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PURPOSE. To examine the association between adiposity by differing measures and inci-
dent cataract and identify important factors contributing to the association.

METHODS. Our analysis included 153,139 adults from the UK Biobank, aged 40 to 70
years at baseline (2006–2010). Cataract was ascertained using hospital inpatient, and self-
reported data until the early of 2021. Anthropometric measures, body fat percentage, and
glycosylated hemoglobin (HbA1c) were measured at baseline.

RESULTS. During a median follow-up of 10.9 years, 15,255 cases of incident cataract were
documented. HbA1c was an important contributor to the association between obesity and
incident cataract. Obesity; defined by body mass index was associated with an increased
risk of cataract (hazard ratio [HR], 1.21 95% confidence interval [CI], 1.16–1.26), and
this association was attenuated but remained significant after additional adjustment for
HbA1c (HR, 1.05; 95% CI, 1.00–1.10). Similar results were observed for obesity defined
by waist circumference or waist-to-hip ratio. Obesity defined by fat percentage was asso-
ciated with an increased risk of cataract before but not after adjustment for covariates.
The association between obesity defined by body mass index and incident cataract was
positively significant in individuals with normal HbA1c (HR, 1.07; 95% CI, 1.02–1.13), but
inversely significant in those with prediabetes (HR, 0.80; 95% CI, 0.67–0.96) or diabetes
(HR, 0.74; 95% CI, 0.61–0.89).

CONCLUSIONS. Anthropometric measurements are more predictive of cataract than bioelec-
trical impedance measures. Diabetes plays an important role in the association between
obesity and incident cataract.

Keywords: obesity, cataract, anthropometric measures, body fat percentage, prediabetes,
diabetes, glycosylated hemoglobin, moderation analysis

I n 2020, cataract further accounted for 15.2 million cases
of blindness and is the leading global cause of blindness

in those aged 50 years and older.1 Cataract is the second
leading cause of moderate to severe vision impairment glob-
ally in 2020 (78.8 million cases), exceeded only by under-
corrected refractive error (86.1 million cases).1 Although the
surgical removal of the lens may be used for the treatment of
cataract, there may be serious adverse events after cataract
surgery,2,3 and patients may bear out-of-pocket expenses.4

Therefore, the identification of modifiable risk factors for
cataract is of great importance, so as to potentially decrease
the increasing prevalence of cataract in the aging popula-
tion.

Data from the UKMillion Women Study of 1,312,051 post-
menopausal women showed that diabetes, smoking, and
obesity were the main risk factors for cataract surgery.5

Adiposity assessed by anthropometric measures, including

body mass index (BMI), waist circumference, and waist-to-
hip ratio, has been linked to cataract in previous studies.6–10

Previous studies have shown that body fat percentage is
a better predictor of cardiovascular risk factors compared
with BMI.11,12 However, a possible association between body
fat percentage measured at different body regions and the
incidence of cataract has not yet been explored. In addi-
tion, some studies have shown that adjustment for diabetes
may significantly change the association between BMI and
incident cataract.13 The impact of diabetes on the associa-
tion between adiposity and incident cataract, and specifi-
cally adiposity as evaluated by differing types of measures,
remains to be explored. There is also currently a lack of
investigation into other factors that may affect the associa-
tion between adiposity and incident cataract.

Using the UK Biobank, we sought to examine the
association between adiposity, as evaluated using differing
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measures, and incident cataract; and to identify important
factors that may contribute to this association. We then
examined whether the association between obesity and inci-
dent cataract was moderated by the factors that were iden-
tified.

METHODS

Study Population

The UK Biobank is a population-based cohort of more than
500,000 participants aged 40 to 73 years who attended 1
of 22 assessment centers throughout the United Kingdom
between 2006 and 2010.14 The UK Biobank study design
and population have been detailed previously elsewhere.14

Briefly, approximately 9.2 million people aged 40 to 73 years
who were registered with the National Health Service were
invited, and 502,505 individuals were assessed at baseline.
Participants provided information on geographic factors,
lifestyle, and other health-related aspects through compre-
hensive baseline questionnaires, interviews, and physical
measurements.

The UK Biobank Study’s ethical approval has been
granted by the National Information Governance Board
for Health and Social Care and the NHS North West
Multicenter Research Ethics Committee. All participants
provided informed consent through electronic signature at
the baseline assessment. The study adhered to the tenets
of the Declaration of Helsinki. The present study was
conducted under application number 62443 of the UK
Biobank resource.

