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This study aimed to investigate the association between maternal postpartum depressive symptoms,
household demographic, socioeconomic, and infant characteristics with infant physical growth,

and how these factors correlate to determine latent factors. This study was based on the baseline
data of a 6-month randomised controlled trial aimed at providing an egg a day to infants aged 6 to
9-months from a low socioeconomic community in South Africa. Information collected on household
demographic, socioeconomic, and infant characteristics was by face-to-face structured interviews,
and trained assessors took anthropometric measurements. The Edinburgh Postnatal Depression Scale
(EPDS) was used to assess maternal postpartum depressive symptoms. The analysis was based on
428 mother-infant pairs. Total EPDS score and its subscales score were not associated with stunting

or underweight risk. However, a three- to four-fold increased risk of stunting and underweight,
respectively was observed for premature birth. Low birthweight was associated with an estimated six-
fold increased risk of underweight and stunting. Being female was associated with about 50% reduced
risk of stunting and underweight. In conclusion, more robust studies are needed to substantiate these
findings, with more awareness creation on the consequences of LBW and prematurity on the physical
growth of infants from resource-limited settings.

Maternal postpartum depression is estimated to affect 10-19% of women in high-income and low- and middle-
income countries (LMICs), respectively’. It is a non-psychotic sub-type of major depressive disorder, which
usually occurs within 1-12 months of childbearing®*. Symptomatic features include sadness or irritable mood,
loss of interest or pleasure in all or almost all activities, decrease or increase in appetite, difficulty sleeping or
oversleeping, and feeling of restlessness or being slowed down; other symptoms include tiredness or loss of
energy, feelings of worthlessness or guilt, decreased ability to think or concentrate or indecisiveness, as well
as psychomotor changes, such as agitation or retardation and suicidal thoughts®. If left untreated, it can have
negative and severe long-term consequences on the mother, her children, and her relationship with others**. In
LMICs, the presence of maternal postpartum depressive symptoms has shown to be associated with childhood
undernutrition such as stunting and underweight®”. This is because the presence of maternal postpartum depres-
sive symptoms may interfere with a mother’s ability to adequately care for her infants and young children’. There
have been reports that mothers who show signs of depression during the postpartum period are less likely to
initiate and continue breastfeeding, and they are less likely to provide an adequate diet for their children. This
may expose these vulnerable infants and young children to suboptimal growth as they mostly depend solely on
their mothers for their nutritional and social needs from birth>*.

Studies that evaluated the association between maternal postpartum depression and infant physical growth
outcomes in LMICs have produced inconsistent results. For instance, several studies have shown that infants and
young children of mothers with postpartum depression are at increased risk of stunting and/or underweight>%*-17.
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In contrast, other studies showed no association between maternal postpartum depression and infant growth
including stunting, weight and height or length'®'*. An explanation for the difference in results could be the
study design, age group of the study participants, screening tools, diagnostic criteria, residual confounding given
by the lack or minimal adjustment for confounders, and the language used during screening>®. Another plau-
sible explanation for the difference in findings may have been socioeconomic and sociocultural factors, such as
poverty, food insecurity, maternal education and marital status, which may determine the association between
maternal depression and infant nutritional status?. Nevertheless, previous?** and recent”® meta-analyses, the
strongest form of scientific evidence, provided a summary of research findings and demonstrated that an asso-
ciation exists between maternal postpartum depression and infant physical growth.

Despite the clinical, social, and public health significance of maternal postpartum depressive symptoms, there
is a paucity of evidence of other dimensional mechanisms linking maternal postpartum depressive symptoms
with poor infant physical growth. Firstly, there is no study that seeks to investigate how the instruments used
for screening maternal postpartum depression associate with infant physical growth outcomes. For example, the
Edinburgh Postnatal Depression Scale (EPDS), which includes a 10-item self-reporting scale has been gener-
ally employed as a screening tool during the postpartum period; this tool has been validated for use in LMICs
and in South Africa?#?*. However, there are limited studies on how the EPDS scores, and its subscales associate
with poor infant growth, including stunting and underweight. There is also lack of evidence on how household
socioeconomic status and infant characteristics associate with maternal postpartum depressive symptoms and
poor infant physical growth. Furthermore, no studies have evaluated how the individual 10-items of the EPDS
associate with infants’ physical growth. Therefore, the main purpose of this study was to investigate whether
maternal postpartum depressive symptoms associate with infant physical growth in a low socioeconomic com-
munity in South Africa. Secondly, this study investigated how maternal postpartum depressive symptoms, house-
hold demographic, socioeconomic, and infant characteristics correlate to determine latent factors, and how the
latent factors associate with infants’ physical growth in a low socioeconomic community in South Africa. Finally,
this study estimated the direct association of all characteristics under investigation with the risk of stunting and
underweight.

Materials and methods

Study design, setting and recruitment of participants. The basis of this study was the baseline
assessment of a 6-month randomised controlled trial (RCT) of an egg daily as a complementary food to infants
aged 6 to 9-months, living in the peri-urban Jouberton Klerksdorp, City of Matlosana, Dr Kenneth Kaunda
District Municipality, North West Province, South Africa. With an area of 19 km?, Jouberton has a population
of 114,256 with a median age of 25.2 years, a human development index of 0.6109%, and with the most spoken
language being Tswana. The baseline data was collected from 16 February 2021 to 7 July 2021.

Mother-infant pairs were recruited mainly at household level using information sheets, posters and pamphlets.
Mothers who were willing to take part in the study were invited to the central study site for consent, screening,
and enrolment. Infants were eligible to take part in the study if they were 6 to <9-months of age, and if they
resided in the study area. Infants were excluded if they had severe obvious congenital abnormalities, haemoglobin
(Hb) <7 g/dL, a weight-for-length Z-score less than — 3, self-reported diseases referred for hospitalisation by a
health professional, known allergies/intolerances to eggs, were receiving special nutritional supplements as part
of a feeding programme, and if not born as a singleton. Infants were also excluded if the mother had plans to
move out of the study area in the next 9 months and if the mother was below 18 years old at the start of the study.

Data collection procedures. Information collected on household characteristics, infant feeding practices
and maternal postpartum depressive symptoms was by a face-to-face structured interview by trained assessors,
in a quiet room at the central study site, in the local language of the mother. All anthropometric measurements
took place at the central study site. Data collection was by the trained assessors throughout the study. A profes-
sional nurse collected a capillary blood sample by heel prick for Hb analysis to determine the prevalence of
anaemia based on Hb< 11 g/dL. The Hb was adjusted for altitude using an adjustment factor of — 0.2 g/dL?".

Household demographic and socioeconomic characteristics. Demographic information included
maternal age, educational status, marital status, and the number of people in the household. Information on
household socioeconomic status, such as the number of people employed and earning a salary, number of people
receiving a social grant, if they went hungry in the past seven days due to shortage of money, source of drinking
water, type of toilet and the availability of electricity were also collected.

Infant feeding practices. Information on current breastfeeding status, age of introduction of complemen-
tary foods, such as liquid, semi-solids, and solids, as well as whether the infant was receiving any dietary sup-
plements, was collected based on the World Health Organization’s (WHO) guidelines for assessing Infant and
Young Child Feeding practices®®%.

