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Abstract

Background: It has been well established that breastfeeding is beneficial for child health, however there has been
debate regarding the effect of lactation on maternal health in the presence of HIV infection and the need for
nutritional supplementation in HIV positive lactating mothers.

Aims: To assess the effect of nutritional supplementation to HIV infected lactating mothers on nutritional and
health status of mothers and their infants.

Methods: A randomized controlled clinical trial to study the impact of nutritional supplementation on
breastfeeding mothers. Measurements included anthropometry; body composition indicators; CD4 count,
haemoglobin and albumin; as well as incidence rates of opportunistic infections; depression and quality of life
scores. Infant measurements included anthropometry, development and rates of infections.

Results: The supplement made no significant impact on any maternal or infant outcomes. However in the small
group of mothers with low BMI, the intake of supplement was significantly associated with preventing loss of lean
body mass (1.32 kg vs. 3.17 kg; p = 0.026). There was no significant impact of supplementation on the infants.

Conclusions: A 50 g daily nutritional supplement to breastfeeding mothers had no or limited effect on mother
and child health outcomes.

Clinical trial registration: ISRCTN68128332 (http://www.controlled-trials.com/ISRCTN68128332)

Keywords: HIV positive mothers, HIV exposed infants, breastfeeding, nutrition supplement, body composition,
anthropometry, SRQ 20, RCT

Background
Breastfeeding is the optimal source of nutrition for all
infants [1,2]. Although breastfeeding is associated with a
risk of post-natal vertical transmission of HIV; it has
been well established that in resource-poor commu-
nities, there are serious repercussions of not breastfeed-
ing or even of a short duration breastfeeding on HIV
free survival of the infants [3-8]. Studies have shown
that effective antiretroviral prophylaxis to the mother or
infant during breastfeeding can reduce vertical

transmission to as low as 1% [7,9-12]. WHO therefore
revised its PMTCT (prevention of mother to child trans-
mission) guidelines in 2010 to help maximize HIV free
survival of infants by recommending longer breastfeed-
ing with prophylaxis as well as the timely start of antire-
troviral therapy (ART) in the mothers [13].
Women in resource-constrained settings such as sub-

Saharan Africa are carrying a double burden of HIV and
food insecurity and are therefore prone to nutritional
deficiencies [14-17].
Nutrition and immunity have a synergistic relationship

and deficiencies in either can have serious health impli-
cations [18,19]. Apart from food shortages, HIV infec-
tion is also frequently associated with malnutrition due
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to causes such as anorexia; increased nutrient require-
ments due to increased metabolism; and decreased
absorption due to opportunistic infections [20]. Besides
this, the resting energy expenditure in HIV infected
women has been shown to be higher than that in their
HIV uninfected counterpart [21]. There was therefore
some concern raised regarding the effect of breastfeed-
ing on maternal health [22]. However, it was shown by
Papathakis et al. that although HIV positive lactating
mothers lost more weight and subcutaneous fat than the
HIV negative women, there was no significant difference
in their change in lean body mass [23]. Two longitudinal
studies of assessments of maternal morbidity and mor-
tality also showed that breastfeeding did not add an
additional burden on the health of HIV positive mothers
[24,25].
It has been estimated, based on a mean milk produc-

tion of 699-854 g/day, that exclusively breastfeeding
mothers require an increased energy intake of 614-750
kcal/day [26]. The energy conversion from food intake
and body stores to milk energy has been shown to be
very efficient at 80% [26]. Lactating women in most
societies tend to have a normal to lower total energy
expenditure in comparison to the non-lactating women
as they are mostly sedentary; however in certain socie-
ties, mothers have to return to work in order to sustain
a living especially to labour-intensive work. Well-nour-
ished women tend to lose more weight (0.8 kg/month)
during lactation in comparison to the under-nourished
women (0.1 kg/month) possibly due to conservation of
energy [26]. This rate of weight loss in the well-nour-
ished women corresponds to a mobilization of energy
from their stores at a rate of 170 kcal/day [26]; however
it is estimated that they would still require an additional
505 kcal/day during breastfeeding; and undernourished
mothers who already have low reserves need to compen-
sate by increasing their daily energy consumption by 675
kcal/day [26]. Women in our clinic community are very
food insecure due to unemployment and mostly rely on
child support grants. The few who are employed usually
work as domestic workers this being a peri-urban area.
This obviously leads to the question ‘would giving food
or a well-balanced food supplement help to circumvent
the energy cost of lactation?’
Since to date there are no published studies on the

impact of nutritional supplements on HIV positive lac-
tating mothers we tested the effect of a food supplement
in the form of a peanut/soya milk based spread enriched
with micronutrients(Table 1). The supplement, “Sibusiso
ready food supplement” was also being used by the
national department of health (DOH) as a therapeutic
supplement in malnutrition and HIV associated wasting;
and was therefore presumed to be acceptable in taste
and texture to our community. Since loss in lean body

mass (LBM) is a prognostic marker in HIV infection
[27] and changes in body composition are more sensi-
tive in testing interventions [28] we used change in
LBM rather than anthropometric measurements alone
to assess the effect of the supplement. Karnofsky score,
a performance score used globally as an indicator of
health and well-being and recommended for use in
adults with HIV infection by WHO was also used as an
indicator of health [29].
Food security is one of the main issues, which affect

the day to day living in the impoverished household,
and alleviation of such a stressor through nutritive inter-
vention may also impact positively on the mother’s
emotional disposition. We therefore monitored the
mother’s mental health status using the WHO self-
reporting questionnaire (SRQ20), which has been vali-
dated in our population [30,31]. The mother’s mental
health status may positively affect the level of care she
gives to her baby, thereby improving the baby’s growth

Table 1 Composition of Sibusiso ready food supplement

Nutrients Per 50 g serving %RDA per 50 g

Energy (kj) 1176

Protein (g) 8

Carbohydrate (g) 24

Fat (g) 17.5

Fiber (g) 0.95

Vitamin A (mcg RE) 600 75

Vitamin D (mcg) 5 83

Vitamin E (mg) 15 100

Vitamin K (mcg) 25

Vitamin C (mg) 75 100

Vitamin B1 (mg) 1.1 79

Vitamin B2 (mg) 1.1 69

Vitamin B3 (mg) 10 56

Vitamin B6 (mg) 1.3 50

Folic acid (mcg) 300 75

Vitamin B12 (mcg) 1.8 60

Biotin (mcg) 30 100

Pantothenic acid (mg) 4 80

Calcium (mg) 1000 91

Phosphorus (mg) 700 80

Iron (mg) 14 100

Magnesium (mg) 80 23

Zinc (mg) 5 33

Iodine (mcg) 150 100

Selenium (mcg) 55 100

Sodium (mg) < 290

Potassium (mg) 595

Copper (mcg) 700
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and development [32,33]. Therefore we also assessed the
effect of the supplement on growth and development of
the infant as well as incidence of opportunistic infec-
tions like diarrhoea and lower respiratory tract infec-
tions (LRTI). As all women in the study received a
multivitamin supplement (national PMTCT guidelines)
we were not in a position to test the impact of micronu-
trients on health and nutritional status independently
but instead tested the impact of providing a food sup-
plement in conjunction with the multivitamin on the
nutritional status of the breastfeeding mothers as well as
on the incidence of opportunistic infections and their
disease progression.

