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Abstract

Antenatal and post-natal depression has demonstrated a significant burden in sub-Saharan Africa, with rates
ranging from 10% to 35%. However, perinatal women living with HIV in Tanzania have reported an even
greater prevalence of depression (43–45%). The primary goal of this study was to examine the relationship
between maternal depression and infant malnutrition among women living with HIV. The design was a retro-
spective cohort study within the context of a randomised controlled trial among women living with HIV and
their infants. Within this trial, 699 mother–child pairs were analysed for the present study. Although antenatal
depression was not associated with infant malnutrition and post-natal depression was negatively associated
[relative risk (RR = 0.80, P = 0.04], cumulative depression demonstrated a positive association with infant
wasting (RR = 1.08, P < 0.01) and underweight (RR = 1.03, P < 0.01) after controlling for confounding factors.
Variation in the association between depression and infant nutritional status was observed for episodic vs.
chronic depression. These findings suggest that providing evidence-based services for persistent depression
among women living with HIV may have an effect on infant malnutrition. In addition, other positive outcomes
may be related to infant cognitive development as well as HIV disease prognosis and survival among women.
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Introduction

Depression among perinatal women living with HIV
has significant implications for health outcomes in
women as well as their infants. Economic insecurity
and stigma related to the illness may increase the risk
of depression as well as child malnutrition in this
vulnerable population. While studies on depression
among pregnant women in sub-Saharan Africa have
been limited, the prevalence of post-natal depression
has been found to be high, with estimates ranging

from 10% in Uganda (Cox 1979) to 34.7% in South
Africa (Tomlinson et al. 2006). In Tanzania, elevated
rates of depression have been reported among
women living with HIV (Kaaya et al. 2002). Antelman
et al. (2007) reported depression rates of 43%
antenatally and 45% post-natally among a cohort of
women living with HIV, suggesting a significant
burden that can have an effect on the health status of
the mother as well as her infant.

Maternal depression has been associated with
infant malnutrition in a number of studies (Surkan
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et al. 2007, 2011). Possible mechanisms or mediators
of the association have been postulated, including
impaired mother–child interactions (Ammaniti et al.

2004; Perez et al. 2005; Stewart 2007), decreased
health-seeking behaviours and breastfeeding,
increased incidence of low birthweight among
depressed mothers, as well as a number of socio-
cultural and economic factors (Stewart 2007; Wachs
et al. 2009; Surkan et al. 2011). Some researchers have
further hypothesised that the association between
maternal depression and infant malnutrition may be
exacerbated in situations of financial insecurity or
limited social resources (Patel et al. 2004; Surkan et al.

2007).
However, there have been inconsistent findings on

the relationship between maternal depression and
infant nutritional status. For example, cross-sectional
and cohort studies in South Asia and Brazil have
demonstrated strong associations between maternal
depression and low birthweight, infant underweight
and stunting, even after controlling for a number of
socio-economic factors (De Miranda et al. 1996; Patel
et al. 2003, 2004; Anoop et al. 2004; Rahman et al.

2006, 2007; Nasreen et al. 2010; Surkan et al. 2011). In
contrast, findings from Peru (Harpham et al. 2005),
Jamaica (Baker-Henningham et al. 2005), Ethiopia
(Harpham et al. 2005) and South Africa (Tomlinson
et al. 2006) have found no association between mater-
nal depression and infant underweight or stunting
after controlling for possible confounders, such as
infant birthweight, socio-economic status, maternal
age and education and family size. In a recent meta-
analysis by Surkan et al. (2011), maternal depression
was associated with stunting and underweight among

children under 5 years of age.Although this aggregate
analysis indicates a relationship, variability in this
association may be related to context-specific factors
to some extent.

This study seeks to examine whether a relationship
exists between maternal antenatal, post-natal and
cumulative depression and infant malnutrition
(wasting, stunting and low weight-for-age) in the
urban setting of Dar es Salaam, Tanzania, among a
large cohort of women living with HIV. A better
understanding of this relationship may help to inform
interventions targeting depression among women
living with HIV and infant malnutrition in Tanzania
and similar resource-limited settings.

