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Abstract Despite improvements in service delivery and

patient management, low birth weight among infants has

been a persistent challenge in South Africa. The study aimed

to explore the relationship between depression before

pregnancy and the low birth weight (LBW) of infants in

post-apartheid South Africa. This study utilized data from

Waves 1 and 2 of the South African National Income Dy-

namics Study, the main outcome being a dichotomous

measure of child LBW (\2500 g) drawn from the Wave 2

child questionnaire. Depressive symptoms of non-pregnant

women was the main predictor drawn from the Wave 1 adult

questionnaire. Depressive symptoms were screened using

the 10-item four-point Likert version of the Center for

Epidemiologic Studies Depression Scale (CES-D) instru-

ment. A total score of 10 or greater on the CES-D indicates a

positive screen for depressive symptoms. An adjusted lo-

gistic regression model was used to examine the relationship

between women’s depression before pregnancy and infant

LBW. A sample size of 651 women in Wave 1 was linked to

672 newborns in Wave 2. The results of the adjusted logistic

regression model indicated depressive symptoms (CES-

D C 10) prior to pregnancy were associated with infant

LBW (adjusted OR 2.84, 95 % CI 1.08–7.46). Another

significant covariate in the model was multiple childbirths.

Our finding indicates that women’s depressive symptoms

prior to pregnancy are associated with the low birth weight

of newborns and suggests that this association may not be

limited to depression present during the ante-natal phase.

Keywords Depression prior to pregnancy � Low birth

weight � South Africa

Introduction

Low birth weight (LBW), a serious adverse pregnancy

outcome, is one of the leading causes of perinatal mortality

as well as short- and long-term neonatal morbidity in in-

fants and children [1]. For mothers, giving birth to and

caring for LBW infants may be a stressful experience and

includes the risk of depression [2]. Efforts to improve

women’s and children’s health are ongoing public health

challenges in South Africa [3]. Infant morbidity problems,

such as LBW, remain a significant cause for concern in that

country. With the proportion of LBW newborns (12–15 %)

in South Africa being approximately twice that of the Or-

ganisation for Economic Cooperation and Development’s

average estimate [4], the magnitude of the public health

challenge is considerable.

The etiology of infant LBW is often unclear, but studies

suggest a host of factors, including but not limited to:

smoking, racial/ethnic disparities, age, multiple pregnan-

cies, and hypertension [5–9]. Structural barriers, such as

the lack of pre-natal care at the community level [10], are

understood to be a risk factor for infant LBW. Furthermore,

studies have indicated that depression, an issue affecting

approximately 39 % of pregnant women in South Africa
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[11], may be an additional significant risk factor for LBW;

a meta-analysis of studies from developing countries has

indicated that maternal depression or psychological distress

during pregnancy is one of the most significant risk factors

for and a correlate of LBW [12].

The impact of depression in women (during pregnancy

and postpartum) on child outcome is a complex phe-

nomenon that requires consideration of the chronicity,

severity and timing of maternal depressive symptoma-

tology in relation to childbirth [13]. Much of the current

research in the field has focused on depression during

ante-natal phases, with the results indicating that a prior

history of depression is a significant risk factor for ante-

natal depression [14]. Few studies have investigated

women’s mental health before pregnancy begins; a U.S.

study, however, found that approximately half of the

women with post-natal depression felt depressed before or

during pregnancy [15]; this finding has significant impli-

cations for developing countries, where mental health

treatment is often not readily offered. In South Africa,

despite the prevalence of depression for pregnant women,

research suggests a treatment gap (as high as 75 % in one

report [16]) in access to services for common mental

disorders.

To date, few studies have explored the independent as-

sociation between depression before pregnancy and new-

born LBW. While a limited number of studies in developed

nations have examined the possible impact of broad ma-

ternal measures, including preconception stress [17] and

mental health status [18] on adverse birth outcomes, even

fewer have looked at the issue of depression before preg-

nancy, specifically in sub-Saharan Africa. The purpose of

our current study was to explore this relationship in South

Africa with the hypothesis that significant depressive

symptoms in women before pregnancy are associated with

a greater risk of their having LBW newborns.

Methods

Study Design and Sample

This study analyzed publicly available data from the first

(version 4) and second waves (version 2) of the South

African National Income Dynamics Study (SA-NIDS).

