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Abstract

Objective: To our knowledge, the independent association between central obesity, defined by
waist circumference (WC) or waist-to-hip ratio (WHR), and diabetic retinopathy (DR) remains
unknown in Chinese individuals.

Method: The study was conducted in two stages. First, the relationship between WC or WHR
and DR was estimated in a case-control set (DR vs. non-DR) for the whole population before and
after propensity score matching. Subsequently, a systematic review and meta-analysis was per-
formed on evidence from the literature to validate the relationship.

Results: Of 511 eligible patients, DR (N = 156) and non-DR (N = 156) patients with similar
propensity scores were included in the propensity score matching analyses. Central obesity
(defined by WC) was associated with risk of DR (odds ratio [OR] 1.07, 95% confidence interval
[95% CI] (1.03—1.10). The meta-analysis showed that central obesity significantly increased the
risk of DR by 12% (OR 1.12, 95% CI 1.02—1.22). Analysis of data from |8 studies showed a
significant association between continuous body mass index and risk of proliferative DR (OR
0.95, 95% Cl 0.93-0.98; I* = 50%).

Conclusion: Central obesity, particularly as defined by WC, is associated with the risk of DR in
the Chinese population.
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Introduction

It is widely accepted that diabetic retinopa-
thy (DR) is a major risk factor for
vision-threatening retinopathy in adults.'
However, in contrast to the more complete
understanding of hazards associated with
DR, risk factors related to DR remain inad-
equately elucidated.

The central role of diabetes duration and
hyperglycaemia in the development and
progression of DR is well known.**
Our previous study provided evidence for
the role of blood pressure in the develop-
ment of DR.> Although the maintenance of
normoglycaemia cannot stop the develop-
ment of DR, other DR risk factors are
important to its development.

Research suggests that obesity is associ-
ated with DR; however, the association
between body mass index (BMI), an
indicator of generalized obesity, and DR
is inconsistent, possibly because of ethnic
differences and the obesity paradox.®’
Recent research indicates that central obe-
sity, defined by waist-to-hip ratio (WHR),
may be more associated with DR in the
Singaporean population than is BMIL®
However, waist circumference (WC),
another index of central obesity, is more
closely related to central obesity in
Chinese individuals than are BMI or
WHR.? There have been few studies on
the relationship between WC and DR risk
in China.

In response to this evidence gap, the pre-
sent study recruited patients with DR at the
Beijing Tongren Hospital (Beijing, China).

Covariant factors, such as diabetic dura-
tion, haemoglobin Alc (HbAlc), glomeru-
lar filter rate, blood pressure and lipid
profiles, were matched using propensity
score matching to elucidate the association
between WC and DR. Subsequently, an up-
to-date review of previous studies was con-
ducted to determine the relationship
between central obesity and risk of DR.

Methods

This was a hospital-based case-control
study. Participants were hospital inpatients
selected during January 2015 and December
2017 in Beijing, China. Only patients with
comprehensive data on DR and anthropo-
metric parameters were included in the
analysis. The data that support these
study findings are available from the corre-
sponding author upon reasonable request.
WC, a direct indicator of central obesity,
was measured at the middle point between
the last floating rib and the iliac crest (cm).
Results were compared against recom-
mended values: <94cm (men) and <80cm
(women).'” As an index of body fat distri-
bution, WHR was determined by dividing
WC and hip circumference. Hip circumfer-
ence (cm) was measured with a measuring
tape around the femoral trochanters.
According to the World Health
Organization (WHO), central obesity is
defined as a WC >102cm for men and
>88cm for women or a WHR >1.0 for
men and >0.9 for women. We used WC
as a measure of central obesity. BMI was
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calculated by dividing weight and height
squared (kg/m2). Weight was measured
using a balance-beam scale and height was
measured using a wall-mounted stadiome-
ter with patients in their underwear and
without shoes. BMI was categorized into
underweight (<18.5), normal (18.5-24.9),
overweight (25-29.9) and obese (>30),
according to WHO-defined international
BMI cut points. However, owing to the
small number of individuals who were
underweight (n=3), the underweight and
normal weight categories were combined.

Diabetic retinopathy screening

The presence of DR was diagnosed using

digital retinal photographs (2 eyes x 7
fields), taken wusing a TRC-NW7SF
(Topcon Co., Tokyo, Japan)

non-mydriatic camera at 45°. These photo-
graphs were subsequently examined inde-
pendently by two qualified retinal
photography graders following quality
assurance protocols. The severity of DR
was graded based on the international
clinical DR and diabetic macular oedema
disease severity scales.''

