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Abstract
Objective—To examine the eVect of á
tocopherol and â carotene supplementa-
tion on the incidence of age related
cataract extraction.
Setting—The Alpha-tocopherol Beta-
carotene (ATBC) Study was a ran-
domised, double blind, placebo
controlled, 2×2 factorial trial conducted in
south western Finland. The cataract sur-
gery study population of 28 934 male
smokers 50–69 years of age at the start.
Intervention—Random assignment to one
of four regimens: á tocopherol 50 mg per
day, â carotene 20 mg per day, both á toco-
pherol and â carotene, or placebo. Follow
up continued for five to eight years
(median 5.7 years) with a total of 159 199
person years.
Outcome measure—Cataract extraction,
ascertained from the National Hospital
Discharge Registry.
Results—425 men had cataract surgery
because of senile or presenile cataract
during the follow up. Of these, 112 men
were in the á tocopherol alone group, 112
men in the â carotene alone group, 96 men
in the á tocopherol and â carotene group,
and 105 men in the placebo group. When
supplementation with á tocopherol and
with â carotene were introduced to a Cox
proportional hazards model with baseline
characteristics (age, education, history of
diabetes, body mass index, alcohol con-
sumption, number of cigarettes smoked
daily, smoking duration, visual acuity, and
total cholesterol), neither á tocopherol
(relative risk, RR, 0.91, 95% confidence
intervals, CI, 0.74, 1.11) nor â carotene
(RR 0.97, 95% CI 0.79, 1.19) supplementa-
tion aVected the incidence of cataract sur-
gery.
Conclusion—Supplementation with á to-
copherol or â carotene does not aVect the
incidence of cataract extractions among
male smokers.
(J Epidemiol Community Health 1998;52:468–472)

Animal studies have shown that deprivation or
overprovision of certain vitamins and micronu-
trients can aVect the development of
cataract.1–6 Several observational studies in
humans have shown an inverse association
between cataract development and multivita-
min supplementation,7 vitamin E or C
supplementation,8 and high plasma concentra-

tions of vitamin E, vitamin C or carotenoids9–11

while other studies have observed no
association.12 Two double masked controlled
clinical trials have been carried out in China to
examine the eVect of vitamin and mineral sup-
plements on the prevalence of end of trial cata-
ract. In one the combination of â carotene,
vitamin E, and selenium had no eVect on the
prevalence whereas in the other multisupple-
mentation with 26 vitamins and minerals
including â carotene and vitamin E reduced
the prevalence among persons aged 65 to 74
years.13

Incidence of cataract is strongly associated
with age.14 Various manifestations and diseases
of aging are believed to be caused by oxidative
damage to tissues15 mediated by free radicals.
In humans complex antioxidative systems pro-
tect against this oxidative damage.16

We present the incidence of age related cata-
ract extractions in the Alpha-tocopherol, Beta-
carotene Study (ATBC Study), which was
originally designed to study the possible
protective eVect of á tocopherol or â carotene
on the incidence of lung cancer. The study was
a joint project of the National Public Health
Institute of Finland and the US National Can-
cer Institute.

Methods in ATBC study
STUDY DESIGN AND POPULATION

Detailed information on study design, meth-
ods, randomisation, characteristics of partici-
pants, measures of compliance, and overall
conduct of the study has been published
earlier.17 The participants (n=29 133) were
recruited in 1985–1988 from the entire male
population aged 51–69 years of 14 geographi-
cal areas in south western Finland. They were
respondents to a postal survey (n=224 377) to
find eligible participants: smokers of at least
five cigarettes per day, and willing to give
informed written consent. Before enrollment in
the study, potential participants were inter-
viewed by a nurse at one of the 14 local study
centres to obtain background information and
further evaluate their eligibility. A chest radio-
graph was taken to exclude prevalent lung can-
cer cases. Men with a history of cancer or seri-
ous disease limiting their ability to participate,
taking supplements of vitamin E, vitamin A, or
â carotene in excess of predefined doses, or
being treated with anticoagulants, were also
excluded. At baseline, dietary intakes of á
tocopherol and â carotene were estimated from
the diet history questionnaire,18 and height,
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weight, and blood pressure measured. Visual
acuity was measured using the Snellen visual
acuity charts without and with the possible
glasses for far vision. A blood sample was
drawn and serum deep frozen from which total
cholesterol, á tocopherol, and â carotene values
were later measured.

The ATBC Study was approved by the
review boards of the participating institutions,
and a data and safety monitoring committee
was convened twice annually throughout the
study to evaluate unblinded data relevant to
safety and eYcacy.

