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ABSTRACT Vitamin A supplementation of popula-
tions of vitamin A—deficient preschool-age children has
been shown to reduce childhood mortality, but the pri-
mary preventive effects of such supplements on child-
hood infectious diseases have not been carefully eval-
uated. We conducted an individually randomized, pla-
cebo-controlled, double-masked trial among 1,407
Indonesian preschool-age children, to measure the ef-
fects of high dose vitamin A on acute respiratory and
diarrheal ilinesses. Signs and symptoms of morbidity
were monitored using every other day home surveil-
lance by trained interviewers. High dose vitamin A sup-
plements increased the incidence of acute respiratory
ilinesses (ARI) by 8%, and acute lower respiratory ill-
nesses (ALRI) by 39%. These detrimental effects on
acute lower respiratory ilinesses were most marked in
chiidren with adequate nutritional status (rate ratio
1.83, 95% confidence interval 1.257-2.669). In con-
trast, vitamin A tended to be protective of ALRI in
chronically malnourished children (rate ratio 0.71, 95%
confidence interval 0.375-1.331). There was no overall
effect of high-dose vitamin A supplements on the in-
cidence of diarrheal disease (rate ratio 1.06, 95% con-
fidence interval 0.920-1.225). However, we found a
significant interaction between supplementation and
age: vitamin A increased the incidence of diarrhea in
children <30 mo of age, but tended to reduce the in-
cidence in older children. The finding of a significant
adverse effect of vitamin A supplements in adequately
nourished children highlights the need to review the
criteria for selecting populations of preschool-age chil-
dren for vitamin A supplementation. J. Nutr, 126:

® vitamin A deficiency e vitamin A supplementation
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Vitamin A deficiency is a major nutritional defi-
ciency among preschool-age children from the devel-
oping world with ~ 14 million having had eye damage
from vitamin A deficiency and over 190 million being
at risk of vitamin A deficiency (ACC/SCN 1993). Pro-
spective, controlled community trials of vitamin A
supplementation in deficient populations have dem-
onstrated an average reduction in childhood mortality
of 23 (Beaton et al. 1993) to 30% (Fawiz et al. 1993,
Glasziou & Mackerras 1993). However, the mecha-
nisms by which vitamin A supplementation reduces
childhood mortality are less clear.

It has been hypothesized that vitamin A supple-
ments decrease all-cause childhood mortality by a re-
duction in infectious diseases, the intermediary steps
to most childhood deaths in developing countries. This
hypothesis originated from three sets of observations:
1) laboratory studies that documented a decreased re-
sistance to infection in vitamin A-deficient animals
(Nauss 1986); 2) a series of longitudinal observational
studies (Bloem et al. 1990, Milton et al. 1987, Sommer
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et al. 1984) that reported an increased risk of acute
respiratory illness (ARI) and possibly of diarrhea in
vitamin A-deficient children; and 3) an intervention
trial in Aceh, Indonesia (Sommer et al. 1986} that
demonstrated a 34% reduction in preschool child
mortality following supplementation with high dose
of vitamin A.

Most of the prospective trials designed to test the
above hypothesis failed to demonstrate a primary pre-
ventive effect on the incidence of childhood infectious
illnesses (Abdeljaber et al. 1991, Barreto et al. 1994,
Bhandari et al. 1994, Ghana VAST Study Team 1993,
Rahmathullah et al. 1991, Stansfield et al. 1993, Vi-
jayaraghavan et al. 1990). The supplementation trial
conducted in Ghana (Ghana VAST Study Team 1993),
although unable to demonstrate any impact on the
prevalence of diarrhea or acute respiratory illness, did
report reduced clinic visits and hospitalizations of vi-
tamin A-supplemented children. The trial conducted
in Brazil (Barreto et al. 1994) reported a beneficial ef-
fect of supplementation on episodes of severe diarrhea.
The trial from India (Bhandari et al. 1994) reported a
reduced incidence of measles in children <23 mo but
no effect on the incidence of diarrhea and acute re-
spiratory illness.

In a population of rural Indonesian preschool chil-
dren with a high prevalence of subclinical vitamin A
deficiency, we conducted a study which aimed to assess
the role of high dose vitamin A supplementation in
the prevention of common childhood illnesses. The
primary study hypothesis was that the incidence and
severity of acute respiratory illness and diarrheal dis-
ease would be less in children supplemented with vi-
tamin A every 4 mo.

