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Abstract

Background

The vast majority of research on mental health has been undertaken in high income coun-

tries. This study aimed at investigating the long-term course of maternal depressive symp-

toms and its association with various mother- and child-related characteristics in two West

African lower middle income countries with focus on the relationship with long-term anxiety

symptoms.

Methods

In the Child Development Study, a prospective birth cohort study in Côte d’Ivoire and

Ghana, the 9-item Patient Health Questionnaire (PHQ-9) was answered by N = 776 women

3 months antepartum, and 3, 12, and 24 months postpartum between April 2010 and March

2014. Growth mixture modeling was used to identify distinct trajectories of depressive symp-

toms. Several psychosocial, obstetric, and sociodemographic characteristics were
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assessed and multinomial regression analysis was performed to investigate the influence of

these variables on the different depression trajectories.

Results

We found three distinct classes of depressive symptoms that were characterized by an

asymptomatic trajectory (91.5%), by recurrent risk (4.3%) and by postnatal risk (4.3%). The

longitudinal course of depressive symptoms was strongly associated with anxiety symptoms

(χ2 = 258.54, df = 6, p < 0.001; φ = .577). Among other factors, higher levels of anxiety, new

pregnancy 2 years after birth, economic stress, and family stress were associated with the

risk classes.

Conclusions

A substantial proportion of West African women in our sample developed unfavorable pat-

terns of depressive symptoms during the vulnerable phase of pregnancy and early mother-

hood. Psychosocial factors, especially antepartum anxiety symptoms, played a decisive

role in this process. Perceived economic hardship further exaggerated the mental health

burden.

Introduction

Ante- and postpartum maternal depression is a global public health problem [1, 2]. Besides the

burden for the individual woman [3], perinatal depression may have adverse effects on the off-

spring’s health and development [4, 5], predicts their biological sensitivity to social stress well

into adulthood [6], and may prevent them from achieving their developmental potential [7].

Consequently, the United Nations declared the improvement of maternal health, naturally

including mental health aspects, in their Sustainable Development Goals [2, 8]. Women from

low and middle income countries (LMIC) may be particularly disadvantaged in terms of men-

tal health due to numerous stressors [9, 10]. Despite the great relevance particularly for

women from LMIC, the vast majority of research has been conducted in countries of the

Global North [11].

The classification of countries based on their national income per capita is provided by the

World Bank which categorizes countries into low-income, lower middle-income, upper mid-

dle-income, and high income countries. The term LMIC contains low-income and lower mid-

dle-income countries. Africa is geographically divided into North Africa and sub-Saharan

Africa. To the latter belong 49 of the 54 African countries, including all West African coun-

tries. All sub-Saharan countries (except South Africa), and therefore all West African countries

are considered LMIC. The target population of this study are West African mothers, being

part of the broader population of sub-Saharan Africa, which itself consists of several LMIC.

Only a handful of studies have investigated the long-term course of depressive symptoms dur-

ing pregnancy and after childbirth, none of which were performed in West Africa, or sub-

Sahara or even in LMIC. Studies from HIC reported different findings on the course of perina-

tal depressive symptomatology. While Heron et al. [12] identified a stable and moderately

improving global trajectory from the antepartum period to 8 months postpartum, Lee et al.

[13] suggested a pattern with highest depression scores measured with the Hospital Anxiety

and Depression Scale in the first and third trimesters of pregnancy and also a high prevalence
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of depressive symptoms assessed with the Edinburgh Postnatal Depression Scale six weeks

postpartum. Martini et al. [14] and Mora et al. [15] found multiple longitudinal patterns of

depressive symptoms, e.g. a large group of permanently asymptomatic women, frequent

occurrence of symptoms after delivery, and general recovery from the ante- to the postpartum

phase. Since there is a lack of evidence for women from LMIC, it is of great importance to gain

more knowledge about different courses of perinatal depressive symptoms in order to decide

on the proper timing for screening activities and preventive measures.

Besides the scarce evidence on trajectories of perinatal depressive symptoms, their relation-

ships with potential risks and protective factors have been insufficiently studied, particularly in

LMIC. Broadly, known correlates of perinatal depression can be grouped into psychosocial,

obstetric, and sociodemographic factors.