RANDOMISATION

A two by two factorial design permitted the
study of the eVects of two diVerent supple-
ments in one trial. Eligible participants were
randomly (in blocks of eight within each of the
14 study areas) assigned to one of the four
intervention categories: á tocopherol 50 mg/
day (n=7286), â carotene 20 mg/day
(n=7282), a combination of the two (n=7278),
and placebo (n=7287). As a result, half of the
participants received á tocopherol (n=14 564)
and half did not (n=14 569), while half

received â carotene (n=14 560) and half did
not (n=14 573). The dose of á tocopherol was
approximately five times and the dose of â
carotene three times the recommended daily
intake.

SUPPLEMENT DELIVERY AND BLINDING

Capsules contained synthetic dl-á-tocopheryl
acetate (50 per cent powder) or synthetic â
carotene (10 per cent water soluble beadlets),
or both. They were packed in coded blister
pack wallets in calendar format, from which
one capsule was to be taken daily. The partici-
pants made a follow up visit to their study cen-
tre three times a year, when a new individual
pack was dispensed. Compliance was moni-
tored by counts of the remaining capsules at
each visit. Capsule compliance was excellent,
with four of five active (participants coming to
follow up visits) participants taking more than
95 per cent of their capsules and there were no
diVerences in the capsule consumption among
the intervention groups.

All study participants and personnel re-
mained masked as to the intervention assign-
ment of each individual participant throughout
the trial. Persistent yellowing of the skin
(during two thirds or more of the follow up
periods) was reported by 8.8 % of those taking
â carotene, compared with 0.3 % of those who
did not.19

END POINT ASSESSMENT IN CATARACT STUDY

The end point of this study was cataract
surgery. Cases of surgery were identified retro-
spectively through the nationwide Hospital
Discharge Register that covers all public and
private hospitals performing cataract surgeries
in Finland. This registry was available for the
years 1984 to 1992. The register linkage was
based on the use of unique Finnish personal
identification number. Hospital admissions of
men with cataract were first identified using the
International Classification of Diseases (ICD)
codes for presenile (ICD 8th edition code
374,01 until the end of 1986 and ICD 9th code
3660C thereafter) and senile cataracts (ICD
8th code 374,02 and ICD 9th code 3661A).
Thereafter possible cataract surgery was
checked from the surgery codes including ext-
racapsular extraction of a nuclear cataract, ext-
racapsular cataract extraction and implantation
of an intraocular lens (IOL), intracapsular
cataract extraction, intracapsular cataract ex-
traction and implantation of an IOL, and
implantation of an IOL.

If a cataract operation had been performed
before enrollment to the ATBC study in either
eye, the case was excluded (n=199). They were
equally distributed among the four interven-
tion groups. Only the first discharge with cata-
ract surgery during the follow up was accepted
as an end point and possible later discharges
with cataract surgery (fellow eye, re-operation,
etc) were not considered. Follow up of the
cataract study ranged from five to eight years
(median 5.7 years), until death, hospital
admission because cataract operation or 31
December 1992, with a total of 159 199 person

Table 1 Baseline characteristics (median or per cent of total) of the ATBC cataract
surgery study population by intervention category

Characteristic AT ATBC BC Placebo

Number of subjects 7230 7227 7237 7240
Age (y) 57.1 57.3 57.2 56.9
Cigarettes/day 20.0 20.0 20.0 20.0
Years of smoking 36.0 36.0 37.0 36.0
Serum cholesterol (mmol/l) 6.15 6.18 6.15 6.15
Body mass index (kg/m2) 26.0 26.0 25.9 26.0
Diabetes (self reported, %) 4.1 4.6 4.5 3.8
Hypertension (self reported, %) 29.3 29.9 29.6 28.3
Education (over 9 years, %) 22.8 24.1 22.9 23.2
Alcohol (g/day) 11.3 10.8 11.0 10.8
Serum

á tocopherol (mg/l) 11.5 11.6 11.5 11.5
â carotene (µg/l) 168.0 172.0 170.0 172.0

Dietary
vitamin E (mg/day) 10.2 10.3 10.3 10.2
â carotene (mg/day) 1.64 1.68 1.65 1.67

Visual acuity*
without glasses

right eye 0.6 0.6 0.7 0.7
left eye 0.7 0.7 0.7 0.7

with glasses
right eye 1.0 1.0 1.0 1.0
left eye 1.0 1.0 1.0 1.0

AT=á tocopherol alone. ATBC=á tocopherol and â carotene. BC=â carotene alone. *Visual acu-
ity measured with Snellen charts.