Materials and methods

Study design and population

Data analysed for this retrospective cohort study
were obtained from a randomised controlled trial
conducted in Dar es Salaam, Tanzania. The principal
aims of the primary study were to investigate the
effects of vitamin supplementation on perinatal HIV
transmission, pregnancy outcomes, progression of
HIV and mortality (Fawzi et al. 2002). Inclusion cri-
teria were HIV-positive pregnant women less than 27
weeks of gestation at enrolment and permanent resi-
dence in Dar es Salaam, Tanzania. One thousand
seventy-eight pregnant women living with HIV were
enrolled between April 1995 and July 1997 from
urban antenatal clinics. Study nurses collected data on
age, education, socio-economic and marital status,
obstetric history and anthropometry from women at

Key messages

• This research demonstrates that cumulative depression is positively associated with infant malnutrition among
women living with HIV/AIDS.

• Evidence-based mental health services for women living with HIV/AIDS could potentially reduce the burden
of depression among women and promote the nutritional status of their infants.

• Other positive outcomes related to reducing depression would include promoting infant cognitive develop-
ment and women’s HIV-related prognosis and survival.

• Additional structural issues contributing to depression, such as HIV-related stigma and economic insecurity,
should also be considered given that related interventions may reduce the overall burden of depression in this
vulnerable population.
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enrolment. Study physicians conducted complete
physical examinations; blood samples were collected
for assessment of anaemia. Participants were fol-
lowed up monthly until 2000 and then every 3 months
until the study completion in June 2003. Details on
the primary study design and methods have been
published elsewhere (Fawzi et al. 1999). Given that
the data were collected longitudinally, all of the
women’s assessments occurred before the infants’
measurements.

Assessment of maternal depression

A subset of participants (n = 1020) was assessed for
depressive and anxiety symptoms using the Hopkins
Symptom Checklist (HSCL-25). The baseline
HSCL-25 measure was administered approximately 2
months after enrolment and women were subse-
quently re-screened every 6 months until 2001, and
every 12 months thereafter, until the conclusion of the
study in June 2003 (Fawzi et al. 2003). Kaaya et al.

(2002) conducted a validation study of the HSCL-25
among this population and determined that a modi-
fied subscale of eight items and a depression cut-off
score of >1.06 could be used to identify symptom
levels comparable with major depressive disorder
with high sensitivity (88%) and specificity (89%)
when compared to assessment by a psychiatrist using
the Structured Clinical Interview for the Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition, to identify major depressive disorder.

Assessment of infant underweight, stunting
and wasting

The World Health Organization defines underweight
as weight-for-age less than −2 standard deviation
(SD) of the WHO Child Growth Standards median
(World Health Organization (WHO) Multicentre
Growth Reference Study Group 2006). Stunting is
defined as height-for-age less than −2 SD of the WHO
Child Growth Standards median and reflects the
cumulative effects of undernutrition and infections
since and even before birth. Wasting is defined as
weight-for-height less than −2 SD of the WHO Child
Growth Standards median and is considered to be

acute undernutrition from insufficient food or high
rates of infectious diseases, especially diarrhoea. The
percentage of children who are underweight (weight-
for-age less than −2 SD) is a composite measure
that includes children with low weight-for-height
(wasting) and low height-for-age (stunting).

In order to measure these indicators, women were
encouraged to deliver at the Muhimbili National Hos-
pital, one of the study sites. Details on the techniques
used for newborn and infant biophysical measure-
ments have been published elsewhere (Fawzi et al.

2002). Briefly, newborns were weighed to the nearest
0.1 kg at delivery and recumbent length was meas-
ured to the nearest 0.1 cm. At monthly follow-up
study clinic visits, infants were physically examined,
with repeat measurements of recumbent length and
weight conducted by study physicians and research
nurses.

