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ABSTRACT

Background: Multiple micronutrients (vitamin B complex and vi-
tamins C and E) were effective at reducing infectious disease mor-
bidity, HIV disease progression, and poor pregnancy outcomes in
HIV-infected women.

Objective: The objective was to evaluate whether direct supple-
mentation of these micronutrients to HIV-exposed infants reduces
mortality and morbidity.

Design: Infants born to HIV-infected women from Dar es Salaam,
Tanzania, were randomly assigned to receive daily oral supplemen-
tation of multiple multivitamins (vitamin B complex and vitamins C
and E) or placebo from age 6 wk for 24 mo. All-cause mortality,
hospitalizations, and unscheduled clinic visits were recorded. Mor-
bidities were recorded during monthly follow-up visits. All mothers
received multiple micronutrients throughout the study.

Results: A total of 1193 infants were randomly assigned to receive
micronutrients and 1194 to receive placebo. There were 138 child
deaths in the multivitamin group and 124 deaths in the placebo
group (HR: 1.13; 95% CI: 0.88, 1.44; P = 0.33). Hospitalizations
(RR: 0.83; 95% CI: 0.62, 1.13; P = 0.23), unscheduled clinic visits
(RR: 0.97; 95% CI: 0.85, 1.10; P = 0.59), and maternal reports of
diarrhea (RR: 0.97; 0.87, 1.10; P = 0.64) were not significantly
different between the 2 groups. Fever (P = 0.02) and vomiting
(P = 0.007) were significantly lower in the multivitamin group.
Among 429 children whose mothers received antiretroviral (ARV)
therapy, multivitamin use had no effect on mortality but was asso-
ciated with a significant reduction in hospitalizations (P = 0.035),
episodes of fever (P = 0.005), and episodes of fever and cough (P =
0.019).

Conclusions: In the setting of maternal micronutrient supplemen-
tation, supplementation of HIV-exposed infants with vitamin B and
vitamins C and E does not reduce mortality. Studies of nutrition
supplementation in ARV-exposed infants may be warranted. This
trial was registered at clinicaltrials.gov as NCT00197730. AmJ
Clin Nutr 2012;96:1437-46.

INTRODUCTION

The most significant public health problems for children on
a global scale continue to be infectious diseases (including lower
respiratory tract infections and diarrheal diseases) and diseases of
the perinatal period (1). Diarrheal diseases, lower respiratory
diseases, perinatal disorders, malaria, measles, and other illnesses
claim nearly 8 million lives of children younger than 5 y annually
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(2). In addition, HIV infection, especially in sub-Saharan Africa,
is a major cause of morbidity and mortality among children (3).

Micronutrient supplementation may benefit children living in
poor countries, where dietary intake and/or bioavailability of
micronutrients are low. Randomized trials have confirmed that
supplementation is effective at reducing mortality (vitamin A)
and infectious disease morbidity (vitamin A and zinc) (4-7).
Children born to HIV-infected women may be at higher risk
of infectious morbidities and nutritional problems, including
protein-energy malnutrition, food insecurity, micronutrient de-
ficiencies, diarrhea, and respiratory infections (8, 9). We pre-
viously observed that multiple micronutrients (B vitamins,
vitamin C, and vitamin E) were effective at reducing infectious
disease morbidity and HIV progression and improving preg-
nancy outcomes, in a cohort of HIV-infected women (10, 11). In
addition, children born to mothers who had received this regi-
men had fewer episodes of diarrhea (12), better growth (13), and
higher micronutrient blood concentrations (14) than did infants
born to HIV-infected women who did not receive this supple-
ment. To evaluate the efficacy of direct child supplementation
with a similar mix of micronutrients, we performed a random-
ized trial of micronutrient supplementation (B vitamins, vitamin
C, and vitamin E) among infants born to HIV-infected women
living in Dar es Salaam, Tanzania. Our aims were to determine
whether daily administration of multiple micronutrients reduced
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the risk of mortality and infectious disease morbidity, in com-
parison with placebo.

SUBJECTS AND METHODS

The study was a randomized, double-blind, placebo-controlled
trial. Women aged =18 y presenting for prenatal care at the 32nd
week of gestation or earlier in 1 of 8 antenatal clinics in Dar es
Salaam were offered HIV screening with pre- and posttest coun-
seling. Women who tested HIV positive were further screened for
eligibility, including the intention to reside in Dar es Salaam for
the duration of follow-up. Maternal HIV-1 serostatus was de-
termined by 2 sequential enzyme-linked immunosorbent assays
with the use of Murex HIV antigen/antibody (Abbott Murex) fol-
lowed by the Enzygnost anti-HIV-1/2 Plus (Dade Behring) (15);
discordant results were resolved by a Western blot test (Bio-Rad
Laboratories). Written informed consent was obtained from
women for participation in the trial while still pregnant. Eligi-
bility for infant participation in the trial included singleton birth
and age between 5 and 7 wk at randomization. Excluded were
infants born of multiple gestation or those with serious con-
genital anomalies or other conditions that would interfere with
study procedures, including the ability to consume a daily mi-
cronutrient supplement. Hemoglobin concentrations were mea-
sured by using the AcT5 Diff AL hematology analyzer (Beckman
Coulter). Weight was measured to the nearest 10 g with a digital
infant balance (TANITA), and length was measured to the nearest
1 mm with a rigid length board with a movable foot piece. An-
thropometric equipment was calibrated on a regular basis.