Methods
Study population and design
The study sample consisted of HIV positive pregnant
women of Zulu ethnicity attending the antenatal clinic
(ANC) at Umkhumbane Community Health centre at
Cato Manor. Breastfeeding mothers were randomized in
a controlled clinical trial (RCT) to receive supplementa-
tion or non-nutritive household supplies. The supple-
ment was a peanut/soya milk spread enriched with
micronutrients and came packaged in plastic tubs. A
daily serving of 50 g of the nutrition supplement pro-
vided 280 kcal energy and 8 g protein. The non-nutri-
tive supplies included tea; shampoo and conditioner of
equal monetary value and were therefore not considered
to have an impact on nutrition. Randomisation took
place by mothers removing a card pre-marked with
group number from a slit in a closed box; this was
done to enable them to be confident that the randomi-
sation was unbiased. Randomisation was conducted by a
study counsellor who maintained a separate record of
the randomisation log. Outcomes were assessed by a
separate clinician. To ensure that the clinician was
blinded, the counsellors issued a brown bag containing
either the nutritional supplement or the non-nutritive
supplies. Both supplement and the non-nutritive sup-
plies were packed in identical brown bags in an attempt
to mask the allocation of group. The data on the rando-
mization was collected using subject identification num-
bers only so as to reduce observer bias. To prevent
dilution of the effect of the intervention and mothers
discussing the content of their brown bags, separate
clinic visit days were allocated for the two groups. To
monitor adherence, a monthly register with mothers’
signatures was maintained as well as a questionnaire
was administeredto the mothers at every visit discussing
daily intake of the supplement and any possible reasons
for not taking the supplement including information on
any benefits or side-effects that they attributed to the
supplement. The counselors also tried to ascertain that
the mothers were not sharing the supplement with

members of their household by interviewing the
mothers.

Sample size calculations
The study was designed to detect a difference of ≥ 4 kg
between the two groups. It was determined that a sam-
ple size of 40 in each group would achieve 90% power
using a one-sided, two-sample t-test. The true difference
between the means was assumed to be 0.00. The signifi-
cance level (alpha) of the test was 0.025. The data are
drawn from populations with mean weights with stan-
dard deviations of 6.70 and 3.60 kg obtained from pilot-
ing the body composition methods in the same
population.
Allowing for a 30% loss to follow-up due to high

mobility of the population post delivery, we estimated a
sample size of 52 in each group. Then adding an addi-
tional 30% for loss of datadue to missed visits for body
composition analyses or laboratory tests; we estimated a
sample sizeof 64 in each group.

Enrollment and exclusion criteria
HIV positive mothers attending the ANC were referred
to the on-site MTCT Plus programme, an internation-
ally funded programme that provided PMTCT services
as well as comprehensive care and treatment for HIV
infected mothers and their families. Mothers were routi-
nely counselled on the feeding options and risks thereof
were explained. Breastfeeding HIV positive mothers
were referred to dedicated study counsellors who were
housed in an independent building a few metres from
the clinic. These study counsellors screened the mothers
for study eligibility and counselled them on the study
procedures. Only mothers planning to breastfeed for at
least 6 months were eligible to enter the study. Mothers
with advanced disease (CD4 < 200 or WHO stage 3 and
4) requiring ART and those not resident in the area
were not eligible for recruitment. In addition, mothers
of infants requiring specialized management and with
gestation less than 36 weeks were not eligible for study
enrolment. Interested mothers were pre-enrolled after a
written informed consent was obtained at the next
antenatal visit. Mothers were then seen at 2 weeks post-
delivery and officially enrolled into the study.

Study procedures and visits
Study assessments for both mothers and their infants
were done at 2 and 6 weeks post-delivery and monthly
thereafter till 6 months of age with a final study visit at
9 months. At each visit, a clinical examination and
anthropometric measurements were done; along with a
developmental assessment on the infants and Karnofsky
scoring on the mothers. Body composition and SRQ 20
assessments were done on the mother at 2 weeks and
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then three monthly till 9 months. Mothers and the posi-
tive infants were assessed for any signs of disease pro-
gression; opportunistic infections; WHO disease staging;
and CD4 counts. When indicated they were started on
ART as per national guidelines [34].
A 24-hour dietary recall was done at 3, 6 and 9

months to assess for similarity of dietary intake in the
groups to rule out any confounding for the outcome of
supplementation. Infant feeding history was taken at
each visit.
Infants received multivitamins and cotrimoxazole for

Pneumocystis jiroveci pneumonia (PCP) prophylaxis
from 6 weeks that was discontinued when the infant
was confirmed HIV DNA PCR negative. Mothers
received PCP prophylaxis if indicated.
Anthropometric measurements included weight;

height; length; mid-upper arm circumference (MUAC);
and triceps skinfold thickness (TSF) on both mother and
infant. In addition head circumference measurements
were taken on the infants. All measurements were per-
formed in duplicate as per ISAK (International Society
for the Advancement of Kinanthropometry) methods by
either the principal investigator or the dietitian to reduce
inter-observer variability and enhance reliability [35].
Body Mass Index (BMI) was calculated by dividing the
weight of the subject by their height squared (kg/m2).
All women in the study were counseled and supported

to practice exclusive breastfeeding for 6 months.
Mothers whose infants were asymptomatic and who
tested HIV negative at 6 weeks were counseled on either
discontinuing breastfeeding at 6 months, or heat-treat-
ing expressed breast milk [36,37].

Body composition
Saliva samples from mothers were collected to measure
Deuterium enrichment using standardized IAEA (Inter-
national Atomic Energy Agency) methodology [38].
These samples were analysed for total body water
(TBW) using an FTIR (Fourier transform infra-red spec-
trophotometer). LBM was calculated from the TBW
(73.2% of TBW). Fat mass (FM) was calculated as the
difference between the body weight and the LBM.

Laboratory methodology
Maternal bloods were done at 2 weeks and at 6 months
and tests included haemoglobin; haematocrit; mean cell
volume; platelet count; white cell count and lymphocyte
count; total protein and albumin; and CD4 counts.
Infants had a HIV DNA PCR done routinely at 6 weeks
and the infants who tested positive had a repeat PCR at
10 weeks. A DNA PCR was repeated at 9 months in
infants who tested negative at 6 weeks. All investigations
were routine tests done at the accredited National
Health Laboratory Services.

Data preparation
Data was entered into an MS Access database (©MS
Office 2003). It was rechecked for any missing informa-
tion and entry errors. A unique subject identification
number to maintain confidentiality identified mothers
and infants.
To study associations/trends within categories: BMI

was categorized as ≤ 24.9 kg/m2 and ≥ 25 kg/m2. Dis-
ease progression was categorized as progression to
WHO stage 3 or higher; a poor Karnofsky score was
categorized as 80% or below (80% and above is asso-
ciated with ability to do normal activity); and the WHO
cutoff of an SRQ20 score of 8 and above (associated
with depression) was used as an indicator of depression
[30,31].

