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Abstract
Objective—We tested the hypothesis that concentrated formula begun within the first two weeks
of life increases growth in infants born to HIV-infected mothers.

Study Design—HIV-exposed infants from the U.S., Bahamas, and Brazil were randomized in a
double-blind controlled trial to receive either a concentrated 87 kcal/100 ml (26 kcal/oz) formula
(CF) or standard 67 kcal/100 ml (20 kcal/oz) formula (SF) for 8 weeks. This paper presents results
for infants who were not determined to be HIV-infected based on testing at 4 weeks. Primary
outcomes were safety, tolerability, and growth in weight and length.
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Results—2,097 infants were enrolled, of whom 1998 were uninfected and had study formula
dispensed. At weeks 4 and 8, uninfected infants receiving CF showed higher energy intake
compared with uninfected infants receiving SF (P<0.001). By week 8, uninfected infants assigned
to CF weighed more than infants on SF. There were no consistent differences in measures of
tolerability, and rates of discontinuation or perceived formula intolerance were similar between
treatment groups.

Conclusions—A concentrated formula is well tolerated and results in increased weight gain
compared with SF. Until the HIV-status of an infant is reliably determined, early introduction of a
concentrated formula in HIV-exposed children may have beneficial effects on growth. The role of
early nutritional intervention remains to be determined for individuals living in countries with
endemic malnutrition for whom formula feeding is a viable option.

Introduction
The greatest effect of the global HIV epidemic continues to be among children and young
adults living in sub-Saharan Africa. In this region, in 2006, there were 24.7 million adults
and children who were HIV infected and of these individuals, 13.3 million were women. (1)
Worldwide, over 90% of HIV-infected children live in resource-poor environments. Similar
to what was seen early in the pandemic of pediatric AIDS in the United States (U. S.), rates
of mortality, infections and chronic malnutrition are extremely high among HIV-infected
children. The mucosal immune system of the human gastrointestinal tract is preferentially
depleted of CD4+ T lymphocytes following infection by human immunodeficiency virus
(HIV) type 1 (HIV-1) (2) and this defect in mucosal immunity increases the host’s
susceptibility to gastrointestinal infection and malabsorption. Although the benefits of
preventing malnutrition on the impact of the progression of HIV disease is not well
established, malnutrition and enteric infection may potentiate the effects of HIV by
increasing nutrient malabsorption, metabolic requirements and the severity of
immunocompromise. HIV-infected women, who themselves are often undernourished,
frequently give birth to infants who, even if not HIV-infected, may be underweight (3). Until
infection with HIV is excluded and the HIV status of the baby is determined, providing
increased energy intake to the infant may be beneficial.

The Pediatric AIDS Clinical Trials Group (PACTG) initiated a randomized, double-blind
controlled clinical trial designed to evaluate the effects on growth of a concentrated formula
compared with standard formula (SF) in infants born to HIV-infected women in the U.S., the
Bahamas, and Brazil. This study provides a unique evaluation of CF taken during the first
two months of life in almost 2,000 HIV-negative infants, and of the longer term safety of
this nutritional strategy in a subgroup of the HIV-exposed, uninfected infants who were
followed for a year.

