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ABSTRACT
Background: Poor child growth increases risks of mortality and
morbidity. Micronutrient supplements have the potential to improve
child growth.
Objective: We assessed the effect of daily zinc, multivitamin (vita-
mins C, E, and B-complex), and zinc and multivitamin (Zn+MV)
supplementation on growth in infants in Tanzania.
Design: In this randomized, 2 3 2 factorial, double-blind trial, 2400
infants were randomly assigned to receive zinc, multivitamins,
Zn+MVs, or a placebo at 6 wk of age and were followed up for
18 mo with monthly growth measurements. Mixed-effects models
with restricted cubic splines for the mean change in anthropometric
z scores were fit for each group. Likelihood ratio tests were used to
compare the effect of supplements on growth trajectories. Cox
proportional hazards models were used to compare incidences of
stunting, wasting, and underweight.
Results: Children in all groups experienced growth faltering. At
19 mo of age, prevalences of stunting, wasting, and underweight
were 19.8%, 6.0%, and 10.8%, respectively. Changes in weight-
for-age z scores (WAZs) and weight-for-height z scores (WHZs)
were significantly different across the 4 groups (P , 0.001 for
both). The mean 6 SE decline in the WAZ from baseline to the
end of follow-up in the Zn+MV group was significantly less than
in the placebo group (20.36 6 0.04 compared with 20.50 6
0.04; P = 0.020), whereas the decline in the WHZ was signifi-
cantly greater in the zinc-only group than in the placebo group
(20.57 6 0.07 compared with 20.35 6 0.07; P = 0.021). Sup-
plements did not have a significant effect on mean change in
the height-for-age z score or on rates of stunting, wasting, or
underweight.
Conclusions: Although there were small but significant improvements
in the WAZ in the Zn+MV group, daily zinc supplementation alone,
multivitamin supplementation alone, and the combined Zn+MV did
not reduce the incidences of underweight, stunting, or wasting in Tan-
zanian infants. Alternative approaches to prevent growth faltering
should be pursued. This trial was registered at clinicaltrials.gov as
NCT00421668. Am J Clin Nutr 2016;103:910–8.

Keywords: infancy, growth, multiple micronutrients, supplemen-
tation, zinc

INTRODUCTION

Chronic undernutrition, which is manifested as stunting (height-
for-age ,22 SDs), currently affects 165 million children ,5 y
old worldwide (1). Children who suffer from undernutrition in
early life experience detrimental short- and long-term conse-
quences. Undernutrition decreases immune function and increases
risk of infection. In particular, severe wasting (weight-for-height
,23SDs of the 2006 WHO standard) has been shown to increase
risk of mortality 12-fold (2). In children who survive early child-
hood, growth faltering can also lead to impaired cognitive de-
velopment and increased risks of chronic disease as well
pregnancy complications in women (3).

Micronutrient deficiencies are particularly prevalent in resource-
constrained settings even when caloric intake may be sufficient
(1, 4). An estimated 17% of the world’s population is at risk of
inadequate intake of zinc, which is an essential mineral that plays
an important role in growth, immune function, reproduction, and
neurobehavioral development (5). The WHO currently recom-
mends zinc supplementation as part of the treatment of diarrheal
disease because it can help shorten the duration and severity of
disease (6, 7). However, whether routine, preventative zinc sup-
plementation can improve long-term child growth is less clear.
Numerous studies have documented a small but significant effect of
zinc supplementation on growth in children and adolescents (8–10);
however, there has been substantial heterogeneity in the impact of
zinc supplements on growth on the basis of children’s age, study
setting, supplement dosage and duration, and underlying zinc status
(10). In particular, there have been few studies that have initiated
high-dose zinc supplementation [multiple times the Recommended
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Dietary Allowance (RDA)]11 during early infancy and longitudi-
nally assessed whether there is an added benefit of zinc supple-
mentation beyond what infants receive through breast milk (10).

