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Relation of metabolic syndrome and its
components with risk of diabetic retinopathy

A meta-analysis of observational studies
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Abstract N\
Emerging studies have reported the effects of metabolic syndrome (MetS) and its components on risk of diabetic retinopathy (DR), but |
the results remain controversial. Therefore, we performed a meta-analysis to evaluate the relationship between MetS and risk of DR.

A meta-analysis of observational studies.

Studies were searched from PubMed, Cochrane Library, and Elsevier databases from the start of the database up until November
30, 2017. Adjusted odds ratios (ORs) and its corresponding 95% confidence intervals (Cls) were extracted and pooled by using a
random effects model.

A total of 12 observational studies were included in this meta-analysis. When the MetS as a full syndrome, MetS was not
associated with increased risks of type 1 (OR=1.47, 95% CI 0.67-3.24; P=.34) or type 2 (OR=1.34, 95% Cl 0.91-1.98; P=.14)
DR. In addition, none of single component of MetS was associated with the risk of DR, including body mass index/waist
circumference (BMI/WC) (OR=0.92, 95% CI 0.75-1.13; P=.41), blood pressure (OR=1.37, 95% CI 0.96-1.95; P=.08), high
density lipoprotein (OR=0.97, 95% CI 0.93-1.01; P=.19), and triglyceride (OR=0.85, 95% CI 0.63-1.15; P=.29). In the sensitivity
analysis, the pooled OR values were not changed after we removed the included studies one by one.

Based on recent published data, neither MetS nor its components are associated with an increased risk of DR.

Abbreviations: ATP Il = Adult Treatment Panel lll, BMI/WC = body mass index or waist circumference, BP = blood pressure,
CDS = Chinese Diabetes Society, Cl = confidence interval, DBP = diastolic blood pressure, DM = diabetes mellitus, DR = diabetic
retinopathy, HDL = high density lipoprotein cholesterol, IDF = International Diabetes Federation, logOR = natural logarithm, MetS =
metabolic syndrome, NOS = Newcastle-Ottawa scale, OR = odds ratio, Rx = treatment, SBP = systolic blood pressure, SE =
standard error, T1DR = type 1 diabetic retinopathy, T2DR = type 2 diabetic retinopathy, TG = triglyceride, WHO = World Health

Organization.
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1. Introduction

Diabetic retinopathy (DR), one of the most common microvas-
cular complications of diabetes mellitus (DM), is a frequent cause
of acquired blindness worldwide. With the increasing morbidity
of DM, it has reported that the population of vision-threatening
DR increased to 4.2 million worldwide.!"! As we know, duration
of DM and degree of hyperglycemia are the 2 classical risk factors
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for DR."*! However, a well glucose control is reported to have
limited effects on preventing the development of DR.F!
Therefore, to explore the modifiable risk factors involved in
the development of DR become increasingly imperative.

Metabolic syndrome (MetS), defined as a constellation of
metabolic abnormalities with obesity, glucose intolerance,
hypertension, elevated triglyceride (TG), and low level of high
density lipoprotein cholesterol (HDL), is a risk factor for
cardiovascular complications of the type 2 DM."! In addition
to the macrovascular complications of DM, the potential
association between MetS and DR has been also investigated
but with inconclusive results.* 8 A large multicentre clinic-based
study™! from Italy reported an increased risk of type 2 diabetic
retinopathy (T2DR) rather than type 1 diabetic retinopathy
(T1DR) in patients with MetS. In contrast, another study!'"!
observed a little lower prevalence of DR in diabetic patients
with MetS. In addition, whether the effects of MetS per se
exceed the sum of its individual components, or whether the
effects of full syndrome can be explained by a single component
are still unclear. Hence, we carried out a meta-analysis to assess
the effects of metabolic syndrome per se and its components
on DR.

2. Methods

This meta-analysis was performed by following the Meta-
Analysis of Observational Studies in Epidemiology (MOOSE)!!!
and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).
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2.1. Study design

This was a meta-analysis of observational studies, and thus no
ethical approval was warranted.