Institutional approval was granted by the Harvard School of
Public Health Human Subjects Committee, the Muhimbili
University of Health and Allied Sciences Committee of Research
and Publications, the Tanzanian National Institute of Medical
Research, and the Tanzanian Food and Drugs Authority. A Data
Safety and Monitoring Board (DSMB)®> met twice annually
during the course of the study.

Treatment allocation

Infants were randomly assigned to receive a daily oral dose of
multivitamins or placebo from enrollment at age 6 wk for 24 mo. A
randomization list from 1 to 2400 was prepared by the study
biostatistician in Boston with the use of permuted blocks of size 20
and provided to the pharmacy Department in Dar es Salaam, with
each number corresponding to a code denoting 1 of the 2 treatment
arms. On-site study pharmacists stored the coded randomization
listin a locked file cabinet and concealed allocation by covering the
numeric regimen code on each blister pack with a sticker. Infants
enrolled at the study clinic were provided the next consecutive
number in series. Study physicians, research nurses, and partici-
pants were unaware of the treatment groups.

From age 6 wk to 6 mo, infants in the multivitamin (active) arm
received one capsule containing 60 mg vitamin C, 8 mg vitamin E,
0.5 mg thiamine, 0.6 mg riboflavin, 4 mg niacin, 0.6 mg vitamin B-6,
130 ug folate, and 1 mg vitamin B-12. From age 7 mo to the end
of follow-up, 2 capsules were given daily. These dosages repre-
sent between 150% and 600% of the US Adequate Intake for

3 Abbreviations used: ARY, antiretroviral therapy; DSMB, Data Safety and
Monitoring Board; RDA, Recommended Dietary Allowance.
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children aged 0—6 mo and 200% and 400% for children aged 7—
12 mo (16-20). The supplement used was a powder encapsulated
in an opaque gelatinous capsule manufactured by Nutriset.
Mothers were instructed how to push the capsule through the back
of the blister pack, open it, and decant the powder into a small
plastic cup. Sterile water (5 mL) supplied with the supplement
was added to the powder, and the dose was given to the child
orally. A pilot phase of open-label vitamin use in 12 infants and
mothers confirmed that this supplement preparation and use was
well accepted by the mothers and infants. Both the placebo and
active capsules contained an orange powder of identical taste and
appearance. All study personnel and participants were blinded to
treatment assignment for the duration of the study. Only the study
statisticians and the DSMB saw unblinded data, but none had any
contact with the study participants.

Provision of standard of care and follow-up

Mothers and children were asked to return monthly to a central
clinic site on the campus of Muhimbili University of Health and
Allied Sciences for research visits and standard clinical care. As
part of standard medical care, all children received growth mon-
itoring, immunizations, and routine medical care for illnesses. All
children enrolled in the trial received periodic high-dose vitamin A
supplementation, as per Tanzanian Ministry of Health guidelines
(100,000 IU at 9 mo and 200,000 IU at 15 and 21 mo). Fortified
complementary foods were not universally available, and universal
iron supplementation was not provided to the children. Children
found to be anemic were treated with iron supplementation.

Mothers were counseled on the risks and benefits of exclusive
breastfeeding. The provision of the study regimen was in keeping
with WHO recommendation concerning exclusive breastfeeding,
in that drops, syrups, or oral rehydration solutions are allowed.
Women were instructed not to give any additional foods or fluids
while they were exclusively breastfeeding, in keeping with WHO
and Tanzanian Ministry of Health guidelines supporting exclu-
sive breastfeeding.

All mothers were provided with oral multivitamins, in keeping
with our prior findings (10), from enrollment until study
end postpartum. Maternal multivitamin doses were generally
several times the Recommended Dietary Allowance (RDA) for
B-complex vitamins, vitamin C, and vitamin E, but women who
were started on antiretroviral therapy (ARV) were changed to
single RDA multivitamin dosages.

When the study was proposed, routine medical care for
pregnant women with HIV infection included malaria pro-
phylaxis, iron and folate supplementation, diagnosis and treat-
ment of sexually transmitted infections and prophylaxis, and
diagnosis and treatment of opportunistic infections. ARV med-
ication was limited to nevirapine prophylaxis for maternal to
child transmission (one dose given to the mother at the onset of
labor and one dose given to the infant within 72 h of birth) (21).
As the study progressed, the availability of ARVs increased
substantially through programs such as the President’s Plan for
AIDS Relief and other governmental and nongovernmental
programs. Beginning in July 2005, women and children in the
study were screened for ARV eligibility and treated according to
Tanzanian Ministry of Health guidelines. For adults, eligibility
was based on WHO stage IV HIV disease, or CD4 cell count
<200 cells/uL, or WHO stage III and CD4 cell count <350
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cells/uL. For children aged <18 mo, eligibility was based on
CD4% <20 or Pediatric WHO Stage III; for children aged =18
mo, eligibility was based on Pediatric WHO Stage III or CD4%
<15%. The standard first-line regimen was stavudine, lam-
ivudine, and nevirapine for adults and zidovudine, lamivudine,
and nevirapine for children; alternative drugs were available for
specific circumstances. All children were tested for HIV in-
fection at 6 wk of age by using the Amplicor HIV-1 DNA assay
version 1.5 (Roche Molecular Systems Inc). Tests at 18 mo of
age were performed by using HIV ELISAs followed by En-
zygnost anti-HIV-1/2 Plus (Dade Behring); discordant results
were resolved by using a Western blot test. Samples from
children who tested positive at 18 mo were then back tested
via polymerase chain reaction to estimate time of transmission.
Time of transmission was estimated as the date halfway between
the last negative and first positive HIV test result.

