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WE CONDUCTED A RANDOM-
ized clinical trial of
breastfeeding and for-
mula feeding in Nairobi,

Kenya, and previously reported that the
estimated risk of breast milk transmis-
sion of human immunodeficiency virus
type 1 (HIV-1) was 16%.1 Forty-four per-
cent of all HIV-1 infections among those
in the breastfeeding arm were attribut-
able to breastfeeding. This result, in con-
junction with results from clinical trials
of short-course antiretrovirals that have
reported approximately 40% to 50% re-
ductions in perinatal transmission rates,
suggest that it may be possible to re-
duce substantially mother-to-child trans-
mission of HIV-1 in the developing world
with interventions of moderate cost.2

In resource-poor settings where the
most prevalent causes of infant mor-
bidity and mortality are infectious, there
is the possibility that breast milk avoid-
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Context Breastfeeding among women infected with human immunodeficiency vi-
rus type 1 (HIV-1) is associated with substantial risk of HIV-1 transmission, but little is
known about the morbidity risks associated with formula feeding in infants of HIV-
1–infected women in resource-poor settings.

Objective To compare morbidity, nutritional status, mortality adjusted for HIV-1 sta-
tus, and cause of death among formula-fed and breastfed infants of HIV-1–infected
women.

Design Randomized clinical trial conducted between 1992 and 1998.

Setting Four antenatal clinics in Nairobi, Kenya.

Participants Of 401 live-born, singleton, or first-born twin infants of randomized
HIV-1–seropositive mothers, 371 were included in the analysis of morbidity and
mortality.

Interventions Mothers were randomly assigned either to use formula (n=186) or
to breastfeed (n=185) their infants.

Main Outcome Measures Mortality rates, adjusted for HIV-1 infection status; mor-
bidity; and nutritional status during the first 2 years of life.

Results Two-year estimated mortality rates among infants were similar in the formula-
feeding and breastfeeding arms (20.0% vs 24.4%; hazard ratio [HR], 0.8; 95% con-
fidence interval [CI], 0.5-1.3), even after adjusting for HIV-1 infection status (HR, 1.1;
95% CI, 0.7-1.7). Infection with HIV-1 was associated with a 9.0-fold increased mor-
tality risk (95% CI, 5.3-15.3). The incidence of diarrhea during the 2 years of fol-
low-up was similar in formula and breastfeeding arms (155 vs 149 per 100 person-
years, respectively). The incidence of pneumonia was identical in the 2 groups (62 per
100 person-years), and there were no significant differences in incidence of other re-
corded illnesses. Infants in the breastfeeding arm tended to have better nutritional sta-
tus, significantly so during the first 6 months of life.

Conclusions In this randomized clinical trial, infants assigned to be formula fed or
breastfed had similar mortality rates and incidence of diarrhea and pneumonia during
the first 2 years of life. However, HIV-1–free survival at 2 years was significantly higher
in the formula arm. With appropriate education and access to clean water, formula
feeding can be a safe alternative to breastfeeding for infants of HIV-1–infected moth-
ers in a resource-poor setting.
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crease in mortality that might offset any
gains achieved by decreasing HIV-1
transmission. To enable the formula-
tion of safe infant-feeding policies for
HIV-1–infected women in resource-
poor settings, it is important to have ac-
curate estimates of the risks associ-
ated with the use of artificial feeds by
infants of HIV-1–seropositive moth-
ers in developing countries.

The risk of mortality associated with
the use of artificial feeding has been re-
ported in a number of observational
studies from developing countries.3,4 In
a recent meta-analysis, the increased
mortality risk due to infectious dis-
eases among nonbreastfeeders was sub-
stantial, particularly among very young
infants (odds ratio [OR], 5.8 for 0-2
months of age; OR, 4.1 for 2-3 months;
OR, 2.6 for 4-5 months; and lower
thereafter).4 Observational studies have
reported substantially increased diar-

rhea risk in artificially fed infants, with
highest risk being noted in the first 2
to 3 months of life.3,5 The protective role
of breastfeeding with regards to other
infectious diseases in developing coun-
tries has not been studied as exten-
sively. However, there are some data
that suggest that formula fed infants are
at increased risk of pneumonia com-
pared with breastfed infants.3,6

One of the major mechanisms of the
protection conferred through breast-
feeding is by the passive transfer of an-
tibodies, immune-competent cells, and
cytokines.7 For mothers with HIV-1–
related immunocompromise, it is un-
known whether breastfeeding would
confer the same magnitude of protec-
tion. No study to date has definitively
evaluated the degree of protection that
breast milk affords infants of HIV-1–
infected mothers.

