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Background: Body mass index (BMI) has been reported to be associated with age-related cataract, whereas 
its impact on early onset cataract (EOC) remains unknown.
Methods: A total of 73,007 individuals aged 45–55 years who had no previous cataract surgeries at baseline 
were enrolled from the population-based 45 and Up Study. BMI was calculated based on self-reported height 
and weight from the baseline questionnaire. Data on cataract surgeries were obtained from the Medicare 
Benefits Schedule database. EOC was defined as cataract surgically treated prior to 65 years of age. A Cox 
proportional hazards regression was used to assess the association between BMI and the incidence of EOC 
during the follow-up.
Results: A total of 1,764 participants underwent cataract surgery over 643,717 person-years of follow-
up. No significant association was observed between BMI and EOC (P for trend 0.35). Among participants 
who drank 5 to 7 alcoholic drinks per week, a 73% and 27% reduction in the risk of EOC was observed in 
participants with a BMI of 18.5–19.99 and 25.0–27.49 kg/m2, respectively, compared to those with a BMI of 
20.0–22.49 kg/m2.
Conclusions: No association was identified between BMI and the incidence of EOC. Moderate alcohol 
intake may be protective against EOC.
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Introduction

Cataract is the leading cause of visual impairment and 
blindness worldwide (1). While its prevalence is increasing 
in patients over 65 years old (2) related to the predominant 

form of age-related cataract, there is a smaller but 

significant subtype of cataract that can develop before the 

age of 65 with considerable impact on a patient’s quality of 

life, commonly defined as early onset cataract (EOC). In 
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addition to visual impairment, patients with EOC also have 
a higher risk of cancer (3) and cardiovascular disease (4) due 
to insufficient anti-oxidative activity. 

Earlier studies have suggested that EOC may be 
associated with diabetes, sedentary lifestyle, atopy, high 
myopia, long-term corticosteroid therapy, and smoking (5). 
However, these data are inconsistent between studies, and 
there is a relative paucity of literature exploring the etiology 
and related risk factors of EOC in a population-wide cohort. 
Given that the cataractogenesis in these patients may be 
secondary to potentially modifiable risk factors, further 
investigations are warranted to clarify these associations.

Elevated body mass index (BMI) is a significant risk 
factor for a multitude of diseases, but predominantly 
metabolic disorders including cardiovascular disease and 
diabetes. However, a clear association between BMI and 
age-related cataract (ARC) has not been fully established, 
with findings across observational and prospective studies 
ranging from a positive to a negative association. There are 
no studies to investigate the association between BMI and 
EOC incidence. Moreover, the impact of other lifestyle 
factors like alcohol consumption and physical activity, which 
might have interactions with BMI, remains unclear.

Our study aims to evaluate the association between 
BMI and the incidence of EOC in the largest prospective 
population-based study in Australia. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://dx.doi.org/10.21037/atm-21-
2775).

Methods

Ethics approval for the 45 and Up Study was granted by 
the University of New South Wales Human Research 
Ethics Committee. Ethics approval for this specific study 
was granted by the Royal Victorian Eye and Ear Hospital 
Human Research Ethics Committee (17/1330HS/20). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Participants

The Sax Institute’s 45 and Up Study is a large-scale 
prospective cohort study with a total of 267,153 participants 
aged 45 years and over residing in New South Wales (NSW), 
Australia. This study recruited participants randomly 
selected from the Services Australia (formerly the Australian 
Government Department of Human Services) Medicare 

enrollment database, accounted for an estimated 10% of the 
NSW population. During the baseline recruitment process 
between January 2006 and December 2009, the eligible 
participants filled out postal questionnaires and provided 
signed consent for the linkage of their information to other 
health databases, such as the Medicare Benefits Schedule 
(MBS) database that collated claims records for diagnostic 
tests and procedures during the follow-up period. The 
methodology of the 45 and Up Study has been introduced 
elsewhere in detail (6). 

The present study included participants aged 45– 
55 years at baseline. We excluded participants with a history 
of cataract surgery prior to baseline based on previous 
claims of cataract surgery on the MBS database or the 
responses on the baseline questionnaires, those with missing 
weight or height data, those with physical function scores 
lower than 25, those with a BMI less than 18.5 kg/m2 or 
more than 50 kg/m2, and all those who underwent any 
ocular surgery during the follow-up period. Figure 1 gives a 
detailed description of the selection process.