During the monthly follow-up visits, mothers underwent
standardized assessment of child morbidity with the prompting of
symptom diaries that had been distributed at the previous visit. By
using pictorials of illness symptoms (eg, diarrhea, vomiting, and
fever), mothers were asked to check off days when their children
suffered these symptoms. These diaries were reviewed by trained
research nurses during the monthly visits to the clinic to docu-
ment the occurrence of infectious morbidities, including the need
for unscheduled clinic visits or hospitalizations. Diarrhea was
defined as =3 loose or watery stools within a 24-h period. Rapid
respiratory rate was defined as >60 breaths/min in infants
younger than 2 mo, >50 breaths/min in 2—11-mo-olds, and >40
breaths/min in those aged =12 mo. Every 3 mo, and/or when
acute complaints of illness were noted, children underwent
a physical examination and medical treatment by study physi-
cians. Standardized diagnostic criteria were used to make phy-
sician diagnoses.

Compliance with the daily regimen was measured by research
nurses who counted the number of unused pills. Mothers who
were traveling out of Dar es Salaam temporarily were provided
with extra regimen and water to suffice until the next visit to the
research clinic. Mothers were reimbursed for their travel ex-
penses to the study clinic, but received no other payment.

Children who missed their monthly follow-up appointment
were visited at home, and their vital status was confirmed through
contact with immediate family members. A verbal autopsy was
performed in cases of child death to determine the cause of death.
Coding of the cause of death from the verbal autopsies was
performed independently by 2 pediatricians (KPM and CD), and
differences were adjudicated by a third pediatrician.

Data management and analysis

The primary outcome was all-cause mortality. We initially
estimated that the mortality rate in the placebo arm would be 25%
and powered the trial to detect a 30% reduction in mortality.
During the course of the trial, the mortality rate was substantially
lower than expected. On the basis of a 2-sided test for a com-
parison of proportions with 80% power, we increased our sample
size from 1600 to 2360 to detect a 30% reduction in child
mortality, assuming a placebo arm mortality rate of 12.5%.
Because of both this increased sample size and budgetary limits,
follow-up time was truncated to before 24 mo for some of the
infants.
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Data were double entered by using Microsoft Access software
and converted to SAS software (version 9.1; SAS Institute) for
analysis. Final data sets were uploaded onto a UNIX-based server in
Boston, Massachusetts. Intention-to-treat analyses were carried out
according to a preestablished analysis plan. To evaluate the effect of
supplements on mortality, we created Kaplan-Meier curves and
evaluated the effect of multivitamins with the use of the Cox
proportional hazard test. For morbidity outcomes, the probability of
a reported event at a visit was compared between arms by using
generalized estimating equations, adjusted for the child’s age (<6,
6-18, or >18 mo). For physician diagnoses, which were made
both during routine and additional sick visits, the rate per year of
follow-up was compared between arms by using Poisson re-
gression. Stratified analyses by prespecified (child sex, HIV status,
low birth weight, maternal age, and parity) and post hoc (maternal
ARV use) factors were also performed. All analyses were per-
formed by using SAS software (version 9.2; SAS Institute).

RESULTS

The study profile is shown in Figure 1. From August 2004
until November 2007, 2387 infants were randomly assigned;
follow-up ended 31 May 2008. Median (25th, 75th percentiles)
duration of follow-up was 22.4 (12.7, 25.2) mo. The baseline
maternal and child characteristics are shown in Table 1, which
confirm that measures of age, socioeconomic characteristics,
and WHO disease stage were comparable between the 2 groups.
Thirty percent of women were anemic at presentation, and 20%
received ARVs during pregnancy. Infants in the 2 study arms
had similar characteristics, including rates of low birth weight,
HIV infection at age 6 wk, and anemia at 6 wk. Rates of ex-
clusive breastfeeding were comparable between the 2 study
arms. Eleven infants were enrolled slightly outside of the age
criteria (10 between 8 and 10 wk of age and 1 at 4 wk of age);
after review by the DSMB and the Institutional Review Board,
we included these infants in the trial.

After a median (25th, 75th percentiles) of 22.4 (12.7, 25.2) mo
of follow-up, there were 138 child deaths in the multivitamin
group and 124 deaths in the placebo group (RR: 1.13; 95% CI:
0.88, 1.44; P = 0.33). The survival curves for the 2 arms are
shown in Figure 2. The most common causes of death were
lower respiratory infections, septicemia, malaria, and diarrheal
diseases, and these did not differ between the 2 study arms. We
examined mortality rates stratified by infant sex, HIV status at
baseline, low birth weight (<2500 g), maternal age (< median
28 y), and parity and observed no modification of the vitamin
supplement by these factors (Table 2).