Our randomized clinical trial of
breastfed and formula fed infants of
HIV-1–seropositive women in Nairobi,
Kenya, was conducted with the pri-
mary goal of determining the fre-
quency of breast milk transmission of
HIV-1. This unique trial also provided
an opportunity to compare morbidity
and mortality in children according to
randomized feeding modality. We pre-
viously reported that 2-year mortality
rates among children in the formula
feeding and breastfeeding arms were
similar.1 In this companion article, we
provide additional data regarding mor-
tality as well as analyses of diarrhea,
pneumonia, other childhood morbidi-
ties, and nutritional status.

METHODS
Study Population and Procedures

The methods of the randomized clinical
trial were published in our original
article,1 including a detailed description
of the study population, study proce-
dures, feeding intervention, laboratory
testing, criteria for infant HIV-1 infec-
tionstatus,ethicalapproval, anddataand
safetymonitoringboarddeliberations. In
brief, HIV-1–seropositive women were
recruitedfromantenatalclinics inNairobi
and randomly assigned to breastfeed or
to use formula to feed their infants.

Mother/infantpairswere followed-upfor
2 years after delivery.

At each visit, information was ob-
tained about feeding status, current and
interim morbidity, and history of hos-
pitalization. A physical examination was
conducted, including measurement of
weight and recumbent length. Ill chil-
dren received outpatient care from the
study clinicians. In the event of diar-
rhea, mothers were advised to initiate
the use of oral rehydration solutions be-
fore bringing the child to the research
clinic. Children requiring hospital ad-
mission were managed by Kenyatta Na-
tional Hospital staff and pertinent clini-
cal information was abstracted from the
hospital records. Verbal autopsies were
conducted to assign a possible cause of
death for all children who died out-
side of Kenyatta National Hospital.

Clinical Definitions
Current morbidity was determined by
study clinicians using standard diagnos-
tic criteria. Interim infant morbidities
were based on maternal history. Diar-
rhea was defined as the passage of 3 or
more loose or watery stools during a 24-
hour period for at least 2 days. Chronic
diarrhea was defined by diarrhea last-
ing for more than 1 month. Dehydra-
tion was defined as the presence of 1 or
more of the following clinical signs and
symptoms: abnormal thirst, dry oral mu-
cosa, reduced skin turgor, sunken eyes,
or decreased urine output. A diagnosis
of pneumonia was made if a child had a
cough with tachypnea. A presumptive
clinical diagnosis of malaria was made
in children with history of travel to a ma-
laria-endemic area who presented with
fever (axillary temperature �37.5°C) in
the absence of any localizing site of in-
fection. Weight for height was used to
evaluate nutritional status. We calcu-
lated Z scores using Epinet (Centers for
Disease Control and Prevention, At-
lanta, Ga) and values below−2 SD were
used to define malnutrition.8

Statistical Analysis
All data were analyzed using SPSS 10.0
for Windows (SPSS, Chicago, Ill) or S-
Plus 2000 (MathSoft, Inc, Seattle, Wash).

Figure 1. Trial Flow Diagram of Participants
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HIV-1 indicates human immunodeficiency virus type 1.
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Comparisons were made on an intent-
to-treat basis. Pearson �2 test and Fisher
exact test were used to compare categori-
cal variables and the Mann-Whitney U
test to compare continuous variables. In-
fant mortality in the 2 randomization
groups was compared using Kaplan-
Meier analysis. Cox regression was used
to compare survival in the 2 groups ad-
justed for HIV-1 infection status as a
time-dependent covariate. A child was
considered to have an unknown HIV-1
infection status if the last HIV-1 test was
more than 3 months before the last de-
termination of vital status and if they had
a negative test result at that time.

The incidence of infant illnesses in for-
mula feeding and breastfeeding arms
over the 2 years of follow-up and by
quarter was compared using Andersen-
Gill proportional hazards models, ad-
justing for number of clinic visits and
with robust variance estimates.9 For
analyses stratified by infant HIV-1 in-
fection status, we excluded the interval
between the last negative HIV-1 test and
the first positive HIV-1 test for infected
children. For children who remained
HIV-1 uninfected, we excluded any vis-
its after the last negative HIV-1 test. Ran-
dom effects models were used to com-
pare anthropometric indices.10

RESULTS
Characteristics of the
Study Population

A detailed description of the random-
ized clinical trial participants and pri-
mary end point results has been pub-
lished.1 Of 425 women enrolled in the
study between 1992 and 1998, 213 were
randomly assigned to the formula feed-
ing arm and 212 to the breastfeeding arm
(FIGURE 1). The women in each group
had similar enrollment characteristics.1