2.2. Literature search and eligibility criteria

We searched the original studies from PubMed, Cochrane
Library, and Elsevier databases from the start of the database up
until November 30, 2017. Keywords about the endpoint
“diabetic retinopathy” in combination with the keywords about
exposure (“metabolic syndrome” or “insulin-resistance syn-
drome” or “syndrome X”) were used to search the relevant
studies. Besides, the reference lists of retrieved studies were also
reviewed manually for additional studies. No language limitation
was used in the process.

Studies were included if they met all of the following criteria:
observational studies evaluating the effects of MetS on DR, or the
effects of components of MetS (e.g., body mass index or waist
[BMI/WC], blood pressure [BP], TG or HDL, and hyperglycemia)
on DR; studies reporting adjusted odds ratios (ORs) and
corresponding 95% confidence intervals (Cls) were available.
Certain publication types with data (e.g., reviews, letters, case
reports, comments) were excluded in this analysis. Besides, in the
cohort studies, we preferred to include the one with the longest
follow-up time. In addition, if one cohort was more than once
published, we extracted the most recent one.

2.3. Definitions of metabolic syndrome

The definitions of MetS used in the included studies varied,
including the International Diabetes Federation (IDF) criteria, !
the National Cholesterol Education Program’s Adult Treatment
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Panel III (ATP III) criteria,!'*'* the Chinese Diabetes Society
(CDS) criteria,!™”! the World Health Organization (WHO)
criteria,'®" and an incorporated criterial’”! (Supplementary
Table 1, http:/links.lww.com/MD/C490). Specially, 2 stud-
ies!"®1?) adopted >1 definitions, and we selected the data
concluded from ATP III criteria, which was regarded as the most
widely used definition.

2.4. Data extraction

7Y, WCY, and SK retrieved the following data independently:
last name of the first author, publication year, geographic region
of original study, design of study, sample size, age range, and sex
composition of study population, definitions of MetS, outcomes
and risk estimates. Notably, if several ORs were available in one
study, the most fully adjusted one was extracted. For quality
assessment, Newcastle-Ottawa scale (NOS)?°! was adopted for
the cohort studies, which rated the quality with a score from 0
(high risk of bias) to 9 (low risk of bias). Similarly, a modified
version of the NOS2%2! with a total score of 10 (low risk of bias)
was applied to assess the quality of cross-sectional and case
control studies. Studies with a summary score above the median
were considered to have low risk of bias. Any disagreements were
discussed with YXL.

2.5. Statistical analysis

The process of all the statistical analyses was performed by the
statistical software Revman Manager 5.3 (Nordic Cochrane
Center; http://ims.cochrane.org/revman). We focused on the
effects of MetS and its components on the risk of DR. The ORs
and 95%Cls were accordingly transformed to natural logarithm

Characteristics of the 12 included studies in this meta-analysis.

Study Sample Gender Quality
Region Design of study size Age, y composition Definitions of MetS Outcomes assessment
Pang 2014 China Cross-sectional 1656 NA NA IDF T2DR 6
ATP I
CDS
Zhang 2014 China Cross-sectional 240 55.6+11.1 135 M CDS T2DR 6
105 F
Chen 2015 USA Case-control 300 56.2+11.8 164 M IDF T2DR 7
136 F
Isomaa 2001 Finland Cross-sectional 170 60.3+8.2 106 M WHO T2DR 6
64 F
Costa 2004 Brazil Cross-sectional 548 58.7+10.4 NA WHO T2DR 7
lwasaki 2008 Japan Cross-sectional 130 61.5+11.3 80 M WHO T2DR 5
50 F ATP I
IDF
Kim 2016 Korean Cross-sectional 2576 >40 1303 M An incorporated criteria T2DR 9
1273 F of AHA/NHLBI and IDF
Gao 2016 China Case-control 148 54.9+8.0 80 M An incorporated criteria T2DR(mainly) 7
68 F of AHA/NHLBI and IDF
Abdul-Ghani 2006 Israeli Cross-sectional 415 69.5+11.0 173 M ATP Il T2DR 5
242 F
Kilpatrick 2007 Caucasian Cohort 1337 269+7.0 713 M IDF T1DR 7
624 F
Billow 2015 India Cohort 451 21.7+941 254 M An incorporated criteria T1DR 6
197 F of AHA/NHLBI and IDF
McGill 2008 Australia Cohort 104 Mean 47 NA WHO T1DR 6

