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ABSTRACT

Objective To investigate the effect of high dose vitamin A

supplementation given with BCG vaccine at birth in an

African setting with high infant mortality.

Design Randomised placebo controlled trial.

Setting Bandim Health Project’s demographic

surveillance system in Guinea-Bissau, covering

approximately 90000 inhabitants.

Participants 4345 infants due to receive BCG.

Intervention Infantswere randomised to50000 IUvitamin

A or placebo and followed until age 12 months.

Main outcome measureMortality rate ratios.

Results 174 children died during follow-up (mortality=
47/1000person-years). VitaminAsupplementationwasnot

significantly associated with mortality; the mortality rate

ratio was 1.07 (95% confidence interval 0.79 to 1.44). The

effect was 1.00 (0.65 to 1.56) during the first four months

and 1.13 (0.75 to 1.68) from 4 to 12 months of age. The

mortality rate ratio inboyswas0.84 (0.55 to1.27) compared

with 1.39 (0.90 to 2.14) in girls (P for interaction=0.10). An
explorative analysis revealed a strong interaction between

vitamin A and season of administration.

Conclusions Vitamin A supplementation given with BCG

vaccine at birth had no significant benefit in this African

setting. Although little doubt exists that vitamin A

supplementation reduces mortality in older children, a

global recommendation of supplementation for all

newborn infants may not contribute to better survival.

Trial registration Clinical trials NCT00168597.

INTRODUCTION

Highdose vitaminA supplementation in children aged
above 6 months is associated with significant reduc-
tions in overall mortality.1 In contrast, vitamin A
supplementationbetween1monthand5monthsof age
has not been associated with beneficial effects on
mortality.2 However, when we started our study, two
trials from Indonesia and India had both found a
significantly beneficial effect of vitamin A supplemen-
tation at birth; the reduction in mortality was 64% in
Indonesia and 21% in India.3 4 In both trials the effect
was strongest for boys,with a significant 85% reduction

in mortality for boys and only a non-significant 16%
reduction for girls in Indonesia and a significant 30%
reduction inboys comparedwith anon-significant 13%
reduction in girls in India. The studies followed the
infants to 12 months of age in Indonesia and 6 months
in India, and both saw the beneficial effect during the
first three to four months of life.3 4 In Indonesia, the
effect was significantly better among normal birth-
weight infants than in lowbirthweight infants,3whereas
the opposite was noted in India.4

Because of the intriguing age pattern of the effect of
vitamin A supplementation on mortality, we hypothe-
sised that vitamin A supplementation interacted with
routine childhood vaccinations and was beneficial
when given with the live BCG vaccine at birth or live
measles vaccine at 6-9 months of age but not when
given with inactivated diphtheria-tetanus-pertussis
vaccine at 1-5 months of age.2 This hypothesis could
explain the lack of effect of vitaminA supplementation
in low birthweight infants in Indonesia, as BCG was
postponed for low birthweight infants. In India, the
BCG coverage was low, but no special policy existed
for low birthweight infants.
We aimed to investigate the effect of high dose

vitaminA supplementation givenwith BCGvaccine at
birth in anAfrican settingwithhigh infantmortality.As
BCG vaccine is postponed for low birthweight infants
weighing below 2500 g, we enrolled only infants
weighing 2500 g or more. The primary study hypoth-
esis was that vitamin A supplementation would be
associated with at least a 30% reduction in mortality
during the first year of life.We expected the effect to be
most pronounced within the first four months of life as
in Asia. Furthermore, evidence for sex differential
effects of vitamin A supplementation accumulating
during the trialmade us hypothesise that supplementa-
tion would be particularly beneficial for boys.5-7

METHODS

Setting

The Bandim Health Project has a demographic
surveillance system in six suburban districts of the
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capital of Guinea-Bissau and covers approximately
90 000 inhabitants. The study area includes three
health centres, and a national hospital is a few
kilometres away. The Bandim Health Project has
assistants placed at the health centres and the hospital
to register all children in the study area. All houses in
the study area are visited monthly to register new
pregnancies and births. Once a newborn infant is
identified, the child is followed with home visits every
third month to register vaccinations, infections, hospi-
tal admissions, feeding patterns, and survival.
Guinea-Bissau follows the World Health Organiza-