Four hundred twenty infants were
born to the 408 women who were in fol-
low-up at the time of delivery. After ex-
cluding stillbirths and second born twins,
there were 204 infants in the formula
feeding arm and 197 in the breastfeed-
ing arm. The infants in the 2 groups were
comparable at birth with regards to an-
thropometric measurements, gesta-
tional age, sex, and morbidity1 (data not

shown). Follow-up information on in-
fant morbidity and mortality during the
first 2 years of life was available for 186
infants in the formula feeding and 185
in the breastfeeding arm, while HIV-1 in-
fection status information was available
for 162 infants in the formula feeding and
171 in the breastfeeding arms.1

A total of 4733 infant follow-up vis-
its were made in the first 2 years of life,
including 2579 in the formula feeding
and 2154 in the breastfeeding arms. In-
fants in the breastfeeding arm attended
significantly fewer scheduled visits to the
clinic (median 9, range 1-19) than in-
fants in the formula feeding arm (me-
dian 12, range 1-19, P�.001). Infants in
the breastfeeding arm also tended to
have fewer nonscheduled visits (me-
dian, 2 vs 3; P=.06). The median of the
average intervisit interval for infants in
the 2 arms was identical (36 days). The
median durations of follow-up were 1.7
and 1.3 years in the formula feeding and
breastfeeding arms, respectively, yield-
ing total follow-up times of 257 and 228
person-years.

Compliance with randomized feed-
ing modality was significantly higher in

the breastfeeding arm than the for-
mula feeding arm of the study (96% vs
70%, P�.001). The median duration of
breastfeeding among infants random-
ized to breastfeed was 17 months, and
the median age of introduction of
supplemental feeds was 3.8 months.

Ninety-two infants acquired HIV-1
infection during the study, 31 in the for-
mula feeding arm and 61 in the breast-
feeding arm. The cumulative propor-
tion of HIV-1 infection at 2 years of
follow-up was 21% in the formula feed-
ing arm and 37% in the breastfeeding
arm of the study (P=.001).1

Mortality
Of the 401 live-born infants in the
study, 84 infants died during the course
of follow-up, 39 in the formula feed-
ing arm and 45 in the breastfeeding arm.

The cumulative mortality rates in the
2groupsarepresented inFIGURE 2.Mor-
tality rates in the formula feeding and
breastfeeding arms did not significantly
differ either at 12 months (15.4% vs
16.7%, P=.71) or at 2 years (20.0% vs
24.4%; hazard ratio [HR], 0.8; 95% con-
fidence interval [CI], 0.5-1.3; P=.30).

Figure 2. Mortality of Children in the Formula Feeding and Breastfeeding Arms
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Additional data regarding cumulative mortality are presented in reference 1.
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There was a trend for increased mortal-
ity in the formula arm at 6 weeks (3.9%
vs 1.0%, P=.06), but 38% of these deaths
wereduetocomplicationsofdeliveryand
couldnotbeattributabletoformulaexpo-
sure (TABLE 1). Among infants who
remained HIV-1 uninfected through-
out follow-up, the 2-year cumulative
mortality rate was 10.0% in the formula
feeding arm and 8.1% in the breastfeed-
ing arm (P=.59). Among infants who
becameHIV-1 infectedduring thecourse
of the study, the 2-year cumulative mor-
talityrateswere40.2%intheformulaarm
and 46.0% in the breastfeeding arm
(P=.41). We used Cox regression to
examine the independent effects of ran-
domization group and HIV-1 status on
mortality, and there was no significant
difference inmortality in the formulaand
breastfeedingarms(HR,1.1;95%CI,0.7-
1.7; P=.77). However, HIV-1 infection
was associated with a 9.0-fold increased
mortality risk (95% CI, 5.3-15.3;
P�.001). Using Cox regression to ana-
lyzemortality risk in formula and breast-
feeding arms after stratifying by ulti-
mate HIV-1 –infection status, the hazard
ratiosdidnot significantlydifferbetween
HIV-1 uninfected (HR, 1.3; 95% CI, 0.6-
3.0; P=.49) and HIV-1 infected (HR, 0.9;
95% CI, 0.5-1.8; P=.82) children.

Two-year mortality rates were much
higher for children infected during the

first 2 months of life than for children
infected after 2 months of age (63.2%
vs 8.8%, P�.001).

