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Abstract

Background: Although many investigators have studied the association of breastfeeding by
HIV-infected women with infant health and mortality, researchers have only recently begun to
question whether breastfeeding affects disease progression and mortality in HIV-infected
mothers. Studies have yielded conflicting results, leaving the question unresolved.

Objective: To examine the association between breastfeeding and disease progression among
HIV-infected women in Dar es Salaam, Tanzania.

Methods: Cohort study design with Cox proportional hazards models.

Findings: The relative risk of death comparing women who recently had been breastfeeding to
those who were not breastfeeding was 0.47 (95% CI = 0.18, 1.20). Neither breastfeeding status
nor the duration of exclusive or partial breastfeeding was associated with HIV-1 disease
progression, represented by death or development of a low CD4 cell count, anemia or excessive
weight loss, in multivariate analyses. These associations remained insignificant when women
with relatively low and high CD4 cell counts were analyzed separately.

Interpretation: There is insufficient evidence to support the hypothesis that breastfeeding is

detrimental to the health of HIV-infected women.
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Background

Until recently, the question of whether HIV-1 positive mothers should breastfeed their
children has focused entirely on the benefits and risks to the infant. Research has been directed at
determining whether the risk of vertical transmission of HIV infection outweighs breastfeeding’s
health and nutritional benefits to the child.

Recently, investigators have begun to question whether breastfeeding can affect the
health of HIV-1 positive women. To date, two studies have examined the association between
breastfeeding and women’s health. A randomized clinical trial of breastfed and formula-fed
infants in Nairobi, Kenya, which was designed to study the effects on infant health, found that
breastfeeding was associated with increased maternal mortality.' By contrast, an observational
study of breastfeeding and adverse outcomes among infected women in South Africa yielded
mixed and mostly insignificant results.” While these studies represent contributions to this
research question, both faced limitations. As the investigators of the randomized trial have noted,
the women randomized to breastfeeding and formula feeding may not have been comparable
with respect to baseline viral load or frequency of contact with health care providers during
follow-up. The observational study observed few of the events of interest and had limited power
to observe a significant association or control for potential confounders. Neither study assessed
whether there was a dose-response relationship between the duration of breastfeeding and
maternal disease progression or whether the association was dependent on the mother’s baseline
health status.

If an association between breastfeeding and the health of HIV-1 positive women existed,
it could have important implications for programs and policies relating to breastfeeding, and to

the decision-making processes of HIV-infected women.



This study examines the association between breastfeeding and maternal HIV-1 disease
progression by assessing whether breastfeeding is associated with time to death, low CD4 count,
anemia and weight loss during follow-up in a cohort of HIV-infected women in Dar es Salaam,

Tanzania.



Methods

The data for these analyses were collected for a randomized clinical trial aimed at
studying the effects of vitamin supplementation on HIV-1 disease progression and vertical
transmission.” Women were recruited in antenatal clinics between April 1995 and July 1997.
Eligible HIV-1 positive women were pregnant, at 12-27 weeks gestation, residing in Dar es
Salaam, and intending to stay in the city for at least one year.

Investigators conducted clinical exams and collected socio-demographic information
including women’s age, education, marital status and birth histories upon enrollment into the
study. Laboratory blood tests including T-lymphocyte and hemoglobin counts were conducted
upon enrollment and repeated semi-annually.

Women were scheduled for monthly visits with a physician and a nurse from the study
team; in December 1997, the protocol was revised to call for visits with a physician every third
month. In the months when a woman was checked by both a physician and a nurse, we were able
to reassess the woman'’s clinical stage of disease using a modified version of the World Health
Organization’s recommended staging system.” When a woman missed a visit to the study clinic,
a member of the study team visited her home to follow-up and ascertain her vital status.

Women who delivered live born children were scheduled to bring their infants for
monthly visits with a study nurse. The nurse examined the child and collected information on
whether the child had breastfed in the preceding month, and when the child was started on other
foods in addition to breast milk.

The Wilcoxon and Kruskal-Wallis rank sum tests were used to test the difference in mean
breastfeeding duration by socio-demographic and health-related characteristics of the women. A

prospective cohort study design and multivariate Cox proportional hazards models were used to



examine whether breastfeeding was associated with a more rapid progression to death. We also
examined whether breastfeeding was associated with other known markers of disease
progression, namely a decline in CD4 cell count below 200 cell/mm’; anemia, indicated here as a
drop in hemoglobin levels below 8.5 g/dl;® and the loss of more than 10% of a woman’s baseline
weight.” A woman’s baseline weight was defined as her first weight measurement between six
and nine months post-partum. We additionally examined whether the associations of interest
varied according to a woman’s baseline CD4 cell count, using the likelihood ratio test to test for
interaction.

