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Purpose: To assess the impact of cataract in ageing population by evaluating the prevalence, incidence, and background factors of
cataract and cataract surgery.

Patients and Methods: Two health examination surveys representing Finnish population in 2000 and 2011 included 7380 and 5930
participants aged 30 years or older with cataract status known. An 11-year follow-up included 4840 persons who participated in both
the surveys. The data include information on physician-made diagnoses, socio-demographic factors, and lifestyle factors based on self-
reported assessment. Cataract diagnoses and surgeries recorded in the Finnish Care Register for Health Care were linked to the survey
data. Cataract patients were compared to those without cataract using logistic regression. Differences in cataract surgery age were
evaluated using linear regression. Univariable and multivariable models were included.

Results: During 2000-2011, the prevalence of cataract increased from 8.8% to 13.6% and cataract surgery from 5.7% to 8.9% in
a representative sample of the Finnish adult population. Cataract and cataract surgery were associated with age, smoking, and high
alcohol consumption. Cataract was also associated with female gender and low income in 2000, but this association declined during
the 11 years. Smoking and high alcohol consumption were associated with younger surgery age.

Conclusion: The prevalence of cataract and cataract surgery is increasing with the ageing of the population. The increase in cataract
surgery is likely also reflecting the improvements in eye care. The possibility to equally use health-care services throughout a country
can reduce the impact of socio-demographic status. Healthy lifestyle delays the development of cataract, whereas smoking and high
alcohol consumption are associated with earlier cataract development. Therefore, the availability of cataract services and promotion of
healthy lifestyle will be the key to prevent the detrimental effects of cataract on patients and the society in countries where the
population is rapidly ageing.
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Plain Language Summary

Cataract and related visual impairment are associated with various detrimental effects, such as decreased quality of life and increased
risk of accidents. As ageing is the major risk factor for cataract, there is a need to evaluate the impact of the disease on ageing
populations. To improve cataract care, more information is needed on the distribution of the disease and its treatment, as well as the
effects of different background factors on the development of cataract and need for cataract surgery. Therefore, we investigated the
prevalence and incidence of cataract and cataract surgery and their regional distribution in Finland, as well as the association of socio-
demographic and lifestyle factors with cataract, cataract surgery, and cataract surgery age.
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This study showed that the prevalence of cataract and cataract surgery is increasing with the ageing of population. However, the
possibility to equally use health-care services throughout a country can reduce the impact of socio-demographic status. Persons with
healthy lifestyle live longer and show delay in the development of cataract. On the other hand, those who smoke or consume high
amounts of alcohol have a shorter life expectancy, yet they acquire cataract and are operated at a younger age, therefore increasing the
demand for cataract care. By promoting easy and equal availability of cataract care, as well as healthy living habits, the detrimental

effects of cataract and related visual impairment can be prevented.

Introduction
Cataract is the leading cause of visual impairment worldwide, with an estimation of over 13 million persons suffering
from blindness due to the disease.* In Western countries, population ageing and unfavorable changes in lifestyle are
likely to increase the prevalence of cataract and related vision loss in the future.> > In Finnish population, Hirveld et al
reported that among people aged 70 years or over, the prevalence of cataract was 30% and the prevalence of vision loss
caused at least partly by the disease was 18%.°

Cataract is classified into nuclear, cortical, and posterior subcapsular types based on its clinical appearance, all of
which lead to opacification of the lens and subsequent decrease in vision.” Even though permanent deterioration of visual
acuity can usually be prevented by a surgical removal of cataract and replacement by an artificial intraocular lens,
inadequate access to surgical services and high surgery expenses are a common barrier to cataract treatment, particularly
in developed countries.® Therefore, continuous efforts are needed to alleviate the social and economic burden of declined
visual acuity and the subsequent decline in quality of life."”

Ageing is the major determinant of cataract,'® but many population-based studies have also linked various genetic

and environmental risk factors to cataract development, including smoking,'' light exposure,'> alcohol consumption,'?

1415 and high blood pressure.'> The use of drugs such as corticosteroids is also a well-established risk factor for

diabetes,
cataract.'® Despite the current level of knowledge, more information is needed on the distribution and background factors
of cataract and its treatment in order to improve the health services and promotion of healthy living habits in countries
with ageing populations such as Finland.

In this study, our aim was to evaluate the prevalence and incidence of cataract and cataract-related surgery, as well as
the effects of socio-demographic and lifestyle factors on cataract and its treatment in the Finnish adult population. We
used data from two nationwide cross-sectional surveys conducted in 2000 and 2011, complemented with health register
data. To our knowledge, this is the first report describing the effect of socio-demographic and lifestyle factors on the age

when cataract surgeries are performed.

Materials and Methods
Study Population and Design

This study was based on two cross-sectional nationwide health examination surveys, Health 2000 and Health 2011,
conducted by the Finnish Institute for Health and Welfare.'”-'® The first survey was carried out in Finland in 2000-2001,
and the second in 2011-2012. Both the surveys included an identical, comprehensive, self-reported assessment that
included questions on, eg, physician-made diagnoses and treatments, socio-demographic factors, and lifestyle factors.
Both the surveys also included a health examination conducted at a nearby screening center that included measurements
on, eg, height and weight. If the invited participants did not attend the examination, an abridged examination was
conducted at home or in an institution.