AHA/NHLBI = American Heart Association/National Heart, Lung, and Blood Institute, ATP Ill=Adult Treatment Panel Ill, CDS = Chinese Diabetes Society, F =female, IDF =International Diabetes Federation, M=
male, MetS=metabolic syndrome, TIDR=type 1 diabetic retinopathy, T2DR=type 2 diabetic retinopathy, WHO =World Health Organization.
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(logOR) and standard error (SE). A random effects model, which
was more conservative and may provide better estimates with
wider Cls than a fixed effects model for any heterogeneity, was
used to pool the risk estimates.?”! Heterogeneity across the
included studies was assessed with the I? test, where I* >25%, I*
>50%, and >75% were defined as low, moderate, and high
heterogeneity, respectively. We performed the subgroup analysis,
and sensitivity analysis was conducted by removing one study at a
time. A P-value <.05 was regarded as statistically significant.

3. Results
3.1. Study selection

As shown in Fig. 1, a total of 617 articles were initially identified
from the databases, of which 28 duplicated articles were
removed. Among the remaining 589 articles, we excluded
another 570 articles after screening the titles and/or abstracts.
The potential 19 relevant articles were thoroughly assessed for

www.md-journal.com

eligibility, and 7 of them were excluded for different reasons. One
study'?®! was a review about association between MetS and
multiple eye diseases. The other 6 studies”® %! had no available
risk estimates. Finally, 12 studies''®'***23 were included in this
meta-analysis (7 cross-sectional studies,['$19:29:28:31-33] 5 a6
control studies,?*?*”! and 3 cohort studies?®>%>3%).

Among the included studies, 1 study!*®! used the CDS criteria
for the diagnosis of MetS. Another one study!®"! adhered to the
ATP III criteria. Two studies”*%! diagnosed the MetS according
to the IDF criteria. Three studies'?”****! defined the patients with
MetS on the basis of WHO criteria. A study!'®! by Pang et al
examined the prevalence of DR following 3 different definitions
(IDF, ATP III, and CDS). Another one study™® conducted in
Japan calculated the effects of MetS confirmed to IDF, ATP III,
and WHO criteria, respectively. The remaining 3 studies/>*2¢!
used an incorporated definition. All of the basic characteristics
and the reporting quality of the included studies were shown in
Table 1. Notably, the study by Pang et al!*®! was to assess the
effects of MetS on albuminuria and DR, in which a total of 3240

Records of duplication
(n=28)

Records excluded based on
titles/abstracts screening (n=570)

Seven studies were excluded with
reasons (n=7):
a) One study was a review;
b) Six studies without available
adjusted risk estimates and/or
corresponding 95%Cls
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Figure 1. Study search diagram.
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participants, including 1229 males and 2011 females, with an
average age of 60.7+11.0 years were analyzed. Among them,
only 1656 participants with/without MetS were diagnosed with
diabetes. Since the purpose of this meta-analysis was to evaluate
the effects of MetS on DR in diabetic patients, only the 1656
diabetic patients were finally included. Besides, the average age
and sex composition offered in the original study were calculated
based on the whole 3240 participants, so the detailed average age
and sex composition of the diabetics were not available.

3.2. Meta-analysis
3.2.1. MetS and risk of DR. A total of 9 stud-

iesl!8:19:24.25.27.28,31-331 eyaluated the effects of MetS on risk of
T2DR. As shown in Fig. 2, MetS was not associated with the risk
of T2DR (OR=1.34, 95% CI 0.91-1.98; P=.14). Meanwhile,
we performed the subgroup analysis based on study design or
region of participants. As shown in Supplementary Table 2,
http:/links.lww.com/MD/C490, we observed no differences in
the association of MetS with risk of T2DR between case control
studies (OR=1.42, 95% CI 0.38-5.26; P=.83) and cross-
sectional studies (OR=1.35, 95% CI 0.88-2.06; P=.17) or
between Asians (OR=1.29, 95% CI 0.81-2.06; P=.29) and
non-Asians (OR=1.47, 95% CI 0.60-3.59; P=.40). In addition,
3 studies?®?%3% evaluated the effects of MetS on risk of TIDR.
We found that there was no significant relationship between
MetS and risk of TIDR (OR=1.47,95% CI1 0.67-3.24; P=.34).
We did not performed the subgroup analysis in this part because
of the limiting included studies.

