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ABSTRACT. Background. Low birth weight infants
have been noted to have low zinc concentrations in cord
blood, and zinc deficiency in childhood is associated
with reduced immunocompetence and increased infec-
tious disease morbidity. This study investigates whether
zinc supplementation of infants born full term and small
for gestational age affects mortality.

Methods. A randomized, double-blind, controlled
trial with 2-by-2 factorial design enrolled 1154 full-term
small for gestational age infants to receive in syrup 1 of
the following: riboflavin; riboflavin and zinc (5 mg as
sulfate); riboflavin, calcium, phosphorus, folate, and
iron; or riboflavin, zinc, calcium, phosphorus, folate, and
iron. A fixed dosage of 5 mL per child was given daily
from 30 to 284 days of age. Household visits were made
6 days per week to provide the syrup and conduct sur-
veillance for illness and death. When a child’s death was
reported, parental reports and medical records were used
to ascertain the cause. The effects of zinc and of the
combination of iron, folate, calcium, and phosphorus
were analyzed by intent to treat. The mortality analysis
was performed using a survival analytic approach that
models time until death as the dependent variable; all
models had 2 terms as independent variables: 1 for the
zinc effect and 1 for the vitamin and mineral (calcium
and phosphorus, folate and iron) effect.

Results. Zinc supplementation was associated with
significantly lower mortality, with a rate ratio of 0.32
(95% confidence interval: 0.12–0.89). Calcium, phospho-
rus, folate, and iron supplementation was not associated
with a mortality reduction, although a statistically non-
significant trend toward reduction was observed with a
rate ratio of 0.88 (95% confidence interval: 0.36–2.15).

Conclusion. Zinc supplementation in small for gesta-
tional age infants can result in a substantial reduction in
infectious disease mortality. Pediatrics 2001;108:1280–1286;
zinc, micronutrients, mortality, randomized trial.

ABBREVIATIONS. LBW, low birth weight; SGA, small for gesta-
tional age; WHO, World Health Organization; PI, Ponderal index;
RR, rate ratio; CI, confidence interval; RDA, recommended daily
allowance.

Despite the success of child survival programs,
approximately 12 million children under 5
years old in developing countries still die of

preventable causes, half of them of diarrheal diseases
and respiratory infections.1 With the demonstration
that vitamin A supplementation reduces child mor-
tality,2 there has been increasing recognition of the
importance of nutrient deficiencies and their role as
determinants of infectious diseases. It is becoming
clear that a large portion of the risk of infectious
disease morbidity and mortality attributed to malnu-
trition may result primarily from deficiencies of a
few critical micronutrients.

Evidence of the importance of zinc deficiency in
child health has come from recent randomized, con-
trolled trials of zinc supplementation.3,4 A pooled
analysis of data from 7 trials evaluating preventive
effects of zinc supplementation on diarrhea and
pneumonia found an overall 18% lower diarrhea
incidence and a 41% lower pneumonia incidence in
zinc-supplemented preschool children.3 The signifi-
cant effects on diarrhea and pneumonia, which are
the major causes of death in this age group, lead to
the question of whether there is an effect on mortal-
ity as well.

Developing countries account for 90% of the 20
million annual low birth weight (LBW) deliveries
worldwide; 75% of these are in India, Pakistan, and
Bangladesh.5,6 Birth weight is the single most impor-
tant determinant of infant survival in developing
countries,7–9 estimated to be an underlying risk fac-
tor in �70% of perinatal deaths, 90% of neonatal
deaths, and 50% of infant deaths.10 Unlike in devel-
oped countries, where preterm birth is the main
cause of LBW, in developing countries most LBW
infants are small for gestational age (SGA).6,10 Nutri-
ent deficiencies during fetal development can cause
this intrauterine growth retardation and may also
compromise immune function after birth.12 Low zinc
concentrations in the cord blood of LBW newborns
have been noted in a number of settings, and birth
weight has been shown to be highly correlated with
cord zinc concentration in India.13–16 Because of im-
paired immunocompetence and other factors, SGA
infants have higher rates of respiratory infections7,8

and diarrhea.7,9 Therefore, zinc supplementation in
SGA infants may reduce infectious disease morbidity
and mortality.