The Health 2000 Survey included a sample of 9922 adults aged 18 years or older living in Finland. The sample was
drawn by a two-stage stratified cluster sampling, and persons aged 80 or older were oversampled by doubling the
sampling fraction. The Health 2011 Survey included all living members of the Health 2000 Survey sample, who had not
refused further contacts. For this study, we only included participants aged 30 years or older representing the Finnish
adult population at both the time points. In both the surveys, the sample weights were calibrated by post-stratification,
defined by age, sex, region, and native language to account for non-response and missing data. The unweighted
participation rates were 93% in the Health 2000 Survey and 73% in the follow-up. Separate weights were applied for
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the surveys to produce results representing the Finnish population at different time points. More details on the study
design and sampling have been reported previously.'* '

Information on the region of residence was available for all survey participants and classified according to the five
university hospital districts that represent Southern, Western, Central, Eastern, and Northern Finland, respectively. The
age at death of all participants who died between 2000 and 2011 (n = 1279) was obtained from the Digital and Population

Data Services Agency.

Cataract Status

Both self-reported and register-based data on cataract and its treatment were collected. Self-reported information was
asked at both the time points with an interview question “Has a doctor ever diagnosed you with the following diseases”,
followed by a list including cataract, glaucoma, degenerative fundus changes, and other visual defect or eye trauma.
Participants who reported having a cataract diagnosis were further asked “Have you had an eye operation because of it?”.
The register data were obtained from the Finnish Care Register for Health Care, including inpatient care between 1968
and 2011, outpatient visits between 1998 and 2011, and operations between 1985 and 2011. This register includes
cataract patients who had been operated in public health sector which covers more than 90% of all cataract operations in
Finland. The indications for cataract surgery under the Finnish public healthcare system are: 1) best-corrected visual
acuity in the better eye of <0.5 (20/40); 2) best-corrected visual acuity in the worse eye of <0.32 (20/60); or 3) cataract-
dependent difficulties in everyday life.**

In this study, cataract patients included persons who had self-reported cataract and/or cataract surgery, and those who
according to the register data had a cataract-related diagnosis (International Classification of Diseases codes version 8:
37401-37409, 37871-37872; version 9: 3660-3669, 3793; or version 10: H25-H28, Z96.1) and/or had undergone
cataract-related surgery (Operation procedure codes of Finnish Hospital League: 3623-3628, 3631, 3633; NOMESCO
Classification for Surgical Procedures: CJC, CJD, CJE; or presence of intraocular lens [International Classification of
Diseases codes version 9/10: 3793C/Z96.1]).>* > Participants who had self-reported or register-based cataract surgery
were considered operated. The age at the time of the first cataract-related surgery was obtained for all operated cataract
patients included in the register data.

Socio-Demographic and Lifestyle Factors

Both the surveys included self-reported interview questions on four socio-demographic factors: marital status, education,
income, and occupation. In addition, three lifestyle factors were included: self-reported smoking and alcohol consump-
tion, as well as measured body mass index.

Marital status was categorized as those living in a relationship (married, in a civil union, or living with partner) and
those not living in a relationship (single, divorced or separated, or widowed).

To assess the level of education, the participants were asked if they had received any further education in addition to
basic education, and based on the answers, they were assigned to the following three categories: higher education (a
degree of higher vocational qualification, a lower university qualification, a higher university qualification, licentiate
examination, or doctor’s degree); vocational education (training or technical certificate for courses completed, vocational
school certificate, apprenticeship contract, vocational school [eg, technical school], a technical college qualification, or
special vocational qualification [eg, a mastership examination]); only basic education.

Income was evaluated with the following question: “How would you describe the current balance between income and
expenditure in your household?”. Based on the answer, the following income categories were constructed: insufficient
income (“We have to compromise considerably in our consumption but we can manage with our income” or “We have to
make major compromises in our consumption and despite of that we do not manage with our own income”); limited income
(“We have to some extent to compromise when deciding what we do with the money”); sufficient income (‘“We have more
than enough money to cover our needs” or “There is enough money to cover our needs”).

Occupation was classified into three categories: employee; farmer (farmer or working on a family member’s farm
without salary); other entreprencur or freelancer (other entrepreneur, self-employed professional or freelancer, or working
in a family member’s enterprise without salary).
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Self-reported smoking (cigarettes, cigars, or pipe tobacco) was classified into three categories: daily or occasional
smokers, former smokers (last smoked at least one month ago), and never smokers.

Body mass index was calculated based on measurements of height and weight in the health examinations, and it was
classified as normal (18.5-24.9 kg/m?), underweight (<18.5 kg/m?), or overweight/obese (>25.0 kg/m?) according to the
World Health Organization classification.®

Self-reported alcohol consumption was measured with a beverage-specific quantity-frequency method. Beverage-
specific quantities were first transformed into standard Finnish drinks (12 g of pure alcohol) and then multiplied by the
frequency of the given beverage.'®'” We classified alcohol consumption into high alcohol consumption (>25 g/day), low
consumption (1-25 g/day), and no consumption (0 g/day), as the limit of 25 g/day has been associated with an increasing
risk to various diseases.?’

A healthy lifestyle is relative and may vary greatly among cultures. In this study, we have defined persons with
healthy lifestyle as those who have normal body mass index, are never smokers, and have low or no consumption of
alcohol.

