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Abstract

Introduction

Antenatal depression is highly prevalent and is associated with negative birth and neonatal

outcomes. However, the mechanisms and causality behind these associations remain

poorly understood as they are varied. Given the variability in whether associations are pres-

ent, there is need to have context-specific data to understand the complex factors that go

into these associations. This study aimed to assess the associations between antenatal

depression and birth and neonatal outcomes among women attending maternity care in

Harare, Zimbabwe.

Methods

We followed 354 pregnant women in second or third trimester, attending antenatal care ser-

vices in two randomly selected clinics in Harare, Zimbabwe. Antenatal depression was

assessed using the Structured Clinical Interview for DSM-IV. Birth outcomes included birth

weight, gestational age at delivery, mode of delivery, Apgar score, and initiation of breast-

feeding within one-hour postdelivery. Neonatal outcomes at six weeks postdelivery included

infant’s weight, height, illness, feeding methods and maternal postnatal depressive symp-

toms. The association between antenatal depression and categorical and continuous out-

comes were assessed by logistic regression and point-biserial correlation coefficient,

respectively. Multivariable logistic regression determined the confounding effects on statisti-

cally significant outcomes.
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Results

Prevalence of antenatal depression was 23.7%. It was associated with low birthweight

[AOR = 2.30 (95% CI: 1.08–4.90)], exclusive breastfeeding [AOR = 0.42 (95%CI: 0.25–

0.73)] and postnatal depressive symptoms [AOR = 4.99 (95%CI: 2.81–8.85)], but not with

any other birth or neonatal outcomes measured.

Conclusions

The prevalence of antenatal depression in this sample is high with significant associations

demonstrated for birth weight, maternal postnatal depressive symptoms and infant feeding

methods Effective management of antenatal depression is thus crucial to the promotion of

maternal and child health.

Introduction

Antenatal depression affects pregnant women from conception through to delivery and is

highly prevalent [1]. About 10% of all pregnant women globally become depressed antenatally,

and more in low- and middle-income countries (LMICs) [1, 2]. Recent studies in urban Zim-

babwe found a prevalence of antenatal depression of 23.5% among pregnant women [3], and a

prevalence of 39.4% among HIV+ pregnant women [4]. Antenatal depression is often underdi-

agnosed, and therefore undertreated [5]. One possible factor in its treatment gap is that

depression symptoms are mistaken for normal physiological changes in pregnancy [5]. Its

undertreatment has been associated with negative effects on the mother and her developing

foetus [6, 7].

Poor health seeking behaviours [8, 9], risky sexual behaviours [10] and illicit substance use

[11] as well as lack of self-motivation to follow prescribed and recommended antenatal care

regimens [12] among depressed pregnant women may contribute to unfavourable pregnancy

outcomes. Previous studies have shown a strong association between antenatal depression and

low birth weight [13, 14], preterm birth [14]. These findings have been confirmed by recent

systematic reviews [15–17]. Antenatal depression has been associated with poor breastfeeding

practices [18]. This is noteworthy given that breastfeeding is considered the most effective

public health intervention for infant mortality and morbidity [19]. Postnatal depression is

often a sequela of untreated antenatal depression, with almost 50% of women who are diag-

nosed with postnatal depression having had signs of depression in pregnancy [20]. Postnatal

depression is well-studied and its profound negative effects on the infant’s development are

well documented [21, 22].

Some studies, however, have shown that there are no statistically significant associations

between antenatal depression and adverse birth and neonatal outcomes [23–26]. Most regional

studies showing mixed results on the associations between antenatal depression and birth/neo-

natal outcomes have been nested within larger trials that were not designed to answer this spe-

cific study question [27, 28]. A study of a large Ghanaian cohort of pregnant women aimed to

reduce maternal mortality through weekly vitamin A supplementation and to assess impact of

home visits by community volunteers. These investigators showed that there was no associa-

tion between antenatal depression and neonatal deaths, still births, low birth weight, delayed

initiation of breastfeeding, non-exclusive breastfeeding in the neonatal period, delivering at a

health facility, or optimal antenatal care attendance [27]. However, the same study showed
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that there was an increased risk of prolonged labour, peripartum and postpartum complica-

tions, severe new-born illness and risky behaviours such as non-use of mosquito nets during

pregnancy among women with antenatal depression [27]. In a study in Malawi, nested within

a trial of nutritional supplementation, antenatal depression was also not associated with birth

weight, gestational age, neonatal length-age-Z-score, or head-circumference-Z-score but was

inversely associated with mid-upper arm circumference [28]. In both studies, the inconsisten-

cies could be due to methodological differences. For example, both Ghanaian and Malawian

studies used screening tools that have been shown to overestimate the prevalence of antenatal

depression compared to diagnostic tools [29]. Nutritional supplementation in these studies

could have provided a beneficial effect on maternal health including reducing levels of antena-

tal depression [28]. Given their limitations, the studies did not resolve the conflicting findings

regarding the association between antenatal depression and prematurity and/or low birth

weight and other obstetric outcomes in sub-Saharan Africa.

Due to these conflicting reports on the effects of antenatal depression, and paucity of evi-

dence on the associations of antenatal depression in the Zimbabwean context, which has a

high prevalence of antenatal depression [3, 4], we sought to examine these associations among

pregnant women attending maternity services at Harare clinics. If antenatal depression is asso-

ciated with poor birth and neonatal outcomes and maternal postnatal depressive symptoms, it

would emphasize the importance of screening for it as part of routine prenatal care

Methods

This explorative prospective cohort study followed a validation study of two commonly used

depression screening tools (Edinburgh Postnatal Depression Scale and Patient Health Ques-

tionnaire-9) conducted at two randomly selected Harare City Council clinics. Data collection

occurred from January to December 2018. There are 12 polyclinics under the Harare City

Council Directorate which offer primary health care services to people of low socioeconomic

status in the city [30]. The researcher wrote each clinic’s name on a piece of paper and placed

the 12 pieces of paper in a basket. She asked a colleague to randomly pick two pieces of paper

out of the basket. The clinics picked were thus selected as study sites for data collection. The

clinics are staffed by midwives and nurses, with a medical doctor attending to severe chronic

conditions monthly [30]. At the time of the study, every pregnant woman paid an equivalent

of US$25.00 for maternity services to cover care from the time of initial intake to six weeks

post-delivery.