Public health practitioners have also begun to emphasize the
role of multiple-micronutrient interventions as opposed to single-
nutrient interventions to improve child health (4). Because
multiple deficiencies often coexist in the same individuals and
communities, the use of multiple-micronutrient supplements are
a particularly attractive and relatively inexpensive intervention
(1, 11, 12). Research on which micronutrients, at which doses,
and in which settings is essential to formulate policies on multiple-
micronutrient interventions. The WHO currently supports the
home fortification of food with micronutrient powders that
contain at least iron, vitamin A, and zinc to improve iron status
and reduce anemia in infants and children 6–23 mo of age (13);
however, the evidence base to support the routine provision of
other micronutrients remains incomplete. Our group has shown
that the daily provision of vitamins B-complex, C, and E to
pregnant women can improve birth weight (14) and postnatal
infant weight gain (15). In the current study, we assess whether
the daily provision of these micronutrients directly to infants
born to HIV-negative mothers can have a long-term impact on
child growth and, furthermore, whether multivitamins have
a synergistic effect when combined with zinc supplements.

METHODS

Subjects in this study were part of a 2 3 2 factorial, ran-
domized, double-blind, placebo-controlled trial that was de-
signed to assess whether the daily administration of zinc or
multivitamins to infants born to HIV-negative mothers from
6 wk of age for a period of 18 mo reduced risk of diarrheal disease
and respiratory infection morbidity compared with the effects of
a placebo (16). A secondary endpoint of this study was to assess
whether these supplements improved child growth. Pregnant
women at ,34 wk of gestation who planned to stay in Dar es
Salaam for $2 y were informed about the study and consented
prenatally. In addition, mothers were also recruited from the
labor ward from district hospitals in Dar es Salaam. Inclusion
criteria included singleton, live births of HIV-negative mothers.
All mothers in the study were confirmed to be HIV-negative
1–2 wk after delivery. HIV status was assessed with the use of 2
sequential ELISAs that used the Murex HIV antigen/antibody
(Abbot Murex) followed by the Enzygnost anti–HIV-1/2 Plus
(Dade Behring). Discordant results between the 2 ELISAs were
resolved with the use of a Western blot assay. Low-birth-weight
and premature infants were included in the study because they
might be particularly likely to benefit from supplements; how-
ever, infants of multiple births and infants with congenital
abnormalities or other medical conditions that would have
interfered with the study proceedings were excluded.

At 5–7 wk of age, 2400 infants were randomly assigned to
receive one of the following 4 treatment regimens: zinc only,
multivitamins only, zinc and multivitamins (Zn+MVs), or a pla-
cebo. A biostatistician in Boston prepared a random-assignment

list from 1 to 2400 that used blocks of 20 and was stratified by
study clinic. Capsules were packaged in a blister pack of 15
capsules each, and numbered boxes that contained 6 blister packs
were prepared with the corresponding treatments. Each eligible
infant was assigned the next numbered box of capsules at his or
her respective site. All study physicians, nurses, and participants
were blinded to treatment groups. The supplements were provided
as opaque capsules containing an orange-flavored powder that
was manufactured by Nutriset. Mothers were instructed to push
the capsule through the back of the blister pack, open the capsule,
and empty the contents into a clean, plastic cup, mix the contents
with 5 mL sterile H2O, and administer the solution to the child
orally. All 4 regimens were tested to ensure that they were in-
distinguishable in appearance, smell, and taste. For infants who
received zinc, each capsule contained 5 mg Zn. For infants who
received multivitamin supplements, each capsule contained 60 mg
vitamin C, 8 mg vitamin E, 0.5 mg thiamin, 0.6 mg riboflavin,
4 mg niacin, 0.6 mg vitamin B-6, 130 mg folate, and 1 mg vitamin
B-12. From the time of random assignment to 6 mo of age, infants
received 1 capsule/d, that represented between 150% and 600% of
the RDA or Adequate Intake for the different micronutrients for
infants 0–6 mo of age. From 7 mo of age until the end of follow-
up, infants received 2 capsules/d that represented between 150%
and 400% of the RDA or Adequate Intake for their age group.

Mothers were instructed to return to the clinic monthly for
follow-up visits. All mothers and children received the stan-
dard of perinatal and child health care on the basis of the
guidelines of the Ministry of Health and Social Welfare in
Tanzania. Mothers received prenatal care including an an-
thropometric assessment, iron–folic acid supplementation, and
the intermittent preventive treatment of malaria. The standard
of care for children included monthly growth monitoring,
immunizations, routine treatment of illnesses, and periodic
vitamin A supplementation (100,000 IU at 9 mo of age and
200,000 IU at 15 mo of age). Children who were diagnosed
with anemia were treated with iron supplementation.

