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Abstract

Objective

To investigate the association between maternal antenatal and/or postnatal psychosocial
risk factors (including depression, psychological distress, alcohol abuse and intimate part-
ner violence (IPV) and infant lower respiratory tract infection (LRTI) in a low- and middle-
income-country (LMIC).

Study design

Pregnant women (n = 1137) enrolled in a South African birth cohort study, the Drakenstein
Child Health Study (DCHS) were longitudinally assessed for psychosocial risk factors
including depression, psychological distress, alcohol abuse and/or intimate partner violence
(IPV). Infants were followed from birth until one year of age for the development of LRTI by
active surveillance. Two outcomes were evaluated: any LRTI, and severe and/or hospital-
ised LRTI. Logistic regression was used to identify associations between individual maternal
psychosocial risk factors and LRTI outcomes. Analyses stratified by age were also per-
formed to determine which age groups related to infant LRTI were linked with maternal psy-
chosocial risk factors.

Results

There were 606 LRTI episodes in 369 infants in the first year (crude incidence rate = 0.53
episodes per person-year, 95%Cl: 0.50; 0.56); 31% (n = 186) of episodes were severe or
hospitalised events. Maternal psychosocial risk factors were associated with LRTI and
severe LRTI, particularly postnatal and long-term maternal psychological distress, antenatal
maternal alcohol consumption, and postnatal maternal IPV. Age stratified analyses found
that antenatal maternal alcohol consumption was associated with early infant LRTI, while
antenatal maternal depression was linked with infant severe LRTI between 3 and 6 months
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of age, and postnatal maternal IPV was associated with early LRTI and severe forms of
LRTI.

Conclusion

The associations between maternal psychosocial risk factors and infant LRTI highlight the
potential value of screening for maternal psychosocial risk factors in clinical settings and
developing targeted interventions. Such interventions may not only improve maternal well-
being, but also help reduce the burden of infant LRTI in LMIC settings.

Introduction

Globally, lower respiratory tract infections (LRTI), particularly pneumonia, is the leading
cause of death in children beyond the neonatal period, and a major cause of morbidity. LRTI
accounted for approximately 920,000 deaths in children under the age of five years in 2016 [1];
most of which were preventable [2]. The burden of LRTT is highest in low and middle-income
countries (LMICs), particularly in Sub-Saharan Africa and South-East Asia, in part due to the
high prevalence of risk factors for LRTI, large vulnerable childhood populations and overbur-
dened health systems [3].

Common risk factors for LRTT include tobacco smoke or indoor air pollution exposure,
poor nutrition, HIV infection, low socioeconomic status, male sex, inadequate immunisation
or premature birth [2, 4]. Recently, there has been growing interest in the association of mater-
nal psychosocial risk factors, such as perinatal depression, psychological distress, substance
use, and intimate partner violence (IPV), with childhood respiratory illness, including LRTL
Maternal psychosocial risk factors have been found to be associated with wheezing and asthma
in early childhood [5-16]. Most studies have been conducted in high income countries (HIC),
but recently we reported maternal psychosocial risk factors were associated with wheezing in
early childhood in the Drakenstein Child Health Study (DCHS), a South African birth cohort
in a LMIC [17]. Postnatal IPV and postnatal maternal psychological distress were found to be
associated with recurrent wheezing illness in the first two years of life [17]. In addition, antena-
tal maternal alcohol abuse has been found to be associated with impairments in early infant
lung function in the DCHS [18].

However, few studies have investigated the association between maternal psychosocial risk
factors and LRTI during infancy. Antenatal or postnatal maternal depression was found to be
associated with LRTI in children up until four years of age in a UK study [19]. Studies in South
Asia, including Bangladesh, India and Nepal also found strong associations between postpar-
tum maternal IPV, and early childhood infections such as diarrheal disease or respiratory tract
infection [20-22]. Nevertheless, there is a paucity of research that has comprehensively evalu-
ated the association of antenatal and postnatal maternal psychosocial risk factors with infant
LRTL There are very sparse data from Sub-Saharan Africa despite the high prevalence of both
maternal psychosocial risk factors and childhood LRTT in this context [3, 23, 24].

The DCHS is a South African birth cohort study in which comprehensive measurements of
maternal psychosocial risk factors have been obtained antenatally and postnatally, while
infants have been closely followed for LRTI. A high prevalence of maternal psychosocial risk
factors including maternal depression, psychological distress, IPV and trauma have been
reported in the cohort [17, 24, 25]. In addition, a high incidence of LRTI in infancy has also
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been reported in this cohort, despite high immunisation coverage, adequate access to primary
health care, and a low prevalence of infant HIV [3, 23].

The aim of this study was to investigate the association between maternal antenatal or post-
natal psychosocial risk factors and LRTT in the first year of life, including severe LRTI, in a low
resource setting in South Africa.

Methods

Women in the 2" trimester of pregnancy were enrolled between March 2012 and March 2015
in the Drakenstein Child Health Study (DCHS), a South African birth cohort study investigat-
ing the early life determinants of child health. Mothers were then followed through childbirth
and mother-child dyads continue to be followed. For this study, the follow up period was cen-
sored at one year of age. The study was located in a peri-urban area in, South Africa, in a low
socioeconomic population in which more than 90% of the population access public healthcare
services [3, 24].

2nd

Enrolment occurred at two antenatal clinics (Mbekweni, serving predominately a popula-
tion of black African ancestry, or TC Newman, serving a mixed-ancestry population). Con-
senting pregnant women 18 years or older, and who intended to remain in the area for at least
1 year were enrolled [3, 26]. Infants attended study visits at 6, 10, 14 weeks, 6, 9, 12 months,
and were actively followed and investigated for any LRTI episode during the first year. In addi-
tion, a follow up visit 48 hours and 4-6 weeks after the LRTI episode was conducted. For the
purpose of this study, a cut-off date for each participant was considered and any LRTI episode
that happened prior to this date was included. The cut-off date was either the date of early ter-
mination, the date of the 12-month scheduled visit, or the expected date of the 12-month visit
if this visit was missed but the child was still active in the study.

LRTI outcomes and surveillance

Two binary LRTI outcomes were considered in this study; any LRTI episode and severe or
hospitalised LRTI, as a measure of severity, in the first year of life. These outcomes were col-
lected through active surveillance of LRTT episodes diagnosed by trained study staff (nurses)
and assessed in real time [3, 27]. LRTI was defined according to World Health Organization
(WHO) criteria, which included a cough or difficulty breathing with age-appropriate tachyp-
noea or lower chest wall indrawing [27, 28]. Study nurses were trained in respiratory examina-
tion of children with frequent re-training [27]. Severe LRTI, defined by WHO criteria,
included any general danger sign in children older than 2 months or age specific tachypnea,
lower chest indrawing or general danger sign in infants less than 2 months [27, 28]. Children
were hospitalised or discharged based on a treating clinician’s recommendation.

Maternal psychosocial risk factors

Maternal psychosocial risk factor data were collected at a scheduled antenatal visit during the
third trimester (between 28-32 weeks of gestation) and postnatal visits at 10 weeks, 6 months
and 12 months postpartum. Several validated questionnaires, that were administered in the
preferred language (English, Afrikaans or isiXhosa) of the participant, were used to measure
psychosocial risk factors as has been described [24]: The Edinburgh Postnatal Depression
Scale (EPDS), was used to measure maternal depression [29]. The EPDS measure asked 10
questions related to how the women felt in the previous 7 days from the time of the visit. Each
of 10 questions were scored 0-3 and summed [24]. A cut-off value of 13 was used to separate
the participants into above- or below-threshold for depression [29, 30]. The presence of mater-
nal psychological distress in the past month from the time of the visit was assessed with the
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validated Self-Reporting Questionnaire 20-item (SRQ20) [31, 32]. Each item had a binary scor-
ing option (0-1), and a total score was generated [24]. A cut-off value of 8 dichotomised partic-
ipants into an above- or below-threshold for psychological distress [24, 33, 34].