Statistical methods
SPSS 15.0 for windows was used for analysis (© SPSS
Inc.). The two groups were compared for baseline socio-
economic as well as clinical criteria to assess for
similarity.
Continuous variables were checked for normality of

distribution. Independent t tests and chi-squared tests
were done for the continuous and categorical variables
respectively. Non-parametric tests were conducted for
the skewed continuous variables and medians with their
inter-quartile range are reported.
Paired T tests for normally distributed variables and

Wilcoxon signed rank test for skewed variables were
performed to study changes over time in the laboratory
parameters, anthropometric and body composition
measurements.
Incidence rates and incidence rate ratios (IRR) were

calculated for clinical events, opportunistic infections,
Karnofsky score and SRQ 20 score using STATA 9.2
(©StataCorp).
As low BMI is considered to be an important prog-

nostic marker for breastfeeding HIV positive women, all
anthropometric, body composition, laboratory and dis-
ease progression parameters were analysed according to
BMI category. As BMI ≥ 25 kg/m2 was being used by
the province as a cutoff for not being eligible for supple-
ments in the HIV positive population and as our median
BMI was 26 kg/m2, we categorized the BMI in our sam-
ple using the same categorization as the province: ≥ 25
kg/m2 and < 25 kg/m2. An intention to treat analysis
was conducted using generalized estimating equations
(GEE) with robust estimators and an exchangeable cov-
ariance matrix to analyse the continuous variables over
time controlling for socio-economic status; baseline
CD4 and BMI. Generalised linear models (GLM) with
Poisson distribution and log function were used to ana-
lyse the incidence rates of the opportunistic infections.
The WHO igrowup tool using the 2007 WHO growth
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standards was used to assess the growth parameters
[39].

Ethical considerations
Ethical approval for the study was obtained from the
Bioethics Committee of the University of KwaZulu-
Natal (H081/05).

Results
Between December 2006 to July 2008; 129 mothers were
eligible for analysis as they fulfilled the eligibility criteria
namely completing at least 2 study visits; 63 in the con-
trol group and 66 in the supplemented group (Figure 1).
Study follow-up was complete by May 2009. There were
no statistically significant differences between the two
groups of mothers or infants at baseline (Table 2 and 3).
All mothers were WHO stage 1 in the two groups
except for one mother in the supplemented group who
was WHO stage 2. There were no statistically significant
differences between the infants at baseline.
Unexpectedly, not all the mothers breastfed for the

full 6 months. Mothers in the control group breastfed
their infants longer than the supplemented group; med-
ian duration 6 months (range 1- 9) vs. 5.5 months
(range 1-7); p = 0.009. Therefore, duration of breastfeed-
ing was included as a confounder when assessing infant
growth; and other maternal and infant variables. Exclu-
sive breastfeeding rates were 58.6% at 6 months.

Amongst the reasons for stopping breastfeeding before 6
months, returning to work was the most frequent
(12.4%). Since the hypothesis was that the supplement
was given to improve nutritional status of lactating
mothers, when mothers came to their monthly visits, if
they had stopped breastfeeding prior to the visit, the
supplement was no longer issued. The median intake of
supplement was 5.5 months (Interquartile range (IQR)
2.94- 6). While monitoring adherence, 33.3% of the
mothers revealed that they did not consume the daily
amount of supplement strictly according to protocol
and there were occasional days when they did not use
the supplement. The most common reason given was
that the paste was very sweet (39.4%). When we ana-
lysed the dietary intake as assessed by 24-hour recall we
found no significant differences in the dietary intakes in
the two groups. The median energy intake at 3 months
was 2090 kcal/day in the control group and 1972 kcal/
day; however there was no significant difference between
the two groups.
On assessing anthropometric and body composition

measurements, no significant differences were seen
between the two groups at 14 weeks or 6 months post
delivery (Table 4). Sub-group analysis within each BMI
category viz. ≤ 24.9 kg/m2 and ≥ 25 kg/m2 revealed no
significant differences in the changes of the measure-
ments except for LBM (Table 5). LBM decreased in
both groups of subjects with low BMI, however there

HIV Positive Mothers 
at ANC

Voluntarily chosen 
Breastfeeding N=129

Feed Counselling

Household supplies 
N=63

Nutritional supplement
N=66

Randomisation

N=60; 3 LTF N=57; 9 LTF

N=58; 2 LTF N=56; 1 D

N=52; 2 D,4 LTF N=55; 1 D

14 weeks

6 months

9 months

N= Number of mother-baby pairs
D=child deaths

LTF-lost to follow-up

Figure 1 Study design and flow diagram of follow-up.
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Table 2 Socio-demographic and laboratory parameters of the mothers at baseline

Variables Breastfeeding: control (n
= 63)

Breastfeeding: supplemented
(n = 66)

p value for the difference
between groups

Age years Mean (SD) 24.9 (4.21) 25.85 (4.85) 0.241

Marital status:
Single/cohabiting (% within group)

59 (93.7) 65 (98.5) 0.155

Access to water
(% within group)

Own tap 36 (57.1) 32 (48.5) 0.327

Public tap 26 (41.3) 34 (51.5)

Other 1(1.6) 0 (0)

Access to Electricity (% within
group)

38 (60.3) 30 (45.5) 0.091

Access to
Sanitation (% within group)

Waterborne 29 (46) 28 (42.4) 0.522

Pit 33 (52.4) 38(57.6)

Nil 1 (1.6) 0 (0)

Source of income
(%within group)

Self 12 (19) 16 (24.2) 0.286

Partner 25 (39.7) 23 (34.8)

Family 21 (33.3) 26 (39.4)

Grants 5 (7.9) 1 (1.5)

Food insecurity (% within group) 20 (31.7) 21 (31.8) 0.993

Disclosure to family (% within group) 29 (46) 27 (40.9) 0.557

Disclosure to partner (%within group) 38 (60.3) 40 (60.6) 0.973

Contraception use (% within group) 48 (76.2) 46 (69.7) 0.407

Median years of schooling (IQR) 11 (10-12) 11 (10-12) 0.515

Median size of household (IQR) 3 (2-5) 3 (2-5) 0.901

Median parity (IQR) 2 (1-3) 2 (1-3) 0.829

Past history of TB (% within group) 1 (1.6) 3 (4.5) 0.375

Past history of STI (% within group) 10 (15.9) 10 (15.2) 0.583

BMI kg/m2 Median (IQR) 26.53 (23.37-30.1) 26.18 (23-30.67) 0.793

CD4 cells/μL Median(IQR) 413 (312-492) 443.5 (294.8-564) 0.658

Haemoglobin g/dL Mean (SD) 11.84 (1.59) 11.47 (1.52) 0.183

Total Protein g/L Mean (SD) 79.12 (7.12) 79.45 (8.22) 0.808

Albumin g/L Mean (SD) 32.27 (4.21) 30.86 (4.85) 0.065

Table 3 Baseline anthropometric measurements amongst the two groups of infants at 2 weeks of age