Designed as the first longitudinal panel survey of a na-

tionally representative sample of households in South

Africa, Waves 1 and 2 assessments of the SA-NIDS were

initiated in 2008 and 2010 respectively. A stratified, two-

stage cluster sample design was used for the SA-NIDS. The

household datasets contained approximately 7300 (2008)

and 6800 (2010) successfully participating households

across 400 primary sampling areas, with the proportion of

household responses being 67 and 74 % for Waves 1 and 2

respectively. Household, adult and childhood question-

naires were administered by trained fieldworkers in all

three waves. In Waves 1 and 2, the household question-

naires were completed by the oldest woman in the house-

hold or by another household member knowledgeable

about the living arrangements. The adult questionnaires

were administered to every consenting household member

aged 15 or older in Waves 1 and 2, and included ap-

proximately 15,600 and 17,600 successfully interviewed

participants, resulting in response rates of 93 and 96 % for

Waves 1 and 2 respectively.

In Wave 2, approximately 9,850 child questionnaires

were successfully administered to mother/caregiver of

children aged 14 years and younger, or another household

member who was knowledgeable about the child, with the

proportion of successful response being 98 %. Using a

retrospective cohort method, our study focused on the 672

Wave 2 child study participants (born between both waves’

assessments) for whom the 651 biological mothers who

were not pregnant during Wave 1 could be identified (some

being multiple births) after an exclusion process. The

identification process of the study participants is described

in Fig. 1. The exclusion criteria for child study participants

included: (a) his or her being born before Wave 1, and

(b) household- or individual-level non-response/avail-

ability. The exclusion criteria for the female study par-

ticipants included: (a) pregnancy during Wave 1

assessment and (b) any male identifying as the biological

mother of the child. The use of the SA-NIDS de-identified

data was deemed exempt by the University of KwaZulu-

Natal Biomedical Research Ethics Committee (EXM04/

13).

Measures

Child low birth weight (LBW), defined as a weight of

\2500 g, was an important variable in the childhood

questionnaire. Child weight is based on self-report, and

gestational age in weeks was not available. Depressive

symptoms, the main predictor of our study, were identified

from the Wave 1 adult questionnaire, and were assessed

using the Center for Epidemiologic Studies Depression

(CES-D) scale [19], a widely used screening tool for de-

pression with valid psychometric properties [20]. SA-NIDS

utilized the shorter 10-item version of the CES-D scale

[21]. Study participants were asked how often they had

experienced symptoms associated with depression over the

past week: ‘‘0’’ being ‘‘rarely or none of the time

(\1 day)’’ and ‘‘3’’ being ‘‘almost or all of the time

(5–7 days).’’A total of 10 or more on this scale indicates a

positive screen for significant depressive symptoms and the

possibility of a depressive disorder being present [21].
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Statistical Analysis

First, the demographic and clinical characteristics of new-

born children from Wave 2 (i.e. born between both waves’

assessments) and female study participants from Wave 1

who were younger than 50 years old were described. Ana-

lyses involving proportion (%) were adjusted by post-s-

tratification weight from corresponding waves. Secondly, we

conducted bivariate analyses to determine the association

between demographic/clinical factors and child birth weight

(\2500 and C2500 g) and depression status among the

‘‘future mothers’’ in Wave 1 (i.e. matched to children in

Wave 2) based on self-report (CES-D scores of\and C10)

using Pearson Chi-square statistics (v2). While second-order

Rao and Scott [22] design-adjusted Pearson v2 is preferable

for analyzing survey data with a complex design, a narrow

sub-population focus containing stratum with a single sam-

pling unit limited the use of this procedure. Lastly, analyses

involving unadjusted and adjusted logistic regression were

used to explore the association between depression in the

above-mentioned women at Wave 1 and child LBW out-

come at Wave 2. The adjusted regression model controlled

for characteristics of women, children and household;

specifically, data on women included race, education, age,

perceived health, marital status, settlement type, employ-

ment status, cigarette smoking status, high blood pressure or

diabetes, and body mass index (BMI) classification. Child

data included race, gender, government child support status,

and number of siblings born after Wave 1, with the house-

hold data consisting of residential geographical location.

