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Abstract

Purpose To evaluate the association of body mass index (BMI), waist circumference, and body fat with diabetic retinopathy
(DR) in Korean patients with type 2 diabetes.

Methods Among the 1130 participants 19 years of age or older with type 2 diabetes enrolled in the nationwide survey, a
total of 887 participants were included in the analyses after excluding patients with ungradable fundus images. The presence
and severity of DR were graded with seven-field fundus photographs. The associations between DR and anthropometric
parameters and total body fat, which was assessed by dual-energy X-ray absorptiometry, were analysed using multivariate
logistic regression models.

Results Patients were divided into three groups according to severity of DR: no DR (n =702, 79.1%), mild/moderate DR
(n =130, 14.7%), and vision-threatening DR (n =55, 6.2%). In multivariate-adjusted analyses, higher BMI (adjusted odds
ratio [aOR], 0.80; 95% confidence interval [CI], 0.70-0.92; P =0.001), larger waist circumference (aOR, 0.96; 95% CI,
0.91-1.00; P =0.047), and higher total body fat (aOR, 0.86; 95% CI, 0.79-0.92; P <0.001) were significantly associated
with a lower risk of vision-threatening DR. In sex-stratified analyses, however, only total body fat in women showed a
significant inverse association with the presence of DR (aOR, 0.93; 95% CI, 0.88-0.98; P <0.001) and independently with
the severity of DR (P for trend = 0.004).

Conclusion In Korean patients with type 2 diabetes, obese patients might be less likely to have vision-threatening DR. Total
body fat in women appears to be inversely and independently associated with DR prevalence and progression.

Introduction

The prevalence of diabetes has rapidly increased world-
wide, and 592 million people are expected to have diag-
nosed diabetes by 2035 [1]. The global epidemic of diabetes
will possibly give rise to an increase in diabetic complica-
tions including diabetic retinopathy (DR), which is the most
common microvascular complication in diabetic patients
[2]. Diabetic retinopathy is a leading cause of blindness in
working-age people, with vision-threatening complications
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in up to 10% of diabetic patients [3, 4]. Although previous
epidemiologic studies have demonstrated that poor gly-
cemic control, hypertension, dyslipidemia, and a longer
duration of diabetes increase the risk of DR, the known
effects of controlling glucose and blood pressure are limited
in reducing the risk of DR [5-9]. Thus, other pathogenic or
risk factors are important in understanding the development
or progression of DR.

Body mass index (BMI) is a popular indicator of obesity,
which is considered a risk factor for type 2 diabetes [10].
Higher BMI is presumably a risk factor in diabetic patients
for cardiovascular morbidity or mortality and nephropathy
[11-13]. However, results from previous studies that
investigated the relationship between BMI and DR have
been contradictory. Some studies have suggested that obe-
sity or higher BMI increase the risk of DR [6, 14-16], but
other studies have reported no association or even con-
flicting results in which higher BMI is associated with lower
prevalence of DR [17-20]. The discordance in the asso-
ciation between BMI and DR might in part be due to the
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limitation of BMI as a measure of obesity. Emerging evi-
dence indicates that measuring central or abdominal obe-
sity, such as waist circumference or waist-hip ratio, is a
better anthropometric marker of obesity-related metabolic
risk than BMI [6, 18, 21]. In fact, the human body is
composed of various tissues such as fat, muscle, bone, and
water, but BMI is calculated using only body weight and
height, with a score of 30 or more in Caucasians and 25 or
more in Asians regarded as obesity. Since BMI does not
provide information on adiposity, evaluating the effects of
specific bodily traits on DR would be more appropriate.

Dual-energy X-ray absorptiometry (DXA) is a widely
used method for measuring body composition such as bone
mineral and soft tissue, which includes fat, lean body mass,
and appendicular skeletal muscle [22]. In this study, we
used data from a nationwide cross-sectional cohort of the
Korean population to investigate the association of DR with
anthropometric parameters of obesity and total body fat as
assessed by DXA.