At each observation time, breastfeeding status was defined as whether or not the woman
had been breastfeeding six months prior to the month of observation. Since mother’s illness has
been cited as a common reason for the termination of breastfeeding,® we considered
breastfeeding that preceded the incidence of the adverse outcome to ensure that the observed
exposure status was not determined by the development of the adverse outcome. These analyses
were repeated with exposure set to precede the outcome by three, nine and twelve months.

We also analyzed whether the amount of time a woman had breastfed, defined as the
proportion of months she had breastfed up to six months prior to the month of observation, was
associated with progression. Since the frequency and intensity of breastfeeding are generally
greatest when a woman is exclusively breastfeeding, the association of exclusive breastfeeding
with subsequent disease progression and death was also explored. Women were considered to be
exclusively breastfeeding if they had not yet introduced solids or milk from other sources into
the child’s diet. These models included women who survived without experiencing the event

until all exclusive breastfeeding in the population was complete, and examined whether the total



duration of exclusive breastfeeding was associated with adverse health outcomes in the first two
years after delivery.

In addition to Cox proportional hazards models, marginal structural models were used to
control for time dependent confounders that may both affect and be affected by exposure —
namely the woman’s recent stage of disease and the survival status of the child — along with
other potential confounders of the associations of interest.’

In all of these analyses, follow-up for each participant ended when she experienced the
outcome of interest, was last seen by a member of the study team, or at the end of follow-up,
whichever came first. For the purpose of these analyses, follow-up ended on September 30,
2001. Cross-tabulations and the Pearson’s y” test were used to assess whether the women with
incomplete follow-up data differed from women with complete follow-up data. The missing
indicator method was used to retain observations with missing covariate values in multivariate
models.'’

Of 1,075 HIV-infected, pregnant women originally randomized, 6 died before delivery,
and the date of delivery was unavailable for 27 women. Ninety-seven women who experienced a
fetal loss and 23 women who gave birth to twins were also excluded. Another 96 were lost
within three months after delivery. Of the 826 eligible women remaining, we were able to
ascertain the complete duration of breastfeeding for 597 women, and we have partial information
on the duration of breastfeeding for an additional 186 women who were still breastfeeding at
their child’s last visit to the clinic. The duration of exclusive breastfeeding was established for
698 women.

The study protocol for the randomized trial from which these data were drawn was

approved by the Research and Publications Committee of Muhimbili University College of



Health Sciences, the Ethical Committee of the National AIDS Control Program of the Tanzanian

Ministry of Health, and the Institutional Review Board of the Harvard School of Public Health.



Findings

Among the women for whom complete information on breastfeeding duration was
available, the mean duration of breastfeeding was 18.2 months (range = 1.0 to 45.2 months)
(Table 1). Women with CD4 cell counts below 200 cells/mm® at the start of follow-up breastfed
only 14.9 months on average, whereas women with CD4 cell counts of at least 500 cells/mm’
breastfed for an average of 18.7 months (p=.03). Women who were 15-19 years old at the start
of follow-up breastfed on average 2.6 months less than women who were 35-39 years old (18.0
months vs. 20.6 months, p=.02). Women who experienced the death of the breastfeeding child
within a month after cessation of breastfeeding breastfed for an average of only 8.8 months,
compared to women whose children survived this window of time, who breastfed 19.4 months
on average (p<.0001). The mean duration of breastfeeding did not vary significantly by women’s
baseline clinical stage of disease, educational level, marital status, parity or source of income.

The women who were lost to follow-up in our analysis of mortality outcomes were
compared to women who were followed until death or the end of the study period. A woman was
considered lost if the study team was unable to establish her vital status during the last 6 months
of the follow-up period. Five percent of women were followed for less than a year, and 1-4%
were lost in each subsequent year of follow-up. The women who were missing during follow-up
tended to be younger (p=0.05) compared to those retained in the study. The two groups of
women did not differ with respect to baseline clinical stage of disease, CD4 count, education,
marital status, source of income or parity.