tion’s recommendations of providing BCG and oral
polio vaccine at birth, combined diphtheria-tetanus-
pertussis andoralpoliovaccineat 6, 10, and14weeksof
age, andmeasles vaccine at 9months of age. However,
during 2004 Guinea-Bissau lacked oral polio vaccine
for several periods.Also, while the trial was ongoing an
early measles vaccination trial was started in the study
area and some children received measles vaccine at 4.
5 months of age. By 12 months of age, 90% of the
surviving children had received three diphtheria-
tetanus-pertussis vaccines and 86% had received a
measles vaccine. None the less, a measles epidemic
occurred in the winter of 2003-4.While we were doing
the trial, the prevalence of HIV-1 was around 3-5% in
the study area among women of fertile age (sentinel
surveillance, unpublished data). A large proportion of
pregnant women are screened for HIV to prevent
vertical transmission. Uncontrolled, vertical transmis-
sion would be around 25%.8 With the vertical
transmission control programme ongoing, we expect
less than 1% of the children to be infected with HIV-1.
All patients with tuberculosis in the area are registered
and offered treatment. TheWHO’s recommendations
for vitamin A supplementation after 6 months of age
are not implemented in Guinea-Bissau. Almost all
children in the study area are breast fed to at least
18 months of age. While this study was ongoing, two
national vitaminA campaigns took place inNovember
2003 andNovember 2004, duringwhich children aged
between 6 months and 5 years were offered vitamin A
supplementation. The Bandim Health Project regis-
tered all the children in the study area who received
vitamin A supplementation during these campaigns.

Local vitamin A status

Guinea-Bissau is classified by Unicef as having
subclinical vitamin A deficiency.9 In this trial, we
collected blood samples from a subgroup of 614
children at 6 weeks of age and a further blood sample
from 369 of these children and their mothers at
4 months of age.10 We analysed the samples for retinol
binding protein and C reactive protein. Overall,
vitamin A supplementation had no effect on retinol
binding protein concentrations at 6 weeks and
4 months of age. Controlled for C reactive protein,
27% of the children had retinol binding protein
corresponding to values below 0.7 µmol/l retinol
(that is, low retinol binding protein) at 6 weeks of age
and 9% had low retinol binding protein at 4 months of

age. One mother had low retinol binding protein.
Retinol binding proteinwas higher in boys than in girls
at 4 months of age. Furthermore, at 6 weeks of age
retinol binding protein was higher among infants
enrolled during the dry season than in infants enrolled
in the rainy season.10

We started the trial procedures in the period from 2
August to 12 November 2002. During this period, we
randomised 570 children to 25 000 IU vitamin A or
placebo. A medical doctor followed all children with
home visits on days one, two, and three, and a field
assistant subsequently visited the children weekly for a
month to detect possible adverse events in the form of
bulging fontanelles, vomiting, irritability, infections,
fever, skin problems, and healthcare contacts. We
found no indications of adverse events, and we
proceeded to the next phase of the trial.

Participants

We invited mothers who gave birth at the maternity
wards of the national hospital and a local health centre
(Bandim Health Centre) to participate in the study
when their child was to receive BCG vaccination after
delivery. Furthermore, we invited mothers who
delivered at home to participate when they came for
BCG vaccination at two of the three health centres in
the studyarea (BandimandBelem).Wedidnot include
the third health centre (Cuntum) for logistical reasons.
The inclusion criteria were weight at least 2500 g at
presentation and no signs of overt illness or malforma-
tions. Infants who died in the maternity wards, before
the vaccination team arrived in themorning, could not
be assessed for enrolment. This was also the case for
those born at home who died before their mother
brought them for vaccination.

Ethical considerations

A trained field worker informed mothers about the trial
and asked them if they wanted their child to participate.
They were informed that all infants would be visited by
our team and that all children would receive a vitamin A
supplement at age 12 months. They were also informed
that they could come to a clinic at the health centre,
attendedby staff fromtheBandimHealthProject, for free
consultations and essential drugs if their child became ill.
Themothers gave oral consent. Thosewho knew how to
write theirownnamegavewrittenconsent; for theothers,
the assistant signed a statement that they had understood
the information given and agreed to participate.

Randomisation

All infants were vaccinated intradermally in the upper
left deltoid region with 0.05 ml BCG vaccine (Statens
Serum Institut, Copenhagen, Denmark). The mother
drew a lot from an envelope prepared by the study
supervisor. Each envelope contained 100 lots—50
marked “1”and50marked “2”—indicating fromwhich
of two numbered bottles, “1” or “2,” the child should
receive the supplement.The lotswere folded,making it
impossible to tell what waswritten on thembefore they
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were opened. A new envelope was not taken into use
before the previous envelope had been completely
emptied. The result of the randomisation was noted on
the inclusion form and the lot was stapled to the
inclusion form.
At each of the three inclusion sites, one carefully

trained assistant carried out the randomisation proce-
dure every day except during short vacations. The dark
glass bottles were prepared at Skanderborg Pharmacy,
Denmark, andcontained20doses of 0.5ml of vegetable
oil. Half of the bottles contained 50000 IU vitaminA as
retinyl palmitate and 10 IU vitamin E per 0.5ml oil; the
other half contained only 10 IUvitaminEper 0.5ml oil.
Thebottleswere kept at 5°C.A fresh lotwas prepared at
least once a year.Under such circumstances the stability
is very high.11 The code was kept at the pharmacy until
12 months after the last child was included.

Intervention

In accordance with the result of the randomisation
procedure, a trained nurse slowly released 0.5 ml oil
from either bottle 1 or bottle 2 (that is, either 50 000 IU
vitaminAor placebo) into themouth of the childwith a
sterile syringe.