At each monthly follow-up visit, trained study nurses assessed
the regimen compliance by counting the number of unconsumed
capsules and obtained child anthropometric measurements with
the use of standard techniques (17). Weight was measured on
a digital infant balance scale with a 10-g precision (Tanita) and
length with a 1-mm precision with the use of a rigid length board
with an adjustable foot piece.

Ethics

Ethical approval was granted by the Harvard T.H. Chan School
of Public Health Human Subjects Committee, the Muhimbili
University of Health and Allied Science Committee of Research
and Publications, the Tanzanian Institute of Medical Research,
and the Tanzanian Food and Drug Authority. A data safety
monitoring board also met twice annually over the course of the
study. All mothers provided written informed consent to enroll
themselves and their infants in the study. This trial was registered
at clinicaltrials.gov as NCT00421668.

Statistics

Power calculations to determine the study sample size were
based on the primary outcomes of the parent trial (i.e., clinical

11 Abbreviations used: HAZ, height-for-age z score; RDA, Recommended

Dietary Allowance; WAZ, weight-for-age z score; WHZ, weight-for-height z

score; Zn+MV, zinc and multivitamin.
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symptoms of diarrhea and lower respiratory infection) (16). Post
hoc power calculations for our current growth analysis were
conducted for the mean change in height-for-age z score (HAZ)
without taking splines into account. On the basis of the power
calculation approach described by Basagaña and Spiegelman
(18), with the assumption that the coefficient of the change
in HAZ and time interaction was 0.01, we had .99% power
to detect a linearly divergent difference in the growth trajectory
in the change in HAZ between treatment groups.

Descriptive statistics were used to summarize baseline ma-
ternal, child, and household characteristics. For categorical
variables, frequencies in absolute numbers and percentages were
assessed and compared with the use of chi-square tests. For
continuous variables, means 6 SDs were derived and com-
pared with the use of an ANOVA. Regimen compliance was
defined as the mean percentage of capsules a child consumed
over the number of capsules he or she should have consumed
between visits. For our analysis, we calculated age- and sex-
specific z scores for the following 3 anthropometric indexes:
weight-for-height z score (WHZ), HAZ, and weight-for-age z
score (WAZ) with the use of the 2006 WHO growth standards
(19). In accordance with WHO recommendations, we set all
extreme HAZ (,26 or .6), WHZ (,25 or .5), and WAZ
(,26 or .5) values to missing as recommended (20). The
measurement error in individual children’s growth trajectories
was also identified by regressing height, weight, HAZ, and
WAZ independently against age for each child. The greatest and
lowest deciles of residual values were individually assessed, and
extreme outliers were set to missing. The WHZ was set to missing
for any visit where the HAZ or WAZ were set to missing. Di-
chotomous variables of wasting, stunting, and underweight were
created for children who fell below 22 of the relevant z score.

For the primary analysis, mixed-effects models with restricted
cubic splines for the change in mean anthropometric z score over
time were created for each group with the use of the intent-to-
treat principle (21). Changes in z scores were calculated by
subtracting a child’s baseline z score from the appropriate an-
thropometric z score at each subsequent follow-up visit. For the
mixed-effects models with restricted cubic splines, knots were
placed at 3, 6, 9, 12, 15, and 18 mo of age with 2 additional
knots at 6 and 10 wk of age to improve model fit by account-
ing for rapid growth in early infancy. To assess whether there
was a significant interaction effect of combining supplements,
we conducted likelihood ratio tests to compare mixed effects
models created with the use of the maximum likelihood method.
Full models contained all treatment terms (zinc, multivitamins,
and Zn+MVs), age variables (age as a continuous variable as
well as age spline variables), and interaction terms for treatment
variables with age variables. Reduced models did not contain
interaction terms for Zn+MVs with age variables.