Statistical Analyses

All analyses were performed using R software (v. 3.5.1, R Core Team, R Foundation for Statistical Computing, Austria).
The sampling design in the surveys was accounted for using Survey package 3.37 for R*® and weighting scheme
calculated by the Finnish Institute for Health and Welfare. Persons with missing data in relevant variables were excluded.
The total number of cataract patients and operated cataract patients were estimated using function svyfotal in the Survey
package. Prevalence rates were estimated as the percentage of all participants with known cataract status at each time
point using function svyratio in the Survey package. Using same function, incidence rates were estimated as the
percentage of all participants without cataract or cataract surgery at the baseline. The distribution of participants
according to the socio-demographic and lifestyle variables were estimated using function svytable in the Survey package.
Chi-squared test was used for categorical variables. The Kaplan—Meier estimator (function svykm in the Survey package)
was used to produce the survival curve of all participants. Because age was not normally distributed, Mann—Whitney
U-test was used for the between-group comparisons. The potential association between different socio-demographic and
lifestyle factors with cataract was assessed using age-adjusted Odds Ratios (ORs) with 95% confidence intervals (Cls)
calculated using univariable logistic regression analysis. Univariable linear regression was used to estimate the differ-
ences between subgroups’ ages at the time of the first cataract surgery. For all regression analyses, socio-demographic
and lifestyle factors were dichotomized by using manual stepwise method. Cataract patients were compared to persons
with no cataract, and operated cataract patients to persons with no cataract and unoperated cataract patients. For
controlling confounding factors, multivariable linear and logistic regression models were also created. The models
were evaluated with adjusted R? and Nagelkerke’s pseudo-R?, respectively. The collinearity of the predictors was
assessed using generalized variance inflation factor. All predictors resulted in values below 2, therefore showing no
indication of collinearity. The interactions between predictors were assessed, but they did not improve the final models,
and therefore were excluded. For all analyses, a two-tailed P<0.05 was used as the cut-off point for statistical
significance.

Ethics Approval and Informed Consent

All procedures in the Health 2000 and 2011 studies involving human participants were performed in accordance with the
ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Health 2000 study was approved by the Ethical Committee for
Research in Epidemiology and Public Health at the Hospital District of Helsinki and Uusimaa and the follow-up by the
Coordinating Ethics Committee at the Hospital District of Helsinki and Uusimaa. The ethical approval process details are
discussed in previous publications.'*® All the participants received an information letter regarding the study beforehand.
Two informed consents were obtained at the beginning of the Health 2000 study from everyone: one for the health
interview and the other for the health examinations.'® The participants were provided with appropriate information

concerning the study and asked to sign an informed consent again before the follow-up examination in 2011.%°
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Data Availability
Full study protocol, contact details, publications, and the process for collaborating and data requests can be found on the
website (thl.fi/health2000).

Results

Cataract and Cataract Surgery in Finland

The sample size was 8028 in the 2000 survey, 8006 in the 2011 survey, and 6360 were invited to take part in both the
surveys. Of these sample members, 7380 and 5930 had known cataract status in 2000 and 2011, respectively, and 4840 at
both the time points. Summary of the study population is shown in Figure 1 and more detailed information in
Supplemental Table 1. In 2000, according to the Finnish Care Register for Health Care, 466 survey participants had

a cataract diagnosis and of these, 422 (91%) had been operated. In 2011, the respective numbers were 663 and 629
(95%). When self-reported and register-based cataract information was combined, a total of 796 cataract patients
participated in 2000, of which 521 (65%) had been previously operated. In 2011, 954 cataract patients participated, of
which 677 (71%) had been previously operated. In the 11-year follow-up, 691 participants had incident cataract, 507 had
incident cataract surgery, 253 had cataract at both the time points, and 165 had operated status at both the time points.
Because there were no significant differences in the results when register-based data and self-reported data were
compared, we included both self-reported and register-based cataract in a single group.

The prevalence and incidence of cataract patients in Finland by age and sex is shown in Table 1. The age-adjusted
prevalence of cataract increased from 8.80% (95% CI 8.10-9.50) to 13.57% (95% CI 12.55-14.59) and cataract surgery
from 5.67 (95% CI 5.09-6.25) to 8.92 (95% CI 8.08-9.77) in the Finnish population aged 30 years or older between 2000
and 2011 (P<0.0001). The prevalence and incidence of cataract and cataract surgery increased with age at both the time

Total sample in 2000

n=9922
Age 30 years or older
n = 8028 (54.7%)
Not participated in 2011 Cataract in 2000
Total, n =486 (75.3%) |¢ | All, n =796 (73.6%)
Deceased, n = 417 Operated, n = 521 (72.6%)
(74.8%) Unoperated, n = 275 (75.6%)
Cataract status NA in
2011
Total, n = 57 (79.3%)
Cataract in both time points Incident cataract
All, n = 253 (69.2%) All, n =691 (64.3%)
Operated, n = 165 (72.1%) Operated, n = 507 (63.1%)
Unoperated, n = 18 (50.0%) Unoperated, n = 251 (67.7%)
Cataract in 2011
Cataract in 2011, All, n = 954 (65.6%)
— NA in 2000 . | Operated, n = 677 (65.4%)
Total, n =10 (70.0%) Unoperated, n = 277 (66.1%)

