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Objective.\p=m-\Atwo-part meta-analysis of studies examining the relationship of
vitamin A supplementation and child mortality.

Data Sources.\p=m-\Weidentified studies by searching the MEDLARS database
from 1966 through 1992 and by scanning Current Contents and bibliographies of
pertinent articles.

Study Selection.\p=m-\All 12 vitamin A controlled trials with data on mortality iden-
tified in the search were used in the analysis.

Data Extraction.\p=m-\Datawere independently extracted by two investigators who
also assessed the quality of each study using a previously described method.

Data Synthesis.\p=m-\Weformally tested for heterogeneity across studies. We
pooled studies using the Mantel-Haenszel and the DerSimonian and Laird meth-
ods and adjusted for the effect of cluster assignment of treatment groups in
community-based studies. Vitamin A supplementation to hospitalized measles pa-
tients was highly protective against mortality (DerSimonian and Laird odds ratio,
0.39; 95% confidence interval, 0.22 to 0.66; P=.0004) (part 1 of the meta-analysis).
Supplementation was also protective against overall mortality in community-based
studies (DerSimonian and Laird odds ratio, 0.70; clustering-adjusted 95% confi-
dence interval, 0.56 to 0.87; P=.001) (part 2 of the meta-analysis).

Conclusions.\p=m-\VitaminA supplements are associated with a significant reduc-
tion in mortality when given periodically to children at the community level. Factors
that affect the bioavailability of large doses of vitamin A need to be studied further.
Vitamin A supplements should be given to all measles patients in developing coun-
tries whether or not they have symptoms of vitamin A deficiency.

(JAMA. 1993;269:898-903)

VITAMIN A deficiency is a major pub¬
lic health problem in many developing
countries. Five to 10 million children
exhibit eye signs of vitamin A deficien¬
cy and 10 times as many may experience
subclinical depletion of vitamin A.1 The
relationship between vitamin A deficien¬
cy and child mortality was noted as ear-
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ly as the 1930s when supplementation
with vitamin A was reported to signif¬
icantly reduce mortality among measles
patients.2 A number of cross-sectional
and observational studies in the last
three decades have shown an associa¬
tion between xerophthalmia and higher
levels of mortality.3 More recently, a
number of controlled trials have been
conducted to investigate further the re¬

lationship ofvitamin A supplementation
and child mortality. However, the evi¬
dence provided has been inconsistent.
The objective of this article is to provide
a meta-analysis of the published con¬
trolled trials in this area. Hospital-based

studies of measles patients (part 1) and
community-based studies (part 2) were
examined in this analysis.
METHODS

Controlled trials were identified by
searching the Medical Literature Anal¬
ysis and Retrieval System (MEDLARS,
National Library of Medicine, Bethes-
da, Md) database from 1966 through 1992
using a number of key words including
vitamin A, clinical trials, measles, and
child mortality, by scanning Current
Contents for all clinical trials, and by
reading the reference lists of those ar¬
ticles reporting the trials and other re¬
view papers. We identified 12 published
controlled trials with data on child mor¬

tality2·414 and used all of them in the
analysis.

We assessed the quality of each trial
using a previously described method that
evaluates a study's design, implemen¬
tation, and analysis.16 Each study was
scored by two investigators, one ofwhom
was blinded to the names ofthe authors,
journal, dates of studies, treatment
groups, study site, and results. There
was a discrepancy in 51 (15%) of 341
items in the quality assessment ofthe 12
studies, 9% owing to investigator error
and 6% owing to differences in judg¬
ment. Discrepant items were discussed
and a final score was assigned for each
study. We used the scores in sensitivity
analyses whereby studies of lower qual¬
ity were removed from the pool to ex¬
amine their effect on the pooled esti¬
mate and confidence interval (CI).16

The 12 studies, listed in Table 1, are
divided into the two parts of our meta-
analysis. Each part also involved a num¬
ber of subgroup analyses.
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Table 1.—Hospital- and Community-Based Controlled Trials of Vitamin A Supplementation
Quality
Score Location of Trial, Year Experimental Regimen* Controlled Regimen*

Treatment Unit,
No.

Observers
Blinded?