Incidence rates of stunting, wasting, and underweight were
compared with the use of Cox proportional hazards models with
the exact method for ties. The assumption of proportional hazards
was assessed by comparing Kaplan-Meier plots across treatment
groups and also by testing an additional model that included
treatment and age interactions in the Cox model. Chi-square tests
were used to compare the number of children who were lost to
follow-up and the number of children who completed follow-up
across the 4 treatment groups, and t tests were used to compare
the mean age of the last visit across each treatment group. In

addition, baseline sociodemographic characteristics of infants
who completed the study and infants who dropped out were
compared with the use of t tests for continuous variables and
chi-square tests for categorical outcomes. Because adjustment
for baseline covariates has the potential to improve precision
(22), and baseline z scores were somewhat different across the
4 groups, we repeated the primary analyses to assess whether
adjustment for baseline anthropometric status or other base-
line covariates changed the findings from the mixed-effects
models with cubic splines. We also assessed effect modifi-
cations with the use of mixed-effects models with restricted
cubic splines stratified first by infant sex and separately
stratified by birth weight (infants in the lowest quartile of
birth weight ,3000 g compared with birth weight $3000 g).
All analyses were conducted with SAS software (version 9.3;
SAS Institute).

RESULTS

A total of 14,901 pregnant women were screened for study
enrollment of whom 3815 women were HIV-uninfected women
who met the eligibility criteria and consented to participate in the
study. After the exclusion of infants with medical conditions at
birth, infants with an unknown delivery status, or infants who did
not return for random assignment, 2400 infants were randomly
assigned to a zinc, multivitamin, Zn+MV, or placebo group
(Figure 1). Maternal, child, and household characteristics at
baseline were comparable across the 4 groups (Table 1). More
than one-half of all mothers were housewives with no income,
and three-quarters of mothers had#7 y of education. For almost
one-third of mothers, their current pregnancy was their first preg-
nancy. Mean maternal age was significantly different across the 4
groups (P = 0.049) with the youngest mothers in the Zn+MV group
(26.16 5.0 y) and the oldest in the zinc-only group (26.86 5.1 y).
The mean age of children at random assignment was 5.9 wk in
all 4 groups, and approximately one-half of the children were
boys. The prevalence of low birth weight was approximately
3%, and 13% of children were born before 37 wk of gestation.
The mean HAZ score at random assignment was significantly
different across the 4 groups (P = 0.028). Infants in the Zn+MV
group had the lowest mean HAZ at baseline (20.37 6 1.23),
whereas infants in the placebo group had the highest mean HAZ
at baseline (20.17 6 1.31).

The median regimen compliance in children was 96% (25th
and 75th percentiles: 91% and 99%, respectively) of the allo-
cated regimen on the basis of pill counts at clinic visits. Children
in all supplement groups experienced significant growth
faltering during follow-up. At 19 mo of age, prevalences of
stunting, wasting, and underweight were 19.8%, 6.0%, and
10.8% respectively. In the likelihood ratio tests that compared
mixed-effects models with and without interaction terms for
Zn+MVs and time spline variables, the models for the change in
the WAZ (P , 0.001) and WHZ (P , 0.001) were significantly
improved by including interaction terms for Zn+MVs, which
indicated a significant interaction on growth outcomes by the
combination of the 2 supplements (Figure 2). There was no
significant improvement when Zn+MV interaction terms were
added to the model for the change in HAZ (P = 0.505). Pairwise
comparisons of the mean change in WAZ from baseline to the
end of follow-up indicated that the Zn+MV group experienced
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a significantly smaller decline in WAZs than the placebo group
did (mean6 SE change:20.366 0.04 compared with20.506
0.04, respectively; P-difference = 0.020) (Table 2). Pairwise
comparisons for the mean change in WHZ revealed a significantly
greater decline in WHZs in the zinc-only group than in the pla-
cebo group (20.57 6 0.07 compared with 20.35 6 0.07, re-
spectively; P = 0.021). Incidence rates of stunting, wasting, and
underweight were not significantly different in the Zn+MV, zinc-
only, or multivitamin-only groups compared with the placebo
group (Table 3). In the analyses that were adjusted for baseline
anthropometric measures, we found that the decline in the WAZ of
the Zn+MV group remained significantly smaller than the decline
in the placebo group (mean 6 SE change: 20.42 6 0.04 com-
pared with 20.55 6 0.04, respectively; P = 0.026). The decline in
the mean WHZ in the zinc-only group was also steeper than the
decline in the placebo group (mean 6 SE change: 20.47 6 0.06
compared with 20.33 6 0.06, respectively; P = 0.089). The ad-
dition of other baseline covariates (maternal height, parity, infant

sex, and household asset score) resulted in similar findings com-
pared with models that contained baseline z scores only.