Several psychosocial factors have been found to be associated with perinatal depressive

symptoms. Findings from HIC suggest that both antepartum depression and antepartum anxi-

ety, including a history of depression or anxiety disorders prior to pregnancy, might act as risk

factors for postpartum depression [12–14]. Perinatal depression was also associated with a

lower level of social support during the ante- and postpartum period [14], particularly with

less partner support [16, 17]. Studies from LMIC showed that experience of both societal vio-

lence and intimate partner violence were associated with perinatal depressive symptoms [16,

18, 19]. Studies from both HIC and LMIC found that poor partnership satisfaction was associ-

ated with antepartum depressive symptoms [14, 19].

The effect of obstetric and sociodemographic factors on perinatal depression is less clear.

Although some studies from LMIC suggested that nulliparous or primiparous women are at

higher risk for depression [20, 21], others found the opposite [22, 23] or did not detect any

association [24, 25]. Findings on the relationship between maternal age and perinatal depres-

sive symptoms are also conflicting [17, 26]. More consistently, experiencing complications

during previous pregnancies or deliveries, lower levels of education, and being single seem to

increase the risk of perinatal depressive symptoms in LMIC [20, 21, 26, 27].

The aim of the present study was to investigate the long-term course of depressive symp-

toms in ante- and postpartum women in two West African lower middle income countries

and to examine potential risk and protective factors associated with these trajectories, with a

particular focus on the relationship with the longitudinal course of perinatal anxiety.

Material and methods

Study design

Data for this study were collected in the Child Development Study (CDS), which investigated a

birth cohort in Côte d’Ivoire (CIV) and Ghana (GHA) including women and their children

[28]. Women in their last trimester of pregnancy were consecutively recruited during antenatal

care visits either at the Centre de Santé Urbain à base communautaire d’Abobo in Abidjan

(CIV) or at the Komfo Anokye Teaching Hospital in Kumasi (GHA). The coverage of antepar-

tum care is approximately 60% in CIV [29] and about 87% in Ghana [30]. Data were collected

between April 2010 and March 2014. We used data from five measurement points for our

analyses: recruitment (approximately 3 months before birth), birth, 3, 12 and 24 months after

birth. All procedures were in accordance with the Helsinki declaration and the CDS was

approved by the responsible ethical committees in each country, namely the national ethical

committee in CIV, the ethical committee of the Kwame Nkrumah University of Science and

Technology in Kumasi, Ghana, and the ethical committee of the chamber of physicians in

Hamburg, Germany [28].
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Sample

Pregnant women had to fulfill the following criteria for inclusion: residing within 5 km around

the hospitals, willingness and ability to participate in follow-up measurements, and providing

written informed consent. Women were not eligible to participate in case of multiple preg-

nancy, severe pregnancy complications (e.g., hypertension, hemorrhage, pre-eclampsia, and

diabetes), or age under 18 years. Mother-child dyads were excluded when the children met

one of the following exclusion criteria at birth: severe perinatal malformation or life-threaten-

ing condition, an Apgar score less than 5 after 1 minute and less than 7 after 5 minutes, intra-

uterine or early postpartum death, premature birth under 34 gestational weeks, a birth weight

less than 2.5 kg, or massive clinical jaundice. The recruitment flow chart of the study is pre-

sented in Fig 1.

Fig 1. Recruitment flow chart.

https://doi.org/10.1371/journal.pone.0187267.g001
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Variables and instruments

The Patient Health Questionnaire 9 (PHQ-9) was used for the assessment of depressive symp-

toms 3 months before and 3, 12, and 24 months after delivery [31]. The items rate the fre-

quency of the symptoms of major depressive disorder according to the Diagnostic and

Statistical Manual of Mental Disorders [32] within the last two weeks. The questionnaire uses

a four-point response scale (0 = not at all, 1 = several days, 2 = more than half the days, and 3 =

nearly every day), with the sum score ranging from 0 to 27. We previously demonstrated ade-

quate psychometric properties of the PHQ-9 in our study population, with a Cronbach’s α of

.65 for the Ivorian sample and a Cronbach’s α of .68 in the Ghanaian sample [33].

