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Objective: To determine whether the vitamin/mineral
supplements used in two cancer intervention trials af-
fected the risk of developing age-related cataracts.

Designs Two randomized, double-masked trials with a
duration of 5 to 6 years and end-of-trial eye examinations.

Setting: Rural communes in Linxian, China.

Participants: In trial 1, 2141 participants aged 45 to
74 years, and, in trial 2, 3249 participants aged 45 to 74
years.

Inferventions: Multivitamin/mineral supplernent or match-
ing placebo in trial 1; factorial design to test the effect of
four different vitamin/mineral combinations in trial 2 (retinol/
zinc, riboflavin/niacin, ascorbic acid/molybdenum, and
selenium/alpha-tocopherol/beta carotene).

Main Outcome Measures: Prevalence of nuclear, cor-
tical, and posterior subcapsular cataracts in treatment groups
at end of trials.

Resvulis: In the first trial, there was a statistically sig-
nificant 36% reduction in the prevalence of nuclear
cataract for persons aged 63 to 74 years who received
the supplements. In the second trial, the prevalence of
nuclear cataract was significantly lower in persons re-
ceiving riboflavin/niacin compared with persons not re-
ceiving these vitamins. Again, persons in the oldest
group, 65 to 74 years, benefited the most (44% reduc-
tion in prevalence). No treatment effect was noted for
cortical cataract in either trial. Although the number of
posterior subcapsular cataracts was very small, there
was a statistically significant deleterious effect of treat-
ment with riboflavin/niacin.

Conclusions: Findings from the two trials suggest
that vitamin/mineral supplements may decrease the
risk of nuclear cataract. Additional research is needed
in less nutritionally deprived populations before these
findings can be translated into general nutritional rec-
ommendations.

(Arch Ophthalmol. 1993;1 11:1246-1253)

NITIAL SUGGESTIONS that nutri-
tional status might affect lens
clarity came from studies in
which nutrients were withheld
from the diet of experimental

there is considerable variation between
species in the utilization of various ex-
ogenous nutrients.

In recent years, recognition of the im-
portance of oxidative damage in cataract
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animals. Such dietary restriction studies
and in vitro experiments have impli-
cated a diverse group of nutrients in cat-
aract formation, including protein,
amino acids (most notably tryptophan),
riboflavin, vitamin C, vitamin E, sele-
nium, calcium, zinc, and others.® The
relevance of these findings for human
cataract is unclear because nutrient dep-
rivation has been extreme in the animal
studies, lens changes have not been re-
corded as responses to either acute or
chronic malnutrition in humans, and

formation and suggestions that micronu-
trients with antioxidant capabilities may help
protect the lens from oxidative damage have
stimulated renewed interest in the micro-
nutrient/cataract relationship."*> How-
ever, a seties of observational studies have

See Methods on next page
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METHODS

STUDY POPULATION

Two groups of subjects, aged 40 to 69 years, were recruited
from Linxian, a county in north central China, whose pop-
ulation is affected by chronic deficiencies of multiple nu-
trients and extraordinarily high rates of esophageal can-
cer.*!! Pretrial recruitment and screening identified subjects
with no history of cancer, including 3318 with cytologi-
cally demonstrated esophageal dysplasia (a high-risk char-
acteristic for esophageal cancer) and 29 584 subjects from
the area’s general population who met the eligibility re-
quirements and agreed to participate in randomized nutri-
tional intervention trials."!

RANDOMIZATION SCHEME

In one study, the dysplasia trial, subjects with esophageal
dysplasia from three communes were randomly assigned to
daily use of either two multiple vitamin/mineral tablets (Cen-
trum, Lederle Laboratories Inc, Pearl River, NY) and one
15-mg beta carotene capsule (Solatene, Hoffmann-LaRoche
Inc, Nutley, NJ) or matching placebos (Table 1).

