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Findings from the 45 and Up Study: smoking is not associated 
with the risk of early-onset cataract 
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Background: To determine if tobacco smoking is a risk factor for early-onset cataracts.
Methods: This was a prospective population-based cohort study. A total of 70,886 participants aged  
45–55 years in the 45 and Up Study were included in our analysis. Early-onset cataracts (EOC) were defined 
as cataract surgeries performed before 65 years old, based on participant data linked to the Medicare Benefits 
Schedule (MBS). Smoking habits were assessed at baseline, based on a self-administered questionnaire. A 
Cox proportional hazards model was used to evaluate the association between tobacco smoking and the risk 
of early-onset cataracts over the follow-up period.
Results: At baseline recruitment, 59.9% of study participants never smoked, 30.5% were former smokers, 
and 9.6% were current smokers. A total of 1,713 participants underwent cataract surgery over a mean follow-
up of 625,042 person-years, with an incidence of 2.74 cases per 1,000 person-years. For current smokers, 
patients with EOC had longer smoking durations (P=0.019). For former smokers, patients with EOC had 
higher smoking intensities (P=0.001), were older at smoking commencement (P=0.011), and longer times 
since quitting (P=0.04). The risk of EOC was not found to be significantly different between current smokers 
or former smokers, compared to those who had never smoked. Both stratification and sensitivity analyses by 
gender, surgery year, alcohol intake, physical activity, and income yielded similar results. 
Conclusions: Smoking has neither a beneficial nor harmful effect on the long-term incidence of EOC. 
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Introduction

Cataract is the leading cause of visual impairment and 

blindness worldwide (1). While the prevalence of cataract 

in its most common age-related form continues to rise in 

patients older than 65 (1), there is another subset of patients 

who develop early onset cataracts (EOC), a form of cataract 
that develops prior to the age of 65. This subset of cataract 
has drawn significant attention in recent years, as it impacts 
the working-age population, and is reported to be associated 
with an increased risk of other serious systemic diseases, 
including cancer (2) and cardiovascular diseases (3). Despite 
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numerous studies having investigated the risk factors for 
cataracts in general, few studies have been undertaken to 
explore risk factors for EOC specifically.

Previous study has suggested that there may be a 
discrepancy in the pathogenesis of age-related cataracts 
and EOC (2). Therefore, it is crucial to identify risk factors 
for EOC so as to improve outcomes in patients with EOC, 
who are often in their most productive years of life, and 
are subject to significant decreases in their quality of life, 
and financial hardship secondary to visual impairment. 
Moreover, many of these risk factors may be potentially 
modifiable, and thus suitable targets for the future 
prevention of visual impairment and blindness.

Smoking is the second leading risk factor for early death 
and disability worldwide and has been widely implicated 
in its pathogenesis for a myriad of diseases, including lung 
cancer, cardiovascular disease, and age-related macular 
degeneration (3-5). Positive associations between smoking 
and the risk of cataract have also been demonstrated. A 
meta-analysis revealed that smoking was associated with 
a higher risk of age-related cataracts, especially nuclear 
cataracts (4). Other studies have observed a dose-response 
effect between smoking and cataracts (5,6), and conversely, 
smoking cessation has been shown to reduce the risk for 
cataracts, particularly after prolonged quitting periods 
(7,8). The prevalence of smoking generally peaks between 
the ages of 25 to 35. However, these studies are primarily 
concerned with the effects of smoking on cataract in 
general, and to our knowledge, no existing studies have 
specifically studied the relationship between smoking and 
EOC. Thus, the purpose of this study was to investigate the 
effects of smoking on the risk of EOC based on the largest 
prospective 10-year population-based cohort study of its 
kind in Australia. We presented the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-21-742).

Methods

Participants

The Sax Institute’s 45 and Up Study is a population-based 
prospective cohort study. Participants aged 45 years and 
over in New South Wales (NSW), Australia were randomly 
recruited from Services Australia (formerly the Australian 
Government Department of Human Services) Medicare 
enrollment database. Baseline recruitment was conducted 
between January 2006 and December 2009. A total of 

267,153 participants were recruited at baseline for the study, 
representing an estimated 10% of the NSW population in 
this age group. Eligible participants completed a mailed 
questionnaire and provided written consent for follow-
up and linkage of their information to other routine 
health databases. These databases included the Medicare 
Benefits Schedule (MBS) database that collates records for 
diagnostic tests and procedures, and the Pharmaceutical 
Benefits Scheme (PBS) database that collects information 
about community-based dispensing of prescription 
medications. Linkage of the 45 and Up cohort data to the 
MBS and PBS data is facilitated by the Sax Institute using 
a unique identifier provided by Services Australia, which 
were available from 2004 to 2016. The method used to link 
records in the MBS and PBS is deterministic matching. The 
details of the study’s methodology have been introduced 
elsewhere (9).