The Intimate Partner Violence (IPV) Questionnaire was used to assess maternal physical,
emotional and sexual violence exposure. The questionnaire was adapted from previous studies
and measures both lifetime IPV exposure as well as recent (past 12 months) IPV exposure [35,
36]. Exposure to emotional, physical and sexual abuse were considered individually. Partici-
pants were categorised as having experienced no IPV (either emotional, physical or sexual) if
all responses for that exposure were “never”; an isolated incident of IPV if one response for
that exposure happened “once”; a low frequency of exposure if the response was “once” to
more than one item for a particular exposure; a mid-frequency if the participant responded “a
few times” to at least one item, but did not respond “many times” to any item for a particular
exposure; and a high frequency if there were any responses of “many times” for a particular
exposure [24]. These were further categorised into above and below threshold; where low to
high frequency was considered above threshold and no exposure or an isolated incident was
considered to be below threshold. A participant was determined to be above threshold for
“recent” IPV exposure if the participant was above threshold for any of the three IPV sub-
types in the past 12 months.

In addition, alcohol consumption during and post pregnancy were measured by the Alco-
hol, Smoking and Substance Involvement Screening Test (ASSIST) [37], which considers
exposure of alcohol, smoking, and substance abuse in the previous 3 months from the time of
the study visit. The scoring of ASSIST has been previously described [24, 37]. For this study,
item responses related to frequency and timing of alcohol consumption were used to dichoto-
mise into daily/weekly alcohol use vs no use.

Since there were 3 postnatal time points considered in this study, each of these were consid-
ered in independent regression models for maternal depression, psychological distress, and
alcohol use. The 12-month visit was used to investigate postnatal IPV exposure, as the measure
enquired about physical, emotional and sexual abuse by a partner in the previous 12 months.
This was done to avoid any overlap between the antenatal and postnatal periods.

Clinical and sociodemographic risk factors

Clinical and socio-demographic risk factors were longitudinally measured including child
feeding practices; HIV exposure; maternal smoking and environmental tobacco smoke (ETS)
exposure, assessed by self-report and urine cotinine results (from the mother collected antena-
tally and at birth; infant results were collected within the first year of life). Continuous cotinine
values were categorised into three levels: a score less than or equal to 10 ng/mL was consider
not exposed, a score greater than 10 ng/mL and less than 500 ng/mL was considered to have
passive smoke exposure, and a result greater than 500 ng/mL, was recorded as active smoking
[38].

Indoor air pollution (IAP) related to the child’s home environment, was measured at an
antenatal (within 4 weeks of enrolment) and postnatal (between 4 and 6 months postpartum)
home visit [38]. The only pollutant considered was particulate matter (PM10), as this pollutant
was previously found to be associated with LRTI in the DCHS [38]. The South African
National Ambient Air Quality Standards [39] were used to define expected exposure levels for
each pollutant based on an averaging period of 1 year for each measure: PM10 = 40 pg/m3
(38, 39].

Birth characteristics were collected, including gestational age and birth weight, measured
by study staff as previously described [40]. Birth weight/height standardised z-scores were
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calculated using the updated Fenton new born growth charts, which account for prematurity
[41]. In addition, socio-economic status (SES) at baseline was collected, based on a composite
validated score comprising four socio-economic variables: level of maternal education,
employment status, household income, and asset ownership [42]. Standardised scores were
divided into quartiles, which are labelled ‘low’, low-moderate’, ‘high-moderate’, and ‘high’
groups [42]. The infant’s vaccination schedule was also recorded longitudinally, at scheduled
visits.

Ethical approval

The DCHS was approved by the Faculty of Health Sciences, Human Research Ethics Commit-
tee (HREC), University of Cape Town (401/2009) and by the Western Cape Provincial Health
Research committee [3]. Mothers provided written informed consent at enrolment and annu-
ally thereafter.

Statistical analysis

Analyses were conducted with STATA version 14.0 (College Station, Texas, USA). Descriptive
data were presented as medians, interquartile range (IQR) and frequencies (proportions), as
appropriate. Mann-Whitney rank sum and Kruskal-Wallis tests were used to test for associa-
tions between categorical and continuous variables, as all continuous variables were non-
Gaussian. Pearson Chi-square test or Fisher Exact tests were used to determine if significant
associations existed between categorical variables.

Multiple logistic regression was used to model the association of maternal antenatal, post-
natal, and long-term psychosocial risk factors with any LRTT and any severe/hospitalised LRTI
episode in the first year of life adjusting for critical clinical and sociodemographic covariates.
Directed acyclic graphs (DAGs) were used to identify the minimum set of confounding vari-
ables, which included sex, recruitment site, SES, maternal education achievement and HIV
exposure (see Figs 1 and 2). Two sets of multiple regression models were run for each of the
maternal psychosocial risk factors: the first set included the minimum set of confounder vari-
ables identified by the DAGs, and the second set included the confounding variables as well as
additional variables (including mediators) based on prior literature: smoke exposure (maternal
& infant urine cotinine results), indoor air pollution (assessed by PM10), weight for age z-
score at birth, duration of exclusive breastfeeding and season of birth. [2, 23]. Season of birth
was included to adjust for seasonality, as winter and autumn months are more commonly
linked with LRTI episodes [27].

Each maternal psychosocial risk factor was considered in an individual model. In addition,
antenatal and postnatal psychosocial risk factors were considered separately to estimate the
association each of these exposures had on LRTI outcomes at different time points. The associ-
ation of long-term psychosocial risk factor exposure on LRTI outcomes was also analysed;
long-term exposure for each individual maternal psychosocial risk factor was defined as being
above threshold for that psychosocial risk factor at two or more of the four time points consid-
ered in this analysis.

Since LRTI episodes are more common in earlier months of age, stratified analyses by age
were also constructed [43]. Four time points were considered: 0- 3months, 3-6 months, 6-9
months and 9-12 months of age. Stratifying by age presented an opportunity to consider tem-
porality, particularly with postnatal psychosocial risk factors, as episodes after the exposure
could be analysed. This analysis also provided an opportunity to determine if the exposure
took place after the outcome (reverse causation). The stratified models adjusted for sex,
recruitment site, HIV exposure, maternal education achievement, SES quartile, maternal urine
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Fig 1. Directed acyclic graph (DAG) considering minimum set of confounding variables between antenatal maternal psychosocial risk factors
and LRTI outcome.

https://doi.org/10.1371/journal.pone.0226144.9001

cotinine (smoke exposure), PM10 exposure, weight for age z-score at birth, duration of breast-
feeding, season of birth and LRTI in previous age period.

Diagnostic checks were performed for all the multiple logistic regression models. These
included checks for specification error, Hosmer and Lemeshow’s goodness of fit test, and
checks for multicollinearity using the variance inflation factor (VIF). Influential observations
were also considered using Pearson residuals, deviance residuals and leverage.

Results

Among 1137 women enrolled in the study, there were 1143 live births (4 sets of twins, 1 of trip-
lets), giving a total infant follow- up time of 1142 years in the current study. During the first
year of life, 133 (12%) participants were lost to follow-up, Fig 3. Participant characteristics
stratified by mothers attending or not attending antenatal or postnatal psychosocial visits, are
shown in Table 1. The median maternal age was 26 (IQR 22-31) years; 22% (n = 248) of
women were HIV infected, and this was not statistically difference between those attending
the psychosocial visits and those not attending. Despite a high prevalence of maternal HIV,
only two children were HIV-infected. Overall, based on maternal urine cotinine results, 32%
of the women were classified as active smokers, with similar proportions across those attend-
ing and not attending the antenatal psychosocial visit. However, there was a significantly
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higher prevalence of passive and active smokers in those attending at least one psychosocial
postnatal visit compared to those not attending any of the visits.

Approximately 87% of participants lived in households that earned less than 5000 South
African Rand (approximately 350 USD) a month, and the level of household income was not
statistically different between those attending and not attending psychosocial visits, Table 1.
Most women had not completed high school (n = 606, 53%).