Nutrient dosages of approximately 1.5 to three times
the US recommended daily allowance were selected in an
attempt to shift the mean nutrient status of the nutritionally
deficient population of Linxian to approximately that of the
upper 10% or 20% of the US population.® All micronutri-
ents of potential interest for cataract were included in the
supplement. Distribution of the tablets/capsules began in
May 1985 and continued through April 1991,

In the general population trial, begun in March 1986,
an attempt was made to separate the possible effects asso-
ciated with various micronutrients. Nine micronutrients (which
included those with the greatest potential for affecting cat-
aract risk) were of special interest in the cancer trial because
there was a strong suspicion (usually based on biochemical
evidence) that the Linxian population was deficient in these
nutrients, and there was laboratory evidence suggesting
that each of these nutrients lowered the risk of chemically
induced cancer in experimental animals.

A factorial design evaluating each of the nine nutrients
was impractical, but there was a reluctance to eliminate any
of the nine from consideration. Therefore, the nutrients were
first clustered in the following four vitamin/mineral com-
binations: retinol/zinc (factor A), riboflavin/niacin (factor B),
ascorbic acid/molybdenum (factor C), and selenium/alpha-
tocopherol/beta carotene (factor D) (Table 2). An eight-
group fractional factorial design, a one-half replication of a
2*factorial, was then used. The eight treatment groups rep-
resent the following combinations of the factors: placebo,
AB, AC, AD, BC, BD, CD, and ABCD. As can be seen, one
half of the participants received supplementation with each
of the four vitamin/mineral combinations, so that random-
ized contrasts between the presence and absence of each of
the factors were possible. Although considerations in the

cancer component of the study determined the groupings
of nutrients, each group contained one or more nutrients of
interest for cataract, based on findings from earlier obser-
vational studies.®” The supplements were taken daily.

TABLET/CAPSULE DELIVERY SYSTEM

An elaborate tablet delivery system with numerous quality
control checks was used.*! After participants had been iden-
tified during the screening examination, randomized inter-
vention assignments were made at a data management cen-
ter in the United States and masked tablet distribution logs
were sent to Linxian. The log indicated which of the spe-
cially prepared and labeled bottles available at a central dis-
tribution center in Linxian were to be assigned to subjects.
At the start of the study and each month thereafter, when
village medical personnel collected a new supply of tablets/
capsules [or distribution, one tab was removed from a par-
ticipant’s assigned bottle and affixed to the distribution log
at the central distribution site. A second tab was removed
from the bottle at the time of monthly delivery of tablets/
capsules to participants and affixed to a second distribution
log. When new supplies were delivered, the number of tablets/
capsules remaining in previously dispensed hottles was courted
and recorded.

COMPLIANCE MONITORING

Compliance was monitored by the monthly tablet/capsule
counts on all subjects and by quarterly biochemical assess-
ments of blood samples taken from random samples of ap-
proximately 100 study subjects. Tablet/capsule counts showed
that more than 86% of subjects were taking more than 90%
of their tablets/capsules. Fewer than 5% of subjects were
poor compliers (ie, took <<30% of their tablets/capsules).
Blood biochemical assessments showed marked differences
in mean values of several nutrients between those receiving
and not receiving interventions with the nutrient. The most
marked differences were for serum beta carotene. Mean (£5D)
serum values in the general population trial were 12.0+£0.7
pg/dL and 83.6+3.7 pg/dL for those receiving and not re-
ceiving capsules with beta carotene, respectively.

EXAMINATION PROTOCOL

Special end-of-trial examinations were conducted in March
and April 1991. All eligible persons in the dysplasia trial
who were still living and a subset of persons in the general
population trial who lived in selected villages in one of the
communes were invited to participate. For the general pop-
ulation sample, villages were selected by the data manage-
ment center based on village size, village location, and num-
ber of residents also in the dysplasia trial. Village selection
was not random, but since Linxian County’s population is
so homogeneous, it seems likely that the selected persons
were representative of persons in the larger general popu-

Continued on next page
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lation cohort. The targeted population included 2749
persons in the dysplasia trial and 4656 persons in the
general population trial who were between the ages
of 45 and 74 years at the time of examination.