At each observation time, recent breastfeeding status was defined as whether or not the
woman had been breastfeeding six months prior to the time of observation. Recent breastfeeding

status was not associated with a woman’s risk of death in multivariate analysis controlling for
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other potential risk factors for death, namely her disease stage and CD4 count in the previous
month; her baseline age, education and parity; and survival status of the breastfeeding child
(RR=0.73, 95%CI = 0.29, 1.83) (Table 2). Breastfeeding was not significantly associated with
the risk of anemia, weight loss or decline in CD4 cell count below 200 cells/mm’. These results
persisted when we considered breastfeeding that preceded the adverse outcomes by three, nine or
twelve months (data not shown).

These analyses were repeated in subsets of women according to their baseline health
status, defined by their CD4 cell counts at baseline. The association of breastfeeding with
mortality risk did not vary significantly between women whose baseline CD4 cell counts were
below 350 cells/mm’ and women with CD4 counts of at least 350 cells/mm? at baseline (P-value,
test for interaction = 0.89). The relative risks of anemia, weight loss and a decline in CD4 cell
count similarly were not modified by baseline CD4 cell counts (results not shown).

When marginal structural models were used to control for the confounding effects of
disease progression and child death on breastfeeding status, the association between
breastfeeding and maternal death were essentially unchanged remained insignificant (not shown)

Analyses were also conducted in which the exposure of interest was the total proportion
of months a woman had breastfed up to six months prior to the month of observation. The
relative risk of death for women who had breastfed 50-74% of the follow-up time, compared to
women who had breastfed for less than 50% of the follow-up period, was 0.70 (95%CI = 0.45,
1.40). The relative mortality risk for women who had breastfed for at least 75% of the follow-up
period was 0.90 (95%CI = 0.41, 1.99), compared to women who had breastfed less than 50% of
that time (p-value, test for trend=.65) (Table 3). The proportion of months a woman had

breastfed was not significantly associated with her risk of a low CD4 count, anemia or excessive
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weight loss in multivariate analyses. There were no significant trends in the risk of an adverse
outcome with longer durations of breastfeeding.

The average duration of exclusive breastfeeding in this population was 2.9 months (range
=1 to 5 months). The duration of exclusive breastfeeding during the first 5 months of follow-up
was not associated with subsequent death, low CD4 count, anemia or excessive weight loss up to
two years after delivery (Table 4). There were no significant trends in the risk of an adverse
outcome with longer durations of exclusive breastfeeding.

Tests for proportional hazards indicated that the association between breastfeeding and

adverse maternal outcomes did not change over time.
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Interpretation

Breastfeeding was not associated with maternal HIV disease progression represented by
death, a low CD4 cell count, anemia or excessive weight loss in multivariate analyses in this
cohort of women. These outcomes were not associated with the recent breastfeeding status or the
duration of exclusive or partial breastfeeding. These findings were robust to variations in the
timing of exposure relative to the outcome. The results did not vary significantly when relatively
healthy women were analyzed separately from women with low baseline CD4 cell counts. The
results were also qualitatively unchanged when marginal structural models were used to control
for time-varying confounders that may both determine and be affected by breastfeeding status.

It is often difficult to attain adequate power in a cohort study looking at mortality
outcomes. The power of this study to observe an association between breastfeeding and death
was limited by the number of events observed. Only 109 of the eligible women with
breastfeeding data died during follow-up. The cohort study by Coutsoudis ez al’’ observed 5
deaths and 75 clinical problems during follow-up. Nduati ez al’’ observed 24 maternal deaths
during follow-up in the randomized trial. Notably, the associations of interest in our study
remained insignificant in analyses of weight loss and anemia, which was experienced by 209 and
255 women, respectively.

Like most cohort studies, this study is vulnerable to loss of subjects during follow-up. In
order for this loss to introduce a bias in the estimates of association, the women for whom
follow-up data are missing must be different from the women retained in the study with respect
to both exposure and the outcome. Although we cannot determine with certainty whether this
pattern occurred in our study, analyses of the data available indicated that these two groups of

women were similar on most baseline health and socio-demographic characteristics.
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Our findings do not support those of the clinical trial reported on by Nduati ef al, in
which women were randomized to either breastfeed or formula feed their infants from birth. That
study indicated that women randomized to breastfeeding faced a higher maternal mortality rate
than women who formula fed their infants. The breastfeeding women in the clinical trial had a
higher mean plasma HIV-1 viral load at randomization than the formula-feeding group,
suggesting a higher baseline risk of disease progression. It has also been noted that formula-
feeding mothers might have interacted more frequently with educators and health care providers
on the study team in order to ensure proper formula preparation, resulting in a health advantage
not directly related to mode of feeding.13 The proportion of women lost to follow-up was similar
in both arms of the trial, but the average duration of follow-up was nearly 20% longer in the
breastfeeding group compared to the formula feeding group, allowing more time for the accrual
of deaths.