Breastfeeding control (n =
63)

Breastfeeding supplemented (n =
66)

P value (95% CI of the
difference)

Weight kg Mean (SD) 3.72 (0.58) 3.66 (0.48) 0.538 (-0.13, 0.24)

Length cm Mean (SD) 50.89 (2.42) 51.02 (1.98) 0.734 (-0.90, 0.64)

HC cm Mean (SD) 36.2 (1.43) 36.45 (1.19) 0.282 (-0.71, 0.21)

MUAC cm Mean (SD) 10.73 (0.98) 10.56 (0.93) 0.317 (-0.16, 0.50)

TSF mm Mean (SD) 6.67 (1.35) 6.29 (1.50) 0.135 (-0.12, 0.88)

BMI kg/m2 Mean (SD) 14.27 (1.49) 14.03 (1.35) 0.335 (-0.25, 0.74)

Weight/Age z scores Mean (SD) -0.14 (1.05) -0.21 (0.89) 0.672 (-0.26, 0.41)

Length/Age z score Mean (SD) -0.72 (1.12) -0.63 (1.02) 0.650 (-0.46, 0.29)

HC/Age z score Mean (SD) 0.37 (1.06) 0.60 (1) 0.210 (-0.59, 0.13)

BMI/Age z score Mean (SD) 0.37 (1.09) 0.2 (1) 0.360 (-0.19, 0.53)

Weight/Length z score Mean
(SD)

0.46 (1.07) 0.2 (1.13) 0.194 (-0.13, 0.64)
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was a statistically significant lower mean decrease in the
supplemented group (1.32 kg) when compared to the
control group (3.17 kg); p = 0.026. However, in the sub-
jects with high BMI, there were no significant differ-
ences between the groups. Further analysis using GEE
adjusted for baseline age, CD4 and duration of breast-
feeding was conducted. Data were analysed separately
for mothers with BMI ≤ 24.9 kg/m2 and ≥ 25 kg/m2. In
the mothers with BMI ≥ 25 kg/m2, no effect of supple-
mentation on any of the measurements was seen. In
mothers with BMI ≤ 24.9 kg/m2; no significant effect of
the supplementation was seen except in LBM where the
supplemented group had a significantly lower loss in
LBM (0.098 kg) compared to the control group.
There were no significant differences between the

changes for all the laboratory parameters viz. CD4
count, haematology and albumin in both groups
between 2 weeks and 6 months. The sub-group analyses

within BMI categories ≤ 24.9 kg/m2 and ≥ 25 kg/m2

also showed no statistically significant differences.
There were no significant differences in the crude

incidence rates or IRR of opportunistic infections such
as LRTI, diarrhea, candidiasis, TB as well as the depres-
sion and Karnofsky scores between the two groups of
mothers. This was confirmed on further analysis using
GLM adjusting for CD4, age and duration of
breastfeeding.
On assessing the effect of maternal supplementation on

infant growth cross-sectionally, the MUAC, TSF, BMI
measurements as well as the mean z scores for weight/
age, weight/length, MUAC/age and TSF/age were signifi-
cantly higher in the control group compared to the sup-
plemented group at 14 weeks (Table 6). However,
analysing infant growth longitudinally using GEE
adjusted for mother’s CD4 count, BMI and duration of
breastfeeding these differences were no longer significant.

Table 4 Effect of nutritional supplementation on Body composition and anthropometric measures of breastfeeding
mothers from 2 weeks to 6 months

Mean change in variable over 6
months (SD)

Breastfeeding
Control (n = 57)

Breastfeeding
Supplemented (n = 56)

P value for the difference between the groups (95%
CI for the difference)

Weight in kg -0.43 (4.78) -1.61 (4.89) 0.196 (-0.62, 2.97)

BMI in kg/m2 -0.13 (1.94) -0.64 (1.97) 0.164 (-0.21, 1.24)

MUAC in cm 1.20 (1.62) -0.90 (1.73) 0.349 (-0.33, 0.92)

TSF in mm 4.14 (4.69) 2.87 (4.88) 0.161 (-0.51, 3.05)

LBM in kg -3.78 (4.1) -3.20 (3.52) 0.569 (-2.59, 1.44)

Fat mass in kg 4.14 (4.57) 3.21 (5.77) 0.490 (-1.76, 3.63)

%Fat mass 6.07 (5.46) 4.5 (6.53) 0.316 (-1.55, 4.70)

Table 5 Sub-group analysis of the effect of nutritional supplementation on Body composition and anthropometric
measures of breastfeeding mothers (by BMI category)

Change in
variable over 6
months

Low to normal BMI (≤ 24.99 kg/m2) High BMI (≥ 25 kg/m2)

Breastfeeding
Control (n =
22)

Breastfeeding
Supplemented
(n = 27)

P value for the
difference between the
groups (95% CI)

Breastfeeding
Control (n =
35)

Breastfeeding
Supplemented
(n = 30)

p value for the
difference between the
groups (95% CI)

Wt kg Mean
(SD)

0.3 (4.45) -0.94 (3.9) 0.306 (-1.17, 3.64) -0.89 (4.99) -2.22(5.63) 0.318 (-1.31, 3.96)

BMI kg/m2

Mean (SD)
0.23 (1.76) -0.36 (1.51) 0.215 (-0.35, 1.53) -0.36 (2.04) -0.90 (2.31) 0.316 (-0.53, 1.62)

MUAC cm
Mean (SD)

1.44(1.61) 0.69(1.35) 0.083 (-0.10, 1.60) 1.05 (1.64) 1.10 (2.03) 0.910 (- 0.97, 0.86)

TSF mm Mean
(SD)

4.45(4.15) 3.11(4.53) 0.291 (-1.18, 3.86) 3.95(5.04) 2.65(5.26) 0.318 (-1.28, 3.88)

LBM kg
Mean (SD)

-3.71 (2.76) -1.32(2.46) 0.026 (-4.46,-0.32) -3.84(5.2) -4.71(3.57) 0.597 (-2.44, 4.16)

FM kg
Mean (SD)

4.58 (3.86) 1.72(4.7) 0.090 (-0.47, 6.18) 3.71(5.28) 4.4 (6.4) 0.747 (-4.98, 3.62)

%FM
Mean (SD)

7.17(4.87) 2.55(5.82) 0.031
(0.46, 8.77)

4.98 (5.93) 6.05 (6.84) 0.643 (-5.77, 3.62)
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On assessing for incidence of opportunistic infections
and development scores amongst the infants, no signifi-
cant differences were seen between the two groups.
There were four infant deaths (3.1%). All were HIV

positive and the deaths were attributed to gastroenteritis
related morbidity. All HIV positive infants were started
on ART.