Eye examinations, sponsored by the National
Eye Institute, were conducted by investigators from
the Peking Union Medical College Hospital,
Beijing, China. Both pupils were dilated with 2.5%
phenylephrine hydrochloride until a minimal pu-
pillary diameter of 6 mm was achieved. The Lens
Opacities Classification System II, which uses pho-
tographic standards for grading cataract type and
severity,was used to evaluate lens status at the slit
lamp.'? The system provides ordinal scores for sep-
arately grading nuclear (NO, NI, NII, NIII, or
NIV), cortical (CO, Ctr, Cl, ClI, ClIII, CIV, or CV),
and posterior subcapsular (PO, P1, PII, PIIL, or PIV)
opacities. A person was judged to have a nuclear
cataract if either eye had a grade of NII or greater,
a cortical cataract if either eye had a grade of ClI
or greater, and a posterior subcapsular cataract if
either eye had a grade of PI or greater. The remain-
ing lens was used to classify persons with unilateral
aphakia.

The lens examinations were conducted by three
senior ophthalmologists. Two of the examiners had
used the Lens Opacities Classification System 1, a
forerunner of the Lens Opacities Classification Sys-
tem 11, in an earlier populationstudy. The examiners
attended training sessions on use of the grading sys-
tem and were certified before the start of data collec-
tion.

STATISTICAL ANALYSIS

Treatment effect on prevalence was analyzed sepa-
rately for the three types of cataract. Persons were
considered to have a specific type of cataract when
that type of cataract was present in either eye, re-
gardless of the presence or absence of other types
of cataract. Analysis was restricted to persons aged
45 to 74 years at the time of examination. Analysis
of treatment effect in the dysplasia trial was done
by assessment of the prevalence odds ratio (OR)
for pooled and age-stratified data. For the general
population trial, we used logistic regression analy-
sis following the approach of Dyke and Patterson'*
and recommended by Cox and Snell.”® The logistic
model allows for inclusion of covariates, such as
age, and for assessment of the significance of inter-
actions. Analysis was done using BMDP program
PLR (University of California Press, Berkeley)." In
this fractional factorial design, two-factor interac-
tions are aliased, that is, the estimate of the inter-
action of factors A and B includes and cannot be
separated from the interaction of factors C and D.**
The three two-factor interactions in this design so
interpreted can be estimated and tested.

Table 1. Daily Dosage of the Micronutrients in the
Supplements in the Dysplasia Trial

Beta carotene (15 mg)
Retinol (10 000 1U) Phosphorus {250 mg)
Alpha-tocopherol (60 1) lodine (300 w.g)
Ascorbic acid (180 mg) tron (54 mg)

Folic acid (800 ug) Magnesium (200 mg)
Thiamin (4.5 mg) Copper (6 mg)
Riboflavin (5.2 mg) Manganese (15 mg)
Niacin (40 mg) Potassium (15 mg)
Vitamin Bs (6 mg) Chioride (14 mg)
Vitamin By (18 pg) Chromium (30 1.0)
Vitamin [} (800 1L} Molybdenum (30 pg)
Biotin (90 ng) Selenium (50 wg)
Pantothenic acid (20 mg) Zinc (45 mg)

Calcium (324 mg)

Table 2. Treatment Factors and Groups, General
Population Trial*

L
Treatment Factor Nutrients
A Retinot (5000 1U), zinc (22 mg)
B Riboflavin (3 mgj, niacin (40 mg)
C Ascorbic acid (120 mg), molybdenum (30 ug)
D Selenium (50 ), alpha-tocopherol (30 mg),

and beta carotene (15 mg)

*Treatment groups were placebo, AB, AC, AD, BC, BD, CD, and ABCD.