Our results are more in line with those of the cohort study by Coutsoudis et a/, which did
not observe relationships of breastfeeding with the poor health of HIV-infected women. The
primary constraint of that study was its limited power. Despite this constraint, breastfeeding did
appear significantly protective of the risk of certain infections, and was associated with higher
CD4 counts and hemoglobin levels in subgroups of the sample. However, those analyses
included little or no control for confounding.

Nduati et al suggested that lactation in the setting of HIV-1 infection might place an
excessive burden on the mother’s energy reserves and exacerbate a woman’s risk of maternal
depletion syndrome. Various definitions of maternal depletion are found in the literature.'*'* The
essential elements of this syndrome include short birth intervals and prolonged periods of

lactation combined with marginally inadequate diets, resulting in a decline in mother’s
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nutritional status. The possibility that breastfeeding by HIV-1 infected women increases the risk
of maternal depletion cannot be ruled out with certainty. However, research suggests that
lactation may not deplete a woman’s energy reserves to the extent that is often assumed. It has
been noted that the association of breastfeeding with postpartum weight loss varies substantially
across populations, including those in developing countries, with many studies failing to show an
association between breastfeeding and weight loss, and others even showing a slower rate of
weight loss among breastfeeding vs. formula feeding women.'®!” Complementing these findings
is evidence from physiological studies that metabolic efficiency is increased during lactation, and

18 19,20
d""

that the energy demands of breastfeeding are less than often reporte In particular,

neuroendocrine changes during breastfeeding appear to be associated with increased insulin
sensi‘[ivity,21 which reduces the energy expenditure required for oxidation of fat. 2%

While the present study is observational in nature and thus vulnerable to residual
confounding, it also had numerous advantages. We looked for a dose-response relationship
between breastfeeding duration and disease progression by modeling the duration of total and
exclusive breastfeeding. We were able to look for modification of the association of interest by
the baseline health status of the mother; we examined multiple endpoints corresponding to the
mother’s disease progression and also representing potential mechanisms by which breastfeeding
might affect mortality risk; and we varied the timing of exposure relative to the outcomes of
interest.

These findings indicate that breastfeeding is not detrimental to the health of HIV-1

infected women. While additional studies are called for to confirm the results, these findings

suggest that HIV-1 positive women should continue to base their decisions about breastfeeding



on their assessments of the health and nutritional benefits and risks of vertical transmission to

their children.
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Table 1. Mean duration of breastfeeding in months by health and socio-demographic

characteristics among HIV-positive women in Dar es Salaam, Tanzania.

Duration breastfeeding

Characteristics of women n mean (s.d.) range p-value*
HIV stage

stage 1 313 18.3 5.9 1.0 -32.0

stage 2 240 18.2 (6.4) 1.0 -452

stage 3 or 4 44 17.4 (7.5) 1.0 - 30.8 0.78
CD4 cells/mm’

>500 319 18.7 (5.5 1.0 -32.0

200-499 196 18.1 (6.1) 1.3 -29.6

<200 32 14.9 9.2) 2.2 -38.6 0.03
Age (years)

15-19 72 18.0 (62) 1.0 -452

20-24 224 18.5 (57) 1.0 -38.6

25-29 195 17.4 (6.8) 1.0 -29.6

30-34 89 19.2 6.0 1.3 - 32.0

35+ 17 20.6 (7.0) 2.3 -285 0.02
Education

0-4 years 67 19.4 (6.3) 1.0 -38.6

5-8 years 461 18.1 (6.3) 1.0 -452

9 or more years 68 18.1 5.6) 23-270 0.21
Source of income

fully or partly self-sufficient 157 18.2 (6.7 1.3 -38.6

dependent on partner 440 18.2 (6.1) 1.0 -452 0.58
Marital status

not married 217 17.8 (6.7) 1.0 - 38.6

married 380 18.5 59 1.0-452 0.28
Number of live births

1 195 17.9 (6.3) 1.0 -452

2-3 289 18.3 (6.3) 1.0 -38.6

4+ 109 18.8 (6.1) 1.3 -32.0 0.22
Status of child **

survived 530 19.4 (5.1) 1.0 -452

died 67 8.8 (6.4) 13 -29.6 <.0001
Total 597 18.2 (62) 1.0 -452

*Wilcoxon rank sum test for binary variables; Kruskal-Wallis test for categorical