Outcome

Cataract surgery was defined as the Current Procedural 
Terminology codes (42698 and 42702) and linked with 
participants’ data in the MBS database. EOC was defined 
as cataract surgically treated prior to 65 years of age. The 
follow-up period was defined as the time elapsed from the 
baseline date, to the date of cataract surgery or December 
31, 2016, whichever came first. Participants who did not 
have the MBS claims records of cataract surgery during the 
follow-up period were deemed to be cataract-free for the 
purposes of this study.

Exposures

The BMI data were obtained from the self-reported height 
and weight in response to the questions “How tall are you 
without shoes?” and “About how much do you weigh?”. 
The BMI was calculated as the weight (in kilograms) 
divided by the square of the height (in meters), which was 
previously validated in a sub-sample of the 45 and Up 
Study (7). According to the body weight classification by 
World Health Organization (WHO) and the distribution of 
participants in the present study (8), BMI was divided into 
seven categories including 18.5–19.99, 20–22.49, and 22.5– 
24.99 kg/m2 (normal weight); 25–27.49 and 27.5–29.99 kg/m2  
(overweight); and 30–32.49 and 32.5–50 kg/m2 (obese).

https://dx.doi.org/10.21037/atm-21-2775
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Figure 1 Participant selection flowchart. MBS, Medicare Benefits Schedule.

All participants 
(N=267,153)

Excluded:
Aged 56 and more 
With history of cataract surgery based on baseline 
questionnaire or MBS database
With physical function score <25
Without follow-up data

Excluded:
Underwent juvenile cataract extraction
Underwent cornea/scleral surgeries
Underwent glaucoma/vitreoretinal procedures
Underwent ocular traumatic surgeries
Missing weight or height data

Sub-population follow-up
(N=146,832)

Eligible participants
(N=130,309)

Covariates

The covariates included self-reported baseline responses 
for age, gender, ethnicity (whites or non-whites), household 
income, education level, smoking status, alcohol intake, 
physical activity (PA), history of cardiovascular disease (yes/
no), history of diabetes (yes/no), and history of hypertension 
(yes/no). The classifications of covariates referred to the 
baseline questionnaire and the distributions of participants. 
Household income was classified into four groups: 
<$20,000, $20,000–39,999, $40,000–69,999, and >$70,000, 
measured in Australian dollars (AUD). The highest level 
of education attained was classified into three groups:  
<10 years, high school, and university or higher. Smoking 
was categorized into the three groups: never smoker, former 
smoker, and current smoker. Alcohol intake was classified 
into five groups organized by the number of drinks per 
week: 0, 1–4, 5–7, 8–14, or ≥15 drinks. The PA in minutes 
per week was classified into five groups: 0, 1–149, 150–299, 
300–539, and ≥540 minutes per week.

Statistical analysis

The number of cases with EOC was divided by person-
years to evaluate the incidence rate of EOC. The baseline 
characteristics of the participants were stratified based on 

BMI categories with descriptive statistics, including mean 
± standard deviation (SD) and number (percent). The Cox 
hazards model was used to assess the effect of BMI on the 
risk of EOC. Hazard ratios (HRs) with 95% confidence 
intervals (CI) were estimated for all categories of BMI, using 
a BMI of 20.0–22.49 kg/m2 as the reference. Two regression 
models were used in the analysis: a first regression model 
adjusted for age and gender only, and a second model 
with further adjustment for all potential confounding 
factors including age, gender, ethnicity, income, education 
level, lifestyle factors (smoking, alcohol drinking and 
physical activity), and systematic diseases (hypertension, 
cardiovascular disease and diabetes). Sensitivity analyses 
were performed by restricting the population aged 45 to 50 
at baseline. We also conducted subgroup analyses stratified 
by gender, ethnicity, education level, smoking status, alcohol 
consumption, PA, and systematic diseases (hypertension, 
cardiovascular disease and diabetes). A two-tailed P value 
of <0.05 was used as the level of statistical significance for 
all comparisons. All analyses were completed using the SAS 
software package (SAS 9.3; SAS Institute, Cary, NC, USA).

