DR
and thus might delay its progression [43].

Our study has some strengths. As far as we know, this
is the first study examining the relationship between
baseline serum lipid levels and DR incidence exclusively
in patients with T2DM and also updates the findings of
the previous meta-analysis. The results herein suggest
significantly increased TC, TG, and LDL-C levels in DR
cases, emphasizing the importance of maintaining nor-
mal serum lipids for T2DM. However, certain limitations
of this study cannot be ignored. Firstly, because of the
limited number of the included studies, DR stages were
not differentiated. Secondly, the included studies covered
diverse areas, but ethnicity, economic level, medical care,
and some other potential influencing factors including
BMI, physical activity, and smoking were not considered.
Thirdly, the studies included were designed to analyze the
relationship between baseline lipid levels and DR, and
longitudinal changes in blood lipid levels were ignored.
Finally, our study was limited by the possibility of publi-
cation bias.
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In summary, higher baseline TC, TG, and LDL-C lev-
els were found in patients with later onset of DR than
that in patients without DR. However, the conclusion
should be interpreted with caution because of publica-
tion bias and unknown confounders. It might be worth-
while to lower serum lipids in patients with T2DM.
Future studies exploring the relationship between lon-
gitudinal changes in serum lipid levels and DR occur-
rence are warranted. The mechanisms underlying those
effects also need systematic exploration.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513643-023-02321-2.

Additional file 1: Fig. S1. The overall risk of bias of the included studies.

Additional file 2: Fig. S2. Forest plot of comparing HDL-C levels between
DR population and the control group with subgroup analysis. (A) by
country of origin; (B) by the duration of follow-up. WMDs, weighted

mean differences; 95% Cls, 95% confidence interval; HDL-C, high-density
lipoprotein cholesterol; DR, diabetic retinopathy.

Additional file 3: Fig. S3. Forest plot of comparing serum lipid levels
between DR population and the control group by removing one study. (A)
TC; (B) TG; (C) LDL-C; (D) HDL-C. WMDs, weighted mean differences; 95%
Cls, 95% confidence interval; TC, total cholesterol; TG, total triglyceride;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipopro-
tein cholesterol; DR, diabetic retinopathy.

Additional file 4: Table S1. Search strategy of this meta-analysis.

Additional file 5: Table S2. The methodological quality of cohort studies
in accordance with the Newcastle-Ottawa Scale (NOS).

Additional file 6. PRISMA 2020 Checklist.

Acknowledgements
We thank Professor Hao Bai (Department of Nutrition, Qilu Hospital of
Shandong University) for his kind guidance in manuscript writing.

Authors’ contributions

ZL, QQ, and WQ performed the literature search. QQ and WQ extracted the
data from papers. ZL conducted the statistical analysis and pooled the data.
ZL,YY,and LF contributed to the manuscript writing.

Funding
This study received no funding support.

Availability of data and materials

The data sets used for all analyses can be obtained from the corresponding
author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 7 October 2022 Accepted: 15 August 2023
Published online: 24 August 2023

Page 9 of 10

References

1. LonesS, Lone K, Khan' S, Pampori RA. Assessment of metabolic syndrome
in Kashmiri population with type 2 diabetes employing the stand-
ard criteria’s given by WHO, NCEPATP Il and IDF. J Epidemiol Global
Health. 2017;7(4):235-9. https://doi.org/10.1016/jjegh.2017.07.004.
(Epub 2017/11/08. PubMed PMID: 29110863; PubMed Central PMCID:
PMCPMC7384570).

2. Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin N, et al.
Global and regional diabetes prevalence estimates for 2019 and projec-
tions for 2030 and 2045: results from the International Diabetes Federa-
tion Diabetes Atlas, 9(th) edition. Diab Res Clin Pract. 2019;157:107843.
https://doi.org/10.1016/j.diabres.2019.107843. (Epub 2019/09/14.
PubMed PMID: 31518657).

3. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epi-
demiology of type 2 diabetes - global burden of disease and forecasted
trends. J Epidemiol Global Health. 2020;10(1):107-11. https://doi.org/10.
2991/jeghk.191028.001. (Epub 2020/03/17. PubMed PMID: 32175717;
PubMed Central PMCID: PMCPMC7310804).

4. ShiQ, Zhao, Fonseca V, Krousel-Wood M, Shi L. Racial disparity of eye
examinations among the US working-age population with diabetes:
2002-2009. Diabetes Care. 2014;37(5):1321-8.