Maternal postpartum depressive symptoms assessment. Maternal postpartum depressive symp-
toms were assessed using the 10-item Edinburgh Postnatal Depression Scale (EPDS), as it has been previously
validated in a cohort of South African women®. The EPDS assesses the following symptomatic characteristics
of a postpartum major depressive episode, namely, loss of interest or pleasure, self-blame, feeling anxious, feel-
ing sad, tearfulness/crying when unhappy, difficulty sleeping, and thoughts of death®. The mothers rated the
frequency of symptoms that corresponds to their feelings in the last seven days before the survey. The frequency
of symptoms was graded 0 if it “never” occurred, 1 if it occurred “occasionally” or “hardly” or “not very often”, 2
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if it occurred sometimes, and 3 if it occurred “most of the time” or “quite often or very often”. The total score on
the EPDS may range from 0 to 30. A score of>10 and > 13 was recommended in the original validation study
to indicate possible depression and probable major depressive illness, respectively. A total score higher than 13
may indicate that more depressive symptoms are being expressed®. In view of these, a cut-off of =10 and>13
was used in this study. Three more subscale scores were further considered®. A first subscale (anxiety scale) was
computed by the sum of 3 EPDS items regarding self-blame, being anxious and/or worried and being scared
and/or panicky. A second subscale (depression scale) was computed by the sum of the other 7 EPDS items. The
computing of a third subscale was by the sum of two EPDS items that resemble the Patient Health Question-
naire-2 (PHQ-2) regarding enjoyment and feeling sad or miserable, respectively. The original PHQ-2 is a two-
question questionnaire which asks the following questions on a scale of 0 to 3: I've had little interest or pleasure
in doing things, and I've been feeling down, depressed, or hopeless. The subscales were rescaled to the same
numerical metric of the overall EPDS by multiplying the subscale score by a constant given by 10, divided by the
number of items that made up that score®..

Anthropometric assessments. The infant’s date of birth, birthweight, and birth length, as well as mater-
nal gestational age were recorded from the infant’s clinic booklet; however, in the absence of such informa-
tion in the booklet, maternal recall of gestational age was used. Low birthweight (LBW) was defined as birth-
weight <2.5 kg and prematurity as gestational age <37 weeks. Fieldworkers trained according to the WHO’s
training course on child growth assessment® measured the infants’ weight and length. Infants were undressed
and weighed to the nearest 0.001 kg using two standardised digital infant scales (Seca 334 and 727). Recumbent
length was measured to the nearest 0.1 cm using an infantometer (Seca 416). If the first two measurements
taken differed by more than 0.01 kg for weight and 0.5 cm for length, a third and/or a fourth measurement was
done, and the average of the two closest values taken. Infants’ anthropometric measurements were converted to
length-for-age (LAZ) and weight-for-age (WAZ) Z-scores using the WHO’s child growth standards™ of the SAS
software. Stunting was defined as LAZ <— 2 and underweight as WAZ < — 2. Mothers’ height and weight were
measured to calculate their body mass index (BMI).

Statistical methods. Participants’ characteristics were described using median and interquartile range
(IQR) or count and percentage (%). Univariate comparisons were performed using the non-parametric Mann-
Whitney U-test or the Chi-square test for continuous and categorical variables respectively. The Fisher’s exact
test was applied instead of the Chi-square when one or more of the cell counts was below five. A latent factor
model was performed to investigate the complex relationship linking household demographic, socioeconomic,
and infant characteristics to infant physical growth through maternal postpartum depressive symptoms. Our
model had the EPDS total score as a mediator of the relationship between household demographic, socioeco-
nomic, and infant characteristics. Supplementary Fig. 1 portrays the graphical model considered. Additional
analysis was performed based on EPDS subscales in relation to the prevalence of stunting and underweight.
Finally, a binomial-based generalised linear model, with logarithmic link adjusted for mother’s age, was adopted
to estimate the risk of stunting and underweight given by the direct action of the EPDS overall score and by
anxiety and depression subscale medians.

All statistical tests were two tailed. Type-I error to detect significant associations was defined according to the
Benjamini-Hochberg procedure® to minimise the false discovery rate due to numerous tests without compromis-
ing the false negative rate (type-II error). Statistical evaluations were performed using the R statistical software
version 4.1.2. The Lavaan package was used to perform simultaneous regressions to interpolate the latent factor
model; generalized linear models (GLMs) were performed by using the GLM function.

Assessment of the sample size adequacy. 'Two power calculations were performed considering a range of possi-
ble type-I error rates defined according to the Benjamini-Hochberg procedure. The first power post-hoc calcula-
tion was for the latent factor model, investigating household demographic and socioeconomic characteristics in
relation to infants’ physical growth through postpartum depressive symptom and breastfeeding status. Based on
a Root Mean Standard Error (RMSE) of 0.05, a type I error rate in the range of 0.1-0.05% (0.0005<a <0.001), a
sample size of 313 to 330 participants is sufficient to guarantee a type-II error rate below 10% (1 — $>0.8) in a
structural equation model with more than 100 degrees of freedom. The second post-hoc power calculation per-
formed was for the binomial function, estimating the risk of stunting and underweight. Given a type I error rate
in the range of 0.1-0.05% and a risk ratio (RR) estimate greater than 1.5, a sample size of 350-400 participants
would confirm a type-II error or a false negative rate below 10% (statistical power 1 — $>0.9). The semPower and
the pwr packages of the R software were used for the power calculation of the latent factor model and binomial
regression, respectively.

Ethics approval. This paper forms part of a PhD thesis. The performing of the study was in line with the
principles of the Declaration of Helsinki. The Health Research Ethics Committee of the North-West University
(NWU-00452-19-A1) granted approval. The RCT was registered on clinicaltrials.gov (NCT05168085).

Consent to participate. Written informed consent was obtained from all mothers/caregivers included in
the study.
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Results

Household demographic and socioeconomic factors. The overall study was based on 500 mother/
caregiver-infant pairs. In the present study, 57 records were excluded because the respondents were not the bio-
logical mothers of the infants. Additional two records were excluded due to mothers’ pregnancy status, which
could have biased the retrospective assessment of postpartum depressive symptoms. Finally, 13 more records
were excluded due to missing values of variables under investigation. The analytical sample thus resulted in
428 infants, 206 boys and 222 girls. Table 1 presents the household demographic, socioeconomic and EPDS
characteristics of the infants stratified by stunting and underweight. In the total group, the median (IQR) age of
the infants was 198 (187, 230) days, length was 65 (63.1, 66.8) cm, weight was 7.7 (6.8, 8.3) kg; 25.5% of infants
were stunted, and 10.5% were underweight. The median (IQR) birthweight was 3.1 (2.7, 3.3) kg and gestational
age was 39 (38, 40) weeks, both of which were significantly lower in both stunted and underweight infants
(P<0.0001). Overall, the median (IQR) Hb was 11.7 (11.0, 12.4) g/dL and 30.6% (n=131) of infants had Hb
below 11.0 g/dL. In the total group, 29.0% (n=124) of the infants were never breastfed and 7.7% (n=33) had
received dietary supplement at the time of the study.

Mothers had a median (IQR) age of 27 (23.0, 33.0) years with a median (IQR) BMI of 27.3 (22.3, 32.8) kg/
m? About a third of the mothers had education below grade 10 (32.7%; n=140), and 59.6% (n=255) were not
married or were separated or widowed. Overall, 7.5% (n=32) reported not having their own tap water either
inside or outside the home, while 13.6% (n=58) and 10.0% (n=43) reported not having electricity and a flush
toilet in the home, respectively. In the total group, 50.0% (n=214) of the mothers reported being hungry in the
past week due to a shortage of money. The proportion of mothers reporting to be hungry in the past week due to
shortage of money was significantly higher for the underweight infants compared to their healthy counterparts
(66.7% (n=30) versus 48.0% (n=184); P=0.0181).