Subjects and methods
Data source and study participants

This study was based on data obtained from the Korean
National Health and Nutrition Examination Survey
(KNHANES) 2008-2010, which is a nationwide population-
based survey conducted periodically by the Korean Ministry
of Health and Welfare. Participants were randomly selected
through a stratified, multistage, probability-sampling design
according to sampling units based on age group from
household registries and economic status, sex, and geo-
graphical area [23]. All interviews and examinations were
conducted in specially designed and equipped mobile cen-
tres that traveled throughout the country. All participants
provided written informed consent to participate in the
study, and the KNHANES studies were conducted accord-
ing to the guidelines put forth in the Declaration of Helsinki.
The study protocol was approved by the Institutional
Review Board of the Korea Center for Disease Control and
Prevention (IRB No: 2008-04EXP-01-C, 2009-01CON-03-
2C, 2010-02CON-21-C). As the KNHANES data are de-
identified and publicly available on the KNHANES website,
this study was exempt from approval by the Institutional
Review Board of the Kangbuk Samsung Hospital. We
identified 1130 type 2 diabetic patients 19 years of age or
older who received ophthalmic examinations. Diabetes
mellitus was defined as diagnosis by a physician or the
current use of blood glucose-lowering agents. After
excluding patients with unavailable DR data (n =243), a
dataset of 887 patients was used in the final analysis.

Data collection and definitions

The KNHANES had four components: the Health Interview
Survey, the Health Behavior Survey, the Health Examina-
tion Survey, and the Nutrition Survey. The health inter-
views, health behavior surveys, and health examinations
were performed during a single day by trained medical staff
and interviewers at mobile examination centres. One week
after the health surveys, dieticians visited the homes of
participants and conducted the nutrition survey [24].
Information on age, sex, health behaviors (smoking history
and physical activity), history of physician-diagnosed dis-
ease (hypertension, diabetes, and dyslipidemia), and current
medications was collected during the interview. Physical
activity classification was based on the International Phy-
sical Activity Questionnaire short-form scoring protocol,
and the participant’s physical activity was classified as
either “regular physical activity” when participants engaged
in moderate-intensity activity more than five times per week
or in vigorous activity more than three times per week or
“other” [25]. A current smoker was defined as an individual
who smoked cigarettes at the time of the interview.

Blood pressure (BP) was measured using a standard
mercury sphygmomanometer (Baumanometer, W.A. Baum
Co., Copiague, NY, USA) after the subject had rested for 5
min in a sitting position. Two systolic and diastolic BP
readings were recorded at 5-min intervals and averaged for
analysis.

Blood samples were obtained after a 12-h overnight fast,
and levels of fasting plasma glucose (FPG), triglycerides
(TG), and high-density lipoprotein cholesterol (HDL-C)
were measured using a Hitachi 700-110 Chemistry Analy-
ser (Hitachi, Tokyo, Japan). Glycosylated hemoglobin Alc
(HbAlc) was measured using high-performance liquid
chromatography (HLC-723G, Tosoh, Tokyo, Japan). An
immunoradiometric assay using a 1470 WIZARD gamma-
counter (PerkinElmer, Finland) was used to measure serum
insulin. Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the following formula:
HOMA-IR = FPG (mg/dL) x fasting insulin (uIU/mL)/405
[26]. We also calculated the homeostatic model assessment
of fB-cell function (HOMA-f) by using the established for-
mula: HOMA-B (%) = [360 x fasting insulin (u[U/mL)]/
[FPG (mg/dL)—63] [26].

Other metabolic components, such as high BP and lipid
abnormalities, were defined as a combination of a physi-
cian’s diagnosis, the use of antihypertensive or lipid-
lowering medications, and the National Cholesterol
Education Program Adult Treatment Panel III guidelines
[systolic BP > 130 mmHg and diastolic BP > 85 mmHg; TG
level > 150 mg/dL; and low HDL-C level (<40 mg/dL for
men and <50 mg/dL for women)] [27].
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Anthropometric measurements of obesity

The body weight and height of subjects were measured with
the participants wearing light clothing and no shoes, and
BMI was calculated as weight (kg) over height squared
(mz). Waist circumference was measured at the narrowest
point between the lower border of the rib cage and the iliac
crest. Obesity was defined as a BMI > 25 kg/m? according to
the criteria for the Asia-Pacific region [28].