SUBJECTS AND METHODS

Study population. The study was carried out in
34 rural villages located on the southern coast of Cen-
tral Java, Indonesia. A census conducted in 25 of these
villages in September, 1989, identified a total popu-
lation of 14,350 with 762 children aged 6-47 mo. In
December, 1990, an additional nine villages were
added resulting in a total of 1036 children who were
age-eligible for the trial.

Written informed consent was obtained from the
guardians of all study subjects. Meetings with village
leaders and a program of community education about
the study supplemented the informed consent process.
The protocol was reviewed and approved by the Com-
mittee on Human Research, The Johns Hopkins Uni-
wersity, School of Hygiene and Public Health, the In-
donesian National Vitamin A Research Steering Com-
mittee and the Committee on Ethics in Human
Biomedical Research of the Faculty of Medicine, Gad-
jah Mada University.

Randomization and supplementation. Children
aged 6-47 mo were randomly allocated to receive ei-
ther vitamin A or placebo on their entry into the study
and the same treatment every 4 mo thereafter. At the
start of each cycle, the children were examined and
those with evidence of chronic illnesses (cerebral palsy,
flaccid paralysis, mental retardation, epilepsy, con-
genital or rheumatic heart disease} were permanently
excluded; those with weight-for-height more than 3.00
sD below the WHO growth reference mean (Dibley et
al. 1987} or acute xerophthalmia were excluded for
one cycle and treated with high dose vitamin A.

Randomization of the treatments was done with a
1:1 allocation ratio in blocks of eight, based on a table
of random permutations of integers (Cochrane and
Cox 1950). The treatments were administered in a
fixed geographic pattern with the blocking designed
to ensure balance of groups by village and distance
from health services. All investigators, field and lab-
oratory staff, and participants were masked to the
treatment code.

The dose of vitamin A administered to children
< 12 mo of age was 107 umol (103,000 1U) retinyl ester
plus 40 umol (17 1U) vitamin E {all-rac-a-tocopherol)
in oil, while older participants received 214 umol
(206,000 1U) vitamin A ester plus 84 umol {37 1U) vi-
tamin E in oil. The placebo capsules contained the
same oily base and either 40 or 84 umol vitamin E
depending on the age of the subject. The capsules were
packaged in opaque blister packs with a unique treat-
ment code. The oily contents of the vitamin A and
placebo capsules were of similar taste and color. A
quantitative laboratory analysis of a random sample
of capsules revealed 99.7% potency of the vitamin A
after 2 y of field storage.

Data collection procedures. Data were collected
during six treatment cycles. Before the start of these
cycles, the census was repeated to identify new, age-
eligible children for the trial. The date of birth data
were gathered by checking birth certificates and village
birth registries. Detailed socioeconomic information
was collected at the start of each child’s 1st cycle.

Special village clinics were conducted at which chil-
dren enrolling or active in the study had a physical
examination, anthropometric measurements collected,
immunization status assessed, blood samples collected
and trial treatments administered. The field pediatri-
cians used standardized diagnostic algorithms based
on history and physical examination to identify chil-
dren with chronic illnesses. The ophthalmologists used
the standardized diagnostic criteria of the World
Health Organization (WHO 1982) to identify children
with xerophthalmia. Trained anthropometrists mea-
sured the child’s weight to the nearest 0.1 kg with a
hanging Salter scale (Salter Industrial Measurement,
West Midlands, UK) and the child’s recumbent length
(or stature for children > 24 mo) to the nearest 0.1 cm
using a portable calibrated board. Anthropometric
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procedures were standardized (Habicht 1973) at the
start of each treatment cycle. The child’s immuniza-
tion status was ascertained by questionnaire and ex-
amination of local health center records. Serum retinol
was measured before treatment at the start of the 1st
cycle, and again during the 6th cycle.