Most children were born healthy; the median (IQR) birth weight was 3.1 (2.7-3.4) kg, while
194 (17%) of births were premature (<37 weeks’ gestation), predominantly late premature.
The mean duration of exclusive breastfeeding was only 1.9 months, however vaccination cov-
erage was very high, as approximately 99% of vaccinations were administered at 6-10, 14
weeks and 9 months scheduled visits, Table 1.

Maternal psychosocial risk factors

Antenatal depression was present in 237 (24%) of women; while 20% (n = 201) of the women
suffered from antenatal psychological distress, with majority in the women attending TC New-
man (Table 2). A high prevalence of antenatal IPV was also observed in the cohort, with 334
(34%) of participants exposed in the past year. In addition, 45 (4.5%) of the women in the
cohort consumed alcohol either daily or weekly during pregnancy.

Postnatal psychosocial risk factors were considerably more prevalent in the women attend-
ing TC Newman compared to those attending Mbekweni, particularly in the case of psycho-
logical distress and IPV. Postnatal IPV was highly prevalent in the cohort, with 199/742 (27%)
exposed postnatally. In addition, 118/692 women (17%), 97/645 (15%), and 115/717 (16%)
were considered to be above threshold for postnatal depressive symptoms at the 10-week,
6-month and 12-month scheduled visits, respectively.

In terms of long-term psychosocial exposures, a total of 131 women (12%) were found to
display depressive symptoms longitudinally, 84 (7%) women suffered from long-term psycho-
logical distress, and 120 women (11%) were exposed to long term IPV (Table 2).
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(n=545)

(n=1225)

Enrolled mothers

Twins (n=4)

Triplets (n=1)

Mothers with live births (n=1137)
Live births (n=1143)

67 mothers lost to follow up

21 mothers with pregnancy losses
(miscarriage/ Stillbirth/ 1UD)

Reasons include:
relocated (n=37)
Consent withdrawn
(n=13)

Unable to contact
mother (n=9)
Other (n=8)

10-week maternal psychosocial visit

Mothers attended (n=692)

49 Lost to follow-up
402 did not attend

6-month maternal psychosocial visit

Mothers attended (n=645)

!

38 Lost to follow-up
411 did not attend

v
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4

46 Lost to follow-up
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Fig 3. Flow diagram of attendance and loss to follow-up during the first year of life.

https://doi.org/10.1371/journal.pone.0226144.9003

LRTI episodes

Active children after 12 months that
contributed to LRTI data (n=1010)

Loss to follow-up during first year
(n=133)

Reasons for Lost to follow up during first year
include:

Unable to contact mother (n=31)
Consent withdrawn (n=19)
Relocation (n=41)

Child passed away (n=21)

Mother unable to bring child (n=15)
Other (n=6)

There were 606 episodes of LRTI which occurred in the cohort from 369 children (crude inci-
dence rate of 0.53 episodes per person year, 95% CI: 0.50; 0.56) over the first year. Most epi-
sodes occurred in the first 6 months of life (n = 374; 62%), with 163 episodes in the first 3
months and 211 episodes between 3 and 6 months. Furthermore, 118 episodes occurred
between 6 and 9 months, and 114 episodes were identified between 9 and 12 months (this
includes 24 episodes that took place after the child was 12 months but before the child attended
the 12-month scheduled visit). In addition, 107 (18%) of the episodes were classified as severe.
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Table 1. Participant characteristics.

All participants | Participants attending Participants not P- | Participants attending at Participants not P-
(N=1143 antenatal visit n =995 | attending antenatal visit | value | least one postnatal® visit | attending any postnatal | value
children; 1137 | (87%) (1000 births from | n =142 (13%), (143 n =980 (86%) (984 visit n = 157 (14%) (159
mothers) the mothers attending) | births from mothers not children from mother children from mothers
attending) attending) not attending)
Birth & clinical factors®
Male 589 (51.5%) 519 (51.9%) 70 (48.1%) 0.509 506 (51.4%) 478 (48.6%) 0.855
Prematurity (< 37 | 194 (17.0%) 159 (15.9%) 35 (24.5%) 0.011 152 (15.5%) 42 (26.4%) 0.001
weeks)
Weight for age Z- | -0.54 (-1.31-0.07) -0.54 (-1.29-0.06) -0.56 (-1.36-0.11) 0.831 -0.56 (-1.32-0.08) -0.49 (-1.10 —-0.02) 0.662
score at birth,
mean (SD)
Exclusive 1.00 (0.46-3.00) 0.92 (0.46-3) 1.84 (0.57-3.21) 0.097 1.15 (0.46-3.00) 0.92 (0.23-1.84) 0.011
breastfeeding
(months), mean
(SD)
Season of birth
Spring 269 (23.5%) 245 (24.5%) 24 (16.8%) 0.017 226 (23.0%) 43 (27.0%) 0.725
Summer 287 (25.1%) 256 (25.6%) 31 (21.7%) - 250 (25.4%) 37 (23.3%) -
Autumn 281 (24.6%) 232 (23.2%) 49 (34.3%) - 243 (24.7%) 38 (23.9%) -
Winter 306 (26.8%) 267 (26.7%) 39 (27.2%) - 265 (26.9%) 41 (25.8%) -
Recruitment site
Mbekweni 634 (55.6%) 545 (54.5%) 89 (62.2%) 0.082 536 (54.5%) 98 (61.6%) 0.092
TC Newman 509 (44.4%) 455 (45.5%) 54 (37.8%) - 448 (45.5%) 61 (38.4%) -
Maternal or household factors®
Maternal age at 25.76 (21.98- 25.76 (21.89-30.82) 25.73 (22.45-30.49) 0.760 25.89 (22.00-30.84) 24.77 (21.96-30.03) 0.204
enrolment (years) 30.82)
Maternal HIV 248 (21.7%) 217 (21.7%) 31 (21.7%) 0.905 221 (22.5%) 27 (17.2%) 0.136
Antenatal maternal smoking®
Non- smoker 262/1088 (24.2%) 230/983 (23.0%) 32/105 (22.4%), 0.266 215/952 (22.6%) 47/136 (34.6%) 0.009
Passive smoker 474/1088 (43.6%) 433/983 (44.1%) 41/105 (39.1%) - 425/952 (44.6%) 49/136 (36.0%) -
Active smoker 352/1088 (32.4%) 320/983 (32.6%) 32/105 (30.5%) - 312/952 (32.8%) 40/136 (29.4%) -
Infant smoke exposure”
No smoke 281/868 (32.4%) 248/774 (32.0%) 33/94 (35.1%), 0.631 246/787 (31.3%) 35/81 (43.2%) 0.091
exposure
Passive smoke 469/868 (54.0%) 418/774 (54.0%) 51/94 (54.3%) - 432/787 (54.9%) 37/81 (45.7%) -
exposure
Active smoke 118/868 (13.6%) 108/774 (14.0%) 10/94 (10.6%) - 109/787 (13.9%) 9/81 (11.1%) -
exposure
Indoor air 140/767 (18.3%) 120/694 (17.3%) 20/73 (27.4%) 0.033
pollution: PM10 ¢
Maternal educational achievement
Primary 86 (7.6%) 81 (8.1%) 5 (3.5%) 0.044 74 (7.6%) 12 (7.6%) 0.091
Some secondary 606 (53.3%) 533 (53.6%) 73 (51.4%) - 536 (54.7%) 70 (44.6%) -
Completed 372 (32.7%) 323 (32.5%) 49 (34.5%) - 311 (31.7%) 61 (38.9%) -
secondary
Any tertiary 73 (6.4%) 58 (5.8%) 15 (10.6%) - 59 (6.0%) 14 (8.9%) -
Household size
1-3 people 379 (33.4%) 334 (33.6%) 45 (31.7%) 0.316 322 (32.9%) 57 (36.3%) 0.641
4-5 people 386 (34.0%) 330 (33.2%) 56 (39.4%) - 337 (34.4%) 49 (31.2%) -
More than 6 372 (32.7%) 331 (33.3%) 41 (28.9%) - 321 (32.8%) 51 (32.5%) -
people
(Continued)
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Table 1. (Continued)