Pregnant women in their second or third trimester, aged�16 years, able to communicate

in English or Shona, and registered for antenatal care at one of the two selected Harare poly-

clinics were included in the study. Those with severe mental illnesses such as schizophrenia

and bipolar disorder, not able to provide written informed consent and those who were unwill-

ing to be followed until six weeks post-delivery were excluded. Assuming a 39% prevalence of

antenatal depression [31], we calculated that a sample of 366 women was needed to achieve a

5% precision at 95% confidence intervals.

Measures

Exposure. Antenatal depression was assessed using the Structured Clinical Interview for

the Diagnostic and Statistical Manual fourth version (SCID-IV) [32]. SCID-IV is administered

by trained mental health professionals [32]. It has three categories for the diagnosis of depres-

sion: “no depression”, “minor depression” and “major depression”. For this analysis, depres-

sion status in pregnancy was further dichotomised into “depressed”, which included those

who met criteria for “minor depression” and “major depression”, or “not depressed”, for those
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who had no depression. The tool had been translated and previously used in Zimbabwe to

assess postnatal depression [3, 33]).

Outcome measures

a. Birth outcomes. We collected the infant’s birthweight, gestational age at birth, mode of

delivery, Apgar score at 5 minutes, and whether breastfeeding was initiated within one-hour

postdelivery from maternal and/or infant’s medical booklets. Infant birthweight was measured

in grams upon delivery in the labour room by the attending midwife, or as soon as the mother

presented at the health facility within 24 hours postdelivery for those who delivered before

arriving at the facility. Birthweight was categorised into low birthweight (LBW), for birth-

weight <2,500g, and normal birthweight (NBW) for birthweight�2,500g. Gestational age at

birth was estimated as the time between the women’s first day of last normal menstrual period

as reported by the woman and infant’s delivery. It was then categorized into 1) preterm birth

(PTB), which takes place before 37 completed weeks of gestation, and 2) term birth, which

takes place at 37 weeks of gestation or more. Mode of delivery was either “assisted delivery”

which included those who delivered by caesarean section, vacuum extraction, forceps, or episi-

otomy, or “normal delivery” for those who had a spontaneous vaginal delivery. Apgar score

was also dichotomised into “low”, a score of<7 and “normal”, a score�7. Mothers either ini-

tiated breastfeeding within 1-hr postdelivery (“Yes”) or did not (“No”).

b. Neonatal outcomes. At the six weeks postdelivery clinic visit, we collected the infant’s

weight, height, whether the infant had been ill as recorded in the medical records prior to the

visit, and the infant’s feeding methods were recorded. Infant’s weight and height were mea-

sured routinely by the attending midwife or nurse and recorded in the baby’s medical booklet.

Research team members checked the infant’s medical records to assess whether the infant had

had a clinic visit for diarrhoea, respiratory infection, or any other illness in the previous six

weeks. Infant’s feeding methods were assessed by asking the mother’s self-report and catego-

rized what she was feeding her infant. Infant’s feeding methods were either “exclusive breast-

feeding” if the baby was feeding on breast milk only, or “other” if breastmilk was

supplemented by other foods such as cereal, porridge or juices.

c. Maternal outcomes. Maternal postnatal depressive symptoms at six weeks postdelivery

post-delivery were assessed using the Shona-version of the Edinburgh Postnatal Depression

Scale (EPDS). The 10-item screening tool, originally developed in the UK for postnatal depres-

sion [34], is the most widely used and validated maternal mental health screening tool [35–37].

It was validated among Zimbabwean postnatal women with a cut-off score of 11/12 which

yielded a sensitivity of 88%, specificity of 87% [38]. The positive predictive value was 74%, a

negative predictive value was 94%, and an area under the curve was 0.82 [38].

Confounding measures. A priori reproductive and socio-demographic risk factors for ante-

natal depression and for adverse birth and neonatal outcomes were measured as potential con-

founders. These included maternal age at baseline, parity, previous pregnancy complications,

chronic illnesses diagnosed during or prior to current pregnancy, maternal HIV status, mater-

nal body mass index at baseline and history of intimate partner violence in the past three

months. These variables were chosen based on evidence from previously published research

[13, 39–41].

Data collection procedures

Baseline data, which included participants’ sociodemographic characteristics, medical and

obstetric history, and psychosocial issues, were collected from January to April 2018 by the

research team as reported in a previous manuscript [3]. Research assistants administered the
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study questionnaire while the study psychiatrists administered the SCID-IV. Each participant’s

expected date of delivery (EDD) was recorded, and then telephonically made appointments

with participants to assess their birth outcomes. The scheduled appointments were planned to

coincide with her 3- or 7-day postdelivery clinic visit. If, at the time of the phone call, the

woman had not yet given birth, a follow-up phone call was made once a week.

On the day of the appointment, we met the participant after her scheduled clinic visit. The

investigator then checked both the mother’s and infant’s medical records and recorded the

birth outcomes on an android tablet. After the meeting, the investigator then made another

appointment with the mother to coincide with her scheduled six-week post-delivery clinic

visit.

At the six-week post-delivery visit, the investigator collected the infant’s weight, height,

whether the infant had been ill since birth and how the baby was feeding from the infant’s

medical records. Additionally, the Shona-version of the EPDS was administered to assess the

mother’s depressive symptoms six weeks post-delivery.

All data were collected and recorded on an Android tablet, and data were uploaded onto an

online data server.

Statistical analysis

Descriptive statistics such as frequencies and means with standard deviations were used to

describe the study sample’s demographic characteristics, antenatal depression status, birth,

and neonatal outcomes. Logistic regression analysis was used to assess the strength and direc-

tion of the association between antenatal depression and categorical outcomes: birthweight,

gestational age at birth, Apgar scores, infant illnesses, feeding methods and maternal depres-

sive symptoms at six weeks postdelivery. Point-biserial correlation coefficient was used to mea-

sure the strength and direction of the association between antenatal depression and

continuous outcomes such as infant’s weight and height at six weeks postdelivery. Multivariate

regression analysis was carried out to assess the effects of confounders. The strength of the

association of antenatal depression and birth/neonatal outcomes was expressed as odds ratios

(OR) with 95% confidence interval. Multicollinearity was assessed using correlation coeffi-

cients and none of the covariates were found to be correlated. All tests were two-tailed, and sig-

nificance level was at p<0.05. All statistical analysis was done in STATA version 14 (2015).