Blinding

Apart from the randomisation number, the bottles
looked alike; we judged small differences in taste and
colour of the contents as unimportant owing to the
recipients’ age. When asked, none of the three
assistants who were responsible for the randomisation
procedures at the hospital and at the heath centres had
any idea which bottles contained vitamin A and which
placebo. We concluded that the blinding of mothers
and assistants was successful.

Outcomes examined in the trial

As reported elsewhere, we followedmore than 2000 of
the children for adverse events (bulging fontanelles,
vomiting, irritability, infections, fever, skin problems,
and healthcare contacts) during the first month after
supplementation with 50 000 IU vitamin A or
placebo.12 Furthermore, we examined 2710 children
for BCG scar formation and delayed type hypersensi-
tivity to purified protein derivative of Mycobacterium
tuberculosisat 2 and6monthsof age. 13Wemeasured the
ex vivo cytokine response to purified protein deriva-
tive in 607 infants at age 6 weeks. We concluded that
vitaminA supplementation with BCG vaccinationwas
not associated with serious adverse events and did not
seem to interfere with the long term immune response
to BCG.12 13

All children were followed through the routine
registration system every three months and were visited
by a special team at age 12months. The assistants of the
registration systemand the special teamwereunawareof
the allocated treatment, “1” or “2,” as they were not
present during enrolment and the information was not
transferred to the children’s vaccination card or follow-
up forms. Deaths were registered at each visit and

followedbyaverbal autopsybya trained localphysician.
The physician used a questionnaire designed by the
Indepth Network.14 Preferably, he interviewed the
mother (58%), but if this was not feasible he interviewed
a relative. On the basis of the questionnaire, a panel of
threemedicaldoctors, includingat least one localdoctor,
all ignorant of the randomisation group, reached
consensus on the cause of death. If consensus could not
be reached a fourth doctor was consulted. Deaths were
categorisedon the basis of suggestions fromWHO.15No
death within the first year was due to accident. Children
were considered to have been exposed to tuberculosis if
theywerebornwithin6monthsbefore aperson fromthe
same multi-family house was diagnosed with tubercu-
losis. All children were offered 100000 IU vitamin A at
the 12 months visit.

Sample size

Assuming a significance level of 5% and 80% power,
and with an expected infant mortality between day 2
and 12months of age of 7% among normal birthweight
infants, we estimated that the study would need 2085
children in each group to detect a 30% change in
mortality associated with vitamin A supplementation.

Statistical analysis

We assessed survival in Cox proportional hazards
models with age as the underlying time.16 Infants
providedpersonyears at risk fromenrolmentuntil they
reached 12 months of age, moved, or died. As
subsequent administration of vitamin A supplementa-
tion would neutralise possible differential effects of the
original intervention, infantswhohad receivedvitamin
A supplementation during a campaign did not
contribute with follow-up time after the campaign.
Five deaths (three in the vitamin A group, two in the

Excluded (n=387):
  Did not meet inclusion criteria for birth weight (n=387)
  Refused to participate (n=0)

Assessed for eligibility (n=4732)

Enrolment (n=4345)

Allocation

Allocated to placebo
  (n=2200)
Received placebo
  (n=2200)

Allocated to vitamin A
  (n=2145)
Received vitamin A
  (n=2145)

Analysis
Analysed (n=2169)
Excluded from analysis
  (n=31)

Analysed (n=2106)
Excluded from analysis
  (n=39)

Follow-up 

Died (n=88)
Moved (n=226)
VAS in campaign (n=450)
Guests/never found
  (n=31)
Discontinued intervention
  (n=0)

Died (n=91)
Moved (n=239)
VAS in campaign (n=458)
Guests/never found
  (n=39)
Discontinued intervention
  (n=0)

Fig 1 | Trial profile. VAS=vitamin A supplementation

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 3 of 9

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.39542.509444.A
E

 on 16 June 2008. D
ow

nloaded from
 

http://www.bmj.com/


placebo group) occurred after a child had received
vitamin A supplementation in a campaign and before
the child reached 12 months of age; these deaths were
not taken into account in the analyses.

A priori, our intention was to study the effect of
vitamin A supplementation on overall mortality.
Accumulating evidence for sex differential effects of
vitamin A supplementation during the trial made us
hypothesise before we started the analyses that supple-
mentation would be particularly beneficial for boys.5-7

We also did explorative analyses to study whether
baseline characteristics such as anthropometric mea-
sures, socioeconomic factors, and season could have
modified the response to vitamin A supplementation.
We analysed effect modification by investigating the
homogeneityof the effect of vitaminA supplementation
in the different categories of the suspectedmodifierwith
Wald test statistics.When lookingat the effect ofvitamin
A supplementation according to birth weight and other
birth characteristics, we restricted the analysis to

children enrolled on day 0 and day 1 (n=2572) for
whominformationonbirthcharacteristicswas available
(n=2559-69, depending on birth characteristic) and
divided the data into the lowest quarter and the three
highest quarters. We used Schoenfeldt’s residuals and
visual inspection of Nelson-Aalens estimators to test for
proportionality of hazard rates.