Data analysis

For the statistical analysis, maternal depression was
defined as a score of >1.06 using eight items from the
HSCL-25 as outlined earlier. Pre-delivery maternal
depression was measured at one visit during the preg-
nancy.The median days between the visit and delivery
was 72 days (interquartile range: 53–91 days). Post-
delivery maternal depression was a time-varying vari-
able and measured at visits after delivery. Cumulative
depression was the total number of times the woman
had a depression score above the HSCL subscale cut-
off described earlier at visits after delivery. Women
underwent an average of six depression assessments
throughout the course of the study.

Social support was measured at the visit before
delivery. A 10-item social support scale was used in
this study (Broadhead et al. 1988); the lowest 10th
percentile of mean score for 10 items was used as a
cut-off to define lack of social support. In this analysis,
child malnutrition was time-varying and defined as
weight-for-age, height-for-age or weight-for-height
z-score less than −2 SD (World Health Organization
2009).

The association between maternal depression, lack
of social support and child malnutrition was exam-
ined by generalised estimating equations with an

Maternal depression and infant nutritional status
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exchangeable working covariance structure specified
for repeated measures. Separate models were run
for antenatal depression, post-natal depression and
cumulative depression on the three outcomes of
stunting, underweight and wasting. In multivariate
models, some covariates are time-varying, including
child’s HIV status, breastfeeding status, maternal
counselling attendance and other disease events,
while other covariates are time-fixed including mater-
nal age, marital status, education, financial depend-
ence, weight, height, anaemia and HIV stage at
enrolment, as well as child’s gender, birthweight and
gestational age. To ensure the temporality between
exposure and outcome, maternal depression measure-
ments included in the analysis occurred prior to infant
nutritional status assessment. The first infant visit
after each measurement of maternal depression (pre-
delivery and post-delivery until the infant was 24
months of age) was included in the analysis. Effect
estimates [relative risk (RR)] and their corresponding
95% confidence intervals were calculated. A missing
indicator was created when there was a missing value.
Including this indicator allowed inclusion of that
record in multivariate models (Miettinen 1985). All
statistical analyses were carried out using the statisti-
cal software package SAS, Release 9.2.

The Research and Publications Committee of
Muhimbili University of Health and Allied Sciences,
the Ethical Committee of the National AIDS Control
Program of the Tanzanian Ministry of Health and the
Institutional Review Board at the Harvard School of
Public Health approved the study protocol, which
included written informed consent for all participants.

Results

Maternal and child characteristics

Among the 872 women who had depression assess-
ments before delivery, 870 had an assessment within
24 months after delivery. Out of this group, 699
mother–child pairs were included in the analysis (see
Fig. 1). When comparing the 699 subset and remain-
der of the initial sample (379 out of 1078), there were
no differences in age, marital status, income and pre-
delivery depression. However, there was a difference
for having less than completed primary education
(10.8% vs. 6.8%, P = 0.04) and anaemia (14.3% vs.
10.3%, P = 0.05), with the 699 subset demonstrating a
lower prevalence for each of these factors.

All mothers were living with HIV at the time of
enrolment. At baseline, 71.4% of pregnant women
were between the ages of 20 and 29 years and nearly
12% were 15–19 years old. The majority (89.0%) was
married or co-habiting and most (82.1%) had a
primary level education (equivalent to 7 years of
study). Seventy-four per cent of mothers reported
being financially supported by another individual (no
independent income). The remainder reported being
either self-employed or partially self-employed. All
women in the study reported a daily income of
1–2 USD per day. Ten per cent (10.3%) of the women
were anaemic at baseline. Thirty-eight per cent of
women were found to be depressed prior to delivery
at the enrolment interview. From the time of delivery
to the end of the follow-up period (maximum of 2
years), 36.3% of women were found to be depressed
during one or more assessments.

Women enrolled 
in the study 1078 

Have psychological measures 
a�er enrolment 1020 

Newborns enrolled in the study 
1078 

699 mother–child pairs 

Have psychological measures within 24 
months a�er delivery 870 

Have visits and anthropometric 
measurement within 24 months 
883 

Fig. 1. Flowchart for analysis sample.
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Of the 699 children included in the study, 51.9%
were male and almost one-third (31.0%) were HIV-
positive. Only singleton births were included in the
analysis. The HIV status was unknown for 19.6% of
the children. Forty-three per cent of the children were
found to be underweight (with a weight-for-age
z-score less than −2 SD) at least once during the study
period, while 48.5% were observed to be stunted
(height-for-age z-score less than −2 SD) and 23.3%
were found to be wasted (weight-for-height z-score
less than −2 SD by 24 months) (see Table 1).