Furthermore, we controlled for whether the study participant

had experienced childbirth 1 year prior to the Wave 1

assessment in a separate regression model as the post-natal

period may be an important confounder. Strong measures of

medication use, alcohol consumption, and pre-term child

outcome were not available. Regressions predicting child

outcome were adjusted from the post-stratification weight in

Wave 2. Post-stratification weights were adjusted to the age-

sex-race distribution produced by Statistics South Africa

based on population estimates. To address concerns related

to missing values in complex survey data, we performed

(100) multiple imputations by chained equations. The re-

gression analyses were based on a dataset with imputation.

All analyses were conducted using STATA 13.

Results

Our results were based on a final study sample size of 651

women in Wave 1 who were linked to 672 newborns in

Wave 2. They are presented with respect to the child and

adult sample characteristics, and the relationship between

women’s depressive symptoms before pregnancy and child

low birth weight.

* Male iden�fying as the biological mother of a child
* Child born before Wave 1 assessment
* Household and individual-level non-response
* Pregnant mothers at Wave 1 n = 119

651 biological adult 
mothers from Wave 1

Wave 1 (2008) Wave 2 (2010)

838 biological adult 
mothers traced from 

Wave 1

967 new children 
iden�fied from Wave 2

916 biological mothers 
iden�fied from Wave 2

884 children re-
matched to Wave 2

672 children included 
from Wave 2

Exclusion reasons

n = 1
n = 46

Δ child 
sample

n = 46

Fig. 1 Sample flow chart
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Child and Adult Sample Characteristics

Newly born child study participants (Wave 2) were 51.9 %

female and 84.7 % Black African, with 58.5 % being re-

cipients of government child support and 8.4 % being part

of multiple birth groups. The weighted mean age of the

maternal respondents was 25.5 years old, with the majority

being Black African (88.9 %), approximately two-thirds

having completed high school equivalent schooling

(69.2 %), and 65.4 % having never been married. Ap-

proximately 7.1 % were cigarette smokers and 4.3 % had

either high blood pressure or diabetes. More than a quarter

of the sample was obese (25.7 %).

Infant Low Birth Weight and Maternal Depressive

Symptom Covariates

Of the newly born child study participants in Wave 2,

14.8 % were reported to weigh \2500 g. The analyses by

low/normal birth weight (Table 1) indicate that the number

of siblings born after Wave 1 (v2 = 13.5, p = 0.01) was

associated with child low birth weight. There was no as-

sociation between LBW and gender, race, or government

child support recipient status.

Overall, 36.6 % of female study participants had de-

pressive symptoms with scores of CES-D C 10 (Wave 1).

Higher depression status (Table 2) was significantly related

to age (v2 = 10.2, p = 0.04), education (v2 = 6.4,

p = 0.04), race/ethnicity (v2 = 5.9, p = 0.02), blood

pressure/diabetes (v2 = 4.5, p = 0.03), and perceived

health status (v2 = 12.6, p = 0.01), but not significantly

related to other covariates such as cigarette smoking, em-

ployment status and BMI.

Relationship Between Depressive Symptoms Before

Pregnancy and Low Birth Weight

Among children who were LBW, 43.1 % had mothers with

significant depressive symptoms, compared to 31.4 %

among children with normal birth weight. The results of

the unadjusted logistic regression model indicate that de-

pressive symptoms prior to pregnancy was not significantly

associated with child LBW (OR 1.84, 95 % CI 0.80–4.30).

However, the adjusted logistic regression model (Table 3)

indicated that depressive symptoms prior to pregnancy was

associated with child LBW (adjusted OR 2.84, 95 % CI

1.08–7.46). The other significant covariate in the model

was the presence of siblings born after Wave 1 (adjusted

OR 4.05, 95 % CI 1.21–13.5). Controlling for the potential

role of post-natal depression on the outcome did not alter

the significance of the above adjusted regression result.