Table 2 Number and incidence of cataract extraction in the ATBC study by age
(at baseline)

Age group (y) Number
Incidence /1000 person
years Relative risk 95% CI

50–55 61 2.0 1.0
56–60 110 4.0 2.0 1.5, 2.7
61–65 136 7.8 3.9 2.9, 5.2
66– 118 15.6 7.8 5.7, 10.6

Table 3 Incidence per 1000 person years of cataract extractions in the tertiles of baseline
dietary intakes and serum concentrations of vitamin E/á tocopherol and â carotene among
the placebo group participants of the ATBC study. Relative risks and 95% confidence
intervals are shown for comparisons with lowest tertile (shown in parentheses)

Incidence per 1000 person years

Lowest tertile Middle tertile Highest tertile

Dietary vitamin E 3.03 (1.0) 2.61 (0.9 0.7, 1.1) 2.37 (0.8 0.6, 1.0)
Dietary â carotene 3.13 (1.0) 2.66 (0.8 0.7, 1.1) 2.22 (0.7 0.6, 0.9)
Serum á tocopherol 3.18 (1.0) 2.33 (0.7 0.6, 0.9) 2.53 (0.8 0.6, 1.0)
Serum â carotene 3.00 (1.0) 2.87 (1.0 0.8, 1.2) 2.15 (0.7 0.6, 0.9)
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years. There were altogether 28 934 partici-
pants at the start of intervention in this study.

A total of 425 men with cataract surgery
during follow up were found. Of these, 52 men
(12 per cent) had the procedure because of
presenile cataract and 373 men (88 per cent)
because of senile cataract. The most common
procedure, in 96 per cent of the operations, was
extracapsular cataract extraction and implanta-
tion of an intraocular lens.

STATISTICAL ANALYSES

Statistical analyses focused on estimating the
eVect of the two supplements on cataract
extraction. The intention to treat principle was
used and thus follow up and case ascertain-
ment continued even when a participant
dropped out of the study. Interaction between
the two supplements was estimated using the
proportional hazards model.20 Kaplan-Meier
curves were constructed for cumulative inci-
dences of cataract surgeries separately for á
tocopherol compared with no á tocopherol,

and for â carotene with no â carotene
supplements.21 Two sided nominal p values
were derived from the unweighted log rank
statistics.20 Cox proportional hazards model
was constructed with the time vector as the
interval between randomisation and day of
hospital admission fo a cataract surgery.

Results
At study entry, there were no diVerences in the
possible risk factors of cataract (table 1) among
the intervention groups. Stopping smoking
during the trial was similar in the intervention
groups ranging from 8.9 per cent (á tocopherol
and â carotene alone) to 9.3 per cent (both á
tocopherol and â carotene). Also the propor-
tion of participants leaving the study for any
reason, including death, did not diVer between
the intervention groups ranging from 28.4 per
cent (á tocopherol alone) to 29.4 per cent (â
carotene alone).

A total of 425 men had cataract surgery
because of senile or presenile cataract during
follow up. The incidence of cataract surgery
rose rapidly with age (table 2).

The placebo group (n=7240) was divided
into tertiles with regard to the baseline dietary
intakes and serum concentrations of vitamin
E,á tocopherol, and â carotene. The incidence
of cataract extraction was similar in each tertile
of serum á tocopherol, dietary vitamin E, and
dietary â carotene. High baseline serum â
carotene was suggestive of a lower risk of cata-
ract extraction (table 3).

Table 4 Number and incidence (per 1000 person years) of
cataract extractions by intervention group. Relative risks
and 95% confidence intervals are given for comparison
with placebo)

Intervention group
Number with
cataract surgery Incidence (95% CI)

á tocopherol alone 112 2.82 (1.070.82,1.40)
á tocopherol and â

carotene 96 2.42 (0.920.70,1.21)
â catorene alone 112 2.82 (1.070.82,1.40)
Placebo 105 2.63 (1.00)

Table 5 Relative risk (RR) and confidence intervals (CI)
for cataract extraction obtained from a Cox proportional
hazards model for supplementation with á tocopherol and â
carotene and baseline risk factors for cataract

Risk factor RR 95% CI

Supplementation with á tocopherol (yes/no) 0.91 0.74, 1.11
Supplementation with â carotene (yes/no) 0.97 0.79, 1.19
Age (y)