Morbidity data were collected by trained inter-
viewers who visited the children at home every other
day to record symptoms of diarrhea and acute respi-
ratory illnesses using standardized precoded forms.
The longest recall period allowed was 4 d. An anthro-
pologist had conducted focus group discussions and
in-depth interviews with village women to identify
local Javanese terms for symptoms and childhood ill-
nesses. The interviewers were retrained regularly and
their work was monitored independently by a super-
visor. During each treatment cycle a sample of ~ 1%
of trial subjects was selected for independent same-
day reinterview by a supervisor.

Children with cough had minute respiratory rates
counted twice using an electronic audible timer {Mi-
cronta, Tandy Corporation, Hong Kong). At the start
of each cycle, the respiratory rate measurements were
standardized with a method similar to that used for
the anthropometric measurements. Children reported
to have cough or fever had their axillary body tem-
perature measured to the nearest 0.1°C using a digital
thermometer with an audible alarm (Becton Dickin-
son, Rutherford, NJ). Children with diarrhea had a
stool sample collected.

Case definitions. Episodes of diarrhea were de-
fined as adjoining days for which the child was re-
ported to have three or more loose stools per 24-h pe-
riod. They were ended by two or more symptom-free
days or missing data days. Episodes of acute respira-
tory illness (ARI) were defined as two or more adjoin-
ing days for which the child was reported to have
cough. They were ended by three or more symptom-
free days or missing data days. This definition of ARI
includes most upper respiratory tract infections except
for nasal discharge or sore throat alone. It also includes
lower respiratory tract infections and children with
prolonged chronic cough. Episodes of acute lower re-
spiratory illness (ALRI) were defined as periods of two
or more adjoining days for which the child was re-
ported to have cough and during which there was at
least one elevated respiratory rate measurement. As
in earlier epidemiological studies of acute respiratory
tract infections in children (Selwyn 1990), 50 respi-
rations per minute defined an elevated respiratory rate
for all age groups. The episodes were ended by three
or more cough-free days or missing data days. This
definition of an episode of ALRI was similar to the
diagnostic algorithm described in the World Health
Organization case management guidelines for pneu-
monia (WHO 1990).

Laboratory procedures. Blood samples were col-
lected by ante-cubital venipuncture into a capped col-

ored glass tube, then centrifuged at 1000 X g for 10
minutes and the serum pipetted before transportation
on ice on the same day to the laboratory. The retinol
levels were assayed by HPLC using standard methods
(Arroyave et al. 1982). The within-assay coefficient of
variation for the retinol analyses was < 5%.

Data monitoring. After 12 mo of data collection,
an effects-monitoring committee reviewed the data for
evidence of acute side effects following treatment and
the effect of treatment on cough and diarrheal disease
episode rates. Although small differences (not signif-
icant) were found between the treatment groups for
some of these outcomes, the committee recommended
that the study be continued.

Data management and statistical analysis.
Field and laboratory data were collected on precoded
forms that were subject to a system of editing before
data entry. The dSURVEY (Corner 1989) software was
used for data entry and data cleaning. A computer
program that employed user-defined diagnostic criteria
to count episodes of diarrhea, ARI, ALRI and their
associated person-time denominators from daily
symptom data for each child. The person-time de-
nominators for the incidence rates were counts of the
observed days at risk between episodes and excluded
the days the child had symptoms of that illness. Thus,
these counts of person-time denominators were cal-
culated separately for each of the major trial outcomes.
Episodes beginning before the start of a treatment cycle
were excluded from the count of events for that cycle.

Data analyses were carried out on microcomputers us-
ing SYSTAT (Wilkinson 1990} and SAS (SAS 1991) sta-
tistical software. Anthropometric indicators were calcu-
lated using the World Health Organization international
growth reference (Dibley et al. 1987) with computer sub-
routines provided by the U.S. Centers for Disease Control.
Base-line differences between treatment groups were
tested by X? test for general association and for trend.

Parametric Weibull survival models, with each ob-
servation being one time-to-event (or censoring) for each
child in each cycle, were fitted to estimate the effects of
vitamin A on morbidity while allowing for adjustment
of covariables that change within a cycle or from episode
to episode. The generalized estimating equations method
(Zeger and Liang 1986) was modified (Moulton 1993)
to adjust the variance and confidence interval estimates
from the parametric survival model to take account of
the correlated longitudinal data collected in the trial.
Interaction terms in the models were assessed by the
Wald test. Differences between treatment groups were
judged to be significant at P < 0.05.