5. Rubsam A, Parikh S, Fort PE. Role of inflammation in diabetic retinopathy.
Int J Mol Sci. 2018;19(4):942.

6. Causes of blindness and vision impairment in 2020 and trends over 30
years, and prevalence of avoidable blindness in relation to VISION 2020:
the right to sight: an analysis for the Global Burden of Disease Study. The
Lancet Global health. 2021;9(2):e144-e60. https://doi.org/10.1016/52214-
109x(20)30489-7. Epub 2020/12/05. PubMed PMID: 33275949; PubMed
Central PMCID: PMCPMC7820391.

7. Rema M, Srivastava B, Anitha B, Deepa R, Mohan V. Association of serum
lipids with diabetic retinopathy in urban South Indians—the Chennai
Urban Rural Epidemiology Study (CURES) Eye Study—?2. Diabet Med.
2006;23(9):1029-36.

8. Chen X, Xie Q, Zhang X, Lv Q, Liu X, Rao H. Nomogram prediction
model for diabetic retinopathy development in type 2 diabetes mellitus
patients: a retrospective cohort study. J Diab Res. 2021:3825155. https://
doi.org/10.1155/2021/3825155.

9. Srinivasan S, Raman R, Kulothungan V, Swaminathan G, SharmaT.
Influence of serum lipids on the incidence and progression of diabetic
retinopathy and macular oedema: Sankara Nethralaya Diabetic Retin-
opathy Epidemiology And Molecular genetics Study-II. Clin Experiment
Ophthalmol. 2017;45(9):894-900.

10. Benarous R, Sasongko MB, Qureshi S, Fenwick E, Dirani M, Wong TY, et al.
Differential association of serum lipids with diabetic retinopathy and
diabetic macular edema. Invest Ophthalmol Vis Sci. 2011;52(10):7464-9.

11. Cheung N, Chee ML, Klein R, Klein BEK, Shea S, Cotch MF, et al. Inci-
dence and progression of diabetic retinopathy in a multi-ethnic US
cohort: the Multi-Ethnic Study of Atherosclerosis. Br J Ophthalmol.
2022;106(9):1264-8.

12 Tapp RJ, Shaw JE, Harper CA, de Courten MP, Balkau B, McCarty DJ, et al.
The prevalence of and factors associated with diabetic retinopathy in the
Australian population. Diabetes Care. 2003;26(6):1731-7. https://doi.org/
10.2337/diacare.26.6.1731. (Epub 2003/05/27. PubMed PMID: 12766102).

13. DaiD, ShenY, Lu J,WangY, Zhu W, Bao Y, et al. Association between
visit-to-visit variability of glycated albumin and diabetic retinopathy
among patients with type 2 diabetes - a prospective cohort study. J Diab
Complications. 2021;35(9):107971. https://doi.org/10.1016/j jdiacomp.
2021.107971. (Epub 2021/07/01. PubMed PMID: 34187717).

14. ZhouY, Wang C, Shi K, Yin X. Relationship between dyslipidemia and
diabetic retinopathy: a systematic review and meta-analysis. Medicine.
2018;97(36):212283. https://doi.org/10.1097/MD.0000000000012283.

15. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-anal-
yses of studies that evaluate health care interventions: explanation and
elaboration. PLoS medicine. 2009;6(7):¢1000100. https://doi.org/10.1371/
journal.pomed.1000100. (Epub 2009/07/22. PubMed PMID: 19621070;
PubMed Central PMCID: PMCPMC2707010 Oxford Radcliffe Hospitals
Trust on behalf of the Department of Health and the National Institute
for Health Research in England. This is a fixed term contract, the renewal
of which is dependent upon the value placed upon his work, that of the
UK Cochrane Centre, and of the Cochrane Collaboration more widely by


https://doi.org/10.1186/s13643-023-02321-2
https://doi.org/10.1186/s13643-023-02321-2
https://doi.org/10.1016/j.jegh.2017.07.004
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1016/s2214-109x(20)30489-7
https://doi.org/10.1016/s2214-109x(20)30489-7
https://doi.org/10.1155/2021/3825155
https://doi.org/10.1155/2021/3825155
https://doi.org/10.2337/diacare.26.6.1731
https://doi.org/10.2337/diacare.26.6.1731
https://doi.org/10.1016/j.jdiacomp.2021.107971
https://doi.org/10.1016/j.jdiacomp.2021.107971
https://doi.org/10.1097/MD.0000000000012283
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100

Li et al. Systematic Reviews

20.

21

22.

23.

24

25.