In a separate analysis we found that
women who were randomly assigned
to the breastfed group had an approxi-
mate 3-fold higher mortality rate over
2 years than women in the formula arm,
and that maternal death was associ-
ated with increased risk of subsequent
infant death.11 We analyzed the infant
mortality data controlling for mater-
nal vital status. The relative effect of for-
mula feeding compared with breast-
feeding remained unchanged (HR, 0.8;
95% CI, 0.5-1.2).

Onehundred thirty-eight infantsdied
or became HIV-1 infected during the
course of follow-up, including 58 in the
formula arm and 80 in the breastfeeding
arm.Thepercentageof infantswhowere
deador infectedat24monthswassignifi-
cantly lower in the formula arm (30% vs
42%,P=.02).1 Formulafeedingconferred
a 28% protective effect from an adverse
outcome (HIV-1 infection or death).

Precise information about causes of
death was not available because of lim-
ited availability of diagnostic tests in
health care facilities and reliance on ver-
bal autopsies for children who died at
home. For the 78 deaths for which po-
tential contributing causes of death
were known, information was ob-

tained by review of hospital records for
41 (53%) and by verbal autopsy for 37
(47%). Pneumonia was the most com-
mon cause (53%). Other major con-
tributing causes of death included di-
arrhea (39%), sepsis (10%), and failure
to thrive (41%). Over the 2-year pe-
riod, children in the 2 groups were com-
parable for causes of death, except for
a higher frequency of sepsis in the for-
mula group (P=.02) as well as a higher
frequency of neonatal noninfectious
deaths (P=.04, Table 1). In a stratified
analysis, there were no significant dif-
ferences in cause of death between the
2 groups for HIV-1–uninfected chil-
dren. Among HIV-1–infected chil-
dren, those in the formula arm were
more likely to die from sepsis than those
in the breastfed group (33% vs 0%,
P=.007). During the first 6 months of
life, pneumonia was a more common
cause of death in the breastfeeding arm
than in the formula arm (P=.01).

Diarrheal Morbidity
The incidence of diarrhea (defined by
history of diarrhea since the last visit)
during the 2 years of follow-up was al-
most identical in infants randomized to
receive formula and to breastfeed (155
vs 149 per 100 person-years, respec-
tively; HR, 0.9; 95% CI, 0.7-1.1)
(TABLE 2). The incidence of diarrhea in-

Table 1. Potential Contributing Causes of Death by Randomization Arm*

Variables

Deaths Between 0 and 6 mo Deaths Between 6 and 24 mo All Deaths

Formula
Feeding,
No. (%)
(n = 21)

Breastfeeding,
No. (%)
(n = 18)

P
Value

Formula
Feeding,
No. (%)
(n = 14)

Breastfeeding,
No. (%)
(n = 26)

P
Value

Formula
Feeding,
No. (%)
(n = 35)

Breastfeeding,
No. (%)
(n = 43)

P
Value

Pneumonia 11 (52) 16 (94) .01 5 (36) 9 (35) .99 16 (46) 25 (58) .27

Diarrhea 8 (38) 2 (12) .14 8 (57) 12 (46) .51 16 (46) 14 (33) .24

Failure to thrive 7 (33) 5 (29) .80 6 (43) 14 (54) .51 13 (37) 19 (44) .53

Sepsis 6 (29) 1 (6) .10 1 (7) 0 (0) .35 9 (20) 1 (2) .02

Meningitis 2 (10) 2 (12) .99 1 (7) 3 (12) .99 3 (9) 5 (12) .72

Malaria 1 (5) 0 (0) .99 0 (0) 3 (12) .54 1 (3) 3 (7) .62

Measles 0 (0) 0 (0) . . . 2 (14) 0 (0) .12 2 (6) 0 (0) .20

Tuberculosis 1 (5) 1 (6) .99 0 (0) 1 (4) .99 1 (3) 2 (5) .99

Encephalopathy 0 (0) 0 (0) . . . 0 (0) 2 (8) .53 0 (0) 2 (5) .50

Cerebral abscess 0 (0) 0 (0) . . . 0 (0) 1 (4) .99 0 (0) 1 (2) .99

Neonatal noninfectious† 4 (19) 0 (0) .11 0 (0) 0 (0) . . . 4 (11) 0 (0) .04

Road traffic accident 0 (0) 0 (0) . . . 0 (0) 1 (4) .99 0 (0) 1 (2) .99

*More than one potential contributing cause of death was present for many children. Ellipsis indicates not applicable.
†Birth asphyxia (n = 2), cord improperly tied (n = 1), prematurity (n = 1).
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creased with age and peaked at 9 to 12
months (FIGURE 3). When analyzed by
3-month quarter, there were no signifi-
cantdifferences indiarrheal incidencebe-
tween the 2 trial groups for any quarter.