Incidence curves by age were adjusted for the effects
of the treatment cycle (season) and the number of cy-
cles the child had participated in the trial. The rate
levels were determined using the child’s 1st cycle in
the trial and the average effect over all treatment cy-
cles. Finally, the data were smoothed using four-knot
restricted cubic splines (Harrell et al. 1988}.
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RESULTS

Participation and compliance. A total of 1405
children were allocated a treatment, and on average
782 participated in each cycle with 386 in the placebo
and 396 in the vitamin A group. The number of chil-
dren age-eligible for the trial, the number treated, and
losses before and after treatment are detailed for each
cycle in Table 1. An average of 9% of the families
declined to participate. Compliance was equally high
in both treatment groups, and on average 89% of the
age-eligible children received a treatment. On average
4.6% of the children migrated and 3.5% withdrew be-
fore completion of the treatment cycle. Morbidity
surveillance was completed by 96% of the placebo and
97% of the vitamin A group. Less than 2% of the daily
morbidity records were missing, mainly due to tem-
porary absences.

Characteristics of the treatment groups.
Demographic, clinical and nutritional characteristics
at the start of the 1st cycle were similar for both groups
(Table 2). Furthermore, the groups remained balanced
by these characteristics at the start of each of the other
five treatment cycles (data are not presented).

Based on commonly used criteria (WHO 1982), the
study population can be characterized as having a high
prevalence of subclinical vitamin A deficiency but a
low prevalence of clinical vitamin A deficiency. Serum
retinol measurements taken from 97% (n = 682) of
the children enrolled in the 1st cycle revealed that 6%
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had very low serum retinol {<0.35 umol/L) and 52%
had moderately low serum retinol {0.35-0.69 umol/
L). Serum retinol measurements taken from 74%
(n = 629) of the children who were active during the
6th cycle (31% of these children were in the 1st cycle)
demonstrated a response to treatment. The mean
serum retinol of the vitamin A group (0.89 + 0.255
umol/L, mean + sp) was 24% higher than in the pla-
cebo group (0.71 + 0.228 pmol/L). Furthermore, 56%
of the placebo group had a serum retinol <0.70 umol/
L compared with 32% from the vitamin A group. The
prevalence of low serum retinol at base line and in the
placebo group exceeds the World Health Organiza-
tions’s criteria to define vitamin A deficiency as a pub-
lic health problem (WHO 1982). Eye disease was
largely absent with only one case of Bitot’s spots and
no cases of corneal ulceration in trial subjects.

Based on standard anthropometric definitions (Wa-
terlow et al. 1977), a similar proportion of children
was malnourished in each of the treatment groups.
Stunting affected a far larger proportion of trial sub-
jects than did wasting {Table 2). Immunization cov-
erage was balanced by treatment group in cycles 2-6
(Table 2). Seventy percent of the children were re-
ported to have been vaccinated against measles.

There were no significant differences between the
treatment groups in the proportion of days the children
were ill with cough or cough and elevated respiratory
rate during the 2 wk prior to the start of trial. How-
ever, the children in the placebo group reported a

TABLE 1
Enrollment and retention of study participants

Treatment cycle

1 2 3 4! 5 6

Age-eligible for study, n 762 739 732 1036 1116 1031
Agreeing to study, % 98 97 90 91 85 85
Losses before treatment

Migrated, n 13 2 3 8 5 7

Withdrawal of consent, n 13 8 8 26 8 4

Excluded from study, n 13 19 9 14 15 17
Children treated with placebo, n 350 335 312 441 456 423
Children treated with vitamin A, n 357 350 328 452 466 423
Losses after treatment?

Migrated—placebo, n 8 16 11 7 8 0

Migrated—vitamin A, n 12 10 12 5 7 0

Withdrawals—placebo, n 5 10 5 1 4 0

Withdrawals—vitamin A, n 12 10 12 5 7 0
Completed surveillance

Placebo treated,3 % 96 92 95 98 97 100

Vitamin A treated,* % 94 95 96 99 98 100

Study eligibles,5 9% 92 89 85 87 82 84

1 Nine additional villages recruited into study starting this cycle.
2 There was one death in placebo group in 5th cycle.