Univariate and multivariate analyses

Maternal pre-delivery depression was not found to be
significantly associated with infant underweight,
stunting or wasting in univariate or multivariate
analysis (Table 2). Maternal post-delivery depression
was found to be negatively associated with under-
weight (RR 0.81, P < 0.01) in the univariate analysis
and this association remained significant after adjust-
ing for confounding variables (RR 0.80, P = 0.04).
Maternal post-delivery depression was also found to
be negatively associated with stunting (RR 0.78,
P < 0.01) in the univariate analysis, but this effect was
no longer significant after adjustment for possible
confounders (RR 0.86, P = 0.10).

Cumulative depression post-delivery was positively
associated with underweight (RR 1.03, P < 0.01),
stunting (RR 1.03, P < 0.01) and wasting (RR 1.11,
P < 0.01), and this effect remained significant after
adjusting for confounders for underweight (RR 1.03,
P < 0.01) and wasting (RR 1.08, P < 0.01) only. Per-
ceived social support was not significantly associated
with underweight or stunting. Although low social
support was positively associated with wasting (RR
1.50, P < 0.01) in the univariate analysis, this effect
was no longer significant after adjusting for confound-
ing variables (RR 1.12, P = 0.75).

Discussion

Although we found no significant association
between pre-delivery depression and malnutrition
and a negative association for post-delivery depres-
sion and underweight among infants of women living

Table 1. Characteristics of women living with HIV and their infants
(n = 699)

n (%)

Characteristics of women
Age category

15–19 80 (11.8)
20–24 276 (39.5)
25–29 223 (31.9)
≥30 120 (17.2)

Marital status
Single 77 (11.0)
Married 447 (64.0)
Co-habiting 175 (25.0)

Education level
None or under primary 48 (6.8)
Primary 574 (82.1)
Secondary and above 76 (10.9)
Missing 1 (0.1)

Income resource
Not totally supported 178 (24.5)
Totally supported 505 (74.4)
Missing 1 (0.1)

Pre-delivery depression
No 367 (52.5)
Yes 267 (38.2)
Missing 35 (9.3)

Any post-delivery depression
No 445 (63.7)
Yes 254 (36.3)

Anaemia
No 620 (89.7)
Yes 71 (10.3)

Characteristics of infants
Gender

Male 363 (51.9)
Female 336 (48.1)

HIV status by 24 months
Negative 345 (49.4)
Positive 217 (31.0)
Unknown 137 (19.6)

Vitamin A*
No 340 (48.6)
Yes 359 (51.4)

Multivitamin†

No 339 (48.5)
Yes 360 (51.5)

Any weight-to-age z-score less than −2 by 24 months
No 397 (56.8)
Yes 302 (43.2)

Any height-to-age z-score less than −2 by 24 months
No 360 (51.5)
Yes 339 (48.5)

Any weight-to-height z-score less than −2 by 24 months
No 536 (76.7)
Yes 163 (23.3)

*Indicates the percent of infants enrolled in the vitamin A interven-
tion arm of the trial. †Reflects the percent of infants assigned to the
multivitamins arm of the trial.
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with HIV, at 2 years of follow-up, cumulative depres-
sion post-delivery was associated with wasting and
underweight after controlling for confounding vari-
ables. However, cumulative depression was not asso-
ciated with stunting among infants after controlling
for confounding in this study.