RESULTS

Participant flow

Figure 1 illustrates the trial profile. Between 13
November 2002 and 28 November 2004 we enrolled
4345 children, of whom 174 died within the first year of
life—that is, amortality of 47/1000 person years.A total
of 70 children who were said at enrolment at the main
hospital to live in the study area either turned out to be
temporary guests who left immediately after delivery
(n=36) or could not be identified in the neighbourhood
indicated by themother or in the project register (n=34).
These infants did not contribute follow-up time to the
survival analysis (fig 1).The70children lost to follow-up
and those followed up did not differ with regard to sex,
age, and baseline anthropometrics.
Although the study was planned to examine the

effect of vitamin A supplementation administered
simultaneously with BCG at birth, several deviations
from this planoccurred. Firstly, a total of 85 children, of
whom four died (mortality 54/1000 person years),
receivedvitaminAseveraldaysafterBCGvaccination,
mostbecause theyweredeliveredbycaesarean section.
As recommended, these children were given BCG
shortly after birth, but the mother was not available to
give informed consent and the children could be
enrolledonly several days later. The effect of vitaminA
supplementation on mortality at 12 months of age was
not different when it was given three ormore days after
BCG vaccination (P=0.92).
Secondly, children delivered at home received BCG

and vitamin A supplementation when the child was
brought to a healthcare facility.A total of 1181 (27%) of
the children came after the first week of life. Their
median age at enrolment was 16 days (10-90 centiles=
9-64 days). Stratification on time of supplementation
revealed no indication that the effect of vitamin A
supplementation differed with age at supplementation
and vaccination (P=0.95). Thirdly, some children
delivered at home or outside the study area came so
late for BCG vaccination that they also received the
diphtheria-tetanus-pertussis vaccination recom-
mended at 6 weeks of age at the same time or even
before BCG (n=191, nine deaths; mortality 73/1000
person years). We found no significant difference
between the effect of vitamin A supplementation if
BCG was given with or after diphtheria-tetanus-
pertussis (P=0.62). We therefore treated all children
the same way in the analyses.

Baseline data

No differences in baseline characteristics existed
between the two intervention groups (table 1). We did
all analyses without control for these characteristics.

Table 1 | Baseline characteristics of 4345 infants enrolled in vitamin A trial, November 2002-

November 2004, Guinea-Bissau. Values are numbers (percentages) unless stated otherwise

Characteristic Vitamin A (n=2145) Placebo (n=2200)

Boys* 1075 (50) 1125 (51)

Suburb:

Bandim 1076 (50) 1113 (51)

Mindara/Belem/Cuntum 1030 (48) 1056 (48)

Unknown 39 (2) 31 (1)

Maternal schooling:

No 624 (29) 638 (29)

Yes 1290 (60) 1361 (62)

Unknown 231 (11) 201 (9)

Maternal ethnicity:

Pepel 605 (28) 606 (28)

Other 1458 (68) 1536 (70)

Unknown 82 (4) 58 (3)

Electricity:

No electricity 1379 (64) 1416 (64)

Electricity available 686 (32) 726 (33)

Unknown 80 (4) 58 (3)

Enrolment in rainy season* 1047 (49) 1107 (50)

Enrolment at national hospital* 1220 (57) 1266 (58)

Exposed to tuberculosis in home:

Yes 52 (2) 42 (2)

No 2054 (96) 2127 (97)

Unknown 39 (2) 31 (1)

Median (10-90% range) age at enrolment (days) 1 (0-23) 1 (0-21)

Mean (SD) maternal MUAC (mm) 255 (31) 254 (30)

Mean (SD) weight (kg) 3.33 (0.70) 3.32 (0.67)

Mean (SD) length (cm) 50 (3) 50 (3)

Mean (SD) MUAC (mm) 101 (11) 100 (11)

Mean (SD) head circumference (cm) 35 (2) 35 (2)

Mean (SD) abdominal circumference (cm) 31 (3) 31 (3)

Mean (SD) ponderal index (kg/m3) 26 (4) 26 (3)

MUAC=Mid upper arm circumference.

*Variables with two levels (such as included at national hospital/elsewhere) are presented by one of the levels.