Because we did not see a significant interaction between the
zinc and multivitamin supplements on the change in HAZs, we
collapsed the 4 treatment groups so that we could conduct 2
separate comparisons of infants who received zinc with infants
who did not receive zinc, and infants who received multivitamins
with infants who did not receivemultivitamins. In the comparison
of infants who received zinc with infants who did not receive
zinc, we did not see a significant difference in the mean change in
HAZ, WAZ, or WHZ (Supplemental Figure 1). Children who
received multivitamins experienced a small but significant re-
duction in decline in HAZ and WAZ compared with infants who
did not receive multivitamins (Supplemental Figure 2). The
mean 6 SE decline in HAZ over the 18 mo of follow-up in in-
fants who received multivitamins was 20.82 6 0.03 compared
with 20.93 6 0.03 in infants who did not receive multivitamins
(P-difference = 0.012). In WAZ, the infants who received

FIGURE 1 Study profile of the randomized trial of multivitamin and zinc supplementation to infants in Dar es Salaam, Tanzania. Zn+MV, zinc and
multivitamin.
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multivitamins experienced a decline of 20.46 6 0.03 com-
pared with 20.56 6 0.03 in infants who did not receive mul-
tivitamins (P-difference = 0.004). In Cox proportional hazards
models, however, there was no significant difference in rates of
stunting, wasting or underweight when comparing infants who
received zinc with infants who did not receive zinc, nor in the
comparison of infants who received multivitamins and those who
did not receive multivitamins (Supplemental Tables 1 and 2).

In analyses that assessed the loss to follow-up, rates of
completion were similar across all 4 treatment groups. No
baseline sociodemographic characteristics in early dropouts were
significantly different from the characteristics of those who
remained in the study until completion with the exception of
gestational age. Children with shorter gestational ages were less
likely to complete the study; however, this was not significantly
different across treatment groups.

In analyses that assessed the effect modification of the sup-
plements by birth weight, we found that, among infants in the
lowest quartile of birth weight (,3000 g), infants who received
multivitamins had improved growth outcomes across all 3 an-
thropometric measures compared with infants who did not re-
ceive multivitamins. Specifically, infants with birth weight
,3000 g who received multivitamins experienced a mean 6 SE
decline in HAZ of 20.30 6 0.10 compared with a decline
of 20.68 6 0.10 in infants who did not receive multivitamins
(P-difference = 0.001). This trend was replicated in the WHZ
(20.35 6 0.11 compared with 20.60 6 0.12, respectively;
P-difference = 0.070). Of particular note, infants in the
lowest quartile of birth weight who received multivitamins ex-
perienced improvements in WAZ, with a mean 6 SE increase of
0.16 6 0.10 compared with a decline of 20.19 6 0.11 in infants
in the lowest quartile of birth weight who did not receive

TABLE 1

Baseline characteristics of mothers and their children enrolled in a trial of zinc and multivitamin supplementation1

Zn+MVs (n = 602) Zinc only (n = 596) Multivitamins only (n = 598) Placebo (n = 604) P

Maternal characteristic

Age, y 26.1 6 5.02 26.8 6 5.1 26.2 6 5.0 26.5 6 5.0 0.049

Formal education, n (%) 0.538

None 9 (1.5) 8 (1.4) 10 (1.7) 9 (1.5)

1–7 y 441 (73.4) 421 (71.1) 416 (70.2) 453 (75.3)

$8 y 151 (25.1) 163 (27.5) 167 (28.2) 140 (23.3)

Employment, n (%) 0.125

Housewife without income 357 (59.8) 365 (62.3) 337 (56.7) 386 (64.4)

Housewife with income 201 (33.7) 175 (29.9) 212 (35.7) 176 (29.4)

Other 39 (6.5) 46 (7.9) 45 (7.6) 37 (6.2)

Marital status (married or living

with partner), n (%)

542 (90.5) 534 (90.5) 542 (91.4) 537 (90.0) 0.860

Previous pregnancy, n (%) 0.378

None 187 (31.2) 169 (28.6) 205 (34.5) 184 (30.6)

1–4 396 (66.1) 410 (69.3) 375 (63.1) 398 (66.2)