3 percentage treated with placebo who completed surveillance for that cycle.
4 Percentage treated with vitamin A who completed surveillance for that cycle.
5 Study eligibles are age-eligible minus migrations and exclusions before treatment.
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TABLE 2

Charscteristics of study participants on entry to 1st
treatment cycle in the placebo and vitamin A

treatment groups
Placebo Vitamin A
Characteristic n (%) n (%)
Sex‘
Male 181 (51.7) 179 {50.1)
Female 169 (48.3) 178 (49.9)
Age,** mo
6-11 45 {12.9) 54 (15.1)
12-23 89 (25.4) 98 (27.5)
24-35 95 (27.1) 101 {28.3)
36-47 111 (31.7) 99 {27.7)
48-53 10 (2.9) 5(1.4)
Serum retinol,** umol/L
<0.350 26 (7.4) 18 (5.0)
0.351-0.700 173 {49.4) 173 (48.5)
0.701-1.050 123 (35.2) 128 (35.9)
>1.050 10 (2.9} 15 (4.2)
Missing 18 (5.1} 23 (6.4)
Anthropometric status®*!
Stunted 126 {36.0) 137 (38.4)
Stunted and wasted 13 (3.7) 19 (5.3)
Wasted 12 (3.4) 12 (3.4}
Normal 194 (55.5) 185 (51.8)
Missing 5(1.4) 4(1.1)
Immunization status?
Ever vaccinated for polio 212 {65.2) 202 (59.9)
Ever vaccinated for measles 236 (72.6) 225 (66.8)
Base-line morbidity prevalence3
Diarrhea* 0.85 0.44
Cough 10.65 11.05
Cough and elevated
respiratory rate 0.09 0.00

! Stunted defined as height-for-age < reference mean minus 2
sD and weight-for-height > mean minus 2 sp; wasted defined as
height-for-age = mean minus 2 sb and weight-for-height < mean
minus 2 sD; stunted and wasted defined as height-for-age < mean
minus 2 sD and weight-for-height < mean minus 2 sp; and normal
defined as height-for-age = mean minus 2 sp and weight-for-height
2 mean minus 2 SD.

2 Data for children at start of 2nd treatment cycle (placebo group
n = 325 vitamin A group n = 337).

3 Proportion of days the children in the vitamin or placebo group
were ill with diarrhea, cough or cough and elevated respiratory rate
during the 2 wk prior to the start of the first treatment cycle.

* P> 0.60 from x2 test; **P > 0.10 from Cochran-Mantel-Haenzel
trend test.

higher proportion of days ill with diarrhea during this
base-line period (Table 2). Although the difference was
significant, the magnitude of the difference was small
and may have arisen because of the limited duration
of base-line morbidity monitoring.

Acute respiratory illness. A total of 10,735 ep-
isodes of ARI were observed with 88% of the children
experiencing two or more such episodes. The incidence
of ARI was 8% (95% confidence interval: 0.7%, 19%),
higher in the vitamin A group than in the placebo
group (Table 3}, and this pattern was consistently de-

tected in all six cycles. The age, anthropometric status
and gender of the child did not affect the impact of
treatment with vitamin A on the incidence of ARI
(data are not presented).

Treatment with vitamin A was not associated with
the mean duration of ARI episodes (vitamin A 4.6
d, placebo 4.5 d, P = 0.62) or with the proportion of
episodes longer than 14 d (vitamin A 4.9%, placebo
5.1%).

Acute lower respiratory illness. A total of 177
episodes of ALRI were observed with less than 2% of
the children experiencing two or more such episodes.
The incidence of ALRI was 39% (95% confidence in-
terval: 0.3%, 93%), higher in the vitamin A than in
the placebo group (Table 3). This increased incidence
of ALRI with vitamin A treatment was detected in
five of the six treatment cycles: rate ratios for cycles
1-6 were 1.74, 1.35, 2.38, 1.37, 0.85 and 1.53, re-
spectively.

There was no significant interaction (P = 0.44) be-
tween vitamin A and the age of the child on the in-
cidence of ALRI as illustrated in Figure 1. At 18 mo
the rate ratio (the ratio of the heights of the two curves
in Figure 1) was 1.35, whereas at 36 mo it was 1.46,
indicating a similarly increased risk of ALRI at both
ages.