RESEARCH

page 4 of 9 BMJ | ONLINE FIRST | bmj.com

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.39542.509444.A
E

 on 16 June 2008. D
ow

nloaded from
 

http://www.bmj.com/


Outcomes and estimation

Vitamin A supplementation was not significantly
associated with survival during the first year of life;
the overall mortality rate ratio was 1.07 (95%
confidence interval 0.79 to 1.44; P=0.66 for effect of
vitamin A supplementation) (fig 2). The age at
vaccination did not matter for the estimated effect of
vitaminA supplementation (data available on request).
The inclusion criteria were no malformation and no
overt illness, but mortality within the first 7 days of life
was none the less high; 20 (mortality 349/1000 person
years) of the children died during this period—10
vitamin A (6 boys, 4 girls), 10 placebo (5 boys, 5 girls),
mostly from septicaemia/asphyxia (n=13) or acute
haemorrhage (n=4). Excluding the 20 perinatal deaths
resulted in an overall effect of vitamin A supplementa-
tion of 1.08 (0.79 to 1.48). The previous studies saw a
beneficial effect only during the first four months of
life. 3 4We found themortality rate ratio to be 1.00 (0.65
to 1.56) during this period (79 deaths) and 1.13 (0.75 to
1.68) from 4 to 12 months of age (95 deaths).
We censored follow-up time for children when they

received vitamin A supplementation in campaigns to
avoid dilution of the intervention effects. Without
censoring, the estimate was almost unchanged: 1.08
(0.80 to 1.44).

Sex
We found a tendency for a sex differential effect of
vitamin A supplementation; the mortality rate ratio in
boys was 0.84 (0.55 to 1.27) compared with 1.39 (0.90
to 2.14) in girls (P for interaction=0.10) (fig 3). As can
also be seen in figure 3, the differential effect was not
apparent before 4 months of age (boys 0.94 (0.52 to
1.71), girls 1.09 (0.56 to 2.11); P for interaction=0.76)
but was marked in the period from 4 to 12 months of
age (0.74 (0.41 to 1.34) versus 1.67 (0.94 to 2.97); P for
interaction=0.05).

Explorative analyses

Stratified analyses according to mother/child
characteristics
We looked for any differential effect of vitamin A
stratified according to characteristics of mothers or
children thatmight be associatedwith vitaminA status.

The effect of vitamin A supplementation on mortality
did not differ bymaternal education overall. In boys of
mothers with no education the mortality rate ratio was
0.42 (0.17 to 1.02) compared with 1.04 (0.61 to 1.78) in
boys of mothers with schooling (P for inter-
action=0.09), whereas no difference existed in girls.
The effect of vitamin A supplementation did not differ
significantly according to maternal arm circumference
or children’s anthropometrics at enrolment. However,
in infants with a ponderal index in the lowest quarter
(<24.7 kg/m3), themortality rate ratiowas 0.69 (0.34 to
1.38) compared with 1.35 (0.86 to 2.13) in other
children (P for interaction=0.11). This was mainly
caused by a significant negative effect of vitamin A
supplementation among girls with a normal or high
ponderal index—2.14 (1.06 to 4.29) compared with
0.80 (0.30 to 2.16) in girls with a low ponderal index (P
for interaction=0.11).

Season
We also did an explorative analysis of the effect of
vitamin A supplementation according to the season of
administration. As in many previous studies from the
study area, we considered the rainy season to last from
June to November, even though the rain may have
stopped in early October. The incidence of malaria is
usually particularly high in October and November.
We found a strong interaction between vitamin A and
season of distribution. Vitamin A supplementation
administered in the dry season was associated with a
mortality rate ratio of 0.63 (0.41 to 0.97), whereas
vitamin A supplementation administered in the rainy
seasonwas associatedwith amortality rate ratio of 1.84
(1.19 to 2.85) (table 2). The negative effect of receiving
supplement in the rainy season was evident in boys as
well as girls. As a consequence, vitamin A was
associated with a significantly increased mortality in
girls supplemented in the rainy season (mortality rate
ratio 2.23 (1.18 to 4.24); P=0.01) but a significantly
beneficial effect among boys supplemented in the dry
season (0.45 (0.24 to 0.84); P=0.01).

Causes of death

In 21 (12%) of the 174 deaths, a verbal autopsy was not
done because the family had moved or refused to
participate. Among the remaining 153 deaths, several
had more than one probable cause of death. Main
causes of death were septicaemia, malaria, diarrhoea,
and respiratory infections. On the basis of the
observations of sex differential and season differential
effects of vitamin A supplementation on mortality, we
did exploratory analyses of the effect of vitamin A
supplementation by sex and season (table 3). The
negative effect of vitamin A supplementation adminis-
tered in the rainy season was apparent for deaths from
malaria, diarrhoea, and respiratory infections but not
for deaths from septicaemia. The sex differential effect
was most apparent for diarrhoea; vitamin A supple-
mentation was associated with significantly more
deaths from diarrhoea among girls, particularly if
they received supplement in the rainy season.A total of

Table 2 | Effect of sex and season of supplementation on impact of vitamin A onmortality

during first 12months of life

Mortality/1000 person years (deaths/person years)

All Boys Girls

Rainy season

Vitamin A + BCG 59 (54/913) 57 (26/455) 61 (28/458)

Placebo + BCG 32 (32/1003) 37 (18/490) 27 (14/512)

Mortality rate ratio (95% CI) 1.84 (1.19 to 2.85) 1.53 (0.84 to 2.79) 2.23 (1.18 to 4.24)

Dry season

Vitamin A + BCG 39 (34/882) 31 (14/448) 46 (20/433)

Placebo + BCG 61 (54/881) 69 (32/462) 53 (22/418)

Mortality rate ratio (95% CI) 0.63 (0.41 to 0.97) 0.45 (0.24 to 0.84) 0.88 (0.48 to 1.61)

Homogeneity of effects P=0.0006 P=0.0058 P=0.0382
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94 children were exposed to tuberculosis. Two (2%)
deaths occurred among these children, both in the
placebo group; one of them refused verbal autopsy but
was said tohavedied fromdiarrhoeaandvomiting, and
the other died of pneumonia.