The effect of multivitamin supplementation on the incidence
of hospitalizations, unscheduled clinic visits, and common in-
fectious morbidities is shown in Table 3. As measured by the
proportion of monthly clinic visits at which daily diaries noted
the occurrence of various symptoms, no effect of supplemen-
tation was observed on the occurrence of diarrhea (RR: 0.97;
95% CI: 0.87, 1.10), unscheduled outpatient visits (RR: 0.97;
95% CI: 0.85, 1.10), or hospitalizations (RR: 0.83; 95% CI:
0.62, 1.13). Significant reductions in the occurrence of vomiting
and fever were noted, and vitamin supplementation was asso-
ciated with an 8% reduction in the occurrence of fever (RR:
0.92; 95% CI: 0.85, 0.99) and a 22% reduction in the occurrence
of vomiting (RR: 0.78; 95% CI: 0.65, 0.93). Physician diagnoses
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| 103,290 pregnant women screened for MUHAS-Harvard research studies

|

| 6063 pregnant HIV-positive who consented for blood draw |

l

| 4968 pregnant HIV-positive who met other eligibility criteria |

832 referred to another research study
63 HIV-uninfected during confirmatory test
573 declined participation

4

3500 pregnant women consented

4 Congenital anomalies
86 Neonatal death prior to randomization
121 Abortions/Stillbirths
61 Twin deliveries
430 Eligible deliveries did not return for random assignment
411 Delivery status unknown, lost to follow-up

y
| 2387 infants randomly assigned |

4—/\

1193 Multivitamin

1194 Placebo

FIGURE 1. Study profile of randomized trial of micronutrient supplementation to infants born to HIV-infected women in Dar es Salaam, Tanzania.

MUHAS, Muhimbili University of Health and Allied Sciences.

of diarrhea (RR: 1.10; 95% CI: 0.98, 1.24) and respiratory tract
infections (RR: 1.03; 95% CI: 0.98, 1.09) were not significantly
lower in the supplemented group, nor were diagnoses of malaria
(RR: 0.99; 95% CI: 0.89, 1.10).

Results of analyses to determine whether the effect of mul-
tivitamin supplementation on the occurrence of diarrhea, cough,
fever, and combined cough and fever were modified by sex, HIV
infection, or low birth weight are shown in Table 4. No sig-
nificant effect modification was found for the first 2 morbidities,
but multivitamins were associated with a significantly higher
risk of fever among low-birth-weight infants (RR: 1.28; 95% CI:
0.97, 1.70) than among infants with a birth weight =2500 g
(RR: 0.89; 95% CI: 0.82, 0.96; P-interaction = 0.013) and with
a significantly higher risk of fever and cough among low-birth-
weight infants (RR: 1.46; 95% CI: 1.04, 2.05) than among in-
fants with a birth weight =2500 g (RR: 0.88; 95% CI: 0.80,
0.98; P-interaction = 0.006). Multivitamins were associated with
a significantly lower risk of having a physician-diagnosis of
diarrhea among low-birth-weight infants (RR: 0.65; 95% CI:
0.42, 0.99) than among infants with a birth weight =2500 g
(RR: 1.14; 95% CI: 1.01, 1.29; P-interaction = 0.016).

Median (25th, 75th percentiles) regimen compliance among
children was 96 (91, 99) of the allocated regimen. Of 1157 total
children with compliance greater than the median, there were
49 deaths (8.3%) in the multivitamin group and 61 deaths
(10.7%) in the placebo group [HR: 0.77 (0.53, 1.12), P = 0.17].

Median (25th, 75th percentiles) multivitamin compliance among
mothers was 64 (56, 71) of the allocated regimen. Of 1231 total
mothers with compliance greater than the median, there were
86 child deaths (13.7%) in the multivitamin group and 72
deaths (12.0%) in the placebo group [HR: 1.17 (0.85, 1.60),
P =0.34].

Of 429 children whose mothers received ARVs during preg-
nancy, there were 21 child deaths in the multivitamin group
compared with 25 deaths in the placebo group (RR: 0.81;95% CI:
0.46, 1.45; P = 0.49) and 13 unscheduled hospitalizations in the
multivitamin group compared with 28 in the placebo group (RR:
0.48; 95% CI: 0.24, 0.95; P = 0.035). Maternal reports of fever
and cough with fever were significantly lower in the multivita-
min group in this subset (Table 5).