26.

27

28.

29.

30.

31.

32.

33.

34

(2023) 12:148

the Department of Health. His work involves the conduct of systematic
reviews and the support of the conduct and use of systematic reviews.
Therefore, work-such as this manuscript-relating to systematic reviews
might have an impact on his employment.,).

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5. https://doi.org/10.1007/510654-010-9491-z.
(Epub 2010/07/24. PubMed PMID: 20652370).

DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp
Clin Trials. 2015;45:139-45.

Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis:
guidelines on choice of axis. J Clin Epidemiol. 2001;54(10):1046-55.

Chiu T-T, Tsai T-L, Su M-Y, Yang T, Tseng P-L, Lee Y-, et al. The related risk
factors of diabetic retinopathy in elderly patients with type 2 diabetes
mellitus: a hospital-based cohort study in Taiwan. Int J Environ Res Public
Health. 2021;18(1):307.

Zhang Q, Hu J, HuY, Ding Y, Zhu J, Zhuang C. Relationship between
serum apolipoproteins levels and retinopathy risk in subjects with type 2
diabetes mellitus. Acta Diabetol. 2018;55(7):681-9.

Yun J-S, Lim T-S, Cha S-A, Ahn Y-B, Song K-H, Choi JA, et al. Lipoprotein (a)
predicts the development of diabetic retinopathy in people with type 2
diabetes mellitus. J Clin Lipidol. 2016;10(2):426-33.

Tseng S-T, Chou S-T, Low B-H, Su F-L. Risk factors associated with diabetic
retinopathy onset and progression in diabetes patients: a Taiwanese
cohort study. Int J Clin Exp Med. 2015;8(11):21507.

Salinero-Fort MA, San Andrés-Rebollo FJ, de Burgos-Lunar C, Arrieta-
Blanco FJ, Gomez-Campelo P, Group M. Four-year incidence of diabetic
retinopathy in a Spanish cohort: the MADIABETES study. PLoS ONE.
2013;8(10):276417.

Manaviat MR, Rashidi M, Afkhami-Ardekani M. Four years incidence of
diabetic retinopathy and effective factors on its progression in type I
diabetes. Eur J Ophthalmol. 2008;18(4):572-7. https://doi.org/10.1177/
112067210801800412. (Epub 2008/07/09. PubMed PMID: 18609477).
Tung T-H, Chen S-J, Liu J-H, Lee F-L, Li A-F, Shyong M-P, et al. A commu-
nity-based follow-up study on diabetic retinopathy among type 2 diabet-
ics in Kinmen. Eur J Epidemiol. 2005;20(4):317-23.

van Leiden HA, Dekker JM, Moll AC, Nijpels G, Heine RJ, Bouter LM,

et al. Risk factors for incident retinopathy in a diabetic and nondiabetic
population: the Hoorn study. Arch Ophthalmol (Chicago, Ill: 1960).
2003;121(2):245-51. https://doi.org/10.1001/archopht.121.2.245. (Epub
2003/02/14. PubMed PMID: 12583792.).

Tudor SM, Hamman RF, Baron A, Johnson DW, Shetterly SM. Incidence
and progression of diabetic retinopathy in Hispanics and non-Hispanic
whites with type 2 diabetes San Luis Valley Diabetes Study Colorado.
Diabetes Care. 1998;21(1):53-61.

Jarrett R. Duration of non-insulin-dependent diabetes and develop-
ment of retinopathy: analysis of possible risk factors. Diabet Med.
1986;3(3):261-3.

Higgins J, Green eS. Cochrane Handbook for Systematic Reviews of Inter-
ventions Version 5.1.0 [updated March 2011]. The Cochrane Collabora-
tion, 2011. Available from www.handbook.cochrane.org. Accessed 26 July
2023.

Euswas N, Phonnopparat N, Morasert K, Thakhampaeng P, Kaewsanit A,
Mungthin M, et al. National trends in the prevalence of diabetic retinopa-
thy among Thai patients with type 2 diabetes and its associated factors
from 2014 to 2018. PloS one. 2021;16(1):e0245801. https://doi.org/10.
1371/journal.pone.0245801. (Epub 2021/01/23. PubMed PMID: 33481907;
PubMed Central PMCID: PMCPMC7822250).

Takele MB, Boneya DJ, Alemu HA, Tsegaye TB, Birhanu MY, Alemu S, et al.
Retinopathy among adult diabetics and its predictors in northwest Ethio-
pia. J Diab Res. 2022:1362144. https://doi.org/10.1155/2022/1362144.