Ethical considerations

The study was approved by the Joint Research Ethics Committee (JREC) for the University of

Zimbabwe, College of Health Sciences and The Parirenyatwa Group of Hospitals (JREC/158/

17) and the Medical Research Council of Zimbabwe (MRCZ/A/2209). Permission to carry out

the study at the study clinics was granted by the Harare City Health Directorate and the clinics’

management. Written informed consent was obtained from the prospective participants. Preg-

nant women aged�16 years were considered emancipated adults; therefore, no parental con-

sent was obtained. Participants who met the diagnostic criteria for depression were referred

for further management to the mental health nurse or the Friendship Bench, a problem-solv-

ing psychotherapy administered by lay health workers.

Results

Three hundred and seventy-five pregnant women were recruited into the study, and 354 were

followed up at birth. Twenty-one women were lost to follow up.

PLOS ONE Antenatal depression and birth/neonatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0270873 July 7, 2023 5 / 16

https://doi.org/10.1371/journal.pone.0270873


Sociodemographic characteristics

Table 1 shows the participants’ sociodemographic characteristics. The largest proportion of

the participants were aged below 25 years (n = 161, 45.5%). Most had attained a secondary

school level education (n = 297, 83.9%). Sixty-two percent (n = 221) were primipara and

above. Of the 221 primipara and above, 76 (21.5%) had previous birth complications. About a

quarter of the participants (n = 88) were HIV-positive.

Depression status in pregnancy

Eighty-four participants (23.7%) had antenatal depression according to the SCID-IV. Twenty-

nine (34.5%) pregnant women who were depressed had major depression compared to 55/84

(65.5%) who had major depression.

Birth and neonatal outcomes

As shown in Table 2, of the 354 women who were seen three to seven days postnatally, three

(0.84%) had had early neonatal death, 39 (11.0%) had low birthweight babies, 52 (14.7%) had

preterm deliveries, 51 (14.4%) had assisted deliveries, 13 (3.7%) had babies with low Apgar

score and 22 (6.2%) had not initiated breastfeeding within one hour of delivery.

At the six weeks postdelivery assessment, eight (2.8%) infants had died in the neonatal

period. The infant’s mean weight was 5021.5g [±715.5 (95%CI: 4945.4–5097.6)]. Their mean

length 54.7cm [±2.7 (95%CI: 54.4–55.0)]. Of the 343 participants whose babies were alive, 110

(31.8%) were not breastfeeding exclusively, 76 (21.7%) participants’ infants had been ill as

recorded in their medical records and 102 (28.8%) participants had depressive symptoms

based on the EPDS at the six-week postdelivery visit; of these 44 (43.1%) were depressed in

pregnancy. Of the 76 (21.7%) infants who had been ill, 47 (13.4%) had acute respiratory infec-

tion, 21 (6.0%) had diarrhoeal infection and 8 (2.3%) had other illnesses including seizures,

conjunctivitis, and jaundice.

Associations between antenatal depression and adverse birth and neonatal

outcomes

Table 3 shows the unadjusted associations between antenatal depression and birth and neona-

tal outcomes. There was no statistically significant association between antenatal depression

and infant’s weight (rpo = -0.059, p = 0.278) or height (rpo = -0.067, p = 0.218) at six weeks

postdelivery.

Table 4 shows the results from multivariate regression analysis. The associations between

antenatal depression and each of low birthweight [Adjusted OR = 2.30 (95%CI: 1.08–4.90),

p = 0.03], exclusive breastfeeding [Adjusted OR = 0.42 (95%CI:0.25–0.73), p = 0.002] and

maternal depressive symptoms at six weeks [Adjusted OR = 4.99 (95%CI:2.81–8.85), p<0.001]

was statistically significant after controlling for maternal age, parity, previous birth complica-

tions, chronic illnesses, HIV status, intimate partner violence and maternal body mass index

(BMI).

Discussion

The study aimed to determine associations between antenatal depression and birth and neona-

tal outcomes. To our knowledge, this is the first study in Zimbabwe to examine these associa-

tions. Study results showed that almost a quarter of pregnant women attending antenatal

clinics in Harare, Zimbabwe were depressed, and almost one-third of women had depressive

symptoms at six weeks postdelivery. The point estimates for the odds ratios suggest a two-fold
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Table 1. Participants’ sociodemographic characteristics (N = 354).

Characteristic Frequency (%)

Maternal age in years

Below 25 161 (45.5%)

Between 25 and 29 100 (28.2%)

30 and above 93 (26.3%)

Residence

High density 292 (82.5%)

Other 62 (17.5%)

Occupation

Not employed 218 (61.6%)

Employed 136 (38.4%)

Educational level

Primary level 26 (7.3%)

Secondary school level 297 (83.9%)

Tertiary level 31 (8.8%)

Importance of religion

Very important 330 (93.2%)

Not important 24 (6.8%)

Parity

Nullipara 133 (37.6%)

Primipara and above 221 (62.4%)

Intended pregnancy

Yes 265 (74.9%)

No 89 (25.1%)

History of obstetric complications

No 145 (41.0%)

Yes 76 (21.5%)

No previous birth 133 (37.6%)

Chronic illness diagnosed in current pregnancy

Yes 29 (8.2%)

No 325 (91.8%)

Chronic illness diagnosed prior to current pregnancy

Yes 62 (17.5%)

No 292 (82.5%)

HIV status

Positive 88 (24.9%)

Negative 266 (74.1%)

Marital status

Married/cohabitating 280 (79.1%)

Other 74 (20.9%)

Negative life event in the past one year

No 185 (52.3%)

Yes 169 (47.7%)

Have someone to talk to when overwhelmed

No 125 (35.3%)

Yes 229 (64.7%)

History of intimate partner violence in the past 3 months

No 238 (67.2%)

(Continued)
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increased risk of low birth weight and four-fold increased risk of maternal postnatal depressive

symptoms for women with antenatal depression. Mothers who had antenatal depression were

less likely to exclusively breastfeed their babies at six weeks postdelivery.