We selected participants aged 45 to 55 years at 
baseline to be followed up until December 31, 2016. The 
following participants were excluded: those aged ≥56 years; 
participants with a history of cataract surgeries based on 
their responses to the baseline questionnaires or the MBS 
database; participants who did not have available data for 
follow-up purposes; participants with physical function 
scores lower than 25. During the follow-up period, the 
following participants were further excluded: participants 
who underwent juvenile cataract extractions or other 
ophthalmic surgeries, including ocular traumatic surgeries, 
cornea or scleral surgeries, and glaucoma or vitreoretinal 
procedures. After these exclusions, 70,886 participants 
were included for the present analysis. The conduct of 
the 45 and Up Study was approved by the University of 
New South Wales Human Research Ethics Committee 
(HREC). The study was approved by the Royal Victorian 
Eye and Ear Hospital Human Research Ethics Committee 
(17/1330HS/20). All procedures of the present study were 
conducted in compliance with the Declaration of Helsinki 
(as revised in 2013).

Exposures 

We obtained smoking status from participants based 
on their self-reported responses from the baseline 
questionnaires, including the age when participants started 
smoking, the average number of cigarettes smoked each 
day, and their quitting age if they were no longer smoking. 
Participants were classified into three groups, including 
current smoker, never smoked, or former smoker. The 
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group the participants belonged to was based on responses 
to the questions, “Have you ever been a regular smoker?” 
and “Are you a regular smoker now?” The starting age was 
defined from the question, “How old were you when you 
started smoking regularly?” The quitting age was based 
on the question, “How old were you when you stopped 
smoking regularly?” 

The smoking duration was calculated as the difference 
between the starting age and either current age (current 
smokers) or quitting age (former smokers). The time since 
quitting was defined as the difference between the age 
at which smoking cessation started and the participant’s 
current age. The smoking intensity was defined as the 
average number of cigarettes and pipes/cigars smoked each 
day based on answers to the question, “About how much do 
you/did you smoke on average each day?” The cumulative 
number of pack-years of tobacco exposure was obtained by 
dividing the smoking intensity by 20 and multiplying by the 
duration. The above indicators were all categorized into 
quartiles or quintile for categorical analyses. 

Covariates

Covariates included gender, income, education level, body 
mass index (BMI), alcohol intake, physical activity (PA), 
diet health scores (DHS), history of diabetes (yes/no), and 
history of hypertension (yes/no). Participants’ income was 
categorized into four groups: <$20,000, $20,000–39,999, 
$40,000–69,999, and more than $70,000, all measured 
in AUD. Educational attainment was determined by the 
highest qualification participants had completed, for which 
options included no school certificate or other qualifications 
amounting to less than 10 years of school, high school or 
trade, or a university degree or higher. BMI was calculated 
from self-reported weights from the question, “About how 
much do you weigh?” and heights were based on answers 
to the question, “How tall are you without shoes?” The 
calculated BMI had previously been validated in a sub-
sample of the 45 and Up Study (10). BMI was categorized 
into three groups, according to the World Health 
Organization’s criteria: underweight and normal (15 to 
<24.9 kg/m2), overweight (25.0 to <29.9 kg/m2), and obese 
(≥30.0 to 50 kg/m2). 

Alcohol intake was defined as the number of alcohol 
drinks per week based on the question, “About how many 
alcoholic drinks do you have each week?” Results were 
further classified into four groups: 0, 1–2, 2–14, and 15+ 
units/week. We calculated the metabolic equivalent intensity 

level number of sessions of PA per week and classified them 
into four groups: 0–4, 5–9, 10–14, and ≥15 sessions/week. 
The DHS, as a measure of dietary variety, was calculated by 
determining the sum of discrete food groups as based on the 
recommendations in the Australian Dietary Guidelines (11), 
with a score of 1 for each of the pre-defined food groups 
and a maximum of 7. The DHS was classified into five 
quintiles for analysis. Outdoor time was defined as the hours 
of a day the participants spend outdoors on a workday or 
weekend, based on the questions, “About how many hours 
a day would you usually spend outdoors on a weekday?” 
and “About how many hours a day would you usually spend 
outdoors on a weekday?”.