provided no conclusive data. Some,*" but not all,? case-
control studies have reported a decreased risk of cataract
with a higher intake or higher blood levels of a number
of micronutrients, including those with antioxidant ca-
pabilities. While the findings from the observational stud-
ies provide some support for the hypothesis of a link be-
tween nutritional status and risk ol cataract, problems
inherent in observational studies have made it difficult to
reach conclusions about whether dietary modifications can
influence the risk of cataract. Of special concern in such
nonrandomized studies of nutrition and cataract are ques-
tions about the possibility of unadjusted confounding. Do
persons who take vitamin/mineral supplements or who
eat better diets differ from others in important but un-
recognized ways that explain the apparent decreased risk
of cataract? Unadjusted confounding and many of the po-
tential biases that can affect observational studies are of
less concern in a randomized clinical trial.

The National Cancer Institute, in collaboration with
the Cancer Institute of the Chinese Academy of Medical
Sciences, has been conducting two double-masked, ran-
domized, nutrition intervention trials in Linxian, China,
since 1986 to determine whether supplementation of the
diet with multiple vitamin/mineral preparations can re-
duce the risk of esophageal/gastric cardia cancer.” In-
cluded in the supplements under investigation are vita-
mins and minerals with the greatest potential for affecting
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age-related cataracts. In March and April 1991, partici-
pants in both trials were recalled for examination. An eye
examination, which included detailed lens evaluations, was
included in the extensive reexamination protocol. The pur-
pose of this article is to report whether use of the sup-
plemuents had affected the risk of developing age-related
cataracts among participants in the two trials.

Eye examinations were done on 2141 persons (78% of
those targeted) in the dysplasia trial and 3249 persons
(70% of those targeted) in the general population trial
who were aged 45 to 74 years. Persons examined in the
dysplasia trial were slightly older and more frequently fe-
male than those in the general population trial (Takble 3).
Persons in the dysplasia trial also weighed less, tended to
have higher systolic blood pressure, and were more [re-
quently in poor health. Within each trial, persons were
very similar across treatiment groups with respect to a num-
ber of characteristics measured at baseline (Table 3).

The prevalence of cataract type by treatment group,
is given for both trials in Table 4. Most persons with
cataracts had a single type of cataract. Only about 15% of
persons with cataract in each trial had mixed opacities.
Cortical cataracts were by far the most common of the
cataract types.

Table 5 presents the treatment effect on the prev-
alence of any nuclear, any cortical, and any posterior sub-
capsular cataract. Nuclear cataract was uncommon in per-
sons aged 45 to 64 years, and posterior subcapsular cataract
was uncommon at all ages. The prevalence of cortical and
posterior subcapsular cataract showed no signilicant as-
sociation with treatment. There was a modest, but non-
significant, benelicial treatment elfect on the prevalence

of nuclear cataract (prevalence OR, 0.80; 95% confidence
interval (CI), 0.57 to 1.12). However, treatment effect dif-
fered significantly by age (homogeneity x?, 5.49; P=.02).
No significant effect was found among persons aged 45
to 64 years, while a significant protective effect yielding
aprevalence OR of 0.57 (95% (I, 0.36 to 0.90) was found
among persons aged 65 to 74 years.

In the general population trial, as in the dysplasia
trial, nuclear cataract was rare in patients younger than
age 55 years, and posterior subcapsular cataract was rare
at all ages (Fable ). Analysis of treatment and nuclear

Table 3. Baseline Characteristics of Subjects Aged 45 to
74 Years at Time of Examination, hy Trial and
Treatment Group*

| R ‘General

Characteristic P M Population Trialt
No. of subjects 1083 1058 382-428
Mean age, y ‘59 : 56-57
Female subjetts ooy 48-52
Mean height,:cm 158 158-159
Mean weight, kg 51 55-56
Mean systolic blood :

pressure, mm Hyg 130 130 126-129
f1k, could not work H 1 9-11
Took madicing regularly 9 7 57
Smoked cigarsttes

regutarly for 6 mo: - 26 28 33-39
Ever diagnosed as

being hypertensive 8 7 5-9
No formal schooling 41 43 41-46

*P indicates placebo; M, multivitamin/mineral. Unless otherwise
indicated, data are percent of subjects.

tRange over general population trial treatment groups as shown in
Table 2.