DISCUSSION

Principal findings

In this trial, wewere unable to showan important effect
of vitaminA supplementation on overallmortality, but
the effect of supplementation tended to be beneficial
for boysbut harmful for girls. In retrospective analyses,
we saw a strong interaction between vitamin A
supplementation and season; vitamin A supplementa-
tionwasbeneficialwhenprovided in thedry seasonbut
detrimental when provided in the rainy season.

Strengths and weaknesses

Strengths of the study include the demographic
surveillance system that has been functioning for
many years; thus, for an African setting we have been
able to keep track of a very large percentage of the
children enrolled at the hospital and at the health
centres.All eligible childrenwere enrolled in the study.
The doctors and the assistants at the project have
extensive experience in this type of study, and we
believe it has been conducted rigorously.
Limitations include the fact that the mortality was

much lower (47/1000 person years) than anticipated

(70/1000 person years), probably in part because we
offered free consultations and essential drugs during
the first year of life for eligible children. The
randomisation method was unconventional but was
carried out under careful supervision. We preferred it
to other methods such as computer generated treat-
ment allocation, as it made it clear to the mothers that
they were participating in a randomised trial. Further-
more, interviews withmothers and assistants indicated
that the blinding was successful, and no differences in
baseline characteristics existed between treatment
groups. We do not believe that these weaknesses
have influenced the results, but the low mortality
obviously decreased our power to estimate the effect of
vitamin A supplementation, and the confidence inter-
val of the overall estimate still leaves room for clinically
important effects.
One could speculate that the oral vitamin A

supplement was not well absorbed in neonates, as we
found no differences in vitamin A concentrations at
6weeks of age.10However, given the facts that neonatal
oral vitamin A supplementation affected overall
mortality in previous trials and sex differential
mortality in this as well as previous trials,3 4 and that a
previous study showed increased plasma retinol
concentrations after neonatal oral vitamin A
supplementation,17 we believe that the vitamin A was
absorbed. In this trial, we also found vitamin A
supplementation to be associated with higher concen-
trations of retinol binding protein at 6 weeks of age
among boys of mothers with no formal education.10

Possible explanations of contrasting results

When we started our trial, two similar trials from Asia
had reported beneficial effects of vitamin A supple-
mentationat birth.3 4Whileour trialwasongoing, a trial
from Zimbabwe supplementing HIV negative women
and their offspring in a two by two factorial design
could not reproduce a beneficial effect of vitamin A
supplementation at birth; the effect of neonatal vitamin
A supplementation during the first 12 months of life
was 1.18.18 Recently, the Zimbabwe trial reported that
among infants of HIV positive mothers, vitamin A

Table 3 | Mortality rate ratios (95%confidence intervals) for vitamin A supplementation versus

placebo for different causes of death by season of supplementation and sex

Cause of death, by season of
supplementation No of deaths*

Vitamin A/placebo

All Boys Girls

Malaria: 32 0.9 (0.5 to 1.9) 0.5 (0.1 to 1.5) 1.4 (0.6 to 3.6)

Rainy 12 2.2 (0.7 to 7) 2.2 (0.2 to 23.8) 2.2 (0.6 to 8.9)

Dry 20 0.5 (0.2 to 1.4) 0.3 (0.1 to 1.2) 1.0 (0.3 to 3.3)

Septicaemia: 26 1.2 (0.6 to 2.6) 1.8 (0.6 to 5.5) 0.7 (0.2 to 2.3)

Rainy 15 1.2 (0.4 to 3.3) 2.3 (0.6 to 9.1) 0.3 (0.0 to 2.5)

Dry 11 1.2 (0.4 to 3.9) 1.0 (0.1 to 7.3) 1.3 (0.3 to 5.8)

Diarrhoea: 33 1.6 (0.8 to 3.2) 0.7 (0.3 to 2.0) 3.7 (1.2 to 11.1)†

Rainy 20 2.6 (1.0 to 6.7) 1.1 (0.3 to 4.3) 5.6 (1.2 to 25.5)

Dry 13 0.9 (0.3 to 2.6) 0.4 (0.1 to 2.1) 1.9 (0.3 to 10.6)

Respiratory infection: 25 1.1 (0.5 to 2.5) 1.1 (0.3 to 3.6) 1.2 (0.4 to 3.3)

Rainy 12 2.2 (0.7 to 7.3) 1.1 (0.2 to 7.6) 3.3 (0.7 to 16.6)