The seven-item Generalized Anxiety Disorder scale (GAD-7) was utilized for the assess-

ment of anxiety symptoms 3 months before and 3, 12, and 24 months after delivery [34]. The

GAD-7 uses the same response format and recall period as the PHQ-9 and its sum score ranges

from 0 to 21. We found the psychometric properties of the GAD-7 adequate in our study pop-

ulation [35]. Measures of internal consistency were Cronbach’s α = .69 in CIV and .67 in

Ghana [35].

To assess the level of perceived disability in the last month, we used the 12-item version of

the WHO-DAS II [36]. Items are answered on a five-point scale.

Other measurements were administered retrospectively 24 months after birth covering the

time period since the birth of the child, including nine items with a dichotomous response for-

mat from Ramchandani and colleagues [16]. This measure assesses economic stress (having

too little money, being in serious debt, having to support family in financial need), marital

stress (relationship breakdown or partner violence), family stress (being seriously ill or having

a family member who is, dead of a beloved person), and experience of violence (in danger of

being killed or witness of a violent crime). To capture perceived social support, women

answered three items on the quality of social support, each by the woman’s mother and by the

partner on a three-point scale [17, 37]. Health care utilization was operationalized in our study

by the number of sick child visits during the 2 years of study duration in our study facility.

This service was free of charge and provided by the CDS study team for the participating

mothers for the duration of the study.

Gestational age, Apgar score, sex, and weight of the child were assessed at birth. At study

inclusion (3 months prior to delivery), women were asked to provide information on the num-

ber of previous pregnancies, complications during previous pregnancies, and previous Caesar-

ian sections. Maternal age, the number of children from relatives or acquaintances living in

the same household, and the socioeconomic status (SES) were also assessed at recruitment. We

described the SES index in detail elsewhere [38].

Statistical analysis

We used growth mixture modeling (GMM) to identify latent trajectories of maternal depres-

sive symptoms from 3 months before to 24 months after delivery. Women were included in

the analysis if they provided data at recruitment 3 months before birth. GMM classifies indi-

viduals into distinct groups, so that individuals within groups show more similar developmen-

tal trajectories than individuals in different groups [39]. We modelled a quadrilinear course

with four measurement points (3 months before and 3, 12, and 24 months after delivery). Sev-

eral model fit statistics and criteria were used for identifying the best model structure, includ-

ing Akaike’s information criterion (AIC), Bayesian information criterion (BIC) (lower values

indicating better fit), Lo-Mendell-Rubin adjusted likelihood ratio test, bootstrap likelihood

ratio test (BLRT) (significant values indicate superiority over a solution with one class less),

and entropy (values above .7 preferred). GMM analysis was performed with robust full-
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information maximum likelihood estimation in Mplus version 7.2 (Muthén & Muthén, Los

Angeles, CA).

We performed a multinomial logistic regression analysis in a subsample of women who

completed at least two assessments: the first assessment (recruitment prior to birth) and the

second assessment (giving birth in one of the study sites) to examine which factors were associ-

ated with class membership. Tested variables included psychosocial, obstetric, and sociodemo-

graphic factors.

Since a non-negligible amount of data (explanatory variables) were missing, we used multi-

ple imputation methods to complete the dataset. Fifty imputed datasets were generated on the

basis of all available information from the modeled and several auxiliary variables. The regres-

sion analysis was performed in the datasets separately, and the results were combined using

Rubin’s rules [40]. We performed a sensitivity analysis without imputation to test the robust-

ness of our findings. Imputation and regression were performed using SPSS 20.0 [41].

In order to examine longitudinal associations between depressive and anxiety symptoms,

the obtained class membership regarding the course of depressive symptoms was cross-tabu-

lated with class membership regarding the course of anxiety symptoms as reported previously

[38].

Results

Sample

776 women provided sufficient data for inclusion in the analyses, of whom 488 came from

CIV and 288 from GHA. Characteristics of the sample are depicted in Table 1. Women from

CIV were largely comparable to women from GHA but had less education and were Muslims

more frequently.