DISCUSSION

The metabolic and nutritional demands of infants born to HIV-
infected women in resource-poor countries may differ from
those of healthy infants, and much evidence suggests that their
diets may be low or deficient in several micronutrients. Among
breastfeeding women in South Africa, low blood concentrations
of folate, zinc, vitamin B-12, and vitamins E and A were noted
(22), which suggests that infant micronutrient status might also
be impaired. Dietary requirements of micronutrients may also be
increased in the settings of frequent infectious or inflammatory
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TABLE 1
Characteristics of HIV-infected mothers and their children enrolled in a clinical trial of micronutrient supplementation
in Tanzania’

Multivitamin (n = 1193) Placebo (n = 1194)
Maternal characteristics
Age (¥) 282 + 5.0° 282 + 49
Education [n (%)]
None 68 (5.8) 90 (7.6)
1-7y 856 (72.5) 844 (71.3)
=8y 257 (21.8) 250 (21.1)
Employment [n (%)]
Housewife without income 780 (67.8) 748 (65.2)
Housewife with income 148 (12.9) 182 (15.9)
Other 223 (19.4) 217 (18.9)
Marital status [n (%)]
Married/living with partner 1031 (87.5) 1020 (86.2)
Prior pregnancies [n (%)]
None 270 (22.9) 269 (22.8)
1-3 820 (69.4) 812 (68.7)
=4 91 (7.7) 101 (8.5)
Daily food expenditure per person <500 T 598 (53.5) 565 (50.3)
shillings [n (%)]°
Midupper arm circumference (cm)* 259 * 33 26.0 £ 3.2
Hemoglobin4
<11 g/dL [n (%)] 320 (30.4) 328 (30.6)
Concentration 11.6 = 14 114 = 14
BMI group [ (%)]*
<18.5 kg/m? 53 (4.5) 51 (4.3)
18.5 to <25 kg/m> 675 (57.0) 656 (55.9)
25.0 to <30 kg/m? 346 (29.2) 353 (30.1)
=30 kg/m® 110 (9.3) 114 (9.7
Received ARV during pregnancy [n (%)] 214 (20.4) 215 (20.1)
WHO disease stage I/II [n (%)] 629 (88.6) 623 (87.1)
CD4 count [ (%)]*
<200 cells/mm?* 98 (9.4) 100 (9.4)
200-349 cells/mm* 232 (22.3) 189 (17.8)
=350 cells/mm?* 711 (68.3) 771 (72.7)
Gestational age at enrollment (wk) 246 £ 5.5 24.6 = 5.6
Child characteristics
Age (wk) 58 05 5.8 0.6
Male sex [n (%)] 651 (54.6) 638 (53.4)
Low birth weight, <2500 g [n (%)] 79 (6.9) 82 (7.2)
Prematurity, <37 wk [n (%)] 172 (14.6) 185 (15.7)
HIV positive [n (%)] 125 (10.7) 139 (11.8)
Weight at baseline (kg) 45 0.7 44 0.7
LAZ —-0.36 = 14 -043 = 1.3
WHZ 021 £ 1.3 -025*13
WAZ —-048 = 1.1 =057 £ 1.2
Duration of breastfeeding (mo) 44+ 26 43 =25
Hemoglobin at baseline
=10 g/dL [n (%)] 463 (40.8) 490 (42.9)
Concentration (g/dL) 103 £ 1.5 103 = 1.6

! ARY, antiretroviral therapy; LAZ, length-for-age z score; T, Tanzanian; WAZ, weight-for-age z score; WHZ, weight-
for-height z score.

2Mean =+ SD (all such values).

#1250 T shillings = ~1 US$ at the time of the study.

#Maternal characteristics measured at 6 wk postpartum.

stress (23). We performed a randomized, double-blinded, arrheal symptoms). The frequencies of vomiting and fever were
placebo-controlled clinical trial of multivitamin supplements  reduced in the multivitamin group.

among 2387 HIV-exposed Tanzanian infants. We detected no The role of multiple micronutrient supplements in reducing
difference in all-cause mortality with micronutrient supple-  child mortality has not been widely evaluated. In a randomized
mentation or substantive declines in important morbidities (eg,  trial of 847 children with HIV infection in Uganda, the provision
hospitalizations, unscheduled clinic visits, and frequency of di- of twice the RDA of 14 micronutrients (thiamine, riboflavin,
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Placebo 1193 1136 1066 987 924 862 821 739 590

FIGURE 2. Kaplan-Meier plot for all-cause mortality among 2387 HIV-exposed Tanzanian infants.

niacin, folate, and vitamins A, B-6, B-12, C, D, and E and zinc,
copper, iodine, and selenium) was not associated with reduced
mortality (5.9% at 12 mo) compared with children who received
a single RDA of 6 vitamins (thiamine, riboflavin, and niacin and
vitamins A, C, and D) (6.7%; RR: 0.9; 95% CI: 0.5,1.5) (24).
Among 373 rural South African children (32 of whom were HIV-
infected and 154 of whom were born to HIV-infected mothers),
supplementation with micronutrients (thiamine, riboflavin, niacin
and vitamins A, C, D, E, and K and zinc, copper, iodine, and iron)
was not associated with lower mortality than was vitamin A or
vitamin A plus zinc (25). Respiratory and gastrointestinal in-
fections were also not reduced with multivitamin supplementa-

TABLE 2

tion (26). Compared with these studies, our trial was larger, began
micronutrient supplementation earlier in life (6 wk compared
with 6-12 mo), followed the cohort longer (24 mo compared
with 12-18 mo), and observed higher mortality rates.
Subgroup analyses resulted in some potentially interesting
findings in the trial. Among low-birth-weight infants, multivi-
tamin supplementation was associated with a significantly higher
incidence of maternally reported fever and cough and fever, but
a lower incidence of physician-diagnosed diarrhea. Among chil-
dren whose mothers received ARVs, multivitamins significantly
reduced unscheduled hospitalizations and reports of fever and
cough with fever. These findings deserve further study and indicate