Figure | Number of study participants and percentage of women in the Health 2000 survey and in the follow-up. Final numbers in the Health 2000 survey and in the follow-
up are bolded.
Abbreviation: NA, not applicable.
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Table | Estimated Prevalence and Incidence of Cataract and Operated Cataract (and Total Number of Patients) by Age and Sex in Finland

Age 2000, Cataract, 2011, Cataract, Incidence?, Cataract, N/10,000 2000, Operated, 2011, Operated, Incidence®, Operated, N/10,000
% (N) % (N) Persons/Year % (N) % (N) Persons/Year

All

30-64 1.8 (45,271) 2.9 (64,674) 30 1.0 (24,824) 1.4 (32,702) 15

65-74 20.2 (87,550) 24.4 (116,486) 208 11.5 (49,937) 12.0 (57,465) 99

75-84 41.3 (103,095) 54.2 (149,735) 436 27.9 (69,689) 40.2 (111,140) 324

85+ 60.2 (45,334) 80.5 (68,055) 684 48.2 (36,309) 69.4 (58,688) 553

Total/age-adjusted® 8.7/8.8 (281,250) 12.9/13.6 (398,950) | 121 5.6/5.7 (180,759) 8.4/8.9 (259,995) 79

Men

30-64 1.5 (19,226) 2.6 (28,955) 27 1.1 (13,278) 1.4 (16,060) 15

65-74 14.7 (27,987) 19.8 (43,035) 165 8.7 (16,540) 1.1 (24,341) 9l

75-84 32.7 (27,443) 46.4 (47,698) 356 23.6 (19,767) 34.7 (35,653) 278

85+ 50.9 (9097) 82.6 (17,017) 698 46.9 (8383) 66.4 (13,676) 544

Total/age-adjusted® 5.4/5.5 (83,753) 9.4/10.0 (136,705) 9l 3.8/3.9 (57,968) 6.2/6.6 (89,730) 6l

Women

30-64 2.1 (26,045) 3.1 (35,719) 34 0.9 (11,546) 1.4 (16,642) 15

65-74 24.5 (59,563) 28.2 (73,451) 245 13.7 (33,397) 12.7 (33,124) 105

75-84 45.6 (75,652) 58.9 (102,037) 485 30.1 (49,922) 43.6 (75,487) 352

85+ 63.1 (36,237) 79.8 (51,038) 677 48.7 (27,926) 70.4 (45,012) 556

Total/age-adjusted® 11.6/11.8 (197,497) | 15.9/16.7 (262,245) | 146 7.2/7.3 (122,791) 10.4/11.0 (170,265) | 95

Notes: ®Incidence between 2000 and 201 1, age refers to age in 201 I. *Total incidence not age-adjusted.
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points and in the follow-up (P<0.0001). Although cataract and operated cataract were more prevalent in women at both
the time points and in the follow-up, the sex difference was not statistically significant when adjusted for age.

The percentage of persons with lens-related diagnoses in the Finnish adult population was observed at both the time
points, based on the Finnish Care Register for Health Care data (Table 2). Senile cataract was the most common lens-
related diagnosis (76% in 2000, 72% in 2011), followed by after-cataract (7% in 2000, 13% in 2011) and presenile
cataract (6% in 2000 and 2011). There were no significant sex differences.

The regional prevalence and incidence of cataract was observed at both the time points (Supplemental Table 2). While

the prevalence of cataract and cataract operations was the highest in Eastern Finland, this was statistically significant only
in 2011 among women (P=0.048).

Analysis of the Association Between Background Factors and Cataract and Cataract

Surgery

Socio-demographic status and lifestyle factors of all cataract patients and operated cataract patients in 2000, 2011, and
11-year follow-up are shown by prevalence and incidence in Table 3, and by age-adjusted and sex-stratified univariable

ORs in Tables 4 and 5. More detailed information is shown in Supplemental Figures 1 and 2, including age-stratified

prevalence and survival curves. The following results are based on age-adjusted data.

Operated female cataract patients had more often received lower education compared to unoperated patients in 2011.
Male cataract patients were more likely to have limited or insufficient income compared to those without cataract in
2000. Cataract was most prevalent among female employees when compared to other occupations in 2000. Similarly,
operated female and male cataract patients were more often employees than farmers, entrepreneurs, or freelancers
compared to unoperated patients in 2000.

Male cataract patients showed significantly higher odds for being a current or former smoker in 2011. Similarly,
operated male cataract patients were more likely current or former smokers in 2000 and 2011. Operated female cataract
patients had more likely normal weight than overweight/obesity in 2011 in comparison to unoperated cataract patients.

Based on results concerning cataract incidence during 2000-2011, age-adjusted risk factors for cataract included
limited or insufficient income and smoking among men, and occupation as employee and high alcohol consumption
among women. The probability of having one’s cataract operated was highest among patients with only basic education,
as well as smoking among men and high alcohol consumption among women.