Methods
Study Design

This study was a randomized, double-blind, controlled multicenter clinical trial designed to
compare the effects on growth in weight and length of 87 kcal/100 ml (26 kcal/oz)
concentrated formula (CF) versus standard 67 kcal/100 ml (20 kcal/oz) formula (SF) in
infants born to HIV-infected women. The eligible population consisted of infants who were
1.8 kg or more in weight, 17 or fewer days of age, and born to HIV-infected women.
Informed consent was obtained for all participants according to local institutional review
board and federal guidelines (4) and regulations (5). None of the infants were breast fed.
Infants were randomized to receive either CF or SF, with stratification by gestational age
(<37 weeks versus 37 or more weeks) and site location (U.S., including Puerto Rico, versus
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non-U.S. [Brazil or the Bahamas]). Randomization was balanced using a dynamic permuted
block design within site. Enrollment commenced July, 1997 and closed April, 2002. Infant
HIV infection status was not determined prior to randomization. The primary objective of
the study was to compare the two formulas initiated soon after birth and continued for 28
weeks in infants subsequently determined to be infected. Infection status was determined at
study week 4 by HIV DNA PCR. At study week 8, infants with a positive DNA test result
continued randomized formula for 28 weeks with follow-up for 52 weeks. The primary
objective of the study was to have been addressed using data from this cohort of infected
infants. Except for a random sample of approximately 1 in 9 uninfected infants who
continued in follow-up for 52 weeks after taking SF for 28 weeks, infants with negative or
indeterminate week 4 DNA results discontinued randomized formula and follow-up at week
8. The longer-term follow-up of this subgroup of uninfected infants was included to provide
an evaluation in uninfected infants of any potential adverse effects of initiating CF formula
before HIV infection status could be determined. The study was originally designed to enroll
1,900 infants in anticipation that 10% (190 infants) would be infected. This would have
provided about 90% power to detect differences in mean weight among HIV-infected infants
between the two formulas of 0.45 kg at 6 months of age. However, since the study was
designed, successful prevention of mother-to-child transmission of HIV in the United States
reduced transmission rates substantially, and despite expansion of the sample size to include
additional sites in the Bahamas and Brazil as well as the U.S., the proportion of HIV-
infected infants in the study remained at 2.0%. Therefore, in March 2002, an independent
study monitoring committee recommended that the study be terminated on the basis that it
would not be able to answer the original question among HIV-infected infants within a
reasonable timeframe or sample size. This report therefore focuses on the following valid
randomized comparisons: (1) growth and adverse outcomes among uninfected infants during
the first 8 weeks of follow-up, when these infants were taking the CF or SF, as randomized;
and (2) adverse outcomes in uninfected infants who received 8 weeks of CF followed by 20
weeks of SF, versus SF throughout.

Study Product Formulation
The ingredients for the SF, 67 kcal/100 ml (20 kcal/fluid ounce), and the CF, 87 kcal/100 ml
(26 kcal/fluid ounce) are:

Water, nonfat milk, lactose, soy oil, coconut oil, mono-and diglycerides, soy
lecithin, ascorbic acid, carrageenen, choline, chloride, ferrous sulfate, taurine, m-
Inositol, alpha-tocopheryl acetate, zinc sulfate, niacinamide, calcium pantothenate,
cupric sulfate, vitamin A palmitate, thiamine chloride hydrochloride, riboflavin,
pyridoxine hydrochloride, folic acid, manganese sulfate, phylloquinone, biotin,
sodium selenite, vitamin D3, and cyanocobalamin.

The CF contains a 29% increase each of fat, protein and carbohydrate as well as a 29%
increase in vitamins and minerals. The measured osmolality of the CF was 407 mOsm/kg
and ash content 0.87% (w/w), corresponding to 219 mOsm/L and 4.7 g/L as fed (diluted).

The composition of the CF conforms with nutrient requirements applicable to commercially
available infant formula products as specified by federal law and regulation under the Infant
Formula Act of 1980 and its 1986 amendments (21 USC Ch. 9 Section 350a and 21 CFR
Ch. 1 Subpart D Section 107.100), including allowable protein concentration (1.8–4.5 g per
100 kcal). These levels are listed together with the relevant characteristics per 100 kcal of
both products in Table 1.
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Evaluation of Infection Status
For the purposes of this study, a child was considered to be uninfected if there was not a
single positive viral test (culture, HIV-1 DNA, or HIV-1 RNA at any age, or neutralizable
ICD-p24 antigen after 28 days of age). The study team reviewed results of all diagnostic
HIV tests for any infant who had at least one positive or indeterminate test result reported in
the study database. The team considered as infected any child who had two different positive
results, unless there was contrary information to confirm that these two test results were both
false positives. The number of children who were determined to be HIV-infected (n=41) was
too small for meaningful analysis and these children are not considered further in this report.

Cohorts for Analysis (Figure 1)
Based on the design of the study, two main cohorts of uninfected children are defined:

Cohort 1 (Uninfected, 8 weeks): All infants not determined to be infected who had
study formula dispensed. These infants received their randomized formula for a
minimum of 8 weeks. Other than those infants in Cohort 2 who were followed for
52 weeks and included in Cohort 1, infants in this cohort were discontinued from
the study at week 8. This cohort included infants who were presumed to be
uninfected at week 8, as well as infants for whom a determination was not made
(for example, because they were lost to follow-up or HIV test information was not
available by then). Thus, there is a possibility that a very small proportion of this
cohort could in fact be HIV-infected due to missing or false-negative test results
(considered likely to be much less than 1% of the total number of subjects in this
cohort). There were 1,998 infants in this cohort, including 212 infants enrolled at
non-U.S. sites.