The body fat mass and the percentage of body fat (fat
mass x 100 / total mass) were measured using whole-body
DXA scans (QDR 4500 A fanbeam densitometer, Hologic
Inc., Bedford, MA, USA) conducted by trained technicians
in accordance with the manufacturer’s procedures [22]. The
DXA scans were performed with the participants wearing
light clothing and no items that could interfere with the
results. Data were analysed using Hologic Discovery soft-
ware in its default configuration. Examinations that revealed
items that could affect the accuracy of DXA results, such as
prosthetic devices, implants, or other extraneous objects,
were recorded as missing in the DXA dataset. The DXA
instruments were calibrated according to the methods used
in the NHANES surveys, and the reference values were
obtained with the calibration method [29, 30]. DXA cali-
brations were maintained through an internal referencing
system, which periodically measured bone and soft tissue
equivalent reference standards during the examination.

Assessment of diabetic retinopathy

All participants underwent detailed ocular examinations,
including measurement of visual acuity and intraocular
pressure, autorefraction, slit lamp biomicroscopy, and fun-
dus photography. Certified ophthalmologists performed all
ocular examinations, and the Epidemiologic Survey Com-
mittee of the Korean Ophthalmologic Society verified the
quality of the ophthalmic surveys [31]. Digital fundus
photographs were taken with a non-mydriatic fundus cam-
era (TRC-NW6S, Topcon, Tokyo, Japan; Nikon D-80,
Nikon, Tokyo, Japan). If participants had a history of dia-
betes or random plasma glucose > 200 mg/dL and/or suspi-
cion of DR from non-mydriatic fundus photography, seven
standard photographs from the Early Treatment for Diabetic
Retinopathy Study protocol were obtained from each eye
after pharmacological pupil dilation [32]. Diabetic retino-
pathy was diagnosed as the presence of one or more retinal
microaneurysms or retinal blot hemorrhages with or without
other lesions [33]. Clinically significant macular oedema
(CSMO) was considered present when the macular oedema
was within 500 mm of the foveal centre or if focal laser
photocoagulation scars were present in the macular area.
Participants were divided into three groups according to DR
status: no DR, mild/moderate DR (hard exudates and cotton
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wool spots), and vision-threatening DR (intraretinal
microvascular abnormalities, venous beading, new retinal
vessels, vitreous or preretinal hemorrhage, fibrous pro-
liferations, tractional retinal detachment, and CSMO) [34].
Data from the participant’s most severe eye were used, and
patients with ungradable fundus photographs were excluded
from the analysis.

Statistical analysis

All analyses were performed using STATA SE 9.2 (STATA
Corp., TX, USA). Descriptive statistics were presented as
median (inter-quartile range) or percentage. Differences in
the characteristics of participants according to DR status
were evaluated using a Wilcoxon rank-sum test or y* test.
Body mass index was assessed using both continuous and
categorical variables as defined by the Asian criteria, and
waist circumference and total body fat were analysed as
continuous and categorical variables (by tertile). A multiple
logistic regression model was used to evaluate the asso-
ciations of BMI, waist circumference, and total body fat
with the presence and severity of DR, adjusted for potential
confounding factors that included age, sex, health-related
habits (smoking, alcohol drinking, and physical activity),
metabolic comorbidities (high blood pressure and lipid
abnormalities), and diabetic indices (duration, HbAlc level,
HOMA-IR, and HOMA-f). Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated. All statistical
tests were two-tailed, and results with P <0.05 were con-
sidered statistically significant.

Results

A total of 887 patients (men, 48.6%) with type 2 diabetes
were included in the analysis. The median age was 64 years
(range, 22-93 years); of these patients, 185 (20.9%) had
DR, 130 (14.7%) had mild/moderate DR, and 55 (6.2%)
had vision-threatening DR. Table 1 shows the clinical and
demographic characteristics of study participants according
to the presence of DR. Compared to patients without DR,
patients with DR had a longer duration of diabetes, higher
HbAlc level and HOMA-IR, and lower HOMA- (all P <
0.05). The proportion of patients who exercised regularly or
had a higher BP was significantly greater in the no DR
group, and patients with low HDL-C level were more likely
to have DR (all P <0.05).