Distinct trajectory classes

Considering the above mentioned fit statistics and the resulting size of the classes, the three

class solution was the best fitting model (Table 2). While entropy was higher for the model

with two classes, the BIC and the adjusted likelihood ratio test supported the model with three

classes. Although the AIC decreased further for models with more classes, in terms of parsi-

mony, we decided to retain the three class model.

The country of origin did not influence maternal depressive symptoms trajectories. We

identified identical classes in CIV and GHA. Fig 2 shows the three identified classes of depres-

sive symptom trajectories.

The asymptomatic class (class 1) was the largest and comprised 91.5% of women (n = 710)

who had stable low depressive symptoms during the last trimester of pregnancy and the 2

years following childbirth. The estimated mean PHQ-9 score of these women was 5.7 points at

birth and remained low with a slightly decreasing tendency over time (3.5 PHQ-9 points 2

years after birth). The recurrent risk class (class 2) comprised 4.3% of women (n = 33). They

had an estimated average PHQ-9 score of 7.8 points at birth. Their depressive symptomatology

decreased slightly and reached a score of 6.5 one year after birth. After that, the PHQ-9 score

increased gradually up to 12.9 points 2 years after birth. The postnatal risk class (class 3)

included 4.3% of women (n = 33) with an estimated mean of 11.4 PHQ-9 points at birth.

PHQ-9 scores increased with a peak of 13.6 one year after birth. Afterwards, the depressive

symptoms decreased and were at an asymptomatic level of 4.2 PHQ-9 points 2 years after

birth. Both risk classes were marginally more frequently observed in CIV than in GHA (see S1

Table).
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Associations with trajectory class membership

A subsample of N = 650 women who completed the inclusion assessment and gave birth to

their children in the study hospitals, was used for the multivariate multinomial logistic regres-

sion analysis assessing factors associated with class membership. S2 Table shows descriptive

information for all variables investigated in the regression analysis. Collinearity analysis indi-

cated satisfactorily independence of the explanatory variables with pairwise correlations below

r = .57, tolerance values above .56, and variance inflation factors below 1.79. Results are shown

in Table 3. The asymptomatic class was used as reference group.

Table 1. Sample characteristics.

Variable Total (N = 776) CIV (n = 488) GHA (n = 288)

Age in years

M (SD; range) 28.9 (5.5; 18 to 46) 28.3 (5.8; 18 to 46) 29.8 (4.8; 18 to 42)

Gestational age at birth in weeks

M (SD; range) 39.7 (1.5; 35 to 43) 39.7 (1.6; 35 to 43) 39.7 (1.3; 36 to 43)

Education1 n (%)

None 212 (27.4) 200 (41.0) 12 (4.2)

Basic 235 (30.3) 136 (27.9) 99 (34.5)

Secondary 198 (25.5) 119 (24.4) 79 (27.5)

Tertiary 130 (16.8) 33 (6.8) 97 (33.8)

Religion n (%)

Christian 520 (67.0) 249 (51.0) 271 (94.1)

Muslim 244 (31.4) 227 (46.5) 17 (5.9)

None 5 (0.6) 5 (1.0) 0 (0.0)

Traditional African2 4 (0.5) 4 (0.8) 0 (0.0)

Other 3 (0.4) 3 (0.6) 0 (0.0)

Marital status n (%)

Currently married 540 (69.6) 314 (64.3) 226 (78.5)

Cohabiting 153 (19.7) 104 (21.3) 49 (17.0)

Never married 58 (7.5) 48 (9.8) 10 (3.5)

Separated 22 (2.8) 21 (4.3) 1 (0.3)

Widowed 2 (0.3) 1 (0.2) 1 (0.3)

Divorced 1 (0.1) 0 (0.0) 1 (0.3)

Number of pregnancy n (%)

First 175 (24.2) 98 (22.2) 77 (27.4)

Second 157 (21.7) 90 (20.3) 67 (23.8)

Third 144 (19.9) 96 (21.7) 48 (17.1)

Fourth 94 (13.0) 56 (12.6) 38 (13.5)

Fifth or more 154 (21.2) 103 (23.2) 51 (18.2)

Previous Caesarian sections n (%)

No 646 (88.7) 429 (94.1) 217 (79.8)

One 65 (8.9) 23 (5.0) 42 (15.4)