Maternal postpartum depressive symptoms outcome. Overall, 28.5% (n=122) of the mothers had
a total EPDS score>10 and 15.2% (n=65) had a total EPDS score > 13. For the EPDS subscales, 32.7% (n = 140),
30.6% (n=131) and 74.1% (n=317) reported a score of>10 for anxiety, depression, and PHQ-2 subscales,
respectively. When looking at the individual items of the EPDS, we found the number of mothers reporting
negative feelings on the EPDS ranged from 6.5% (n = 28) for suicidal ideation to 86.7% (n=2371) for loss of enjoy-
ment. More than half of the mothers reported not being able to laugh (50.9%; n=218) and self-blame (52.8%;
n=226), almost half reported feeling anxious (43.0%; n=184), not being able to cope (45.3%; 194) and feeling
sad (49.3%; n=211), while 26.9% (n=115) reported feeling scared and 31.5% (n=135) reported crying often.
The internal consistency of the EPDS questionnaire in the sample was satisfactory, having a Cronbach alpha of
0.752.

Analysis of the latent factor model for infants’ physical growth outcomes. Figure 1 presents the
latent factor model for maternal postpartum depressive symptoms, household demographic and socioeconomic
factors, infant characteristics, and physical growth. When considering the correlation between variables and
latent factors, we firstly observed a strong and statistically significant correlation for anaemia, LBW, prematurity,
and the use of any dietary supplement (Fig. 1A). A statistically significant correlation was observed between
all household demographic and socioeconomic factors, except for having more than one primary school child,
having more than one child, receiving social grant, and having at least one person employed (Fig. 1B). Finally,
a statistically significant correlation was observed among all 10 individual EPDS items (Fig. 1C). Given these
three latent factors, there was a statistically significant correlation observed between the latent factor defined
by household demographic and socioeconomic factors, and the latent factor defined by infant characteristics
(Fig. 1D). The latent factor given by infant characteristics is statistically significantly correlated with infant physi-
cal growth. In contrast, the latent factor defined by household demographic and socioeconomic factors, and
the latent factor defined by maternal postpartum depressive symptoms are not directly associated with infant
physical growth. Likewise, the latent factor of household demographic and socioeconomic factors and the latent
factor defined by infant characteristics do not associate with maternal postpartum depressive symptoms. These
analyses were confirmed when considering the correlation between the individual EPDS subscales (Fig. 2A) with
stunting and underweight as outcomes (Fig. 2B-D).

Determinants of stunting and underweight risks.  Figure 3 and Supplementary Fig. 2 present the risk
factors for stunting and underweight. The overall EPDS score (=10 or =13 as thresholds) and its subscales were
not statistically significantly associated with stunting or underweight risk. Nevertheless, the EPDS item of cry-
ing often and feeling scared were statistically significantly associated with a twofold increased risk of stunting
(RR 1.97; 95% CI 1.07, 3.63) and underweight (RR 2.03; 95% CI 1.00, 4.15), respectively. Regarding household
demographic and socioeconomic factors, maternal education below grade 10 was associated with a borderline
non-statistically significant 56% increased risk of stunting (RR 1.56; 95% CI 0.99, 2.46) and a statistically signifi-
cant 90% increased risk of underweight (RR 1.90; 95% CI 1.02, 3.57). More than 80% increased risk of stunting
(RR 1.82;95% CI 1.13, 2.93) was observed for children in households with more than one primary school child.
Furthermore, a borderline increased risk of stunting (RR 1.53; 95% CI 0.99, 2.36) and underweight (RR 1.78;
95% CI 0.94, 3.37) was observed for infants from households with more than five people and being hungry due
to a shortage of money in the past week, respectively. Among infant characteristics, prematurity was associated
with a threefold increased risk of stunting (RR 2.98; 95% CI 1.74, 5.10) and fourfold increased risk of under-
weight (RR 4.20; 95% CI 2.17, 8.14). LBW was associated with a sixfold increased risk of underweight (RR 5.57;
95% CI 2.84, 10.9) and stunting (RR 6.19; 95% CI 3.45, 11.1). There was also lower stunting (RR 0.58; 95% CI
0.37, 0.90) and underweight risk (RR 0.53; 95% CI 0.29, 0.99) was also observed for girls in comparison to boys.
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All participants No underweight Underweight
(n=428) No stunting (n=319) | Stunting (n=109)" | (n=383) (n=45)°¢
g g

Infants
Age (days) 198 (187, 230) 197 (186, 230) 203 (187, 228) 198 (186, 229) 201 (187, 233)
Girls n (%) 222 (51.9) 176 (55.2) 46 (42.2)* 204 (53.3) 18 (40.0)°
Birthweight (kg) 3.1(2.7,3.3) 3.2(2.8,3.4) 2.8 (2.3,3.2) 3.1(2.8,3.4) 2.5 (2.1, 3.0y
Gestational age otk .
(anecks) 39.0 (38.0, 40.0) 40 (38, 40) 38 (36, 40) 39.3 (38, 40) 37 (35, 39)
Haemoglobin (g/dL) 11.7 (11.0, 12.4) 11.6 (10.8, 12.2) 11.3(10.4, 12.0) 11.5(10.8,12.2) 11.4(10.4,11.8)
Anaemia (haemoglo- o
bin<11 g/dL) n (%) 131 (30.6) 90 (28.2) 41 (37.6) 114 (29.8) 17 (37.8)
Never breastfed n (%) | 124 (29.0) 95 (29.8) 29 (26.6) 112 (29.2) 12 (26.7)
Any dietary supple-
ment use n (%) 33(7.7) 23(7.2) 10(9.2) 27 (7.1) 6(13.3)
Mothers
Age (years) 27.0 (23.0, 33.0) 27.0 (22.0, 33.0) 28.0 (23.0, 33.0) 27.0 (23.0, 33.0) 28.0 (22.0, 34.0)
?lfg‘}’r’n’ga“ index 27.3(22.3,32.8) 27.6 (22.9, 33.2) 26.7 (22.1,31.8) 27.6 (22.8, 33.2) 25.7(20.2,29.5)
Education below ok o
grade 10 140 (32.7) 96 (30.1) 44 (40.4%) 119 (31.1) 21 (46.7)
Not married, sepa- | )55 (59 6) 192 (60.2) 63 (57.8) 232 (60.6) 23 (51.1)

rated or widowed

Household sociodemographic and socioeconomic factors

>5 people in the "

Lo PeoPe 181 (42.3) 126 (39.5) 55 (50.5) 161 (42.0) 20 (44.4)
Zﬁiﬁrim“y school 1 114576) 77 (24.1) 41 (37.6) 102 (26.6) 16 (35.6)
> 1 child below five

Jears 37 (8.6) 26 (8.2) 11 (10.1) 35(9.1) 2 (4.4)

> Ielderly person 80 (18.7) 61(19.1) 19 (17.4) 71 (18.5) 9(20.0)
At least one person is

employed 249 (58.2) 191 (59.9) 58 (53.2) 225 (58.8) 24 (53.3)
At least one person

carnen social gramt | 31072 230 (72.1) 80 (73.4) 279 (72.9) 31 (68.9)
Absence of own tap

e 32(7.5) 25 (7.8) 7 (6.4) 30 (7.8) 2(4.4)
Absence of electricity | 58 (13.6) 44 (13.8) 14 (12.8) 52 (13.6) 6(13.3)
Absence of flush 43 (10.0) 35 (11.0) 8(7.3) 42(11.0) 122y
toilet

Hungry due to short- | 1 54 ) 160 (50.2) 54 (49.5) 184 (48.0) 30 (66.7)*

age of money*

Edinburgh Postnatal Depression Scale (EPDS)