The marked interaction between stunting and the
effect of vitamin A on the incidence of ALRI was sig-
nificant using the Wald test (Table 4). Vitamin A
treatment significantly increased the risk of ALRI in
children who were not stunted at entry into the study
(rate ratio 1.83) but did not increase the risk in children
who were initially categorized as stunted (rate ratio
0.71). The survival models used to detect this inter-
action controlled for the effects of age, gender, treat-
ment cycle (season) and the number of cycles the child
had participated in the trial. There was no interaction
of wasting with the effect of vitamin A treatment on
ALRI (data are not presented). Gender also tended (P
= 0.09) to affect the impact of treatment with vitamin
A on ALRI, but the Wald test for this interaction was
not significant (Table 4).

Diarrheal disease. A total of 1311 episodes of
diarrhea were observed with 23% of the children ex-
periencing two or more episodes. The incidence of
diarrhea for all age groups over the six treatment cycles

was < one episode of diarrhea per child-year. The

highest incidence was in the 1st treatment cycle (1.4
episodes per child-year) and with children < 24 mo of
age (see Figure 2). There was no overall effect of the
treatment with vitamin A on the incidence of diarrhea
(Table 3), and this finding was consistently observed
in all cycles.

There was a significant interaction between vitamin
A and the age of the child on the incidence of diarrhea
as illustrated in Figure 2. For children < 30 mo of age,
the average rate ratio for diarrhea associated with vi-
tamin A treatment was 1.19 (95% confidence interval:

220z 1snBny 9|, uo Jssn soisnr Jo Juswipedaq 'S'N A L9S+Z/ v/vEr/2/92 | /oIone/uljwoo dno olwspese//:sdiy Wwoly papeojumoq



VITAMIN A SUPPLEMENTATION AND CHILD MORBIDITY

439

TABLE 3
Cause-specific morbidity incidence of children aged é-54 mo and the incidence rate ratios

of vitamin A ve. placebo treatment groupe

Placebo Vitamin A
Observed Episodes Observed Episodes Rate ratio?
child-days n IR! child-days n IR (95% cI1)3
Acute respiratory illness 239 611 5126 7.8 lv 243 633 5609 8.41 1.08
(1.007-1.190)
Acute lower respiratory illness 273 630 73 0.974 280 186 104 1.364 1.39
(1.003-1.931)
Diarrhea 273 585 628 0.84 280 182 683 0.89 1.06
(0.920-1.225)

1 IR = incidence rate per child-year.

2 Adjusted for within-child correlation.
3 CI = confidence interval.

4 Incidence rate per 10 child-ycars.

1.02, 1.40). The corresponding rate ratio for children
over 30 mo of age was 0.82% (95% confidence interval:
0.56, 1.20). The P-value for the test of a difference of
these two rate ratios (for the interaction term) was
0.01. At 18 mo the rate ratio (the ratio of the heights
of the two curves in Figure 2) was 1.29, indicating that
treatment with vitamin A increased the risk of diar-
rhea. However, at 36 mo of age, vitamin A tended to
be protective with a rate ratio of 0.79. There was no
interaction of stunting, wasting, or gender with the
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FIGURE 1 Incidence of Acute Lower Respiratory Infec-
tion (ALRI) by Age at Time of Episode by Treatment Group.
Smoothed incidence curves adjusted for effects of the treat-
ment cycle and number of cycles in the trial. The rate levels
were determined using the child’s 1st cycle in the trial and
the average effect over all treatment cycles. The rate ratio
for vitamin A vs. placebo did not vary significantly by age
with P = 0.44 using the Wald test.

effect of vitamin A on the incidence of diarrhea (data
are not presented).

The mean duration of diarrhea episodes was 1.6
+ 1.11 d, and only 1.8% of episodes lasted longer than
5 d. Treatment with vitamin A did not reduce the mean
duration of diarrhea episodes (vitamin A 1.7 d, placebo
1.6d, P = 0.57).

DISCUSSION

The most striking finding from the trial was the
effect of high dose vitamin A on respiratory infections.

