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Abstract

Maternal weight loss during exclusive breastfeeding may influence the growth of exclusively breast-fed infants through

impaired quality or quantity of breast milk. This study evaluated howmaternal weight loss from 2 to 24wk postpartumwas

related to infant weight and length gain in 1309 lactating HIV-infected mothers and their exclusively breast-fed infants.

Malawian mother-infant pairs in the Breastfeeding, Antiretrovirals, and Nutrition Study were randomized with a 2 3 3

factorial design to a 2-arm nutritional intervention with a lipid-based nutrient supplement (LNS), meeting nutritional needs

of lactation, or no LNS and a 3-arm antiretroviral (ARV) intervention (maternal, infant, or no ARV regimen). Linear regression

models were used to relate maternal weight loss (weight loss vs. no weight loss) to infant weight and length gain from

birth to 24 mo, stratifying by gender and controlling for maternal BMI at 2 wk (mean 6 SD: 23.2 6 3.0 kg/m2) and

interacting maternal BMI with weight loss. In adjusted models, compared with daughters of women who did not lose

weight, length andweight gain were lower in daughters whosemothers had a lower BMI at 2 wk postpartum coupledwith

the weight loss. For example, among mothers with an initial BMI of 18 kg/m2, daughters of those who lost weight gained

less weight [b =20.29 kg (95% CI:20.53,20.06)] and length [b =20.88 cm (95% CI:21.52,20.23)] from birth to 24 wk

than daughters of those who gained weight. Though effects were only observed in girls, suggesting possible gender

differences in suckling and feeding behavior, these findings indicate that maternal weight loss with low energy reserves

represents a risk factor for poor infant growth outcomes. J. Nutr. 143: 1168–1175, 2013.

Introduction

During exclusive breastfeeding, the mother is the sole source of
nutrition for her infant. Breastfeeding can deplete the energy and
nutrient reserves of women with inadequate dietary intake and

very poor maternal nutrition can impair breast milk quantity
and nutrient quality (1–4). Increases in maternal weight during
lactation have previously been linked to improved quantity and
nutrient quality of breast milk (4), yet it is not well understood
how these weight changes translate into breast milk output and
infant growth due to the complexity of this relationship (1).

Maternal breast milk supply is regulated to match infant
demand through frequency and intensity of infant suckling (1,5).
In the absence of adequate dietary intake to meet the energy
costs of lactation and owing to the hormonal influences of
lactation, maternal fat stores may be mobilized to meet the
demand, with implications for maternal weight changes (1).
Increased milk intake will subsequently influence infant growth
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and may lead to further increases in infant demand and burden
on maternal nutritional status, as a rapidly growing infant will
likely demand more milk (1). Given adequate maternal nutrient
stores and dietary intake, most women may be able to meet
infant breast milk demand; however, in cases where mothers are
undernourished and losing weight, breast milk energy output
may be limited if the mother exceeds her lactational capacity
(the ability to produce milk on demand) (6), which could
adversely affect infant growth.

In resource-poor settings with high HIV prevalence, 6 mo of
exclusive breastfeeding by HIV-infected women is recommended
to promote child survival if replacement feedings are not accept-
able, feasible, affordable, sustainable, and safe (7). Because HIV
infection and lactation increase metabolic demands (8), lactating
HIV-infected women may be unable to simultaneously meet their
own and their infant�s nutritional needs.

Few studies have reported how the overall pattern of maternal
weight changes during breastfeeding influence infant growth;
however, there is evidence of associations between maternal
anthropometry and subsequent infant growth. In Bolivian
mother-infant pairs, maternal weight and height at 3 mo were
positively correlated with infant weight gain between 3 and 6
mo (9). In Indian women, maternal fat mass loss from baseline
to 6 mo was associated with higher infant weight gain (P =
0.04) at 6 mo (10). In Kenyan HIV-infected and uninfected
mothers and their infants, higher maternal weight was associated
with higher length-for-age, weight-for-age, and weight-for-length
Z-scores, while taller maternal stature was associated with higher
length-for-age and weight-for-age Z-scores (11).