Results

A total of 73,007 individuals aged 45 to 55 years in this 
prospective cohort were deemed eligible for the present 
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analysis. A total of 1,764 participants underwent cataract 
surgery over 643,717 person-years with a mean follow-up 
period of 8.8 years, corresponding to an incidence rate of 
2.72 cases per 1,000 person-years.

Significant statistical differences were observed in 
the distribution of characteristics among different BMI 
categories except for household income (P=0.864), which 
could be seen in Table 1. Comparisons of participants with 
normal weight (BMI 18.5–24.99 kg/m2) showed that those 
who were overweight (BMI >25 kg/m2) tended to have 
lower education level, higher consumption of cigarettes and 
alcohol, shorter minutes of PA, and higher prevalence of 
cardiovascular disease, diabetes and hypertension (P<0.001).

Table 2 shows the HR and 95% CI of EOC risk related 
to BMI categories. There were no significant associations 
between BMI and EOC adjusted for age and gender. Males 
with a BMI of 30.0–32.49 kg/m2 showed a 54% higher 
risk of EOC compared with those with a BMI of 20.0– 
22.49 kg/m2. When further adjustments were made for all 
potential confounding factors (Model 2), no statistically 
significant associations were observed between BMI and 
EOC in total, and in analyses stratified by gender.

Table 3 shows the associations between BMI and EOC 
stratified by gender, ethnicity, education level, smoking 
status, alcohol consumption, PA, and systematic diseases 
(hypertension, cardiovascular disease and diabetes). 
Among participants who drank 5 to 7 alcoholic drinks per 
week, a 73% and 27% reduction in the risk of EOC was 
observed in participants with a BMI of 18.5–19.99 and  
25.0–27.49 kg/m2, respectively, compared to those with a 
BMI of 20.0–22.49 kg/m2. No significant associations were 
observed between the incidence of EOC and BMI after data 
were stratified by other confounding factors.

The sensitivity analysis on participants aged 45–50 years 
at baseline (Table 4) demonstrates similar results to the main 
analysis, showing that BMI was not significantly associated 
with EOC incidence.

Discussion

Our analysis of the 10-year follow-up data from the large-
scale prospective 45 and Up Study cohort observed no 
significant association between BMI and the incidence 
of EOC. The only statistically significant relationships 
suggested that the consumption of 5–7 alcoholic drinks per 
week may be a protective factor against EOC for people 
with a BMI of 18.5–19.99 or 25.0–27.49 kg/m2.

To the best of our knowledge, our study is the first to 

specifically investigate the association between BMI and 
EOC in a prospective population-based cohort study, 
and we observe no significant association between them. 
Numerous previous studies have been conducted to 
investigate the impact of BMI on cataracts, however these 
have been conducted in the context of ARC, and no studies 
have done so on the subset of EOC. Unfortunately, even 
findings on the associations between BMI and ARC remain 
inconclusive. Some studies suggested that elevated BMI 
may increase the risk of ARC (9-14), but there were still 
controversies regarding which type of cataract demonstrated 
the strongest positive association. Conversely, other studies 
revealed a reduced (15,16) risk of cataract in participants 
with increased BMI, or no significant relationship between 
BMI and cataract (17-19). Comparisons between previous 
studies have been largely limited by the wide variation 
in the definitions of BMI, confounding factors, as well as 
the follow-up duration. Regarding EOC, little is known 
about its etiology, risk factors, and mechanism. Possible 
risk factors reported in the literature include steroid use, 
sunlight exposure, diabetes, and trauma (20-23). No 
previous studies explored the association between BMI 
and EOC, and the present study identified there were no 
significant associations between them. Nevertheless, the 
role of BMI in EOC development still requires further 
research.

Oxidative damage and inflammation are recognized as 
key mechanisms of cataractogenesis (24), and have been 
assumed as plausible pathophysiological mechanisms linking 
cataract and higher BMI. The higher levels of leptin in 
plasma and the increased systemic inflammation in obese 
individuals, accompanied by an accumulation of reactive 
oxygen species and pro-inflammatory cytokines may 
promote the formation of cataracts (25-28). One potential 
explanation for the lack of any significant association 
between BMI and EOC in our study is that oxidative stress 
may not account for the main cause of EOC formation. 
There are a plethora of other factors that influence cataract 
formation, including the nutritional deprivation and lower 
socioeconomic status typically associated with lower BMIs, 
or the diabetes, hypertension, and other metabolic disorders 
seen with higher BMIs. The possibilities of residual 
confounding by diseases or factors related to the above-
mentioned circumstances cannot be excluded. Another 
explanation for our negative result is that the cataractogenic 
process stimulated by higher BMI may result in incremental 
biochemical changes in the lens that typically take place 
over a longer time, thus patients manifest as ARC rather 
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Table 1 Baseline characteristics of eligible participants stratified by BMI categories