Anthropometric Measurements

Weight was measured using the Tanita BC-418MA body
composition analyzer (Tanita Corporation, Arlington
Heights, IL). Height was measured in a barefoot stand-
ing position using the Saca 202 device. BMI was computed
as weight in kilograms divided by height squared in meters.
Waist and hip circumference were measured using the
Wessex nonstretchable sprung tape. Overall obesity was
defined as a BMI of 30 kg/m2 or greater.15 Central obesity
was defined by a waist circumference of 88 cm or greater for
females and 102 cm or greater for males.16 The waist-to-hip
ratio was calculated as the waist measurement divided by
the hip measurement. Obesity was defined as a waist-to-hip
ratio of 0.85 or greater for females and 1.0 or greater for
males, whereas overweight was defined as waist-to-hip ratio
between 0.80 and 0.85 for females and between 0.90 and
1.0 for males.17

Body Fat Percentage by Impedance

The Tanita BC-418MA body composition analyzer was used
to assess bioelectrical impedance measures. Body composi-
tion measures were recorded for the whole body and limbs
separately, including measures of fat mass and fat-free mass.
Obesity was defined as a body fat percentage or more than
25% in men and more than 35% in women.18,19

Ascertainment of Cataract

Cataract cases in the UK Biobank Study were ascertained
using hospital inpatient records, and self-reported data. For
hospital admission data, the codes for International Clas-

sification of Diseases (ICD) were used to identify cataract
(ICD10: H250, H251, H252, H258, H259, H261, H262, H263,
H264, H268, H269, H280, H281, H282; ICD9: 366, 3661,
3662, 3663, 3664, 3665, 3668, 3669). Additional cataract
cases were classified (field code: 1278) if participants
selected the corresponding item from a predefined list of
answers to the question “Has a doctor ever told you that
you have any of the following problems with your eyes?”
Self-reported cataract has been shown to be a good indi-
cator of lens opacification.20 Furthermore, we used surgi-
cal procedures (OPCS4) to identify cataract events (codes:
C71.2 or C75.1).21 Types of cataract including cortical and
nuclear cataract were also analyzed. The earliest recorded
code date was used as the onset date of cataract. Person-
years were calculated from the date of baseline assessment
to the date of onset cataract, date of death, or the end of
follow-up (December 31, 2020, for England and Wales and
January 18, 2021, for Scotland), whichever came first.

Covariates

Sociodemographic factors including age, sex, education, and
income were self-reported. Participants completed a detailed
questionnaire on a touch-screen computer about their
lifestyle, including smoking status and frequency of alcohol
consumption. Questions about physical activity, which were
similar to those used in the short form of the International
Physical Activity Questionnaire.22 were used to estimate
excess metabolic equivalent-hours/week of physical activity
during work and leisure time. The intake of foods, including
fresh fruits, dried fruits, cooked vegetables, and raw vegeta-
bles, in the last year was also self-reported. A healthy diet
score was computed based on seven commonly eaten food
groups (whole grains, refined grains, vegetable, fruit, fish,
red meat, and processed meat) following recommendations
on dietary priorities for cardiometabolic health.23 The total
score ranged from 0 to 7 with a higher score representing a
healthier diet.

Systemic conditions at baseline were defined based on
self-reported data, interviews, or hospital inpatient records.
Participants were asked whether they had ever been told
by a doctor that they had certain common medical condi-
tions, including heart attack, angina, stroke, hypertension,
and diabetes. Heart attack and angina were combined as
heart disease. Depression was recorded during the inter-
view with a research nurse. Additional cases were identi-
fied using hospital inpatient records (before the recruitment
date). For example, diabetes at baseline and that occurred
during follow-up (before the onset of cataract) was iden-
tified using hospital inpatient records (ICD-9: 250, ICD-10:
E10-E14) and self-reported data (field code: 1223).

Cholesterol was measured by direct enzymatic methods
(Konelab, Thermo Fisher Scientific, Waltham, MA). Glyco-
sylated hemoglobin (HbA1c) was measured using high-
performance liquid chromatography on a Bio-Rad Variant II
Turbo. Diabetes was also defined as HbA1c ≥48 mmol/mol
and prediabetes as 42 to 47 mM/M.24

Statistical Analysis

Data were expressed as frequency (percentage) and means
± standard deviations by BMI. ANOVA was used to test the
difference in continuous variables across subgroups of BMI
and χ2 test in categorical variables.
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Cox proportional hazard regression models were used
to examine the association between obesity and incident
cataract. We first adjusted models for geographic factors,
namely, age and gender (model 1). Model 2 included adjust-
ments for model 1 plus socioeconomic and lifestyle factors,
namely, ethnicity, income, education, alcohol consumption,
diet score, physical activity, sleep, and smoking (additional
adjustment for height to waist circumference and waist-to-
hip ratio, and weight for body fat percentage). Model 3
included adjustments for model 2 plus chronic conditions,
namely, hypertension, heart disease, stroke, depression,
age-related macular degeneration, and glaucoma. Model
3 and biomarkers were cholesterol and HbA1c and were
entered into a full multivariable model (model 4). We would
enter the covariates individually into models if the associ-
ation between adiposity and incident cataract was substan-
tially attenuated/strengthened after adjustment for the corre-
sponding group of variables (≥5% of total variance). The
Benjamin–Hochberg procedure was used to control the false
discovery rate at a 5% level for multiple comparisons.25 The
association between obesity and cataract surgery, cortical
cataract, and nuclear cataract was then tested.