All-cause mortality rates among HIV-exposed Tanzanian children randomly assigned to receive daily multivitamins or

placebo, stratified by baseline characteristics’

Multivitamin (n = 1193)

n (%)
Overall (n = 2387) 138 (11.6)
Subgroups
Sex
Male (n = 1289) 78 (12.0)
Female (n = 1098) 60 (11.1)
HIV positive at 6 wk
Positive (n = 264) 64 (51.2)
Negative (n = 2081) 68 (6.5)
Low birth weight (g)
=2500 (n = 2128) 106 (9.9)
<2500 (n = 161) 18 (22.8)
Maternal age
>28 y (n = 1074) 56 (10.7)
=28y (n =1257) 77 (12.1)
Prior pregnancies
Oor 1 (n=1326) 84 (12.4)
=2 (n = 1036) 51 (10.1)

Placebo (n = 1194) HR (95% CI) P
n (%)

124 (10.4) 1.13 (0.88, 1.44) 0.33
67 (10.5) 1.14 (0.83, 1.59) 0.42
57 (10.3) 1.11 (0.77, 1.59) 0.59
55 (39.6) 1.38 (0.96, 1.98) 0.08
63 (6.1) 1.09 (0.77, 1.53) 0.64
97 (9.2) 1.08 (0.82, 1.43) 0.57
17 (20.7) 1.07 (0.55, 2.08) 0.84
58 (10.6) 1.00 (0.69, 1.45) 0.99
63 (10.2) 1.22 (0.87, 1.70) 0.24
62 (9.5) 1.33 (0.95, 1.84) 0.09
59 (11.1) 0.91 (0.63, 1.33) 0.64

"HRs, 95% Cls, and corresponding P values were obtained from Cox proportional hazards models. There were no

significant interactions between groups.
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TABLE 3

Rates of hospitalizations, unscheduled clinic visits, and symptoms of common infectious illnesses among HIV-exposed
Tanzanian children randomly assigned to receive daily multivitamins or placebo

Morbidity Multivitamin Placebo RR (95% CI) P!
% (no. of events/visits)* % (no. of events/visits)®
Hospitalizations 0.62 (127/20,533) 0.80 (166/20,775) 0.83 (0.62, 1.13)  0.23
Unscheduled outpatient visits 3.01 (619/2,0533) 3.15 (655/20,775) 0.97 (0.85, 1.10)  0.59
Diarrhea 4.31 (885/20,531) 4.47 (929/20,774) 0.97 (0.87, 1.10)  0.64
Cold 25.67 (5261/20,493) 25.94 (5373/20,716) 1.00 (0.95, 1.05)  0.95
Cough 30.79 (6310/20,492) 30.45 (6308/20,715) 1.02 (0.9, 1.07) 0.51
Difficulty breathing 1.43 (293/20,493) 1.31 (272/20,719) 1.06 (0.85, 1.33)  0.60
Fever 11.46 (2349/20,493) 12.60 (2611/20,720) 0.92 (0.85,0.99)  0.02
Refusal to eat, drink, or breastfeed 2.72 (557/20,493) 2.95 (611/20,721) 0.93 (0.80, 1.07)  0.30
Pus draining from ears 0.82 (168/20,493) 0.97 (201/20,721) 0.81 (0.58, 1.12) 0.20
Vomiting 1.46 (299/20,493) 1.91 (395/20,721) 0.78 (0.65, 0.93)  0.007
Cough and fever 6.65 (1362/20,493) 7.28 (1508/20,721) 0.92 (0.84, 1.01)  0.09
Cough plus® 2.46 (505/20,493) 2.45 (508/20,721) 1.02 (0.87, 1.20)  0.80
Cough with rapid respiratory rate” 0.02 (4/20,493) 0.01 (1/20,721) 4.05 (0.45, 36.1) 0.34
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! P value was obtained from generalized estimating equations with the binomial distribution, log link, and exchange-
able correlation structure. The analyses were adjusted for the age of the children (<6, 6-18, and >18 mo).

2 Total number of events occurring during follow-up, defined as being reported in the 28 d (4 wk) before the visit.

¥ Defined as cough with one or more of the following events: difficulty breathing, chest retractions, and refusal to eat,

drink, or breastfeed.

#Defined as a respiratory rate >60/min in infants aged <2 mo, >50/min in those aged 2 mo, and >40/min in those

aged 12-59 mo.

the importance of considering nutritional status and common
morbidities when evaluating the effect of ARV use in women and
children in resource-poor areas (27).

Our results contrast with previous data documenting re-
ductions in child mortality or diarrhea among children whose
mothers received multivitamins during pregnancy and lactation—
findings that supported the rationale for our intervention directly
to children. For example, in Indonesia, infants of women pro-
vided with multiple micronutrients showed an 18% reduction in
early infant mortality compared with those of women given iron
and folate alone (35.5 deaths/1000 live births compared with 43/
1000; RR: 0.82; 95% CI: 0.70, 0.95; P = 0.010) (28). Among
Tanzanian infants born to HIV-infected mothers, children born
to women who were assigned to receive multivitamins (vitamin
B-complex and vitamins C and E) had a 17% significantly lower
risk of diarrhea compared with children whose mothers received
no multivitamins (RR: 0.83; 95% CI: 0.71, 0.98; P < 0.03) (12).
Owing to these latter findings, routine maternal micronutrient
supplementation was the standard of care in our trial—an in-
tervention that may have limited any possible benefits of direct
child supplementation.