Our objective was to examine howmaternal weight loss from
2 to 24 wk relates to infant growth during exclusive breastfeed-
ing in mother-infant pairs participating in the Breastfeeding,
Antiretrovirals, and Nutrition (BAN)4 Study. Mothers in the
BAN study who received the lipid-based nutrient supplement
(LNS) experienced less weight loss during exclusive breastfeed-
ing than mothers who did not receive LNS, regardless of
antiretroviral drug (ARV) assignment (12). We assume infant
growth is a proxy indicator of lactation adequacy (13). We
hypothesized that the effects of maternal weight loss on infant
weight and length gain will depend on initial maternal energy
stores, with more detrimental effects in women with limited
stores.

Methods

Study population. The BAN Study design has been described in detail

elsewhere (12,14–16). Briefly, BAN was a randomized controlled trial of

2369 mother-infant pairs conducted from April 2004 to January 2010 in
Lilongwe, Malawi. HIV-1–positive pregnant women (n = 3572) were

recruited from 4 antenatal clinics. The initial screening criteria included

age $14 y, CD4 count $250 cells/mm3, and no prior antiretroviral

medication use, and the secondary eligibility criteria included infant
birth weight$2 kg and no conditions that would preclude the use of the

study drugs (14).

Mother-infant pairs were randomized using a permuted-block method
to 1 of 6 treatment arms according to a 2-arm nutritional and 3-arm

antiretroviral factorial design. One-half of the mothers received daily

maternal LNS providing the estimated added energy and protein

requirements of lactation as well as the RDA of micronutrients, excluding
vitamin A (12). Mother-infant pairs were further randomized to a maternal

or infant ARV or no antiretroviral regimen (14). Randomized infants

diagnosed with HIV-1 within 2 wk of delivery (n = 119) were withdrawn

from the study and referred for care (14). To buffer the effects of seasonal

food shortages and prevent sharing of maternal LNS, all participants

were given 2 kg/wk of maize for family consumption. During a drought

from February to August 2005, a monthly ration of corn/soy flour,
similar to the quantity in the maize supplement, and 1 L of vitamin

A-fortified corn oil was provided by the World Food Program in lieu of

the maize package to an estimated 260 mothers (17).

The Malawi National Health Science Research Committee and the
institutional review boards at University of North Carolina at Chapel

Hill and the U.S. CDC approved the BAN protocol. All women provided

written informed consent.

Anthropometrics and study procedures. Study visits at birth and 2,

4, 6, 8, 12, 18, 21, and 24 wk postpartum were conducted at the BAN

Study clinic at Bwaila Hospital in Lilongwe. All mothers were provided
intensive counseling to exclusively breastfeed their infants for 24 wk and

to rapidly wean by 28 wk (18). Only data up to 24 wk were included in

this analysis, corresponding with the period of exclusive breastfeeding. At

all visits, one measurement of maternal and infant weight was obtained to
the nearest 0.1 kg unit using Tanita digital electronic scales, which were

calibrated regularly with a standard 1-kg weight. Maternal height was

measured with a wall-mounted stadiometer at 2 wk postpartum. At all

visits, one measurement of infant recumbent length was obtained using a
wooden length boardmade toUNICEF specifications (19). Nurses (n = 25)
and nutrition assistants (n = 5) were trained in anthropometric measure-

ments using recommended methods and standardization procedures (19).
Maternal reports of parity, marital status, and years of maternal

education were obtained at the screening visit. Maternal reports of

maternal and infant morbidity occurring prior to the visit was also

obtained. In addition, if the mother reported current illness, a physician
report was obtained as well. Infant exclusive breastfeeding status was

obtained by maternal report.

Malawi has a subtropical climate with 4 seasons: cool (May to mid-

August), hot (mid-August to November), rainy (November to April), and
post-rainy (April to May). Availability of food and levels of malnutrition

andmorbidity due to infectious disease vary by season due to rainfall and

agricultural production (20). The season of poor food security usually

occurs from November/December to March/April, when crop stores are
depleted.

Statistical analysis. Statistical analyses were conducted with STATA

12.1. An a of 0.05 was used for all statistical tests. An a priori P value for
significant interactions was set at 0.10 (21). A small number (<1%) of

implausible infant weights and lengths and maternal weights at 24 wk

were replaced by values interpolated from prior and subsequent

measurements.
Mother-infant pairs were included in the analysis sample if they had

data at 0 and 24 wk for the infant and 2 and 24 wk for the mother.