The association between obesity and incident cataract
stratified by diabetes (defined by self-reported data, inter-

views, or hospital inpatient records), HbA1c, and ethnicity
was then analyzed.

A sensitivity analysis was conducted to examine the asso-
ciation between obesity and incident cataract by excluding
individuals who developed cataract in the first five years of
follow-up.

Data analyses were conducted using SAS 9.4 for Windows
(SAS Institute Inc.) and all P values were two-sided with
statistical significance set at less than 0.05.

RESULTS

Population Selection and Baseline Characteristics

A total of 502,505 participants were assessed at baseline.
After excluding individuals with missing data on cataract at
baseline (n = 327,891) or body composition (n = 4716), or
with prevalent cataract (n = 16,759), 153,139 adults (54.1%
females) aged 40 to 70 years (mean ± standard deviation:
56.5 ± 8.1) were included in the final analysis (Fig. 1).
Obese individuals were more likely to be older, men, non-
Whites, and never smokers, and have lower physical activity,
lower diet score, and long or short sleep duration compared
with those with normal weight. Obesity was associated with

FIGURE 1. Flowchart of population selection from the UK Biobank.
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TABLE. Baseline Characteristics of Participants According to BMI

Normal Weight (n = 49,183) Overweight (n = 64,858) Obesity (n = 39,098) P Value*

Age (years) 55.87 ± 8.19 57.06 ± 8.05 56.78 ± 7.88 <0.0001
Gender† <0.0001
Women 36.6 24.8
Men 49.1 26.4

Ethnicity† <0.0001
Whites 42.3 25.2
Non-Whites 42.7 28.5
Unknown 40.7 27.8

Education† <0.0001
0–5 years 41.2 19.6
6–12 years 42.8 27.0
≥13 years 43.3 33.0
Missing 42.5 30.8

Household income (pounds)† <0.0001
<18,000 40.4 31.4
18,000–30,999 43.3 25.7
31,000–51,999 43.6 23.9
52,000–100,000 42.9 21.5
>100,000 42.4 16.4
Unknown 38.9 30.0
Not answered 42.1 26.5

Physical activity (MET minutes/week) 2830 ± 2497 2685 ± 2455 2402 ± 2299 <0.0001
Diet score 4.10 ± 1.45 3.82 ± 1.42 3.66 ± 1.42 <0.0001
Alcohol consumption <0.0001
Never 38.5 31.6
Previous 38.5 32.8
Current 42.7 24.9
Missing 39.7 33.1

Smoking <0.0001
Never 41.5 24.0
Former 44.0 28.5
Current 41.5 23.6
Missing 45.4 31.8

Sleep duration (hours) <0.0001
<7 41.3 29.6
7–9 42.9 23.5
>9 38.7 39.5
Missing 35.5 37.7

Cholesterol (mmol/L) 5.70 ± 1.04 5.72 ± 1.11 5.56 ± 1.16 <0.0001
HbA1c (mM/M) 34.84 ± 5.11 36.01 ± 6.45 38.87 ± 9.33 <0.0001
AMD 67 (0.1) 108 (0.2) 60 (0.2)
Glaucoma 1623 (3.3) 2411 (3.7) 1540 (3.9)
Diabetes 853 (1.7) 2642 (4.1) 4302 (11.0) <0.0001
Heart disease 1083 (2.2) 2828 (4.4) 2817 (7.2) <0.0001
Stroke 566 (1.2) 1039 (1.6) 979 (2.5) <0.0001
Hypertension 7532 (15.3) 17750 (27.4) 16902 (43.2) <0.0001
Depression 2451 (5.0) 3632 (5.6) 3244 (8.3) <0.0001
Waist circumference (cm) 78.5 ± 8.3 91.1 ± 8.4 105.3 ± 112 <0.0001
Waist-to-hip ratio 0.82 ± 0.07 0.89 ± 0.08 0.93 ± 0.09 <0.0001
Weight (kg) 64.2 ± 8.7 78.4 ± 9.6 96.0 ± 14.6 <0.0001
% fat mass (whole body) 26.8 ± 7.1 31.2 ± 7.3 38.4 ± 7.8 <0.0001
% fat mass (trunk) 25.6 ± 6.9 31.6 ± 6.2 38.6 ± 6.3 <0.0001
% fat mass (arm) 24.1 ± 7.0 29.0 ± 8.5 38.2 ± 11.0 <0.0001
% fat mass (leg) 28.8 ± 9.6 30.9 ± 10.2 37.7 ± 10.6 <0.0001

Data are mean ± standard deviation, or number (%). AMD, age-related macular degeneration; MET, metabolic equivalent.
* ANOVA was used to test the difference of continuous variables between across subgroups of BMI and χ2 for categorical variables.
† Data for these variables are prevalence of overweight or obesity.

higher a HbA1c and body fat percentage and a higher
prevalence of diabetes, hypertension, depression, heart
disease, and stroke at baseline (Table).