A number of studies have demonstrated an asso-
ciation between post-natal depression and infant
nutritional and health outcomes (Rahman et al. 2006;
Avan et al. 2010; Okronipa et al. 2012). In South
Africa, women with depression at 6 months post-
partum were more likely to have children who were
stunted by 2 years of age (Avan et al. 2010). Similar
findings were observed in Pakistan, in which infants of
depressed mothers were 4 and 2.6 times more likely
to be underweight compared with infants of non-
depressed mothers, at 6 months and 12 months of age,
respectively; in addition, stunting and diarrhoeal
disease were more prevalent among infants with
depressed mothers (Rahman et al. 2004). Among
post-natal women living with HIV in Ghana, infants
of women who were depressed were more than five
times more likely to have diarrhoeal disease com-
pared with infants whose mothers did not have
depression, which has implications for nutritional
status as well (Okronipa et al. 2012).

However, some studies demonstrated mixed find-
ings or no association between maternal depression
and infant nutritional status. For example, Harpham
et al. (2005) conducted a study in Vietnam, India,
Ethiopia and Peru. They observed a relationship
between high maternal depression and poor child
nutritional status in India (stunting) and Vietnam
(underweight), but could not find clear evidence for
a similar association in Peru and Ethiopia (Harpham
et al. 2005). Another study in Ethiopia found that
infants of women with common mental disorders
(which included depression) were not more likely to
be underweight or stunted at 6 or 12 months of age
compared with women not suffering from common
mental disorders (Medhin et al. 2010).

One potential interpretation of these mixed find-
ings is that it is possible that there are cultural differ-
ences in the quality and amount of social support that
depressed mothers receive from their families and
communities. Medhin et al. (2010) suggested that, in

the context of Ethiopia, women often share parenting
within families and communities, which may be
related to their observing no association between
common mental disorders and infant’s nutritional
status. Lack of support of the woman’s partner may
also be a factor. For example, among pregnant women
in Cape Town, 39% had antenatal depression, which
was associated with a lack of partner support and a
higher degree of intimate partner violence (Hartley
et al. 2011). Another factor that may result in dispar-
ate findings across studies is potential differences in
chronicity of depression in different settings. Medhin
et al. (2010) also indicated that there was a minimal
burden of persisting symptoms of common mental
disorders. Among Latina women in the United States
with post-partum depression, those experiencing
chronic depression had infants with a lower mean
weight-for-length z-score at 12 months and 2 years of
age compared with women who had no depression.
Similar to the findings of the present study, women
with episodic depression demonstrated no significant
difference in infant mean z-score at these time points
compared with women who were not depressed
(Wojcicki et al. 2011).

These findings correspond with this study’s results
as we observed no effect, or a negative effect, of iso-
lated pre- and post-natal depression, in contrast to a
positive association of cumulative depression and
infant wasting as well as underweight in this popula-
tion of women living with HIV in Tanzania.The social
support that women may receive in this context can
include practical help from relatives and friends,
which may offset the potential impact of maternal
depression on infant nutritional status. This may be a
factor that contributed to the null or negative asso-
ciations observed for isolated antenatal and post-
natal depression. However, Lugina et al. (2001)
indicated that this support may be changing in Tanza-
nia, particularly in urban areas. It is possible that the
potentially protective effect of social support for
the mother in this context may be insufficient to offset
the impact of chronic maternal depression on infant
stunting.

A key issue related to this study is that it was con-
ducted among women living with HIV, who may be
more vulnerable to depression related to isolation
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and HIV-related stigma (Surkan et al. 2010).This sug-
gests that when planning HIV-related services for
pregnant women, such as PMTCT (prevention of
mother-to-child transmission of HIV)-plus, there
should be consideration for strategies to enhance
assessing and treating perinatal depression and pre-
venting chronicity, for their own welfare and for their
infants’ growth outcomes. In addition, depression has
demonstrated an association with HIV progression
and mortality among perinatal women living with
HIV (Antelman et al. 2007).

Despite this, a persisting problem within the
context of HIV services is the limited integration
of care for other chronic conditions, including
depression (Dodds et al. 2004). Programmatic
initiatives to integrate HIV and mental health care
may reduce the chronicity of depression among
women living with HIV, potentially improving
infant nutritional status as well as the mental health
and HIV-related outcomes in this vulnerable
population.