Outcomes

EOC was defined as the incidence of cataract surgery 
during the follow-up period, occurring before the age 
of 65. Cataract surgery data were obtained by linking 
unique participant identifiers to the MBS database, using 
the Current Procedural Terminology codes for cataract 
surgeries of 42698 and 42702. The follow-up period was 
defined as the time elapsed from the date of the baseline, 
to the date of cataract surgery or December 31, 2016, 
whichever came first. 

Statistical analysis

The person-years incidence rate of cataract surgery, and thus 
cataract, was calculated during the follow-up period. The 
baseline characteristics of the participants were descriptively 
analyzed according to smoking status (never, former, or 
current smokers), and the differences were examined 
using a χ2-test. T-test and χ2-test were used to compare 
the smoking habits between participants who did and did 
not undergo cataract surgery during the follow-up period. 
Cox proportional hazards models were used to assess the 
effects of smoking on the risk of early-onset cataract surgery. 
Hazard ratios (HRs) with 95% confidence intervals (CI) 
were estimated for current and former smokers in total, or by 
gender separately. Those who never smoked were used as the 
reference category. Univariate and multivariate regression 
models were tested: only age and gender were adjusted in 
Model 1, while there was further adjustment for income, 
education level, BMI, history of hypertension, cardiovascular 
disease, diabetes, insulin use, alcohol drinking, PA, and 
dietary factors in Model 2. Univariate and multivariate 
regression models were also tested after adjusting the 
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ethnicity and outdoor time (Table S1).
Missing values for covariates were included for analysis 

as separate categories. We also examined whether the 
association between smoking habits and cataract surgeries 
was modified by gender, surgery year, alcohol intake, PA, 
and income. Sensitivity analyses were also performed by 
restricting the analysis population to only participants aged 
45–50 years at the baseline. All analyses were performed 
using the SAS statistical package (SAS version 9.4; SAS 
Institute, Cary, NC, USA). The significance of variables 
was tested using the likelihood ratio test and a two-tailed P 
value of <0.05 was used as the level of statistical significance 
for all comparisons.

Results

In this cohort of 70,886 participants aged 45–55 years, a total 
of 1,713 participants underwent cataract surgeries during an 
average follow-up period of 625,042 person-years, with an 

incidence rate of 2.74 cases per 1,000 person-years. For all 
baseline participants, 59.9% had never smoked, 30.5% were 
former smokers, and 9.6% were current smokers. Table 1 
shows the characteristics of participants stratified by smoking 
status at the baseline. There were significant differences in 
the distribution of baseline characteristics among different 
smoking statuses (all P<0.001), except for the prevalence of 
hypertension (P=0.565). 

The percentage of all three smoking statuses was higher 
in women. Compared with those who had never smoked, 
current and former smokers tended to have lower incomes, 
and educational attainment. Participants with any smoking 
history were also more likely to engage in less healthy 
dietary habits, and be more likely to have histories of 
strokes or diabetes.

Table 2 presents the smoking habits between participants 
who did and did not undergo cataract surgeries during the 
follow-up period. Among current smokers, participants who 
underwent cataract surgeries had longer smoking durations 

Table 1 Characteristics of study participants, grouped by smoking status at baseline

Characteristics Total
Smoking status

P value
Never Former Current

Gender (%) <0.001

Male 29,447 (41.5) 16,985 (40.0) 9,435 (43.7) 3,027 (44.5)

Female 41,439 (58.5) 25,494 (60.0) 12,167 (56.3) 3,778 (55.5)

Country of birth (%) <0.001

Australia 54,723 (77.2) 32,425 (76.3) 16,897 (78.2) 5,401 (79.4)

Others 15,883 (22.4) 9,891 (23.3) 4,623 (21.4) 1,369 (20.1)

Missing 280 (0.4) 163 (0.4) 82 (0.4) 35 (0.5)

Household income (%) <0.001

≤$20,000 AUD 4,455 (6.3) 2,237 (5.3) 1,201 (5.6) 1,017 (14.9)