Cape Town, South Africa,
19904

Hospital-Based Studies
420 µ    /L (400000 IU) vitamin A; half on Placebo

admission, half next day
Individuals, 189t Yes

Tanzania, 1988s 420 pimol/L (400000 IU) vitamin A; half on
admission, half next day

No placebo Individuals, 186tt No

Durban, South Africa,
1991e

210 µ    /L (200000 IU) vitamin A on
admission, days 2 and 8

Placebo Individuals, 60t Yes

London, England, 19322 300 Carr and Price units vitamin A§ and
2000 IU vitamin D§ daily for 7-21 d

No placebo Individuals, 600 No

Community-Based
Sarlahi, Nepal, 199 210 µ    / (200000 IU) vitamin A, 92 µ    /L

(40 IU) vitamin E per 4 mo

Studies
1 µ    /L (1000 IU) vitamin A, 92 µ    /L

(40 IU) vitamin E per 4 mo
Wards, 2611 Yes

Northern Sudan, 19928 210 µ    /L (200000 IU) vitamin A, 92 µ    /L
(40 IU) vitamin E per 6 mo

92 µ    /L (40 IU) vitamin E per 6 mo Households, 16 789t Yes

Tamil Nadu, India, 19909 87 µ    /L (8333 IU) vitamin A, 46 µ    /L
(20 mg) vitamin E in peanut oil per wk

46 µ    /L (20 mg) vitamin E
in peanut oil per wk

Clusters, 206t

Aceh, Indonesia, 198610 210 µ    /L (200000 IU) vitamin A, 92 µ    /L
(40 IU) vitamin E per 6 mo

No placebo Villages, 450t No

Hyderabad, India, 1990" 210 µ    /L (200 000) IU vitamin A in peanut oil
per 6 mo

Peanut oil placebo per 6 mo Villages, 84t Yes

Jumla, Nepal, 1991'2 210 µ    /L (200 000 IU) vitamin A once No placebo Districts, 16t No

Java, Indonesia, 198813 2.8 µ    /L (810 retinol equivalents) per g of
MSG in dletll

Unfortified MSG Areas, 2 No

Bombay, India, 1991'" 210 µ    / . (200000 IU) vitamin A once No placebo Slums, 2

"Half the dose was given to infants 6 to 11 months of age and one-quarter the dose to infants up to 6 months of age.
tRandom assignment of treatments.
isix children were excluded after randomization.
§Equivalent SI units unknown.
IIMSG indicates monosodium glutamate.
Part 1 of the meta-analysis was con¬

ducted on hospital-based studies. We
carried out a primary analysis examin¬
ing the relationship of vitamin A sup¬
plementation and mortality from mea¬
sles using four hospital-based studies.
We secondarily examined the effect of
vitamin A on mortality due to pneumo¬
nia among the total number of patients
as well as among patients who were sick
with pneumonia. We also conducted sub-
analyses within age categories.

Part 2 of the meta-analysis was con¬
ducted on community-based studies. We
primarily examined the relationship of
vitamin A supplementation to total mor¬

tality using eight community-based stud¬
ies. We performed secondary subanal¬
yses, stratifying by dose of vitamin A,
age, gender, and risk of mortality in the
control group, and examined the rela¬
tionship of vitamin A to cause-specific
mortality.

The subgroup analyses were in part
post hoc research. The CIs and  values
are given for descriptive purposes only.
These are useful for designing future
studies, but because of their nonexper-
imental nature they cannot be accepted
as conclusive. We used weighted least-
squares regression to test for trend of
the relationship in the dose subanaly¬
ses, weighing each category by the in¬
verse of its variance. We also compared
the odds ratios (ORs) and risk differ¬
ences of a number of strata using Stu¬
dent's t test.

In a few instances, data for the sub-
analyses had to be derived from the re-

suits provided in the respective papers.
In two studies mortality rates were re¬

ported,7·12 while in the other studies
counts were used in the calculation of
the measure of association. We derived
counts for the former two studies from
the description of the populations at
baseline. This may have carried a small
margin of error in the age subanalyses;
however, this should not bias the re¬
sults with respect to the effect of sup¬
plementation because both experimen¬
tal and control groups were treated sim¬
ilarly. We used the intention-to-treat
analysis with each study and assessed
heterogeneity across studies.17 The com¬
bined results were calculated by two
methods: the Mantel-Haenszel method,17
which takes account ofwithin-study vari¬
ance as affected by the size of the study
sample but assumes homogeneity of the
effect between studies (a fixed-effects
model), and the DerSimonian and Laird
method,18 which factors in both within-
study variance as well as heterogeneity
between studies, ie, between-study vari¬
ance (a random-effects model). Odds ra¬
tios were calculated so that a value less
than 1.00 indicates a protective associ¬
ation ofthe supplement. Similarly, a neg¬
ative risk difference implies a protec¬
tive relationship.