Ethics statement

The study was conducted with approval
from the ecthics committee of Beijing
Tongren  Hospital, Capital Medical
University, and adhered to the tenets of
the Declaration of Helsinki. Additionally,
written informed consent was obtained
from each participant.

Systematic review and meta-analysis

A meta-analysis was performed following
the Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) guide-
lines.'? No ethical approval was warranted,
as this was a meta-analysis of avail-
able studies.

PubMed, EMBASE and the Cochrane
Library databases were searched for studies
carried out up to September 2018 using the
following terms: (‘waist circumference’ or
‘WC’ or “‘WHR’ or ‘waist hip ratio’ or ‘vis-
ceral fat’ or ‘BMI’ or ‘body mass index’ or
‘body mass’ or ‘body weight’ or ‘obesity’ or
‘overweight” or ‘adiposity’) and (‘diabetic
retinopathy’ or ‘diabetic ocular’ or ‘diabetic
ophthalmic’). To be included, study results
had to be presented as odds ratios (OR)
together with 95% confidence intervals
(CI), or to provide enough data to perform
these calculations, and to be published in
English. Figure 1 shows the results of the
literature search.

Statistics

Descriptive statistics were summarized
using means for continuous variables and
proportions for categorical variables.
Demographics and disease risk factors
were compared between DR and non-DR
groups using the chi square test for categor-
ical variables and the independent z-test for
continuous variables.

To control for differences between par-
ticipant characteristics in the two groups
(Table 1), propensity score matching was
performed to identify individuals with sim-
ilar characteristics and to explore the effect
of obesity indicators on DR.'* Pre-match
imbalance and post-match balance were
assessed for all the included covariates
before and after matching by estimating
standardized differences. Imbalance was
defined as an absolute value higher than
0.2 for a given covariate.'"* Proportional
regression models were used to obtain the
risk ratios and associated 95% ClIs after
propensity score matching.

The results of the original studies from
the multivariable models were used. The
inverse variance weighted method was
used to obtain overall ORs and 95% Cls
for an increase in risk of obesity.
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Figure |. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart.

A significant Q-statistic (P < 0.10) indicated
heterogeneity across studies. Heterogeneity
was quantified using the I metric in the
meta-analysis.'””> The pooled OR was esti-
mated using fixed effects (Mantel and
Haenszel) and random effects
(DerSimonian and Laird) models. When
heterogeneity between studies was detected,
the random effects model was estimated.'®
The analyses were performed using STATA
version 13.0 (StataCorp LP, College
Station, TX, USA).

Results
Patient characteristics before and
after matching

Prior to matching, 511 individuals with type
2 diabetes mellitus were identified.

The clinical characteristics of the non-DR
(NDR) and DR (DR) groups were com-
pared. Prior to matching, there were signif-
icant differences in patient demographics
and clinical characteristics for DM duration

(P<0.001), GFR (P<0.001), WC
(P=0.006), fasting plasma  glucose
(P<0.001), systolic blood pressure

(P<0.001), HbAlc (P <0.001), urine albu-
min excretion (P<0.001) and fasting
C-peptide (P <0.001) (Table 1). A total of
348 NDR and 163 DR individuals were
selected for investigation. No significant
differences were found in sex, blood pres-
sure, BMI, glomerular filtration rate
(GFR), triglycerides (TG), high-density
lipoprotein (HDL), total cholesterol (TC)
and body fat (%). There were significant
differences  between the DR  and
NDR groups in diabetic duration, fasting
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C-peptide and WC (P < 0.05, Table 1). Age,
low-density lipoprotein (LDL) and WHR
showed a marginally significant difference.

After propensity score matching, 312
patients were included in the analysis
(NDR =156, DR =156). Table 1 summa-
rizes patient demographics and disease
characteristics post-matching. In the pro-
pensity score-matched individuals, sex,
BMI, HDL, LDL, blood pressure, GFR,
age, fasting C-peptide, TG and TC were
comparable between the groups; WC and
WHR were not (Table 1). The logistic
regression analysis indicated an association
between WC and risk of DR (OR 1.07, 95%
CI 1.03-1.10). There was no significant

association between body fat (OR 1.02,
95% CI 0.98-1.05), WHR (OR 1.35, 95%
CI 0.97-1.92) or BMI (OR 1.05, 0.97-1.14)
and DR.