Incidence of Cataract

More than 1,662,769 person-years of follow-up
(median length of follow-up, 10.9; interquartile range,

Downloaded from iovs.arvojournals.org on 01/14/2022



Adiposity and Risk of Cataract IOVS | November 2021 | Vol. 62 | No. 14 | Article 19 | 5

FIGURE 2. Adiposity by anthropometric measures and the incidence of cataract. The HR (95% CI) for incident cataract associated with obesity
(obesity versus normal weight) was estimated using Cox regression models. *P value for the association between obesity defined by trunk
fat percentage and incident cataract = 0.0643.

10.6–11.3 years), 15,255 cases of incident cataract were
documented. The incidence of cataract (cases per 1000
person-years) in individuals with normal weight, over-
weight, and obesity defined by BMI was 8.2, 9.2, and 10.4,
respectively.

Obesity and Incident Cataract

The prevalence of obesity defined by BMI, waist circumfer-
ence, and waist-to-hip ratio was 25.5%, 35.0%, and 26.6%,

respectively. The prevalence of obesity defined by fat
percentage of whole body, trunk, arms, and legs was 57.8%,
58.4%, 43.5%, and 56.7%, respectively.

Obesity defined by BMI was associated with a higher
incidence rate of cataract after adjustment for age, gender,
ethnicity, education, income, diet score, physical activity,
smoking, alcohol consumption, sleep duration, hyperten-
sion, depression, heart disease, stroke, total cholesterol,
AMD, and glaucoma (HR 1.10; 95% confidence interval,
1.05–1.15; model 5). This association remained significant
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FIGURE 3. Potential moderation effects of diabetes on the association between adiposity and the incidence of cataract. Diabetes was defined
based on self-reported data, interviews, or hospital inpatient records. The HR (95% CI) for incident cataract associated with obesity (obese
versus normal individuals) was estimated using Cox regression models. For anthropometric measures, obesity was defined by a BMI of
30 kg/m2 or greater, a waist circumference of 88 cm or greater for females and 102 cm or greater for males, and a waist-to-hip ratio of 0.85
or greater for females and 1.00 or greater for males. For body fat percentage, obesity was defined as a fat percentage or more than 25% in
men and more than 35% in women. The Benjamin–Hochberg procedure was used to control the false discovery rate at a level of 5% for
multiple comparisons with the P value cut-off point of significance (interaction) as 0.0286.

after additional adjustment for HbA1c (HR, 1.04; 95% CI,
1.00–1.10; model 6). Similarly, the association of obesity
defined by waist circumference (HR, 1.05; 95% CI, 1.01–1.08)
or waist-to-hip ratio (HR, 1.09; 95% CI, 1.04–1.13) with inci-
dent cataract was significant after adjustment for HbA1c and
other covariates (model 6).

Obesity defined by whole body fat percentage was asso-
ciated with a higher incidence rate of cataract before (HR,
1.12; 95% CI, 1.08–1.15; model 2) but not after adjustment
for weight at baseline (HR, 1.02; 95% CI, 0.98–1.06; model
3). Obesity defined by trunk fat percentage was indepen-
dently associated with a higher incidence rate of cataract
(HR, 1.05; 95% CI, 1.01–1.09; model 6). Obesity defined by
fat percentage of arms (HR, 1.16; 95% CI, 1.12–1.19), or legs
(HR, 1.09; 95% CI, 1.05–1.14) was associated with a higher
incidence of cataract before (model 1) but not after adjust-
ment for covariates at baseline (model 6: HR, 1.04; 95% CI,
0.99–1.08 for arms and HR 0.98; 95% CI, 0.94–1.03 for legs)
(Fig. 2).

Obesity and Incidence of Cataract Surgery and
Types of Cataract

Individuals with obesity defined by BMI had a higher inci-
dence rate of cataract surgery compared with those with-
out obesity after adjustment for covariates (HR, 1.09; 95%
CI, 1.02–1.16; model 4). Obesity defined by waist circum-

ference (HR, 1.07; 95% CI, 1.01–1.12) and waist-to-hip ratio
(HR, 1.09; 95% CI, 1.02–1.17) was associated with a higher
incidence rate of cataract surgery independent of covariates
(model 4). Obesity defined by fat percentage at arm (HR,
1.07; 95% CI, 1.00–1.14) and trunk (HR, 1.08; 95% CI, 1.00–
1.14) was independently associated with an increased risk
of cataract surgery. Whole-body (HR, 1.02; 95% CI, 0.96–
1.08) or leg (HR, 1.01; 95% CI, 0.94–1.08) fat percentage was
not significantly associated with incident cataract surgery
after adjustment for covariates (model 4, Supplementary
Table S1).