Table 1. (Continued)

Characteristic Frequency (%)

Yes 116 (32.8%)

Alcohol use in pregnancy

No 319 (90.1%)

Yes 35 (9.9%)

Maternal BMI

Below to normal BMI 180 (50.1%)

Above normal 174 (49.1%)

Depression in pregnancy

No 270 (76.3%)

Yes 84 (23.7%)

https://doi.org/10.1371/journal.pone.0270873.t001

Table 2. Birth and neonatal outcomes (N = 354).

Outcome Total (N = 354)

Birth weight at delivery

Low Birth weight 39 (11.0%)

Normal/above birthweight 315 (89.0%)

Mode of Delivery

Assisted delivery 51 (14.4%)

Normal delivery 303 (85.6%)

Gestational age at delivery

Preterm delivery 52 (14.7%)

Term delivery 302 (85.3%)

Apgar score at 5mins post-delivery

Subnormal (<7) 13 (3.7%)

Normal 341 (96.3%)

Initiating breastfeeding within 1hr postdelivery

Yes 22 (6.2%)

No 332 (93.8%)

Infant height at 6 weeks post-delivery # 54.7±2.7 (95%CI: 54.4–55.0)

Infant weight at 6 weeks post-delivery # 5021.5±715.5 (95%CI: 4945.4–5097.6)

Infant Feeding Methods at 6 weeks post-delivery#

Non-exclusive breastfeeding 110 (31.8%)

Exclusive breastfeeding 232 (67.1%)

Infant illness in the first six weeks of life##

Yes 76 (21.7%)

No 275 (78.3%)

Postnatal depressive symptoms at six weeks post-delivery (EPDS)

�11 102 (28.8%)

<11 252 (71.2%)

#N = 343
##N = 351

https://doi.org/10.1371/journal.pone.0270873.t002
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The prevalence of low birth weight in the study sample was 11.0%, which was lower than

that found in a previous Zimbabwean study of 16.7% [42]. The statistically significant associa-

tion between antenatal depression and low birth weight was consistent with a meta-analysis

carried out of 11 studies that showed a relative risk ranging from 1.02–4.75 [24] of pregnant

women with depression delivering babies with low birth weight. The result is also consistent

with other recent systematic reviews [15–17]. One possible explanation for this association is

that mothers with depression have reduced cognitive function, which may lead to poor mater-

nal nutrition, poor health seeking behaviours and increased risk behaviours such as alcohol

use and smoking which may ultimately affect the foetal intrauterine growth [11]. This result

has important clinical significance. Low birth weight infants are at a higher risk of neonatal

morbidity and mortality [43, 44]. It is imperative therefore to address every aspect, including

maternal mental health, that may be associated with low birth weight to reduce infant mortal-

ity and morbidity.

The study results showed that 22 (6.2%) participants did not initiate breastfeeding within

one-hour post-delivery as is recommended by the WHO [23], which was lower than previously

recorded in Zimbabwe [45]. This could be attributed to any number of reasons, such as the

individual clinic context (if initiation of breastfeeding within hour was encouraged or not),

recovering from general anaesthesia following a caesarean section or having delivered infants

Table 3. Associations of birth and neonatal outcomes with antenatal depression (N = 354).

Outcome Depressed (N = 84) Not Depressed (N = 270) Unadjusted

Odds Ratio (95%CI) p-value

Birth weight at delivery

Normal/above Birthweight 70 (19.8%) 245 (69.2%)

Low birthweight 14(3.9%) 25 (7.1%) 1.96 (0.97–3.97) 0.06

Mode of Delivery

Normal delivery 73 (20.6%) 230 (64.9%)

Assisted delivery 11 (3.1%) 40 (11.3%) 0.87 (0.42–1.77) 0.70

Gestational age at delivery

Term delivery 73 (20.3%) 229 (64.7%)

Preterm delivery 11 (3.1%) 41 (11.6%) 0.84 (0.41–1.72) 0.64

Apgar score at 5mins post-delivery

Normal 81 (22.9%) 260 (73.4%)

Subnormal 3 (0.8%) 10 (2.8%) 0.96 (0.26–3.58) 0.95

Initiating breastfeeding within 1hr postdelivery

Yes 76 (21.5%) 256 (72.3%)

No 8 (2.3%) 14 (3.9%) 1.92 (0.78–4.76) 0.16

Infant Feeding Methods at 6 weeks post-delivery*
Non-exclusive feeding 39 (11.39%) 72 (20.99%)

Exclusive breastfeeding 42 (12.24%) 190 (55.39%) 0.42 (0.25–0.70) 0.001*
Infant illness in the first six weeks of life # #

No 65 (18.5%) 210 (59.8%)

Yes 17 (4.8%) 59 (16.8%) 0.93 (0.51–1.71) 0.82

Postnatal depressive symptoms at six weeks post-delivery

Not Depressed 40 (11.3%) 212 (59.9%)

Depressed 44 (12.4%) 58 (16.4%) 4.02 (2.39–6.75) �0.001*

#N = 343
##N = 351*, statistically significant at p<0.05

https://doi.org/10.1371/journal.pone.0270873.t003
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with very low Apgar scores who needed immediate medical attention [45]. Although women

who were depressed in pregnancy were twice as likely not to initiate breast feeding early, this

association was not statistically significant. This result is contrary to a recent systematic review

on the association between antenatal depression and delayed initiation of breastfeeding which

showed a strong, positive association between the two [18]. One-third of the participants were

not exclusively breastfeeding their babies at six-week postnatal assessment point. This result is

consistent with previously published studies from Zimbabwe which showed that about 66.7%

of mothers exclusively breastfeed their infants [46–48]. The low uptake of exclusive breastfeed-

ing could be due to cultural barriers, such as elder women’s interference in the caring of the

infant, that young mothers face when trying to implement this [46, 47, 49]. In our study, moth-

ers with antenatal depression were less likely to exclusively breastfeed their infants at six weeks

postdelivery, although this association was quite small. The negative association between ante-

natal depression and exclusive breastfeeding is consistent with results from previous studies

Table 4. Multivariate analysis for the associations between antenatal depression and adverse birth and neonatal outcomes.