None of the eight community trials
assigned individual children to treatment
groups; rather, villages, districts, or
households were assigned to vitamin A
or control groups as outlined in Table 1.
Only four of the studies adjusted for
clustering effects resulting from this de-

sign.7·910·12 In these studies the increase
in variance of the OR (in the log scale)
as a result of adjustment ranged from
about 10%7 to about 44%.12 Since only
half of the studies supplied information
necessary to calculate a correction for
the clustering effect, we chose to adjust
for this by increasing the variance of
any pooled OR (in the log scale) by a
conservative 30%. This adjustment was

applied to the DerSimonian and Laird
CI. All  values are two-sided.

RESULTS
Part 1 : Hospital-Based
Measles Studies

The risk of mortality among the con¬
trol groups of the hospital-based mea¬
sles studies (Table 2) ranged from 3% to
13%. The four studies were not heter-
ogenous ( 2,1.08; df, 3; P=.78) (Table 3).
Overall, the studies showed a protec¬
tive association with a Mantel-Haenszel
OR of0.37 (95% CI, 0.21 to 0.64; P=.0004)
(Table 3). As expected, the correspond¬
ing DerSimonian and Laird pooled es¬
timate was not appreciably different giv¬
en the lack of heterogeneity of the stud¬
ies (OR, 0.39; 95% CI, 0.22 to 0.66;
P=.0004). The four studies provided a
DerSimonian and Laird risk difference
of -53.0 per 1000 patients (95% CI, -80.8
to -25.2; P=.0002) (Table 3). Removing
the 1932 study,2 which had a relatively
weak design, did not change the OR
much but widened the CI (Mantel-
Haenszel OR, 0.33; 95% CI, 0.15 to 0.77).

Deaths related to respiratory infec-
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tion accounted for approximately 80%
of total mortality in the four studies.
Examining this as an end point among
the total number of patients provided a
Mantel-Haenszel OR of 0.37 (95% CI,
0.20 to 0.69) (Table 3). Moreover, when
the same end point (ie, pneumonia-
specific mortality) was examined only
among patients who had developed res¬

piratory infection before or during their
hospital stay, vitamin A supplementa¬
tion was still significantly protective (Ta¬
ble 3). The protective effect of supple¬
mentation on all-cause mortality was

highest within the first year of life. There
was also a significantly protective rela¬
tionship in the age group 12 to 23 months,
and a protective, though not statistical¬
ly significant, relationship among chil¬
dren 2 years of age or older (Table 3).
Part 2: Community-Based Studies

Table 4 lists mortality data on the
children in the community-based trials

of vitamin A supplementation. Two of
the studies had an OR of 1.00 or close to
1.00 (Figure)811; however, combined anal¬
ysis ofthe eight studies using the Mantel-
Haenszel method provided an OR of0.72
(95% CI, 0.66 to 0.79) (Table 5). Given
that the eight studies were heteroge-
nous in terms of their effect estimates
(P=.0004), we also pooled the studies
using the DerSimonian and Laird meth¬
od (which allows for heterogeneity be¬
tween studies) and obtained an OR of
0.70 (95% CI, 0.58 to 0.85) (Table 5).
Removal of the lowest one and then the
lowest two studies according to the qual¬
ity score did not appreciably change the
results. On further adjusting for the clus¬
tering effect, the CIs were widened as

expected but did not include 1.00 (ie, the
relationship retained its statistical sig¬
nificance). The top six studies in terms
of quality provided a DerSimonian and
Laird OR of 0.75 (clustering-adjusted
95% CI, 0.59 to 0.95; P=.02) (Table 5).

Table 2.—Vitamin A Supplementation and Hospital Mortality Among Children With Measles*

Quality
Score Trial

No. of Deaths/Total
I-1
Vitamin A Control

Odds Ratio
(95% Cl)t

Risk Difference
per 1000 Children

(95% CI)
Cape Town, South Africa4 2/92 10/97 0.19 (0.04 to 0.91) -81.4 (-148.8 to 13.9)
Tanzania5 6/88 12/92 0.49 (0.17 to 1.36) -62.3 (-148.9 to 24.4)
Durban, South Africa6 0/29 1/31 0.34 (0.01 to 8.80) -32.3 (-94.5 to 29.9)
London, England2 26/300 0.40 (0.19 to 0.83) -50.0 (-88.3 to-11.7)

'Studies arranged by descending quality score.
tCI indicates confidence interval.