PDS: ANX score

(continuous) 7 (0, 10) 7 (0, 10) 7 (0, 10) 7 (0, 10) 7 (0, 10)
fi?f;?gx 140 (32.7) 108 (33.9) 32(29.4) 126 (32.9) 14 (31.1)
](Si?ltsiﬁgs;wre 7 (4, 10) 7 (4, 10) 7 (3,10) 7 (4, 10) 7 (4, 10)
EPDS: DEP score > 10| 131 (30.6) 97 (30.4) 34 (31.2) 118 (30.8) 13 (28.9)
fi?lf{nilg&;wre 15 (5, 20) 15 (5, 15) 15 (5, 20) 15 (5, 20) 15 (10, 15)
fg)?::;ng 317 (74.1) 236 (74.0) 81 (74.3) 280 (73.1) 37(82.2)
fi?fiﬁ.%ﬁlic"” 60,10 6(3,10) 6(3,10) 6(3,10) 7 (4, 10)
fi?esg%tal 122 (28.5) 91 (28.5) 31(28.4) 110 (28.7) 12 (26.7)
fi?e&;l‘;tal 65 (15.2) 50 (15.7) 15 (13.8) 59 (15.4) 6(13.3)

Table 1. Characteristics of infants, mothers, and households Chi-square and independent sample t-test
were performed using categorical and continuous variables between stunting and underweight infants versus
their healthy counterparts, “in the past week, "stunting defined as length-for-age Z-score < — 2; ‘underweight
defined as weight-for-age Z-score < — 2. Comparison of the rates of positive answers to EPDS to stunting and
underweight children vs. their healthy counterparts **p <0.001, **p <0.01, *p <0.05, °p <0.10.
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ANM LBW A EDU MON FLS B
MAR / ELE
Infant
EBF factors GAG WAT GRT
PPL EMP
DSP GRL CHP CHL ELD
EPDS, EPDS, C Infant SES D
factors factors
EPDS,, EPDS,
Mother
depression
EPDS, Mothgr EPDS,
depression
Infant
EPDSg EPDS; Growth
EPDS, EPDS, STN UNW

ANM: anaemia, LBW: birthweight <2.5 Kg, CHL: >1 child in the house, CHP: >1 primary school child in the house, DSP: any
dietary supplement use, EBF: ever breastfed, EDU: education <grade 10, ELE: absence of electricity, ELD: >1 elderly in the
house, EMP: at least one person employed, FLS: absence of flush toilet, GAG: gestational age <37 week, GRL: girls, GRT:
receiving social grant, MAR: not married, MON: shortage of money, PPL: >5 people in the house, SES: household
demographic and socioeconomic factors, STN: stunting, UNW: underweight, WAT: absence own tap water.

EPDS items: EPDS;: Not able to laugh, EPDS,: Loss of enjoyment, EPDS;: Self-blame, EPDS,: Feeling anxious, EPDSs: Feeling

scared,

EPDS¢: Not able to cope, EPDS;: Difficulty sleeping, EPDSg: Feeling sad, EPDSy: Crying often, EPDS,q: Suicidal

ideation.

Figure 1. Results from the latent factor model analysis. Correlations between instrumental variables
(Rectangles) and latent factors (circles) were reported on Panels (A), (B) and (C). Overall latent factor model
was reported on panel (D). Solid black arrows represent statistically significant associations according to the
Benjamini-Hochberg correction.

Although not statistically significant, a borderline increased risk of stunting (RR 1.43; 95% CI 0.90, 2.27) was
observed for anaemia.

Discussion

Generally, the total EPDS and its subscale scores did not appear to correlate with infant physical growth. Despite
a lack of correlation between latent factors of maternal postpartum depressive symptoms, including its total
and subscale scores with infant physical growth, we observed an association of certain individual EPDS items
with stunting and underweight risk in a supplementary analysis. We observed a significant association between
maternal depressive symptoms of crying often and feeling scared with stunting and underweight risk, respectively.
Despite this observation, there has been no study conducted in this regard to directly assess this association.
Conversely, some studies have shown that maternal anxiety and depression is associated with birth outcomes,
such as LBW, prematurity, and poor child growth, such as stunting and underweight13’35’36. Reported, maternal
postpartum depression is associated with increased risked of stunting in infants and young children, especially
by the age of 2 years'. This support the findings of Surken et al.” in its previous systematic review that infants
and young children whose mothers are depressed or exhibit depressive symptoms are more likely to be stunted
or underweight with a population attributable risk between 23 to 29%’. It is not yet well known the mecha-
nisms for which maternal postpartum depressive symptoms associate with poor infant and young child growth.
However, factors relating to feeding and care practices as well as the level food insecurity have been reported
to play a role in this regard’. Coherently, three main characteristics of the general relationship between house-
hold demographic and socioeconomic, infant characteristics and maternal postpartum depressive symptoms in
relation to infant physical growth emerged in our analysis. Firstly, it appears that a pattern of association exists
between household demographic and socioeconomic factors, and infant characteristics such as anaemia, LBW,
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ANX: anxiety subscale, DEP: depression subscale, PHQ-2: patient health questionnaire-2 subscale, SES: household
demographic and socioeconomic factors, STN: stunting, UNW: underweight.

EPDS items: EPDS,: not able to laugh, EPDS,: loss of enjoyment, EPDS;: self-blame, EPDS,: feeling anxious, EPDSs: feeling
scared, EPDSg: not able to cope, EPDS;: difficulty sleeping, EPDSg: feeling sad, EPDS,: crying often, EPDS,: suicidal ideation.

Figure 2. Latent factor model analysis applied to EPDS subscales. Definitions of subscales are reported on
panel (A). Overall latent factor models are reported on panels (B), (C) and (D) for anxiety, depression, and
patient health questionnaire-2 subscales, respectively. Solid black arrows represent statistically significant
associations according to the Benjamini-Hochberg correction.

and prematurity. According to our latent factor model, household demographic and socioeconomic factors are
not directly associated with maternal postpartum depressive symptoms and infant physical growth. Indirectly,
it seems that household demographic and socioeconomic factors may act on infants’ growth at 6 to 9-months
of age through a mechanism acting on LBW and prematurity*’. In addition, we observed that infants from
households with more than one primary school child had an increased risk of stunting. Although not statistically
significant, the current study also showed that infants from households with many people and who went hungry
in the past week due to a shortage of money were more likely to be stunted and underweight. This is in line with
a study that reported that households with more family members were significantly associated with moderate
to severe food insecurity?®. It is also well documented that poverty usually coexists with food insecurity, poor
nutrition, and poor access to water, hygiene, and sanitation®*°. Additionally, an association between poverty
and undernutrition has been established in LMICs, including South Africa*!. Therefore, the conclusion is that
the consequences of poverty, such as food insecurity, and hunger are interrelated, and that they impact on nutri-
tional status, thereby influencing growth and development of children**>. Maternal education was also found
to be a risk factor for infant stunting. This agrees with studies that report a strong relation between maternal
education and child nutritional status, including stunting and underweight*>**. The reason for this finding may
be that mothers who are educated may have a better knowledge about child health, identify childhood illnesses,
seek treatment, read medical instruction, and are more receptive to modern medicine, as well as able to make
informed choices about complementary feeding®.