Associations between obesity indices and diabetic
retinopathy

Patients without DR had higher BMI than those with DR,
and this trend was similarly observed for waist
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Table 1 Characteristics of patients with type 2 diabetes by the
presence of retinopathy

Variable NoDR (n=702) DR (n=185) P value
Age, median (IQR), years 65 (56-70) 63 (55-69) 0.063
Men, n (%) 353 (50.3) 78 (42.2) 0.049
Health-related habits
Current smoking, n (%) 139 (19.9) 32 (17.5) 0.460
Problem drinking, n (%) 54 (7.7) 7(3.8) 0.062
Regular physical activity 198 (28.4) 34 (18.6) 0.007
Diabetes-related indices
Duration, median (IQR), years 5 (2-10) 10 (4-16) <0.001
HbAlc, median (IQR), % 6.8 (6.2-7.6) 7.8 (7.0-8.9) <0.001
HOMA-IR, median (IQR) 3.0 (2.242) 3.4 (2.5-4.8) 0.009

HOMA-B, median (IQR), %
Metabolic co-morbidities®

55.7 (38.5-80.0) 43.4 (21.6-74.5) <0.001

High blood pressure, n (%) 509 (72.5) 113 (61.1) 0.003
Hypertriglyceridemia, n (%) 418 (59.5) 120 (64.9) 0.188
Low HDL-C level, n (%) 399 (56.8) 121 (65.4) 0.035

Obesity indices
BMI, median (IQR), kg/m?

Waist circumference, median
(IQR), cm

Total body fat®, median (IQR), %

24.6 (22.8-26.4) 23.8 (21.8-25.8) 0.001
87.0 (81.6-93.0) 85.4(79.8-90.6) 0.024

29.4 (23.2-35.3) 27.9(22.1-33.6) 0.102

BMI body mass index, DR diabetic retinopathy, HbAIc hemoglobin
Alc, HDL-C high-density lipoprotein cholesterol, HOMA homeostatic
model assessment, /QR interquartile range, IR insulin resistance

P values were from Wilcoxon rank sum test or ;(2 test

*Defined as a combination of a physician’s diagnosis, the use of
antihypertensive or lipid-lowering medications, and the National
Cholesterol Education Program Adult Panel III guidelines. High blood
pressure (systolic blood pressure > 130 mmHg, diastolic blood pres-
sure > 85 mmHg), hypertriglyceridemia (2150 mg/dL), low HDL-C
level (<40 mg/dL for men and <50 mg/dL for women)

®Measured using a dual-energy X-ray absorptiometry

circumference (P =0.001 and P =0.024, respectively).
Like BMI and waist circumference, total body fat was
greater in the non-DR group than in the DR group, though
the difference was not significant (P = 0.102; Table 1).
Multivariate analyses of obesity indices and the severity
of DR indicated that BMI (adjusted OR [aOR], 0.80; 95%
CI, 0.70-0.92; P =0.001), waist circumference (aOR, 0.96;
95% CI, 0.91-1.00; P=0.047), and total body fat (aOR,
0.86; 95% CI, 0.79-0.92; P<0.001) were significantly
associated with having vision-threatening DR after adjust-
ment for confounding factors (Table 2). These inverse
associations were also observed in the categorical analyses
of BMI, waist circumference, and total body fat. In multi-
variate adjustments after categorization of BMI using the
Asian criteria, obese patients were associated with lower
risk of vision-threatening DR than normal or underweight
patients (aOR, 0.65; 95% CI, 0.43-0.99; P for trend =
0.029). When waist circumference was categorized into
tertiles, patients in the highest tertile had significantly lower
odds of vision-threatening DR compared with those in the
lowest tertile (aOR, 0.54; 95% CI, 0.32-0.91; P for trend =
0.009). In addition, categorical analysis of total body fat
showed a significant trend between increasing body fat and

lower risk of vision-threatening DR (P for trend = 0.006),
although each tertile of total body fat failed to reach sta-
tistical significance. However, for mild/moderate DR, pro-
tective effects of BMI, waist circumference, and total body
fat were not observed by either continuous or categorical
analyses (Table 2).