Predictor Low birth weight Infant illness within 6 weeks

postdelivery

Maternal postnatal depressive

symptoms

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Antenatal depression

Not depressed 1 1 1

Depressed 2.30 (1.08–4.90) 0.03* 0.89 (0.45–1.75) 0.73 4.99 (2.81–8.85) <0.0001*
Maternal age group

Less than 25 1 1 1

25 to below 30 0.67 (0.26–1.74) 0.41 0.67 (0.33–1.36) 0.27 1.86 (0.97–3.56) 0.06*
30 and above 1.15 (0.47–2.85) 0.75 0.37 (0.68-.083) 0.02* 1.72 (0.85–3.48) 0.129

Parity

Nullipara 1 1 1

Multipara 1.19 (0.49–2.90) 0.71 1.99 (0.98–4.01) 0.06 0.58 (0.31–1.11) 0.099

Previous birth complications

No 1 1 1

Yes 1.04 (0.42–2.51) 0.93 0.84 (0.41–1.74) 0.66 0.90 (0.46–1.76) 0.76

No previous pregnancy 1 (omitted) 1 1 (omitted)

Chronic illnesses diagnosed during current pregnancy

No 1 1 1

Yes 0.43 (0.09–2.12) 0.30 0.84 (0.32–2.23) 0.73 0.53(0.20–1.44) 0.21

Chronic illness diagnosed prior to this current pregnancy

No 1 1 1

Yes 1.23 (0.48–3.16) 0.67 1.71 (0.86–3.39) 0.13 0.88 (0.42–1.78) 0.71

HIV status

Negative 1 1 1

Positive 0.96 (0.41–2.25) 0.93 4.38 (2.38–8.04) <0.001* 1.07 (0.58–1.95) 0.83

History of intimate partner violence

No 1 1 1

Yes 0.66 (0.30–1.43) 0.29 1.79 (1.01–3.18) 0.05* 0.79 (0.46–1.37) 0.46

BMI

Below to normal 1 1 1

Above normal 1.00 (0.50–2.03) 0.98 1.01 (0.57–1.79) 0.96 1.37 (0.83–2.27) 0.23

*statistically significant at p<0.05

https://doi.org/10.1371/journal.pone.0270873.t004
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[18, 50–55]. Women who are already struggling with depression would have even greater diffi-

culty pushing back against these cultural barriers hence the strong association. However,

regionally, it has been shown that depression does not affect intention and initiation of breast-

feeding or exclusive breastfeeding [27, 56]. Since breastfeeding, particularly exclusive breast-

feeding, are the most effective public health interventions for reducing infant mortality and

morbidity, any known factor, including antenatal depression, should be addressed to improve

uptake of breastfeeding.

The prevalence of postnatal depressive symptoms among the study sample was 28.8%. The

result is consistent with previous studies in Zimbabwe that have shown a high prevalence of

postnatal depression ranging from 21% to 33% [33, 57, 58]. Our study also showed that preg-

nant women who were depressed in pregnancy were four-times more likely to have depressive

symptoms at six weeks post-delivery, which is in line with prior studies on the association

between prenatal and postnatal depression [14, 20]. Research has shown that postnatal depres-

sion has negative effects on the infant’s growth and development [22]. It is therefore recom-

mended that pregnant women be screened for antenatal depression, and positively screened

cases be managed effectively, to reduce the odds of postnatal depression.

Multivariate analysis also showed that some birth and neonatal outcomes, such as low birth

weight, assisted delivery, initiation of breastfeeding with one-hour postdelivery and infant ill-

ness at six weeks postdelivery were associated with other factors such as maternal age, parity,

maternal HIV status and history of intimate partner violence within the past three months.

This showed how complex and intersecting the factors that affect birth and neonatal outcomes

are, other than antenatal depression.

In this study, antenatal depression was statistically associated with low birth weight, infant

feeding methods and postnatal depressive symptoms, but not with preterm delivery, assisted

deliveries, initiating breastfeeding within one-hour post-delivery, low Apgar scores, infant’s

weight, and height at six weeks postdelivery, and neonatal infant illness. These results were like

those arising from other studies in sub-Saharan countries [27, 28]. Lack of a statistically signifi-

cant association between antenatal depression and infant illness demonstrated in our study is

surprising. As antenatal depression can affect a mother’s ability to follow recommended medi-

cal regimens [6, 10], it follows that her infant could be at risk of ill-health, but we did not find

this to be the case. This result contradicts findings in the Ghana [27] which showed a strong

association between antenatal depression and serious infant illness in the postnatal period.

The lack of statistical significance between depression and certain outcomes, such as infant ill-

ness, may be because most participants were diagnosed with minor depression, some may

have received treatment and others may have comorbid anxiety or other mental disorder

which may have affected outcomes [58, 59].

The study had some limitations. Firstly, antenatal depression was assessed once, the partici-

pant might have not been depressed at the time of data collection but later developed depres-

sion or vice versa. It would also be preferable to follow pregnant women starting in the first

trimester, which is considered the most critical stage in foetal development. However, recruit-

ing women in the first trimester may not be feasible in the Zimbabwean setting, as most preg-

nant women present for antenatal care in the second and third trimester [60, 61]. We also

categorised major depression and minor depression as depressed; however, severity of depres-

sive symptoms is likely to affect pregnancy outcomes differently. Although the pregnant

women who had SCID-diagnosed minor/major depression were referred to the Friendship

Bench [62] or mental health nurse for further management, information on management out-

comes was not available; the fact that women may have received treatment for antenatal

depression could explain some of the lack of association between antenatal depression and

many birth and neonatal outcomes. A larger cohort study following pregnant women from the
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first trimester with depression being assessed in all trimesters at multiple points is recom-

mended. Another limitation is that the study showed associations, and not causality.

Despite the above-stated limitations, the study has several strengths. The prospective cohort

study used a diagnostic tool, SCID-IV, to assess antenatal depression unlike most studies

which used screening tools such as the PHQ-9 [27], EPDS [14, 55, 63], SRQ-20 [25, 28] and

BDI-II [26]. Screening tools have been shown to overestimate prevalence of depressive symp-

toms [63]. To reduce recall and/or measurement bias, the participants’ responses to study out-

comes were collected directly from the maternal and infant medical records. The study also

had a low attrition rate which led to collection of comprehensive data.