Multiple births (n = 49), infants diagnosed with HIV after 2 wk

postpartum (n = 58), and infants who were mixed-fed or weaned prior to
24 wk (n = 248) were excluded. It was necessary to limit the analysis

sample to infants who were exclusively breastfed, because our main aim

was to understand the relationship between maternal and infant

nutritional status when mothers were the sole source of infant nutrition.
Owing to normal physiologic changes in the immediate postpartum

period and other factors that could potentially influence the maternal

weight measurement at delivery (edema, timing of measurement relative
to delivery), we analyzed the pattern of maternal weight change from 2

to 24 wk. For simplicity of interpretation and to test the theory proposed

by Brown and Dewey (22), which postulates that weight loss will result

in suboptimal milk energy output for women with low energy reserves
but not for women of normal weight, we utilized a dichotomous maternal

weight change variable (weight loss vs. no weight loss). Alternate spec-

ifications of maternal weight change, as continuous and categorical

variables (tertiles and quartiles of maternal weight change), were
examined as potential primary exposure variables. Compared with the

categorical weight loss (weight loss vs. no weight loss), continuous

maternal weight change and quantile categories (tertiles and quartiles)
were observed to have a similar model fit and predictors.

To understand factors influencing maternal weight loss from 2 to 24

wk, the primary exposure variable, logistic regression was used to

4 Abbreviations used: ARV, antiretroviral drug; BAN, Breastfeeding, Antiretrovirals,

and Nutrition; LNS, lipid-based nutrient supplement.
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evaluate predictors of maternal weight loss, including season, parity,

treatment arm, maternal education, and maternal CD4 count. A season

variable was created based on month of birth, which captures maternal
exposure to food insecurity during pregnancy as well as food availability

to the mother following delivery. October was selected as the referent

birth month, as this represents the time of year when mothers were not

exposed to periods of food insecurity during the latter part of pregnancy,
but were exposed during breastfeeding. Given no observed differences in

the likelihood of maternal weight loss between the months of September

and November (P > 0.1), these months were combined as the reference

month for season. AWald test was utilized to test whether the group of
birth month variables was significantly different from the referent

months September to November.

The dependent variables for the primary analysis were infant weight
or length gain from birth to 24 wk. In a separate analysis for each growth

outcome, linear regression models evaluated the influence of maternal

weight loss, controlling for infant initial anthropometric measurement,

and maternal BMI at 2 wk. The interaction of maternal BMI and
maternal weight loss tested whether the effects of maternal weight loss

varied by initial maternal energy reserves. Adjusted models also included

birth month, parity, BAN treatment arm, maternal education, maternal

CD4 count, and infant morbidity. Due to occasional missed visits, infant
morbidity was modeled as the proportion of visits from 0 to 24 wk when

the child had specific morbidities (fever, vomiting, or diarrhea). Infant

growth models were gender stratified given the significant gender
differences observed in infant weight and length gain and the significant

3-way interactions among maternal weight loss, maternal BMI, and gender

in the adjusted infant growth models. We used the same method in linear

and logistic regression models to examine the overall significant pattern of
seasonality effects. A sensitivity analysis including HIV-infected infants in

the primary analysis was conducted to determine whether inclusion of these

infants influenced the results.

Results

The mean weight loss of mothers from 2 to 24 wk was 0.93 6
3.4 kg (Table 1). From 2 to 24 wk, 63.3% of mothers lost
weight, whereas 36.7% gained weight or had no weight changes
during this period. The proportion of mothers receiving the LNS
did not differ between the weight loss and no weight loss groups
(P = 0.85). Mean weight loss was 2.9 6 2.1 kg in women who
lost weight (n = 829) and the mean weight gain was 2.56 2.3 kg
in women who gained weight (n = 469). Initial maternal BMI did
not differ by infant gender, but mothers of boys lost marginally
more weight from 2 to 24 wk than mothers of girls (21.1 6 3.3
vs. 20.76 6 3.5 kg; P = 0.07).