Among infants with diarrhea, the se-
verity of diarrhea was similar in the 2
groups. Twelve percent of episodes of
diarrhea were associated with bloody
stools and 36% with more than 5 stools
per day. Forty-five percent of episodes
prompted the mother to administer oral
rehydration solution and 8% of chil-
dren with diarrhea at the time of a clinic
visit presented with dehydration.
Chronic diarrhea was reported by 10%
of the study subjects. All of these char-
acteristics were similar in the 2 groups
(data not shown), as was the incidence
of these measures of the severity of di-
arrhea over the 2-year period (Table 2).
Investigating the severity of diarrhea by
3-month quarter, the incidence of de-
hydration (HR, 9.7; 95% CI, 1.3-74.0;
P=.03) and current diarrhea (at the time
of a visit) (HR, 2.1; 95% CI, 1.2-3.8;

P=.01) were significantly higher in the
formula group in the first 3 months of
life while the incidence of diarrhea with
more than 5 stools per day was signifi-
cantly lower in the formula feeding
group between ages 18 and 21 months
(HR, 0.4; 95% CI, 0.2-0.8; P=.01).

After stratifying by HIV-1 infection
status, there was no significant differ-
ence in incidence of diarrhea between
formula and breastfeeding arms in ei-
ther HIV-1 infected (241 vs 247 per 100
person-years) or uninfected infants (150
vs 140 per 100 person-years) (Table 2).
This was true for the 2-year follow-up
period as well as when analyzed by 3
month quarter. Likewise there were no
significant differences for any of the
measures of severity of diarrhea over the
2-year follow-up period.

Pneumonia
The incidence of pneumonia during the
first 2 years of life in infants random-
ized to the formula and breastfeeding
groups was identical (62 per 100 per-

son-years; HR, 0.9; 95% CI, 0.7-1.3;
P = .74) (TABLE 3). Pneumonia oc-
curred with similar frequency in the 2
groups during every quarter of follow-
up. There was no difference in pneu-
monia incidence over the 2-year pe-
riod between the 2 groups after
stratifying by HIV-1 infection status, ei-

Figure 3. Incidence of Diarrhea by
Randomization Arm and Quarter
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Table 2. Incidence of Diarrhea by Randomization Arm

Symptoms

Incidence per 100 Person-Years
(No. of Cases)

Hazards Ratio
(95% Confidence Interval)* P ValueFormula Feeding Breastfeeding

All children, person-years 257 228
Diarrhea (history of episodes since last visit) 155 (397) 149 (340) 0.9 (0.7-1.1) .21
Oral rehydration solution use 77 (198) 70 (159) 1.0 (0.8-1.2) .85
Chronic diarrhea 9 (23) 11 (24) 0.7 (0.4-1.5) .37
�5 Stools/d 58 (150) 54 (123) 1.0 (0.7-1.4) .99
Stools with blood 19 (50) 20 (46) 0.8 (0.5-1.5) .45
Current diarrhea (at the time of a visit) 122 (313) 116 (264) 0.9 (0.7-1.2) .51
Dehydration 16 (41) 13 (30) 1.2 (0.7-2.0) .53

HIV-1–uninfected children, person-years 211 169
Diarrhea (history of episodes since last visit) 150 (318) 140 (237) 0.9 (0.7-1.2) .43
Oral rehydration solution use 74 (157) 68 (115) 0.9 (0.6-1.3) .61
Chronic diarrhea 8 (16) 10 (17) 0.6 (0.3-1.4) .39
�5 Stools/d 57 (121) 54 (91) 0.9 (0.6-1.4) .79
Stools with blood 18 (38) 15 (26) 0.9 (0.4-2.2) .92
Current diarrhea (at the time of a visit) 119 (251) 109 (185) 0.9 (0.6-1.2) .41
Dehydration 12 (26) 11 (19) 0.9 (0.5-1.7) .82

HIV-1–infected children, person-years 20 35
Diarrhea (history of episodes since last visit) 241 (48) 247 (86) 1.1 (0.7-1.9) .73
Oral rehydration solution use 146 (29) 106 (37) 1.4 (0.7-2.8) .34
Chronic diarrhea 30 (6) 14 (5) 2.0 (0.5-8.6) .29
�5 stools/day 96 (19) 78 (27) 1.4 (0.7-2.9) .41
Stools with blood 30 (6) 46 (16) 0.7 (0.2-2.2) .64
Current diarrhea (at the time of a visit) 191 (38) 190 (66) 1.1 (0.6-2.1) .82
Dehydration 50 (10) 23 (8) 2.1 (0.5-8.6) .34