variables with three or more levels.
**Indicates whether the child died within a month after cessation of breastfeeding.
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Table 2. Relative risk (95% CI) of death and other adverse outcomes in
breastfeeding compared to non-breastfeeding women.

# Crude RR Multivariate RR**
Outcome events (95% CI) (95% CI)
Death 109 0.47 (0.18, 1.20) 0.73 (0.29,1.83)
CD4 <200 cells/mm’ 167 0.46 (0.25,0.84) 0.68 (0.36,1.27)
Anemia (hgb<8.5) 255 1.28 (0.69,2.37) 1.03 (0.53,2.00)
Weight loss >10% 209 1.24 (0.74,2.09) 1.23 (0.70,2.15)

*Indicates whether mother was breastfeeding six months prior to observation time.
**Controlling for baseline age, education, parity, and randomization arm; disease
stage and CD4 count one month before exposure; and child survival status; using
binary variables to represent categories shown in Table 1.



Table 3. Relative risk (95% CI) of death or other adverse outcome by proportion of months spent

21

breastfeeding.
Proportion of months breastfed* P-value,

Outcome <.5 S5-.74 > 75 test for trend
Death

Crude 1.00 0.58 (0.34 0.99 ) 0.59 (0.28 1.27 ) 0.06

Multivariate** 1.00 0.79 (045 1.40 ) 090 (0.41 1.99 ) 0.65
CD4 <200 cells/mm’

Crude 1.00 1.07 ( 0.63 1.84) 0.70 ( 037 1.33) 0.32

Multivariate** 1.00 1.39( 0.78 2.46) 1.15 ( 0.57 2.31) 0.66
Anemia (hgb<8.5)

Crude 1.00 1.50( 0.79 2.84) 1.70 ( 0.87 3.31) 0.12

Multivariate** 1.00 1.33( 0.69 2.59) 1.30 ( 0.64 2.64) 0.60
Weight loss >10%

Crude 1.00 0.65( 0.36 1.17) 0.68 ( 041 1.14) 0.16

Multivariate** 1.00 0.58 ( 0.31 1.08) 0.56 ( 0.31 1.03) 0.08

*Indicates proportion of time spent breastfeeding up to six months prior to observation time.

**Controlling for clinical stage, CD4 count, age, education, parity and randomization arm at baseline;
and child survival status, using binary variables to represent categories in Table 1.
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Table 4. Relative risk (95% CI) of death or other adverse outcome up to 24 months post-partum by
duration of exclusive breastfeeding.

# Number of months exclusively breastfed P-value,

Outcome events  0-2 mo 2.1-3 mo 3.1-5 mo test for trend
Death

Crude 40 1.00 1.04 ( 0.49 2.23) 1.20 ( 0.51 2.46) 0.77

Multivariate™® 1.00 090 ( 041 1.98) 1.07 ( 0.47 2.46) 0.87
CD4 <200

Crude 113 1.00 1.77 ( 1.10 2.86) 1.71 ( 1.03 2.82) 0.06

Multivariate™® 1.00 1.54( 094 2.54) 1.52 ( 091 2.56) 0.12
Anemia (hgb<8.5)

Crude 298 1.00 1.08 ( 0.82 1.43) 1.15( 0.86 1.53) 0.35

Multivariate™® 1.00 1.15( 0.86 1.53) 1.17 ( 0.87 1.57) 0.30
Weight loss >10%

Crude 151 1.00 1.12( 0.76 1.66) 1.15( 0.76 1.72) 0.52

Multivariate™® 1.00 1.12( 0.75 1.67) 1.14 ( 0.75 1.73) 0.54

*Controlling for clinical stage, CD4 count, age, education, parity and randomization arm at baseline; and
child survival status, using binary variables to represent categories in Table 1.