$5 16 (2.7) 13 (2.2) 14 (2.4) 19 (3.2)

Midupper arm circumference, cm 26.7 6 3.2 27.1 6 3.1 27.1 6 3.1 27.0 6 3.1 0.090

Socioeconomic characteristic 0.925

Daily food expenditure per

person in household ,1000

Tanzanian shillings,3 n (%)

170 (29.4) 162 (28.6) 164 (28.8) 158 (27.6)

Household possessions,4 n (%) 0.292

None 180 (30.0) 192 (32.7) 173 (29.2) 171 (28.4)

1–3 339 (56.5) 308 (52.4) 330 (55.7) 358 (59.5)

$4 81 (13.5) 88 (15.0) 90 (15.2) 73 (12.1)

Child characteristics

Age at random assignment, wk 5.9 6 0.4 5.9 6 0.4 5.9 6 0.4 5.9 6 0.4 0.543

Sex, M, n (%) 289 (48.0) 300 (50.3) 316 (52.8) 311 (51.5) 0.388

Low birth weight (,2500 g), n (%) 22 (3.7) 21 (3.6) 21 (3.6) 18 (3.0) 0.920

Born preterm (,37 wk),5 n (%) 67 (12.1) 80 (14.6) 66 (12.0) 77 (14.0) 0.501

Small for gestational age5,6 53 (9.9) 48 (8.9) 35 (6.5) 55 (10.1) 0.143

z score7

Length-for-age 20.37 6 1.23 20.33 6 1.19 20.26 6 1.20 20.17 6 1.31 0.028

Weight-for-length 0.15 6 1.31 0.16 6 1.33 0.14 6 1.29 0.05 6 1.28 0.477

Weight-for-age 20.26 6 1.02 20.23 6 0.97 20.17 6 0.99 20.16 6 1.05 0.247

1P values for continuous variables were derived from ANOVA tests. P values for categorical variables were derived from chi-squared tests. Zn+MV, zinc

and multivitamin.
2Mean 6 SD (all such values)
3At the time of the study, this amount was roughly equal to US$0.75/d.
4From a list that included a sofa, television, radio, refrigerator, and fan.
5n = 2157
6Calculated on the basis of the standards developed by Oken et al. (23).
7Anthropometric z scores from baseline (ages 5–7 wk).
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multivitamins (P-difference , 0.001). There was no significant
effect of multivitamins in infants born with weight $3000 g. By
contrast, infants who received zinc supplements did not have
significantly different declines in WHZ or WAZ in either birth-
weight category, whereas infants in the lowest quartile of birth
weight who received zinc experienced greater declines in HAZ
than did infants in this birth-weight range who did not receive zinc
(mean 6 SE change: 20.61 6 0.10 compared with 20.34 6
0.11, respectively; P-difference = 0.020). There was no signifi-
cant effect modification of treatment by infant sex.

DISCUSSION

In this randomized, 23 2 factorial, clinical trial in infants born
to HIV-negative mothers in Dar es Salaam, Tanzania, neither daily
zinc nor multivitamin supplements, alone or in combination, had
a significant effect on the incidence of stunting, wasting, or un-
derweight. There was a small difference in the mean change in
WAZ and WHZ across treatment groups. Children in the Zn+MV
group experienced a significantly smaller decline in WAZs than
did children in the placebo group, which was a trend that was
replicated in the change in HAZs. By contrast, children in the

zinc-only group experienced a significantly greater decline in
WHZs, which was a trend that was also replicated in the decline
in WAZs compared with in the placebo group.

Our findings on the effect of zinc supplementation were
somewhat surprising. Several meta-analyses have shown a small
but significant positive effect of zinc supplementation on child
growth. In 2 meta-analyses in 2002 and again in 2009, Brown
et al. (8, 24) showed that zinc supplementation had a positive
effect on linear growth in prepubertal children (including infants)
in both developed and resource-constrained countries. In 2
separate meta-analyses published in 2011, Ramakrishnan et al.
(25) and Imdad and Bhutta (9) narrowed inclusion criteria to
focus on the effect of zinc supplements on growth specifically
in children ,5 y of age in low- and middle-income countries.
Although Imdad and Bhutta (9) concluded that a dose of 10 mg
Zn/d for 24 wk led to a net gain in height of 0.37 6 0.25 cm,
Ramakrishnan et al. (25) showed no effect of zinc supplemen-
tation on height gain and only modest increases in the WHZ.
More recently, a Cochrane review by Mayo-Wilson et al. (10)
showed a significant positive effect of zinc supplementation on both
height and weight in children from 6 mo through 12 y of age.
However, note that the effect on height and weight in the review by