Table 4. Frequency of Cataract by Type, Trial, and Treatment Group”
B
Cataract Type ;
I Pure Hixed !
Trial and f f 1 Total No.
Treatment Group None c N P CN PC PN PNC of Subjects
Dysplasia trial
Placebo 659 n7 48 4 40 14 1 0 1083
Multivitamin/mineral 647 317 35 1 33 22 0 3 1058
General population- trialt
Placebo 263 106 22 1 22 0 0 0 414
AD 264 100 20 0 24 2 0 2 412
BD 258 e} 12 2 10 3 1 3 382
AB 247 113 13 1 11 1 0 1 387
Ch 267 87 16 1 23 2 i ] 397
AC 279 98 9 1 15 1 0 g 403
BC 283 107 15 3 13 5 1 1 428
ABCD 282 116 9 0 13 4 1 1 426

= Data are number of subjects. C indicates cortical; N, nuclear; and P, posterior subcapsular.
tA indicates retinol and zinc; B, riboflavin and niacin; C, ascorbic acid and molybdenum; and D, selenium, alpha-tocopheral, and beta carotene.
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ot on Prevalence of Nuclear, Cortical, ot Posterior Subcapsular Cataract Amang Persons Aged

ey "

No.(%)of Subjects Prevalence

Treatment . Sublects _ With Cataract 0dds Ratio (95% C1)
M 1058 nen . 0.80 (0.57-1.12)
P 1083 8982 .

Mo 800 2 26 (0.76-2.14)

P o1 25(30) :

M 258 40 (15.5) S DB7TH(036-0.90)
P 8 64 (24.4) .
M 1058 375(354) o 105(0.88-1.26)
P 108 371 (343) o
Mo 1088 @8 . 14075280
P 1083 L

19(18)

*(f indicates confidence interval; M, multivitamin/mineral; and P, placebo.

tSignificant heterogeneity of effect by age: x*=5.49 (1 df); P=.02. Age-stratified analysis also presented.

1P=.01.

cataract was restricted to persons aged 55 to 74 years since
there were only seven persons (0.5%) with nuclear cat-
aract in the younger group. A logistic regression model
that included age, main effects, and two-factor interac-
tions was reduced without significant change in deviance
to a simpler model containing age and the four main treat-
ment effects (A, B, C, and D).

The effect of treatment B was highly significant and
protective, with a prevalence OR of 0.59 (P<..001; 95%
Cl, 0.45 t0 0.79) (Table 7). Treatment effects for A, C,
and D were not significant (P=.05), although treatments
A and C showed similar protective effects (prevalence ORs,
0.77 and 0.78, respectively), and 95% Cls barely in-
cluded unity.

The inclusion of an age/treatment B interaction term
significantly improved the fit of the logistic regression model
(deviance ¥2, 7.0; 1 df; P<.01), with no further signifi-
cant improvement seen by including interactions of other
treatments with age. There was no effect in the younger
group (ages 55 to 64 years), but there was a significant
protective effect for treatment B (riboflavin/niacin) among
those aged 65 to 74 years (prevalence OR, 0.45; 95% ClI,
0.31 to 0.64).

In the general population trial, analysis of cortical
cataract showed no significant treatment effect (Table 8)
on cataract prevalence. For posterior subcapsular cataract
(Table 8), no significant effect was seen for treatments A,
C, and D, but the low prevalence of this cataract type
may reduce the ability to detect an effect. Treatment B
showed a significant deleterious effect (prevalence OR,
2.64; 95% CI, 1.31 to 5.35).