Maternal weight loss was associated with less length and
weight gain in girls, particularly among mothers with lower BMI
values at 2 wk, as evidenced by the significant interactions
observed between weight loss and BMI for both weight gain and
length gain (Table 2; Fig. 1). For example, based on confounder-
adjustedmodel predictions amongmothers with a BMI of 18 kg/m2,
daughters of those who lose weight will gain an estimated
0.88 cm (P = 0.01) less length and 0.29 kg less weight (P = 0.01)
than daughters of women who gain weight. Maternal weight
loss from 2 to 24 wk did not affect weight or length gain in boys,
even at varying BMI levels based on the nonsignificant interac-
tion terms in adjusted and unadjusted models (Table 3; Fig. 1).
In adjusted models, few factors significantly influenced infant
weight and length gain from birth to 24 wk, consistent with
previous findings in BAN infants (17). Higher birth length was
associated with decreased 0–24 wk length gain in boys and girls.
After adjustment for maternal factors, maternal ARV prophy-
laxis was associated with lower length gain in boys and girls,
whereas infant ARV prophylaxis was associated with lower
length gain only in girls. Maternal LNS was not associated with
infant weight or length gain. Few seasonal effects on infant

growth outcomes were observed compared with the referent
months of September through November; July birth was asso-
ciated with greater weight gain in boys and girls, while February
was associated with increased weight gain, but only in girls.
January births were associated with decreased length gain in
boys, while August births were associated with increased length
gain in girls. Sensitivity analyses showed that inclusion of HIV-
infected infants in the analysis sample who had maternal and
infant weight data and were exclusively breastfed at 24 wk
(n = 28) did not influence the results (data not shown).

Taller maternal height and the maternal ARV arm were
associated with increased odds of maternal weight loss, whereas
the LNS intervention, primiparity, low CD4 count, and maternal
BMI at 2 wk were not associated with the likelihood of maternal
weight loss (Table 4). Compared with September to November,
all other birth months were associated with maternal weight loss
[Wald test: x2 (df: 9) = 81.3; P < 0.001].

Discussion

To the authors� knowledge, this is the first study to examine how
maternal weight changes relate to infant weight and length gain
in a population of HIV-infected women and their exclusively
breast-fed, HIV-exposed, uninfected infants. We expected to
observe adverse effects of low maternal BMI in both boys and
girls; however, lower maternal BMI affected only the growth of
girls, as the interaction between maternal BMI and weight loss
was not significant in either of the boys� growth models. Given
our differential findings by gender, it appears that the milk

TABLE 1 Characteristics of 1309 BAN mother-infant pairs in
the primary analysis of the effects of maternal weight loss on
infant growth1

Characteristic Value

Mothers

Age, y 26.7 6 5.1

Height, cm 156.9 6 5.5

Weight, kg 56.2 6 8.8

BMI, kg/m2 22.8 6 3.2

Primiparous, % 9.6

Married, % 92.3

Education beyond primary school, % 36.1

Hemoglobin,2 g/L 109 6 12

CD4+ count,2 cells/mm3 475 6 196

Low CD4+ count,2,3 % 29.9

Received ARV intervention, % 35.8

Received LNS intervention, % 51.8

Maternal weight change from 2 to 24 wk, kg 20.93 6 3.4

Infants

Male gender, % 51.5

Birth weight, kg 3.04 6 0.40

Low birth weight,4 % 6.0

Birth length, cm 48.3 6 1.9

Hemoglobin, g/L 174 6 20.1

Received ARV intervention, % 38.4

Weight gain from birth to 24 wk, kg 4.13 6 0.82

Length gain from birth to 24 wk, cm 15.7 6 2.2

1 Values are means 6 SDs or percent. ARV, antiretroviral drug; BAN, Breastfeeding,

Antiretrovirals, and Nutrition; LNS, lipid-based nutrient supplement.
2 Measured during pregnancy.
3 Low CD4+ is ,350 cells/mm3.
4 Low birth weight is 2–2.5 kg, as infants had to weigh $2.0 kg to be eligible for the

BAN Study.
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production of thin mothers of girls could have been limited by
substrates available for milk biosynthesis or their lactational
capacity (1). Perhaps mothers of boys with lower BMIs were
better able to mobilize existing nutrient stores or dietary intake
into breast milk production than mothers of girls, yet we are
unable to test this as we do not have the macronutrient content
of breast milk. Gender preferences in feeding practices are
unlikely to explain our findings, because there is little prior
evidence of gender preferences in Malawi (23).