Reportedly, infant characteristics, such as LBW and prematurity correlate with maternal postpartum depres-
sive symptoms**~#. In contrast, we failed to find a direct correlation between LBW, prematurity, and maternal
postpartum depressive symptoms. The speculation therefore is that the studies that found such an association
may have used simple models with inadequate adjustment for confounders. This notwithstanding, it is widely
acknowledged that having a preterm birth and/or LBW new-born is a stressful life experience*>*. Notably, having
a LBW baby, and having to be hospitalised either due to the child being born with a LBW or born prematurely,
can enhance the stress of the mother’s feeling about childcare and the inability to cope with life***!-53. This may
lead to the mother experiencing postpartum depressive symptoms, such as crying often and feeling scared, which
this study found were also associated with stunting and underweight. It is thus recommended that mothers of
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ANM: anaemia, ANX: anxiety subscale, LBW: birthweight <2.5 Kg, DEP: depression subscale, PHQ-2: patient health
questionnaire-2 subscale, CHL: >1 child in the house, CHP: >1 primary school child in the house, DSP: any dietary
supplement, EBF: ever breastfed, EDU: education <grade 10, ELE: absence of electricity, ELD: >1 elderly in the house,
EMP: at least one person employed, FLS: absence of flush toilet, GAG: gestational age <37 weeks, GRL: girls, GRT:
receiving social grant, MAR: not married, MON: shortage of money, PPL: >5 people in the house, RR: relative risk, SES:
household demographic and socioeconomic factors, STN: stunting, UNW: underweight. WAT: absence of own tap water.

Figure 3. Association between all variables under investigation with stunting (STN) and underweight (UNW).
Multivariate adjusted relative risk and 95% confidence intervals adjusted for mother’s age.

LBW and premature infants be routinely screened and treated for postpartum depressive symptoms, and they
should also be supported during these stressful life events*®2,

Again, the results of this study showed that infants who were anaemic had a borderline increased risk of stunt-
ing. Notably, infants and young children below the age of 2 years are at increased risk of developing anaemia due
to their rapid growth and development during this period®; thus, iron deficiency anaemia has been reported to
be very common in this age group, particularly in LMICs>*. This may be because the usual complementary diets
fed to these vulnerable children are often low in iron in terms of quantity and bioavailability, and the usual com-
plementary foods given to infants normally contain inhibitors of iron absorption®*. Anaemia has been reported
to be associated with prematurity, LBW, and delayed child development®*. Furthermore, the results of this study
indicate that LBW and prematurity are risk factors for poor physical growth such as stunting and underweight
in 6 to 9-month-old infants. This is congruent with other studies showing that LBW and prematurity are associ-
ated with increased risk of stunting and underweight in infants and young children®’. In comparison to boys,
the results of this study indicate that girls have a reduced risk of stunting and underweight. This is in line with
previous® > and recent® studies that reported that boys are at an increased risk of stunting and underweight.
To date there is no established reason for this finding, as reportedly parents are willing to sacrifice more for their
boy children than their girls during food insecurity and economic hardship, particularly in most LMICs®2,
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Conversely, plausible explanations for our finding may be due to biological differences between boys and girls
independent of feeding practices, susceptibility of boys to infections as well as the higher biological vulnerability
of boys during infancy**®-%. Thus, this could partially explain our finding as this study included only infants
aged 6 to <9-months.

One of the strengths of this study was that it first aimed to investigate the association between maternal post-
partum depressive symptoms, household demographic and socioeconomic factors and infant physical growth in
a peri-urban population in South Africa, a topic of relevant epidemiological and public health interest. Further-
more, this study was based on many participants, which means low false negative results and a high statistical
precision of the estimates. The current study was based on data collected by using a validated tool such as the
EPDS questionnaire. Another methodological strength of this study was that the same well-trained and expe-
rienced fieldworkers were responsible for data collection and capturing. Finally, this work adopted advanced
statistical analyses, which represents the gold standard of tools, aimed at disentangling the complex relationship
between numerous factors concurring to determine the outcomes under investigation. Additionally, this is the
first study investigating the association between the individual 10-item EPDS symptoms and infant physical
growth, such as stunting and underweight.

Cobherently, this study was not free of limitations. Firstly, the cross-sectional nature of the study limited the
assessment of causality, resulting in possible reverse causation. Nonetheless, such limitation appears as inconse-
quential because exposures were assessed backwards in time and because of the objective absence of any reverse
causation. Conversely, we acknowledge that the retrospective assessment of the exposure might have generated
recall bias; however, this was mitigated by adopting an approach based on structured interviews rather than self-
reported records, although a structured interview does not necessarily eliminate recall bias. Secondly, despite the
use of an advanced statistical approach, it could be assumed that the large number of statistical tests performed
could have generated a problem of false discovery rate. This appears as a possible limitation, especially regard-
ing the mediation analyses done. Notably, the Benjamini-Hochberg correction was applied to consider the false
discovery rate. Alternatively, type-I error is not the only issue to be considered and this method was chosen over
more rigorous alternatives because it effectively reduces the false discovery rate optimising the false negative rate
as well. It is acknowledged that reducing the type-I error rate, and the false positives determining the so-called
false discovery rate, inevitably increases the type-II error rate or risk of false negative results. In short, given the
explorative, more than confirmatory nature of this study, the Benjamini-Hochberg procedure applied in this
study appears as an optimal way to consider multiple testing and the risk of false negative rate at the same time.
Another possible source of bias could be related to the COVID-19 pandemic as we cannot exclude that it might
have biased the study. However, the data collection was performed during February to July 2021, during which
the spread of COVID-19 was under control in our district and strict restrictions to human interaction were lifted.
Also, all the national COVID-19 regulations and protocols were adhered to during data collection so that we
may assume that the COVID-19 pandemic did not impact on the recruitment and baseline assessment process.
All mitigation strategies were also in place as required by ethics. Furthermore, participants joined the study on
a voluntary base possibly causing a selection bias. On the one hand, we assume this bias as negligible because
of the large sample size of our study which, in turn, should improve the likelihood of the analytical sample to
be representative of the target population. We acknowledge this as a potential limitation of any observational
research based on volunteers. Finally, this study aimed at a very ambitious objective. Obviously, given the com-
plex nature of the relation between maternal postpartum depressive symptoms, socioeconomic status and child
physical growth, numerous pitfalls were unavoidable. Due to the novelty and explorative nature of this study,
comprehensive studies with a fully prospective design, assessing maternal antenatal depressive symptoms before
childbirth, are necessary to confirm the results of this study.

In conclusion, this study did not find any direct association between maternal postpartum depressive symp-
toms and poor infant physical growth, even when grouped into subscales. Despite this, a supplementary analysis
of the 10 individual EPDS items showed that maternal depressive symptoms of crying often and feeling scared are
associated with stunting and underweight risk, respectively. Additionally, the current study showed that infant
characteristics, such as anaemia, LBW, prematurity, and boy sex are associated with stunting and underweight
risk. This study showed that household demographic factors, such as family size, including number of primary
school children, and maternal education, are risk factors for infant stunting and underweight. Thus, there is
the need for more studies to establish the causal link between maternal postpartum depressive symptoms and
poor infant growth to inform policy recommendations and practice. Additionally, there is the need for more
global and context-specific strategies to address poor infant physical growth, such as stunting and underweight,
particularly in LMICs including South Africa where undernutrition continues to be a public health concern.
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The datasets generated and/or analysed during the current study are available from the corresponding author
on reasonable request.