Age, sex, and all evaluated background factors were included in fitted multivariable models, which are shown in
Supplemental Table 3A and 3B. Based on the final models, age was the most significant risk factor of cataract and cataract

surgery. Female sex and low income were significant risk factors of cataract in 2000 and the 2000-2011 follow-up. Female

Table 2 Percentage and Estimated Number of Patients with Lens-Related
Diagnoses in the Finnish Population Aged 30 Years or Older in 2000 and 201 |

2000, % (N) 2011, % (N)
Senile cataract 75.5 (154,020) 72.2 (224,877)
Presenile cataract 6.0 (12,141) 5.8 (18,143)
Complicated cataract 3.8 (7837) 4.0 (12,386)
Traumatic cataract 2.3 (4827) 1.4 (4443)
Infantile or juvenile cataract 1.0 (1998) 0.5 (1429)
Drug-induced cataract 0.7 (1333) 0.5 (1574)
Other disorders of lens 0.6 (1268) 1.2 (3778)
After-cataract 7.3 (14,878) 13.1 (40,784)
Aphakia 2.8 (5706) 1.3 (3871)

Notes: No significant difference was found between sexes. Diagnosis data were acquired from the
Finnish Care Register for Health Care. Lens-related diagnoses were found from 466 participants in the
Health 2000 study and 663 in the Health 201 | study.
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Table 3 Prevalence of Cataract and Operated Cataract by Socio-Demographic and Lifestyle Factors

2000, 2011, Incidence?, 2000, 2011, Incidence?,

Cataract, Cataract, Cataract, % Operated, Operated, Operated, %

%IAge- %I Age- %IAge- %IAge-

Adjusted % | Adjusted % Adjusted % Adjusted %
Marital status, P <0.0001 <0.0001 <0.0001 0.034 0.008 0.009
Living in a relationship 5.4/7.8 9.5/13.2 12.3 3.1/5.0 5.7/8.4 7.8
Divorced or separated 7.5/10.0 11.8/14.2 10.7 5.0/6.7 6.7/8.8 4.9
Widowed 34.0/11.6 46.0/17.0 334 23.8/6.4 35.1/10.2 311
Single 7.8/9.8 8.3/13.5 7.1 5.3/6.5 5.1/9.0 5.2
Education, P <0.0001 <0.0001 <0.0001 0.53 0.002 <0.0001
Basic education 17.0/9.4 27.4/13.5 21.8 I11.1/5.9 20.0/9.4 17.1
Vocational education 6.1/8.9 11.7/13.8 10.8 3.8/5.8 7.3/9.0 6.8
Higher education 3.4/7.8 5.7/12.2 8.2 2.5/5.6 2.9/6.3 39
Income, P 0.20 0.002 0.052 0.34 0.018 0.41
Insufficient income 9.1/11.0 10.1713.9 14.6 5.6/6.8 5.2/8.1 8.7
Limited income 7.6/18.8 10.2/13.0 14.7 4.6/5.5 5.3/7.0 10.3
Sufficient income 7.5/18.7 14.6/13.9 11.8 5.0/5.9 9.4/9.0 7.6
Occupation, P <0.0001 <0.0001 0.003 0.93 0.16 0.001
Employee 7.6/9.1 6.4/12.9 12.1 4.9/5.9 4.7/9.5 7.6
Farmer 19.3/9.2 23.9/10.6 225 12.1/5.8 21.5/8.8 21.0
Other entrepreneur or freelancer 6.5/7.2 7.4/13.5 9.9 4.2/4.7 4.8/8.8 6.6
Smoking, P <0.0001 0.0001 <0.0001 0.080 0.22 0.53
Daily or occasional smoker 2.9/8.0 5.1/13.0 7.3 2.2/6.0 2.9/9.8 4.5
Former smoker 9.5/8.7 14.9/15.5 14.7 6.2/5.8 8.8/9.6 9.1
Never-smoker 11.3/9.2 16.2/13.2 14.9 7.0/5.6 10.4/8.3 10.2
Body mass index, P <0.0001 0.010 <0.0001 0.047 0.002 0.29
Underweight 18.2/11.4 12.2/11.2 8.8 14.4/8.6 5.8/5.7 2.9
Normal weight 6.7/8.1 10.9/13.1 8.8 4.9/5.8 8.1/9.8 6.2
Overweight/obese 9.3/9.4 13.8/13.7 15.2 5.6/5.8 8.5/8.6 10.2
Alcohol consumption, P <0.0001 <0.0001 <0.0001 0.28 0.009 0.018
High alcohol consumption 3.2/7.1 5.8/13.5 82 2.2/5.2 3.4/9.5 5.5
Low alcohol consumption 5.6/9.0 10.1/13.1 11.4 3.4/5.9 5.6/8.1 6.9
No alcohol consumption 20.5/10.6 27.8/14.4 242 13.6/6.6 19.6/9.5 19.9

Notes: Cataract patients were compared to persons with no cataract and operated cataract patients to unoperated cataract patients using chi-squared test. For statistical
analyses, unadjusted prevalence was used. *Incidence between 2000 and 201 I, with parameters in 2000.

sex and single marital status were significant risk factors of cataract surgery in 2000, whereas smoking was a significant risk
factor both in 2000 and the 2000-2011 follow-up.