Discussion
There were no significant differences between the two
groups at baseline in terms of socio-demographic vari-
ables and laboratory parameters. Statistically there was a
difference in breastfeeding duration between the groups
with the control group breastfeeding for a median of 6
months compared to 5.5 months in the intervention

Table 6 Effect of maternal supplementation on growth of the breastfed infant

Growth and development
parameters

Breastfeeding
control
(n = 63)

Breastfeeding
supplemented
(n = 66)

p value for the difference
between the groups (95% CI of
the difference)

*Adjusted p value for the difference
between the groups (95% CI of the
difference)

Weight/age z
scores Mean (SD)

14
weeks

0.44 (1.03) 0.06 (1.09) 0.058 (-0.01, 0.77) 0.455 (-1.52, 0.68)

6
months

0.61 (1.17) 0.15 (1.13) 0.035 (0.03, 0.88)

9
months

0.65 (1.16) 0.28 (1.15) 0.098 (-0.07, 0.82)

Length/age z score
Mean (SD)

14
weeks

-0.59 (1.08) -0.48 (1.12) 0.613 (-0.51, 0.3) 0.891 (-1.29. 1.12)

6
months

-0.35 (1.03) -0.47 (1.24) 0.574 (-0.3, 0.54)

9
months

0.39 (1.14) 0.41 (1.17) 0.899 (-0.42, 0.47)

Head
circumference/age z
score Mean (SD)

14
weeks

0.50 (1.07) 0.73 (1.1) 0.249 (-0.63, 0.17) 0.247 (-1.45, 0.37)

6
months

0.42 (1.19) 0.66 (1.03) 0.267 (-0.64, 0.18)

9
months

0.51 (1.02) 0.68 (1.01) 0.368 (-0.57, 0.21)

BMI/age z score
Mean (SD)

14
weeks

1.06 (0.98) 0.46 (1.11) 0.058 (-0.01, 0.77) 0.154 (-1.29, 0.21)

6
months

1.07 (1.14) 0.56 (1.2) 0.021 (0.08, 0.94)

9
months

1.17 (1.17) 0.69 (1.23) 0.042 (0.02, 0.94)

Weight/length z
score Mean (SD)

14
Weeks

1.26 (0.96) 0.64 (1.1) 0.002 (0.23, 0.99) 0.154 (-1.08, 0.17)

6
months

1.15 (1.11) 0.67 (1.16) 0.026 (0.06, 0.9)

9
months

1.18 (1.14) 0.72 (1.19) 0.041 (0.02, 0.92)

MUAC/age z score
Mean (SD)

14
weeks

0.49 (0.97) 0.04 (1.08) 0.02 (0.07, 0.83) 0.145 (-4.78, 0.71)

6
months

0.62 (1.07) 0.25 (1.17) 0.076 (-0.04, 0.79)

9
months

0.79 (1.05) 0.38 (1.05) 0.046 (0.01, 0.82)

TSF/age z score
Mean (SD)

14
weeks

0.64 (0.77) 0.06 (1.08) 0.001 (0.24, 0.93) 0.178 (-4.33, 0.8)

6
months

0.95 (0.48-1.6) 0.52 (-0.09-1.23) 0.013

9
months

1.32 (0.47-1.75) 0.74 (-0.07-1.3) 0.004

*Adjusted for maternal CD4 count and BMI at baseline and duration of breastfeeding
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group, however “clinically” this difference is not really
meaningful. Nevertheless we did control for breastfeed-
ing duration in our analyses. Unexpectedly we found
that not all the mothers consumed the supplement
appropriately (taking the prescribed amount daily). It
had been assumed that the supplement was acceptable
in our community as the provincial heath department
was using it in hospitals and clinics. However on asking
mothers why they did not take the supplement appro-
priately we discovered that 39.4% of the mothers
reported that the supplement was too sweet. This,
together with the fact that not all mothers breastfed for
the full 6 months was an obvious limitation of the study
as the hypothesis of the study was that approximately 6
months of supplement would have an impact on the
body composition of the mothers. Nutritional supple-
ments in the context of HIV in South Africa are often
viewed suspiciously by the population as they view car-
rying parcels home could direct attention towards them
as HIV is still associated with stigma. This was reported
by Doherty et al. when they assessed the acceptability of
the free formula being provided nationally in South
Africa [40]. However other studies, one in an HIV
infected population and another where the HIV status
was unknown found supplements to be acceptable
[41,42]. A Mexican study found the acceptability of sup-
plements to be poor due to the taste, the women pre-
ferred the tablets [43]. They also advise the use of
locally available nutritious foods which would be cultu-
rally acceptable.
Davies et al. successfully showed in their “breaking the

cycle project” that by training peers from a targeted
community in nutrition education as well as in using
culturally acceptable recipes helped them to engage with
the community [44]. This led to a significant change in
dietary habits. The importance of including a “holistic
food based approach” using nutritionally valuable tradi-
tional food, which can be grown easily, be sustainable
and more empowering is supported by the findings of
our study [45].
When considered as a whole the two groups were

similar in terms of changes in anthropometric mea-
surements and body composition changes. We investi-
gated the effect of supplementation as per BMI
category to assess if the mothers on whom lactation
would be an extra metabolic demand i.e. the mothers
with a low BMI were not being more compromised. It
was noted that the supplemented mothers with a low
BMI actually lost a significantly lower amount of LBM
compared to the control mothers (1.32 kg vs. 3.17 kg;
p = 0.026). Even when controlling for baseline age,
CD4 and duration of breastfeeding, this effect
remained. The nutritional supplement to the group of
lactating mothers with low BMI was therefore effective

in preventing some loss of LBM presumably by provid-
ing additional protein to compensate for low dietary
protein intake. This has been the first published study
assessing the impact of nutritional supplementation on
changes in LBM of HIV positive breastfeeding
mothers. Prentice et al. observed increased subcuta-
neous fat and increased weights in their study of nutri-
tional supplementation of non-HIV infected
breastfeeding mothers; however no body composition
measurements were done [46].
The nutritional supplement had no impact on any of

the laboratory parameters assessed. This however was
also observed in a Cochrane review of nutritional inter-
ventions in HIV infected men and non-postpartum
women [47]. There were no differences between the
groups for incidence rates of any of the opportunistic
infections.
In view of the mean BMI being high, all mothers

should be encouraged to exercise in the post-natal per-
iod as it has been shown to increase lean body mass as
well as improve cardio-respiratory fitness [48]; this is
especially important as HIV has been shown to be inde-
pendently associated with cardiovascular disease and
metabolic disorders [49].
On comparing infant growth, the control group

appeared to have significantly higher mean MUAC, TSF
and BMI measurements. However, on further assess-
ment controlling for important confounders’ viz. base-
line maternal CD4 count, BMI and duration of
breastfeeding these were no longer significant. Further-
more nutritional supplementation to the mothers had
no impact on infections in their infants.
Four of the infants died; all of whom were HIV

infected. The deaths were all secondary to gastroenteri-
tis; and occurred within a few months of breastfeeding
cessation (three stopped before 3 months and one at 6
months). Therefore our findings endorse the importance
of the revised WHO recommendations which encourage
breastfeeding for 12 months (in the presence of ARV
prophylaxis) because they have taken into account not
only HIV infection but also child survival [13].