All participants

(N=1143
children; 1137
mothers)

Monthly Household income

<1000 [ZAR] 430 (37.8%)
1000-5000 [ZAR] 553 (48.6%)
>5000 [ZAR] 154 (13.6%)
Socioeconomic status quartile

Lowest 274 (24.1%)
Low—moderate 293 (25.8%)
High—moderate 288 (25.3%)
Highest 282 (24.8%)

Participants attending
antenatal visit n =995 | attending antenatal visit | value | least one postnatal® visit | attending any postnatal | value
(87%) (1000 births from | n =142 (13%), (143

Participants not P- | Participants attending at Participants not P-

n = 980 (86%) (984 visit n = 157 (14%) (159

the mothers attending) | births from mothers not children from mother children from mothers
attending) attending) not attending)
384 (38.6%) 46 (32.4%) 0.203 384 (31.2%) 46 (29.3%) 0.054
474 (47.6%) 79 (55.6%) - 468 (47.8%) 85 (54.1%)
137 (13.8%) 17 (12.0%) - 128 (13.1%) 26 (16.6%)
244 (24.5%) 30 (21.1%) 0.205 239 (24.4%) 35 (22.3%) 0.013
263 (26.4%) 30 (21.1%) = 264 (26.9%) 29 (18.5%)
250 (25.1%) 38 (26.8%) - 249 (25.4%) 39 (24.8%)
238 (23.9%) 44 (31.0%) - 228 (23.3%) 54 (34.4%)

SD, standard deviation; HIV, Human Immunodeficiency Virus; PM10, particulate matter, between 2.5 and 10 microns in diameter. Note: Infant vaccinations:
Pneumococcal Conjugate Vaccine (PCV13) administration: 99.6% (n = 983/987) received at 6-10 weeks; 99.3% (n = 945/952) received at 14 weeks; 98.5% (n = 868/881)
received at 9 months. Diphtheria, Tetanus, Acellular Pertussis, Polio and Haemophilus Influenzae type b (DTaP-IPV-Hib) vaccination administration: 99.5% (n = 981/
986) received at 6 weeks; 99.5% (n = 967/972) received at 10 weeks; 99.2% (n-943/952) received at 14 weeks.

* postnatal attendance based on attending atleast one psychosocial visit (visits took place at 10 weeks, 6 months and 12 months post-delivery).

" Based on 1143 live births.
“based on 1137 mothers recruited.

4 Missing data.

https://doi.org/10.1371/journal.pone.0226144.t001

There were 139 (12%) children who had recurrent episodes during the first year of life. Hospi-
talisation occurred in 134 (22%) of episodes (Table 2). Further, 186 (31%) episodes were either
classified as severe or the child was hospitalised.

Infants from the Mbekweni clinic experienced a higher proportion of LRTI (62%; crude
incidence rate of 0.59 per person year, 95% CI: 0.55; 0.63), relative to infants from TC Newman
(0.45 per person year, 95% CI: 0.41; 0.50).

Antenatal maternal psychosocial risk factors associations with LRTI

Antenatal depression. Antenatal maternal depression was not associated with either any
LRTI or severe LRTT in the first year of life, Table 3-5. However, antenatal maternal depres-
sion was associated with severe LRTI between 3 and 6 months of age when the minimum set
of confounder variables were included in the model (adjusted OR = 2.55, 95% CI: 1.08; 6.01,
p-value = 0.032), Table 6. However, this association disappeared when mediator variables such
as maternal smoking and indoor air pollution were included, S2 Table.

Antenatal psychological distress. Exposure to antenatal maternal psychological distress
was not associated with any LRTT or severe LRTI in the first year of life, Tables 3-6. However,
in the stratified models that included all variables, the odds of an infant experiencing at least
one LRTT episode between 3 and 6 months of age was 81% more likely in those whose mother
suffered from antenatal psychological distress compared to those whose mothers did not
adjusted OR = 1.81, 95% CI:1.07; 3.06, p-value: 0.026), S1 Table.

Antenatal IPV. Antenatal maternal IPV was not associated with any LRTT or severe LRTI
Tables 1-6.

Antenatal alcohol consumption. Antenatal maternal alcohol consumption had a 3-fold
increased odds with at least one infant LRTT episode in the first 3 months of life compared to
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Table 2. Maternal psychosocial risk factors & infant LRTI episodes in the first year of life.

| All participants | Participants from Mbekweni Participants from TC Newman P-value
Maternal psychosocial risk factors”
Antenatal (n = 995)
Depression 237 (23.6%) 124/540 (23.0%) 113/454 (24.9%) 0.48
Psychological distress 201 (20.2%) 92/538 (17.1%) 109/453 (24.1%) 0.01
PV (recent)b 334 (33.6%) 150/539 (27.8%) 184/455 (40.4%) <0.001
Alcohol daily/weekly use 45 (4.5%) 10 (1.9%) 35 (7.7%) <0.001
Postnatal at 10 weeks (n = 692)
Depression 118 (17.1%) 61/367 (16.6%) 57/325 (17.5%) 0.761
Psychological distress 69 (10.0%) 18/367 (4.9%) 51/325 (15.7%) <0.001
IPV (Recent) 177 (25.6%) 78/367 (21.3%) 99/325 (30.5%) 0.006
Alcohol daily/weekly use 27 (3.9%) 6/367 (1.6%) 21/325 (6.5%) 0.001
Postnatal at 6 months (n = 645)
Depression 97 (15.0%) 28/326 (8.6%) 69/319 (21.6%) <0.001
Psychological distress 61 (9.5%) 5/326 (1.5%) 56/319 (17.6%) <0.001
IPV (Recent) 184 (28.5%) 69/326 (21.1%) 115/319 (36.1%) <0.001
Alcohol daily/weekly use 37 (5.7%) 9/326 (2.7%) 28/319 (8.8%) 0.001
Postnatal at 12 months
Depression 115/717 (16.0%) 35/376 (9.3%) 80/341 (23.5%) <0.001
Psychological distress 70/754 (9.3%) 11/399 (2.8%) 59/355 (16.6%) <0.001
IPV (Recent) 199/742 (26.8%) 68/388 (17.5%) 131/354 (37.0%) <0.001
Alcohol daily/weekly use 62/640 (9.7%) 17/321 (5.3%) 45/319 (14.1%) <0.001
Infant LRTI episodes™*
Total LRTI episodes® “*f 606 (100%) 374 (61.7%) 232 (38.3%)
Severe episodesg’}1 107 (17.7%) 70 (65.4%) 37 (34.6%)
Hospitalised episodesh’i 134 (22.1%) 72 (53.7%) 62 (46.3%)
Children with recurrent episodes (>2) 139 (12.1%) 90 (14.2%) 49 (9.6%)
Season of LRTI
Spring 163 (26.9%) 98 (60.1%) 65 (39.9%)
Summer 83 (13.7%) 53 (63.9%) 30 (36.1%)
Autumn 154 (25.4%) 109 (70.8%) 45 (29.2%)
Winter 206 (34.0%) 114 (55.3%) 92 (44.7%)

IPV, Intimate Partner Violence

* Long-term maternal psychosocial exposure (above threshold at 2 or more of the scheduled psychosocial visits): 120 (10.5%) women exposed to long-term IPV; 84

(7.4%) women with long-term psychological distress; 131 (11.5%) women with long-term exposure to depressive symptoms; 25 (2.2%) women with long-term alcohol
use

" IPV antenatal lifetime exposure N = 453 (46%); recent exposure = past 12 months

© LRTI episodes over time: 0-3 months: N = 163; 3-6 months: N = 211; 6-9 months: N = 118; 9-12 months: N = 114 (24 of these episodes took place after the child was 12
months old but before the 12-month schedule visit was attended)

4 Crude incidence rate = 530.65 per 1000 person years (95% CI: 501.22; 559.92

¢ Crude incidence rate by recruitment site: African-ancestry population = 592.44 per 1000 per years (95% CI: 553.22; 631.33); mixed-ancestry population = 453.82 per
1000-person years (95% CI: 410.24; 498.32)

fNumber of infants with at least one LRTTI episode: 369 (215 infants from African-ancestry population; 154 infants from mixed-ancestry population)

& Number of infants with at least one severe LRTI episode: 98

" Severe and hospitalised episodes = 186 (113 from African-ancestry population, 73 from mixed-ancestry population); number of infants with at least on severe and/or
hospitalised episode: 152

" Number of infants with at least one hospitalised LRTI episode: 109

** P-values excluded as this is a description of total events in the cohort

https://doi.org/10.1371/journal.pone.0226144.t1002
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Table 3. Logistic regression—LRTI ever vs maternal psychosocial risk factors.