Table 3.—Vitamin A Supplementation and Hospital Mortality Among Children With Measles, in Pooled
Studies

Studies
Pooled*

Total No. of
Subjects

Homogeneity,
x2, dt,  

Mantel-Haenszel
OR (95% Cl)t

All-cause mortality 1-4 0.37(0.21-0.64) .0004

Pneumonia-specific mortality 1-4 1029 0.43, 3, .93 0.37 (0.20-0.69) .002

Mortality among
pneumonia patients 2,4 151 1.76, 1, .18 0.29(0.13-0.68) .004

Mortality by age, mo
0-11 1,2,4 232 0.55, 2, .76 0.12(0.03-0.51) .004
12-23 1, 2, 4 0.42(0.19-0.94) .03
 24 1, 2, 4 466 1.70,2, .43 0.63 (0.24-1.64) .34

'Numbers for pooled studies correspond to quality scores in Table 2.
tOR indicates odds ratio; and CI, confidence interval. DerSimonian and Laird risk difference per 1000 children

(pooling studies 1 through 4), -53.0; 95% CI, -80.8 to -25.2; P=.0002.

We next examined the relationship of
vitamin A supplementation and child
mortality within subgroups of potential
modifiers of this relationship, for which
we reported the clustering-adjusted
DerSimonian and Laird results (Table
6). Children receiving either small fre¬
quent doses or large doses of vitamin A
every 4 to 6 months experienced a sta¬
tistically significant reduction in mor¬

tality compared with control children.
The protective relationship seemed to
be stronger with small frequent doses
(OR, 0.58) compared with large periodic
doses (OR, 0.81); however, the differ¬
ence in performance was not statistical¬
ly significant 0=1.26; P=.21). We
noted a gradual increase in the pro¬
tective relationship with each large
dose given every 4 to 6 months after
the first with the effect of the third
dose reaching statistical significance;
however, a test for trend over doses
was not significant at the .05 level
(P=.13). Pooling the three studies that
used the large dose every 6 months
provided a small protective associa¬
tion that was no longer statistically
significant (P=.46) (Table 6).

The protective effect ofvitamin A sup¬
plements on mortality was more evi¬
dent among younger children but there
was no particular trend over the differ¬
ent age categories. The ages used in
these analyses were the ages at dosing
and not those at the end of each study.
We could not examine the effect of vi¬
tamin A supplementation on infant mor¬

tality. Boys and girls experienced a com¬

parable reduction in mortality associ-
iated with vitamin A supplementation.

The annual risk of mortality among
the control groups of the eight commu¬

nity-based studies ranged from about
0.5% to 12%. We stratified the studies
using this risk into a low-risk group
(ranging from 0.5% to 1.5%) and a high-
risk group (two studies with annual risk
ofabout 4.6% and 11.8%). We noted com¬

parable mortality ORs in study areas
with high or low risk ofmortality (2=0.41;
P=.68). In absolute terms, however, a

Table 4.—Mortality in Community-Based Trials of Vitamin A Supplementation in Children Aged 6 to 72 mo*

Quality
Score

Location
of Trial

Observation
Period, mo

No. of Deaths/Total
(Risk/1000 Children)

Vitamin A Control
Odds Ratio
(95% Cl)t

Risk Difference
per 1000 Children

(95% CI)
Sarlahi, Nepal7 12 152/14487(10.5) 210/14143(14.8) 0.70 (0.57 to 0.87) -4.4 (-6.9 to -1.8)
Northern Sudan8 123/14446(8.5) 117/14294(8.2) 1.04(0.81 to 1.34) 0.3 (-1.8 to 2.4)
Tamil Nadu, India9 12 37/7764 (4.8) 80/7655(10.5) 0.45 (0.31 to 0.67) -5.7 (-8.4 to -2.9)
Aceh, Indonesia10 12 101/12991 (7.8) 130/12 209(10.6) 0.73 (0.56 to 0.95) -2.9 (-5.2 to -0.5)
Hyderabad, India" 12 39/7691 (5.1) 41/8084(5.1) 1.0 (0.64 to 1.55) 0 (-2.2 to 2.2)
Jumla, Nepal" 138/3786(36.5) 167/3411 (50.0) 0.73 (0.58 to 0.93) -12.5 (-21.9 to-3.1)
Java, Indonesia13 186/5775(32.2) 250/5445 (45.9) 0.69 (0.57 to 0.84) -13.7 (-20.9 to-6.5)
Bombay, India'4 42 7/1784(3.9) 32/1644(19.5) 0.2 (0.09 to 0.45) -15.5 (-22.8 to-8.3)