$20,000–39,999 AUD 8,156 (11.5) 4,450 (10.5) 2,463 (11.4) 1,243 (18.3)

$40,000–69,999 AUD 15,521 (21.9) 8,875 (20.9) 5,028 (23.3) 1,618 (23.8)

≥$70,000 AUD 32,031 (45.2) 20,331 (47.9) 9,914 (45.9) 1,786 (26.2)

Missing 10,723 (15.1) 6,586 (15.5) 2,996 (13.9) 1,141 (16.8)

Education level (%) <0.001

<10 years 3,988 (5.6) 1,711 (4.0) 1,383 (6.4) 894 (13.1)

High school 42,656 (60.2) 23,949 (56.4) 13,960 (64.6) 4,747 (69.8)

University or higher 23,758 (33.5) 16,526 (38.9) 6,129 (28.4) 1,103 (16.2)

Missing 484 (0.7) 293 (0.7) 130 (0.6) 61 (0.9)

Table 1 (continued)

https://cdn.amegroups.cn/static/public/ATM-21-742-Supplementary.pdf


Annals of Translational Medicine, Vol 9, No 13 July 2021 Page 5 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(13):1077 | http://dx.doi.org/10.21037/atm-21-742

Table 1 (continued)

Characteristics Total
Smoking status

P value
Never Former Current

BMI (kg/m2) (%) <0.001

Underweight and normal 707 (1.0) 429 (1.0) 140 (0.6) 138 (2.0)

Overweight 27,993 (39.5) 17,558 (41.3) 7,567 (35.0) 2,868 (42.1)

Obese 26,965 (38.0) 15,990 (37.6) 8,602 (39.8) 2,373 (34.9)

Missing 15,221 (21.5) 8,502 (20.0) 5,293 (24.5) 1,426 (21.0)

Alcohol intake (%) <0.001

0 units/week 707 (1.0) 429 (1.0) 140 (0.6) 138 (2.0)

1–2 units/week 27,993 (39.5) 17,558 (41.3) 7,567 (35.0) 2,868 (42.1)

2–14 units/week 26,965 (38.0) 15,990 (37.6) 8,602 (39.8) 2,373 (34.9)

15+ units/week 15,221 (21.5) 8,502 (20.0) 5,293 (24.5) 1,426 (21.0)

Physical activity (%) <0.001

0–4 sessions/week 12,477 (17.6) 7,508 (17.7) 3,514 (16.3) 1,455 (21.4)

5–9 sessions/week 20,516 (28.9) 12,596 (29.7) 6,085 (28.2) 1,835 (27.0)

10–14 sessions/week 16,602 (23.4) 10,124 (23.8) 5,124 (23.7) 1,354 (19.9)

≥15 sessions/week 19,908 (28.1) 11,449 (27.0) 6,516 (30.2) 1,943 (28.6)

Missing 1,383 (2.0) 802 (1.9) 363 (1.7) 218 (3.2)

Diet health scores (%) <0.001

Quintile 1 12,245 (17.3) 5,631 (13.3) 4,203 (19.5) 2,411 (35.4)

Quintile 2 14,798 (20.9) 8,645 (20.4) 4,578 (21.2) 1,575 (23.1)

Quintile 3 18,304 (25.8) 11,606 (27.3) 5,440 (25.2) 1,258 (18.5)

Quintile 4 14,922 (21.1) 9,948 (23.4) 4,328 (20.0) 646 (9.5)

Quintile 5 7,215 (10.2) 4,814 (11.3) 2,156 (10.0) 245 (3.6)

Missing 3,402 (4.8) 1,835 (4.3) 897 (4.2) 670 (9.8)

CVD history (%) <0.001

No 68,688 (96.9) 41,339 (97.3) 20,785 (96.2) 6,564 (96.5)

Yes 2,198 (3.1) 1,140 (2.7) 817 (3.8) 241 (3.5)

Stroke history (%) <0.001

No 70,443 (99.4) 42,241 (99.4) 21,463 (99.4) 6,739 (99.0)

Yes 443 (0.6) 238 (0.6) 139 (0.6) 66 (1.0)

Diabetes mellitus (%) <0.001

No 68,264 (96.3) 41,028 (96.6) 20,735 (96.0) 6,501 (95.5)

Yes 2,622 (3.7) 1,451 (3.4) 867 (4.0) 304 (4.5)