TS ——

Results from the two randomized trials suggest a ben-
eficial effect of nutritional supplements on risk of nu-

clear cataract. The beneficial effect noted for nuclear
cataract in the dysplasia trial was related to age. For
the age group most affected by nuclear cataract (65 to
74 years), there was a statistically significant 36% re-
duction in prevalence of nuclear cataract for those who
received the supplements. In the general population
trial, there was a significant protective effect for nuclear
cataract in persons receiving riboflavin/niacin com-
pared with persons not receiving these vitamins. Again,
the oldest subgroup, those aged 65 to 74 years, bene-
fited the most from treatment (44% reduction in prev-
alence). Beneficial treatment effects for two of the other
three vitamin/mineral combinations (vitamin
C/molybdenum and vitamin A/zinc) approached statis-
tical significance for nuclear cataract.

We found no effect of the nutritional supplements
on prevalence of cortical cataract in either trial. However,
in the general population trial, although the number of
posterior subcapsular cataracts was very small, there was
a statistically significant deleterious effect of treatment with
riboflavin/niacin. No statistically significant effect on pos-
terior subcapsular cataract was noted in the dysplasia trial,
but the effect was in a deleterious direction.

Suggestions of how micronutrients might affect cat-
aract development have come from laboratory observa-
tions. The lens is under constant oxidative stress from
highly reactive forms of oxygen produced by a variety of
external insults, such as exposure to near UV light, or as
products of normal metabolism. These activated forms of

oxygen can damage lens epithelial and fiber-cell mem-

branes as well as lens enzymes important for energy pro-
duction and the maintenance of electrolyte balance within
lens fibers. Enzymatic and nonenzymatic defenses capa-
ble of deactivating the oxygen-containing molecular spe-
cies are present in the lens but are thought to erode with
aging. Naturally occurring antioxidants of potential im-
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Table 6. Prevalence of Cataract in the General Population Trial, by Type of Cataract, Treatment Grg‘mi, and 'ﬂge
Age, y
' 45-74 45-54 55-64 65-74 '
Treatment ENo. of - No. (%) of Suhim:tsI [No. of  No. (%] of Subiectsl IMu. of  No. (%)of Suhiecﬁé - No. of . No. (%) of Subiect;
Group* Subjects With Gataract Subjects With Cataract Subjests With Cataract - Suma.;t;s. : ‘w‘nh‘ Catarael
Nuctear Cataract L
Placebo 414 44(10.6) 178 1:(08) 161 16(9.9) 75 270360
AD 412 46(11.2) 173 0 185 10 (6.4) 8 36(42.9)
BD 382 26 (6.8) 174 1(06) 142 5(35) 86 20 (30,3)
AB 387 25 (6:5) 173 2°(1.2) 137 6 (4.4) . 17 (22.1)
cD 397 40(10.8) 159 0 166 9(5. 4) 72 31 43.1)
AC 403 24 (6.0 172 1 {0:6) 163 3(18 B8 20(29:4)
BC 428 30(7.0) 184 1 (0.5) 159 13(8. 2) 85 16 (18.8)
ABCD 426 24 (5.6) 185 1 {0.5) 163 11.(6.8) 78 12 (15.4)
Gortical Cataract
Placebo 414 128 (31.1) 178 26 {14.6) 161 56(34.8) 75 46 (61.3)
AD 412 128:(31.1) 173 20-(117) 155 56 (36:1) 84 52:(61.9)
BD 382 109 (32.6) 174 19 (10.9) 142 49 (34.5) 86 41(62.1)
AB 387 126 (29.4) 173 24 {13.9) 137 55 (40.2) i 47.(61.0)
oD 397 112 (28.2) 159 7 (10.7) 166 52 (31.3) 72 43(59.7)
AC 403 114 (28.3) 172 0 {11.:6) 163 57 (35.0) 68 37 (54.4)
BC 428 126 (31.4) 184 4 .(13.0) 159 51321 85 51(60.0)
ABCD 426 134 (30.9) 185 0 (16.2) 163 B0 (36.8) 8 44.(56.4)
Pasterior Suhcapsular Cataract
Placebo 414 1{0.2) 178 0 161 1{08) 75 0
AD 412 4(1.0 173 0 155 107 84 3(3.6)
8D 382 9 (2.4) 174 2 (114 142 4(2.8) 66 3(48)
AB 387 3(0.8) 173 0 137 1(0.7) il 2{28)
cD 397 4(1.0) 159 1.(0:8) 166 0 72 3{4.2)
AC 403 2{0.5) 172 14{0.6) 163 0 88 115}
BC 428 10(2.3) 184 3(1.6) 159 2(1.3) 85 5(5.9)
ABCD 426 6 (1.4) 185 1:{0.5) 163 38 78 2{26)