Maternal psychosocial risk factor

Depression

Antenatal (n adjusted 1 = 994; n adjusted 2 = 651)
Postnatal- 10 weeks (n adjusted 1 = 627; n adjusted 2 = 355)
Postnatal- 6 months (n adjusted 1 = 579; n adjusted 2 = 325)

Postnatal- 12 months (n adjusted 1 = 653; n adjusted
2 =366)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2 =705)

Psychological distress

Antenatal (n adjusted 1 = 991; n adjusted 2 = 651)
Postnatal- 10 weeks (n adjusted 1 = 628; n adjusted 2 = 355)
Postnatal- 6 months (n adjusted 1 = 578; n adjusted 2 = 325)

Postnatal- 12 months (n adjusted 1 = 684; n adjusted
2 =384)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2 =705)

PV?
Antenatal (n adjusted 1 = 994; n adjusted 2 = 651)

Postnatal- 12 months (n adjusted 1 = 675; n adjusted
2=381)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2 =705)

Alcohol exposure

Antenatal (n adjusted 1 = 993; n adjusted 2 = 650)
Postnatal- 10 weeks (n adjusted 1 = 625; n adjusted 2 = 354)
Postnatal- 6 months (n adjusted 1 = 571; n adjusted 2 = 323)

Postnatal- 12 months (n adjusted 1 = 583; n adjusted
2=332)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2=705)

IPV, Intimate partner violence

1.13 (0.83; 1.53
0.91 (0.59; 1.41
1.05 (0.67; 1.65
1.32(0.88;1.98

,0.451
,0.681
,0.832

(
(
(
( ,0.183

= = = =

1.21 (0.82;1.77), 0.332

1.18 (0.86; 1.64), 0.306
1.03 (0.61; 1.76), 0.906
1.20 (0.70; 2.07), 0.510
1.18 (0.72; 1.95), 0.511

1.38 (0.87;2.18), 0.172

1.06 (0.80; 1.40), 0.689
1.42 (1.02; 1.98), 0.038

1.35(0.91; 2.01), 0.130

1.53 (0.84; 2.81), 0.168
1.31 (0.59; 2.91), 0.506
0.81 (0.39; 1.68), 0.577
1.48 (0.88;2.51), 0.142

1.74 (0.78; 3.87), 0.175

1.06 (0.77; 1.46), 0.716
0.77 (0.47; 1.26), 0.298
1.17 (0.70; 1.94), 0.554
1.54 (0.98; 2.43), 0.064
1.12 (0.75; 1.68), 0.566

1.19 (0.85; 1.66), 0.312
1.14 (0.63; 2.05), 0.670
1.18 (0.62; 2.23), 0.618
1.16 (0.66; 2.05), 0.603

1.52 (0.94; 2.47), 0.090

1.05 (0.79; 1.41), 0.721
1.50 (1.03; 2.18), 0.032

1.40 (0.92; 2.12), 0.113

1.61 (0.86; 3.02), 0.139
0.65 (0.26; 1.63), 0.362
0.86 (0.40; 1.83), 0.691
1.15 (0.64; 2.08), 0.640

1.88 (0.83; 4.29), 0.132

Unadjusted OR (95% CI), p-value | Adjusted® OR (95% CI), p-value | Adjusted” OR (95% CI), p-value

0.86
1.18
1.21
2.06

0.58; 1.28), 0.456
0.61;2.27), 0.624
0.63; 2.31), 0.569
1.08; 3.96), 0.029

~ ||l

1.05 (0.66; 1.67), 0.840

1.44 (0.95; 2.17), 0.085
2.25(0.96; 5.27), 0.063
0.93 (0.37; 2.35), 0.872
1.21 (0.56; 2.66), 0.627

1.46 (0.81; 2.63), 0.212

1.00 (0.69; 1.45), 0.997
1.46 (0.88; 2.43), 0.147

1.39 (0.85; 2.29), 0.193

1.36 (0.61; 3.03), 0.449
0.85 (0.23; 3.05), 0.797
1.14 (0.40; 3.20), 0.806
1.54 (0.65; 3.67), 0.327

1.61 (0.61; 4.26), 0.339

* Adjusted based on directed acyclic graph (DAG)-adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure;
maternal education achievement; SES quartile

® Adjusted based on DAG with additional variables-adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure;
maternal education achievement; SES quartile; maternal urine cotinine (smoke exposure); PM10; weight for age z-score at birth; duration of breastfeeding; season of
birth

https://doi.org/10.1371/journal.pone.0226144.t003

those whose mothers did not consume alcohol on a regular basis (adjusted OR = 2.90, 95% CI:
1.40; 6.03, p-value: 0.004), Table 4. In addition, antenatal maternal alcohol consumption was
associated with any severe/ hospitalised LRTI episode in both adjusted models (adjusted

OR, =2.21,95% CI: 1.04; 4.70, p-value: 0.040; adjusted ORy, = 2.93, 95% CI: 1.18; 7.23, p-value:
0.020) respectively, Table 5. In the stratified analyses, antenatal maternal alcohol consumption
was associated with severe LRTT in the first 3 months of age (adjusted OR = 2.95, 95% CI: 1.27;
6.84, p-value = 0.012), and LRTI between 9 and 12 months of age (adjusted OR = 3.64, 95% CI:
1.10; 12.00, p-value: 0.034), Table 6.

Postnatal maternal psychosocial risk factor associations with LRTI

Postnatal maternal depression. Postnatal maternal depressive symptoms measured at a
12-month visit was not associated with LRTI when the minimum set of confounder variables
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Table 4. Logistic regression—LRTI ever vs maternal psychosocial risk factors stratified by age.

0-3 months” 3-6 months® 6-9 months® 9-12 months?

Maternal psychosocial risk factor Adjusted OR (95%ClI), p- | Adjusted OR (95%CI), p- | Adjusted OR (95%CI), p- | Adjusted OR (95%CI), p-
value value value value