Hypertension (%) 0.565

No 56,500 (79.7) 34,028 (80.1) 16,919 (78.3) 5,553 (81.6)

Yes 14,386 (20.3) 8,451 (19.9) 4,683 (21.7) 1,252 (18.4)

y, years; AUD, Australian dollars; CVD, cardiovascular disease; BMI, body mass index.
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Table 2 Smoking habits of participants who did and did not undergo cataract surgery during the follow-up period

Smoking habits Variable
Cataract surgery

P value
Yes No

Current smoker

Smoking duration (years) Mean ± SD 34.0±5.6 32.8±5.6 0.019

Cumulative dose (packs-year) <10 14 (10.9%) 815 (12.2%) 0.445

10–19 27 (21.1%) 1,330 (19.9%)

20–29 21 (16.4%) 1,342 (20.1%)

≥30 65 (50.8%) 3,062 (45.9%)

Missing 1 (0.8%) 128 (1.9%)

Smoking intensity (cig/day) Mean ± SD 17.4±9.6 17.1±8.9 0.663

<10 22 (17.2%) 1,050 (15.7%) 0.881

10–15 45 (35.2%) 2,394 (35.9%)

16–20 30 (23.4%) 1,682 (25.2%)

≥21 31 (24.2%) 1,551 (23.2%)

Age at starting smoking (years) Mean ± SD 17.8±4.8 17.7±5.0 0.767

<13 4 (3.1%) 356 (5.3%) 0.454

13–17 69 (53.9%) 3,600 (53.9%)

18–25 45 (35.2%) 2,243 (33.6%)

≥25 10 (7.8%) 478 (7.2%)

Former smoker

Smoking duration (years) Mean ± SD 16.6±9.5 16.6±9.6 0.896

Cumulative dose (packs-year) <10 243 (44.2%) 9,942 (47.2%) 0.086

10-19 136 (24.7%) 5,238 (24.9%)

20-29 70 (12.7%) 2,808 (13.3%)

≥30 94 (17.1%) 2,931 (13.9%)

Missing 7 (1.3%) 133 (0.6%)

Smoking intensity (cig/day) Mean ± SD 18.2±11.8 16.7±10.6 0.001

<10 95 (17.3%) 4,178 (19.8%) 0.005

10–15 178 (32.4%) 7,328 (34.8%)

16–20 146 (26.5%) 5,521 (26.2%)

≥21 131 (23.8%) 4,025 (19.1%)

Age at starting smoking (years) Mean ± SD 17.8±4.5 17.4±3.6 0.011

<13 21 (3.8%) 633 (3.0%) 0.025

13–17 266 (48.4%) 11,465 (54.5%)

18–25 236 (42.9%) 8,129 (38.6%)

≥25 27 (4.9%) 825 (3.9%)

Table 2 (continued)
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Table 2 (continued)

Smoking habits Variable
Cataract surgery

P value
Yes No

Age at quitting smoking (years) Mean ± SD 34.5±9.3 34.0±9.4 0.262

<25 10 (1.8%) 428 (2.0%) 0.404 

25–34 243 (44.2%) 9,518 (45.2%)

35–44 113 (20.5%) 4,231 (20.1%)

45–54 135 (24.5%) 5,522 (26.2%)

≥55 49 (8.9%) 1,353 (6.4%)

Time since quitting (years) <5 79 (14.4%) 3,284 (15.6%) 0.040

5–14 116 (21.1%) 5,182 (24.6%)

15–24 211 (38.4%) 7,613 (36.2%)

≥25 144 (26.2%) 4,973 (23.6%)

SD, standard deviation.

Table 3 The relationship between smoking habits and early onset cataract surgery risk in the sample population

Event N No. of person years
Model 1 Model 2

HR 95% CI HR 95% CI

Overall

Never 1,035 42,479 374,372 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 550 21,602 190,367 1.06 0.95–1.17 1.07 0.96–1.20

Current 128 6,805 60,303 0.77 0.64–0.93 0.96 0.79–1.16

Male

Never 373 16,985 149,817 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 234 9,435 83,409.3 1.06 0.90–1.25 1.07 0.90–1.27

Current 49 3,027 26,892 0.7 0.52–0.95 0.81 0.59–1.11

Female

Never 662 25,494 224,555 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 316 12,167 106,957 1.05 0.92–1.21 1.07 0.93–1.23