We conducted a randomized, double-blind, con-
trolled trial with a 2-by-2 factorial design to assess
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the effects of zinc or vitamin and mineral (calcium,
phosphorus, folate, and iron) supplements on devel-
opment, growth, morbidity, and mortality in 1- to
9-month-old SGA infants. The effects on mortality
are reported here.

METHODS

Study Population, Screening, and Selection of Sample
The study was conducted in Sangam Vihar, a resettlement

population in New Delhi, India, between April 18, 1996, and
November 7, 1998. The infant mortality rate in this population is
83 per 1000 births; the birth rate is about 30 per 1000. Approxi-
mately 14% of the deliveries are preterm, and 42% of newborns
weigh �2500 g.

A census and baseline survey covered 2066 households with a
population of 10 003. Current pregnancies were recorded, and this
register was updated by surveys every 3 months. Pregnant
women were offered free antenatal services, and those who at-
tended the clinic were given tetanus toxoid and iron supplements
according to current World Health Organization (WHO) and Gov-
ernment of India policy. Pregnant women were followed monthly
until 36 weeks of gestation, then weekly for 2 weeks, and finally
daily until delivery. They were advised to inform the field clinic of
a delivery, at which time a physician, nutritionist, and field assis-
tant visited the home. A birth assessment form was completed,
and birth weight, length, and head circumference were recorded.
Weight was measured to 10 g with an electronic scale (SECA
Corporation, Columbia, MD) by 2 independent observers. Gesta-
tional age was assessed according to Capurro et al.17 Only chil-
dren with gestational age �37 weeks were considered for the
study. The newborn was designated SGA if the birth weight was
less than the 10th percentile for that gestational age compared
with the reference population.18 Parents of the newborns who
were SGA were invited to participate in the study. All mothers
were advised to exclusively breastfeed and to bring the infant for
immunizations.

The Ponderal index (PI � weight [g]/length [cm]3) for each
child was calculated and compared with the 10th percentile of
gestational age–specific values from Indian children.19 The values
for gestational age 36–37, 38, 39, 40, 41, and 42 weeks were 2.23,
2.25, 2.26, 2.24, 2.20, and 2.14 g/cm3, respectively. A child below
this value was considered to be wasted.

Eligible neonates were visited at home 2 weeks after birth. Each
child was given an identification number in 1 of the 2 PI strata
(wasted or not wasted); this number was used for random alloca-
tion of the child to 1 of the 4 treatment groups.

Before enrollment, a parent was given a full explanation of the
study, and written informed consent was obtained. The study was
approved by the human research review committees at the Center
for Micronutrient Research, Annamalai University, Society for
Essential Health Action and Training (a nongovernment organi-
zation in Delhi, India), the Johns Hopkins Bloomberg School of
Public Health, and the WHO.

Experimental Maneuver
The supplements (prepared by Ranbaxy Research Laboratories,

Gurgaon, India) were assigned 1 of 16 letter codes (4 codes for
each study group). A statistician then made lists for each PI
stratum, using permuted blocks of 10. The serial identification
number given at enrollment was used to allocate a child to 1 of the
16 codes (and thus to 1 of the 4 treatment groups). A pharmacy
assistant, using the list of assigned letter codes, labeled each bottle
with a child’s name and identification. No one at the field site,
including the investigators, had information about the assignment
of the 16 letter codes or their corresponding micronutrient content.
Because of the presence of calcium and phosphorus, the bottles of
2 groups (ie, bottles with 8 of the 16 letter codes) were more
viscous, but the taste, color, and smell of the 2 pairs of zinc and
nonzinc preparations were identical.

The randomization process allocated enrolled children to re-
ceive in 5 mL of syrup either riboflavin (0.5 mg/day); riboflavin
and zinc (5 mg/day); riboflavin, calcium (180 mg/day), phospho-
rus (90 mg/day), folate (60 �mol/day), and iron (10 mg/day); and
riboflavin, zinc, calcium, phosphorus, folate, and iron. Sulfate salts
of zinc and iron were used.

When the neonate was 15 days old the mother was given a
bottle of the supplement and advised to start giving the supple-
ment beginning with 1 mL and increasing to 5 mL within 15 days.
From 30 days of age, daily supplementation with 5 mL was given.
Field assistants visited the family to feed the supplement to the
child every day except Sundays and holidays, for which they left
a measured dose in a separate vial for the mother to feed.