Obesity defined by waist circumference (HR, 1.06; 95%
CI, 1.00–1.12) or and waist-to-hip ratio (1.09; 95% CI, 1.02–
1.18) but not BMI (1.00; 95% CI, 0.93–1.08) was indepen-
dently associated with a higher incidence rate of nuclear
cataract (model 4). Obesity defined by fat percentage (HR,
0.99; 95% CI, 0.92–1.06) for the whole body (HR, 1.02; 95%
CI, 0.95–1.09), for the trunk, 0.94; 95% CI, 0.87–1.02) and
for the arms, 1.04; 95% CI, 0.97–1.12) for legs) was not inde-
pendently associated with the incidence of nuclear cataract
(model 4) (Supplementary Table S2). Obesity defined by
BMI (HR, 1.18; 95% CI, 1.00–1.40) but not waist circum-
ference (HR, 1.03; 95% CI, 0.90–1.17) or waist-to-hip ratio
(1.12; 95% CI, 0.95–1.32) was associated with a higher inci-
dence rate of cortical cataract (model 4). Obesity defined
by trunk fat percentage (HR, 1.23; 95% CI, 1.05–1.44) was
associated with a higher incidence of cortical cataract (model
4) (Supplementary Table S3).
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FIGURE 4. Potential moderation effects of HbA1c on the association between adiposity and incidence of cataract. The HR (95% CI) for
incident cataract associated with obesity (obese vs. normal individuals) was estimated using Cox regression models. For anthropometric
measures, obesity was defined by a BMI of 30 kg/m2 or greater, a waist circumference of 88 cm or greater for females and 102 cm or greater
for males, and a waist-to-hip ratio of 0.85 or greater for females and 1.00 or greater for males. For body fat percentage, obesity was defined
as fat percentage of more than 25% in men and more than 35% in women. The Benjamin–Hochberg procedure was used to control the false
discovery rate at a level of 5% for multiple comparisons with the P value cut-off point of significance (interaction) as 0.0357.

Obesity and Incident Cataract Stratified by
Diabetes

A significant interaction between diabetes and obesity
defined by BMI, waist circumference, and whole-body fat
percentage for incident cataract was observed (all P values
for interactions of <0.0178). For example, obesity defined by
BMI was associated with a higher incidence rate of cataract
in individuals without diabetes (HR, 1.07; 95% CI, 1.02–1.12)
and with a lower incidence rate in those with diabetes (0.79;
95% CI, 0.67–0.93) (Fig. 3).

Obesity and Incident Cataract Stratified by HbA1c

There was a significant interaction between HbA1c and
obesity defined by all markers besides trunk fat percentage

for incident cataract (all P values for interactions <0.0472).
The association between obesity defined by BMI and inci-
dent cataract was positively significant in individuals with
normal HbA1c (HR, 1.07; 95% CI, 1.02–1.13), but inversely
significant in those with prediabetes (HR, 0.80; 95% CI,
0.67–0.96) or diabetes (HR, 0.74; 95% CI,(.61–0.89). Simi-
lar results were found for obesity defined by other markers
(Fig. 4).

Sensitivity Analysis

A sensitivity analysis among 149,693 participants who did
not develop cataract in the first 5 years of follow-up showed
that the association between obesity and cataract was consis-
tent with the main findings (Supplementary Fig. S1).
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DISCUSSION

This large prospective cohort study with long-term follow-up
for cataract investigated the association between adiposity
by differing measures and cataract and the important role of
diabetes in this association. Obesity defined by BMI, waist
circumference, waist-to-hip ratio, and trunk fat percentage
was associated with a higher incidence rate of cataract inde-
pendent of HbA1c and other covariates. Moderation anal-
ysis showed that there was a positive association between
obesity and incident cataract in individuals with normal
HbA1c, and an inverse association in those with prediabetes
or diabetes.

Previous studies have linked anthropometric measure-
ments to cataract, but results have been inconsistent to date.
A cross-sectional study of 466 women aged 53 to 73 years
from the United States showed that obesity defined by both
BMI and waist circumference was associated with a higher
prevalence of cataract.26 Data from the Physicians’ Health
Study of 17,150 men aged 40 to 84 years at baseline demon-
strated that obesity defined by waist-to-hip ratio but not
BMI was associated with an increased risk of cataract over
14 years of follow-up.7 However, HbA1c was not adjusted
for in the multivariable analyses carried out in these previ-
ous studies.7,13,27 We found that obesity defined by BMI,
waist circumference, and waist-to-hip ratio were all associ-
ated with a higher incidence rate of cataract after adjust-
ment for HbA1c. More research is needed to warrant our
findings.

No previous study has linked body fat percentage in
different regions of the body to the incidence of cataract.
Fat percentage at the trunk, but not other regions, seem to
be predictive of cataract in our study. Research has shown
that bioelectrical impedance analysis is relatively accurate in
the estimation of body composition,28 and android obesity is
more predictive of metabolic health compared with gynoid
obesity.29 This finding might partly explain why trunk fat
percentage is a stronger predictor of cataract in our study.
However, the prevalence of obesity defined by body fat
percentage was much higher than that by anthropometric
measurements, suggesting that body fat percentage is more
likely to misclassify individuals with a normal fat mass as
having obesity. The present cut-offs of body fat percentage
for obesity may not be ideal to predict the risk of cataract, as
obesity defined by quintile 5 of fat percentage was indepen-
dently associated with a higher incidence rate of cataract in
our study (Supplementary Table S4).