Discussion

Our finding suggests that women’s depressive symptoms

prior to pregnancy may be a contributing risk factor for low

birth weight in their newborns. The odds of LBW were

higher among female study participants with significantly

higher levels of depressive symptoms, highlighting the

need to improve the mental health of women even before

pregnancy begins. Using longitudinal datasets from the

SA-NIDS, our study contributes to the identification of risk

factors for LBW infants and their mothers, including the

possible consequences of untreated depression before

pregnancy. Although our finding is based on significant

risk depression symptomatology rather than a clinical di-

agnosis, this study further highlights the need to promote

Table 1 Child characteristics at Wave 2

Variable Categories Overall Normal birth weight (C2500 g) Low birth weight (\2500 g) v2, p

% n* % n % n

Gender Male 48.1 313 85.6 219 14.4 22 0.12, 0.73

Female 51.9 359 84.8 251 15.2 28

Race/ethnicity Black African 84.7 562 83.3 397 16.7 42 0.01, 0.93

Non-Black African 15.3 110 95.0 73 5.0 8

Child grant No 44.5 256 88.2 180 11.8 17 0.27, 0.61

Yes 55.5 412 82.8 288 17.3 32

Number of siblings

born after Wave 1

0 92.5 631 88.0 445 12.0 43 13.5, \0.01

1 5.1 38 65.4 24 34.6 5

2 2.4 3 33.3 1 66.7 2

% based on post-stratification weight from Wave 2

Tabulation of observed value and p value of v2 based on available data (* therefore comparisons of n values across columns are cautioned)
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access to care in order to address one of the leading public

health challenges in South Africa.

Our main finding leads us to consider the possible

mechanisms by which exposure to psychological distress

(i.e. depression) before pregnancy directly and indirectly

affects infant LBW. Perhaps the most plausible explanation

is that depression prior to pregnancy (e.g. a history of de-

pression) is a major risk factor for antenatal depression,

which in turn is a known predictor of infant LBW [14]. In

addition, depression in itself can be a barrier to seeking

medical treatment during pregnancy [23] due to factors

such as a lack of trust in mental health care providers,

limited access to facilities, and stigma related to depression

[24–26]. Based on a conceptual framework by Kramer

et al. [27], another plausible explanation is that social

disparities (e.g., low socioeconomic status) lead to a greater

Table 2 Demographic of non-

pregnant women at Wave 1

% based on post-stratification

weight from Wave 1.

Tabulation of observed value

and p value of Chi-square based

on available data (* therefore

comparisons of n values across

columns are cautioned)
a Definitions and categorization

of employment is provided by

Statistics South Africa [30]

Overall CES-D (\10) CESD (C10) v2, p

% n* % n % n

Age group

15–19 21.2 173 64.2 116 35.8 49 10.2, 0.04

20–24 26.0 179 72.5 119 27.5 49

25–29 25.0 123 59.7 77 40.3 42

30–34 19.5 103 54.4 49 45.6 43

35? 8.4 72 64.7 44 35.3 26

Education

Less than HS 1.9 18 42.4 7 57.6 11 6.4, 0.04

Completes HS 69.2 471 64.0 307 36.0 148

Beyond HS 29.0 160 63.3 92 36.7 50

Race/ethnicity

Black African 88.9 544 61.6 333 38.4 187 5.9, 0.02

Non-Black African 11.1 107 78.1 73 21.9 22

Marital status

Married 21.0 123 57.8 66 42.2 49 5.7, 0.06

Living with partner/separated 13.6 73 58.0 45 42.0 27

Never married 65.4 454 66.4 294 33.6 133

Employment statusa

Not economically active 38.0 256 64.1 168 35.9 88 3.6, 0.30

Unemployed—discouraged 8.2 66 76.4 46 23.6 20

Unemployed—strict 24.6 128 57.2 77 42.8 51

Employed 29.1 158 65.0 111 35.0 47

Overall perceived health status

Excellent 37.9 233 71.1 170 28.9 63 12.6, 0.01

Very good 25.0 171 58.5 104 41.5 67

Good 28.4 154 60.7 103 39.3 51

Fair 6.9 40 57.4 20 42.6 20

Poor 1.7 13 61.8 7 38.2 6

Smoking

Not smoking 92.9 562 63.7 367 36.3 195 1.5, 0.22

Currently smoking 7.1 53 59.7 39 40.3 14

High blood pressure/diabetes

No 95.8 584 63.2 391 36.9 193 4.5, 0.03

Yes 4.3 31 68.5 15 31.5 16

BMI

Underweight 4.3 39 68.5 28 31.5 11 5.4, 0.14

Normal 43.9 233 55.1 147 44.9 86

Overweight 26.2 129 61.8 74 38.2 55

Obese 25.7 135 71.6 94 28.4 41
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susceptibility for developing mental health problems and

other unhealthy behaviors, like smoking—all of which

contribute to the risk of infant LBW.