portance include glutathione, vitamin C, vitamin E, and
the carotenoids.

Theoretical explanations of how oxidative damage might
lead to cataract formation, combined with observations that
oxidative damage is indeed an important teature of both
nuclear and cortical cataract, have led to suggestions that
dietary intake of micronutrients with antioxidant capabil-
ities might influence the risk of cataract. Micronutrients with
the greatest potential for influencing antioxidant status were
used in both the dysplasia trial and in the general popu-
lation trial. Of particular interest were vitarin C, vitamin
E, the carotenoids, and riboflavin. The first three are nat-
urally occurring antioxidants; riboflavin was of interest be-
cause its biologically active derivative is the cofactor for the
enzyme glutathione reductase, which is important in main-
taining the cellular pool of reduced glutathione.

While the antioxidant hypothesis may explain a ben-
eficial effect of the supplements, we have no biological
explanation for the possible increased risk of posterior
subcapsular cataract with use of riboflavin/niacin. It is pos-

#A indicates retinol and zinc; B, riboflavin and niacin; C, ascorbic acid and molybdenum; and D, selenium, alpha-tocopherol, and beta carotene.

sible that the finding for posterior subcapsular cataract
was a chance finding, given the number of statistical tests
that were done and the small number of prevalent pos-
terior subcapsular cataracts.

Observational epidemiologic studies have previously
suggested a link between nutritional status and risk of cat-
aract. A study done in India found a decreased risk of nu-
clear, mixed, and posterior subcapsular, but not cortical,
cataracis in better nourished persons.® In that study, the
findings for cortical cataract were significantly different from
those for the other types of cataract. Another case-control
study done in the United States found that high values of
an antioxidant index (determined by the dietary intake of
riboflavin, vitamin C, vitamin E, and carotene) were as-
sociated with a greater than 50% reduction in the risk of
cortical, nuclear, and mixed cataracts.” Unlike the other
two case-control studies, a third case-control study failed
to find any association between cataract and individual nu-
trient variables obtained from dietary interviews or biochem-
ical testing of blood specimens.®
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Table 7. Treatment Effect on Prevaience of Nuclear
Cataract Among Persons Aged 55 fo 74 Years, General
Papulation Trial, Using Logistic Regression (N=1851)*
BN ]
Estimated Proportion of
Subjecis With Cataract
13 1
Treatment - Treatment Prevalence
Treatmentt Present Absent Odds Ratle (95% CI)
A 0.120 0.151 0.77 {0.58-1.02)
B 0:107 0.169 0.59% (0.45-0.79)
Aged
5564 v§ 0.0577 0.0581 0.99 (0.62-1.59)
Aged
65-74 y§ 0.213 0.378 0:45% (0.31-0.64)
¢ 0.121 0.150 0.78 (0.59-1.04)
D 0.146 0.125 1.19 (0.80-1.59)

*Subjects aged 45 to 54 years were omitted since the prevalence of
nuclear cataract in this age group was only 0.5% (seven of 1398). Cf
indicates confidence interval.

tA indicates retinol and zinc; B, riboflavin and niacin; C, ascorbic acid
and molybdenum; and D, selenium, alpha-tocopherol, and beta carotene.

tP<.001.

§Significant age and treatment B interaction in logistic regression
analysis, age-stratified results are also presented.