Cataract is a multifactorial disease with well-known
contributors, including age, education, socioeconomic
factors, lifestyle, diabetes, and other cardiometabolic disor-
ders. Our study has demonstrated that some adiposity
markers are associated with cataract independent of these
factors, but this association may also be due to confounding.
Notably, chronic conditions, including hypertension, heart
disease, stroke, and depression, may mediate the associa-
tion between obesity and cataract such that the adjustment
for these conditions may result in collider bias. However, our
analysis showed that the adjustment for these conditions did
not change the association substantially, suggesting a low
risk of collider bias. We found simple anthropometric assess-
ments are a similar or better measure for predicting cataract
than bioelectrical impedance assessments are. Similar results
were found for severe cataract (cataract surgery), as well as
for types of cataract, including nuclear and cortical cataracts.
Although we have linked multiple adiposity measures to

cataract, whether fat distribution measured by computed
tomography assessment or dual energy x-ray absorptiometry
with a more accurate assessment of fat mass is more predic-
tive of cataract than anthropometric assessments remains to
be investigated.30 Overall, simple anthropometric measures
are useful in the prediction of cataract, regardless of the
severity and type of cataract.

Several previous studies have highlighted the impor-
tance of diabetes in the association between obesity and
cataract.13,31–33 Our further analysis demonstrated that
obesity was associated with a higher incidence rate of
cataract in individuals without diabetes, but a lower inci-
dence rate in those with diabetes. These findings were
confirmed by the analysis stratified by subgroups of HbA1c.
The mechanisms in which obesity has divergent associa-
tions with incident cataract in individuals with and with-
out diabetes are unknown. Our results are consistent with
the UK Million Women Study of 1,312,051 postmenopausal
women showing that obesity defined by BMI was associated
with an increased risk of cataract surgery in those with-
out diabetes only at baseline.5 A cross-sectional study of
420 Asian patients with type 2 diabetes reported that BMI
was inversely associated with mild to moderate and severe
diabetic retinopathy (odds ratio, 0.92 [0.85–0.99] per 1-unit
increase).34 A prospective cohort study of 2053 participants
with poorly controlled type 2 diabetes showed that those
with a BMI of less than 25 but not 28 kg/m2 or greater
was associated with an increased risk of mortality compared
with those with a BMI between 25 and 27 kg/m2.35 In
the Louisiana State University Hospital–Based Longitudinal
Study of diabetic patients, the lowest mortality rate during
a mean follow-up of 8.7 years was observed in those with
obesity (BMI of 30–35 kg/m2).36 Another prospective cohort
study of 3443 participants with type 2 diabetes reported
that a higher BMI was associated with a decreased risk of
mortality.37 Although no previous study has reported the
association between obesity and incident cataract stratified
by diabetes and HbA1c, these studies on diabetic retinopa-
thy and mortality provide indirect evidence for the potential
benefits of obesity in patients with diabetes and potential
detrimental effects of obesity in those without diabetes. It
is possible that people with diabetes for a long duration
who had their weight decreased to a normal level at base-
line may have a higher risk cataract in our study, because
a loss of more than 10% of body weight was shown to
result in worse cardiovascular health.38 The inverse associ-
ation between obesity and cataract among diabetic partici-
pants may also be attributed to the fact that obese partic-
ipants, after a diagnosis of diabetes, were more likely to
modify their lifestyle behaviors, thus leading to a decreased
risk of metabolic conditions (but not obesity) and cataract
compared with those normal weight individuals.

This the largest prospective cohort study is the largest to
examine comprehensively the association of obesity defined
by differing measures with incident cataract. Our study also
uniquely examined whether the association between obesity
and incident cataract was modified by diabetes. The present
study also has several potential limitations. First, some inci-
dent cataract cases might not be captured in the medical
records (self-reported data for eye health during follow-
up are only available in a small proportion of the partic-
ipants), which might bias the association between obesity
and cataract. Second, because of the observational design of
our study, causal relationships cannot be established based
on our findings. Third, the prevalence of cataract at baseline
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(40–70 years of age) was 9.9% and the overall rate was
19.0% at the end of follow-up (50–84 years of age), which
was lower than that of European adults.39 This finding
suggests that the study participants are healthier than the
general population. Fourth, individuals with obesity are
more likely to have more comorbidities and are more likely
to seek help from physicians, thus resulting in better diag-
nosis of cataract, which might have biased the association
between obesity and cataract. However, obesity is more
likely to occur before these comorbidities, such that obesity
is more likely to be causal risk factor of cataract. Fifth, some
other confounders such as ultraviolet light exposure that
might influence the association between obesity and inci-
dent cataract were not adjusted for in our analysis. Finally,
our analysis was restricted to a subgroup of the UK Biobank
cohort; thus, our findings may not be generalized to the
whole population in the UK.