The mean age at a person’s first cataract-related surgery was 72.0 years (95% CI 70.8-73.1) in 2000 and 71.6 years
(95% CI 71.0-72.1) in 2011, showing no significant change in the mean age. The associations between age at the first
cataract surgery and socio-demographic and lifestyle factors are shown in Table 6, stratified for sex. Female cataract
patients who were single were operated at an older age compared to those living in a relationship at both the time points
and in the follow-up. Cataract patients with higher education level were operated at a younger age compared to those
with only basic education at both time points and in the follow-up. Female cataract patients who had sufficient income
were operated at an older age compared to those with limited or insufficient income in 2000. Cataract patients who were
farmers were operated at an older age, whereas employees were operated at a younger age at both time points and in the
follow-up. Those who were current or former smokers were operated at a younger age compared to non-smokers at both
time points and in the follow-up. This difference was also between current smokers and former or never smokers. In 2000
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Table 4 Age-Adjusted Associations of Socio-Demographic and Lifestyle Factors with Cataract
2000, Men 2000, 2011, Men 2011, Incidence?, | Incidence?,
Women Women Men Women
Single vs living in a relationship 1.22 1.17 0.90 1.01 0.75 1.03
(0.71-1.76) (0.89-1.53) (0.68—1.19) (0.78-1.31) (0.48-1.13) (0.79-1.34)
Higher/vocational education vs only 1.00 1.07 1.24 1.05 0.82 0.86
basic education (0.64-1.56) (0.88-1.31) (0.81-1.91) (0.72-1.52) (0.58-1.15) (0.65-1.15)
Higher education vs vocational/basic 091 0.90 1.03 091 1.19 0.75
education (0.41-2.05) (0.72-1.52) (0.72—1.46) (0.62—1.33) (0.74-1.88) (0.47-1.16)
Sufficient income vs insufficient 0.69 0.74 1.34 0.74 0.76 0.73
income (0.40-1.21) (0.53-1.02) (0.77-2.33) (0.44-1.24) (0.47-1.23) (0.51-1.05)
Sufficient income vs limited/insufficient | 0.66* 0.89 1.35 0.89 0.70%* 0.77*
income (0.46-0.96) (0.76—1.04) (0.82-2.21) (0.64-1.24) (0.50-0.97) | (0.60-0.99)
Entrepreneur/freelancer vs other 0.58% 1.05 1.20 0.96 0.81 0.53%
employment (0.35-0.95) (0.72-1.52) (0.55-2.63) (0.46-2.02) (0.49-1.29) (0.30-0.87)
Farmer vs other employment 1.03 0.67** 0.64 0.57 0.93 0.76
(0.66—1.61) (0.51-0.89) (0.22-1.87) (0.22-1.46) (0.53-1.59) (0.48-1.21)
Employee vs other employment 1.31 1.34* .11 1.49 1.19 1.61%
(0.93—-1.85) (1.03-1.76) (0.44-2.83) (0.72-3.09) (0.81-1.76) (1.13-2.32)
Ever smoker vs never smoker 1.24 1.18 1.87%% .11 1.64%% 1.41%
(0.92—-1.68) (0.85—1.64) (1.26-2.79) (0.80-1.55) (1.16-2.32) | (1.06-1.86)
Current smoker vs former smoker 0.95 0.66 0.75 0.80 1.33 I.11
(0.62—1.46) (0.33-1.32) (0.47-1.20) (0.46-1.39) (0.92-1.94) (0.72-1.73)
Current smoker vs former/never 1.02 0.88 0.97 0.88 1.58% 1.36
smoker (0.68—1.52) (0.48-1.60) (0.59-1.58) (0.53—1.47) (1.08-2.30) | (0.97-1.90)
Overweight/obese vs normal/ 1.15 1.14 1.18 0.93 0.94 1.01
underweight (0.75-1.76) (0.78-1.67) (0.84-1.66) (0.66—1.32) (0.67-1.33) (0.77-1.31)
Overweight/obese vs normal weight 1.19 1.13 1.19 0.92 0.94 1.03
(0.75-1.89) (0.76-1.69) (0.86—1.65) (0.66—1.30) (0.67—1.33) (0.79-1.34)
High alcohol consumption vs low/no 1.32 0.85 1.26 0.71 1.01 2.16%
alcohol consumption (0.73-2.38) (0.08-9.38) (0.80-1.96) (0.21-2.44) (0.66—1.51) (1.06-4.16)

Notes: Odds Ratios (ORs) and 95% confidence intervals were estimated through logistic regression analysis, adjusted for age. All cataract patients were compared to
individuals with no cataract (OR = 1.0). Bolded numbers indicate statistical significance. ®Incident cataract between 2000 and 201 I, with parameters in 2000. *Denotes
statistical significance with P < 0.05. **Denotes statistical significance with P < 0.01.

and in the follow-up, cataract patients with high alcohol consumption were operated at a younger age compared to those
with lower levels of consumption. Finally, based on a fitted multivariable model (Supplemental Table 4), high education,

employee as an occupation, smoking, and high alcohol consumption were associated with lower surgery age in the 2000—

2011 follow-up, whereas being single was associated with higher surgery age.

Discussion
The prevalence of cataract is increasing in Finland, following similar trend in other ageing populations.'*° In previous
literature, the association of cataract with sex has been inconclusive.” In our study, women had a higher overall
prevalence and incidence, although this difference was insignificant after age-adjustment. Furthermore, when adjusted
for all evaluated background factors, this difference in sex was significant only in 2000. Therefore, the higher prevalence
of female cataract patients is related to the higher life expectancy of women. The regional difference in the prevalence of
cataract and cataract operations was relatively even throughout Finland. Somewhat higher prevalence of cataract was
observed in Eastern Finland, where also many other diseases and health conditions are more prevalent in comparison to
other regions of Finland.'”'®

The prevalence of cataract surgery has increased between 2000 and 2011 in Finland. This trend is likely reflecting the
increasing prevalence of cataract, as well as the improvement of eye care in Finland, including better awareness and
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Table 5 Age-Adjusted Associations of Socio-Demographic and Lifestyle Factors with Operated Cataract