Characteristics 

BMI (kg/m2)

P valueNormal weight Overweight Obese

18.5–19.99 20–22.49 22.5–24.99 25–27.49 27.5–29.99 30–32.49 32.5–50

No. of participants (%) 3,096 (4.2) 10,337 (14.2) 16,128 (22.1) 15,845 (21.7) 11,896 (16.3) 7,240 (9.9) 8,465 (11.6) –

Male (%) 485 (15.7) 2,270 (22.0) 6,134 (38.0) 8,216 (51.9) 6,545 (55.0) 3,609 (49.8) 3,229 (38.1) <0.001*

Mean age (SD), years 50.6±3.0 50.7±2.9 50.9±2.9 50.9±2.9 51.1±2.9 51.0±3.0 50.9±3.0 <0.001*

Born in Australia (%) 2,138 (69.1) 7,432 (71.9) 11,964 (74.2) 12,255 (77.3) 9,509 (79.9) 5,945 (82.1) 7,103 (83.9) <0.001*

Ethnicity (%) <0.001*

Whites 2,138 (69.1) 7,432 (71.9) 11,964 (74.2) 12,255 (77.3) 9,509 (79.9) 5,945 (82.1) 7,103 (83.9)

Non-whites 942 (30.4) 2,868 (27.7) 4,101 (25.4) 3,530 (22.3) 2,329 (19.6) 1,266 (17.5) 1,329 (15.7)

Missing 16 (0.5) 37 (0.4) 63 (0.4) 60 (0.4) 58 (0.5) 29 (0.4) 33 (0.4)

Private health insurance (%) 1,913 (61.8) 6,930 (67) 11,093 (68.8) 11,050 (69.7) 8,341 (70.1) 4,878 (67.4) 5,312 (62.8) 0.010*

Household income, AUD/years (%) 0.864

<20,000 353 (11.4) 708 (6.8) 979 (6.1) 876 (5.5) 635 (5.3) 454 (6.3) 702 (8.3)

20,000–39,999 453 (14.6) 1,357 (13.1) 1,820 (11.3) 1,726 (10.9) 1,251 (10.5) 814 (11.2) 1,034 (12.2)

40,000–69,999 618 (20.0) 2,235 (21.6) 3,413 (21.2) 3,360 (21.2) 2,648 (22.3) 1,700 (23.5) 1,969 (23.3)

>70,000 1,101 (35.6) 4,323 (41.8) 7,493 (46.5) 7,687 (48.5) 5,650 (47.5) 3,207 (44.3) 3,319 (39.2)

Missing 571 (18.4) 1,714 (16.6) 2,423 (15.0) 2,196 (13.9) 1,712 (14.4) 1,065 (14.7) 1,441 (17.0)

Education (%) <0.001*

<10 years 177 (5.7) 457 (4.4) 707 (4.4) 834 (5.3) 682 (5.7) 526 (7.3) 830 (9.8)

High school 1,779 (57.5) 5,786 (56.0) 9,249 (57.3) 9,518 (60.1) 7,449 (62.6) 4,669 (64.5) 5,551 (65.6)

University or higher 1,116 (36.1) 4,015 (38.8) 6,061 (37.6) 5,403 (34.1) 3,695 (31.1) 1,981 (27.4) 2,008 (23.7)

Smoking status (%) <0.001*

Never smoker 1,886 (60.9) 6,407 (62.0) 9,712 (60.2) 9,284 (58.6) 6,717 (56.5) 3,907 (54.0) 4,606 (54.4)

Former smoker 727 (23.5) 2,749 (26.6) 4,849 (30.1) 5,100 (32.2) 4,114 (34.6) 2,610 (36.0) 3,039 (35.9)

Current smoker 481 (15.5) 1,179 (11.4) 1,561 (9.7) 1,456 (9.2) 1,062 (8.9) 721 (10.0) 818 (9.7)