*Hazards ratios are from Anderson-Gill proportional hazards model with robust variance estimate and controlling for number of visits.
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ther overall or for any quarter. Among
HIV-1–infected children, the inci-
dence of pneumonia was 188 per 100
person years among formula fed and
150 per 100 person-years among breast-
fed (HR, 1.2; 95% CI, 0.8-1.9; P=.33).
Among HIV-1–uninfected children, the
comparable figures were 50 vs 45 (HR,
0.9; 95% CI, 0.6-1.4; P=.73).

Other Morbidities
The overall incidence of various infant
morbidities for the 2 randomization arms
is presented in Table 3. There were no
significant differences between the study
arms for the incidence of any of the in-
fant morbidities over the 2-year fol-
low-up period although there was a trend
for lower incidence of otitis media and

higher incidence of conjunctivitis in the
formula arm. We also compared mor-
bidity incidence between the 2 groups
during each quarter of follow-up. There
were no significant differences between
the 2 groups for any of the morbidities
for any quarter of life.

When stratifying by HIV-1 infec-
tion status, there was a higher inci-
dence of sepsis in the formula arm com-
pared with the breastfeeding arm among
HIV-1–infected infants (HR, 13.7; 95%
CI, 1.4-130.8; P=.02). No other sig-
nificant differences were found be-
tween the 2 groups. Comparing mor-
bidity incidence between the 2 groups
during each quarter of follow-up, the
only significant difference was an in-
creased risk of reported hospitaliza-
tion between 9 and 12 months in those
infected with HIV-1 in the formula arm
(HR, 8.7; 95% CI, 1.0-74.7, P=.05).

Nutritional Status
The mean weight-for-height Z scores for
infants by age and randomization group
are shown in FIGURE 4. There was a trend
for the breastfeeding arm to have better
nutritional status overall (P=.06) and sig-
nificantly better nutritional status in the
first 6 months of life (P=.003). After ad-
justing for HIV-1 infection status, chil-
dren in the breastfeeding arm had sig-
nificantly better nutritional status than
those in the formula arm over the 2-year
period (P=.04), particularly during the
first 6 months (P=.002). Malnutrition
(weight-for-height Z scores that were less
than −2 SDs) occurred at some time in
27 (15%) of 183 children in the for-
mula fed and 17 (9%) of 181 children in
the breastfeeding arm (P=.12). The pro-
portion of children with malnutrition
was relatively low in the first year of life,
but increased with age (2% during the
first year of life and 15% during the sec-
ond year). The proportion of children
with malnutrition did not differ signifi-
cantly by randomization group overall
or during any quarter of follow-up.
Among HIV-1–infected children, 29% in
the formula arm and 14% in the breast-
feeding arm had malnutrition at some
time during follow-up (P=.12). Among
HIV-1–uninfected children, malnutri-

Figure 4. Mean Weight-for-Height Z Scores by Randomization Arm and Age
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Table 3. Incidence of Other Morbidities by Randomization Arm

Variables

Incidence per 100
Person-Years (No. of Cases) Hazards Ratio

(95%
Confidence

Interval)*
P

Value
Formula Feeding

(257 Person-Years)
Breastfeeding

(228 Person-Years)

Hospitalization since last visit 18 (47) 20 (46) 0.9 (0.6-1.5) .71

Fever since last visit 265 (680) 255 (582) 0.9 (0.8-1.1) .32

Vomiting since last visit 89 (228) 82 (188) 1.0 (0.8-1.3) .84

Fever on examination 41 (104) 35 (81) 1.0 (0.7-1.5) .83

Pneumonia 62 (159) 62 (142) 0.9 (0.7-1.3) .74

Measles 4 (10) 3 (7) 1.1 (0.4-3.1) .81

Malaria 81 (207) 71 (162) 1.0 (0.8-1.3) .80

Thrush 43 (110) 45 (102) 0.9 (0.6-1.4) .78

Otitis media 32 (83) 43 (98) 0.6 (0.4-1.0) .06

Upper respiratory tract
infection

343 (881) 322 (736) 1.0 (0.9-1.1) .79

Conjunctivitis 30 (77) 22 (50) 1.4 (1.0-2.1) .09

Sepsis 7 (18) 5 (12) 1.4 (0.6-3.0) .54

*Hazards ratios are from Anderson-Gill proportional hazards model with robust variance estimate and controlling for
number of visits.
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tion occurred in 11% of those in the for-
mula arm and 7% in the breastfeeding
arm (P=.19).