Meta-analysis

Central obesity and DR. Data on the effect of
central obesity on DR were available from
four trials plus our previous study.'”2° An
increased DR risk was associated with cen-
tral obesity (OR 1.12, 95% CI 1.02-1.22)
(Figure 2). There was no evidence of hetero-
geneity (I? =80%; P=0.001). Further anal-
ysis using the different measures of central
obesity (WC and WHR) showed that WHR

Study %
ID OR (95% Cl)  Weight
WHR 5
Wong (2006) | —————  158(1.17,2.13) 7.03
Man (2016) [ 1.37 (1.00, 1.87) 6.52
Subtotal (12 = 0.0%, P=0.519) - 1.48 (1.19, 1.83) 13.56
weC :
Dirani (2011) ; - > 1.59 (1.12, 2.25) 5.48
Tomic (2013) - 1.01 (0.98, 1.04) 40.70
Our study (2018) = 1.07 (1.04, 1.11) 40.27
Subtotal (12 = 83.8%, P=0.002) < 1.06 (0.98, 1.14) 86.44
Overall(I2 = 82.5%, P=0.000) <> 1.12 (1.02, 1.22) 100.00
NOTE: Weights are from random effects analysis E

: :

445

-

T
225

Figure 2. Association between central obesity and diabetic retinopathy risk in patients with type 2 diabetes

mellitus: data from five observational studies.

Filled squares: 95% confidence intervals (Cls) for each group; open diamond: 95% Cls for all studies com-
bined. The broken vertical line represents summary ORs of the total pooled data. WHR: waist-to-hip ratio;

WC: waist circumference.
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was associated with risk of DR (OR 1.48,
95% CI 1.19-1.83), but the association
between WC and DR was only marginally
significant (OR 1.06, 95% CI 0.98-1.14).

Body mass index and proliferative DR. Data
from 18 studies were included to analyse
the relationship between BMI and risk of
DR.'%17 1921534 The results showed a mar-
ginally significant association between con-
tinuous BMI and DR risk (OR 0.97,95% CI
0.95-0.99; P=0.01; I’=69%). Subgroup

Study
ID

White
Collins (1995) -+

analysis by ethnicity retained significance
for Asian individuals (OR 0.97, 95% CI
0.94-0.99) but not for White individuals
(OR 0.99, 95% CI 0.95 to 1.03) (Figure 3).

Data from five observational studies
were pooled to evaluate the association
between risk of proliferative DR and con-
tinuous BMI in patients with type 2 diabe-
tes mellitus.'®**?>2® There was a significant
association between BMI and risk of DR
(OR 0.95, 95% CI 0.93-0.98; P=0.002;
I? = 50%, Figure 4).

%

OR(95%Cl)  Weight

0.91 (0.85, 0.98) 4.05

E
Mitchell (1998) —_—— 0.99 (0.94, 1.05) 5.05
Dirani (2011) : —_— 1.06 (1.01, 1.11) 5.70
Tomic (2013) — 0.99 (0.93, 1.06) 4.40
Loprinzi (2015) —:—-0-— 1.01 (0.96, 1.06) 5.52
Webb (2016) — 0.96 (0.93, 0.99) 6.95
Subtotal (12 = 71.7%, P=0.003) - 0.99 (0.95, 1.03) 31.68
Asian E
Rema (1996) —_— 0.92 (0.88, 0.97) 5.59
Fujisawa (1999) { . 1.05 (0.96, 1.15) 2.90
Wong (2008) —— 0.96 (0.92, 1.00) 6.13
Lim (2010) —_— 0.95(0.92, 0.98) 6.93
Zheng (2012) 1 0.99 (0.96, 1.02) 7.02
Xu (2012) —— 0.95 (0.92, 0.98) 6.93
Jee (2013) —_— 0.91(0.87, 0.96) 5.55
Lim (2013) i —_—— 1.07 (1.01, 1.13) 5.03
Azizi-Soleiman (2015) — 0.95 (0.92, 0.98) 6.93
Sekioka (2015) — 0.99 (0.96, 1.02) 7.03
Okumura (2016) - 1.02 (0.94, 1.11) 3.53
Man (2016) _— 0.91(0.86, 0.97) 4.75
Subtotal (12 = 72.3%, P=0.000) <o 0.97 (0.94, 0.99) 68.32

I
- I
Overall (I2=72.1%, P=0.000) g 0.97 (0.95, 0.99) 100.00
NOTE: Weights are from random effects analysis E

T T
847 1 1.18

Figure 3. The relationship of body mass index to risk of diabetic retinopathy.
Filled squares: 95% confidence intervals (Cls) for each group; open diamond: 95% Cls for all studies com-
bined. The broken vertical line represents summary ORs of the total pooled data.
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Study

Wong (2008)
Lim (2010) —_—
Zheng (2012) —

Jee (2013)

Man (2016)

Overall (I =58.2%, P=0.048)

NOTE: Weights are from random effects analysis

%

OR (95% CI)

Weight

0.96 (0.92, 1.00) 19.12

0.95(0.92,0.98) 23.73

— 0.99 (0.96, 1.02) 2435

0.91 (0.87, 0.96) 16.21
0.94 (0.90, 0.99) 16.59

0.95 (0.93, 0.98) 100.00

118

Figure 4. The risk of continuous body mass index with proliferative diabetic retinopathy in patients with
type 2 diabetes mellitus: data from five observational studies.