Depression
Antenatal (n 1 =994;n2=994;1n3=994; n 1.26 (0.81; 1.94), 0.301 1.26 (0.85; 1.89), 0.255 0.89 (0.53; 1.51), 0.674 0.69 (0.39; 1.21), 0.197
4 =994)
Postnatal—10 weeks (n 1 = 627;n 2 = 627;n 3 = 627; 1.26 (0.66; 2.39), 0.479 0.71 (0.36; 1.41), 0.329 1.14 (0.54; 2.43), 0.725 0.89 (0.39; 2.05), 0.787
n4=627)
Postnatal—6 months (n 1 = 579; n 2 = 546; n 1.65 (0.86; 3.18), 0.134 0.70 (0.34; 1.43), 0.328 1.25 (0.54; 2.92), 0.605 0.91 (0.39; 2.12), 0.826
3 =579 n4=>579)
Postnatal—12 months (n 1 = 653; n 2 = 653; n 1.97 (1.11; 3.47), 0.020 1.40 (0.80; 2.44), 0.237 0.83 (0.40; 1.72), 0.614 1.08 (0.54; 2.13), 0.835
3 =653;n4 = 653)
Psychological distress
Antenatal(n1=991;n2=991;n3=991;n 1.22 (0.77; 1.94), 0.389 1.48 (0.98; 2.23), 0.065 1.08 (0.62; 1.88), 0.777 0.91 (0.52; 1.58), 0.738
4=991)
Postnatal—10 weeks (n 1 = 628;n2 = 628;n 3 = 628; 1.63 (0.76; 3.43), 0.211 1.25(0.57; 2.75), 0.579 2.12 (0.92; 4.89), 0.079 0.73 (0.24; 2.23), 0.576
n4=628)
Postnatal—6 months (n 1 = 578; n 2 = 546; n 2.50 (1.11; 5.61), 0.026 0.81 (0.35; 1.87), 0.618 0.98 (0.33; 2.87), 0.969 1.36 (0.51; 3.64), 0.545
3=578;n4=>578)
Postnatal—12 months (n 1 = 684;n 2 = 684; n 1.65 (0.79; 3.45), 0.181 1.13 (0.57; 2.24), 0.735 1.81 (0.79; 4.13), 0.159 0.66 (0.24; 1.82), 0.423
3 =684;n4 =684)
IPV®
Antenatal(n 1 =994,n2=994,n3=994;n 0.97 (0.64; 1.46), 0.890 1.35(0.93; 1.96), 0.110 1.18 (0.73; 1.91), 0.499 1.13(0.71; 1.78), 0.612
4 =994)
Postnatal—10 weeks (n 1 =628;n2 = 628;n 3 = 628; 1.44 (0.83;2.51), 0.194 1.21 (0.71; 2.09), 0.484 0.86 (0.43; 1.71), 0.662 1.24 (0.65; 2.36), 0.513
n4=628)
Postnatal—6 months (n 1 =577;n 2 = 544; n 2.89 (1.62; 5.16), <0.001* 1.44 (0.83; 2.52), 0.195 1.05 (0.52; 2.12), 0.900 1.10 (0.58; 2.10), 0.761
3=577;n4=577)
Postnatal—12 months (n 1 = 675;n 2 = 675; n 2.13 (1.30; 3.48), 0.003* 0.93 (0.58; 1.50), 0.770 0.90 (0.49; 1.63), 0.720 0.99 (0.57; 1.73), 0.971
3=644;n4 =675)
Alcohol exposure
Antenatal (n 1=993;n2=993;n3=993;n 2.90 (1.40; 6.03), 0.004* 0.49 (0.18; 1.33), 0.162 4.21 (1.92;9.23), <0.001 1.35 (0.50; 3.66), 0.555

4=993)

Postnatal—10 weeks (n 1 = 625;n2 = 625,13 = 625; |  0.46 (0.12; 1.74), 0.254 0.81 (0.22; 2.92), 0.747 2.37 (0.72; 7.84), 0.156 0.59 (0.12; 2.90), 0.516
n4=625)

Postnatal—6 months (n 1 =571;n2 =538; n 1.25 (0.44; 3.53), 0.668 1.01 (0.39; 2.60), 0.977 0.72(0.19; 2.75), 0.627 0.45 (0.10; 2.03), 0.301
3=571;n4="571)
Postnatal—12 months (n 1 =583; n2 = 583; n 1.39 (0.66; 2.94), 0.386 1.33 (0.67; 2.66), 0.417 0.43 (0.16; 1.21), 0.110 1.09 (0.46; 2.56), 0.841

3=583;n4=583)

IPV, Intimate partner violence.
4 Multiple logistic regression models adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure; maternal
education achievement; SES quartile; and LRTI in previous period

* Still significant if 1% significance level considered

https://doi.org/10.1371/journal.pone.0226144.t1004

were included. However, there was an association with any LRTI episode in the first year of
life when additional variables, including mediator variables such as maternal smoking, were
included in the model (adjusted OR;, = 2.06, 95% CI: 1.08; 3.96, p-value: 0.029), Table 3. In the
stratified analyses, LRTI in the first 3 months of life was most strongly associated with postna-
tal maternal depression measured at 12 months (adjusted OR = 1.97 95 CI%: 1.11; 3.47, p-
value: 0.020). Similarly, postnatal maternal depressive symptoms measured at 12 months were
strongly associated with severe LRTT in the first three months of age.
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Table 5. Logistic regression—Severe/hospitalized LRTI vs maternal psychosocial risk factors.

Maternal psychosocial risk factor Unadjusted OR (95% CI), p-value | Adjusted® OR (95% CI), p-value | Adjusted” OR (95% CI), p-value

Depression

Antenatal (n adjusted 1 = 994; n adjusted 2 = 651)
Postnatal- 10 weeks (n adjusted 1 = 627; n adjusted 2 = 355)
Postnatal- 6 months (n adjusted 1 = 579; n adjusted 2 = 325)

Postnatal- 12 months (n adjusted 1 = 653; n adjusted
2 =366)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2=705)

Psychological distress

Antenatal (n adjusted 1 = 991; n adjusted 2 = 651)
Postnatal- 10 weeks (n adjusted 1 = 628; n adjusted 2 = 355)
Postnatal- 6 months (n adjusted 1 = 578; n adjusted 2 = 325)

Postnatal- 12 months (n adjusted 1 = 684; n adjusted
2 =384)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2=705)

IPV?
Antenatal (n adjusted 1 = 994; n adjusted 2 = 651)

Postnatal- 12 months (n adjusted 1 = 675; n adjusted
2=381)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2=705)

Alcohol exposure

Antenatal (n adjusted 1 = 993; n adjusted 2 = 650)
Postnatal- 10 weeks (n adjusted 1 = 625; n adjusted 2 = 354)
Postnatal- 6 months (n adjusted 1 = 571; n adjusted 2 = 323)

Postnatal- 12 months (n adjusted 1 = 583; n adjusted
2=332)

Long-term exposure (n adjusted 1 = 1140; n adjusted
2 =705)

IPV, Intimate partner violence

1.27 (0.84; 1.92), 0.248
1.27 (0.74; 2.20), 0.386
1.05 (0.57; 1.94), 0.882
1.36 (0.80; 2.30), 0.253

1.20 (0.72; 2.00), 0.481

1.29
1.72
1.40
1.35

0.84; 1.99), 0.245
0.92; 3.24), 0.091
0.70; 2.81), 0.342
0.71; 2.55), 0.360

~ |||

2.04 (1.18; 3.50), 0.010*

0.97 (0.66; 1.43), 0.892
1.70 (1.11; 2.61), 0.015

1.17 (0.69; 1.99), 0.562

1.92 (0.93; 3.97), 0.080
0.79 (0.23; 2.67), 0.703
0.97 (0.37; 2.56), 0.949
0.82 (0.38;1.79), 0.627

2.10 (0.83; 5.35), 0.119

1.24 (0.82;1.89), 0.311
1.12 (0.60; 2.10), 0.712
1.16 (0.59; 2.28), 0.675
1.58 (0.88; 2.83), 0.129

1.23 (0.73; 2.08), 0.442

1.35 (0.87; 2.09), 0.184
2.00 (0.99; 4.05), 0.055
1.75 (0.76; 4.00), 0.186
1.41 (0.67; 2.97), 0.361

2.60 (1.45; 4.65), 0.001*

1.02 (0.69; 1.52), 0.925
2.02 (1.25; 3.28), 0.004*

1.33 (0.76; 2.33), 0.316

2.21 (1.04; 4.70), 0.040
0.52 (0.14; 1.96), 0.332
1.07 (0.38; 2.97), 0.899
0.51 (0.20; 1.29), 0.157

2.32(0.89; 6.05), 0.086

0.99 (0.57; 1.72), 0.964
2.24 (1.02; 4.93), 0.045
1.46 (0.64; 3.33), 0.367
1.62 (0.74; 3.54), 0.229

1.17 (0.62; 2.22), 0.631

1.43 (0.81; 2.51), 0.215
4.38 (1.66; 11.61), 0.003*
2.43 (0.79; 7.47), 0.121
2.27 (0.88; 5.91), 0.092

3.03 (1.48; 6.21), 0.003*

1.08 (0.64; 1.82), 0.771
1.93 (1.00; 3.70), 0.049

1.46 (0.74; 2.83), 0.283

2.93 (1.18; 7.23), 0.020
0.69 (0.13; 3.75), 0.665
1.26 (0.34; 4.63), 0.733
0.73 (0.23; 2.35), 0.599