In conclusion, anthropometric measurements are even
more predictive of cataract than bioelectrical impedance
measures are. Diabetes plays an important role in the associ-
ation between obesity and incident cataract. Future research
needs to investigate the mechanisms for the inverse asso-
ciation between obesity and cataract in individuals with
diabetes.

Acknowledgments

The authors thank the participants of the UK Biobank. This
research was conducted using the UK Biobank resource.

Supported by the Fundamental Research Funds of the State Key
Laboratory of Ophthalmology, Project of Investigation on Health
Status of Employees in Financial Industry in Guangzhou, China
(Z012014075), Science and Technology Program of Guangzhou,
China (202002020049). Mingguang He receives support from
the University of Melbourne at Research Accelerator Program
and the CERA Foundation. The Centre for Eye Research Australia
receives Operational Infrastructure Support from the Victorian
State Government.

Contributors: XS, XY, and MH conceived the study. XS data
analysis and data interpretation. DS and YJ did data acquisition.
XS drafted the initial manuscript. XS, ZZ, YH, ZT, XZ, WW, DS,
YJ, XY, and MH critically revised the manuscript.

The sponsor or funding organization had no role in the design,
conduct, analysis, or reporting of this study. The funding sources
did not participate in the design and conduct of the study;
collection, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and decision
to submit the manuscript for publication.

Disclosure: X. Shang, None; Z. Zhu, None; X. Zhang, None;
Y. Huang, None; Z. Tan, None; W. Wang, None; S. Tang, None;
Z. Ge, None; D. Shi, None; Y. Jiang, None; X. Yang, None;
M. He, None

References

1. Adelson J, Bourne R, Briant P, et al. 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. Lancet Glob Health. 2020;9(2), E144–
E160.

2. Campbell RJ, El-Defrawy SR, Gill SS, et al. Evolution in
the risk of cataract surgical complications among patients

exposed to tamsulosin: a population-based study. Ophthal-
mology. 2019;126:490–496.

3. Stein JD. Serious adverse events after cataract surgery. Curr
Opin Ophthalmol. 2012;23:219–225.

4. Anderson DF, Dhariwal M, Bouchet C, Keith MS. Global
prevalence and economic and humanistic burden of astig-
matism in cataract patients: a systematic literature review.
Clin Ophthalmol (Auckland, N.Z.). 2018;12:439–452.

5. Floud S, Kuper H, Reeves GK, Beral V, Green J. Risk factors
for cataracts treated surgically in postmenopausal women.
Ophthalmology. 2016;123:1704–1710.

6. Pan CW, Lin Y.Overweight, obesity, and age-related cataract:
a meta-analysis. Optom Vis Sci. 2014;91:478–483.

7. Schaumberg DA, Glynn RJ, Christen WG, Hankinson SE,
Hennekens CH. Relations of body fat distribution and height
with cataract in men. Am J Clin Nutr. 2000;72:1495–1502.

8. Park S, Lee EH. Association between metabolic syndrome
and age-related cataract. Int J Ophthalmol. 2015;8:804–811.

9. Sabanayagam C, Wang JJ, Mitchell P, et al. Metabolic
syndrome components and age-related cataract: the
Singapore Malay eye study. Invest Ophthalmol Vis Sci.
2011;52:2397–2404.

10. Lindblad BE, Håkansson N, Philipson B, Wolk A. Metabolic
syndrome components in relation to risk of cataract extrac-
tion: a prospective cohort study of women. Ophthalmology.
2008;115:1687–1692.

11. Zeng Q, Dong SY, Sun XN, Xie J, Cui Y. Percent body fat is
a better predictor of cardiovascular risk factors than body
mass index. Braz J Med Biol Res. 2012;45:591–600.

12. Bonikowske AR, Barillas Lara MI, Koepp KE, et al. Fat mass
index better identifies metabolic syndrome: insights from
patients in early outpatient cardiac rehabilitation. J Clin
Med. 2019;8:2147.

13. Weintraub JM, Willett WC, Rosner B, Colditz GA, Seddon
JM, Hankinson SE. A prospective study of the relation-
ship between body mass index and cataract extraction
among US women and men. Int J Obes Relat Metab Disord.
2002;26:1588–1595.

14. Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open
access resource for identifying the causes of a wide range
of complex diseases of middle and old age. PLoS Med.
2015;12:e1001779.

15. World Health Organization. (WHO).Obesity: preventing and
managing the global epidemic. Report of a WHO consulta-
tion. Geneva: World Health Organization; 2000.

16. Lean ME, Han TS, Morrison CE. Waist circumference as a
measure for indicating need for weight management. BMJ.
1995;311:158–161.

17. World Health Organization (WHO). Waist circumference
and waist-hip ratio: report of a WHO expert consultation.
Geneva: World Health Organization; 2008.