Conclusion

The association between antenatal depression and low birth weight, non-exclusive breastfeed-

ing at six weeks postdelivery and maternal postnatal depressive symptoms has major clinical

significance in maternal and child health care. Low birth weight is the highest cause of infant

mortality and morbidity hence every possible contributing factor needs to be addressed to pro-

mote maternal and child health. Accordingly, there is great need for more research to identify

whether screening for and subsequently treating antenatal depression can improve these out-

comes; this data is needed to support universal screening for antenatal depression. In our low-

income settings, task-shifted mental health interventions can potentially be used to address

antenatal depression in primary or maternal health settings [61] could and thereby reduce its

negative effects of on birth and neonatal outcomes.

Acknowledgments

We thank the women who participated in the study for their time, the research team who col-

lected data and the study clinic managers and their staff for assisting with logistics during data

collection. We are also grateful to the Mildred Nemaramba, who assisted in the analysis of the

data and Helen Jack who assisted with editing the manuscript.

Author Contributions

Conceptualization: Malinda Kaiyo-Utete, Lisa Langhaug, Alfred Chingono, Jermaine M.

Dambi.

Data curation: Malinda Kaiyo-Utete.

Formal analysis: Malinda Kaiyo-Utete, Jermaine M. Dambi, Claire Henderson.

Funding acquisition: Malinda Kaiyo-Utete.

Investigation: Malinda Kaiyo-Utete, Z. Mike Chirenje.

Methodology: Malinda Kaiyo-Utete, Lisa Langhaug, Alfred Chingono, Jermaine M. Dambi,

Claire Henderson.

Project administration: Malinda Kaiyo-Utete.

Resources: Malinda Kaiyo-Utete.

Supervision: Lisa Langhaug, Alfred Chingono, Thulani Magwali, Claire Henderson, Z. Mike

Chirenje.

Validation: Lisa Langhaug, Thulani Magwali, Claire Henderson, Z. Mike Chirenje.

Writing – original draft: Malinda Kaiyo-Utete, Lisa Langhaug, Alfred Chingono, Claire

Henderson.

PLOS ONE Antenatal depression and birth/neonatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0270873 July 7, 2023 12 / 16

https://doi.org/10.1371/journal.pone.0270873


Writing – review & editing: Malinda Kaiyo-Utete, Lisa Langhaug, Alfred Chingono, Jermaine

M. Dambi, Thulani Magwali, Claire Henderson, Z. Mike Chirenje.

References
1. Ng’oma M, Bitew T, Kaiyo-Utete M, Hanlon C, Honikman S, Stewart RC. Perinatal mental health around

the world: priorities for research and service development in Africa. BJPsych International. 2020; 17

(3):56–9. https://doi.org/10.1192/bji.2020.16 PMID: 34287427

2. Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence and determinants

of common perinatal mental disorders in women in low- and lower-middle-income countries: a system-

atic review. Bull World Health Organ. 2012; 90(2):139G–49G. https://doi.org/10.2471/BLT.11.091850

PMID: 22423165

3. Kaiyo-Utete JMD M., Chingono A., Mazhandu F. S. M., Madziro-Ruwizhu T. B., Henderson C., Magwali

LLaZMC T.. Antenatal depression: an examination of prevalence and its associated factors among

pregnant women attending Harare polyclinics. BMC Pregnancy and Childbirth. 2020; 20(197).

4. Nyamukoho E, Mangezi W, Marimbe B, Verhey R, Chibanda D. Depression among HIV positive preg-

nant women in Zimbabwe: a primary health care based cross-sectional study. BMC Pregnancy and

Childbirth. 2019; 19(1):53. https://doi.org/10.1186/s12884-019-2193-y PMID: 30704428

5. Yonkers KA, Smith MV, Gotman N, Belanger K. Typical somatic symptoms of pregnancy and their

impact on a diagnosis of major depressive disorder. General Hospital Psychiatry. 2009; 31(4):327–33.

https://doi.org/10.1016/j.genhosppsych.2009.03.005 PMID: 19555792

6. Mitchell J, Goodman J. Comparative effects of antidepressant medications and untreated major depres-

sion on pregnancy outcomes: a systematic review. Arch Womens Ment Health. 2018; 21(5):505–16.

https://doi.org/10.1007/s00737-018-0844-z PMID: 29644439

7. Acheampong K, Pan X, Kaminga AC, Wen SW, Liu A. Risk of adverse maternal outcomes associated

with prenatal exposure to moderate-severe depression compared with mild depression: A fellow-up

study. Journal of Psychiatric Research. 2021; 136:32–8. https://doi.org/10.1016/j.jpsychires.2021.01.

036 PMID: 33548828

8. Bitew T, Hanlon C, Kebede E, Medhin G, Fekadu A. Antenatal depressive symptoms and maternal

health care utilisation: a population-based study of pregnant women in Ethiopia. BMC pregnancy and

childbirth. 2016; 16(1):301–. https://doi.org/10.1186/s12884-016-1099-1 PMID: 27724876

9. Thompson O, Ajayi I. Prevalence of Antenatal Depression and Associated Risk Factors among Preg-

nant Women Attending Antenatal Clinics in Abeokuta North Local Government Area, Nigeria. Depres-

sion Research and Treatment. 2016; 2016:4518979. https://doi.org/10.1155/2016/4518979 PMID:

27635258

10. Cunningham SD, Smith A, Kershaw T, Lewis JB, Cassells A, Tobin JN, et al. Prenatal Depressive

Symptoms and Postpartum Sexual Risk Among Young Urban Women of Color. J Pediatr Adolesc

Gynecol. 2016; 29(1):11–7. https://doi.org/10.1016/j.jpag.2015.04.011 PMID: 26165914

11. Holden KB, McKenzie R, Pruitt V, Aaron K, Hall S. Depressive symptoms, substance abuse, and inti-

mate partner violence among pregnant women of diverse ethnicities. J Health Care Poor Underserved.

2012; 23(1):226–41. https://doi.org/10.1353/hpu.2012.0022 PMID: 22643473

12. Onono M, Odwar T, Abuogi L, Owuor K, Helova A, Bukusi E, et al. Effects of Depression, Stigma and

Intimate Partner Violence on Postpartum Women’s Adherence and Engagement in HIV Care in Kenya.