The observed gender-specific findings in maternal weight loss
effects are in contrast to what was expected, because boys gain
weight and length more rapidly than girls (24), which may
enhance their susceptibility to environmental insults such as
suboptimal breast milk quality and quantity. Boys are more vul-
nerable to undernutrition in utero, as they have faster growth
rates and their placentas are thought to have less reserve capacity
compared with girls (25). As a result of this fetal environment,
boys may be programmed to be more adaptive to nutritional
insults postpartum and may have an enhanced ability to demand
more milk through suckling and feeding behavior despite sub-
optimal maternal milk output.

Prior studies in animals and humans have reported sex
differences in milk content. In Kenyan mothers, more well-off
mothers produced higher fat milk for sons compared with
daughters; conversely, in poor mothers, the opposite association
was observed, where poorer mothers produced richer milk for
daughters than for sons (26). InMassachusetts mothers, mothers

of sons produced higher energy milk than mothers of daughters
(27). In rhesus macaques, mothers of sons, especially if primip-
arous, produced more energy-dense, high-fat milk, but produced
less milk overall, compared with mothers of daughters (28).
Thoughmothers produced similar milk energy amounts between
boys and girls, it is unclear whether reduced quantity but higher
energy content adversely affects growth (28). Because higher
breast milk energy and protein consumption has been observed
to positively influence infant growth (29), our gender-specific
findings could possibly be attributable to sex differences in milk
energy output.

Notably, few factors influenced infant weight and length gain in
the adjusted models. Because BAN infants were exclusively breast-
fed, a requirement for inclusion in this analysis, this suggests that
previously observed predictors of infant growth such as seasonality
and parity are not as influential when the infant is exclusively
breastfeeding. Exclusive breastfeeding appears to buffer the adverse
effects of seasonality on infant weight and length gain. Infant breast
milk intake was observed to decline during the rainy season in
The Gambia, which is when mothers usually lose weight, and was
initially attributed to maternal energy restriction (30). However,
dietary supplementation of lactating women in a subsequent study
in this population had no effects on maternal milk volume (30).
Given these findings and additional studies reporting seasonal
variations in breast milk intake in Kenya and the Democratic
Republic of Congo, the authors concluded that the observed sea-
sonal variations in breast milk output were attributed to increased
infantmorbidity and altered breastfeeding patterns due to strenuous
maternal farm work (30). Because BAN infants were closely
followed and treated for illnesses throughout the study, seasonal
morbidity effects on breast milk intake could have been limited
compared with other infants. Moreover, mothers were intensively
counseled to exclusively breastfeed. As such, their infants were
protected by the immunological components of milk and were not
exposed to pathogens through contaminated foods and fluids. In
adjusted models, most morbidities were not predictors of infant
weight or length gain. In the length gain-adjusted models, vomiting
was associatedwith diminished length gain only in the boys. Similar
to previous findings in BAN infants (17), no consistent effects of the
LNS were observed on infant growth, whereas adverse ARVeffects
were observed in both boys and girls.

Similar to other studies in HIV-infected (31) and non HIV-
infected populations (32,33), maternal weight change patterns
were heterogeneous during exclusive breastfeeding, with some
mothers losing and others gaining weight. Whereas taller stature
was associated with maternal weight loss, the likelihood of
weight loss was not related to initial BMI. Primiparity, low CD4
count, marital status, and education beyond primary school
were not associated with maternal weight loss. Though maternal
CD4 count has previously been associated with weight loss in a
population of breastfeeding HIV-infected Zambian women (31),
the inclusion requirements for BAN (CD4 >250 cells/mm3) may
have reduced our ability to observe negative effects of low
maternal CD4. The maternal ARV intervention was associated
with weight loss from 2 to 24 wk. One of the drugs in the BAN
regimen was lopinavir/ritonavir (Kaletra), which is frequently
associated with diarrhea (34). As such, diarrhea may have
contributed to the weight loss in this group. Maternal LNS had
no association with maternal weight loss from 2 to 24 wk
postpartum, which may reflect the concurrent provision of
maize to mothers in both arms so that women were less likely to
be in energy imbalance (12). Though the LNS was found to have
a small protective effect on maternal weight loss from 0 to 28 wk
in an intent-to-treat analysis of BAN mothers (n = 2369), the