2000, Men 2000, 2011, Men 2011, Incidence®, | Incidence?,
Women Women Men Women
Single vs living in a relationship 1.33 1.36 0.96 1.08 0.8l 1.12
(0.77-2.32) (0.91-2.02) (0.74-1.25) (0.84-1.40) (0.48-1.30) (0.81-1.53)
Higher/vocational education vs only 0.98 1.19 1.00 0.96 0.63* 0.83
basic education (0.57-1.67) (0.86—1.66) (0.64-1.57) (0.66—1.40) (0.43-0.91) | (0.60-1.16)
Higher education vs vocational/basic 1.12 1.18 0.88 0.65* 0.81 0.52%
education (0.62-2.04) (0.68-2.05) (0.63—1.22) (0.45-0.94) (0.43—1.45) (0.26-0.96)
Sufficient income vs insufficient 0.72 0.90 1.44 1.06 0.77 0.99
income (0.36—1.45) (0.58-1.38) (0.73-2.82) (0.68-1.67) (0.45-1.36) (0.61-1.62)
Sufficient income vs limited/insufficient | 0.72 1.04 1.45 1.21 0.77 0.83
income (0.46—1.15) (0.79-1.35) (0.86-2.44) (0.81-1.80) (0.54-1.12) (0.61-1.14)
Entrepreneur/freelancer vs other 0.59%%* 1.04 0.81 0.88 0.65 0.70
employment (0.47-0.73) (0.59-1.82) (0.31-2.13) (0.34-2.26) (0.35-1.14) (0.36—1.29)
Farmer vs other employment 1.04 0.59%* 0.75 0.86 1.21 0.96
(0.72-1.50) (0.44-0.79) (0.23-2.52) (0.41-1.77) (0.67-2.12) (0.58-1.57)
Employee vs other employment 1.29* 1.50% 1.34 1.19 .16 1.20
(1.03-1.60) (1.09-2.06) (0.51-3.55) (0.71-2.00) (0.76-1.81) (0.80-1.83)
Ever smoker vs never smoker 1.52% 1.32 1.79%* 1.09 1.78%%* 1.36
(1.05-2.19) (1.00-1.74) (1.19-2.69) (0.83-1.42) (1.21-2.64) | (0.93-1.96)
Current smoker vs former smoker 1.18 0.98 0.67 1.14 1.71% 1.52
(0.84-1.64) (0.43-2.25) (0.45-1.01) (0.55-2.35) (1.09-2.71) | (0.87-2.70)
Current smoker vs former/never 1.37 1.27 0.91 I.16 2. 2% 1.57
smoker (0.97-1.95) (0.69-2.36) (0.60-1.38) (0.65-2.08) (1.35-3.29) | (0.98-2.46)
Overweight/obese vs normal/ 0.76 1.05 0.92 0.71 0.75 0.94
underweight (0.41-1.41) (0.75-1.47) (0.61-1.38) (0.49-1.02) O.51-1.11) (0.67—-1.31)
Overweight vs normal weight 0.75 1.08 0.91 0.69* 0.75 0.92
(0.41-1.39) (0.74-1.57) (0.60-1.38) (0.48-0.98) O.51-1.11) (0.66—1.30)
High alcohol consumption vs low/no 1.18 1.77 1.31 I.16 1.17 2.81%
alcohol consumption (0.64-2.19) (0.17-1.87) (0.55-3.10) (0.14-9.79) (0.72-1.85) (1.09-6.44)

Notes: Odds Ratios (ORs) and 95% confidence intervals were estimated through logistic regression analysis, adjusted for age. All operated cataract patients were compared
to unoperated cataract patients and persons with no cataract (OR = 1.0). Bolded numbers indicate statistical significance. *Incident cataract operation between 2000 and
2011, with parameters in 2000. *Denotes statistical significance with P < 0.05. **Denotes statistical significance with P < 0.01.

improved detection of cataract, and the new Finnish legislation (National Guaranteed Access to Healthcare) in 2005,
obligating cataract operations to be performed within six months after the notification. Because vision can have
a significant impact on the quality of life of a patient, and other diseases and injuries caused by visual impairment
increase the costs of health care, the availability of cataract surgery has a major role in maintaining quality of life and
reducing the burden of health services.*

Low education and low income have been associated with cataract in previous studies.>'* According to our results, even
though cataract patients had received a lower level of education in comparison to those without cataract, this difference was
not significant after adjusting for all background factors. Nevertheless, cataract patients with high education undergo surgery
at a younger age compared to cataract patients with lower education, even after adjusting for potentially confounding factors.
This may be explained that those with high education are working in professions where vision plays an important role and are
likely to seek treatment earlier than those with lower education. The association between low income and cataract became
insignificant between 2000 and 2011, and income showed no significant impact on operation age in 2011. This is most
probably due to the Nordic welfare system attempting to provide equal use of health-care services.