Dry 13 0.6 (0.2 to 1.9) 1.0 (0.2 to 5.1) 0.4 (0.1 to 2.0)

Measles 16 0.8 (0.3 to 2.2) 0.5 (0.1 to 2.1) 1.4 (0.3 to 6.3)

Meningitis 4 0.3 (0.0 to 3.3) NA NA

Acute febrile syndrome 8 1.0 (0.3 to 4.2) 0.4 (0.0 to 3.4) 3.1 (0.3 to 39.6)

Other infection 5 0.7 (0.1 to 4.1) NA NA

Maybe non-infectious
underlying condition‡

14 1.4 (0.5 to 4.0) 1.0 (0.3 to 4.1) 2.1 (0.4 to 11.3)

Fever combined 69 1.0 (0.6 to 1.6) 0.9 (0.4 to 1.7) 1.2 (0.6 to 2.2)

rainy 30 1.6 (0.8 to 3.4) 2.1 (0.7 to 6.1) 1.3 (0.5 to 3.5)

dry 39 0.7 (0.4 to 1.3) 0.4 (0.1 to 1.1) 1.1 (0.5 to 2.5)

NA=not applicable.
*Total denominator was 3677.8 person years: 1915.4 in rainy season and 1762.4 in dry season.

†Significant difference between effects of vitamin A supplementation in boys and girls, P=0.03.
‡These children were judged to have died from conditions such as sudden infant death syndrome (n=2),
hydrocephalus or increased intracranial pressure (n=3), and acute bleeding (n=5).
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supplementation had differential effects in infants who
were polymerase chain reaction negative for HIV at
birthbutbecamepositiveat 6weeksof ageandchildren
who remained negative six weeks after delivery.19 The
overall effect of neonatal vitaminA supplementation in
the combined populationwas 1.16 (0.98 to 1.38).19 The
Zimbabwe trial was done in an area that is not endemic
formalaria, and this was speculated to be the reason for
the apparent lack of a beneficial effect. However, we
found no effect of vitamin A supplementation in a
malaria endemic area and no effect of vitamin A
supplementation against deaths from malaria.
The trial populations were all large (n=2067-

14 110318 19) and to our knowledge conducted rigor-
ously. The conflicting results could be due to an
underlying difference in degree of vitamin A defi-
ciency. In Indonesia, the maternal retinol concentra-
tions were comparable to those of American women.3

In India, 6%of themothers hadnight blindness and the
degree of underlying vitamin A supplementation was
probably high.4 In Zimbabwe, less than 1% of the
mothers were deficient (<0.7 µmol/l retinol binding
protein).18 In Bissau, less than 1% of the mothers had
low retinol binding protein.10 As the directmeasures of
vitamin A status varied between the studies, no firm
conclusions can be reached, but nothing indicates that
differences invitaminAstatus alonecanaccount for the
apparent beneficial effect in Indonesia and India but
not in Zimbabwe or Guinea-Bissau.
Maternal education is an important socioeconomic

indicator, and vitamin A status may differ by maternal
education.20 In our trial, educated mothers had
significantly higher retinol binding protein than
mothers with no education,10 and vitamin A supple-
mentation seemed to have a more beneficial effect in
boysofmotherswithno education.Themeanmaternal
education was 9.5 years in Indonesia,3 and 83% had
eight or more years of education in Zimbabwe,18

whereas more than 40% of the mothers in India and
more than 28%of themothers inGuinea-Bissau hadno
education.4 Hence, difference in maternal education
seems unlikely to explain the conflicting results.
The percentage of low birthweight children differed

considerably between studies. Low birthweight chil-
dren are at greatest risk of vitamin A deficiency.21 Our
results indicated that girls with a high ponderal index
benefited least from vitamin A supplementation. Our
study did not include low birthweight children,
whereas the studies in Indonesia, India, andZimbabwe
had 10%, 31% and 12% low birthweight children
respectively.3 4 18 Hence, differences in birth weight do
not seem to explain the differences either.

Sex differences

The twoAsian studies reported amore beneficial effect
in boys, a finding that we could replicate in our study,
although it was not significant at the 5% level.
However, unlike theAsian studieswe founda tendency
for a negative effect ingirls. TheZimbabwean studydid
not report data by sex. The very first vitamin A
supplementation study by Sommer et al found a more

beneficial effect in infant boys than girls.22 We have
previously reported that boys had a stronger antibody
response from measles vaccine administered with
vitamin A supplementation,23 and girls in contrast to
boysbenefited fromreceiving lowerdosesof vitaminA
supplementat ion than the ones current ly
recommended.5 The reason for these differences
between the sexes is unknown but potentially very
important for designing the optimal vitamin A policy.