Baseline Assessment and Surveillance
At the first household visit soon after birth, weight, length,

gestational age, and conditions of delivery were recorded. The
additional baseline information was collected at the start of the
illness surveillance at 30 days of age, including socioeconomic
indicators and family characteristics. Each enrolled child was vis-
ited at home by a trained field worker every day, except Sundays
or holidays, between 30 and 284 days of age. If the child was not
available, an attempt was made to make a second visit later in the
day, failing which the information was collected, if possible, on
the next day. At each visit, information on the previous 24 hours,
including the number and consistency of stools, the presence of
fever or vomiting, and the pattern of feeding, were recorded,
respiratory rate was counted, and compliance with supplement
consumption was checked. During the study, compliance was
76.9% (76.7%, 77.7%, 76.3%, and 76.9% in groups 1 through 4), the
mother gave the supplement two thirds of the time, and the field
worker fed the supplement one third of the days it was taken.
Treatment of diarrhea, dysentery, and pneumonia under WHO
guidelines was provided free to the participating children
throughout the study. When a death was reported, recall infor-
mation and records available from the family and study physi-
cians were used to describe the illness leading to the death. Two
independent physicians blinded to study group allocation as-
signed a cause of death for each child.

Data Management
The data for each child visit were entered the day after the visit.

By the end of that day the records were sent back to the field,
along with a printout of the entered data and a list of range and
logical errors. These were corrected by return household visit, if
necessary. The printout was checked manually by the supervisor,
who corrected entry errors. In addition, a second data entry was
performed.

Study Profile
Of 1302 eligible SGA children, 52 died or moved before being

randomized at 15 days of age (Fig 1). A total of 1250 children were
randomized to the 4 groups, but 96 children dropped out before
the surveillance began at 30 days of age (22, 23, 25, and 26 for
groups 1 through 4, respectively). All 1154 children (292 control
group, 292 zinc group, 281 vitamin and mineral group, and 289
zinc and vitamin and mineral group) on whom the surveillance
was started were included in the analysis regardless of their
compliance in taking the supplement. Of 290 364 days of potential
surveillance, if each of the 1154 children had information for the
complete 254 days or till the day of death if they died, we had
information on 216 805 days, indicating that death, withdrawal, or
temporary nonavailability accounted for 25.3% of days (this was
similar in all 4 groups: 26.7%, 24.5%, 24.3%, 25.9%, respectively).
Of 385 children who did not die and did not complete full 254
days of surveillance, 339 (88.1%) outmigrated and 46 (11.9%)
withdrew consent to continue. Children not completing the study
were included in the analysis using information available.

Statistical Analysis
The effects of zinc and of the combination of calcium, phospho-

rus, folate, and iron were analyzed by intent to treat (Fig 2). The
amount of person-time contributed by each study participant was
calculated for this analysis. We first verified whether the effect of
1 treatment (zinc or vitamin and mineral combination) was mod-
ified by the other before using a factorial analysis. The mortality
analysis was performed using a survival analytic approach that
models time until death as the dependent variable, specifically a
Cox proportional hazards model using SAS 7.0.20 In the first
analysis the model had 2 terms as independent variables, 1 for the
zinc effect (1 � yes, 0 � no) and another for the vitamin and
mineral (calcium, phosphorus, folate, and iron) effect (1 � yes, 0 �
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no). In the second analysis, multivariate models with additional
factors such as sex, birth weight, PI, and socioeconomic variables
(literacy and number of preschool children in the household) were
investigated. For socioeconomic status evaluation 2 variables were
constructed, 1 based on reported income (including income of
both mother and father) and 1 based on possessions (these in-
cluded owning the house, rooms in the house, having a personal
water pump, ownership of taxi, scooter, cycle, television, animals,
fans, or refrigerator). On the property scale, each family got a score
of 0 to 16. To evaluate whether the difference in mortality resulting
from zinc supplementation occurred over the entire study period
or was limited to children �6 months old, as is the case with
vitamin A supplementation, we plotted a Kaplan–Meier survival
analysis comparing the zinc and nonzinc groups.21 To evaluate
effect of zinc supplementation including breastfeeding as a covari-
ate, the follow-up was divided into monthly intervals, and the
record of breastfeeding at the start of the month was used as the
covariate. A Cox regression model similar to that described pre-
viously was fitted with 3 terms as independent variables: zinc
effect (yes or no), vitamin and mineral effect (yes or no), and
breastfeeding status (exclusive, predominant, partial, or non-
breastfed). The breastfeeding term was entered as a categorical
variable with nonbreastfed as the reference category.