AIDS and Behavior. 2020; 24(6):1807–15. https://doi.org/10.1007/s10461-019-02750-y PMID:

31813076

13. Li X, Gao R, Dai X, Liu H, Zhang J, Liu X, et al. The association between symptoms of depression during

pregnancy and low birth weight: a prospective study. BMC Pregnancy and Childbirth. 2020; 20(1):147.

https://doi.org/10.1186/s12884-020-2842-1 PMID: 32138708

14. Eastwood J, Ogbo FA, Hendry A, Noble J, Page A, for the Early Years Research G. The Impact of Ante-

natal Depression on Perinatal Outcomes in Australian Women. PLOS ONE. 2017; 12(1):e0169907.

https://doi.org/10.1371/journal.pone.0169907 PMID: 28095461

15. Jarde A, Morais M, Kingston D, Giallo R, MacQueen GM, Giglia L, et al. Neonatal Outcomes in Women

With Untreated Antenatal Depression Compared With Women Without Depression: A Systematic

Review and Meta-analysis. JAMA Psychiatry. 2016; 73(8):826–37. https://doi.org/10.1001/

jamapsychiatry.2016.0934 PMID: 27276520

16. Fekadu Dadi A, Miller ER, Mwanri L. Antenatal depression and its association with adverse birth out-

comes in low and middle-income countries: A systematic review and meta-analysis. PloS one. 2020; 15

(1):e0227323–e. https://doi.org/10.1371/journal.pone.0227323 PMID: 31923245

PLOS ONE Antenatal depression and birth/neonatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0270873 July 7, 2023 13 / 16

https://doi.org/10.1192/bji.2020.16
http://www.ncbi.nlm.nih.gov/pubmed/34287427
https://doi.org/10.2471/BLT.11.091850
http://www.ncbi.nlm.nih.gov/pubmed/22423165
https://doi.org/10.1186/s12884-019-2193-y
http://www.ncbi.nlm.nih.gov/pubmed/30704428
https://doi.org/10.1016/j.genhosppsych.2009.03.005
http://www.ncbi.nlm.nih.gov/pubmed/19555792
https://doi.org/10.1007/s00737-018-0844-z
http://www.ncbi.nlm.nih.gov/pubmed/29644439
https://doi.org/10.1016/j.jpsychires.2021.01.036
https://doi.org/10.1016/j.jpsychires.2021.01.036
http://www.ncbi.nlm.nih.gov/pubmed/33548828
https://doi.org/10.1186/s12884-016-1099-1
http://www.ncbi.nlm.nih.gov/pubmed/27724876
https://doi.org/10.1155/2016/4518979
http://www.ncbi.nlm.nih.gov/pubmed/27635258
https://doi.org/10.1016/j.jpag.2015.04.011
http://www.ncbi.nlm.nih.gov/pubmed/26165914
https://doi.org/10.1353/hpu.2012.0022
http://www.ncbi.nlm.nih.gov/pubmed/22643473
https://doi.org/10.1007/s10461-019-02750-y
http://www.ncbi.nlm.nih.gov/pubmed/31813076
https://doi.org/10.1186/s12884-020-2842-1
http://www.ncbi.nlm.nih.gov/pubmed/32138708
https://doi.org/10.1371/journal.pone.0169907
http://www.ncbi.nlm.nih.gov/pubmed/28095461
https://doi.org/10.1001/jamapsychiatry.2016.0934
https://doi.org/10.1001/jamapsychiatry.2016.0934
http://www.ncbi.nlm.nih.gov/pubmed/27276520
https://doi.org/10.1371/journal.pone.0227323
http://www.ncbi.nlm.nih.gov/pubmed/31923245
https://doi.org/10.1371/journal.pone.0270873


17. Grigoriadis S, VonderPorten EH, Mamisashvili L, Tomlinson G, Dennis CL, Koren G, et al. The impact

of maternal depression during pregnancy on perinatal outcomes: a systematic review and meta-analy-

sis. J Clin Psychiatry. 2013; 74(4):e321–41. https://doi.org/10.4088/JCP.12r07968 PMID: 23656857

18. Madlala SS, Kassier SM. Antenatal and postpartum depression: effects on infant and young child health

and feeding practices. South African Journal of Clinical Nutrition. 2018; 31(1):1–7.

19. UNICEF & WHO. Capture the Moment—Early Initiation of Breastfeeding: The Best Start for Every New-

born. Geneva, Switzerland: World Health Organization; 2016

20. Faisal-Cury A, Menezes PR. Antenatal depression strongly predicts postnatal depression in primary

health care. Braz J Psychiatry. 2012; 34(4):446–50. https://doi.org/10.1016/j.rbp.2012.01.003 PMID:

23429816

21. Dadi AF, Miller ER, Mwanri L. Postnatal depression and its association with adverse infant health out-

comes in low- and middle-income countries: a systematic review and meta-analysis. BMC Pregnancy

and Childbirth. 2020; 20(1):416. https://doi.org/10.1186/s12884-020-03092-7 PMID: 32698779

22. Parsons CE, Young KS, Rochat TJ, Kringelbach ML, Stein A. Postnatal depression and its effects on

child development: a review of evidence from low- and middle-income countries. British Medical Bulle-

tin. 2011; 101(1):57–79. https://doi.org/10.1093/bmb/ldr047 PMID: 22130907

23. Accortt EE, Cheadle AC, Dunkel Schetter C. Prenatal depression and adverse birth outcomes: an

updated systematic review. Matern Child Health J. 2015; 19(6):1306–37. https://doi.org/10.1007/

s10995-014-1637-2 PMID: 25452215

24. Grote NK, Bridge JA, Gavin AR, Melville JL, Iyengar S, Katon WJ. A meta-analysis of depression during

pregnancy and the risk of preterm birth, low birth weight, and intrauterine growth restriction. Archives of

general psychiatry. 2010; 67(10):1012–24. https://doi.org/10.1001/archgenpsychiatry.2010.111 PMID:

20921117

25. Hanlon C, Medhin G, Alem A, Tesfaye F, Lakew Z, Worku B, et al. Impact of antenatal common mental

disorders upon perinatal outcomes in Ethiopia: the P-MaMiE population-based cohort study. Trop Med

Int Health. 2009; 14(2):156–66. https://doi.org/10.1111/j.1365-3156.2008.02198.x PMID: 19187514

26. Brittain K, Myer L, Koen N, Koopowitz S, Donald KA, Barnett W, et al. Risk Factors for Antenatal

Depression and Associations with Infant Birth Outcomes: Results From a South African Birth Cohort

Study. Paediatr Perinat Epidemiol. 2015; 29(6):505–14. https://doi.org/10.1111/ppe.12216 PMID:

26236987

27. Weobong B, ten Asbroek AHA, Soremekun S, Manu AA, Owusu-Agyei S, Prince M, et al. Association

of Antenatal Depression with Adverse Consequences for the Mother and Newborn in Rural Ghana:

Findings from the DON Population-Based Cohort Study. PLOS ONE. 2015; 9(12):e116333.