*Studies arranged by descending quality score.
tCI indicates confidence Interval.
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Quality Study, Year No. of 0
Score Patients

1 Sarahi, Nepal, 19917 28630

2 Northern Sudan, 19928 28740

3 Tamil Nadu, India, 19909 15419

4 Aceh, Indonesia, 198610 25200

5 Hyderabad, India, 1990" 15775

6 Jumla, Nepal, 1991'2 7197

7 Java, Indonesia, 198813 11220

8 Bombay, India, 199114 3428

10

Overall 135609

0.20
—t—

Favors Treatment

Odds Ratios, 95% Confidence Intervals
0.50

—I—·-
1.00 2.00

—I—
5.00

J-1—"-
10.00

z=-3.59
P=.0003

Favors Control

Vitamin A supplementation and child mortality in community-based trials. Left, Studies are arranged by descending quality score. Right, Odds ratios (Including 95%
confidence intervals) of the studies (pooled using the DerSimonian and Laird method) are plotted; the  value is for a test of heterogeneity using the same method.

Table 5.—Mortality in Community-Based Trials of Vitamin A Supplementation In Children Aged 6 to 72 mo,
in Pooled Studies

DerSimonian DerSimonian and Laird
Studies Homogeneity, Mantel-Haenszel and Laird OR (Clustering-Adjusted
Pooled*_ 2, df,  _OR (95% Cl)t_OR (95% CI)_95% CI),   

1-8_26.81,7, .0004 0.72 (0.66 to 0.79) 0.70 (0.58 to 0.85) 0.70 (0.56 to 0.87), .001

1-7_16.88, 6, .01_0.74 (0.67 to 0.81 ) 0.74 (0.63 to 0.87) 0.74 (0.62 to 0.89), .001
1-6 16.16, 5, .006 0.76 (0.68 to 0.84) 0.75 (0.62 to 0.92) 0.75 (0.59 to 0.95), .02

•"Numbers for pooled studies correspond to quality scores in Table 4.
tOR indicates odds ratio; and CI, confidence interval.JDerSimonlan and Laird risk difference (pooling studies 1 through 8), -5.1; 95% CI, -8.1 to -2.2; P=.0006.

significantly larger proportion ofdeaths
was averted in the high-risk areas (Der¬
Simonian and Laird risk difference,
-13.3 per 1000; 95% CI, -19.0 to -7.6)
compared with the low-risk areas (Der¬
Simonian and Laird risk difference, —4.7
per 1000; 95% CI, -2.4 to -0.1) (z=3.48;
P=.0005).

Diarrhea accounted for almost half of
the deaths in the four studies that re¬

ported cause-specific mortality. Vitamin
A supplementation was associated with
about 30% reduction in the risk of di¬
arrhea-specific mortality. There was a

protective, though not statistically sig¬
nificant, relationship between vitamin
A supplementation and measles-specif¬
ic mortality, while the association with
pneumonia-specific mortality was almost
nil (Table 6).

COMMENT

This meta-analysis shows that vita¬
min A supplementation reduced mor¬

tality when given in addition to routine
treatment of patients hospitalized with

measles as well as when given to chil¬
dren in the community. The possibility
of publication bias needs to be consid¬
ered whenever a positive result is found
in any published study. Publication bias
is impossible to rule out, but whenever
the results are as positive as they are in
this study, it is unlikely that publication
bias is the source. Another potential
source of bias is the inclusion of studies
in which the patients or communities
were not assigned at random. That was
the case with one measles study2 and two
community-based studies.1314 However,
sensitivity analyses with these studies
omitted did not change the results.

Combined analyses showed that mas¬
sive doses ofvitamin A given to patients
hospitalized with measles (part 1) were
associated with an approximate 60% re¬
duction in the risk of death overall, and
with an approximate 90% reduction
among infants. Two of the four studies
included in the hospital-based analyses
were carried out among populations in
which vitamin A deficiency is not a pub¬
lic health problem.4·6·19 Administration

of vitamin A to children who developed
pneumonia before or during hospital stay
reduced mortality by about 70% com¬

pared with control children. The latter
finding suggests that vitamin A supple¬
mentation reduced the severity ofpneu¬
monia among these patients. This is in
accord with the findings of studies that
reported a reduced severity of pneumo¬
nia and diarrhea among measles patients
who received vitamin A compared with
children who received a placebo.4,6
Vitamin A supplementation in commu¬

nity-based studies was also associated
with reduced risk of measles-related
mortality.