The sample size of the trial was based on a reduction in diar-
rhea morbidity, not total mortality, because we did not anticipate

a difference of the magnitude that was actually found. At the
current sample size of about 570 per group and a 0.05 1-sided
alpha, using a log-rank test for equality of survival curves, the trial
had a power of 71% to detect a hazard rate ratio (RR) of 0.30.

RESULTS
There were no significant or clinically meaningful

differences between the 4 groups at baseline (data
not shown). The very similar baseline characteristics
of the 2 analyzed comparisons (Table 1) also indi-
cated success of randomization. Of 1154 SGA infants
enrolled in the study, 57% were LBW (�2500 g), and
50% of infants were wasted.

The univariate analysis (Table 2) using factorial
design compared 581 children in the 2 groups who
received zinc (groups 2 and 4) with 573 children in
the 2 groups that did not receive zinc (groups 1 and
3). Zinc supplementation was associated with signif-
icantly lower mortality in the period of surveillance,
with an RR of 0.32 (95% confidence interval [CI]:
0.12–0.89). It also compared 570 children who re-

Fig 1. Profile of enrollment in the 4 study
groups.

Fig 2. Comparisons used in the analysis.
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ceived calcium, phosphorus, folate, and iron supple-
mentation (groups 3 and 4) with 584 children who
did not (groups 1 and 2). Calcium, phosphorus, fo-
late, and iron supplementation was not associated
with lower mortality, although a statistically nonsig-
nificant trend toward lower mortality was observed,
with an RR of 0.83 (95% CI: 0.34–2.0). There was no
interaction between the 2 effects (P � .1).

In the multivariate analysis using Cox regression
models, zinc supplementation was associated with
lower mortality and wasting with higher mortality
(Table 3). There was a trend toward lower mortality
in children with uneducated mothers, but it was
not statistically significant. There was no association
with either of the socioeconomic status variables.
The Kaplan–Meier curves indicated that the differ-
ence in mortality resulting from zinc supplementa-
tion started as early as the second month of life (Fig
3). The sample size in this trial was small to evaluate
age-specific effects, however, and these data are at
best interpreted as qualitative indications of the ef-
fects by age. The effect of zinc supplementation was
similar in wasted and nonwasted children (data not
presented).

In the analysis including breastfeeding as a covari-
ate, both breastfeeding and zinc supplementation

were independently associated with mortality. The
effect of zinc supplementation on mortality in this
analysis was similar to that of the previous analysis
RR 0.34 (95% CI: 0.12–0.94; P � .038). Breastfeeding
status was significantly associated with mortality

TABLE 1. Percentage of Selected Characteristics in 4 Comparison Groups at Baseline

Characteristic Zinc Calcium, Phosphorus, Iron,
Folate

Yes
(n � 581)

No
(n � 573)

Yes
(n � 570)

No
(n � 584)

Place of delivery Home 73.1% 70.7% 70.5% 73.3%
Hospital 20.7 23.4 22.8 21.2
Other 6.2 5.9 6.7 5.5

Mode of delivery Normal 96.2 96.2 95.3 97.1
Cesarean section 2.8 2.4 2.8 2.4
Others 1.0 1.4 1.9 0.5

Breastfeeding Exclusive 43.4 45.4 42.5 46.2
Predominant 22.0 22.7 21.6 23.1
Partial 12.4 12.6 13.9 11.7
None 22.2 19.3 22.0 19.0

Gestational age (wks) �37 3.8 3.1 3.3 3.6
37–38 15.5 19.5 17.2 17.8
39–40 71.8 69.6 71.4 70.0
41–42 9.0 7.7 8.1 8.6