3.2.2. Components of MetS and risk of DR. A total of 5
studies!! 19232733 ag5essed the effects of components of MetS
on the development of T2DR. Among them, 5 studies assessed the
effects of BMI/WC, and BP,['81%:25:27:331 (hile 4 studies offered
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the data of HDL and TG.!"®'**527] However, since the purpose
of this meta-analysis was to evaluate the relationship between
MetS and risk of DR in diabetics, hyperglycemia was presented in
all of the participants. Thus, although hyperglycemia was one of
the 5 metabolic risk factors for MetS, the relationship between
hyperglycemia and risk of DR was unfeasible to be explored in
this meta-analysis. As shown in Fig. 3, none of these components
were associated with the risk of DR: BMI/WC (OR=0.92, 95%
CI 0.75-1.13; P=.41), BP (OR=1.37, 95% CI 0.96-1.95;
P=.08), HDL (OR=0.97, 95% CI 0.93-1.01; P=.19), and TG
(OR=0.85, 95% CI 0.63-1.15; P=.29).

3.3. Publication bias and sensitivity analysis

According to the Cochrane book, if <10 studies are included,
neither funnel plots nor statistical tests (i.e., Begg test and Egger
test) can be used meaningfully to test for publication bias. Since 9
studies evaluated the effects of MetS on risk of T2DR, and 3
studies on risk of TIDR, we did not examine the publication bias
in this meta-analysis. In spite of this, the results were not changed
in the sensitivity analysis as performed by removing the included
studies one by one.

4. Discussion

In the past years, the effects of MetS on the prevalence of DR
have been reported, but the results are controversial. To our
knowledge, this is the first meta-analysis of a mixture of
published studies from different regions to exam the relationship
between MetS and risk of DR. This meta-analysis showed that
MetS was not associated with increased risks of T2DR or T1DR.
In addition, the results from subgroup analysis based on different
geographical locations and study types also supported the
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Chen 2015 -0.2614 0.27453 11.8%
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Test for overall effect: Z = 1.47 (P = 0.14)
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Figure 2. Meta-analysis of association between metabolic syndrome and the risk of DR. Cl=confidence interval, DR =diabetic retinopathy, IV=inverse of the

variance, SE =standard error.
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Chen 2015 -0.2877 0.27241  10.9%
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Figure 3. Meta-analysis of association between individual components and the risk of T2DR. Cl=confidence interval, IV =inverse of the variance, SE =standard

error, T2DR=type 2 diabetic retinopathy.

primary results. Furthermore, none of metabolic syndrome’s
components including BMI/WC, BP, HDL, and TG were
associated with the risk of DR. Largely consistent with the
findings from the “United Kingdom Prospective Diabetes Study,”
134 2 lack of association between MetS and incidence of
microvascular outcomes was found after 5102 diabetics were
followed for over 10 years. Since significant heterogeneity was
observed in our analysis and we failed to find the source of
heterogeneity, results should be treated with caution and
confirmed in further studies.

A observed phenomenon that MetS is not a risk factor for DR
is somewhat surprising, since MetS is involved in the pathogene-
sis of various vascular conditions including cardiovascular
diseases.®*! The role of MetS in the development of DR is
complicated. Higher levels of inflammation and oxidative stress
in the pathogenesis of MetS may prefer to have more devastating
effects on large-vessel diseases than microvascular diseases,*”!
but the detailed mechanisms are still unknown. In addition,

whether the effects of MetS per se exceed the sum of its individual
components, or whether the effects of full syndrome could be
explained by a single component are still unclear. Hence, it is
imperative to evaluate the effects of each single component of
MetS on DR. In this study, none of metabolic syndrome’s
components were associated with the risk of DR. We speculated
that the effects of each component of MetS may be balanced by
each other, thus superficially null effects of MetS as a full
syndrome were presented finally.