Measles is responsible for about 1.5
million deaths worldwide every year.20
Although prevention ofmeasles through
immunization is optimal, difficulties in
procurement and distribution ofthe vac¬
cine render millions of children unpro¬
tected against the virus. Vitamin A sup¬
plements should be given to all measles
patients in developing countries wheth¬
er they have symptoms of vitamin A
deficiency or not, as recommended by
the World Health Organization.21 Vita¬
min A may also protect measles patients
in developed countries; a decreased se¬
rum retinol level was recently reported
among American children with this dis¬
ease compared with control children.22·23
More data are needed on the effects of
vitamin A in measles patients in devel¬
oped countries, though the necessary
studies might not be feasible because of
the shrinking base of nonvaccinated
children.

Combined analysis ofthe community-
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Table 6.—Effects of Vitamin A Supplementation on Mortality Among Subgroups In Community-Based
Studies

Mortality Subgroup

Total DerSimonian and Laird
Studies No. of OR (Clustering-Adjusted
Pooled* Subjects 95% Cl)f

Mortality with doset
Small frequent doses 3,7 26 639 0.58 (0.37 to 0.92) .02

Large doses every 4-6 mo 1, 2,4-6 105 542 0.81 (0.68 to 0.97) .02

Large doses every 6 mo 69 715 0.90 (0.68 to 1.19)
First large dose 0.95 (0.59 to 1.54) .83
Second large dose 1,2 52670 0.87 (0.48 to 1.58) .65

Third large dose 52 872 0.67 (0.47 to 0.95)
Mortality by age, mot

0-11 13949 0.73 (0.58 to 0.92)
12-23 1, 2, 4, 6 16865 0.90 (0.70 to 1.15) .40

24-35 1,2,4,6 16477 0.89 (0.57 to 1.39)
36-47 1,2,4,6 16139 0.94 (0.49 to 1.79) .85
48-59 1, 2, 4, 6 15 359 0.80 (0.38 to 1.70) .56

Mortality by gender
Male 1-4, 6 51908 0.75 (0.56 to 1.01) .06

Female 1-4, 6 49714 0.73 (0.56 to 0.95) .02

Mortality by control group rlsk§
Low 1-5 113764 0.76 (0.58 to 1.00) .05

High 6,7 18417 0.71 (0.60 to 0.84) <.0001

Mortality by cause of death
Diarrhea 1-3, 6 79 986 0.69 (0.57 to 0.84)
Pneumonia 1-3, 6 79986 0.96 (0.65 to 1.42) .68

Measles 1-3,6 79 986 0.61 (0.32 to 1.15) .30

*Numbers of pooled studies correspond to quality scores in Table 4.
tOR indicates odds ratio; and CI, confidence Interval.¿Certain subanalyses were repeated with a larger number of studies but were not reported in the table to be able

to compare categories using the same set of pooled studies; the DerSimonian and Laird odds ratios and clustering-
adjusted 95% CIs are provided here. The first dose, including studies 4 and 6, provided an odds ratio of 0.84 (95%
CI, 0.65 to 1.08); the second dose, Including study 4, provided an odds ratio of 0.75 (0.46 to 1.22); the 0-through-
11-month age category, Including studies 3 and 7, provided an odds ratio of 0.76 (0.63 to 0.91). Pooling studies
2 and 4 for the effect among children 60 months of age and older provided an odds ratio of 0.55 (0.11 to 2.77).

§Low control-group annual risk ranged from 0.5% to 1.5%, while the two high-risk studies were about 4.6% and
11.8%.

based studies showed a significant re¬
duction of mortality among children re¬

ceiving vitamin A supplements com¬

pared with control children. We noted
an increasingly protective effect with
each additional large dose after the first.
The investigators of a large community
study carried out in Ghana found that
the effect of four monthly large doses of
vitamin A was consistent with a pro¬
tective effect of vitamin A supplemen¬
tation on mortality (relative rate, 0.81;
95% CI, 0.68 to 0.98) (David Ross, MD,
written communication, November
1992). When we added these data to the
pool of eight community-based studies,
the results were not appreciably differ¬
ent (DerSimonian and Laird OR, 0.72;
clustering-adjusted 95% CI, 0.60 to 0.87).
We also obtained similar results when
we included this new information in the
pool with the six studies that had the
highest quality scores ((DerSimonian
and Laird OR, 0.77; 95% CI, 0.65 to 0.91).