Sex difference in the association between body fat and
diabetic retinopathy

Table 3 shows the associations between obesity indices
and the presence of DR stratified by sex. In multivariate
analyses, no significant associations between DR and BMI
or waist circumference were found in either of the sexes
with type 2 diabetes (all P>0.05). However, in women,
total body fat was significantly associated with the presence
of DR (aOR, 0.93; 95% CI, 0.88-0.98; P = 0.009; Table 3).
After adjusting for BMI and waist circumference, there was
a significant inverse relationship between total body fat and
severity of DR in women (P for trend = 0.004), but not in
men (P for trend = 0.126; Fig. 1).

Discussion

In this study, we evaluated the relationships between
anthropometric parameters of obesity and the presence and
severity of DR in a nationwide population-based survey in
Korea. Our study showed that BMI, waist circumference,
and total body fat were independently and inversely asso-
ciated with the presence of vision-threatening DR after
adjusting for covariates. Sex-stratified analyses revealed
that total body fat was significantly associated with lower
prevalence of DR in women with type 2 diabetes. Our
results suggest that a high fat composition might play a
protective role in the development and progression of DR in
women with type 2 diabetes.

Many epidemiologic studies have explored the associa-
tion of DR with BMI or anthropometric parameters, but the
conclusions have been contradictory. Recent studies con-
ducted in Asian populations have reported an inverse
association between BMI and the risk of DR, suggesting a
protective role for higher BMI in the development of DR.
For instance, the Singapore Epidemiology of Eye Diseases
cohort studies found evidence of an inverse association of
BMI with the presence and severity of DR, and the
Shanghai Diabetes Registry Database study, which included
2533 patients with type 2 diabetes, also revealed that
overweight patients have lower DR risk than normal weight
subjects [19, 35, 36]. However, the studies from Western
countries have reported contradictory results: the Hoorn
study in the Netherlands found an adverse effect of a higher
BMI on DR, and the Diabetes Management Project study
conducted in Australia similarly demonstrated a significant
association between higher BMI and the risk of DR [6, 14].
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Table 2 Associations between obesity indices and diabetic retinopathy (reference to 702 patients without retinopathy)

Obesity indices

Any DR (n= 185)

Mild/moderate DR (n = 130)

Vision-threatening DR (n =55)

OR* (95% CI) P value OR?* (95% CI) P value OR* (95% CI) P value

BMI (per 1 kg/m?) 0.94 (0.88-1.01) 0.075 0.98 (0.92-1.06) 0.682 0.80 (0.70-0.92) 0.001

<23.0 1 1 1

23-24.9 0.77 (0.46-1.29) 1.01 (0.57-1.79) 0.37 (0.14-0.97)

>25.0 0.90 (0.71-1.14) 1.01 (0.77-1.32) 0.65 (0.43-0.99)

P for trend 0.219 0.809 0.029
Waist circumference (per 1 cm) 0.99 (0.97-1.01) 0.362 1.00 (0.98-1.02) 0.987 0.96 (0.91-1.00) 0.047

Tertile 1 (<83) 1 1 1

Tertile 2 (83-90) 0.83 (0.51-1.33) 0.97 (0.57-1.66) 0.54 (0.24-1.23)

Tertile 3 (>90) 0.78 (0.60-1.02) 0.88 (0.66-1.18) 0.54 (0.32-0.91)

P for trend 0.044 0.281 0.009
Total body fat (per 1%) 0.94 (0.90-0.98) 0.002 0.97 (0.92-1.01) 0.164 0.86 (0.79-0.92) <0.001

Tertile 1 (<25) 1 1 1

Tertile 2 (25-33) 0.66 (0.36-1.19) 0.91 (0.46-1.80) 0.38 (0.13-1.05)

Tertile 3 (>33) 0.69 (0.41-1.16) 0.81 (0.45-1.49) 0.48 (0.22-1.06)

P for trend 0.024 0.206 0.006

BMI body mass index, CI confidence interval, DR diabetic retinopathy, OR odds ratio

*Adjusted for age, sex, health-related habits (smoking, alcohol drinking, and physical activity), metabolic comorbidities (high blood pressure and
lipid abnormalities), and diabetic indices (duration, hemoglobin Alc level, HOMA-IR, and HOMA-f)