Study limitations
The study was powered to detect a 4 kg difference in
lean body mass between the supplemented and non-
supplemented groups. Although this may have been a
bit too ambitious we particularly chose this effect as we
wanted to see a more definitive impact because of the
huge cost implications if such an intervention was to be
instituted as a policy following this study. This study
was therefore limited in that it obviously did not have
sufficient power to detect a a smaller difference in lean
body mass as well as any effect on CD4 counts and
other parameters.
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The limitations imposed by the slightly less than
expected adherence to the supplement have already
been discussed; nevertheless the study was planned as
an “intention-to-treat” study. A further limitation of the
study could be that the supplementation was not given
as a meal replacement but as a supplement at a dose of
50 g/day; which only covered a fraction of the macronu-
trient requirements. We did however compare the diet-
ary intake of the two groups of breastfeeding mothers
which we found to be similar therefore the impact of
the supplement was not influenced by background diet-
ery intake.
Further, we had not determined the categorisation of

BMI at the onset of the study, although WHO defini-
tions were used to determine the cutoff.

Conclusions
Nutritional supplementation had no impact on the
group of mothers as a whole except for the small group
of mothers with low BMI. There is however a possibility
that if a larger daily dose of the supplement was used
instead of 50 g daily, an impact of the intervention on
prognostic indicators may have been seen. We would
therefore recommend that nutritional supplements
should only be provided in a well thought-out targeted
approach.
Supplement interventions often do not make an

impact due to nonadherence. Nonadherence can be due
to exchanging, selling and sharing the supplement or
even discarding it if associated by the subject with any
socially stigmatizing disease. Therefore programmes
using supplement interventions should take the time to
do preliminary work on acceptability of the proposed
intervention.
Although there is a place for food parcels in emer-

gency situation such as environmental crises, civil wars
etc., their use in routine practice especially in today’s
environment of global economic instability is not sus-
tainable and is disempowering. There is a need to put
people in control of their own health. One of the solu-
tions could be to include simple and easy to follow
nutrition guidelines during health education in primary
health care clinics and antenatal clinics.
Future research priorities should include studying the

impact of using locally available and thus sustainable
nutrient rich foods on breastfeeding mothers with a low
BMI as well as the effect of nutrition education during
the antenatal as well as in the well-baby clinic follow-up
period which would help both mothers with a low and
high BMI.

Abbreviations
95% CI: 95% Confidence intervals; AIDS: Acquired immunodeficiency
syndrome; ART: Antiretroviral therapy; BMI: Body mass index; FM: Fat mass;

HIV: Human immunodeficiency virus type 1 (HIV has been used
synonymously with HIV-1); ISAK: The international society for the
advancement of kinanthropometry; LBM: Lean body mass; LRTI: Lower
respiratory tract infection; MTCT: Mother to child transmission; MUAC: Mid-
upper arm circumference; NHLS: National Health Laboratory Services; PCR:
Polymerase chain reaction; PMTCT: Prevention of mother to child
transmission; DNA: Deoxyribonucleic acid; SANAS: South African National
Accreditation System; SRQ20: Self reporting questionnaire of 20 questions;
WHO: World Health Organization

Acknowledgements
We would like to thank our patients for their participation in the study; the
staff of the MTCT Plus program (especially Sphindile Nzuza and Gcinile
Maphanga); the staff of Umkhumbane clinic; Family Clinic (KEH); and the
departments of Paediatrics; Obstetrics and Gynaecology at KEH. We extend
our thanks to the Ethekwini Municipality Health Department and the
Nutrition Directorate of the Provincial Department of Health for their
support in executing the study at their facilities. We thank Tonya Esterhuizen
for supervising the statistical analyses and Professor Andrew Kindness and
Letitia Pillay (Department of Analytical Chemistry, University of KwaZulu-
Natal) for assistance with deuterium analyses in the salvia samples. We
would also like to thank IAEA (International Atomic Energy Agency) for
donating the equipment used in the study and for providing technical
training for body composition methodology. The MTCT Plus Initiative
provided funding for programme staff and ARV drugs. The food supplement
was donated by the “Gift of the Givers” foundation and the non-nutritive
supplies by “Unilever South Africa”.
We acknowledge the generous funding from the Hasso Plattner Trust fund
and the UKZN Competitive Research Grant, for study running costs.
Parts of this article were submitted towards a PhD thesis (University of
KwaZulu-Natal) entitled
“Effect of infant feeding mode and maternal nutritional supplementation on
the nutrition and health of HIV positive mothers and their infants”. The RCT
reported on in this manuscript was nested within the overall prospective
study assessing infant feeding mode and infant and maternal health
outcomes.

Authors’ contributions
GK proposed and carried out the study; did the analysis; and wrote the 1st
draft. AC assisted with the study design and supervised the study, read the
first draft and edited it. FE assisted with study procedures and diet analysis
and read the first draft and made suggestions. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 18 July 2011 Accepted: 22 December 2011
Published: 22 December 2011

References
1. Hoddinott P, Tappin D, Wright C: Breast feeding. BMJ 2008, 336:881-887.
2. Walker A: Breast milk as the gold standard for protective nutrients. J

Pediatr 2010, 156:S3-7.
3. Rollins NC, Becquet R, Bland RM, Coutsoudis A, Coovadia HM, Newell ML:

Infant feeding, HIV transmission and mortality at 18 months: the need
for appropriate choices by mothers and prioritization within
programmes. AIDS 2008, 22:2349-57.

4. Kagaayi J, Gray RH, Brahmbhatt H, Kigozi G, Nalugoda F, Wabwire-
Mangen F, Serwadda D, Sewankambo N, Ddungu V, Ssebagala D,
Sekasanvu J, Kigozi G, Makumbi F, Kiwanuka N, Lutalo T, Reynolds SJ,
Wawer MJ: Survival of infants born to HIV-positive mothers, by feeding
modality, in Rakai, Uganda. PloS One 2008, 3:e3877[http://www.plosone.
org/article/info%3Adoi%2 F10.1371%2Fjournal.pone.0003877].

5. Horvath T, Madi BC, Iuppa IM, Kennedy GE, Rutherford G, Read JS:
Interventions for preventing late postnatal mother-to-child transmission
of HIV. Cochrane Database Syst Rev 2009, 1:CD006734.

6. Kuhn L, Aldrovandi GM, Sinkala M, Kankasa C, Semrau K, Kasonde P,
Mwiya M, Tsai WY, Thea DM, The Zambia Exclusive Breastfeeding Study
(ZEBS): Differential effects of early weaning for HIV-free survival of
children born to HIV-infected mothers by severity of maternal disease.

Kindra et al. BMC Public Health 2011, 11:946
http://www.biomedcentral.com/1471-2458/11/946

Page 10 of 12

http://www.ncbi.nlm.nih.gov/pubmed/18420694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20105662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18981775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18981775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18981775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19065270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19065270?dopt=Abstract
http://www.plosone.org/article/info%3Adoi%2 F10.1371%2Fjournal.pone.0003877
http://www.plosone.org/article/info%3Adoi%2 F10.1371%2Fjournal.pone.0003877
http://www.ncbi.nlm.nih.gov/pubmed/19160297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19160297?dopt=Abstract


PloSOne 2009, 4:e6059[http://www.plosone.org/article/info%3Adoi%2
F10.1371%2Fjournal.pone.0006059].