Two 15 (2.1) 4 (0.8) 11 (0.7)

Three 2 (0.3) 0 (0.0) 2 (0.7)

Note. CIV = Côte d’Ivoire; GHA = Ghana; M = mean; SD = standard deviation; different n due to missing data.
1 Primary education refers to the attendance of an elementary school where children acquire basic education. Secondary education describes the

attendance of middle schools and/or high schools. Tertiary education refers to higher education, for instance training at a university.
2 Traditional African religion is an umbrella term for different spiritual or traditional indigenous religions.

https://doi.org/10.1371/journal.pone.0187267.t001
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The risk of belonging to the recurrent risk class was increased when women reported high

anxiety symptoms 3 months prior to birth and high levels of economic stress. Furthermore,

women who belonged to this class were more likely to become pregnant again 2 years after the

birth of the child. None of the investigated factors showed protective influences on class

membership.

Women with higher anxiety scores during the third trimester of pregnancy and with high

levels of family stress had a higher risk of belonging to the postnatal risk class. Weight of the

child (p = .066) and educational experience (p = .061) were two factors closed to being signifi-

cantly associated with membership of the postnatal risk class. Ghanaian women were less fre-

quently found in this class compared to the asymptomatic class.

The sensitivity analysis (S3 Table) without imputed data largely confirmed the primary

findings. All point estimates were within the 95% confidence interval with the exception of the

Table 2. Fit indices used to identify number of latent classes.

Latent classes AIC BIC Entropy BLRT Lo-Mendell-Rubin adjusted LRT n (%) of smallest class

1 13652.754 13689.988 - - - -

2 13560.821 13621.325 0.844 <0.001 0.005 37 (4.77)

3 13476.733 13560.508 0.812 <0.001 0.018 33 (4.25)

4 13455.152 13562.197 0.756 <0.001 0.181 29 (3.74)

5 13424.835 13555.151 0.766 <0.001 0.073 16 (2.06)

6* 13401.426 13555.013 0.719 <0.001 0.740 4 (0.52)

Note. AIC = Akaike information criterion; BIC = Bayesian information criterion; BLRT = parametric

bootstrapped likelihood ratio test; LRT = Lo-Mendell-Rubin adjusted likelihood ratio test; *due to local maxima no stable class structure was found.

https://doi.org/10.1371/journal.pone.0187267.t002

Fig 2. Three classes of depressive symptoms from 3 months before to 24 months after delivery. The dotted line represents the cut-off point of the

PHQ-9, above which symptom severity can be considered clinically relevant [31].

https://doi.org/10.1371/journal.pone.0187267.g002
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Table 3. Association of the investigated factors with class membership (n = 650).

Variables Recurrent risk (class 2) Postnatal risk (class 3)

OR (95% CI) p OR (95% CI) p

Psychosocial factors

Anxiety symptoms1, a 1.13 (1.03, 1.25) .014 1.12 (1.01, 1.24) .028

Disability1, b 1.02 (0.96, 1.09) .525 1.06 (1.00, 1.12) .063

Partner support3, c 0.81 (0.64, 1.03) .081 0.94 (0.72, 1.21) .613

Mother support3, c 1.04 (0.84, 1.29) .740 1.01 (0.81, 1.25) .953

Economic stress3, d 1.93 (1.25, 2.96) .003 1.22 (0.79, 1.88) .371

Marital stress3, e 0.60 (0.24, 1.51) .277 0.71 (0.27, 1.88) .490

Family stress3, e 1.31 (0.74, 2.30) .355 1.98 (1.06, 3.68) .031

Experience of violence3, e 1.05 (0.45, 2.46) .916 0.69 (0.23, 2.13) .523

Sociodemographic factors

Country1, f 0.38 (0.12, 1.21) .101 0.14 (0.03, 0.56) .006

Age of woman in years1 1.07 (0.97, 1.17) .165 1.01 (0.92, 1.10) .881

SES1, g 1.21 (0.40, 3.68) .735 1.53 (0.51, 4.64) .450

Educational experience1, h 0.61 (0.22, 1.66) .330 0.35 (0.12, 1.05) .061

Marital status1, j 1.00 (0.26, 3.92) .99 0.90 (0.26, 3.17) .872

Number of children from relatives or acquaintances living in household3, k 1.00 (0.68, 1.49) .990 0.90 (0.63, 1.30) .578