While the major strengths of this study include the use

of nationally representative longitudinal household survey

data with good response rates, there are several limitations.

First, it was based on self-reported depressive symptoms of

participants and did not have information related to a for-

mal diagnosis of depression. Secondly, gestational age,

which can confound the relationship between preconcep-

tion depression and infant low birth weight, was not

available. Lastly, measures of alcohol/drug or anti-de-

pressant medication use were not available in the study;

future studies should include substance use as part of in-

vestigating the relationship between depression and LBW

outcomes.

Although depression during pregnancy is often under-

stood to be a significant risk factor for low infant birth

weight [12], the selection of intervention type for depres-

sion, including the use of antidepressants during pregnan-

cy, remains controversial. It has been 30 years since the

U.S. Institute of Medicine’s interdisciplinary committee

discussed the challenges in preventing LBW [28]. Despite

the subsequent expansion of prenatal care service in the

U.S., LBW rates have not declined. This lack of im-

provement is partly attributed to an ineffective treatment

Table 3 Association between

depression and low birth weight

using logistics regression

100 multiple imputations.

Above regression adjusted for

post stratification weight from

Wave 2. Reference category in

bracket
a Definitions and categorization

of settlement type is provided

by Statistics South Africa [30]

Adjusted OR SE t p 95 % CI

Depression 2.84 1.40 2.13 0.03 1.08 7.46

Race: [Black African]

Non-Black African 2.38 7.50 0.27 0.78 \0.01 1209.73

Education: [moderate]

Low 0.51 0.89 -0.38 0.70 0.02 15.77

High 1.74 0.91 1.05 0.29 0.62 4.87

Age groups: [15–19]

20–24 0.46 0.36 -1.00 0.32 0.10 2.11

25–29 1.86 1.38 0.84 0.40 0.44 7.96

30–34 0.74 0.62 -0.36 0.72 0.14 3.81

35? 2.47 2.20 1.02 0.31 0.43 14.20

Perceived health status: [good]

Excellent/very good 1.38 1.11 0.40 0.69 0.28 6.69

Fair/poor 0.90 0.48 -0.19 0.85 0.32 2.55

Marital status: [never married]

Married 0.37 0.29 -1.27 0.20 0.08 1.71

Living with partner/separated 1.91 1.21 1.02 0.31 0.55 6.61

Settlement typea: [rural]

Tribal authority 0.83 0.75 -0.21 0.83 0.14 4.92

Urban formal 2.19 1.99 0.86 0.39 0.37 13.06

Urban informal 1.94 2.09 0.61 0.54 0.23 16.01

Employment: [not economically active]

Unemployed—discouraged 0.92 0.88 -0.09 0.93 0.14 6.05

Unemployed—strict 0.26 0.19 -1.83 0.07 0.06 1.11

Employed 1.50 0.90 0.68 0.50 0.46 4.89

Smoker: [no] 2.53 2.39 0.98 0.33 0.40 16.16

High blood pressure/diabetes: [no] 0.62 0.65 -0.46 0.65 0.08 4.81

BMI (underweight)

Normal 4.82 7.81 0.97 0.33 0.20 117.91

Overweight 2.67 4.41 0.59 0.55 0.10 69.44

Obese 2.73 4.46 0.62 0.54 0.11 67.79

Child gender: [male] 1.11 0.52 0.23 0.82 0.45 2.77

Child race: [Black African] 0.19 0.62 -0.51 0.61 \0.01 110.42

Recipient of child support grant: [no] 1.54 0.73 0.91 0.36 0.61 3.93

Number of siblings born between Waves 1 and 2 4.05 2.49 2.27 0.02 1.21 13.55
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model; thus, a review of the program structure of prenatal

care is warranted, including the timing of services [29].

Further studies are needed to identify evidence-based,

culturally-appropriate interventions for developing coun-

tries such as South Africa. Although our study limitations

prevent firm conclusions regarding the causal relationship

between depressive symptoms prior to pregnancy and in-

fant low birth weight, our findings contribute to a better

understanding of the timing of risk associated with de-

pression in women and infant outcome. While reaffirming

the need for an integrative health approach for women in

community-based settings to better address multiple high-

risk factors [29], our study highlights the general impor-

tance of detecting and treating depression in women of

child-bearing age to reduce adverse pregnancy outcomes.
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