FIGURE 2 Changes (95% CIs) in HAZ, WAZ, and WHZ from 6 to 84 wk of age in 4 treatment arms. Curves were created with the use of mixed-effects
models with restricted cubic splines with knots at 6 and 10 wk and 3, 6, 9, 12, 15, and 18 mo of age. n = 2336 for the HAZ analysis, n = 2347 for the WAZ
analysis, and n = 2332 for the WHZ analysis. Bars represent 95% CIs for each of the 4 treatment groups at 6, 12, and 18 mo of follow-up. P-interaction values were
derived from likelihood ratio tests that compared mixed-effects models with restricted cubic splines. The full model contained a Zn+MV interaction term as well as
interaction terms between Zn+MVs and time and all time spline variables. The reduced model did not contain interaction terms for Zn+MVs and time or time
spline variables. HAZ, height-for-age z score; MV, multivitamins; WAZ, weight-for-age z score; WHZ, weight-for-height z score; Zn+MV, zinc and multivitamin.

TABLE 2

Changes in HAZs, WAZs, and WHZs over 18 mo of follow-up across the 4 treatment groups1

Zn+MVs (n = 602) Zinc only (n = 596) Multivitamins only (n = 598) Placebo (n = 604)

Change in HAZ 20.79 6 0.05 20.93 6 0.05 20.88 6 0.05 20.93 6 0.05

P 0.058 0.956 0.478 Referent

Change in WAZ 20.36 6 0.04 20.61 6 0.04 20.52 6 0.04 20.50 6 0.04

P 0.020 0.063 0.792 Referent

Change in WHZ 20.31 6 0.07 20.57 6 0.07 20.42 6 0.07 20.35 6 0.07

P 0.655 0.021 0.473 Referent

1All values are mean6 SEs. The analysis was derived from a mixed-effects model with restricted cubic splines. P values

are for comparisons of the mean change in z score compared with the mean change in z score in the placebo group. HAZ,

height-for-age z score; WAZ, weight-for-age z score; WHZ, weight-for-height z score; Zn+MV, zinc and multivitamin.
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Mayo-Wilson et al. (10) was driven by studies in children.5 y old.
In children ,5 y of age, zinc supplementation appeared to reduce
both height and weight gain; there was no effect of zinc supple-
mentation on the prevalence of stunting in any age range.

Our findings support the argument that, if there is an effect of zinc
supplementation on growth in infancy and early childhood, it is quite
small andmay not be beneficial, particularly if it is not balancedwith
the addition of other micronutrients. Note that infants in our study
initiated zinc supplementation at 6 wk of age. In early infancy, the
zinc concentration in breast milk and infant absorption of zinc are
both relatively high, which often result in sufficient zinc intake for
estimated requirements (26). In our study, it is likely that zinc
supplements provided no additional benefit and, by contrast, may
have led to a nutrient imbalance by inhibiting the absorption of
nutrients such as iron and copper (27–29). The significant difference
in decline in the WAZ in the zinc-only group highlights the im-
portance of establishing the appropriate micronutrient dosage and
combination to minimize potential harm from supplements.

Our finding that zinc supplements, when given in combination
with multivitamin supplements, had a small but significant beneficial
effect on growth outcomes is in line with the literature on multiple-
micronutrient supplements. Multiple-micronutrient supplements
have gained significant attention as an inexpensive strategy to combat
deficiencies and potentially improve child growth because several
micronutrient deficiencies often coexist within the same individual
and communities in resource-constrained settings (4, 30). Numerous
studies have assessed the effect of multiple-micronutrient supple-
ments on anemia and hemoglobin concentrations (11, 31–36), but
fewer studies have assessed long-term outcomes including child
growth (34, 36). Some studies have shown significant benefits of
multiple-micronutrient supplements on growth (11, 37, 38); how-
ever, micronutrient combinations and supplement dosages vary
significantly across studies, which has complicated efforts to com-
pare the evidence.