Received: 3 October 2022; Accepted: 30 March 2023
Published online: 07 April 2023

References
1. Fatori, D., Zuccolo, P. E. & Polanczyk, G. V. A global challenge: Maternal depression and offspring mental disorders. Eur. Child
Adolesc. Psychiatry 29, 569-571. https://doi.org/10.1007/s00787-020-01556-x (2020).
2. Slomian, J., Honvo, G., Emonts, P,, Reginster, ].-Y. & Bruyére, O. Consequences of maternal postpartum depression: A systematic
review of maternal and infant outcomes. Womens Health https://doi.org/10.1177/1745506519844044 (2019).

Scientific Reports |

(2023) 13:5696 | https://doi.org/10.1038/s41598-023-32653-x nature portfolio


https://doi.org/10.1007/s00787-020-01556-x
https://doi.org/10.1177/1745506519844044

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Stewart, D. E., Robertson, E., Dennis, C.-L., Grace, S. L. & Wallington, T. Postpartum depression: Literature review of risk factors

and interventions. https://poliklinika-harni.hr/images/uploads/380/who-postpartalna-depresija.pdf (2003).

. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. (2013).
. Black, M. M., Baqui, A. H., Zaman, K., El Arifeen, S. & Black, R. E. Maternal depressive symptoms and infant growth in rural

Bangladesh. Am. J. Clin. Nutr. 89, 951S-9578S. https://doi.org/10.3945/ajcn.2008.26692E (2009).

. Anato, A, Baye, K., Tafese, Z. & Stoecker, B. ]. Maternal depression is associated with child undernutrition: A cross-sectional study

in ethiopia. Matern. Child Nutr. 16, €12934. https://doi.org/10.1111/mcn.12934 (2020).

. Surkan, P.J., Kennedy, C. E., Hurley, K. M. & Black, M. M. Maternal depression and early childhood growth in developing countries:

Systematic review and meta-analysis. Bull. World Health Organ. 89, 607-615. https://doi.org/10.2471/BLT.11.088187 (2011).

. Kakyo, T. A., Muliira, J. K., Mbalinda, S. N., Kizza, I. B. & Muliira, R. S. Factors associated with depressive symptoms among

postpartum mothers in a rural district in Uganda. Midwifery 28, 374-379. https://doi.org/10.1016/j.midw.2011.05.001 (2012).

. Adhikari, R. P,, Williamson, R., Sparling, T. M., Ferguson, E. & Cunningham, K. Parental depression and nutrition: Findings from

a cross-sectional household survey in Nepal. Public Health Nutr. 23, 2983-2993. https://doi.org/10.1017/S1368980020000968
(2020).

Avan, B, Richter, L. M., Ramchandani, P. G., Norris, S. A. & Stein, A. Maternal postnatal depression and children’s growth and
behaviour during the early years of life: Exploring the interaction between physical and mental health. Arch. Dis. Child. 95, 690-695.
https://doi.org/10.1136/adc.2009.164848 (2010).

Ndokera, R. & MacArthur, C. The relationship between maternal depression and adverse infant health outcomes in zambia: A
cross-sectional feasibility study. Child Care Health Dev. 37, 74-81. https://doi.org/10.1111/j.1365-2214.2010.01129.x (2010).
Nguyen, P. H., Friedman, J., Kak, M., Menon, P. & Alderman, H. Maternal depressive symptoms are negatively associated with
child growth and development: Evidence from rural india. Matern. Child Nutr. 14, e12621. https://doi.org/10.1111/mcn.12621
(2018).

Rahman, A, Igbal, Z., Bunn, J., Lovel, H. & Harrington, R. Impact of maternal depression on infant nutritional status and illness:
A cohort study. Arch. Gen. Psychiatry 61, 946-952. https://doi.org/10.1001/archpsyc.61.9.946 (2004).

Saeed, Q., Shah, N, Inam, S. & Shafique, K. Maternal depressive symptoms and child nutritional status: A cross-sectional study in
socially disadvantaged pakistani community. J. Child Health Care 21, 331-342. https://doi.org/10.1177/1367493517721063 (2017).
Wemakor, A. & Mensah, K. A. Association between maternal depression and child stunting in northern ghana: A cross-sectional
study. Biomedcentral Public Health. https://doi.org/10.1186/s12889-016-3558-z (2016).

Patel, V., DeSouza, N. & Rodrigues, M. Postnatal depression and infant growth and development in low income countries: A cohort
study from Goa, India. Arch. Dis. Child. 88, 34-37. https://doi.org/10.1136/adc.88.1.34 (2003).

Surkan, P. J. et al. Maternal depressive symptoms, parenting self-efficacy, and child growth. Am. J. Public Health 98, 125-132.
https://doi.org/10.2105/AJPH.2006.108332 (2008).

Tomlinson, M., Cooper, P, Stein, A., Swartz, L. & Molteno, C. Post-partum depression and infant growth in a south african peri-
urban settlement. Child Care Health Dev. 32, 81-86. https://doi.org/10.1111/j.1365-2214.2006.00598.x (2006).

Wemakor, A. & Iddrisu, H. Maternal depression does not affect complementary feeding indicators or stunting status of young
children (6-23 months) in northern Ghana. Biomedcentral Res. Notes 11, 408. https://doi.org/10.1186/s13104-018-3528-x (2018).
Rahman, A., Patel, V., Maselko, J. & Kirkwood, B. The neglected ‘m’ in mch programmes—Why mental health of mothers is
important for child nutrition. Trop. Med. Int. Health 13, 579-583. https://doi.org/10.1111/j.1365-3156.2008.02036.x (2008).
Hurley, K. M., Surkan, P. ]. & Black, M. M. Handbook of Growth and Growth Monitoring in Health and Disease (ed. Preedy, V.)
2023-2046 (Springer, 2012).

Stewart, R. C. Maternal depression and infant growth-a review of recent evidence. Matern. Child Nutr. 3, 94-107. https://doi.org/
10.1111/§.1740-8709.2007.00088.x (2007).

Asare, H. et al. Maternal postpartum depression in relation to child undernutrition in low-and middle-income countries: A sys-
tematic review and meta-analysis. Eur. J. Pediatr. https://doi.org/10.1007/s00431-021-04289-4 (2021).

Gibson, J., McKenzie-McHarg, K., Shakespeare, J., Price, J. & Gray, R. A systematic review of studies validating the edinburgh
postnatal depression scale in antepartum and postpartum women. Acta Psychiatr. Scand. 119, 350-364. https://doi.org/10.1111/j.
1600-0447.2009.01363.x (2009).

Lawrie, T., Hofmeyr, G., De Jager, M. & Berk, M. Validation of the edinburgh postnatal depression scale on a cohort of South
African women. S. Afr. Med. J. 88, 1340-1344 (1998).

City-facts. Jouberton, South Africa. https://www.city-facts.com/jouberton (2023).

World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Vitamin and mineral
nutrition information system. https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf
(2011).

World Health Organization. Guiding principles for complementary feeding of the breastfed child, http://iris.paho.org/xmlui/handle/
123456789/752 (2003).

World Health Organization. Guiding principles for feeding non-breastfed children 6-24 months of age. https://apps.who.int/iris/bitst
ream/handle/10665/43281/9241593431.pdf?sequence=1 (2005).

Cox, J. L., Holden, J. M. & Sagovsky, R. Detection of postnatal depression: Development of the 10-item edinburgh postnatal
depression scale. Br. J. Psychiatry 150, 782-786. https://doi.org/10.1192/bjp.150.6.782 (1987).

Kabir, K., Sheeder, J. & Kelly, L. S. Identifying postpartum depression: Are 3 questions as good as 10?. Pediatrics 122, €696-¢702.
https://doi.org/10.1542/peds.2007-1759 (2008).

World Health Organization. Training course on child growth assessment. https://www.who.int/childgrowth/training/module_h_
directors_guide.pdf (2008).