Obstetric factors

Gestational age in weeks2 0.91 (0.67, 1.23) .541 0.77 (056, 1.05) .093

Apgar score after 1 minute2, m 1.31 (0.49, 3.50) .594 0.86 (0.34, 2.18) .757

Sex of child2, n 1.35 (0.58, 3.15) .486 0.86 (0.37, 1.99) .723

Weight of child in kg2 1.32 (0.52, 3.34) .553 0.34 (0.11, 1.07) .066

Caesarian section current birth2, p 2.12 (0.67, 6.67) .210 1.10 (0.24, 5.18) .900

Number of pregnancies before inclusion1 1.04 (0.82, 1.33) .744 1.06 (0.83, 1.37) .631

Pregnancy complications before inclusion1, p 0.44 (0.14, 1.42) .169 0.98 (0.33, 2.87) .968

Caesarian section before inclusion1, p 0.66 (0.11, 3.94) .650 0.66 (0.09, 4.61) .674

Mother pregnant since last birth3, p 3.11 (1.10, 8.79) .033 0.55 (0.14, 2.14) .388

Health care utilization3, q 1.04 (0.92, 1.17) .543 1.09 (0.97, 1.24) .159

Note. The asymptomatic class was used as reference class.
1 assessed at inclusion.
2 assessed at birth.
3 assessed 2 years after birth.

OR = odds ratio (OR above 1 indicates higher odds of belonging to the respective class compared to the reference class, OR below 1 indicates lower odds

of belonging to the respective class compared to the reference class); CI = confidence interval.
a GAD-7 sum score: range from 0 to 21; higher scores represent higher level of anxiety symptoms.
b WHO-DAS II sum score: range from 12 to 60; higher scores represent higher level of disability.
c Range from 0 to 6; 3 items answered on a three point scale; higher scores represent higher level of support.
d Range from 0 to 3; 3 items with a dichotomous response format (0 = no; 1 = yes); higher scores represent higher level of stress.
e Range from 0 to 2; 2 items with a dichotomous response format (0 = no; 1 = yes); higher scores represent higher level of stress.
f 1 = CIV; 2 = GHA.
g SES: The median was used to differentiate between low (0) and high (1).
h dichotomized: 0 = none formal education and primary education; 1 = secondary education and tertiary education
j dichotomized: 0 = never married, separated, divorced, or widowed; 1 = currently married or cohabiting
k Wording of item: “Are there any other children of relatives/acquaintances in your household that you have to take care of?”
m Apgar score after 1 minute: dichotomized: 0 = 5 to 8; 1 = 9 to 10.
n 1 = male; 2 = female.
p 0 = no; 1 = yes.
q Number of unscheduled visits of women with women’s sick children.

https://doi.org/10.1371/journal.pone.0187267.t003
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factors health care utilization (for the recurrent risk class), mother support and marital status

(both for the postnatal risk class).

Relationship of longitudinal depressive symptoms with longitudinal

anxiety symptoms

We contrasted the results with findings on the longitudinal trajectories of anxiety symptoms

in the same sample of West African women [38]. In this prior study, we employed GMM as

well and identified four classes of anxiety symptom trajectories, namely stable low, increasing,

decreasing, and transient anxiety symptoms [38]. Contrasting findings on the course of

depressive symptoms with the results on the course of anxiety symptoms showed a statistically

significant and strong association between the longitudinal courses of depressive and anxiety

symptoms (χ2 = 258.54, df = 6, p<0.001; φ = .577). As depicted in Table 4, the vast majority of

94.5% of the women who belonged to the depressive asymptomatic class were either in the sta-

ble low or the decreasing anxiety class. Approximately one half (48.5%) of the women with a

recurrent risk of depression also showed increasing anxiety symptoms, while the other half

(51.5%) belonged either to the stable low or the decreasing anxiety class. Finally, 36.4% of the

women with a postnatal risk for depression were classified as also presenting transient anxiety

symptoms, with 39.4% exhibiting stable low, 21.2% showing decreasing, and 3.0% presenting

increasing anxiety.