Filled squares: 95% confidence intervals (Cls) for each group; open diamond 95% Cls for all studies com-
bined. The broken vertical line represents summary ORs of the total pooled data.

Publication bias

The potential presence of publication bias
was evaluated using a funnel plot of the
estimate of log OR. Neither the funnel
plot nor the Egger method (1=1.92,
P =0.48) showed any evidence of bias, sug-
gesting that no publication bias was present
(Figure 5).

Discussion

The novelty of this study was its explora-
tion of the association between central obe-
sity (defined by WC or WHR) and risk of
DR using propensity score matching analy-
sis in a Chinese clinical sample. The rela-
tionship between central obesity and DR
risk was also evaluated by a systematic
review and meta-analysis of published

studies. We also validated the association
between BMI and risk of proliferative DR.

Our data suggest that WC, an index of
central obesity, is significantly associated
with risk of DR, even after propensity
score matching (OR 1.07, 95% CI 1.03—
1.10). When the confounding factors were
balanced (e.g. diabetic duration, HbAlc,
fasting C-peptide, blood pressure, lipids
and GFR), the association between BMI
or WHR with DR disappeared, which
seems to indicate a genuine effect of
abdominal fat accumulation on DR.
Previous research showed that, compared
with WHR and BMI, WC has the strongest
correlation with central obesity as diag-
nosed by computed tomography examina-
tion.” Although BMI and WHR may
be common indicators of obesity, WC,
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Funnel plot with pseudo 95% confidence limits

02 01

standard error of log odds ratio
03

04

.05

-05

log odds ratio

Figure 5. Estimated log of odds ratios indicating publication bias.

an index of visceral fat, seems a better indi-
cator of the risk of vascular complications,
particularly DR. A tempting hypothesis
from these case-control data is that visceral
fat distribution may contribute to the path-
ogenesis of DR,* in accordance with the
suggestion that BMI may not be the best
parameter for measuring the microvascular
damage of obesity.°

Many explanations and mechanisms
have been proposed to account for this
association, including increased oxidative
stress in persons with central obesity and
DR,*® and associations between DR and
metabolic syndrome.?’ Emerging evidence
suggests the beneficial effects of weight
reduction. Progression of DR is impeded
after bariatric surgery.®® The risk of more
severe DR may be reduced by greater phys-
ical activity.® However, it is still unclear
whether central obesity or generalized obe-
sity plays the greater role in risk reduction.
More research is needed to confirm the

relationship between body fat distribution
and DR in Asian groups, and to further
understand the mechanisms by which cen-
tral obesity is related to DR.

Despite the limited research on the rela-
tionship between WC and risk of DR, stud-
ies on central obesity (defined by either WC
or WHR) were reviewed and analysed. The
analysis showed that central obesity signif-
icantly increased the risk of DR by 12%.
Further analysis of central obesity, defined
by WHR, was associated with risk of DR
(OR 1.48, 95% CI 1.19-1.83). Although
large WC seems to play a role in DR, the
mean hip circumference does not differ
much between individuals with and without
DR.* a finding that our results supported.
Therefore, the discrepancy in DR risk
between different WHRs might be a result
of WC, not hip circumference. The margin-
al significance shown by the meta-analysis
of central obesity (defined by WC) studies
could be attributed to the scarcity of Asian
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studies (OR 1.06, 95% CI 0.98-1.14);
Asians typically have a greater propensity
for visceral fat deposition at lower BMI
than Whites.*!

There are several study limitations.
Despite propensity score matching to
reduce the role of confounding factors in
the model, there may have been effects
from additional unknown factors. Second,
previous studies indicate that earlier diabe-
tes diagnosis age also increases the risk of
DR.* but this could not be measured in
this study. Third, the relationship between
central obesity and risk of DR severity
could not be examined because of the
limited sample size. However, the meta-
analysis indicated that there is an associa-
tion between generalized obesity, defined by
BMI, and risk of proliferative DR.

Conclusion

Central obesity, as defined by WC, was
associated with the risk of DR in this
sample. Further research examining causal
relationships between central obesity and
DR needs to be conducted using longitudi-
nal designs.
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