Jin P, Peng J, Zou H, Wang W, Fu J, Shen B, et al. The 5-year onset and
regression of diabetic retinopathy in Chinese type 2 diabetes patients.
PLoS ONE. 2014;9(11):e113359.

Debele GR, Kanfe SG, Weldesenbet AB, Ayana GM, Jifar WW, Raru TB. Inci-
dence of diabetic retinopathy and its predictors among newly diagnosed
type 1 and type 2 diabetic patients: a retrospective follow-up study at
tertiary health-care setting of Ethiopia. Diab Metabol Syndrome Obes
Targets Ther. 2021;14:1305.

Sasso FC, Pafundi PC, Gelso A, Bono V, Costagliola C, Marfella R, et al. High
HDL cholesterol: a risk factor for diabetic retinopathy? Findings from NO

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 10

BLIND study. Diab Res Clin Pract. 2019;150:236-44. https://doi.org/10.
1016/j.diabres.2019.03.028. (Epub 2019/03/25. PubMed PMID: 30904748.).
Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E,

et al. Fasting is not routinely required for determination of a lipid profile:
clinical and laboratory implications including flagging at desirable con-
centration cut-points—a joint consensus statement from the European
Atherosclerosis Society and European Federation of Clinical Chemistry
and Laboratory Medicine. Eur Heart J. 2016;37(25):1944-58.

Hata Y, Nakajima K. Life-style and serum lipids and lipoproteins. J Athero-
scler Thromb. 2000;7(4):177-97.

Brinton EA. Effects of ethanol intake on lipoproteins and atherosclerosis.
Curr Opin Lipidol. 2010;21(4):346-51.

Hagan RD, Upton SJ, Avakian EV, Grundy S. Increases in serum lipid and
lipoprotein levels with movement from the supine to standing position
in adult men and women. Prev Med. 1986;15(1):18-27.

Liu D, Molyneaux L, Chua E, Wang Y, Wu C, Jing H, et al. Retinopathy in a
Chinese population with type 2 diabetes: factors affecting the presence
of this complication at diagnosis of diabetes. Diabetes Res Clin Pract.
2002;56(2):125-31.

Zhang X, Qiu B, Wang Q, Sivaprasad S, Wang Y, Zhao L, et al. Dysregulated
serum lipid metabolism promotes the occurrence and development of
diabetic retinopathy associated with upregulated circulating levels of
VEGF-A, VEGF-D, and PIGF. Front Med. 2021;8:779413. https://doi.org/10.
3389/fmed.2021.779413.

Rao H, Jalali JA, Johnston TP, Koulen P. Emerging roles of dyslipidemia
and hyperglycemia in diabetic retinopathy: molecular mechanisms and
clinical perspectives. Front Endocrinol. 2021;12:620045. https://doi.org/
10.3389/fendo.2021.620045.

Yang C, Xie L, Gu Q, Qiu Q Wu X, Yin L. 7-Ketocholesterol disturbs

RPE cells phagocytosis of the outer segment of photoreceptor and
induces inflammation through ERK signaling pathway. Exp Eye Res.
2019;189:107849.

Bonora BM, Albiero M, Morieri ML, Cappellari R, Amendolagine FI, Mazzu-
cato M, et al. Fenofibrate increases circulating haematopoietic stem cells
in people with diabetic retinopathy: a randomised, placebo-controlled
trial. Diabetologia. 2021;64(10):2334-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1177/112067210801800412
https://doi.org/10.1177/112067210801800412
https://doi.org/10.1001/archopht.121.2.245
http://www.handbook.cochrane.org
https://doi.org/10.1371/journal.pone.0245801
https://doi.org/10.1371/journal.pone.0245801
https://doi.org/10.1155/2022/1362144
https://doi.org/10.1016/j.diabres.2019.03.028
https://doi.org/10.1016/j.diabres.2019.03.028
https://doi.org/10.3389/fmed.2021.779413
https://doi.org/10.3389/fmed.2021.779413
https://doi.org/10.3389/fendo.2021.620045
https://doi.org/10.3389/fendo.2021.620045

	Relationship between dyslipidemia and diabetic retinopathy in patients with type 2 diabetes mellitus: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Systematic review registration 

	Introduction
	Materials and methods
	Search strategy and selection criteria
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Characteristics of the studies and risk of bias
	Meta-analysis results
	Exploration of the source of heterogeneity
	Publication bias

	Discussion
	Anchor 21
	Acknowledgements
	References