Discussion

Summary of findings and their relation to existing evidence

This is the first study investigating the longitudinal course of perinatal depressive symptoms in

two lower income countries in West Africa.

In accordance with previous findings [14, 15, 42], we found the largest group to be an

asymptomatic group that is characterized by stable low depressive symptoms in the time period

from 3 months before until 24 months after birth. However, almost every tenth woman

belonged to a risk group. We found two distinct risk groups in our sample, namely the recur-
rent risk class and the postnatal risk class.

Even though women from the recurrent risk class showed slightly higher depression scores

than women from the asymptomatic class throughout the first 12 months after birth, their bur-

den was clearly elevated 3 months prior to birth and reached clinical significance 24 months

after birth. At that time-point, women of this group were pregnant again more often. We

believe that the state of pregnancy per se and a short inter-pregnancy interval may have con-

tributed to their symptoms. In sub-Saharan Africa, pregnancy clearly constitutes a threat to

Table 4. Relationship of trajectorie0073 of depressive symptoms with trajectories of anxiety symptoms.

Trajectories of anxiety symptoms

Stable low

n (%)

Increasing

n (%)

Decreasing

n (%)

Transient

n (%)

Trajectories of depressive symptoms Asymptomatic

n (%)

597 (84.1%) 25 (3.5%) 74 (10.4%) 14 (2.0%)

Recurrent risk

n (%)

9 (27.3%) 16 (48.5%) 8 (24.2%) 0 (0.0%)

Postnatal risk

n (%)

13 (39.4%) 1 (3.0%) 7 (21.2%) 12 (36.4%)

Note. The four classes of longitudinal trajectories of anxiety symptoms stem from the Child Development Study [38].

https://doi.org/10.1371/journal.pone.0187267.t004
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maternal health and well-being. In addition, birth spacing of less than 36 months has been

found to contribute to pregnancy risks, adverse birth outcome and socioeconomic inequality

[43]. All these factors may have promoted depressive mood during pregnancies in a subgroup

of women. Indeed, high levels of economic stress were associated with a recurrent risk of

depressive symptoms.

Women from the postnatal risk class were characterized by a high level of depressive symp-

toms throughout the first postnatal year with decreased symptoms 24 months after delivery.

They exhibited high levels of family stress more often. Living in CIV was also associated with

membership in the postnatal risk class compared with the asymptomatic class. These fin-

dings‘characteristics point to “classical” prolonged postpartum depressiveness and may be

explained by phase-specific unease in the transition to parenthood, lack of self-confidence

while caring for a (new) infant, and challenging changes within family relationships.

Interestingly, women from both classes could not be differentiated from each other based

on their PHQ-9 score 3 months prior to birth but only by its postnatal course and based on

their specific risk factors. Our results, in line with others [14, 15, 42], suggest that the perinatal

phase is quite dynamic in terms of depressive symptomatology since we observed increase

(recurrent risk class) and decrease (postnatal risk class) of depressive symptoms throughout the

second year after birth.

In accordance with previous findings [12–14], higher levels of anxiety symptoms were asso-

ciated with the membership of both risk classes in our sample. Comorbidity between depres-

sion and anxiety has been documented in ante- and postpartum women [44, 45]. In particular,

depressive and anxiety symptoms were also longitudinally associated in our sample. The

majority of women had clinically irrelevant symptom levels in both disease groups. However,

approximately half of the women from the recurrent risk group for depressive symptoms also

showed higher longitudinal levels of anxiety symptoms. This finding highlights the double

burden of impaired mood for those affected. More than one third of women from our postna-
tal risk depressive symptoms class belonged to the asymptomatic anxiety symptoms class.

However, one third had transient symptoms of both disorders.

We found, like some others, tendentious associations of depressive symptoms with mater-

nal educational experience [20] and weight of the child although prematurity and low birth

weight had led to study exclusion. We did not find any associations of belonging to a depres-

sive risk class with maternal age [17, 26] and parity [20, 23, 25].