TABLE 4

Incidence of acute lower respirstory infections (ALRI) by
nutritional status and gender, and the incidence rate
ratios of vitamin A vs. placebo trestment groups

Significance
Incidence of  Placebo Vitamin A Rate ratio! level for
ALRI IR? IR {95% CI)® interaction*
Nutritional
status
Stunted 4.412 3.118 - 0.71
(0.375-1.331)
0.01
Not stunted 1.307 2.394 1.83
(1.257-2.669)
Gender
Male 2.295 2.548 1.11
(0.709-1.739).
0.09
Female 1.306 2.573 1.97
{1.225-3.169)

! Adjusted for within child correlation.
2 IR = incidence rate per 10 child-years.
3 CI = confidence interval.

4 From Wald test.
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FIGURE 2 Incidence of Diarrhea by Age at Time of Ep-
isode by Treatment Group. Smoothed incidence curves ad-
justed for effects of the treatment cycle and number of cycles
in the trial. The rate levels were determined using the child’s
1st cycle in the trial and the average effect over all treatment
cycles. The rate ratio for vitamin A vs. placebo did vary sig-
nificantly by age with P = 0.01 using the Wald test.

Overall, vitamin A slightly increased (8%) the inci-
dence rate of ARI, but substantially increased (39%)
the incidence rate of ALRI. These deleterious effects
of high dose vitamin A on ALRI were found mainly
in children who had adequate nutritional status. In
contrast, vitamin A did not increase the risk of ALRI
in children who were stunted.

The physiological response to a high dose of vitamin
A depends on the underlying vitamin A status of the
child. In vitamin A deficiency, retinyl ester is rapidly
absorbed in the liver and bound to the accumulated
apo-retinol binding protein (Loerch et al. 1979). How-
ever, in normal adults, higher concentrations of plasma
retinyl ester have been found following a high dose of
vitamin A than are found in adults with clinical con-
ditions involving fat malabsorption and vitamin A de-
ficiency (Johnson et al. 1992). Thus high doses of vi-
tamin A given to children with adequate stores might
result in vitamin A being presented to the tissues, in-
cluding the immune system, in a different way than
would occur in a child with vitamin A deficiency.

Humoral and cell-mediated immune responses ap-
pear to be very sensitive to vitamin A. Both chronic
excess or deficient vitamin A intake in animals de-
presses immune responses (Friedman et al. 1991,
Friedman and Sklan 1989, Nauss 1986). It is plausible
that high dose vitamin A administered to children with
adequate vitamin A stores might cause a temporary
immune suppression and lead to increased rates of in-
fectious diseases. This would explain our findings of
increased incidence of ALRI following treatment with

vitamin A in subgroups of children who are more
likely to have adequate vitamin A stores.

No consistent pattern of findings has been reported
from six prospective randomized trials (Abdeljaber et
al. 1991, Barreto et al. 1994, Bhandari et al. 1994,
Ghana VAST Study Team 1993, Stansfield et al. 1993,
Vijayaraghavan et al. 1990) that aimed to assess the
role of high dose vitamin A in the primary prevention
of childhood infectious diseases including acute re-
spiratory tract infections. It is difficult to compare our
findings on ALRI with these morbidity trials because
most of them used less specific and less sensitive case
definitions of respiratory illness.

Three of these studies (Abdeljaber et al. 1991,
Ghana VAST Study Team 1993, Vijayaraghavan et al.
1990) reported no effect of vitamin A on the preva-
lence of respiratory symptoms including cough, re-
ported difficulty in breathing and rapid breathing. In
contrast, a trial in Haiti (Stansfield et al. 1993) found
that vitamin A significantly increased the prevalence
of cough and reported rapid breathing. The variability
in the findings from these studies might be related to
the lack of specificity of the case definitions based on
symptoms alone. However, these studies also differed
in other important design aspects including the du-
ration of the recall period for morbidity symptoms
and the time between treatment and the measurement
of morbidity.