World Health Organization. Who child growth standards: Length/height-for-age, weight-for-age, weight-for-length, weight-for-height
and body mass index-for-age: Methods and development. https://www.who.int/publications/i/item/924154693X (2006).

Chen, S.-Y,, Feng, Z. & Yi, X. A general introduction to adjustment for multiple comparisons. J. Thorac. Dis. 9, 1725-1729. https://
doi.org/10.21037/jtd.2017.05.34 (2017).

Lima, S. A. M. et al. Is the risk of low birth weight or preterm labor greater when maternal stress is experienced during pregnancy?
A systematic review and meta-analysis of cohort studies. PLoS ONE 13, €0200594. https://doi.org/10.1371/journal.pone.0200594
(2018).

Madlala, S. S. & Kassier, S. M. Antenatal and postpartum depression: Effects on infant and young child health and feeding practices.
S. Afr. J. Clin. Nutr. 31, 1-7. https://doi.org/10.1080/16070658.2017.1333753 (2018).

Mahmoodi, Z. et al. Working conditions, socioeconomic factors and low birth weight: Path analysis. Iran Red Crescent Med. J. 15,
836-842. https://doi.org/10.5812/ircmj.11449 (2013).

Rezaul Karim, K. M. & Tasnim, T. Impact of lockdown due to covid-19 on nutrition and food security of the selected low-income
households in Bangladesh. Heliyon 8, €09368. https://doi.org/10.1016/j.heliyon.2022.e09368 (2022).

Burman, J. et al. Association between household food insecurity and nutritional status among children of age <5 years: A com-
munity-based study in a slum of Kolkata, Eastern India. . Fam. Med. Primary Care 11, 3885-3890. https://doi.org/10.4103/jfmpc.
jfmpe_635_21 (2022).

Schmeer, K. K. & Piperata, B. A. Household food insecurity and child health. Matern. Child Nutr. https://doi.org/10.1111/mcn.
12301 (2017).

Scientific Reports |

(2023) 13:5696 | https://doi.org/10.1038/s41598-023-32653-x nature portfolio


https://poliklinika-harni.hr/images/uploads/380/who-postpartalna-depresija.pdf
https://doi.org/10.3945/ajcn.2008.26692E
https://doi.org/10.1111/mcn.12934
https://doi.org/10.2471/BLT.11.088187
https://doi.org/10.1016/j.midw.2011.05.001
https://doi.org/10.1017/S1368980020000968
https://doi.org/10.1136/adc.2009.164848
https://doi.org/10.1111/j.1365-2214.2010.01129.x
https://doi.org/10.1111/mcn.12621
https://doi.org/10.1001/archpsyc.61.9.946
https://doi.org/10.1177/1367493517721063
https://doi.org/10.1186/s12889-016-3558-z
https://doi.org/10.1136/adc.88.1.34
https://doi.org/10.2105/AJPH.2006.108332
https://doi.org/10.1111/j.1365-2214.2006.00598.x
https://doi.org/10.1186/s13104-018-3528-x
https://doi.org/10.1111/j.1365-3156.2008.02036.x
https://doi.org/10.1111/j.1740-8709.2007.00088.x
https://doi.org/10.1111/j.1740-8709.2007.00088.x
https://doi.org/10.1007/s00431-021-04289-4
https://doi.org/10.1111/j.1600-0447.2009.01363.x
https://doi.org/10.1111/j.1600-0447.2009.01363.x
https://www.city-facts.com/jouberton
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf
http://iris.paho.org/xmlui/handle/123456789/752
http://iris.paho.org/xmlui/handle/123456789/752
https://apps.who.int/iris/bitstream/handle/10665/43281/9241593431.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43281/9241593431.pdf?sequence=1
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1542/peds.2007-1759
https://www.who.int/childgrowth/training/module_h_directors_guide.pdf
https://www.who.int/childgrowth/training/module_h_directors_guide.pdf
https://www.who.int/publications/i/item/924154693X
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.1371/journal.pone.0200594
https://doi.org/10.1080/16070658.2017.1333753
https://doi.org/10.5812/ircmj.11449
https://doi.org/10.1016/j.heliyon.2022.e09368
https://doi.org/10.4103/jfmpc.jfmpc_635_21
https://doi.org/10.4103/jfmpc.jfmpc_635_21
https://doi.org/10.1111/mcn.12301
https://doi.org/10.1111/mcn.12301

www.nature.com/scientificreports/

41. Vorster, H. H. The link between poverty and malnutrition: A South African perspective. Health SA Gesondheid 15, 1-6. https://
doi.org/10.4102/hsag.v15i1.435 (2010).

42. World Bank Group. Poverty. https://www.worldbank.org/en/topic/poverty/overview (2019).

43. Iftikhar, A., Bari, A., Bano, I. & Masood, Q. Impact of maternal education, employment and family size on nutritional status of
children. Pak. ]. Med. Sci. 33, 1401-1405. https://doi.org/10.12669/pjms.336.13689 (2017).

44. Paul, P. & Saha, R. Is maternal autonomy associated with child nutritional status? Evidence from a cross-sectional study in India.
PLoS ONE 17, €0268126. https://doi.org/10.1371/journal.pone.0268126 (2022).

45. Abuya, B., Ciera, J. & Kimani-Murage, E. Effect of mother’s education on child’s nutritional status in the slums of nairobi. Biomed-
central Pediatr. https://doi.org/10.1186/1471-2431-12-80 (2012).

46. Hergiiner, S., Annagiir, A., Altunhan, H., Cigek, E. & Ors, R. Pastpartum depression in mothers of infants with very low birth
weight. Noro Psikiyatr Ars 50, 30-33. https://doi.org/10.4274/npa.y6249 (2013).

47. Poehlmann, J., Schwichtenberg, A., Bolt, D. & Dilworth-Bart, J. Predictors of depressive symptom trajectories in mothers of preterm
or low birth weight infants. J. Fam. Psychol. 23, 690-704. https://doi.org/10.1037/a0016117 (2009).

48. Vigod, S. N., Villegas, L., Dennis, C. L. & Ross, L. E. Prevalence and risk factors for postpartum depression among women with
preterm and low-birth-weight infants: A systematic review. BJOG Int. J. Obstet. Gynaecol. 117, 540-550. https://doi.org/10.1111/j.
1471-0528.2009.02493.x (2010).

49. Misund, A. R, Nerdrum, P. & Diseth, T. H. Mental health in women experiencing preterm birth. Biomedcentral Pregnancy Child-
birth 14, 263. https://doi.org/10.1186/1471-2393-14-263 (2014).

50. Trumello, C. et al. Mothers’ depression, anxiety, and mental representations after preterm birth: A study during the infant’s hos-
pitalization in a neonatal intensive care unit. Front. Public Health 6, 359. https://doi.org/10.3389/fpubh.2018.00359 (2018).

51. Carter, J. D., Mulder, R. T., Bartram, A. F. & Darlow, B. A. Infants in a neonatal intensive care unit: Parental response. Arch. Dis.
Child. Fetal Neonatal Ed. 90, F109-F113. https://doi.org/10.1136/adc.2003.031641 (2005).

52. Davis, L., Edwards, H., Mohay, H. & Wollin, J. The impact of very premature birth on the psychological health of mothers. Early
Hum. Dev. 73, 61-70. https://doi.org/10.1016/S0378-3782(03)00073-2 (2003).

53. Yurdakul, Z. et al. Maternal psychological problems associated with neonatal intensive care admission. Int. J. Pediatr. 2009, 591359.
https://doi.org/10.1155/2009/591359 (2009).