The rationale behind periodic large
doses of vitamin A is to replenish liver
stores and thus prevent the occurrence
of vitamin A deficiency in the period
between doses. In this study, we noted
a modest and nonsignificant reduction
(about 10%) in mortality when we ex¬

clusively examined studies in which large

doses were given every 6 months. In
contrast, identical doses given every 4
months7 or 5 months12 were each asso¬
ciated with a significant reduction (about
30%) in mortality. The duration of pro¬
tection provided by a large dose of vi¬
tamin A is affected by the bioavailabil-
ity of the supplement, which in turn is
a function of a number of variables. De¬
creased dietary fat intake,24 intestinal
infections, and parasitic infestations at
the time of administration of the vita¬
min25·26 may interfere with the amount
absorbed. Coexistent deficits of dietary
zinc or dietary protein impair transport
of vitamin A.24 In addition, persistent
infections (eg, diarrheal and respiratory
infections) may increase the demand for
vitamin A, resulting in faster depletion
of body stores. The nutritional status
(eg, as measured by anthropométrie in¬
dexes) and the degree of depletion of
vitamin A stores at the time of supple¬
mentation are probably important ef¬
fect modifiers as well. The prevalence in
different communities of a different set
ofmodifiers and/or different levels with¬
in each factor may explain the hetero¬
geneity in the effect of vitamin A sup¬
plementation noted between studies.
These findings underscore the need to
investigate factors that modify the ef-

feet of vitamin A supplements.
Although the overall effect of supple¬

mentation appeared to be greater among
younger children, this was not the case
in two studies in which older children
benefited more from the supplements.710
The question of an effect of vitamin A
supplementation on infant mortality can¬
not be answered by these data. We not¬
ed no differences in the effect of sup¬
plements among boys compared with
girls. However, gender influences are

expected and indeed noted in differen¬
tial reduction in mortality in individual
studies: the Aceh, Indonesia, study fa¬
vored boys10 and the Tamil Nadu, India,
study favored girls.9

The protective effects of vitamin A
on mortality are probably mediated
via protective effects against common
childhood infections. Vitamin A is
necessary for the differentiation of
gastrointestinal and respiratory epi-
thelia, thus maintaining these barriers
to infection.27 Vitamin A may also be
necessary to enhance cellular and hu¬
moral immunity.28 However, in some
of the trials that showed protective
effects of vitamin A supplementation
on mortality, there were no protec¬
tive effects on morbidity (respiratory
and diarrheal diseases).29·30 This seem¬

ing paradox could be explained if vi¬
tamin A supplementation reduces se¬

verity but not incidence of infections,
as is shown by a recent morbidity
study from Ghana.31 The protective
effect of vitamin A against severe and
fatal diarrhea (diarrhea-specific mor¬

tality) obtained in this meta-analysis
is also in keeping with this interpre¬
tation.

Large doses ofvitamin A provide a po¬
tentially quick solution to the problem of
vitamin A deficiency in areas ofthe world
where this is a public health problem.
Even though periodic large doses of vi¬
tamin A are beneficial, their use as the
only approach to the problem of vitamin
A deficiency has limitations.32 Vitamin A
deficiency coexists with other nutrient
deficits that are not addressed by the
supplementation program. In addition,
the effectiveness of this approach is lim¬
ited to the duration of the program, and
children who live in distant places and
who probably need the supplement most
may be difficult to reach.

Most communities in which vitamin A
deficiency is a serious problem have
abundant supplies of vegetables and
fruits rich in carotenoid with provita¬
min A activity. The effectiveness of nu¬
trition education programs in these com¬
munities should be examined in addition
to the administration of supplements.
In areas of the world where vitamin
 -containing foods are not so abundant,
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horticultural approaches should be con¬
sidered. Vitamin A intervention strat¬
egies should be integrated into commu¬

nity programs dealing with other health
problems rather than implemented as a
vertical program.
CONCLUSIONS

Large doses of vitamin A are clearly
lifesaving when given to children with
measles. More research is needed to un-
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