Current 79 3,778 33,411 0.82 0.65–1.03 1.07 0.84–1.36

Model 1 was adjusted for age and gender only. Model 2 was adjusted for age, gender, income, education level, body mass index, history 
of hypertension, cardiovascular disease, diabetes, insulin use, alcohol drinking, physical activity and dietary factors. HR, hazard ratio; CI, 
confidence interval. 

than those who did not (P=0.019). However, no significant 
differences were identified while comparing smoking doses, 
intensities, or age of smoking commencement. Among 
former smokers, participants who underwent cataract 
surgeries were found to have higher smoking intensities 

(P=0.001), older ages when starting smoking (P=0.011), and 
longer times since quitting (P=0.040). Smoking durations 
and the ages at quitting were not significantly different 
between the two groups. 

The relationship between smoking habits and EOC risk 
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is shown in Table 3. In the fully adjusted regression analysis, 
neither current smokers (RR, 0.96; 95% CI, 0.79–1.16) 
nor former smokers (RR, 1.07; 95% CI, 0.96–1.20) showed 
significantly different risks of EOC compared to non-
smokers. A gender-specific analysis and analysis adjusted 
for ethnicity and outdoor time (Table S1) showed similar 
results. As shown in Table 4, the effect of smoking on EOC 
risk was not impacted by gender, surgery year, alcohol 
intake, PA, and income. One exception was that former 
smokers with household incomes between $40,000–69,999 

AUD/year showed significantly higher risks of EOC than 
those who never smoked (RR, 1.29; 95% CI, 1.02–1.64). A 
sensitivity analysis, which included only participants aged 
45–50 years at the baseline, also showed no significant 
differences in the EOC risk between former or current 
smokers with non-smokers (see Table 5).

Discussion

In this large prospective population-based cohort study, we 
reported the incidence of EOC and identified no significant 
associations between smoking and the risk of EOC over a 
10-year follow-up period.

There is a paucity of literature exploring EOC, and 
epidemiological studies determining the incidence of EOC 
are scarce. We reported an incidence rate of 2.74 cases per 
1,000 person-years in our study’s sample, which is much 
lower than the incidence of senile cataracts (7). Given that 
the vast majority of cataracts are predominantly age-related, 
with an increasing prevalence with age, a lower incidence 
of EOC is largely to be expected. However, data on the 
prevalence and incidence of EOC are still lacking and 
should be further investigated in other populations. 

Several previous studies have been performed to explore 
the risk factors for EOC. Some known risk factors include 
sunlight exposure, trauma, steroid use, and diabetes mellitus 
(12-15). Despite the widely reported associations between 
smoking and cataracts, it is unclear from the existing 
literature if this is true for EOC as well.

Pre-existing studies have conflicting findings regarding 
the association of smoking and EOC. Mishra et al. 
retrospectively analyzed data from 287 cataract patients aged 
20 to 49 years. They reported that there was no difference 
in the use of tobacco between patients with idiopathic EOC 
and those with cataracts were associated with organic disease, 
which suggests that smoking may not be a risk factor of 
idiopathic EOC (16). Lesiewska-Junk et al. compared the 
incidence of some cataract risk factors between 106 patients 
from Poland with a mean age of 60, and 103 patients from 
Norway with a mean age of 76. While frequent smoking 
was found in the Polish group (P<0.01) which may be 
suggestive of a positive relationship between smoking and 
EOC (17), it is difficult to interpret given the lack of any 
sensitivity analyses restricted to patients less than 65 years 
of age. Nam et al. reported presenile nuclear cataracts were 
related to the current smoking status (Odds ratio 2.80, 95% 
CI, 1.10–7.12, P=0.0310] and no significant association 
was observed between former smokers and EOC (18). 