3.74 (1.27; 11.03), 0.017

* Adjusted based on directed acyclic graph (DAG)-adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure;

maternal education achievement; SES quartile

® Adjusted based on DAG with additional variables-adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure;

maternal education achievement; SES quartile; maternal urine cotinine (smoke exposure); PM10; weight for age z-score at birth; duration of breastfeeding; season of

birth

*Still significant if 1% significance level considered

https://doi.org/10.1371/journal.pone.0226144.t1005

Postnatal maternal psychological distress. In the stratified analyses, postnatal maternal
psychological distress measured at 6-months was associated with both LRTI (adjusted
OR =2.50, 95% CI: 1.11; 5.61, p-value: 0.026) and severe LRTI (adjusted OR = 3.01, 95% CI:
1.14; 7.96, p-value: 0.026) in the 3 months of age. In addition, postnatal maternal psychological
distress measured at the 12-months was associated with severe LRTI between 6 and 9 months
of age (adjusted OR = 4.31, 95% CI: 1.04; 17.76, p-value: 0.043). Further, in the stratified analy-
ses which included all variables (confounders and mediators), postnatal maternal psychologi-
cal distress measured at 10-weeks was strongly associated with LRTI between 3—-6 months and
severe LRTI between the ages of 3-6 and 6-9 months, S1 and S2 Tables.
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Table 6. Logistic regression—Severe/hospitalized LRTI vs maternal psychosocial risk factors stratified by age.

Maternal psychosocial risk factor

Depression

Antenatal (n1=994;n2=936;n3 =994;n
4 =994)

Postnatal—10 weeks (n 1 = 627;n 2 =538; n
3=627;n4=627)
Postnatal—6 months (n 1 = 579; n 2 = 546; n
3=579;n4=>536)

Postnatal—12 months (n 1 = 653;n 2 = 624; n
3=624;n4=653)

Psychological distress

Antenatal(n1=991;n2=933;n3=991;n
4=991)

Postnatal—10 weeks (n 1 =628;n2 =539 n
3=628;n4=0628)

Postnatal—6 months(n 1 = 578; n 2 = 546; n
3=578;n4=>535)

Postnatal—12 months (n 1 = 684;n 2 = 652; n
3=652;n4=684)

112

Antenatal (n 1 =994;n2=936;n 3 =994; n
4=994)

Postnatal—10 weeks (n 1 =628;n2=>539; n
3=628;n4=0628)

Postnatal—6 months (n 1 =577;n2 = 544; n
3=577;n4=>534)

Postnatal—12 months (n 1 = 675; n 2 = 644; n
3=644;n4 = 675)

Alcohol exposure

Antenatal (n1=993; n2=935n13=993;n
4=993)

Postnatal—10 weeks (n 1 = 625;n2 =536 n 3 = 625;
n4=625)

Postnatal—6 months (n 1 =571; n 2 =538; n
3=571;n4=>528)

Postnatal—12 months (n 1 = 583; n 2 = 556; n
3 =556;n4 =556)

IPV, Intimate partner violence.

0-3 months®

3-6 months®

6-9 months®

9-12 months?

Adjusted OR (95% CI), p- | Adjusted OR (95% CI), p- | Adjusted OR (95% CI), p- | Adjusted OR (95% CI), p-

value

1.23 (0.74; 2.07), 0.425

1.29 (0.60; 2.79), 0.520

1.39 (0.62; 3.12), 0.431

2.46 (1.24; 4.87), 0.010

1.44 (0.85; 2.45), 0.177

1.67 (0.68; 4.07), 0.260

3.01 (1.14; 7.96), 0.026

1.66 (0.68; 4.06), 0.270

0.92 (0.56; 1.51), 0.748

1.37 (0.69; 2.72), 0.367

2.28 (1.14; 4.60), 0.021

3.12 (1.71; 5.68), <0.001*

2.95 (1.27; 6.84), 0.012

0.91 (0.23; 3.56), 0.887

0.76 (0.17; 3.47), 0.723

0.46 (0.14; 1.52), 0.202

value

2.55 (1.08; 6.01), 0.032

1.00 (0.24; 4.16), 0.996

0.93 (0.23; 3.76), 0.921

0.80 (0.21; 3.14), 0.752

1.11 (0.42; 2.94), 0.829

3.33(0.70; 15.93), 0.132

0.74 (0.13; 4.20), 0.737

1.57 (0.36; 6.78), 0.547

1.09 (0.46; 2.59), 0.851

3.63 (1.06; 12.40), 0.040

3.54 (1.08; 11.53), 0.036

1.53 (0.52; 4.53), 0.440

1.60 (0.34; 7.55), 0.550

1.40 (0.14; 14.11), 0.774

2.31 (0.46; 11.65), 0.310

1.85 (0.46; 7.48), 0.390

value

0.84 (0.28; 2.50), 0.760

1.99 (0.55; 7.14), 0.291

1.83 (0.42; 8.01), 0.424

1.80 (0.54; 5.97), 0.335

1.22 (0.42; 3.54), 0.719

3.12(0.79; 12.38), 0.106

1.27 (0.19; 8.55), 0.807

4.31 (1.04; 17.76), 0.043

1.04 (0.39; 2.78), 0.932

2.04 (0.58; 7.27), 0.269

0.63 (0.13; 3.04), 0.565

1.04 (0.32; 3.36), 0.948

1.87 (0.39; 9.01), 0.435

1.15(0.12; 11.36), 0.902

1.67 (0.19; 15.03), 0.648

0.46 (0.05; 4.15), 0.493

value

1.16 (0.50; 2.69), 0.731

0.95 (0.30; 3.07), 0.936

0.30 (0.04; 2.46), 0.260

1.53 (0.51; 4.61), 0.448

1.53 (0.66; 3.57), 0.325

1.12 (0.28; 4.52), 0.870

0.45 (0.05; 4.31), 0.491

0.75 (0.15; 3.70), 0.727

0.96 (0.43; 2.16), 0.920

0.82 (0.27; 2.45), 0.722

1.00 (0.31; 3.29), 0.997

1.10 (0.44; 2.74), 0.846

3.64 (1.10; 12.00), 0.034

0.43 (0.04; 4.43), 0.476

0.61 (0.07; 5.32), 0.656

0.75 (0.18; 3.14), 0.689

4 Multiple logistic regression models adjusted for antenatal maternal psychosocial risk factor (in postnatal models); sex; recruitment site; HIV exposure; maternal

education achievement; SES quartile; and LRTI in previous period

*Still significant if 1% significance level considered

https://doi.org/10.1371/journal.pone.0226144.t1006

Postnatal maternal IPV. Postnatal maternal IPV was strongly associated with any LRTI
in the first year of life in the multiple logistic regression model that adjusted for confounding
variables found by the DAG (adjusted OR, = 1.50, 95% CI: 1.03; 2.18, p-value: 0.032), Table 3;
however this association fell away when including additional covariates such as infant smoke
exposure, indoor air pollution exposure, weight-for-age Z-score at birth, duration of exclusive
breastfeeding and season of birth. In the stratified analyses maternal IPV exposure measured
at the 6-month and 12-month scheduled visits were found to be associated with LRTI between
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0-3 months (adjust OR = 2.89, 95% CI: 1.62; 5.16, p-value: <0.001; adjusted OR = 2.13, 95%
CI: 1.30; 3.48, p-value: 0.003). Similarly, postnatal IPV was strongly associated with any severe
LRTI episode in the first year of life in both multiple regression models (adjusted OR, = 2.02,
95% CI: 1.25; 3.28, p-value: 0.004; adjusted OR;, = 1.93, 95% CI: 1.00; 3.70, p-value = 0.049),
Table 5. In addition, maternal IPV exposure measured at the 10-week and the 6-months visit
increased the odds of infant severe/hospitalised LRTI between 3—-6 months of age 3.6-fold and
3.5-fold, respectively, relative to those not exposed.

Postnatal maternal alcohol consumption. Postnatal maternal alcohol use was not associ-
ated with any LRTI outcome.