Alcoholic intake, drinks/week (%) <0.001*

0 1,070 (34.6) 2,935 (28.4) 4,124 (25.6) 3,734 (23.6) 2,887 (24.3) 2,075 (28.7) 3,232 (38.2)

1–4 672 (21.7) 2,525 (24.4) 3,632 (22.5) 3,663 (23.1) 2,750 (23.1) 1,692 (23.4) 1,976 (23.3)

5–7 505 (16.3) 1,720 (16.6) 2,518 (15.6) 2,342 (14.8) 1,597 (13.4) 889 (12.3) 879 (10.4)

8–14 528 (17.1) 1,990 (19.3) 3,412 (21.2) 3,225 (20.4) 2,338 (19.7) 1,266 (17.5) 1,162 (13.7)

≥15 281 (9.1) 1,063 (10.3) 2,298 (14.2) 2,735 (17.3) 2,234 (18.8) 1,261 (17.4) 1,125 (13.3)

Missing 40 (1.3) 104 (1.0) 144 (0.9) 146 (0.9) 90 (0.8) 57 (0.8) 91 (1.1)

Physical activity, min/wk (%) <0.001*

0 377 (12.2) 1,065 (10.3) 1,821 (11.3) 1,944 (12.3) 1,666 (14.0) 1,148 (15.9) 1,667 (19.7)

1–149 635 (20.5) 2,043 (19.8) 3,329 (20.6) 3,415 (21.6) 2,798 (23.5) 1,785 (24.7) 2,178 (25.7)

150–299 493 (15.9) 1,763 (17.1) 2,824 (17.5) 2,797 (17.7) 2,098 (17.6) 1,254 (17.3) 1,351 (16.0)

Table 1 (continued)
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Table 2 Hazard ratios and 95% confidence intervals of early onset cataract surgery risk according to BMI categories at baseline

Group BMI (kg/m2)
No. of 
cases

No. of 
participants

No. of  
person-years

Model 1a Model 2b

HR (95% CI) P value HR (95% CI) P value

Overall 18.5–19.99 68 3,096 27,337.1 0.87 (0.67–1.13) 0.300 0.89 (0.67–1.18) 0.413

20.0–22.49 265 10,337 91,214.7 1.0 (ref) 1.0 (ref)

22.5–24.99 364 16,128 142,345.2 0.89 (0.76–1.05) 0.156 0.88 (0.75–1.04) 0.129

25.0–27.49 372 15,845 139,926.69 0.92 (0.79–1.08) 0.332 0.88 (0.74–1.04) 0.125

27.5–29.99 280 11,896 104,733.28 0.94 (0.80–1.12) 0.506 0.89 (0.74–1.06) 0.183

30.0–32.49 210 7,240 63,715.74 1.16 (0.96–1.39) 0.118 1.03 (0.85–1.26) 0.759

32.5–50 205 8,465 74,444.41 0.96 (0.80–1.15) 0.650 0.86 (0.70–1.05) 0.141

Male 18.5–19.99 68 3,096 4,328.26 0.83 (0.39–1.76) 0.626 1.07 (0.50–2.28) 0.862

20.0–22.49 265 10,337 20,156.17 1.0 (ref) 1.0 (ref)

22.5–24.99 364 16,128 54,340.43 0.99 (0.70–1.39) 0.954 0.94 (0.66–1.34) 0.727

25.0–27.49 372 15,845 72,674.46 1.09 (0.78–1.51) 0.622 0.96 (0.68–1.35) 0.809

27.5–29.99 280 11,896 57,671.73 1.17 (0.83–1.63) 0.367 1.01 (0.71–1.45) 0.935

30.0–32.49 210 7,240 31,801.66 1.54 (1.08–2.18) 0.016* 1.29 (0.88–1.87) 0.187

32.5–50 205 8,465 28,370.17 1.32 (0.92–1.91) 0.137 1.05 (0.70–1.57) 0.813

Female 18.5–19.99 68 3,096 23,008.84 0.87 (0.65–1.15) 0.320 0.86 (0.64–1.16) 0.328

20.0–22.49 265 10,337 71,058.56 1.0 (ref) 1.0 (ref)