7. Marazzi MC, Nielsen-Saines K, Buonomo E, Scarcella P, Germano P,
Majid NA, Zimba I, Ceffa S, Palombi L: Increased infant human
immunodeficiency virus-type one free survival at one year of age in
sub-saharan Africa with maternal use of highly active antiretroviral
therapy during breast-feeding. Pediatr Infect Dis J 2009, 28:483-7.

8. Marazzi MC, Liotta G, Nielsen-Saines K, Haswell J, Magid NA, Buonomo E,
Scarcella P, Doro Altan AM, Mancinelli S, Palombi L: Extended antenatal
antiretroviral use correlates with improved infant outcomes throughout
the first year of life. AIDS 2010, 24:2819-26.

9. Homsy J, Moore D, Barasa A, Were W, Likicho C, Waiswa B, Downing R,
Malamba S, Tappero J, Mermin J: Breastfeeding, mother-to-child HIV
transmission, and mortality among infants born to HIV-Infected women
on highly active antiretroviral therapy in rural Uganda. J Acquir Immune
Defic Syndr 2010, 53:28-35.

10. Thior I, Lockman S, Smeaton LM, Shapiro RL, Wester C, Heymann SJ,
Gilbert PB, Stevens L, Peter T, Kim S, van Widenfelt E, Moffat C, Ndase P,
Arimi P, Kebaabetswe P, Mazonde P, Makhema J, McIntosh K, Novitsky V,
Lee TH, Marlink R, Lagakos S, Essex M: Mashi Study Team. Breastfeeding
plus infant zidovudine prophylaxis for 6 months vs. formula feeding
plus infant zidovudine for 1 month to reduce mother-to-child HIV
transmission in Botswana: a randomized trial: the Mashi Study. JAMA
2006, 296:794-805.

11. Kilewo C, Karlsson K, Ngarina M, Massawe A, Lyamuya E, Swai A, Lipyoga R,
Mhalu F, Biberfeld G: Mitra Plus Study Team. Prevention of mother-to-
child transmission of HIV-1 through breastfeeding by treating mothers
with triple antiretroviral therapy in Dar es Salaam, Tanzania: the Mitra
Plus study. J Acquir Immune Defic Syndr 2009, 52:406-16.

12. Peltier CA, Ndayisaba GF, Lepage P, van Griensven J, Leroy V, Pharm CO,
Ndimubanzi PC, Courteille O, Arendt V: Breastfeeding with maternal
antiretroviral therapy or formula feeding to prevent HIV postnatal
mother-to-child transmission in Rwanda. AIDS 2009, 23:2415-23.

13. WHO: Antiretroviral drugs for treating pregnant women and preventing
HIV infection in infants. Recommendations for a public health approach
2010 [http://www.who.int/hiv/pub/mtct/antiretroviral2010/en/index.html].

14. WHO/UNAIDS/UNICEF: Towards Universal Access: Scaling up HIV/AIDS
interventions in the public sector; Progress report 2010.[http://www.who.
int/hiv/pub/2010progressreport/en/].

15. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers C,
Rivera J: Maternal and Child Undernutrition Study Group. Maternal and
child undernutrition: global and regional exposures and health
consequences. Lancet 2008, 371:243-60.

16. Kadiyala S, Gillespie S: Rethinking food aid to fight AIDS. IFPRI 2003: FCND
discussion paper No.159 .

17. Krishnan S, Dunbar MS, Minnis AM, Medlin CA, Gerdts CE, Padian NS:
Poverty, gender inequities, and women’s risk of human
immunodeficiency virus/AIDS. Ann N Y Acad Sci 2008, 1136:101-10.

18. Scrimshaw NS, SanGiovanni JP: Synergism of nutrition, infection, and
immunity: an overview. Am J Clin Nutr 1997, 66:464S-477S.

19. Keusch GT: The history of nutrition: malnutrition, infection and immunity.
J Nutr 2003, 133:336S-340S.

20. Semba RD, Tang AM: Micronutrients and the pathogenesis of human
immunodeficiency virus infection. Br J Nutr 1999, 81:181-9.

21. Grinspoon S, Corcoran C, Miller K, Wang E, Hubbard J, Schoenfeld D,
Anderson E, Basgoz N, Klibanski A: Determinants of increased energy
expenditure in HIV-infected women. Am J Clin Nutr 1998, 68:720-5.

22. Nduati R, Richardson BA, John G, Mbori-Ngacha D, Mwatha A, Ndinya-
Achola J, Bwayo J, Onyango FE, Kreiss J: Effect of breastfeeding on
mortality among HIV-1 infected women: a randomised trial. Lancet 2001,
357:1651-5.

23. Papathakis PC, Van Loan MD, Rollins NC, Chantry CJ, Bennish ML, Brown KH:
Body composition changes during lactation in HIV-infected and HIV-
uninfected South African women. J Acquir Immune Defic Syndr 2006,
43:467-74.

24. Coutsoudis A, England K, Rollins N, Coovadia H, Newell ML, Bland R:
Women’s morbidity and mortality in the first 2 years after delivery
according to HIV status. AIDS 2010, 24:2859-66.

25. Kuhn L, Kasonde P, Sinkala M, Kankasa C, Semrau K, Vwalika C, Tsai WY,
Aldrovandi GM, Thea DM: Prolonged breast-feeding and mortality up to

two years post-partum among HIV-positive women in Zambia. AIDS
2005, 19(15):1677-81.

26. FAO: Human energy requirements: Report of a Joint FAO/WHO/UNU
Expert Consultation Rome, 17-24 October 2001.[http://www.fao.org/
docrep/007/y5686e/y5686e0b.htm#bm11].

27. Melchior JC, Niyongabo T, Henzel D, Durack-Bown I, Henri SC, Boulier A:
Malnutrition and wasting, immunodepression, and chronic inflammation
as independent predictors of survival in HIV-infected patients. Nutrition
1999, 15:865-9.

28. Kotler DP, Tierney AR, Wang J, Pierson RN Jr: Magnitude of body-cell-mass
depletion and the timing of death from wasting in AIDS. Am J Clin Nutr
1989, 50:444-7.

29. WHO project ICP HIV 001: The Use of Antiretroviral Therapy: A Simplified
Approach for Resource-Constrained Countries. 2002 [http://www.searo.
who.int/en/Section10/Section18/Section356/Section408_2204.htm].

30. Bhagwanjee A, Parekh A, Paruk Z, Petersen I, Subedar H: Prevalence of
minor psychiatric disorders in an adult African rural community in South
Africa. Psychol Med 1998, 28:1137-47.

31. Harpham T, Reichenheim M, Oser R, Thomas E, Hamid N, Jaswal S,
Ludermir A, Aidoo M: Measuring mental health in a cost-effective
manner. Health Policy Plan 2003, 18:344-9.