Several other aspects of our trial deserve comment. As noted,
the availability of antiretroviral therapy increased substantially
over the course of the study, which may have influenced the
occurrence of our primary and secondary outcomes. We did,
however, take into consideration the lower observed rates of
infant and child mortality (29) by increasing the sample size.
Other possible explanations for our lack of positive findings in-
clude poor compliance with the regimen, replete baseline nu-
tritional status of the infants, and inadequate dosing/composition
of the micronutrient regimen selected. In addition, all children
received high-dose vitamin A supplementation, a practice that
itself reduces child mortality (5). Compliance was measured
by pill count and monthly review of dosing practices and gen-
erally seemed adequate. High rates of baseline anemia and un-

dernutrition (30) in our cohort suggest an underlying risk of
micronutrient deficiencies. We chose micronutrient doses that
were safe for young infants and whose components had pre-
viously been shown to be effective among HIV-infected mothers.

Perhaps the most important factor to consider in the trial was
our provision of high-dose micronutrient supplements to all
mothers enrolled. Micronutrient supplementation may positively
affect quality and quantity of life among pregnant HIV-infected
women, which may have implications for quality of caregiving
behavior to infants and young children that may secondarily
reduce morbidity and mortality. In addition, maternal micro-
nutrients may improve breast-milk nutrient quantity (14, 31),
thereby indirectly increasing infant micronutrient intakes. Our
results, therefore, do not exclude the possibility that direct infant
supplementation with micronutrients in areas of the world where
maternal micronutrient supplementation is not the standard of
care could improve child health outcomes.

In summary, daily micronutrients provided to infants born to
HIV-positive Tanzanian mothers did not reduce all-cause mor-
tality, hospitalizations, or unscheduled clinic visits. Reports of
fever and vomiting were less frequent in supplemented children.
Infants whose mothers received ARVs had fewer unscheduled
hospitalizations and reports of fever and cough with fever, but
unchanged mortality. In the setting of high-dose maternal micro-
nutrient supplementation, HIV-exposed infants may not benefit
substantially from routine multivitamin supplementation. Studies
of alternative nutrient supplementation regimens that include
vitamin A and zinc, and studies in the setting of more widespread
maternal ARV use, should be considered.

‘We thank the mothers and children and field teams, including physicians,
nurses, midwives, supervisors, laboratory staff, and administrative staff, who
made this study possible; Muhimbili National Hospital, Muhimbili University
of Health and Allied Sciences, and the National AIDS Control Program in Dar
es Salaam for their institutional support; the field and study staff for their tire-
less efforts (Rehema Mtonga, Illuminata Ballonzi, Godwin Njiro, Frank Killa,
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TABLE 4
Effect of multivitamin supplementation on common infectious morbidities among HIV-exposed Tanzanian children, stratified by baseline characteristics
Effect
modifier Multivitamin Placebo RR (95% CI)’ P value’ P’
Diarrhea [no. events/visits (%)]°
Sex
Male 510/11,295 (4.5) 513/10,950 (4.7) 0.97 (0.83, 1.14) 0.69 0.96
Female 375/9236 (4.1) 416/9824 (4.2) 0.97 (0.82, 1.15) 0.76
HIV status at 6 wk [no. events/visits (%)] 0.42
Positive 80/1411 (5.7) 90/1803 (5.0) 1.12 (0.80, 1.57) 0.50
Negative 800/18,852 (4.2) 830/18,777 (4.4) 0.97 (0.86, 1.10) 0.64
Low birth weight [no. events/visits (%)] 0.39
=2500 g 815/18,961 (4.3) 837/18,309 (4.5) 0.80 (0.53, 1.21) 0.29
<2500 g 50/1186 (4.2) 68/1257 (5.4) 0.97 (0.86, 1.10) 0.61
Cough [no. events/visits (%)]
Sex 0.28
Male 3456/11,272 (30.7) 3396/10,909 (31.1) 0.99 (0.93, 1.06) 0.80
Female 2854/9220 (31.0) 2921/9806 (29.7) 1.05 (0.98, 1.12) 0.22
HIV status at 6 wk [no. events/visits (%)] 0.33
Positive 536/1409 (38.0) 624/1797 (34.7) 1.10 (0.95, 1.27) 0.21
Negative 5707/18,816 (30.3) 5611/18,724 (30.0) 1.02 (0.97, 1.07) 0.51
Low birth weight [no. events/visits (%)] 0.65
=2500 g 5792/18,928 (30.6) 5707/18,758 (30.4) 1.01 (0.96, 1.06) 0.70
<2500 g 389/1180 (33.0) 395/1251 (31.6) 1.05 (0.88, 1.26) 0.56
Fever [no. events/visits (%)]
Sex 0.49
Male 1337/11,273 (11.9) 1450/10,914 (13.3) 0.90 (0.81, 0.99) 0.025
Female 1012/9220 (11.0) 1161/9806 (11.8) 0.94 (0.84, 1.06) 0.32
HIV status at 6 wk [no. events/visits (%)] 0.08
Positive 294/1409 (20.9) 336/1797 (18.7) 1.10 (0.91, 1.34) 0.32
Negative 2029/18,817 (10.8) 2236/18,729 (11.9) 0.91 (0.84, 0.99) 0.019
Low birth weight [no. events/visits (%)] 0.013
=2500 g 2092/18,829 (11.1) 2358/18,763 (12.6) 0.89 (0.82, 0.96) 0.002
<2500 g 205/1180 (17.4) 163/1251 (13.0) 1.28 (0.97, 1.70) 0.08
Respiratory infections, cough and fever
[no. events/visits (%)]
Sex 0.41
Male 766/11,273 (6.8) 843/10,915 (7.7) 0.89 (0.78, 1.01) 0.07
Female 596/9220 (6.5) 665/9806 (6.8) 0.96 (0.83, 1.11) 0.58
HIV status at 6 wk [no. events/visits (%)] 0.07
Positive 181/1409 (12.9) 192/1797 (10.7) 1.18 (0.91, 1.54) 0.21
Negative 1164/18,817 (6.2) 1290/18,730 (6.9) 0.90 (0.82, 1.00) 0.05
Low birth weight [no. events/visits (%)] 0.006
=2500 g 1210/18,929 (6.4) 1367/18,764 (7.3) 0.88 (0.80, 0.98) 0.027
<2500 g 129/1180 (10.9) 91/1251 (7.3) 1.46 (1.04, 2.05) 0.029
Physician diagnoses of diarrhea®
Sex
Male 0.86 = 1.2° 0.85 £ 1.3 1.09 (0.93, 1.28) 0.28 0.94
Female 094 = 1.3 079 £ 1.2 1.10 (0.93, 1.31) 0.27
HIV status at 6 wk*
Positive 0.78 = 1.2 0.86 + 1.3 1.03 (0.71, 1.49) 0.11 0.73
Negative 092 £ 1.3 0.83 £ 1.3 1.11 (0.71, 1.49) 0.87
Low birth weight”
=2500 g 091 £ 1.3 0.80 = 1.2 1.14 (1.01, 1.29) 0.036 0.016
<2500 g 093 £ 14 142 = 1.8 0.65 (0.42, 0.99) 0.047