Cohort 2 (Uninfected, 52 weeks): Infants not determined to be infected who were
followed for 52 weeks. About 12% of infants in Cohort 1 received their
randomized formula for 8 weeks, then SF from week 8 to week 28 (except for same
birth siblings of an infected infant who continued on their randomized formula),
and were followed for 52 weeks. The 253 infants in this cohort, including 24
infants enrolled at non-U.S. sites, were randomly selected.

Evaluation of Growth
Study examiners were instructed regularly at PACTG meetings by anthropometric trainers in
use of standard methods, techniques, and equipment for measurement of infant length,
weight, and occipito-frontal head circumference. Weight and length were measured at study
entry and at 4, 8, 16, 28 and 52 weeks after entry. These measures were converted to age-
and gender-adjusted z-scores based upon the 2000 National Center for Health Statistics
pediatric growth reference. (6) (7) Gender-adjusted weight-for-length z-scores were
obtained using the same growth reference; these excluded a number of infants for whom
weight-for-length z-score could not be calculated because the length was below the minimal
length of 45 cm for which standards exist.

Statistical Analysis
A modified intention-to-treat approach to analysis was used, including only those infants
who were randomized and for whom study formula was dispensed. Growth parameter
analyses were specified in the protocol and used standard linear regression to estimate the
difference in mean weight or length between the two formulas, adjusted for baseline weight
or length, gender, and the two stratification factors used in the randomization (gestational
age at birth and site location). Unadjusted comparisons between CF and SF using two-
sample t-tests are presented also. Fisher’s exact test was used to evaluate differences in
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categorical outcomes between the two formula groups. Wilcoxon’s test was used to compare
distributions of relative and absolute CD4+ T-lymphocyte counts between the two formula
groups.

Results
Characteristics of Infants

Table 2 shows infant baseline characteristics and demonstrates the comparability of the two
randomized treatment groups in each cohort. In Cohort 1, 52% of infants were male, median
age at randomization was 8 days, and 4% of infants were from multiple births. Overall, 59%
were black, non-Hispanic/Latino, 30% were Hispanic/Latino, and 10% were white non-
Hispanic/Latino. At U.S. sites, those proportions were 64%, 24%, and 11%. In contrast, all
Bahamian infants were black, non-Hispanic/Latino, and 97% of Brazilian infants were
Hispanic/Latino. The randomized treatment groups in each cohort were comparable with
regard to baseline growth parameters (Table 2b). Mean weight, length, and head
circumference (and associated z-scores) in the 1,998 uninfected Cohort 1 infants were 3.14
kg (−0.59), 49.3 cm (−0.66) and 34.3 cm (−0.54). Infants enrolled at U.S. sites had
somewhat lower mean weight and length (mean z-score) at entry as those enrolled at non-
U.S. sites: 3.15 versus 3.03 kg (−0.56 versus −0.79), 49.4 versus 48.7 cm (−0.63 versus
−0.91); but the same mean head circumference (mean z-score) and 34.3 versus 34.3 cm
(−0.54 versus −0.54).

Completeness of Follow-up
Of the 1,998 Cohort 1 uninfected infants, 830/996 infants (83%) assigned CF and 856/1,002
infants (85%) assigned SF completed 8 weeks of follow-up including growth measurements
at 8 weeks, but not all of these infants completed 8 weeks of study formula. Of the
remaining 312 Cohort 1 infants (16%), 3 died (0.2%), 141 (7%) did not attend the clinic for
growth measurements at 8 weeks but did have safety follow-up to after 8 weeks, and 168
(8%) were lost to follow-up prior to 8 weeks; the percentages were similar for both
formulae.

Of the 253 uninfected infants in Cohort 2, 67% completed 52 weeks of follow-up, including
65% and 68% among those randomized to receive CF and SF, respectively, during the first 8
weeks. The remaining 33% did not complete all 52 weeks of follow-up, including 6% who
were inadvertently discontinued at 8 weeks and 27% who were lost to follow-up or the
parent/guardian withdrew the infant from follow-up.

Intake of Study Formula
Of the 1,998 Cohort 1 uninfected infants, 809 (81%) assigned CF and 818 (82%) assigned
SF completed 8 weeks of study formula feeds. A total of 186 (19%) infants assigned CF and
182 infants (18%) assigned SF discontinued study formula prematurely for reasons other
than death (P=0.77). Intolerability was the most common reason for discontinuation in both
groups (12% for CF versus 11% for SF). The other infants who discontinued study formula
early were lost to follow-up or their parent/guardian requested discontinuation for reasons
not related to intolerability; the percentages were similar for both formulae.