In contrast to prior findings, we did not see an association between perinatal depressive

symptoms and marital stress (prevalence 17.6%) [14, 19]; and we also did not find and associa-

tion between perinatal depressive symptoms and the experience of violence (prevalence

12.0%) [16, 18, 19]. Furthermore, there were no associations between the level of social support

either provided by the mother or partner of the women and perinatal depressive symptoms.

We did also not detect associations of class membership with marital status and the experience

of complications during previous pregnancies [20, 21, 26, 27].

Limitations

Our study has limitations. First, some constructs such as perceived social support and stress

were assessed retrospectively 2 years after the birth of the child. The assessment of these

constructs might be prone to recall bias. Second, some factors such as health care utilization

and new pregnancy could rather be an effect of the class membership instead of a cause.

Third, the validity of assessing health care utilization might be limited because we could

only count sick child visits in both designated study clinics, available free of charge for

study participants. No data were available regarding cases where mothers sought help from
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other health care providers. Fourth, we were not able to differentiate between women who

suffered from depression before pregnancy and women who developed depressive symp-

toms during the course of the study [14]. Fifth, depression and anxiety were not assessed by

clinical diagnostic interviews, but by screening instruments. However, the PHQ-9 and the

GAD-7 are widely accepted and the validity of the instruments has been established in our

study population [33, 35].

Sixth, it is unclear to which degree our sample represents pregnant women in rural West

Africa and without access to healthcare, since we investigated women from two urban regions

of CIV and Ghana. According to the World Bank Report [46], approximately half of the popu-

lation in both countries live in rural regions (urban population of 54.87% in CIV and 54.68%

in Ghana, both in 2016). Presumably, women from rural areas are at least in part exposed to

other stressors and risk factors (e.g., limited access to health care with less well-trained person-

nel, lower educational attainment), but also to potentially protective factors available (e.g.,

social support provided by members of larger family structures).

Seventh, the inclusion criteria may have led to the exclusion of some women at potentially

high risk of developing depressive symptoms. Women with children under 2.5 kg birthweight

and babies born before the 34th week of gestation could not participate in our study. According

to the Demographic and Health Survey, 14.2% of Ivorian children [47] and 10% of Ghanaian

children [48] are born with less than 2.5 kg birthweight. Low birthweight and low gestational

age can be risk factors for postnatal depression [49, 50]. Thus, we may have underestimated

the prevalence of depressive symptoms in West African women.

Eighth, we did not adjust for the inflation of the type I error due to multiple testing. This

would have led to a considerable increase in type II error frequency, which would have been

incompatible with the explorative character of the study. Because of limited power of the risk

factor analyses due to the small number of women at risk in the sample, we consider this ana-

lytic strategy adequate for balancing tradeoffs between type I and type II errors.

Conclusions

Our data indicate that a substantial proportion of West African women developed an unfavor-

able course of depressive symptoms during the vulnerable phase of pregnancy and early moth-

erhood. Different patterns of symptom occurrence can be distinguished and categorized

clinically. Similar to mothers in high income countries, psychosocial factors appear to play a

decisive role. Particularly, the strong association with anxiety symptoms calls for attention of

policy makers in West African countries and beyond. In addition, even in an economically

impoverished environment, perceived economic hardship further increased the mental health

burden in our study population.
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Ghana and Côte d’Ivoire. PloS one. 2012; 7(10):e48396. https://doi.org/10.1371/journal.pone.0048396

PMID: 23110236

29. Kone-Pefoyo A, Rivard M. Poverty and sociocultural factors in the use of maternal health services in

Ivory Coast. Revue d’epidemiologie et de sante publique. 2006; 54(6):485–95. PMID: 17194980

30. Arthur E. Wealth and antenatal care use: implications for maternal health care utilisation in Ghana.

Health Economics Review. 2012; 2(1):14. https://doi.org/10.1186/2191-1991-2-14 PMID: 22866869

31. Kroenke K, Spitzer RL, Williams JB. The PHQ-9. J Gen Intern Med. 2001; 16(9):606–13. https://doi.org/

10.1046/j.1525-1497.2001.016009606.x PMID: 11556941

32. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed. Wash-

ington, DC, 1994.

33. Barthel D, Barkmann C, Ehrhardt S, Schoppen S, Bindt C. Screening for depression in pregnant
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