Higher BMI is an indicator of generalized obesity and elevated
WC is an indicator of central obesity. Both obesity are associated
with multiple metabolic abnormalities.!**! However, there are
some differences in the effects of generalized obesity and central
obesity on the development of DR. Previously studies?®>®3”!
indicated that higher BMI had no destructive effects or even
protective effects on DR. In contrast, elevated WC was reported
to be an independent predictor of DR.P®3¥! In the pooled
analysis, we did not find a significant association between obesity
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and risk of DR. However, since the studies we included diagnosed
obesity based on BMI or WC, the effects of WC may be balanced
by BMI. Regretfully, the studies included did not report the
separated values of BMIx and WC to measure obesity, we failed
to assess the effects of them on DR, separately.

As reported in previous studies, hypertension was a risk factor
for development of DR. The United Kingdom Prospective
Diabetes study?! reported that higher systolic blood pressure
(SBP) was a predictor for the incidence of DR. And likewise, the
Australian Diabetes, Obesity and Lifestyle study'>®! demonstrat-
ed that elevated SBP had an increasing impact with longer
duration of DM and higher HbA1¢ values, both of which were
risk factors for DR. However, as an individual component of
MetS, the results from the present meta-analysis showed no
association between hypertension and risk of DR. A possible
explanation may partly stem from the diagnostic criteria of
MetS,?%! since either higher SBP or diastolic blood pressure
(DBP) is required for some definitions. Kim et al®* have reported
that elevated SBP instead of DBP is a predictor of DR, consistent
with the results from 2 previous studies from United States*”! and
United Kingdom, ! respectively. In our meta-analysis, we both
included the SBP and DBP, and thereby the effects of DBP may
alleviate the association between hypertension and risk of DR.
However, we will not oppose conflict with the classical
conclusion that hypertension is an independent risk factor for
DR. Because of the limiting included studies, we could not
perform the subgroup analysis based on the type of BP. The
possible association and the potential mechanisms between DBP
and risk of DR should be further investigated.

In the present study, it showed that TG was not associated with
the risk of DR, consistent with the current meta-analysis of Song
et al.*?l Besides, although there was still no meta-analysis
reporting the relationship between HDL and DR, our meta-
analysis first reported that HDL was not associated with the risk
of DR. In line with our finding, data of a global large-scale case-
control study from 13 countries demonstrated that DR was not
associated with lower HDL after adjusting for several risk factors
including hypertension 3!

Except for assessing the MetS as a full syndrome or its single
component, the effects of total numbers of metabolic components
on the risk of DR also should be taken into accounts. Indeed, a
study showed a 2.7 times higher risk of DR in patients with MetS
which comprised of 3 components, while a 4.4 times higher risk
of DR in patients with MetS which comprised of 5 compo-
nents.!"® Similar phenomenon is also observed in another case-
control study from China./**!

4.1. Limitations

Because of the limited number of studies, there were some
limitations should not be neglected. First, most of the included
studies were in a cross-sectional design, which could not confirm
a causal relationship. In addition, it is known that the MetS is
quite different in Asian and in Caucasian patients, and thus likely
causes another source of uncertainty. Nevertheless, we performed
the subgroup analysis based on different geographical locations
and study types, and demonstrated similar results. Second, as
there are major differences in the annotation of patients to the
different definitions of MetS, there is large heterogeneity to be
expected from this parameter. We probably did not have
sufficient numbers for analysis if we had used only studies with
identical definitions of the MetS. Third, significant heterogeneity
was observed between studies, which may result from the
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definition variation of MetS and other unknown factors.
Regretfully, we failed to explore the source of heterogeneity.
In spite of this, the results were not changed in the sensitivity
analysis. Lastly, although we only included adjusted risk
estimates, not all the potential confounders were taken into
account, which may confuse the final results.

5. Conclusions

In conclusion, based on the current publications, we found that
MetS and its components were not significantly associated with
an increased risk of DR. However, considering the limitations
existed, further studies would be urgently necessary.
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