The mean volume of study formula consumed was recorded in a log of the baby’s diet that
was completed by the primary caregiver for the 24-hour period on the day before study visits
at weeks 4 and 8. The mean volume was significantly lower for infants assigned CF
compared with those assigned SF at both weeks 4 and 8 (762 ml versus 810 ml [25.4 versus
27.0 ounces] for CF versus SF at week 4, P=0.002; 867 ml versus 954 ml [28.9 versus 31.8
ounces] at week 8, P<0.001). These mean volumes correspond to higher mean energy

Winter et al. Page 5

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2014 February 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intakes in Cohort 1 for CF versus SF at week 4 (654 versus 540 kcals, P<0.001) and at week
8 (741 versus 636 kcals, P<0.001).

Mortality
Three infants died while taking study formula. Two infants died of sudden infant death
syndrome (SIDS), one on each of the study formulas, CF and SF. The cause of death in the
other infant who died while taking SF was group B streptococcal infection. All deaths of
infants who participated in this and any PACTG study are required to be reported. In
addition, deaths that occur after discontinuation of study treatment and formal study follow-
up may be reported and the study team reviewed all the reported deaths. In the uninfected
cohort, there were five reported deaths among infants assigned CF, compared with three
among those assigned SF. No death on or off study was considered by the study team to be
related to use of study formula.

Tolerability
To evaluate tolerability, caregivers were asked about the frequency of vomiting, “spit-up”,
and colic, as well as the regularity and consistency of stools. Among uninfected infants there
were no clinically meaningful differences in measures of tolerability between the two study
formulas. Differences between CF and SF with regard to regurgitation, colic, stool
frequency, and stool consistency were small and did not consistently favor one formula over
the other. For both CF and SF, the median numbers at study weeks 4 and 8 of vomiting
episodes per week were zero, spit-up episodes per day one, colic episodes per week zero,
and average daily stool frequency two.

Serious Adverse Experience Reports
Reporting of serious adverse experiences (SAEs) as defined according to 21 CFR 312.32
that occurred during the study was required. These were monitored closely by the study
team and no concerns were identified. Overall, there were 19 reports affecting 14 infants
assigned CF and 15 reports affecting 15 infants assigned SF (P=1.00).

Changes in Mean Growth
Figure 2 shows mean weight (together with associated z-scores) at baseline and study weeks
4 and 8, for the two treatment groups in Cohort 1. Infants assigned CF had significantly
higher weight at week 8 than those assigned SF (P=0.16 at week 4 and P=0.010 at week 8;
Figure 2a). The difference in mean weight at week 8 was 0.09 kg (95% confidence interval:
0.02 to 0.16 kg). In the protocol-specified primary analysis that included adjustment for
baseline weight, gender, site (U.S. versus non-U.S.), and gestational age (<37 versus 37 or
more weeks), the difference in mean weight at week 4 and at week 8, while small, was
highly significant (P<0.001 for both). At week 8, the adjusted difference reflected a 0.11 kg
higher mean weight for CF (95% CI: 0.06 to 0.16 kg). Figure 2b shows corresponding
results for weight for age z-scores (WAZ). Mean WAZ at baseline was −0.61 for the CF and
−0.56 for the SF group, increasing to 0.05 and −0.07, respectively, at week 8. Thus, the
means in the two groups at week 8 are very close to the mean of zero in the population used
to generate the growth reference. At week 8, the observed difference in mean WAZ was
0.12 (95% confidence interval: 0.02 to 0.22; P=0.017). In the adjusted analysis, the WAZ
difference was 0.15 higher for CF (95% confidence interval: 0.07 to 0.23; P<0.001).