–55 1.00
56–60 1.61 1.14, 2.28
61–65 2.81 1.95, 4.04
66– 4.81 3.28, 7.06

Total education (y)
–8 1.00
9–12 1.38 1.03, 1.85
13– 2.27 1.59, 3.23

History of diabetes (yes/no) 1.82 1.24, 2.66
History of hypertension (yes/no) 1.00 0.81, 1.24
Body mass index (kg/m2)

–24.4 1.00
24.5–27.6 1.24 0.96, 1.59
27.7– 1.41 1.09, 1.82

Alcohol (g/day)
abstainers 1.00
1–30 1.15 0.82, 1.59
31–60 1.47 0.98, 2.21
61– 1.86 1.13, 3.06

Duration of smoking (y)
–34 1.00
35– 1.16 0.89, 1.51

Cigarettes smoked/day
–14 1.00
15–29 1.03 0.80, 1.32
30– 0.89 0.63, 1.26

Serum cholesterol (mmol/l)
–5.6 1.00
5.7–6.7 0.73 0.56, 0.95
6.8– 0.86 0.65, 1.15

Visual acuity*
–0.32 1.00
0.33–0.66 0.25 0.19, 0.32
0.67– 0.10 0.08, 0.13

*Visual acuity in the worse eye with possible glasses. If no glasses
worn, visual acuity of the worse eye without glasses.

Figure 1 (A) Kaplan-Meier curves for the cumulative
incidence of cataract surgery among participants receiving
á tocopherol (solid line) supplements or not (dotted line)
and (B) among participants receiving â carotene (solid
line) supplements or not (dotted line) in the lower panel.
The steps in lines are 100 day periods of observation.
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The numbers of cataract extractions were
highest in the á tocopherol and â carotene
groups being 112 (1.6%) in á tocopherol and
112 (1.5%) in â carotene groups. The numbers
were lowest in the combined supplementation
group (96 (1.3%)), with the placebo group in
the middle (105 (1.4%)) (table 4).

No interaction was observed between á
tocopherol and â carotene supplementation in
their eVect on incidence of cataract extraction
(p=0.3). The cumulative incidences of cataract
extraction were similar among men who
received á tocopherol or â carotene compared
with the men not receiving á tocopherol or â
carotene, respectively (fig 1). When á tocophe-
rol and â carotene supplementation was intro-
duced into the Cox proportional hazards
model together with the risk factors for
cataract, neither á tocopherol (RR 0.91, 95%
CI 0.74, 1.11) nor â carotene (RR 0.97, 95%
CI 0.79, 1.19) supplementation aVected the
incidence of cataract extraction (table 5). High
age, history of diabetes, high body mass index,
low baseline visual acuity, longer education,
and moderate to heavy use of alcohol increased
the risk of a cataract surgery significantly. No
interaction was found between the supplemen-
tation with á tocopherol or â carotene and the
risk factors for cataract extraction.

Discussion
Our results that á tocopherol or â carotene
supplementation has no eVect on the incidence
of cataract extraction conflicts with findings
from many observational studies showing a
protective eVect of antioxidants on cataract.
Unadjusted confounding with unmeasured risk
factors for cataract is however a major concern
in observational studies. Randomisation in a
controlled trial should balance the unknown
confounding factors evenly across the supple-
mentation groups.

Two placebo controlled clinical trials have so
far been published on antioxidant supplemen-
tation in the prevention of age related
cataract.13 These studies were performed in
regions of China with very low intake of some
vitamins. In the first population a protective
eVect of supplementation with 26 vitamins and
minerals on nuclear cataract was noted in the
65–74 year age group. The supplementation
included â carotene (15 mg/day) and á
tocopherol (60 IU/day). However, no associa-
tion was observed when the whole age range of
45–74 years was analysed. In the second popu-
lation the combination of riboflavin (3 mg/day)
and niacin (40 mg/day) showed a protective
eVect again only among the 65–74 year olds,
but the combination of selenium (50 µg/day), á
tocopherol (30 mg/day) and â carotene (15
mg/day) did not influence the risk of cataract.

The true cataract status in our sample at the
start of the intervention is not known. Visual
acuity can be used as a surrogate for cataract
severity; it was similar with and without glasses
in the intervention groups at baseline. If imbal-
ance in cataract status had existed as a result of
incomplete randomisation, a diVerence in
visual acuity between the groups would be
expected. All risk factors for cataract were

evenly distributed in the intervention groups at
baseline. Thus the distribution of subclinical
cataracts was most probably equal in the inter-
vention groups at the start. Length of educa-
tion diVered between the intervention groups
at baseline—total years of education was
significantly higher in the combination group,
but more or less equal in the á tocopherol
alone, â carotene alone, and placebo groups.
This imbalance may be considered to be a
result of chance.