54. World Health Organization. Nutritional anaemias: Tools for effective prevention and control. https://www.who.int/publications/i/
item/9789241513067 (2017).

55. Christian, P. et al. Risk of childhood undernutrition related to small-for-gestational age and preterm birth in low-and middle-
income countries. Int. J. Epidemiol. 42, 1340-1355. https://doi.org/10.1093/ije/dyt109 (2013).

56. Rachmi, C. N., Agho, K. E,, Li, M. & Baur, L. A. Stunting, underweight and overweight in children aged 2.0-4.9 years in Indonesia:
Prevalence trends and associated risk factors. PLoS ONE 11, e0154756. https://doi.org/10.1371/journal.pone.0154756 (2016).

57. Medhin, G. et al. Prevalence and predictors of undernutrition among infants aged six and twelve months in Butajira, Ethiopia:
The p-mamie birth cohort. Biomedcentral Public Health 10, 27. https://doi.org/10.1186/1471-2458-10-27 (2010).

58. Van de Poel, E., Hosseinpoor, A. R., Jehu-Appiah, C., Vega, J. & Speybroeck, N. Malnutrition and the disproportional burden on
the poor: The case of Ghana. Int. J. Equity Health 6, 21. https://doi.org/10.1186/1475-9276-6-21 (2007).

59. Wamani, H., Astrem, A. N., Peterson, S., Tumwine, J. K. & Tylleskir, T. Boys are more stunted than girls in sub-saharan africa: A
meta-analysis of 16 demographic and health surveys. Biomedcentral Pediatr. 7, 17. https://doi.org/10.1186/1471-2431-7-17 (2007).

60. Samuel, A. et al. Gender differences in nutritional status and determinants among infants (6-11m): A cross-sectional study in two
regions in Ethiopia. Biomedcentral Public Health 22, 401. https://doi.org/10.1186/s12889-022-12772-2 (2022).

61. Hadley, C,, Lindstrom, D., Tessema, F. & Belachew, T. Gender bias in the food insecurity experience of ethiopian adolescents. Soc.
Sci. Med. 66, 427-438. https://doi.org/10.1016/j.socscimed.2007.08.025 (2008).

62. Koohi-Kamali, E. Intrahousehold inequality and child gender bias in Ethiopia, https://openknowledge.worldbank.org/bitstream/
handle/10986/6912/WPS4755.pdf?sequence=1&isAllowed=y (2008).

63. Bork, K. A. & Diallo, A. Boys are more stunted than girls from early infancy to 3 years of age in rural senegal. J. Nutr. 147, 940-947.
https://doi.org/10.3945/jn.116.243246 (2017).

64. Kraemer, S. The fragile male. BM] 321, 1609-1612. https://doi.org/10.1136/bmj.321.7276.1609 (2000).

65. Rakotomanana, H., Gates, G. E., Hildebrand, D. & Stoecker, B. J. Determinants of stunting in children under 5 years in Madagascar.
Matern. Child Nutr. 13, e12409. https://doi.org/10.1111/mcn.12409 (2017).

Acknowledgements

We are grateful to the Douglas George Murray Trust for funding the data collection, and to the Grow Great for
liaising with the funders to make it a success. We acknowledge Sr. Alida Anthony (the Centre of Excellence for
Nutrition (CEN) Clinical Support Manager) for working tirelessly during the fieldwork to provide us with logis-
tics and supplies. A very big thank you to the mothers for consenting to take part in this study. We are grateful
to the fieldworkers for their cooperation and commitment to the study; without them, there would have been no
completed project. We also acknowledge Ronel Benson and Henriétte Claasen, CEN administrators, for help-
ing us with organising transportation and finances for procurement. We are grateful to Thabang Phinda, Mary
Sennelo, Mamokete Pule and Elizabeth Wesi, also from CEN, for assisting with the data collection; you always
came in handy when we needed additional help both at the university and at the central study site. Finally, we
acknowledge Dr. Carina Marsay (Psychiatrist) for her expert opinion during the writing of the manuscript.

Author contributions

H.R., M.E, C.M.S,, and C.R. contributed to the manuscript conception and design. H.R. prepared the material
and was involved in the data collection. She was also the research coordinator and data manager for the RCT.
C.R. performed the power calculation and statistical analyses. H.R. wrote the first draft of the manuscript, and she
coordinated the statistical analysis and remarks from all co-authors. C.R., M.E, and C.M.S. commented on previ-
ous versions of the manuscript. RN., M.V,, L.M., HS.K,, C.R., M.E, C.M.S. proofread the manuscript. All authors
actively contributed to the field data collection, writing of the manuscript and approved the final manuscript.

Funding

Open access funding provided by North-West University. The RCT was funded by the Douglas George Murray
Trust (DGMT). The funders had no role in the study design, data collection, or analysis, and did not influence
the interpretation of the results, the decision to publish, or the preparation of the manuscript.

Scientific Reports |

(2023) 13:5696 | https://doi.org/10.1038/s41598-023-32653-x nature portfolio


https://doi.org/10.4102/hsag.v15i1.435
https://doi.org/10.4102/hsag.v15i1.435
https://www.worldbank.org/en/topic/poverty/overview
https://doi.org/10.12669/pjms.336.13689
https://doi.org/10.1371/journal.pone.0268126
https://doi.org/10.1186/1471-2431-12-80
https://doi.org/10.4274/npa.y6249
https://doi.org/10.1037/a0016117
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://doi.org/10.1186/1471-2393-14-263
https://doi.org/10.3389/fpubh.2018.00359
https://doi.org/10.1136/adc.2003.031641
https://doi.org/10.1016/S0378-3782(03)00073-2
https://doi.org/10.1155/2009/591359
https://www.who.int/publications/i/item/9789241513067
https://www.who.int/publications/i/item/9789241513067
https://doi.org/10.1093/ije/dyt109
https://doi.org/10.1371/journal.pone.0154756
https://doi.org/10.1186/1471-2458-10-27
https://doi.org/10.1186/1475-9276-6-21
https://doi.org/10.1186/1471-2431-7-17
https://doi.org/10.1186/s12889-022-12772-2
https://doi.org/10.1016/j.socscimed.2007.08.025
https://openknowledge.worldbank.org/bitstream/handle/10986/6912/WPS4755.pdf?sequence=1&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/6912/WPS4755.pdf?sequence=1&isAllowed=y
https://doi.org/10.3945/jn.116.243246
https://doi.org/10.1136/bmj.321.7276.1609
https://doi.org/10.1111/mcn.12409

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-32653-x.

Correspondence and requests for materials should be addressed to H.R.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:5696 | https://doi.org/10.1038/s41598-023-32653-x nature portfolio


https://doi.org/10.1038/s41598-023-32653-x
https://doi.org/10.1038/s41598-023-32653-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between maternal postpartum depressive symptoms, socioeconomic factors, and birth outcomes with infant growth in South Africa
	Materials and methods
	Study design, setting and recruitment of participants. 
	Data collection procedures. 
	Household demographic and socioeconomic characteristics. 
	Infant feeding practices. 
	Maternal postpartum depressive symptoms assessment. 
	Anthropometric assessments. 
	Statistical methods. 
	Assessment of the sample size adequacy. 

	Ethics approval. 
	Consent to participate. 

	Results
	Household demographic and socioeconomic factors. 
	Maternal postpartum depressive symptoms outcome. 
	Analysis of the latent factor model for infants’ physical growth outcomes. 
	Determinants of stunting and underweight risks. 

	Discussion
	References
	Acknowledgements