In 2 different studies, one study in HIV-positive mothers (15)
and the other study in HIV-negative mothers (14), our group
showed that the provision of this particular combination of
multiple micronutrients (vitamins B-complex, C, and E) to
pregnant women could improve growth outcomes in their off-
spring. However, our group recently reported the results of a trial

that was similar in design to the current study whereby we
provided direct daily supplementation to infants of HIV-infected
women in Dar es Salaam with vitamins B-complex, C, and E from
6 wk to 24 mo of age (39). In the study of infants born to HIV-
infected mothers, mothers in both the placebo and intervention
groups received daily multivitamin supplements as well, thereby
potentially reducing the benefit ofmultivitamin supplementation in
their infants. We did not find a significant difference in child
growth across treatment arms. In the current study, although we
showed a significant improvement in the WHZ in children in the
Zn+MV group, the difference in the change in mean z scores
across treatment groups was quite small, and there was no differ-
ence in any of the treatment groups in incidence rates of stunting,
wasting, or underweight. These findings do not support the use of
this particular combination of micronutrient supplements to infants
as a strategy to promote growth in the general population.

However, note that the prevalence of low birth weight (,2500 g)
in our current study was very low. In our analyses of an effect
modification, we showed that multivitamins were particularly
beneficial for infants with birth weights,3000 g, but there was no
effect of multivitamins in infants born with weights $3000 g.
These findings indicate that the minimal effect of supplementation
in the current study may have been due to the low prevalence of
low birth weight at baseline. Additional research on multivitamin
supplementation that specifically targets infants with poor nutri-
tional status at baseline may provide insight into the potential
mechanisms and effectiveness of this intervention.

The limitations of our study were similar to those of other
large-scale randomized controlled trials in Sub-Saharan Africa.
Our study experienced a loss to follow-up over the 18 mo of
follow-up; however, our analyses indicated that this loss was
nondifferential across treatment groups and, thus, was unlikely to
cause bias in our findings on the effect of treatment on growth. In
addition, although our findings may not be generalizable to rural
communities where the baseline micronutrient status and prev-
alence of other risk factors for poor growth may differ, our study
is likely generalizable to periurban settings in Sub-Saharan
Africa.

In conclusion, to our knowledge, this is the largest randomized
controlled trial of zinc and multivitamin supplements in African

TABLE 3

Incidences of stunting, wasting, and underweight from 6 to 84 wk of age in 4 treatment groups

Zn+MVs1 Zinc Multivitamins Placebo

Stunting

Events/child-years, n 173/460 176/478 169/470 164/459

HR2 (95% CI) 0.84 (0.67, 1.04) 0.96 (0.77, 1.18) 0.93 (0.75, 1.15) —

P 0.102 0.687 0.486 Referent

Wasting

Events/child-years, n 89/514 118/523 110/505 99/513

HR3 (95% CI) 0.92 (0.69, 1.22) 1.19 (0.91, 1.55) 1.11 (0.85, 1.46) —

P 0.546 0.203 0.458 Referent

Underweight

Events/child-years, n 107/530 131/542 116/516 99/541

HR4 (95% CI) 0.97 (0.74, 1.27) 1.23 (0.95, 1.60) 1.29 (0.99, 1.69) —

P 0.818 0.116 0.060 Referent

1Zn+MV, zinc and multivitamin.
2Adjusted for baseline height-for-age z score.
3Adjusted for baseline weight-for-height z score
4Adjusted for baseline weight-for-age z score.
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infants to date. Our 2 3 2 factorial design and extended follow-up
enabled a rigorous assessment of the effect of both nutrient
interventions alone and in combination on early childhood
growth. In particular, the initiation of supplements at a very young
age (6 wk), the provision of dosages at multiple times the RDA,
and the long duration of supplementation enhanced our ability to
assess the impact of the provision of these micronutrients on child
growth. Although our group previously reported improvements in
morbidity in the children in the current study who received zinc
supplements (16), our current findings do not support the use of
daily zinc, multivitamins (vitamins B-complex, C and E), or
a combination of zinc and multivitamins to improve early child-
hood growth. Alternative approaches, including interventions that
improve the feeding practices of infants and young children, in-
crease nutrient density, and prevent infection would likely have
a greater impact on long-term growth outcomes (1, 40).
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