Associations between long-term maternal psychosocial risk factor exposure
and LRTI outcomes

Long-term maternal depression exposure. Long-term maternal depression was not sig-
nificantly associated with any LRTT or severe/hospitalised LRTT in the first year of life.

Long-term maternal psychological distress exposure. Long-term exposure to maternal
psychological distress had a strong association with severe/hospitalised LRTI in the first year
of life and was significant at both 1% and 5% significant levels. A child whose mother who suf-
tered from both long-term maternal psychological distress, had a 2.6-fold increased odds of at
least one severe/hospitalised LRTI episode in the fully adjusted model compared to those
whose mother were not exposed, (adjusted OR; = 2.60, 95% CI: 1.45; 4.65, p-value: 0.001),
Table 6.

Long-term maternal IPV exposure. Long-term IPV exposure was not associated with
LRTT outcomes.

Long-term maternal alcohol consumption. Long-term maternal alcohol use was not
associated with any LRTI or severe LRTT.

Discussion

In this study, approximately one-third of the infants had an episode of LRTI, and 31% these
episodes were severe or hospitalised events, despite high immunisation coverage, adequate
nutrition and almost no child HIV infection. High prevalence of maternal psychosocial risk
factors was also observed, with one-third of the women exposed to antenatal IPV, and one in
five women suffering from antenatal depression and/or psychological distress. Notably, several
maternal psychosocial risk factors, including depression, psychological distress, alcohol con-
sumption and IPV were associated with LRTI in infants. These findings identify maternal psy-
chosocial risk factors as overlooked risk factors for early childhood LRTI. Our data suggest
that women should be screened and treated for maternal psychosocial risk factors (eg depres-
sion, IPV, alcohol use) during pregnancy and the post-partum period.

In a UK-based study, researchers found an association between maternal perinatal depres-
sion and 27% increased risk of one or more LRTI episode in early childhood [19]. Likewise,
our study found an association between maternal depression and LRTT, as well as severe or
hospitalised LRTI. Antenatal maternal depression was associated with severe LRTI episodes in
early life, while postnatal maternal depression was also associated with early LRTI events. Simi-
larly, our study found long-term maternal psychological distress was highly associated with
severe LRTI. Thus, a combination of depression, anxiety and distress over longer periods of
time may have a greater impact on child health. In addition, postnatal maternal psychological
distress measured at 10-weeks was strongly linked with LRTI and severe LRTT after three
months of age, even when potential mediators such as maternal smoking and breast feeding
were included in the analysis. This suggests that maternal psychological distress may have an
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effect on infant LRTT that is not solely explained by maternal smoking/ breast feeding. Further,
antenatal maternal alcohol consumption was also associated with severe or hospitalised LRTL.
The dangers of alcohol consumption during pregnancy on foetal development are well-
known; the DCHS has previously reported that antenatal maternal alcohol abuse was a deter-
minant of impaired lung function in infants at 6 weeks of age [18]. This could predispose chil-
dren to respiratory illnesses, such as LRTI, in the first year of life. However, increased alcohol
consumption could also be prompted by the presence of other psychosocial risk factors, such
as depression, psychological distress or IPV exposure; thus, high alcohol use during pregnancy
may mediate these relationships.

In a LMIC context, research conducted in Bangladesh, India and Nepal found an associa-
tion between severe postpartum domestic abuse in mothers and high incidence rates of illness,
including acute respiratory tract infection, in their infants [21, 22]. In this study, postnatal
maternal IPV exposure proved to be consistently associated with infant LRTI, including severe
forms of respiratory illness. Although it is difficult to make causal inferences about the rela-
tionship of IPV exposure with child health outcomes, it is notable that IPV measured at
10-weeks was found to be associated with severe LRTI at 3 to 6 months of age. A range of
mechanisms may underly this association, including altered childcare practices. Regardless of
the precise underlying mechanisms, the link between postnatal maternal IPV exposure and
severe infant LRTT is concerning given the high incidence of early childhood LRTI and preva-
lence of IPV in South Africa and other LMICs.

The current study findings are consistent with a prior analysis from the DCHS study that
investigated the associations between maternal psychosocial risk factors and early child wheez-
ing [17]. In that analysis, postnatal maternal psychological distress and IPV were associated
with the occurrence and recurrence of child wheeze, an association that again was not solely
explained by potential mediators such as maternal smoking [17, 43]. These consistent findings
suggest that maternal psychosocial risk factors are strongly associated with early childhood
respiratory illnesses.

Antenatal maternal psychosocial risk factors have been widely considered to impact foetal
growth, through biological mechanisms, such as the release of maternal stress hormones. This
may later impact physical growth and development, including lung development, thereby pre-
disposing infants to respiratory illnesses [6, 44, 45]. Stress hormones, such as cortisol, which
are heightened in a mother suffering from psychosocial risk factors (particularly antenatal psy-
chological distress), may have in utero effects, disturbing the infant’s hypothalamic-pituitary-
adrenal (HPA) axis [46]. In turn, increased infant cortisol levels could affect the infant’s stress
response, consequently suppressing the infant’s immune system [46].

An impaired maternal-child relationship has been proposed as an explanation for the asso-
ciation between postnatal maternal IPV (and other psychosocial risk factors) exposure and
child respiratory illnesses [47, 48]. Maternal exposure to IPV, depression or distress may dis-
rupt a mother’s ability to provide the appropriate care for her child [20, 49, 50]. The infants’
HPA axis could also be impacted postnatally through the mother-child interaction [13, 46]. A
disrupted interaction between the mother (or primary caregiver) and the child has been found
to negatively impact a child’s self-regulation ability, including stress regulation [13, 46], mak-
ing the infant more susceptible to LRTI or severe LRTI. This may also be the case with long-
term exposure to maternal psychosocial risk factors, as the current study observed a greater
increased risk of infant LRTT when the mother suffered from long-term psychological distress.
Nevertheless, reverse causation cannot be ruled out, as a mother may suffer from depressive or
anxiety symptoms if their child is ill, and the symptoms may vary depending on the severity of
the child’s illness.
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A strength of this study is the longitudinal and prospective measurement of multiple risk
factors, including clinical, sociodemographic and maternal psychosocial; given the paucity of
similar data in the region and LMIC settings. The strong active surveillance of LRTT outcomes,
allowed us to accurately record LRTI episodes and the severity of the episodes. In addition,
this analysis included a large population-based sample, and these results are likely to be gener-
alisable to many communities in Sub-Saharan Africa and other LMICs.

Several limitations deserve discussion. The first, a cross-sectional design does not allow
ascription of causation or temporality. However, we addressed this by considering a stratified
analysis based on age to determine where postnatal maternal psychosocial risk factors had
the strongest associations with LRTI events during the first year of life. Second, there is the
possibility that unmeasured confounders may have contributed to our results. However, we
adjusted for major risk factors known to be associated with LRTI. Third, loss to follow-up of
participants may also have an impact on the findings. Although, we have high cohort reten-
tion. Fourth, we used maternal self-report to determine psychosocial illness, and participants
may downplay symptoms for a range of reasons. However, the study staff have established a
close relationship with mother-infant pairs and all questionnaires were completed in a private
room to ensure confidentiality. Furthermore, confirmation of psychosocial risk factors was
established by means of structured diagnostic interviews within DCHS [24].

Conclusion

In conclusion, our findings suggest that maternal psychosocial risk factors (such as antenatal
and postnatal maternal depression, postnatal psychological distress, postnatal IPV, and antena-
tal alcohol use) are highly associated with LRTI in infancy in a LMIC setting. These associa-
tions held even when potential mediators such as maternal smoking were included in the
analyses. This is particularly concerning given that psychosocial risk factors are often over-
looked aspects of both maternal and child health. The associations found here highlight the
need for better screening for maternal psychosocial risk factors, and for interventions to
reduce such exposures. Such interventions may not only improve maternal psychosocial
health, but may also reduce the burden of infant LRTT, a leading cause of childhood mortality
and morbidity worldwide.
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