All participants in the ATBC study were
current smokers at the start of the study. A total
of 6131 participants stopped smoking during
the follow up, and they were equally distributed
across all intervention categories. Previous
studies have suggested that the protective effect
of carotenoids is present in non-smokers but
not smokers.22 Duration of smoking was used
as a covariate in our study. No eVect modifica-
tion was noted and the average duration of
smoking was equal across the intervention
groups.

Diabetes is a known risk factor for cataract,23

and it increased the risk of cataract extraction
in this study. There did not, however, seem to
be any eVect in analyses when adjusting for
diabetes in the Cox models. There were fewer
participants with diabetes in the placebo group
than in the other intervention groups at
baseline, though the diVerence was not statisti-
cally significant. This imbalance in randomisa-
tion could have diluted the possible eVect of
the antioxidants in preventing cataract devel-
opment.

Alcohol consumption was associated with an
increased risk of cataract extraction in our
sample, an association previously recognised.24

Similar but borderline significance in cataract
extraction risk was noticed with increasing
body mass index. The increase in cataract
extraction risk with more education is in
contrast with findings from previous
studies.12 23

Cataract surgery as an end point excludes
cases, in which cataract is present but the
operation not performed for some reason. Our
method of case ascertainment identifies the
most severe cases of cataract, and there is no
plausible reason for it to have biased the ascer-
tainment of cases diVerently across the inter-
vention groups. The incidence of cataract was
lower than in studies where cataract status has
been determined by clinical measurement of
lens opacity.13 On the other hand the incidence
was increased by studying only smokers, who
are known to be at risk for cataract.22 25 The
three major cataract types: nuclear sclerosis,
cortical cataract, and posterior subcapsular
cataract, may not have been represented in the
same proportions in our material as reported in
the literature. ICD classification does not
diVerentiate the cataract subtypes. Posterior
subcapsular cataract is known to aVect visual
performance the most, and surgery becomes
necessary at an early phase of the disease.
Nuclear cataract has been proposed to benefit
most from the antioxidant vitamins.13 23

The Hospital Discharge Registry may be
considered a comprehensive and accurate

Incidence of cataract operations 471
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source of information on cataract extractions,
and all hospitals performing cataract surgeries
in Finland are covered by it. The Registry’s
validity has been tested for stroke and myocar-
dial infarction,26 alcohol related disorders,27

and acute angle closure glaucoma28; the validity
of first diagnosis was 81.2% for stroke, 84.7%
for myocardial infarction, and 91% for five
alcohol related disorders. In the third study
mentioned above the authors found a validity
of 80% for acute angle closure glaucoma in the
Registry in a re-examination of 172 patient
files.

Incidence of cataract surgery was lower
(3.90 per 1000 person years) among those men
with high serum â carotene (highest tertile) at
baseline compared with those with low concen-
tration (lowest tertile) of serum â carotene
(5.97 per 1000 person years). Previous studies
have shown a lower incidence of cataract
surgeries among persons with higher serum
concentrations of á tocopherol.11 No such
trend was present with serum á tocopherol in
this study.

The duration of intervention, doses of study
agents, and inappropriate choice of study
agents are possible reasons for the disparity
between our results and those of earlier studies.
The development of a cataract is a long
process. The median follow up in this study
was 6.1 years, which is long enough for a senile
cataract to progress significantly in this age
group.29 If a favourable eVect of antioxidants
does exist, some or most of that eVect should
have emerged during our intervention. The
doses of á tocopherol and â carotene in the
ATBC study exceeded the dietary intakes
demonstrating a protective eVect in previous
observational studies.22 Some authors have
suggested that carotenoids other than â
carotene are responsible for the protective
eVect in age related cataract.22

Cataract surgery is an imprecise indicator of
cataract, and especially of diVerent cataract
subtypes treated with surgery. Moreover the
eVects of antioxidants may vary across cataract
subtypes. More observational studies and con-
trolled trials are thus called for to elucidate the
significance of antioxidants in the development
of cataract.

This study was supported by the Juho Vainio Foundation, Hel-
sinki, Finland. The ATBC study was supported by Public
Health Service Contract N01-CN-45165 from the Division of
Cancer Prevention and Control, National Cancer Institute of
the United States.
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