28. Stewart RC, Ashorn P, Umar E, Dewey KG, Ashorn U, Creed F, et al. Associations between antenatal

depression and neonatal outcomes in Malawi. Matern Child Nutr. 2019; 15(2):e12709. https://doi.org/

10.1111/mcn.12709 PMID: 30426668

29. Woody CA, Ferrari AJ, D. J. Siskind DJ, Whiteford HA and Harris MG (2017) A systematic review and

meta-regression of the prevalence and incidence of perinatal depression Journal of Affective Disorder

219, 86–92 https://doi.org/10.1016/j.jad.2017.05.003 PMID: 28531848

30. Harare City Health Department. City of Harare—Council Hospitals and Clinics. In: Directorate H, editor.

Harare2016.

31. Hartley M, Tomlinson M, Greco E, Comulada WS, Stewart J, le Roux I, et al. Depressed mood in preg-

nancy: Prevalence and correlates in two Cape Town peri-urban settlements. Reproductive Health.

2011; 8(1):9. https://doi.org/10.1186/1742-4755-8-9 PMID: 21535876

32. APA. Diagnostic and Statistical Manual for Mental Disorders. 4th ed (Text Revised) ed. Washington

DC: American Psychiatric Association; 2000.

33. Chibanda D, Mangezi W, Tshimanga M, Woelk G, Rusakaniko S, Stranix-Chibanda L, et al. Postnatal

depression by HIV status among women in Zimbabwe. J Womens Health (Larchmt). 2010; 19

(11):2071–7. https://doi.org/10.1089/jwh.2010.2012 PMID: 20849286

34. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edin-

burgh Postnatal Depression Scale. Br J Psychiatry. 1987; 150:782–6. https://doi.org/10.1192/bjp.150.

6.782 PMID: 3651732

35. Shrestha SD, Pradhan R., Tran T. D., Gualano R. C., & Fisher J. R. W. Reliability and validity of the

Edinburgh Postnatal Depression Scale (EPDS) for detecting perinatal common mental disorders

(PCMDs) among women in low-and lower-middle-income countries: A systematic review. BMC Preg-

nancy and Childbirth. 2016; 16(1):1–19[72]. https://doi.org/10.1186/s12884-016-0859-2 PMID:

27044437

PLOS ONE Antenatal depression and birth/neonatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0270873 July 7, 2023 14 / 16

https://doi.org/10.4088/JCP.12r07968
http://www.ncbi.nlm.nih.gov/pubmed/23656857
https://doi.org/10.1016/j.rbp.2012.01.003
http://www.ncbi.nlm.nih.gov/pubmed/23429816
https://doi.org/10.1186/s12884-020-03092-7
http://www.ncbi.nlm.nih.gov/pubmed/32698779
https://doi.org/10.1093/bmb/ldr047
http://www.ncbi.nlm.nih.gov/pubmed/22130907
https://doi.org/10.1007/s10995-014-1637-2
https://doi.org/10.1007/s10995-014-1637-2
http://www.ncbi.nlm.nih.gov/pubmed/25452215
https://doi.org/10.1001/archgenpsychiatry.2010.111
http://www.ncbi.nlm.nih.gov/pubmed/20921117
https://doi.org/10.1111/j.1365-3156.2008.02198.x
http://www.ncbi.nlm.nih.gov/pubmed/19187514
https://doi.org/10.1111/ppe.12216
http://www.ncbi.nlm.nih.gov/pubmed/26236987
https://doi.org/10.1111/mcn.12709
https://doi.org/10.1111/mcn.12709
http://www.ncbi.nlm.nih.gov/pubmed/30426668
https://doi.org/10.1016/j.jad.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28531848
https://doi.org/10.1186/1742-4755-8-9
http://www.ncbi.nlm.nih.gov/pubmed/21535876
https://doi.org/10.1089/jwh.2010.2012
http://www.ncbi.nlm.nih.gov/pubmed/20849286
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.1186/s12884-016-0859-2
http://www.ncbi.nlm.nih.gov/pubmed/27044437
https://doi.org/10.1371/journal.pone.0270873


36. Gibson J, McKenzie-McHarg K, Shakespeare J, Price J, Gray R. A systematic review of studies validat-

ing the Edinburgh Postnatal Depression Scale in antepartum and postpartum women. Acta Psychiatr

Scand. 2009; 119(5):350–64. https://doi.org/10.1111/j.1600-0447.2009.01363.x PMID: 19298573

37. Levis B, Negeri Z, Sun Y, Benedetti A, Thombs BD. Accuracy of the Edinburgh Postnatal Depression

Scale (EPDS) for screening to detect major depression among pregnant and postpartum women: sys-

tematic review and meta-analysis of individual participant data. BMJ. 2020; 371:m4022. https://doi.org/

10.1136/bmj.m4022 PMID: 33177069

38. Chibanda D, Mangezi W, Tshimanga M, Woelk G, Rusakaniko P, Stranix-Chibanda L, et al. Validation

of the Edinburgh Postnatal Depression Scale among women in a high HIV prevalence area in urban

Zimbabwe. Arch Womens Ment Health. 2010; 13(3):201–6. https://doi.org/10.1007/s00737-009-0073-6

PMID: 19760051

39. Eberhard-Gran M, Eskild A, Tambs K, Opjordsmoen S, Samuelsen SO. Review of validation studies of

the Edinburgh Postnatal Depression Scale. Acta Psychiatr Scand. 2001; 104(4):243–9. https://doi.org/

10.1034/j.1600-0447.2001.00187.x PMID: 11722298

40. Kaida A, Matthews LT, Ashaba S, Tsai AC, Kanters S, Robak M, et al. Depression during pregnancy

and the postpartum among HIV-infected women on antiretroviral therapy in Uganda. J Acquir Immune

Defic Syndr. 2014; 67 Suppl 4(Suppl 4):S179–S87. https://doi.org/10.1097/QAI.0000000000000370

PMID: 25436816
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