There were no significant differences between study formulas with regard to mean length or
mean length for age z-score (LAZ) at week 4 or week 8, in either unadjusted or adjusted
analyses. At week 8, the observed difference in mean length was 0.11 cm longer for CF
(95% confidence interval: −0.14 to 0.28 cm; P=0.49). Mean LAZ showed no difference in
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either group between baseline and week 8. At baseline, mean LAZ was −0.64 for CF and
−0.68 for SF, and −0.72 and −0.75, respectively, at week 8. The observed difference (CF
minus SF) in mean LAZ at week 8 was 0.03 (95% confidence interval: −0.08 to 0.14;
P=0.59) and, in adjusted analysis, was 0.01 (95% confidence interval: −0.08 to 0.11;
P=0.79). The analysis of weight-for-length z-score (WLZ) did not demonstrate a significant
difference between infants who were followed for eight weeks. The mean WLZ at baseline
in the cohort on CF was −0.55 compared with −0.46 in infants fed SF. At eight weeks the
mean WLZ was 0.51 for the group receiving CF compared with 0.40 for infants fed SF. The
observed difference in mean WLZ at week 8 was 0.11 in favor of CF (95% confidence
interval: −0.01 to 0.22; P=0.06) and, in adjusted analysis, was 0.15 in favor of CF (95%
confidence interval: 0.03 to 0.27; P=0.01).

The results for mean head circumference and associated z-score were very similar to those
for length. No significant differences between the two formulas in terms of mean head
circumference or mean head circumference z-score (HCZ) were seen at week 4 or week 8 in
either unadjusted or adjusted analyses. At week 8, the difference in mean head
circumference was 0.00 cm (95% confidence interval: −0.14 to 0.14 cm; P=0.97), and in the
adjusted analysis, it was −0.01 cm favoring SF (95% confidence interval: −0.12 to 0.10 cm;
P=0.92). Mean HCZ showed no difference in either group between baseline and week 8. At
baseline, mean HCZ was −0.55 for CF and −0.53 for SF, and at week 8 was −0.54 and
−0.51, respectively. The observed difference in mean HCZ at week 8 was −0.03 in favor of
SF (95% confidence interval: −0.12 to 0.07; P=0.58) and, in adjusted analysis, was −0.03
(95% confidence interval: −0.11 to 0.05; P=0.53).

Change in Growth Z-scores Among Children in the Extremes on the Distribution of Growth
Parameters

One potential concern in undertaking the study was the possibility of an adverse effect from
CF that would lead to a higher proportion of uninfected infants with poor growth or,
conversely, a higher proportion with excessive growth compared with those who received
SF. This was investigated by comparing the proportions in each treatment group of Cohort 1
infants who had weight, length, or head circumference below the 10th percentile or above
the 90th percentile for their age and gender. For all three measures, there was no significant
difference between the two formulas in the proportions of infants below the 10th percentile
or above the 90th percentile (Table 3). For weight, the proportion below the 10th percentile
declined for both CF and SF at week 8. There was a similar increase in the proportion above
the 90th percentile for CF and SF at week 8 compared with entry. For length and head
circumference, there was little change in the proportion below the 10th percentile or above
the 90th percentile at week 8 compared with week 0 for either formula. Similarly, when
infants in Cohort 2 were analyzed at 28 weeks, the proportion of infants at the extremes of
the percentile distribution (<10th or > 90th percentiles) did not differ between infants fed CF
or SF.

Discussion
Nutritional compromise and malnutrition are major problems faced by HIV-infected
children (8) (9), especially those living in sub-Saharan Africa.(10) In Africa, studies have
demonstrated that formula feeding decreases maternal-infant transmission of HIV-1(11), but
breastfeeding among women infected with HIV-1 is associated with reduced mortality
among infants and children.(12) The benefits and the risks of breastfeeding must be
considered in each community and the nutrient requirements that provide optimal
opportunity for growth should be evaluated. In Europe, where HIV-infected children are
generally less socio-economically disadvantaged, The European Collaborative Study
reported that uninfected children had normal growth patterns from an early age and that
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differences in growth velocities between infected and uninfected children increased after
two years of age for length and after four years of age for weight.(13) New knowledge is
required in different socioeconomic groups to determine whether underweight HIV-infected
infants in the first eight weeks of life can tolerate, and benefit from, increased calorie
formula feeding.

Endemic, chronic malnutrition results in immune dysregulation, especially in T cell function
and may, in the undernourished child, increase the risk for formula intolerance and lower
rates of growth. In the HIV-infected child or the child born to an undernourished HIV-
infected mother, this secondary insult to the developing immune system exacerbates the
impact of HIV disease on immunoregulation and may potentiate immunodeficiency. The
malnourished, HIV-infected child is now more susceptible to enteric and opportunistic
infections that increase metabolic demands and complete a cycle resulting in progressive
wasting disease. (14) Antiretroviral medications and nutritional support are effective at
breaking this cycle, and early nutritional intervention may be beneficial.