Table 4 Multivariable cox regression analyses in subgroups 
stratified by baseline characteristics

Former vs. 
never

Current vs. 
never

P for 
trend

Sex

Male 1.07 (0.90–1.27) 0.76 (0.54–1.06) 0.136

Female 1.08 (0.94–1.24) 1.06 (0.83–1.36) 0.548

Surgery year

2005–2008 0.94 (0.54–1.64) 0.54 (0.16–1.78) 0.596

2009–2013 0.95 (0.80–1.12) 0.77 (0.58–1.03) 0.215

2013–2016 0.97 (0.82–1.14) 1.04 (0.77–1.41) 0.878

Alcohol intake

0 units/week 0.98 (0.77–1.25) 0.98 (0.68–1.42) 0.989

1–2 units/week 1.00 (0.80–1.26) 0.87 (0.55–1.36) 0.821

2–14 units/week 0.94 (0.69–1.28) 0.96 (0.52–1.76) 0.928

15+ units/week 1.13 (0.90–1.42) 0.93 (0.58–1.50) 0.491

Physical activity (%)

0–4 sessions/week 1.06 (0.81–1.38) 0.91 (0.60–1.38) 0.790

5–9 sessions/week 1.14 (0.93–1.40) 0.93 (0.64–1.37) 0.361

10–14 sessions/week 1.00 (0.80–1.25) 1.01 (0.67–1.52) 0.999

≥15 sessions/week 1.09 (0.89–1.34) 0.83 (0.55–1.24) 0.373

Household income (%)

<$20,000 AUD 0.93 (0.55–1.57) 1.02 (0.54–1.94) 0.953

$20,000–39,999 AUD 0.87 (0.59–1.26) 0.97 (0.58–1.60) 0.758

$40,000–69,999 AUD 1.29 (1.02–1.64) 1.04 (0.69–1.56) 0.102

≥$70,000 AUD 1.04 (0.90–1.22) 0.93 (0.67–1.30) 0.753

AUD, Australian dollars. Adjusted for age, gender, income, 
education level, body mass index, history of hypertension, 
cardiovascular disease, diabetes, insulin use, alcohol drinking, 
physical activity and dietary factors.

https://cdn.amegroups.cn/static/public/ATM-21-742-Supplementary.pdf
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Table 5 Sensitivity analysis by restricting to participants aged 45–50 at baseline only 

Event N No. of person years
Model 1 Model 2

HR 95% CI HR 95% CI

Overall

Never 244 17,468 153,907 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 125 8,863 78,114.3 1 0.81–1.24 1.02 0.81–1.28

Current 40 3,195 28,359.8 0.82 0.59–1.15 1.04 0.72–1.48

Male

Never 99 7015 61,810.7 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 44 3487 30,784.4 0.89 0.62–1.26 0.82 0.56–1.20

Current 11 1332 11,848.5 0.53 0.29–1.00 0.5 0.26–1.00

Female

Never 145 10,453 92,096 1.0 (Ref) 1.00–1.00 1.0 (Ref) 1.00–1.00

Former 81 5,376 47,329.9 1.09 0.83–1.43 1.14 0.86–1.52

Current 29 1,863 16,511.3 1.02 0.69–1.52 1.46 0.95–2.23

Model 1 was adjusted for age and gender only. Model 2 was adjusted for age, gender, income, education level, body mass index, history 
of hypertension, cardiovascular disease, diabetes, insulin use, alcohol drinking, physical activity and dietary factors. HR, hazards ratio; CI, 
confidence interval. 

All of the studies mentioned above were limited by small 
numbers and cross-sectional designs, which cannot establish 
causality. Furthermore, it is difficult to draw comparisons 
between these earlier papers and our present analysis due to 
differences in definitions of EOC and measured outcomes. 
That said, our study is, to the best of our knowledge, the 
only prospective population-based study to have specifically 
investigated the association between smoking and EOC risk. 

Previous studies have suggested multiple potential 
mechanisms underlying the positive associations between 
tobacco smoking and cataracts in the general population (6).  

The prevailing theory of accumulated oxidative damage 
may play a crucial role by which smoking promotes 
cataractogenesis. Smokers have been observed to have 
a lower level of zinc in their blood and lens, and an 
accumulation of cadmium in their lens. This may affect the 
activity of superoxide dismutase and decrease the level of 
glutathione and glutathione peroxidase, leading to oxidative 
damage of the lens (19-21). However, smoking was not 
found to be related to the risk of EOC in our study. This 
was supported by other studies which suggested different 
pathological mechanisms existed for senile cataracts 
and EOC, as well as another study which also found no 
significant association between smoking and cataracts 
among diabetic participants (22).