FIGURE 1 Predicted infant weight (A) and length (B) at 24 wk for

varying maternal BMI levels in BAN mother-infant pairs included in the

primary analysis of the effects of maternal weight loss on infant

growth. Predicted curves from linear regression models containing

infant initial anthropometric measurement, maternal weight loss from

2 to 24 wk, maternal BMI at 2 wk postpartum, and an interaction term

between maternal weight loss and BMI. Weight gain: boys, n = 673;

girls, n = 633. Length gain: boys, n = 667; girls, n = 632. BAN,

Breastfeeding, Antiretrovirals, and Nutrition.
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difference between treatment arms was reported to be of little
clinical importance (12). Mothers who gave birth from January
through June were protected from being in the maternal weight
loss group. These women were exposed to food insecurity during
pregnancy and in the postpartum period but were not as exposed
to food insecurity for the duration of their postpartum weight
changes compared with mothers of infants born between
September and November. Given these seasonal patterns of
effects onmaternal weight change patterns, strategies to mitigate
food shortages in Malawi should include policies to improve the
food storage capacity during periods of food shortages as well as
to enhance food production throughout the year. Though many
factors were associated with the odds of maternal weight loss,
few of these factors were associated with infant weight and
length gain, which indicates that maternal breast milk output
was sufficient to diminish the effects of these factors even though
the mother was losing weight.

This research has some limitations. First, the outcome variables
were change in weight/length from birth to 6 mo, and the primary
exposure is maternal weight changes during a concurrent period;
hence, this is a cross-sectional analysis and we are unable to
discern the temporal relationship between maternal weight loss
and infant growth outcomes. Moreover, we had available data
only on maternal and infant weight and length and did not have
detailed information on body composition, which would have
allowed us to understand how changes in maternal fat stores
related to infant growth and body composition. Effects of
maternal weight change on infant growth are likely mediated
through breast milk quantity and quality, which was not
measured in this study. We excluded ;45% of the randomized
mother-infant pairs from our analysis who were lost to follow-
up (n = 620), multiple births (n = 49), weaned early (n = 248),
or had an HIV-infected infant in first 2 wk (n = 119) or from 2 to

24 wk (n = 58). Compared with randomized infants who were
not included in the analysis sample (n = 1060), infants included
in our analysis (n = 1309) had higher birth weight (P = 0.005),
lower prevalence of low birth weight (P = 0.009), greater birth
length (P = 0.002), and were more likely to receive the ARV
intervention (P = 0.006); however, there were no differences
between included and excluded infants in infant gender (P = 0.14)
or hemoglobin at birth (P = 0.96). Because worse-off infants were
lost-to-follow up or excluded, we may have underestimated the
effects of maternal weight changes on infant growth.

Although low maternal BMI and exclusive breastfeeding are
likely to occur in other populations following the WHO recom-
mendations (35) as well as in other low-resource settings, we do not
know if our findings are generalizable to other populations. We
previously noted that BAN infants benefited from the intensive,
exclusive breastfeeding counseling and provision of health care,
which may have prevented more growth faltering (17). Moreover,
mothers were provided with supplemental foods, which may have
prevented further weight loss. As such, our findings may provide a
conservative estimate of associations between maternal weight loss
and infant growth outcomes, as maternal weight loss and poor
infant growth would be more likely to occur in other populations.

This study also has many strengths. Applying a mother-infant
dyad modeling framework is an innovative approach to examine
these mother-infant anthropometry relationships. Supporting
this analysis approach are the detailed exclusive breastfeeding
data, which allowed us to exclude weaned and mixed-fed infants
from our analyses, as the mother was no longer the sole source of
nutrition for her growing infant. Moreover, our analysis focused
on the period of the most rapid infant weight and length gain
and highest maternal energy demands, enhancing our ability to
observe the effects of maternal weight loss. Finally, understand-
ing these relationships is especially important in the context of
HIV to guide future interventions and programs to promote
maternal and infant health.

In conclusion, our findings suggest that maternal weight loss
coupled with low energy reserves may adversely affect infant
growth. Further research to understand this relationship is indi-
cated, especially to determine why the effects were seen only in girls.
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