Fomon hypothesizes that the potential for growth of fat-free mass is genetically determined
for each infant. (15) The intake of protein is determined by the energy requirement of the
infant, and as the rate of growth declines in infancy, the protein requirement per 100 kcal
decreases as well. Protein intake averaging 2.14 g/kg/day in the first eight weeks of life
decreases to 1.65 g/kg/day in weeks eight to 16, and seems to be adequate. A protein-energy
ratio of 1.85 g/100 kcal is required to provide a protein intake of 2.14 g/kg/day and is
appropriate to maintain growth of normal male infants in the first two months of life.
Formulas containing lower protein-energy ratios of 1.53 g/100 kcal are not adequate. (16)
The protein-energy ratio of both formulas in this study was 2.14 g/100 kcal and, based on
the results, was sufficient to enhance growth.

Undernutrition early in life may result in detrimental outcomes later in life including
increased mortality from infectious disease, impaired growth, stunting, and failure to attain
educational potential. (17) Nutritional supplementation early in life may reduce these
undesirable outcomes. (18) (19) Beneficial intergenerational effects on growth over three
years were observed by providing protein-energy supplements to mothers living in villages
in Guatemala. Offspring of mothers receiving moderate energy supplementation without
protein did not grow as well. (20) These observations suggest that improved maternal and/or
infant nutrition in the first two years of life results in improved infant growth. In contrast,
Morley and colleagues found that feeding small for gestational age infants, especially infant
girls, a nutrition enriched formula containing about 20% more protein with respect to energy
than standard formula, resulted in significant neurodevelopmental disadvantage at nine
months of age. These observations were not seen at 18 months of age, but suggest that
caution should be used in providing nutrition enriched formula to small for gestational age
infants. (21)

Short-term feeding studies in the newborn period suggest that differences in food
consumption may be directly related to the infant’s tendency to limit energy intake. In
previous studies, infants less than 16 weeks of age who were fed a formula of 67 kcal/100
ml were compared with infants fed a formula with 133 kcal/100 ml. In male infants during
the first six weeks of life, infants receiving the more concentrated formula consumed a
smaller volume, more kcals and gained more weight than infants receiving the lower caloric
density formula.(22) In a later study, infants were fed 100 kcal/100 ml or 54 kcal/100 ml for
16 weeks. In the first six weeks, those infants receiving the lower caloric density formula
ingested 75% of the energy intake of the infants in the 100 kcal/100 ml group. During the
next 10 weeks of the study, the infants receiving the less calorically dense formula increased
their intake to about 90% of the intake measured in the children receiving 100 kcal/100 ml
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formula. In these studies, children who drank the less calorically dense formula gained less
weight. (23)

In this study, the use of CF formula as an early nutritional intervention strategy in infants
born to HIV-infected mothers was evaluated to determine safety, tolerability, and efficacy.
Similar formulas can readily be prepared by reconstituting powdered or liquid concentrate
infant formula using less water. This nutritional strategy may be relevant in resource limited
communities. Discontinuation rates for both the CF and SF were very similar. There were no
clinically relevant differences between the two formulas with regard to tolerability.

There was also no evidence of differences in serious adverse experiences, mortality, or
CD4+ T-cell levels. There were five reported deaths among infants assigned CF, compared
with three among those assigned SF. The 1997 overall U.S. infant mortality rate was
7.2/1,000, 6/1,000 for white children and 14/1,000 for black children. (24) These rates are
similar to the approximately 4/1,000 infant mortality rate observed among the uninfected
children in this study. There were two infants who died of SIDS, one on each of the study
formulas. The 1997 U.S. SIDS infant mortality rate was 77.1/100,000. In our study, the
SIDS infant mortality rate was about 1/1,000 (or 100/100,000), similar to the reported U.S.
1997 rate. (24) Thus, there do not appear to be any safety or tolerability issues identified by
this study concerning use of 87 kcal/100 ml (26 kcal/oz) formula for eight weeks in
uninfected infants born to HIV-infected mothers.

By week 8, uninfected infants assigned either CF or SF had essentially normal mean WAZ
compared with the reference population. Moreover, there were significant differences in
terms of mean weight, WLZ, and WAZ outcomes at week 8, with higher values among
infants assigned CF. Of note, the observed 14–17% increase in energy intake with CF
resulted in approximately 5% increase in weight. Although the differences were small, these
observations, as one might expect, suggest that uninfected infants born to an HIV-infected
mother are able to consume increased kcals and gain weight more rapidly than infants
receiving SF.