22.5–24.99 364 16,128 88,004.79 0.89 (0.74–1.07) 0.226 0.89 (0.73–1.07) 0.216

25.0–27.49 372 15,845 67,252.23 0.90 (0.75–1.09) 0.299 0.88 (0.72–1.08) 0.224

27.5–29.99 280 11,896 47,061.54 0.87 (0.71–1.08) 0.221 0.85 (0.68–1.06) 0.152

30.0–32.49 210 7,240 31,914.08 1.01 (0.80–1.27) 0.941 0.92 (0.72–1.19) 0.541

32.5–50 205 8,465 46,074.25 0.85 (0.68–1.06) 0.143 0.81 (0.64–1.03) 0.088
a, Model 1 was adjusted for age and gender. b, Model 2 was adjusted for age, gender, ethnicity, income, education level, lifestyle factors 
(smoking, alcohol drinking and physical activity), and systemic diseases (hypertension, cardiovascular disease and diabetes). *, statistically 
significant (P<0.05). BMI, body mass index; HR, hazard ratio; 95% CI, 95% confidence interval.

Table 1 (continued)

Characteristics 

BMI (kg/m2)

P valueNormal weight Overweight Obese

18.5–19.99 20–22.49 22.5–24.99 25–27.49 27.5–29.99 30–32.49 32.5–50

300–539 568 (18.3) 2,063 (20.0) 3,238 (20.1) 3,174 (20.0) 2,210 (18.6) 1,259 (17.4) 1,337 (15.8)

≥540 942 (30.4) 3,209 (31.0) 4,635 (28.7) 4,221 (26.6) 2,882 (24.2) 1,640 (22.7) 1,684 (19.9)

Missing 81 (2.6) 194 (1.9) 281 (1.7) 294 (1.9) 242 (2.0) 154 (2.1) 248 (2.9)

Comorbidities (%)

Cardiovascular disease 64 (2.1) 248 (2.4) 369 (2.3) 477 (3.0) 455 (3.8) 282 (3.9) 393 (4.6) <0.001*

Diabetes 45 (1.5) 155 (1.5) 329 (2.0) 409 (2.6) 467 (3.9) 412 (5.7) 920 (10.9) <0.001*

Hypertension 232 (7.5) 952 (9.2) 2,071 (12.8) 2,949 (18.6) 2,927 (24.6) 2,251 (31.1) 3,449 (40.7) <0.001*

*, Statistically significant (P <0.05). BMI, body mass index; SD, standard deviation; AUD, Australian dollars; min/wk, minutes per week.
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Table 3 Multivariate-adjusted cox regression analyses stratified by covariates

Subgroup
BMI [20.0–22.49 kg/m2 as reference, HR (95% CI)] P for 

interaction18.5–19.99 22.5–24.99 25.0–27.49 27.5–29.99 30.0–32.49 32.5–50

Gender 0.369

Female 1.13 (0.53–2.41) 0.91 (0.64–1.31) 0.92 (0.65–1.30) 0.97 (0.68–1.38) 1.22 (0.84–1.77) 1.00 (0.67–1.50)

Male 0.87 (0.64–1.18) 0.88 (0.73–1.07) 0.88 (0.72–1.08) 0.86 (0.69–1.08) 0.94 (0.73–1.21) 0.83 (0.65–1.06)

Ethnicity 0.821

Whites 0.88 (0.62–1.23) 0.88 (0.73–1.07) 0.82 (0.68–1.00) 0.83 (0.68–1.03) 1.02 (0.81–1.28) 0.81 (0.64–1.02)

Non-whites 1.00 (0.61–1.66) 0.85 (0.61–1.18) 1.08 (0.78–1.49) 1.08 (0.75–1.56) 1.09 (0.71–1.68) 1.14 (0.75–1.72)

Education 0.799

<10 years 0.32 (0.04–2.56) 0.79 (0.32–1.93) 1.00 (0.43–2.33) 1.17 (0.51–2.72) 1.14 (0.47–2.77) 1.35 (0.60–3.06)

High school 0.87 (0.59–1.27) 0.90 (0.73–1.13) 0.87 (0.69–1.08) 0.91 (0.72–1.15) 1.03 (0.80–1.34) 0.86 (0.66–1.12)

University or 
higher

1.03 (0.68–1.56) 0.80 (0.62–1.05) 0.81 (0.62–1.07) 0.79 (0.59–1.08) 0.95 (0.67–1.34) 0.76 (0.53–1.10)