"RRs, 95% CIs, and corresponding P values were obtained from generalized estimating equations with binomial distribution, log link, and exchangeable

correlation structure. The analyses were adjusted for the age of the children (<6, 6-18, and >18 mo).

2 P value for interaction effect.

3 Total number of events occurring during follow-up, defined as being reported in the 28 d (4 wk) before the visit.
“RRs, 95% ClIs, and corresponding P values were obtained from generalized estimating equations with the Poisson distribution and log link and by using

follow-up time as the offset variable.
°Mean * SD (all such values).
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TABLE 5
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Rates of hospitalizations, unscheduled clinic visits, and symptoms of common infectious illnesses among 429 HIV-
exposed Tanzanian children randomly assigned to receive daily multivitamins or placebo whose mothers received

antiretrovirals during pregnancy

Morbidity Multivitamin Placebo RR (95% CI) P value’
no. events/visits (% )2 no. events/visits ( %)2

Hospitalizations 0.30 (13/4295) 0.69 (28/4057) 0.48 (0.24, 0.95) 0.035
Unscheduled outpatient visits 3.31 (142/4295) 3.18 (129/4057) 1.05 (0.80, 1.38) 0.72
Diarrhea 3.42 (147/4295) 3.45 (140/4057) 0.99 (0.77, 1.28) 0.94
Cold 24.96 (1069/4295) 26.96 (1090/4057) 0.92 (0.83, 1.02) 0.12
Cough 33.08 (1417/4295) 33.12 (1339/4057) 0.98 (0.89, 1.09) 0.71
Difficulty breathing 0.93 (40/4295) 0.96 (39/4057) 0.95 (0.59, 1.55) 0.85
Fever 10.11 (433/4295) 12.27 (496/4057) 0.79 (0.67, 0.93) 0.005
Refusal to eat, drink, or breastfeed 2.47 (106/4295) 2.70 (109/4057) 0.93 (0.69, 1.25) 0.61
Pus draining from ears 0.63 (27/4295) 0.74 (30/4057) 0.78 (0.40, 1.53) 0.47
Vomiting 1.21 (52/4295) 1.34 (54/4057) 0.91 (0.60, 1.39) 0.66
Cough and fever 5.98 (256/4295) 7.35 (297/4057) 0.79 (0.65, 0.96) 0.019
Cough plus’ 1.84 (79/4295) 2.33 (94/4057) 0.78 (0.57, 1.08) 0.13

 Obtained from generalized estimating equations with the binomial distribution, log link, and exchangeable correla-
tion structure. The analyses were adjusted for the age of the child (<6, 6-18, and >18 mo).

2 Total number of events occurring during follow-up, defined as being reported in the 28 d (4 wk) before the visit.

¥ Defined as cough with one or more of the following events: difficulty breathing, chest retractions, and refusal to eat,

drink, or breastfeed.
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