In addition to oxidative stress factors, other possible 
mechanisms may play important roles in the development of 
EOC. Other proposed factors include inflammation, metabolic 
syndrome, and genetics. For example, subjects with diabetes, 
steroid use, high myopia, and ultraviolet light exposure 
have been reported to have a higher risk of EOC (13). We 
speculate that the pathogenesis of EOC is a more complicated 
multifactorial process, and that the role of smoking may have 
been masked by other risk factors not measured in this study’s 
population. Moreover, the biochemical changes associated 
with smoking that mediate cataractogenesis are likely to be 
accumulative in nature, and thus are more likely to be seen in 
age-related cataract rather than EOC, which may be better 
explained by other organic risk factors as outlined above. More 
studies are therefore needed to explore the role of smoking in 
EOC development and progress in multiethnic populations.

The strengths of this study included a population-
based design, a large sample size, a long follow-up period, 
and the availability of multiple smoking statuses and 
covariates. Our study also has some potential limitations. 
Firstly, we could not analyze for the types and stages of 
cataracts due to the unavailability of data. Further studies 
on risk factors of different types of EOC were needed. In 
addition, the use of cataract surgery as an endpoint could 
lead to the omission of some EOC patients who had not 
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undergone surgery. However, our current definition for 
EOC enables us to capture cataracts sufficiently visually 
impairing to require surgical intervention, given that this 
was of the greatest clinical and socioeconomic significance. 
Secondly, the participants’ surgical histories before 2004 
are unknown. However, the exclusion of participants aged 
56 years and over, who were the age group most likely 
to have had cataract surgery performed before 2004 was 
aimed at reducing the bias associated with this limitation. 
Thirdly, the MBS database only included cataract surgeries 
performed in private settings which accounted for the 
majority (72%) of Australian surgeries during the study’s 
period (23). Finally, since smoking was categorized into 
never/former/current smokers at the baseline only, a 
retrospective recall bias existed and subsequent changes in 
smoking habits could not be incorporated. Furthermore, 
all self-reported responses on smoking habits should be 
interpreted with caution as individuals may have invariably 
underrepresented their true smoking history. 

In conclusion, we found no significant association 
between smoking and the risk of EOC in this large 
population-based study with a follow-up period of over 
10 years. This does not minimize the need for smoking 
minimization and cessation for its other health benefits. 
Further research is needed to better understand the 
associations between smoking and EOC.
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Table S1 The relationship between smoking habits and early onset cataract surgery risk, adjusted for ethnicity and outdoor time

Event N No. of person years
Model 1 Model 2

HR 95% Cl HR 95% Cl

Overall

Never 1,035 42,479 374371.7 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 550 21,602 190366.57 1.07 0.96-1.19 1.07 0.96-1.19

Current 128 6,805 60303.02 0.81 0.67-0.98 0.95 0.78-1.15

In Indians

Never 39 1,275 11184.09 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 2 120 1045.68 0.94 0.20-4.43 0.51 0.11-2.34

Current 1 53 470.06 0.92 0.11-7.61 0.88 0.11-7.17

Outdoor time less than mean value (2.8 hours/day) during the workday

Never 749 30,223 266366.85 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 383 14,499 127720.59 1.11 0.98-1.26 1.12 0.98-1.27

Current 70 3,711 32914.18 0.78 0.60-1.00 0.92 0.71-1.19

Outdoor time more than mean value (2.8 hours/day) during the workday

Never 286 12,256 108004.8 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 167 7,103 62645.97 0.97 0.79-1.18 0.97 0.79-1.18

Current 58 3,094 27388.84 0.85 0.64-1.14 0.96 0.71-1.29

Outdoor time less than mean value (5.1 hours/day) on weekends

Never 730 29,106 257092.19 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 346 13,702 121031.53

Current 65 3,884 34515

Outdoor time more than mean value (5.1 hours/day) on weekends

Never 305 13,373 117279.46 1.0 (Ref) 1.00-1.00 1.0 (Ref) 1.00-1.00

Former 204 7,900 69335.04 1.04 0.91-1.18 1.06 0.93-1.21

Current 63 2,921 25788.02 0.68 0.53-0.89 0.83 0.63-1.08

HR, Hazard ratio; CI, Confidence interval. Model 1 was adjusted for age, gender, and ethnicity only. Model 2 was adjusted for age, gender, 
ethnicity, income, education level, body mass index, history of hypertension, cardiovascular disease, diabetes, insulin use, alcohol 
drinking, physical activity, outdoor time, and dietary factors.
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