COMMENT
In this randomized clinical trial, we
found no significant difference in 2-year
mortality rates between infants ran-
domly assigned to be formula fed or to
be breastfed. Because HIV-1 infections
occurred with higher frequency in
the breastfeeding arm, we considered
the possibility that excess formula-
associateddeathsmight bemaskedbyex-
cess HIV-1–related deaths in the breast-
feeding arm. However, even when we
performed analyses that adjusted for or
stratified by HIV-1 infection status, there
was no significant difference in 2-year
mortality rates between the 2 trial arms.
The major causes of death in the study
were infections, and there was no dif-
ference in cause-specific infection mor-
tality between the 2 study arms except
for an increased frequency of sepsis as a
contributing cause of death in the for-
mula arm. Thus, in this study popula-
tion, formula feeding and breastfeeding
were associated with similar mortality
risks during the first 2 years of life.

At first glance, our results may seem
paradoxical. Breastfeeding was associ-
ated with higher rates of HIV-1 trans-
mission; HIV-1 infection in infants was
associated with higher mortality; for-
mula resulted in no increased mortal-
ity. One might have predicted that we
would have seen significantly higher
mortality risk in the breastfeeding arm.
However, our trial terminated with only
2yearsof follow-up,bywhichtimemany
deaths had occurred among infants
infected inutero,peripartum,or through
early breastfeeding, but relatively few
among infants with later acquisition of
HIV-1 through breast milk. Of children
infected after 2 months of age, only 9%
had died by 2 years but most of the
remaining children would be expected
to die sometime during childhood. At
study end, there were 19 HIV-1 infected
children who were alive at their last visit
in the formula arm and 35 in the breast-
feedingarm.The2yearsof follow-upwas
sufficient tocaptureanypotentialadverse

consequencesof formula feedingbutnot
all of theadverseconsequencesofbreast-
feeding with respect to HIV-1 related
mortality.Becauseofthis,HIV-1–freesur-
vival (the percentage of children who
remained alive and HIV-1 uninfected)
best captures the combined risks of feed-
ing modality and HIV-1 infection. In this
trial, HIV-1–free survival at 2 years was
significantly higher in the formula arm.

The mortality risk among the chil-
dren in this study was high, largely be-
cause of infant HIV-1 infection which
was associated with a 9.0-fold in-
creased risk of dying during the first 2
years of life. Among children who re-
mained HIV-1 uninfected, the 12 month
infant mortality rate (7.0%; 95% CI,
3.9%-10.0%) was not significantly dif-
ferent than the infant mortality rate of
4.1% reported for Nairobi or 7.4% re-
ported for Kenya as a whole12 although
it is higher than what might have been
predicted given the level of medical care
available in the research context. This
suggests that infants of HIV-1–infected
mothers may have a somewhat el-
evated mortality risk, even if they them-
selves escape HIV-1 infection.

There have been concerns that the use
of formulabywomeninfectedwithHIV-1
in resource-poor settings would result in
increases indiarrhealmorbidityandmor-
tality.13,14 We found no significant dif-
ference in diarrheal incidence in the 2
study groups of the trial over the 2 year
follow-up period. This was true for the
group of infants as a whole and after
stratifying by HIV-1 infection status. We
did find an increased incidence of cur-
rent diarrhea (at the time of a visit) and
dehydration in the formula feeding arm
during the first 3 months of life. This
coincides with the period during which
most breastfed infants were fed exclu-
sively by breast milk (the median age of
introduction of supplemental feeds was
3.8 months) and were thus at low risk
of exposure to diarrheal pathogens from
food sources. Our results are consistent
with previously published observa-
tional studies in which breast milk has
been most protective against diarrheal
disease in the first 3 months of life,3,4,5 a
finding that underscores the necessity of

careful follow-up of formula fed infants
during early infancy.

In the cohort overall, we did not ob-
serve increased risk of any major child-
hood morbidities, including pneumo-
nia, sepsis, malaria, or otitis media,
associated with formula feeding. Among
HIV-1–infected formula feeders, there
was an increased risk of sepsis during the
2 years of follow-up and an increased risk
of hospitalization toward the end of the
first year of age. Although our study sug-
gests that formula feeding by HIV-1–
infected mothers does not increase the
risk of most childhood morbidities, there
may be some increased risk among HIV-
1–infected infants.