Seasonal effects

An explorative analysis revealed a strong interaction
with season of supplementation, resulting in a sig-
nificantly beneficial effect of vitamin A supplementa-
tion if given to boys during the dry season but a
significantly negative effect if given to girls during the
rainy season. The analyses of causes of deaths by
season revealed that vitamin A supplementation
administered in the rainy season tended to be
associated with increased mortality from malaria,
diarrhoea, and respiratory infections. Hence, the
negative effect of vitamin A supplementation in the
rainy season was not due to a negative effect on one
particular typeofdisease.Several studieshave reported
that the growth response to vitaminAsupplementation
depended on season.24-26 One trial from Ghana
reported no differential effect of vitamin A supple-
mentation distributed at three different times of the
year (P=0.16),27 but the effects of number of doses and
time of the year could not be separated. The effect of
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vitamin A supplementation administered in the dry
season in Bissau was very similar to effects obtained in
the two Asian studies. None of the other studies of
neonatal vitamin A supplementation reported effects
by season. If health interventions such as vitamin A
supplementation have differential seasonal effects, this
would have major consequences for public health
practice in low income countries—for instance, when
to run vitamin A supplementation campaigns.

Biological mechanisms

We have no well documented explanation of why
vitamin A supplementation should have sex differen-
tial and season differential effects. One could speculate
that underlyingdifferences in theprevalenceofvitamin
A deficiency between the sexes and between seasons
might explain the results. Indeed, the indications are
that boys are born with lower vitamin A
concentrations.28 29 However, in our population boys
were nomore vitaminA deficient than girls at 6 weeks,
andat 4months theyhadhigher retinol bindingprotein
concentrations than girls.10 If anything, children were
less vitamin A deficient during the dry season.10

In immunological studies, vitamin A has mostly
been shown to enhance T helper (Th) 2 type
responses.30 To our knowledge, no study has system-
atically investigated the Th1/Th2 balance in infant
boys and girls, although the indications are that boys
may have a more pronounced Th1 profile than girls as
they have a stronger delayed hypersensitivity
response.13 Conversely, girls may have a stronger
Th2 profile as they usually mount a higher antibody
response than boys.23 Hence, we might speculate that
the sex differential effect is due to vitamin A
supplementation inducing a more balanced and
beneficial Th1/Th2 profile in boys but unnecessary
or excessive Th2 deviation in girls.
Treatment with vitamin A has been shown to have

disease specific effects; for instance, vitamin A treat-
ment is beneficial againstmeasles butmay enhance the
clinical symptoms during respiratory infections.30 The
seasonal differences could be due to seasonal differ-
ences in the prevalence of certain disease types against
which vitamin A supplementation is particularly
beneficial or harmful. Our data suggest that the
negative effect of vitamin A supplementation adminis-
tered in the rainy season was seen for several of the
major causes of death. However, we did not have very
advanced diagnostic tools and hence not very specific

diagnoses. We could also speculate that the season
differential effect was due to differences in the state of
the immune system during different seasons. In the
neighbouring country theGambia, seasonal difference
in the antibody response to several different vaccines
has been noted.31

In conclusion, more studies focusing on the immu-
nological effects of vitamin A supplementation and its
interactions with sex and seasonal differences in
immune function are clearly needed to elucidate the
potential biological mechanisms.

Overall evidence

A recent paper estimated that 42% of children aged
0-59months in sub-SaharanAfricaare at riskofvitamin
A deficiency and that programme action for control of
vitamin A deficiency can bring about a potential 25%
reduction in mortality in this age group.32 We did this
study believing that vitamin A supplementation would
contribute to further reductions in mortality in our
African setting. This did not happen. As indicated by
the effect in the dry season, particularly in boys,
vitamin A supplementation may indeed have a
beneficial effect in some situations. However, it
apparently also interacted with other, as yet unknown,
environmental factors to produce a negative effect on
survival in some situations.
Four trials of vitamin A supplementation at birth

have now been published. Two Asian studies found a
beneficial effect of vitamin A supplementation34; two
African studies found no overall benefit and possibly
harmful effects in girls (our study) and inHIV negative
children born of HIV positive mothers.19 The three
trials that reported data by sex (including ours) found a
more beneficial effect in boys.3 4 Ameta-analysis of the
four trials of supplementation at birth shows significant
heterogeneity in the mortality effect of vitamin A
supplementation between the trials (P=0.003). Hence,
some unidentified factor(s) seems to exist that explains
whether vitamin A supplementation has a beneficial
effect, no effect, or a negative effect.
On the basis of published studies and preliminary

results from an as yet unpublished study in Bangladesh
showing a beneficial effect of vitamin A supplementa-
tion at birth,33 recommendation of neonatal vitamin A
supplementation at birth in Asia, but not in Africa, has
recently been suggested.34 35 However, before moving
to policy we need to resolve the contradictions to
identify the situations in which vitamin A supplemen-
tation is beneficial or harmful and to clarify the
underlying mechanisms. Only by doing so can we
optimise the use of vitamin A supplementation in low
income countries. As long as the causes of the
contrasting results are not identified, the possibility
exists that vitaminA supplementation at birthmight be
harmful for somegroups.Given the current evidence, a
global or regional recommendation of 50 000 IU
vitamin A supplementation at birth is unwarranted.
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