Smoking status 0.999

Never smoker 1.10 (0.79–1.53) 0.90 (0.73–1.11) 0.87 (0.70–1.08) 0.84 (0.66–1.06) 0.97 (0.75–1.26) 0.88 (0.68–1.14)

Former smoker 0.74 (0.41–1.33) 0.82 (0.61–1.11) 0.78 (0.58–1.06) 0.91 (0.67–1.25) 1.06 (0.75–1.49) 0.84 (0.59–1.20)

Current smoker 0.28 (0.07–1.23) 0.79 (0.42–1.49) 1.31 (0.72–2.37) 0.92 (0.46–1.82) 1.22 (0.61–2.47) 0.75 (0.35–1.59)

Alcohol intake, drinks/week 0.784

0 0.89 (0.52–1.53) 1.13 (0.81–1.57) 1.10 (0.78–1.54) 0.90 (0.61–1.31) 1.00 (0.67–1.50) 1.08 (0.75–1.55)

1–4 1.45 (0.89–2.36) 0.84 (0.60–1.18) 0.93 (0.67–1.30) 0.91 (0.63–1.30) 1.10 (0.75–1.61) 0.83 (0.56–1.25)

5–7 0.27 (0.10–0.74) 0.75 (0.50–1.11) 0.63 (0.41–0.96) 0.71 (0.45–1.13) 0.71 (0.40–1.26) 0.69 (0.39–1.23)

7–14 1.11 (0.61–2.01) 0.79 (0.55–1.12) 0.83 (0.57–1.20) 0.94 (0.64–1.39) 0.99 (0.63–1.56) 0.91 (0.56–1.48)

≥15 0.68 (0.23–1.96) 0.82 (0.50–1.36) 0.80 (0.49–1.32) 0.91 (0.55–1.50) 1.32 (0.77–2.25) 0.67 (0.35–1.28)

Physical activity, min/wk 0.048*

0 1.76 (0.80–3.88) 1.13 (0.66–1.94) 0.83 (0.48–1.46) 1.20 (0.69–2.09) 1.29 (0.73–2.29) 1.14 (0.65–2.00)

1–149 0.95 (0.51–1.78) 1.07 (0.73–1.57) 1.12 (0.77–1.64) 1.26 (0.86–1.86) 1.22 (0.79–1.88) 1.03 (0.67–1.58)

150–299 0.62 (0.28–1.39) 0.67 (0.44–1.01) 0.84 (0.56–1.26) 0.65 (0.41–1.04) 0.86 (0.52–1.40) 0.64 (0.37–1.11)

300–539 1.07 (0.55–2.08) 1.02 (0.70–1.48) 0.73 (0.49–1.09) 0.74 (0.48–1.15) 1.09 (0.69–1.74) 0.93 (0.58–1.51)

≥540 0.77 (0.47–1.25) 0.75 (0.56–1.00) 0.84 (0.63–1.13) 0.80 (0.58–1.12) 0.92 (0.62–1.35) 0.77 (0.52–1.14)

Cardiovascular disease 0.772

No 0.87 (0.65–1.15) 0.86 (0.73–1.02) 0.86 (0.72–1.02) 0.86 (0.72–1.04) 1.00 (0.82–1.22) 0.85 (0.70–1.05)

Yes 7.09 (1.37–36.61) 1.62 (0.41–6.37) 1.75 (0.46–6.65) 1.79 (0.48–6.64) 2.75 (0.71–10.63) 1.52 (0.38–6.12)

Diabetes 0.594

No 0.91 (0.69–1.21) 0.87 (0.73–1.03) 0.85 (0.72–1.01) 0.88 (0.73–1.05) 1.00 (0.82–1.23) 0.89 (0.72–1.10)

Yes 0.62 (0.07–5.39) 0.92 (0.32–2.69) 1.26 (0.46–3.42) 0.93 (0.33–2.63) 1.37 (0.50–3.78) 0.80 (0.30–2.12)

Hypertension 0.670

No 0.83 (0.61–1.12) 0.86 (0.72–1.03) 0.84 (0.70–1.01) 0.83 (0.68–1.02) 1.00 (0.80–1.27) 0.89 (0.69–1.13)

Yes 1.87 (0.87–4.04) 1.04 (0.64–1.68) 1.07 (0.68–1.69) 1.15 (0.72–1.82) 1.22 (0.76–1.95) 1.00 (0.63–1.59)