Limitations

This study has a number of methodological limita-
tions. The data were derived from a randomised con-
trolled trial without consideration for confounding
factors related to the research questions of this
study, thereby limiting the inclusion of a number of
confounders in our analytical models. Factors such as
rate of infant immunisation (Rahman et al. 2006)
and parenting behaviours (Surkan et al. 2007) have
been identified as possible confounders/mediators of
the association between maternal depression and
infant malnutrition; however, these variables were
not included in this study. This may have been a
factor in the paradoxical association observed
between episodic post-delivery depression and
infant underweight, even after controlling for con-
founding variables. However, our list includes many
of the factors/confounders previously identified in
the literature, including marital status, maternal edu-
cational level, maternal anaemia, multivitamin use,
financial dependence, HIV status, infant’s gender,
birthweight, gestational age, breastfeeding status and
certain disease events (Rahman et al. 2006; Surkan

et al. 2007). In addition, this study also had a rela-
tively high number of children with unknown HIV
status (19.6%), which can result in residual con-
founding by this factor. The subset of women
included in the analysis (n = 699) had a lower level
of anaemia and a slightly higher level of education
than the women who were not included (n = 379);
this may have resulted in a bias that would under-
estimate the effect of maternal depression on infant
stunting. Also, cumulative depression may have been
underestimated for women who had missed assess-
ments. If this group with missing data also had a
higher number of cumulative months of depression
than indicated, then this finding would also result in
a bias towards the null. Finally, the generalisability
of our results may be limited by the fact that our
participants comprised a group of urban women
living with HIV who agreed to participate in a
randomised controlled trial and received HIV coun-
selling and testing. Although this study was per-
formed before wide availability of antiretroviral
therapy in Tanzania, they may have received closer
antenatal and post-natal follow-up, which may have
reduced the association between maternal depres-
sion and infant nutritional status as compared to
other populations.

Strengths

Our study has a number of strengths. A large number
of women living with HIV were included in our
cohort and the follow-up period was longer than in
many previous studies in resource-limited settings. In
prior studies, there has been concern over the timing
of assessments (Stewart 2007). However, our study
was longitudinal and allowed for the observation of
depression prior to assessing infants’ nutritional
status. Additionally, we used a depression tool that
has been validated in our study population. Further-
more, although some studies have examined maternal
depression at discrete time points, we chose to iden-
tify maternal depression at a number of assessments
during the antenatal and post-natal time periods,
allowing us to evaluate cumulative depression over
time.
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Conclusion

Although there have been inconsistencies in the rela-
tionship between maternal depression and infant
nutritional status in developing countries, the findings
from the present study suggest that cumulative or
chronic depression among women living with HIV
can have an effect on the burden of wasting and
underweight in their infants. Interestingly, the findings
from isolated depression during antenatal and post-
natal periods were not consistent with this finding.
This may be related to the complex nature of mater-
nal depression and the potential relationship with
infant nutritional status, which may vary according to
the chronic nature of the woman’s depression and the
degree of support she may receive from her family
and broader community.

Considering the present findings in the context of
other studies, it appears that providing evidence-
based services for depression among pregnant and
post-natal women living with HIV over the duration
of this critical period may demonstrate benefits for
their infant’s nutritional status. The significant invest-
ment in HIV services worldwide provides an oppor-
tunity in many resource-limited settings to integrate
mental health care in settings where PMTCT-plus ser-
vices are available. For pregnant and post-natal
women living with HIV, potentially reducing the
burden of depression may be context-specific, and
providers may need to consider issues of chronicity as
well as social support from the family and community
to determine whether longer-term care over the post-
natal period is necessary. Broader structural issues
that may contribute to depression should be consid-
ered as well, such as addressing HIV-related stigma
and poor economic and food security, to explore the
potential for intervention at that level as well.

In light of the remaining overall inconsistent evi-
dence on the effect of maternal depression on infant
nutritional status, even if improvement in infants’
nutritional status may be modest, reducing the burden
of depression among women may result in promoting
other dimensions of the infants’ well-being, such as
cognitive development. Equally important would be
the potential for improving HIV-related prognosis
and survival among the women themselves.
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