Table 3 Sex-stratified analysis between obesity indices and diabetic retinopathy

Obesity indices Range Men Range Women
No. of patients OR? (95% CI) No. of patients OR? (95% CI)

BMI (per 1 kg/m?) 0.97 (0.87-1.08) 0.92 (0.84-1.01)
Normal <23.0 144 1 <23.0 129 1
Overweight 23-24.9 118 0.52 (0.24-1.12) 23-24.9 103 1.12 (0.53-2.32)
Obesity >25.0 169 0.86 (0.60-1.24) >25.0 224 0.96 (0.69-1.34)
P for trend 0.327 0.516

Waist circumference (per 1 cm) 0.99 (0.96-1.02) 0.99 (0.96-1.02)
Tertile 1 <84 134 1 <82 140 1
Tertile 2 84-90 140 0.80 (0.39-1.67) 82-89 151 0.57 (0.28-1.15)
Tertile 3 >90 157 0.72 (0.49-1.06) >89 165 0.86 (0.60-1.22)
P for trend 0.076 0.270

Body fat (per 1%) 0.94 (0.89-1.01) 0.93 (0.88-0.98)
Tertile 1 <20 119 1 <32 145 1
Tertile 2 20-25 159 0.98 (0.47-2.05) 32-36 132 0.62 (0.33-1.18)
Tertile 3 >25 153 0.80 (0.53-1.23) >36 179 0.76 (0.54-1.07)
P for trend 0.201 0.028

BMI body mass index, CI confidence interval, DR diabetic retinopathy, OR odds ratio

*Adjusted for age, health-related habits (smoking, alcohol drinking, and physical activity), metabolic comorbidities (high blood pressure and lipid

abnormalities), and diabetic indices (duration, hemoglobin Alc level, HOMA-IR, and HOMA-f)

This discrepancy might be explained partly by differences
in study methodology as well as by ethnic differences in
study participants. Previous reports have shown that the
BMIs of Caucasian diabetics were much higher than the
BMIs of Asian diabetics; and that Caucasian diabetic
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patients have higher BMIs compared to the BMIs of Cau-
casian non-diabetic subjects, while Asian diabetic patients
have similar BMIs compared to the BMIs of Asian non-
diabetic subjects [37, 38]. These differences reflect the
difficulties in comparing BMI data of diabetic patients from
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Fig. 1 Associations between total body fat and the severity of diabetic
retinopathy stratified by sex. DR indicates diabetic retinopathy. P
values were from multivariate regression model adjusted for all vari-
ables in Table 3 plus body mass index and waist circumference

different ethnic groups. In general, obese diabetic patients
have greater insulin secretion, but show more insulin
resistance than non-obese diabetics [39]. Furthermore,
patients with a higher BMI were reported to require less
insulin treatments, suggesting good beta cell function, and
this might support a protective role of obesity in DR [18].

Obesity is a risk factor for diabetes and possibly for
diabetes-associated microvascular complications, which
include retinopathy. While BMI is the most frequently used
indicator of obesity, results from epidemiologic studies
supporting the association between obesity, as represented
by BMI, and DR have been inconsistent, and increasing
evidence suggests that an obesity index should account for
abdominal obesity and body fat distribution when evaluating
the effect of obesity on DR. In general, higher BMI indicates
overall obesity, whereas abdominal obesity is assessed by
waist circumference or waist-hip ratio. However, these
anthropometric measurements can show a variable correla-
tion according to metabolic disorder and an inaccurate status
of obesity because they do not distinguish body fat from
other components. Therefore, the measurement of body fat
using DXA, computerized tomography (CT), or magnetic
resonance imaging (MRI) can provide more accurate infor-
mation on obesity. In this study, total body fat was measured
with DXA, and we found that total body fat, independent of
BMI and waist circumference, was significantly associated
with lower risk of vision-threatening DR, and that women
with greater body fat might be less likely to have DR.