Birth weight (g) 1500 0.5 1.2 0.5 1.2
1500–2500 57.8 56.9 60.0 54.8
2500–3500 41.7 41.9 39.5 44.0

Low Ponderal index 48.9 50.1 48.9 50.0
Male 43.2 45.4 46.0 42.6
Literacy of mother Read and write 40.8 39.3 39.4 40.9
Number of children �3 43.8 43.3 40.6 46.4
Income �1500 (median) 55.4 58.5 57.4 56.5
Property score �5 53.5 50.8 51.2 53.1

TABLE 2. Effect of Zinc or Calcium, Phosphorus, Folate, and Iron Supplementation on Mortality at 1 to 9 Months of Age

Supplementation
Comparison

Number of
Children

Days of
Follow-Up

Number of
Deaths

Mortality Hazards

RR (95% CI)* P Value

Zinc Yes 581 118 458 5 0.32 (0.12–0.89) .028No 573 114 999 15
Calcium phosphorus,

folate, and iron
Yes 570 115 711 9 0.83 (0.34–2.0) .677
No 584 117 746 11

* RRs are from a Cox’s survival analysis that had terms for both the zinc effect (1 � yes, 0 � no) and the calcium, phosphorus, folate, and
iron effect (1 � yes, 0 � no) entered in the model simultaneously; there were no significant interactions.

TABLE 3. Multivariate Analysis of Effects of Zinc or Calcium,
Phosphorus, Folate, and Iron Supplementation and Other Factors
on Mortality at 1 to 9 Months of Age

Variable RR 95% CI P Value

Calcium, phosphorus, folate,
iron group

0.86 0.36–2.15 .770

Zinc group 0.32 0.12–0.89 .028
Low birth weight 1.59 0.55–4.63 .395
Father’s ability to read 1.13 0.31–4.12 .859
Mother’s ability to read 2.36 0.95–5.86 .065
Property group 0.51 0.20–1.31 .161
Income group 0.90 0.36–2.28 .831
Children under 5 in house 1.27 0.36–4.44 .714
Wasting 0.26 0.08–0.82 .021
Gender 0.72 0.28–1.84 .494

* Cox’s survival analysis for mortality with the calcium, phospho-
rus, folate, and iron group (1 � yes, 0 � no), zinc group (1 � yes,
0 � no), low birth weight (1 � yes, 0 � no), father’s or mother’s
ability to read and write (1 � yes, 0 � no), property or income
group (1 � �median, 0� � median), children under 5 (1 � �2,
0 � 0–2), wasting (1 � no, 0 � yes), gender (1 � male, 0 � female).
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(P � .001). Compared with nonbreastfed infants, ex-
clusively breastfed infants had the lowest mortality
RR 0.03 (95% CI: 0.003–0.29; P � .002), followed by
predominantly breastfed RR 0.054 (95% CI: 0.01–
0.27) and partially breastfed RR 0.12 (95% CI: 0.03–
0.42).

The 20 observed deaths were caused by diarrhea (1
in the zinc and 9 in the nonzinc group), pneumonia
(3 in the zinc and 2 in the nonzinc group), septicemia
(all 3 in the nonzinc group), and malnutrition (1 in
the zinc and 1 in the nonzinc group). Although in the
preceding analysis a single cause of death was indi-
cated, 2 diarrheal deaths and 1 septicemia death also
had underlying malnutrition.

DISCUSSION
In this study zinc supplementation decreased the

risk of infant mortality in children born SGA,
whereas supplementation with calcium, phosphorus,
folate, and iron did not. Although these data should
be considered preliminary because of the small sam-
ple size and number of deaths in this study, con-
founding is an unlikely explanation for these results
given the baseline comparability between groups in
this masked, randomized, controlled trial. To our
knowledge this is the first report of the impact of zinc
supplementation on the mortality of children in a
developing country. The supplements in this study
did not contain vitamin A, consistent with the policy
of the Indian Ministry of Health of not providing it to
children in this age group. However, vitamin A sup-
plementation probably does not affect mortality in
first 6 months of life,2,22,23 and it is unlikely that
vitamin A supplementation would have altered the
results of this study. The lack of effect of the calcium,
phosphorus, folate, and iron supplement found in

this study does not exclude the possibility of a small
reduction in mortality that might be demonstrable in
a larger trial.