18. Romero-Corral A, Somers VK, Sierra-Johnson J, et al. Accu-
racy of body mass index in diagnosing obesity in the adult
general population. Int J Obes (2005). 2008;32:959–966.

19. Deurenberg P, Yap M, van Staveren WA. Body mass index
and percent body fat: a meta analysis among different ethnic
groups. Int J Obes Relat Metab Disord. 1998;22:1164–1171.

20. Christen WG, Glynn RJ, Seddon JM, Manson JE, Buring JE,
Hennekens CH. Confirmation of self-reported cataract in the
Physicians’ Health Study. Ophthalm Epidemiol. 1994;1:85–
91.

21. Chua SYL, Luben RN, Hayat S, et al. Alcohol consump-
tion and incident cataract surgery in two large UK cohorts.
Ophthalmology. 2021;128:837–847.

22. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM,
Strath SJ, O’Brien WL, Bassett DR, Jr, Schmitz KH, Emplain-
court PO, Jacobs DR, Jr, Leon AS. Compendium of physical
activities: An update of activity codes and MET intensities.
Med Sci Sports Exerc. 2000;32:S498–S504.

Downloaded from iovs.arvojournals.org on 01/14/2022



Adiposity and Risk of Cataract IOVS | November 2021 | Vol. 62 | No. 14 | Article 19 | 10

23. Mozaffarian D. Dietary and policy priorities for cardiovascu-
lar disease, diabetes, and obesity: a comprehensive review.
Circulation. 2016;133:187–225.

24. American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care. 2010;33(Suppl 1):S62–
S69.

25. Benjamini Y, Hochberg Y. Controlling the false discovery
rate: a practical and powerful approach to multiple testing.
J R Stat Soc Ser. 1995;57:289–300.

26. Jacques PF, Moeller SM, Hankinson SE, et al. Weight status,
abdominal adiposity, diabetes, and early age-related lens
opacities. Am J Clin Nutr. 2003;78:400–405.

27. Leske MC,Wu SY, Hennis A, Connell AM,Hyman L, Schachat
A. Diabetes, hypertension, and central obesity as cataract
risk factors in a black population. The Barbados Eye Study.
Ophthalmology. 1999;106:35–41.

28. Wang JG, Zhang Y, Chen HE, et al. Comparison of two
bioelectrical impedance analysis devices with dual energy
X-ray absorptiometry and magnetic resonance imaging in
the estimation of body composition. J Strength Condit Res.
2013;27:236–243.

29. Jensen MD. Role of body fat distribution and the
metabolic complications of obesity. J Clin Endocrinol
Metab. 2008;93:S57–63.

30. Marra M, Sammarco R, De Lorenzo A, et al. Assessment of
body composition in health and disease using bioelectrical
impedance analysis (BIA) and Dual energy x-ray absorp-
tiometry (DXA): a critical overview.Contrast Media &Molec-
ular Imaging. 2019;2019:3548284.

31. Srinivasan S, Raman R, Swaminathan G, Ganesan S,
Kulothungan V, Sharma T. Incidence, progression, and risk

factors for cataract in type 2 diabetes. Invest Ophthalmol Vis
Sci. 2017;58:5921–5929.

32. Abraham AG, Condon NG, Gower EW. The new epidemi-
ology of cataract. Ophthalmol Clin North Am. 2006;19:415–
425.

33. Reeves GK, Balkwill A, Cairns BJ, Green J, Beral V. Hospital
admissions in relation to body mass index in UK women: a
prospective cohort study. BMC Med. 2014;12:45.

34. Man RE, Sabanayagam C, Chiang PP, et al. Differential asso-
ciation of generalized and abdominal obesity with diabetic
retinopathy in Asian patients with type 2 diabetes. JAMA
Ophthalmol. 2016;134:251–257.

35. Li YH, Sheu WH, Lee IT. Influence of diabetic retinopathy
on the relationship between body mass index and mortality
in patients with poorly controlled type 2 diabetes. Diabet
Metab Syndrome Obes. 2020;13:907–914.

36. Zhao W, Katzmarzyk PT, Horswell R, et al. Body mass index
and the risk of all-cause mortality among patients with type
2 diabetes mellitus. Circulation. 2014;130:2143–2151.

37. Salinero-Fort MA, San Andrés-Rebollo FJ, Gómez-Campelo
P, et al. Body mass index and all-cause mortality among
type 2 diabetes mellitus patients: Findings from the 5-year
follow-up of the MADIABETES cohort. Eur J Intern Med.
2017;43:46–52.

38. Kim MK, Han K, Koh ES, et al. Weight change and mortal-
ity and cardiovascular outcomes in patients with new-onset
diabetes mellitus: a nationwide cohort study. Cardiovasc
Diabetol. 2019;18:36.

39. Prokofyeva E, Wegener A, Zrenner E. Cataract prevalence
and prevention in Europe: a literature review. Acta Ophthal-
mol. 2013;91:395–405.

Downloaded from iovs.arvojournals.org on 01/14/2022