Table 8. Treatment Effect on Prevalence of Cortical and
Posterior Subcapsular Cataract Among Persons Aged
45 to 74 Years, General Population Trial, Using
Logistic Regression
AR
Estimated Proportion of
Subjects With Cataract
I 1 Prevalenge
Treatment Treaiment Odds Ratio (95%
Treatment® Present Absent Gonfidence Interval)
Cortical
A 0.342 0.325 1.08(092-127)
B 0.342 0.395 1,08 (0.92-1.27)
¢ 0.325 0.342 0.92(0.79-1.09)
D 0.330 0.338 0.96:(0.82-1.13)
Posterior Suhcapsular
A 0.008 0.013 0.59 (0.31-1.14)
B 0.016 0.006 2.64t (1.31-5.35)
¢ 0.011 0.009 1.25 (0.65-2.38)
D 0.013 0.008 1.56 (0.81-3.00)

*A indicates retinol and zinc; B, riboflavin and niacin; C, ascorbic acid
and molybdenum; and D, selenium, alpha-tocopherof, and beta carotene.
1P=.007.

A major strength of our study was the random-
ized, double-masked design. Randomization resulted in
a balance of the treatment groups with respect to a va-
riety of known factors. Given the large sample size, the
randomization should also have resulted in balance be-
tween treatment groups for other unrecognized, and
therefore unmeasured, potential confounding variables
and for baseline prevalence of cataract. Masking of
study participants and study personnel about treatment
assignments further minimized the potential for bias.

Tahle 8. Baseline Characteristics of Persons Examined
and Not Examined, by Trial
o I O A e e S PEEEEY
General Population
Dysplasia Trial Trial
i 1 i

Bageline Not Not
Characleristic Examined Examined Examined Examined
No. of subjects 2141 608 3249 1407
Mean age, v 59 60 57 58
Female subjects, % 58 60 49 58
1. could not-work;

%.of subjects 11 14 10 13
No formal schooling,

% of subjects 42 49 43 51

An unusual additional advantage of the study was our
ability to compare treatment effects ohserved in two
separate trials. The similarity of findings across the two
studies strengthens the likelihood that the treatment ef-
fects are real.

Adherence to treatment assignments was excellent
as monitored by pill counts and biochemical monitoring.
Random periodic blood collections showed clear separa-
tion in the distributions of serum beta carotene between
those receiving and those not receiving the nutrient. Beta
carotene was a particularly appropriate marker for com-
pliance because baseline levels of this nutrient are low in
the Linxian population.

Interpretation of the results also requires recogni-
tion of the study’s limitations. The study was done in a
population with chronic deficiencies of multiple nutri-
ents.” While such a population might afford the best chance
of demonstrating a treatment effect, if use of any of the
supplements had an effect, the results might not be gen-
eralizable to better nourished populations. Another po-
tential problem is that only about 70% of the participants
who were targeted for examinations had eye examina-
tions. The numbers not examined did not vary by treat-
ment assignment in either of the trials, but, as a group,
those subjects not examined tended to be slightly older
than those subjects examined and were more likely to be
female, to not have attended school, and to not work be-
cause of illness (Table 9).

If treatment effects were different for examined and
nonexamined participants, the results could have been af-
fected. Also, since eye examinations were conducted only
at the end-of-study examination, we have no way of know-
ing the prevalence of cataract in the population at the start
of the study. Thus, the results could have been affected by
a failure of the randomization process to balance the prev-
alence of cataract across treatment groups at the time of
randomization. Finally, the intervention may have come
too late in the disease process or may have been applied
for too short a period to have demonstrated an effect on
risk of cortical or posterior subcapsular cataract.
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The totality of evidence from the two trials suggests
that use of the vitamin/mineral supplements decreased
the risk of nuclear cataract. However, until the results from
other studies in less nutritionally deprived populations
are available, it would be premature to translate these find-
ings into nutritional recommendations for the US
population.
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