Infants in the breastfeeding arm had
better nutritional status than those in the
formula feeding arm, particularly dur-
ing the first 6 months of life, consistent
with observational studies.15 We ob-
served a fairly high prevalence of mal-
nutrition during the second year of life,
consistent with patterns of malnutri-
tion seen in sub-Saharan Africa, due in
part to repeated infections and intro-
duction of poor weaning diets. How-
ever, there was no difference in the
prevalence of malnutrition in the 2 study
groups. Thus, with adequate supplies of
formula and nutrition counseling, the
mothers in this trial were able to admin-
ister formula feeds without seriously
compromising the nutritional status of
their infants. However, the better growth
in breastfed infants, particularly dur-
ing the first 6 months, highlights the im-
portance of nutritional counseling for
mothers of formula feeding infants.

The major strength of our study was
its randomized clinical trial design.
Choice of infant feeding modality may
be influenced by factors that affect in-
fant health outcomes and not all obser-
vational studies have controlled for im-
portant confounding factors such as
educational level, socioeconomic sta-
tus, and low birth weight. Nor have most
studies addressed the possibility of re-
verse causality, eg, that changes in in-
fant feeding modality (and in particu-
lar a switch from breast milk to formula)
may be influenced by childhood ill-
nesses. Our randomized clinical trial de-
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sign allows us to present data regard-
ing morbidity and mortality associated
with formula that are not potentially
confounded.

There are several limitations of our
trial thatwarrantdiscussion.First, com-
pliancewith feedingmodality in the for-
mula feeding arm was imperfect, and
30% of such infants had some exposure
to breast milk. In our intent-to-treat
analyses, this could potentially result in
underestimates of risk associated with
formula feeding. However, when we re-
peatedourmortality analysesusing true
feeding modality rather than random-
ization group, we found similar results.
Two-year mortality was 18.8% among
true formula feeders and 22.0% among
truebreastfeeders(P=.39).AmongHIV-
1–uninfected children, the 2-year mor-
talitywas8.7%amongtrueformula feed-
ers and 7.3% among true breastfeeders
(P=.74). Second, we relied on maternal
histories to capture childhood illnesses
that occurred between clinic visits, so
our estimates of morbidity may be un-
derestimates. Inaddition, our study was
notdesignedtodeterminecausesofdeath
and these data are imprecise because of
limited availability of diagnostic testing
andrelianceonverbalautopsies.Finally,
the number of visits to the clinic was
lower for breastfeeding than formula
feeding children. Although this would
notaffectourmortality rates, it could in-
fluence our estimates of the incidence
of diarrheal disease and other morbidi-
ties. We corrected for this in our analy-
ses by adjusting all relative risks for the
various infant morbidities of interest by
the number of clinic visits made.

Our estimates of morbidity and mor-
tality risk are not generalizable to all
women in developing countries. Our re-
sults represent the best-case scenario. All
women participating in the trial had ac-
cess to potable water, extensive health
education regarding safe preparation of
formula, a reliable supply of formula, and
access to medical care for their infants.
The magnitude of risks associated with
formula feeding will vary in different set-
tings depending on differences in these
important variables. Because of these dif-
ferences, we would advocate context-

specific counseling for HIV-1–infected
expectant mothers so that each woman
can select the feeding method that maxi-
mizes benefits and minimizes risks given
her individual situation, as is recom-
mended by the World Health Organi-
zation.16 In addition, our trial was con-
ducted among HIV-1–infected mothers
and the results may not be generaliz-
able to uninfected women. It is pos-
sible that the breast milk of HIV-1–
infected women lacks factors that confer
protection from death, diarrheal dis-
ease, and pneumonia.

We previously reported that the use
of formula could prevent 44% of HIV-1
infections in infants of HIV-1–
seropositive mothers.1 Our current re-
sults demonstrate that in a developing
country setting, it is possible for this gain
to be realized without increased mor-
bidity or mortality during the first 2 years
of life. In our trial, formula-fed infants
clearly had a better outcome than breast-
fed infants because they were more likely
to be alive and HIV-1 uninfected at the
age of 2 years.1 Formula feeding con-
ferred a 28% protective effect from an
adverse outcome (HIV-1 infection or
death). In addition, mothers who used
formula were more likely to be alive 2
years after delivery than mothers who
breastfed.11 Thus, formula provided ad-
vantages for both mother and child. Our
current analyses show that the use of for-
mula to prevent HIV-1 transmission can
be a safe and viable option even in re-
source poor settings, if maternal educa-
tion, clean water, a supply of formula,
and access to health care are available.
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