BMI, body mass index; HR, hazard ratio; 95% CI, 95% confidence interval; min/wk, minutes per week.
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Table 4 Sensitivity analysis by restricting for population aged 45–50 at baseline

BMI (kg/m2)
Model 1a Model 2b

HR (95% CI) P value HR (95% CI) P value

18.5–19.99 0.73 (0.41–1.28) 0.269 0.71 (0.39–1.30) 0.269

20.0–22.49 1.00 (ref) 1.00 (ref)

22.5–24.99 0.98 (0.71–1.36) 0.925 0.93 (0.66–1.30) 0.676

25.0–27.49 1.16 (0.84–1.60) 0.368 1.05 (0.75–1.47) 0.789

27.5–29.99 1.05 (0.73–1.49) 0.804 0.99 (0.68–1.44) 0.968

30.0–32.49 1.28 (0.87–1.88) 0.213 1.12 (0.75–1.70) 0.575

32.5–50 1.06 (0.73–1.56) 0.746 0.94 (0.62–1.42) 0.757
a, Model 1 was adjusted for age and gender. b, Model 2 was adjusted for age, gender, ethnicity, income, education level, lifestyle factors 
(smoking, alcohol drinking and physical activity), and systematic diseases (hypertension, cardiovascular disease and diabetes). BMI, body 
mass index; HR, hazards ratio; CI, confidence interval.

than EOC. Further research is therefore needed to confirm 
our findings.

Our study observed that alcohol intake within a certain 
range may be beneficial for reducing the risk of EOC, 
when we investigated the associations between BMI and 
EOC stratified by alcohol intake. An U-shape association, 
which usually refers to the nonlinear relationship, between 
alcohol intake and clinical disorders is often observed 
in epidemiologic studies, for example, the relationship 
between alcohol and cardiovascular diseases (29). Similar 
results regarding the association between BMI and cataracts 
were found in a meta-analysis (30). Moderate consumption 
may be protective, whereas heavy alcohol consumption 
becomes a significant risk factor of ARC, which is consistent 
with our results. As far as we know, no existing researches 
investigated the relationship between alcohol consumption 
and EOC incidence specifically, necessitating future 
researches in this area.

The strengths of the present study include the large 
sample size, prospective cohort design, long-term follow-
up, and comprehensive assessment of a wide range of 
potential confounding factors. However, some potential 
limitations should be noted. Firstly, information regarding 
cataract sub-types could not be assessed by nature of the 
self-reported questionnaire responses, and it is possible 
that some EOC patients may have been omitted from the 
analysis as they had not undergone surgery. We chose 
cataract surgery as an endpoint to ensure only visually 
significant cataracts were measured. Meanwhile, it can 
also minimize the misclassification of patients with ARC 
that onset at an early age, but progress slowly. Secondly, 

BMI was calculated based on self-reported height and 
weight at baseline. Bias exists as a tendency to overestimate 
height and underestimate weight (31). Also, subsequent 
changes to weight and the duration of obesity could not 
be incorporated, which may influence the risk estimation 
of the true association between BMI and EOC. However, 
the self-reported BMI measures have been validated in 
other studies and have showed reasonable agreement 
with more accurate BMI measurements (7,32). Thirdly, 
other measures of obesity, for example, waist-to-hip 
ratio, were not taken in our study. Fourthly, only cataract 
surgeries performed in private Australian settings could be 
assessed from the MBS database. However, the majority 
of Australian surgeries during the study period occurred 
in private settings, accounting for 72% of total cataract 
surgeries, which reduces the impact of bias (33). Finally, 
participants' history of cataract surgery prior to 2004 was 
unknown, and it may be possible that some EOC cases 
were missed. The exclusion of participants aged 56 years 
and older, who were most likely to have undergone cataract 
surgery before 2004, partly reduced the likelihood of 
this bias. The possible underestimation of the actual risk 
should be noted in this population, considering the above-
mentioned limitations.

In conclusion, this prospective cohort study found no 
significant associations between BMI and the incidence 
of EOC. Moreover, moderate drinking appeared to be 
potentially protective against EOC. Further studies are 
required to confirm the present study’s findings and explain 
the underlying mechanisms of any link between BMI and 
EOC.
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