The age-adjusted risk of cataract was the highest among employees in comparison to farmers, entrepreneurs, and
freelancers, although no differences in occupation were found after adjusting for other background factors. Those who were

employees were operated at a younger age in comparison to other occupations, even after adjusting for potential
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Table 6 Difference in the Age at the First Cataract Operation According to Socio-Demographic and Lifestyle Factors

2000, 2000, 2011, 2011, Incidence?, Incidence?,

Men Women Men Women Men Women
Single vs living in a relationship 3.69 5.66%* 0.97 6.18%** 1.81 6.3 |k
Higher/vocational education vs only basic —6.36%*% | —4.18* =5.91%k | —4,52%%* -2.98 —5.43%%*
education
Higher education vs vocational/basic education -2.65 -7.39 -0.84 -6.31*% —-1.75 -3.21
Sufficient income vs insufficient income 0.02 3.52 0.34 -0.84 2.67 -0.12
Sufficient income vs limited/insufficient income 0.31 6.35%* —-0.10 1.46 0.30 1.38
Entrepreneur/freelancer vs other employment -0.53 0.29 -1.31 3.70 —1.05 243
Farmer vs other employment 6.28 4.86%* 9.07%* 5.58%%* 1.07 6.76%%*
Employee vs other employment =3.75%F | 3. 77** -7.04* -5.68%* -0.26 —6.05%4*
Ever smoker vs never smoker -2.43 -7.05*% —4,92%% =5.05%* -2.86 =5.62%%*
Current smoker vs former smoker -8.40* —4.18 —6.29 -2.94 —9.98%%% —6.52%%
Current smoker vs former/never smoker -8.56* —8.99%* -7.92* —6.55%* =9.66%** —8.60%+*
Overweight/obese vs normal/underweight 1.57 0.72 -1.99 -0.67 -0.30 0.90
Overweight/obese vs normal weight 1.57 0.86 -1.99 —0.67 -0.30 0.97
High alcohol consumption vs low/no alcohol -10.65% | —22,82%** —6.59 -10.11 -5.24* —14.37%**
consumption

Notes: The unstandardised B coefficients were estimated through linear regression analysis, showing the magnitude of difference in the age at the first cataract-related
operation according to socio-demographic factors and lifestyles. Bolded numbers indicate statistical significance. *Incident cataract operation between 2000 and 201 I, with
parameters in 2000. *Denotes statistical significance with P < 0.05. **Denotes statistical significance with P < 0.01. **Denotes statistical significance with P < 0.0001.

confounders. This is likely due to the high range of occupations as employees. The high prevalence and incidence of
cataract among farmers can be explained by the higher age in this occupation, as the age-adjusted risk of cataract among
farmers was somewhat low and cataract was operated at older age than in other occupations. Even though outdoor work has
been associated with increased risk for cataract, possibly due to solar radiation exposure, other studies have suggested that

rural setting may provide a healthier environment and living habits that could be protective factors against cataract.>*~*

3336 and therefore are more likely to acquire cataract in

People with healthy living habits are more likely to live longer,
comparison to those with unhealthy lifestyle who are likely to die at a younger age. On the other hand, our results show that
cataract patients with unhealthy lifestyle are operated at a younger age, indicating that they develop cataract earlier than those
with healthy lifestyle. This appears to be true regarding smoking and alcohol consumption but is less evident regarding
unfavorable body mass index. Even after age-adjustment, smoking was a potential risk factor for cataract and cataract
operations among men, and high alcohol consumption among women, supporting similar results in previous studies.'""'* Men
are known to smoke and consume alcohol more than women in Finland, although high alcohol consumption is becoming more
common among middle-aged and older women.'”"'® Therefore, by promoting healthy lifestyle, the increase in the demand for
cataract surgery can be prevented, alleviating the costs and burden of cataract care.

Our study had many strengths. The data were based on two nationwide surveys that addressed public health issues
more comprehensively than national health surveys do on average.'”?® Because of this, our data did not consist of
specific patient groups collected from health-care units, which allows better generalization of the results. Both surveys
had high participation rates, and the loss in the follow-up was relatively small and was further corrected by applying
weights. As high proportion of the study subjects participated in both the surveys, we were able to also evaluate the
longitudinal effects with a relatively long, 11-year follow-up. Furthermore, we were able to use comprehensive Finnish
nationwide health registries to obtain data on cataract diagnoses and operations. The number of cataract operations in
Finland is reliable because of the standardized visual criteria for these operations.**

Our study also had potential limitations. As in many other population-based studies, selective participation may have
caused some bias in the results, although it is likely to be small because the participation rate was quite high in both studies and
because of the nationwide complex sampling design with post-stratification. The interview did not include questions on
whether the patient had uni- or bilateral cataract. However, in most cases, cataract is bilateral and often an asymmetric
disease.” The variation in the age of the participants was large, but we adjusted for age in the analyses.
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Conclusion

In conclusion, the prevalence of cataract and cataract surgery is increasing with the ageing of the population. The
increase in cataract surgeries is also likely reflecting the improvements in eye care. Cataract is associated with age-related
socio-demographic factors, but the possibility to equally use health-care services throughout the country appears to
reduce the impact of socio-demographic status. Healthy lifestyle is not preventing cataract because of the longer life
expectancy, but it delays the development of cataract and need for cataract operations. On the contrary, persons with
unhealthy lifestyle acquire cataract earlier and are operated at a younger age, therefore increasing the demand for cataract
operations. These population-based findings from Finland are likely to apply to most Western countries where population
is rapidly ageing. The availability of cataract services and promotion of healthy lifestyle will be the key to prevent the
decrease of quality of life and increase of health-care costs due to cataract and related impaired vision.
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