After eight weeks, there were no significant differences between the two formulas in mean
length, WLZ, head circumference, or HCZ. This might be expected, as changes in weight
often precede changes in length, and most infants were maintained on CF for only eight
weeks. At week 8, the mean length and HCZ were approximately 0.7 and 0.5 standard
deviations below the average in the reference population, respectively, for both formulas,
whereas at this same time, weight achieved “normal” levels relative to the reference
population. Sub-analysis to determine factors that might explain the observed differences
will be the subject of a separate report.

Growth is a critical indication of nutritional health in children, especially children with
chronic illness. Protein-energy requirements in the first six months of life for children born
to HIV-infected mothers are not known. Current recommendations support the use of
standard infant formula. The adequacy of breast milk replacement in KwaZulu Natal, South
Africa was evaluated by Papathakis and Rollins, who concluded that commercial infant
formula meets the nutritional needs of HIV-infected children.(25) In the present study,
uninfected infants who were born to HIV-infected mothers and who received CF ingested
less volume of formula than those children who received SF. Nevertheless, children
receiving CF consumed more kcals than children who were randomized to receive SF.
Tolerability was equivalent in both groups, and there was no increase in adverse events in
the group receiving CF. These data show that CF fed to infants in the first eight weeks of life
can safely provide protein-energy requirements sufficient to maintain and possibly to
enhance growth.
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Increasing evidence supports a link between nutritional events during gestation and early
infancy. During this critical period of development, nutrition may affect neurodevelopment,
growth, and body composition, and the subsequent development of chronic diseases such as
diabetes mellitus. Lucas used the term “programming” to describe factors in infancy that
affect long-term health outcomes.(26) Insulin resistance, type 2 diabetes, and hypertension
are associated with low birth weight in infants suspected of having intrauterine growth
retardation.(27–31) Development of obesity later in life is directly related to high birth
weight.(32, 33) Early postnatal nutrition may impact on subsequent development of insulin
resistance and obesity. Accelerated weight gain in infancy may increase the risk of
adiposity/obesity later in life.(34, 35) The role of leptin in these observational studies
remains to be determined.(36)

At the time a decision is made about nutritional support for an infant born to an HIV-
infected mother, the HIV status of the baby may not be determined. This study suggests that
concentrated formula is tolerated in potentially HIV-infected children and that weight gain is
greater than in children fed standard formula. However, as stated in the World Health
Organization UNICEF report in 2004, HIV and Infant Feeding: Framework for Priority
Action, Guidelines and Related Tools, “When replacement feeding is acceptable, feasible,
affordable, sustainable and safe, avoidance of all breastfeeding is recommended. Otherwise
EBF (exclusive breast feeding) is recommended for the first months of life.” (37) This study
was not designed to follow long term growth of these infants, but future studies evaluating
the effects of early nutritional intervention should consider these factors. The long term
deleterious effects on intelligence of under-nutrition in the first year of life are well known,
but the effects of over-nutrition in the first year of life are not as well established. Future
studies of early nutritional intervention in HIV-infected children should include careful
monitoring of outcomes related to under- as well as to overnutrition. The observations in this
study suggest that in HIV-exposed, uninfected infants, concentrated formula feeding in the
first eight weeks of life results in increased weight gain. Providing CF early in life may be
beneficial to infants at risk for undernutrition. Though we are unable to determine from this
study whether increased growth can be sustained by early nutritional intervention, CF
appears to be well tolerated in this age group.

Conclusion
The findings in this large randomized controlled study show that early weight gain is
enhanced in HIV-exposed infants given a concentrated formula for eight weeks, with no
differences in adverse outcomes compared with standard formula. These observations are
relevant for healthcare providers as well as agencies that fund programs supporting nutrition
of HIV-infected children in resource-poor environments. Children who are gaining weight
well would not require such intervention, but this study does show that concentrated formula
can be safe and can benefit those infants in need of additional caloric support. Caution
should be used in extrapolating these data to small for gestational age infants because of the
potential for accelerated weight gain and obesity.
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Figure 1.
Schema of study design with numbers of patients enrolled. The number of infected HIV-
infants in Cohort 3 was too small for meaningful analysis and so this Cohort is excluded
from this report.
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Figure 2.
Changes in weight [Figure 2a (kg); Figure 2b (weight for age z-score)] over the first eight
weeks in children fed CF or SF
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