The mechanism underlying the effect of total body fat on
DR is unclear. A possible explanation for the association of
adiposity with low risk of DR is adipokine production,
especially adiponectin that is expressed mostly in white
adipose tissues [40]. Adiponectin plays a key role in
metabolic modulations involved in neovascular eye dis-
orders, such as retinopathy of prematurity, diabetic retino-
pathy, and age-related macular degeneration [41-44]. In
fact, dyslipidemia, as well as hyperglycemia, together with
induced oxidative stress are well-known risk factors for the

development of DR [45]. In patients with type 2 diabetes,
adiponectin appears to modulate lipid metabolism, leading
to the reduction of cholesterol, and to increase peripheral
insulin sensitivity by controlling glycogen synthesis
[46, 47]. Furthermore, a previous study has reported that
retinal blood flow in patients with early DR was positively
correlated with the level of serum adiponectin [43]. How-
ever, the results from studies on the association between
serum adiponectin level and DR in type 2 diabetic patients
are controversial and should be interpreted cautiously.
Some reports have shown that high adiponectin level is
closely correlated with severe DR, especially in pro-
liferative retinopathy, whereas others suggest a protective
role of adiponectin in the development and progression of
DR in type 2 diabetic patients [42, 48, 49]. Elevated serum
adiponectin level might be compensatory and beneficial in
diabetic patients with proliferative retinopathy. Further
prospective studies are needed to investigate the causative
relationship between adiponectin and DR.

Previous epidemiologic studies have reported that abdom-
inal obesity assessed by waist-hip ratio was significantly
associated with DR prevalence in women only, while general
obesity, as defined by BMI, was shown to be inversely
associated with DR prevalence and severity regardless of sex
[18, 20]. In this study both general and abdominal obesity, as
assessed by BMI or waist circumference, respectively, were
inversely associated with the presence of DR, especially
vision-threatening retinopathy. Direct comparisons with pre-
vious findings, however, could not be allowed due to differ-
ences in study participants and methodology, and the
biological mechanism of the association between abdominal
obesity and DR is still not clearly understood.

In the sex-stratified multivariate analysis, the protective
associations between obesity indices and the presence of
DR were observed for total body fat in women, whereas this
association was not significant in men. The sex-specific
effect of body fat on DR might be related to intrinsic hor-
monal responses or body fat distribution. Some studies have
suggested that estrogen might play an important role in
body fat distribution in women, who have more peripheral
and lower body fat deposition, than in men, who typically
have more truncal and upper body fat deposition [50, 51].
On the other hand, a relatively narrow range of total body
fat in men in our study population might be a possible
reason for the lack of association between body fat and DR.
Overall, the mechanisms of the sex-specific association
between body fat and DR remain unknown, and further
studies including longitudinal and experimental research are
warranted to investigate the underlying mechanism.

The strengths of this study include the participants that are
representative of the nationwide population of Korea, the
large sample size, and the use of standardized fundus grading
protocols with seven standard photographs. Furthermore,
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unlike previous studies, total body fat assessed by DXA was
used together with BMI and waist circumference for the
evaluation of obesity-related DR prevalence and progression.
However, this study has some limitations. First, the cross-
sectional nature of the design does not allow cause-effect
relationships to be concluded. Second, socioeconomic status,
which might act as a confounding factor in the evaluation of
the anthropometric parameters of obesity, was not considered
in this study. Third, although abdominal fat mass is a good
indicator of abdominal obesity and a well-known risk factor
for diabetes, we could not assess the association between
abdominal fat and DR because the KNHANES data do not
include results such as CT or MRI images for participants.
Fourth, due to the exclusion of participants with type 1 dia-
betes, the association between DR and BMI or body fat in
type 1 diabetic patients could not be investigated. Further
studies are needed to determine the effect of adiposity on DR
in patients with type 1 diabetes.

In summary, our study uncovers an independent asso-
ciation of body fat with DR and provides evidence that sex
differences in body fat composition may affect the pre-
valence and progression of DR. Longitudinal studies col-
laborating experimental research are warranted to confirm
and further characterize our findings.

Summary
What was known before

e Obesity is presumably a risk factor for diabetic
microvascular complications including retinopathy.
There have been conflicting reports of the relationship
between obesity and diabetic retinopathy.

What this study adds

e In Korean patients with type 2 diabetes, higher body
mass index, larger waist circumference, and higher total
body fat were inversely associated with the risk of
vision-threatening retinopathy. Women with greater
body fat showed less prevalence and progression of
diabetic retinopathy.
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