Using methods similar to our own, a morbidity trial
from Brazil (Barreto et al. 1994) found no effect of
vitamin A on the incidence of ALRI. However, this
trial, using 50 respirations per minute to define ele-
vated respiratory rates, reported incidence rates of
ALRI that were 2-3 times higher than those we ob-
served. Variations in the precision of respiratory rate
measurements between studies could result in appar-
ent differences in rates of ALRI. Studies with less pre-
cise respiratory rate measurements would tend to
misclassify more children as having ALRI. The recent
trial conducted in India (Bhandari et al. 1994) also
measured respiratory rates to define cases of ALRI but
used 40 respirations per minute to define elevated re-
spiratory rates. As would be expected with this case
definition, the reported incidence of ALRI was very
high. No difference was observed in the incidence of
ALRI between treatment groups; however, the mean
daily prevalence of ALRI was 42% higher in the vi-
tamin A-supplemented children < 23 mo of age. Fi-
nally, none of the six trials reported the effect of high
dose vitamin A in nonstunted children, the group in
which we found the adverse effect of supplementation.

Meta-analyses of community-based vitamin A
mortality trials haye reported either no effect {(Beaton
et al. 1993) or a slight increase (Glasziou and Mack-
erras 1993} in deaths from respiratory disease follow-
ing treatment with vitamin A. Our findings would
suggest that vitamin A might have reduced respiratory
deaths only in the subpopulations with stunting. It
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may have been a risk factor for respiratory disease
deaths in the subpopulations with adequate nutritional
status. This possibility would explain why treatment
with high dose vitamin A does not appear to consis-
tently protect against pneumonia deaths in mortality
studies (Daulaire et al. 1992, West et al. 1991).

Vitamin A supplementation appeared to have no
overall effect on the incidence or duration of diarrhea,
but we found a significant interaction between treat-
ment with vitamin A and age on the incidence of diar-
rhea. Observational epidemiological studies from
Thailand (Bloem et al. 1990) and India {Milton et al.
1987) suggest that vitamin A deficiency is only a weak
risk factor for diarrhea, although these studies did not
examine the relationship with severe diarrhea. Our
findings of little overall effect of vitamin A on the in-
cidence of diarrhea but a small reduction in children
> 30 mo of age are consistent with these observational
studies. Only two prospective morbidity trials have
reported age-stratified analyses of the effects of vita-
min A on diarrhea. The Thailand trial (Bloem et al.
1990) found a tendency for protection in older children
and a tendency for increased diarrhea rates in younger
children, whereas the Haiti trial (Stansfield et al. 1993)
found no interaction between vitamin A and age on
diarrhea rates.

A limitation of our trial was the low incidence of
diarrhea observed in the study population, making it
more difficult to detect differences between the treat-
ment groups. A review of five longitudinal studies in
developing countries that used frequent home-based
surveillance to monitor diarrhea in preschool-age
children reported a median of three episodes per child-
year (Snyder and Merson 1982). It is possible that the
protective effect of vitamin A supplements we noted
in older children might be more prominent in popu-
lations with higher rates of more severe diarrhea.

The lack of impact of high dose vitamin A supple-
mentation on diarrhea incidence contrasts with the
reported 30-40% reduction in diarrheal disease deaths
in vitamin A mortality studies (Beaton et al. 1993,
Fawiz et al. 1993, Glasziou and Mackerras 1993). It
seems unlikely that vitamin A causes this reduction
in diarrheal disease deaths through a lower overall in-
cidence of diarrhea. More likely explanations are that
vitamin A protects against severe episodes of diarrhea
as was reported in the Brazil trial (Barreto et al. 1994}
or that it reduces the severity of measles-associated
diarrhea (Latham 1993). We were unable to test either
of these hypotheses because of the mild nature of diar-
rhea and the lack of measles in our study population.

In summary, our findings indicate that the distri-
bution of high dose vitamin A to preschool children
has little role to play in the primary prevention of
diarrheal diseases or acute respiratory infections. It is
possible that the increased incidence of ALRI we ob-
served in children with adequate nutritional status
following supplementation might have occurred by

chance. However, such an outcome is biologically
plausible given the immunological activity of vitamin
A and the different physiological response to high dose
supplements in subjects with adequate nutritional
status. Furthermore, most of the other trials that as-
sessed the impact of vitamin A supplements on respi-
ratory illness used less specific case definitions than
were used in this trial. The apparent identification of
a significant adverse effect of high dose vitamin A sup-
plementation on adequately nourished children should
cause nutrition program managers to review carefully
which populations of preschool-age children should
receive high dose vitamin A supplements.
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