The data from 10 trials evaluating the preventive
effects of zinc supplementation3 have been subjected
recently to pooled analyses, which indicated that
there was a significant homogeneity in the results
across the studies conducted in 9 developing coun-
tries. The substantial reduction in diarrhea and pneu-
monia rates in these trials and in the diarrhea rates
in recently published studies from Ethiopia4 and
Burkina Faso24 suggest that mortality could be af-
fected as well. However, the magnitude of the effect
on mortality found in this trial is more than can be
expected given the previously demonstrated impact
on morbidity, suggesting that there is an additional
effect on the severity of episodes. We have previ-
ously documented effects of supplementation on the
severity of diarrheal illness.25,26 Reductions in dura-
tion, stool volume, and treatment failure or death
have also been found in therapeutic trials of zinc
supplementation in acute and persistent diarrhea.27

Roy et al28 reported a reduction of mortality in hos-
pitalized patients with persistent diarrhea and mal-
nutrition given zinc supplements (relative risk 0.18,
P � .06).

Although there is strong evidence of widespread
zinc deficiency in children �1 year of age, the data
on zinc deficiency in young breastfed children have
been mixed. We did not estimate plasma zinc con-
centrations in this study but have previously docu-
mented that 36% of children in this population had a
plasma zinc concentration �60 �g/dL and that the
proportion of zinc-deficient children was similar in
6- to 11-month-olds and older children.29 Low con-
centrations of zinc in the cord blood of LBW infants

Fig 3. Survival curves for zinc-supplemented and non–zinc-supplemented groups.
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have been noted in a number of settings and shown
to be highly correlated with birth weight and gesta-
tional age at birth in India.13–16,30–32 Three studies
reported lower zinc concentrations in SGA births,13,14,33

but 2 studies did not find this association.16,30

A possibility of zinc deficiency among exclusively
breastfed LBW infants has been suggested based on
the findings that after the first few months of lacta-
tion a large proportion of women may have breast
milk zinc concentrations lower than that needed to
provide the recommended daily allowance (RDA) of
zinc to infants,34 and because the RDA is based on
healthy infants, the need to provide for catch-up
growth would make it a conservative estimate of the
zinc need for SGA infants. Poor maternal nutritional
status in these settings may also lead to lower breast
milk production, so the breast milk zinc concentra-
tion needed to provide an RDA would be even high-
er.35 The infant’s zinc balance may also be affected by
excess losses that can occur during diarrhea, result-
ing in the need for a zinc intake greater than that
calculated for healthy children.36 There are reports of
symptomatic zinc deficiency in breastfed infants in
the literature.37–41 The beneficial effects of zinc sup-
plements demonstrated in this study supports the
finding that zinc deficiency can occur in breastfed
SGA infants.

This study demonstrates that infants born with
low PI (wasted) are at substantially greater risk of
dying in the postneonatal period than nonwasted
infants. SGA infants are born with impaired immune
function, potentially an important factor leading to
increased respiratory7 and diarrhea8 morbidity and
mortality in infancy.12,41–43 Nutritional deficits, in-
cluding micronutrient deficiencies, have been sug-
gested to be responsible, at least in part.44 Our find-
ings suggest that zinc deficiency occurs in SGA
infants and that the lower mortality found with zinc
supplementation results from reduced rates of severe
diarrhea, possibly related to enhanced immunocom-
petence.

The potential of interventions to improve zinc sta-
tus and reduce infant mortality has important impli-
cations for child survival in developing countries.
The findings of this study must be confirmed in
larger trials, preferably enrolling both small- and
appropriate-for-gestational age infants.
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GAY COUPLES FOUND TO HEAD MORE HOMES

“Census data shows that same-sex couples head nearly 600,000 homes in the
United States, with a gay or lesbian couple heading a household in nearly every
American county . . . Of the 594,391 such homes in the 50 states and the District of
Columbia, nearly 16% were in California and 8% were in New York, data from the
2000 census shows. San Francisco had one of the highest shares among metropol-
itan areas, but gay and lesbian partners were also found in rural parts of the
Midwest and the Deep South.”

(Associated Press) New York Times. August 22, 2001
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