32. Moses-Kolko EL, Roth EK: Antepartum and postpartum depression:
healthy mom, healthy baby. J Am Med Womens Assoc Summer 2004,
59:181-91.

33. Boyd RC, Zayas LH, McKee MD: Mother-infant interaction, life events and
prenatal and postpartum depressive symptoms among urban minority
women in primary care. Matern Child Health J 2006, 10:139-48.

34. DOH: National antiretroviral treatment guidelines 2004.[http://www.hst.
org.za/sites/default/files/sa_ART_Guidelines1.pdf].

35. ISAK: International standards for anthropometric assessment 2001.
Adelaide: The International Society for the Advancement of
Kinanthropometry.

36. Coutsoudis A: Infant feeding dilemmas created by HIV: South African
experiences. J Nutr 2005, 135:956-9.

37. Mbuya MN, Humphrey JH, Majo F, Chasekwa B, Jenkins A, Israel-Ballard K,
Muti M, Paul KH, Madzima RC, Moulton LH, Stoltzfus RJ: Heat treatment of
expressed breast milk is a feasible option for feeding HIV-exposed,
uninfected children after 6 months of age in rural Zimbabwe. J Nutr
2010, 140:1481-8.

38. IAEA: Assessment of Body Composition and Total Energy Expenditure in
Humans Using Stable Isotope Techniques. IAEA Human health series No.
3.[http://www-pub.iaea.org/MTCD/publications/PDF/Pub1370_web.pdf].

39. WHO: WHO Anthro for personal computers, version 3: Software for
assessing growth and Development of the world’s children, Geneva.
2009 [http://www.who.int/childgrowth/software/en/].

40. Doherty T, Chopra M, Nkonki L, Jackson D, Greiner T: Effect of the HIV
epidemic on infant feeding in South Africa: “When they see me coming
with the tins they laugh at me”. Bull World Health Organ 2006, 84:90-6.

41. Keithley JK, Swanson B, Zeller JM, Sha BE, Cohen M, Hershow R, Novak R:
Comparison of standard and immune-enhancing oral formulas in
asymptomatic HIV-infected persons: a multicenter randomized
controlled clinical trial. JPEN J Parenter Enteral Nutr 2002, 26(1):6-14.

42. Adu-Afarwuah S, Lartey A, Zeilani M, Dewey KG: Acceptability of lipid-
based nutrient supplements (LNS) among Ghanaian infants and
pregnant or lactating women. Matern Child Nutr 2011, 7(4):344-56.

43. Young SL, Blanco I, Hernandez-Cordero S, Pelto GH, Neufeld LM:
Organoleptic properties, ease of use, and perceived health effects are
determinants of acceptability of micronutrient supplements among poor
Mexican women. J Nutr 2010, 140(3):605-11.

44. Davies JA, Damani P, Margetts BM: Intervening to change the diets of
low-income women. Proc Nutr Soc 2009, 68:210-5.

45. Frison EA, Smith IF, Johns T, Cherfas J, Eyzaguirre PB: Agricultural
biodiversity, nutrition, and health: making a difference to hunger and
nutrition in the developing world. Food Nutr Bull 2006, 27:167-79.

46. Prentice AM, Whitehead RG, Roberts SB, Paul AA, Watkinson M, Prentice A,
Watkinson AA: Dietary supplementation of Gambian nursing mothers
and lactational performance. Lancet 1980, 2:886-8.

47. Mahlungulu S, Grobler LA, Visser ME, Volmink J: Nutritional interventions
for reducing morbidity and mortality in people with HIV. Cochrane
Database Syst Rev 2007, 3:CD004536.

Kindra et al. BMC Public Health 2011, 11:946
http://www.biomedcentral.com/1471-2458/11/946

Page 11 of 12

http://www.plosone.org/article/info%3Adoi%2 F10.1371%2Fjournal.pone.0006059
http://www.plosone.org/article/info%3Adoi%2 F10.1371%2Fjournal.pone.0006059
http://www.ncbi.nlm.nih.gov/pubmed/19483516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19483516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19483516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19483516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20885282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20885282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20885282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19730349?dopt=Abstract
http://www.who.int/hiv/pub/mtct/antiretroviral2010/en/index.html
http://www.who.int/hiv/pub/2010progressreport/en/
http://www.who.int/hiv/pub/2010progressreport/en/
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17954681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17954681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9250134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9250134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12514322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10434844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10434844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9734753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9734753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16980904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16980904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20935552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20935552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16184038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16184038?dopt=Abstract
http://www.fao.org/docrep/007/y5686e/y5686e0b.htm#bm11
http://www.fao.org/docrep/007/y5686e/y5686e0b.htm#bm11
http://www.ncbi.nlm.nih.gov/pubmed/10575662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10575662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2773823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2773823?dopt=Abstract
http://www.searo.who.int/en/Section10/Section18/Section356/Section408_2204.htm
http://www.searo.who.int/en/Section10/Section18/Section356/Section408_2204.htm
http://www.ncbi.nlm.nih.gov/pubmed/9794021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9794021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9794021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397831?dopt=Abstract
http://www.hst.org.za/sites/default/files/sa_ART_Guidelines1.pdf
http://www.hst.org.za/sites/default/files/sa_ART_Guidelines1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15795469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15795469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573941?dopt=Abstract
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1370_web.pdf
http://www.who.int/childgrowth/software/en/
http://www.ncbi.nlm.nih.gov/pubmed/16501725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16501725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16501725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11833753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11833753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11833753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21496207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21496207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21496207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19245742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19245742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16786983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16786983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16786983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6107547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6107547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636766?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636766?dopt=Abstract


48. Amorim AR, Linne YM, Lourenco PM: Diet or exercise, or both, for weight
reduction in women after childbirth. Cochrane Database Syst Rev 2007, 3:
CD005627.

49. Mutimura E, Crowther NJ, Stewart A, Cade WT: The human
immunodeficiency virus and the cardiometabolic syndrome in the
developing world: an African perspective. J Cardiometab Syndr 2008,
3:106-10.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/946/prepub

doi:10.1186/1471-2458-11-946
Cite this article as: Kindra et al.: Effect of nutritional supplementation of
breastfeeding HIV positive mothers on maternal and child health:
findings from a randomized controlled clinical trial. BMC Public Health
2011 11:946.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kindra et al. BMC Public Health 2011, 11:946
http://www.biomedcentral.com/1471-2458/11/946

Page 12 of 12

http://www.ncbi.nlm.nih.gov/pubmed/17636810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18453811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18453811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18453811?dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/946/prepub

	Abstract
	Background
	Aims
	Methods
	Results
	Conclusions
	Clinical trial registration

	Background
	Methods
	Study population and design
	Sample size calculations
	Enrollment and exclusion criteria
	Study procedures and visits
	Body composition
	Laboratory methodology
	Data preparation
	Statistical methods
	Ethical considerations

	Results
	Discussion
	Study limitations

	Conclusions
	Acknowledgements
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


