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Abstract

Background: Various forms of life stressors have been implicated as causes of antenatal depression. However, there
is a lack of understanding of which forms of stress lead to antenatal depression and through what mechanisms.
Modeling stress processes within a theoretical model framework can enhance an understanding of the mechanisms
underlying relationships between stressors and stress outcomes. This study used the stress process model
framework to explore the causal mechanisms underlying antenatal depression in Gondar, Ethiopia.

Methods: Questionnaires, using an Online Data collection Kit (ODK) tool were administered face-to-face in 916
pregnant women in their second and third trimesters. Pregnant women were included from six randomly selected
urban districts in Gondar, Ethiopia during June and August 2018. The Edinburgh Postnatal Depression Scale (EPDS)
was used to screen for antenatal depression. A Structural Equation Model (SEM) was employed to explore the
direct, indirect, and total effect of stressors and mediators of antenatal depression.

Result: Sixty-three participants (6.9%) reported symptoms of depression. Of these, 16 (4.7%) and 47 (8.1%) were in
their second and third trimesters, respectively. The SEM demonstrated several direct effects on antenatal depression
scores including unplanned pregnancy (standardized β = 0.15), having a history of common mental health disorder
(standardized β = 0.18) and fear of giving birth to the current pregnancy (standardized β = 0.29), all of which were
associated with a higher depression score. Adequate food access for the last 3 months (standardized β = − 0.11)
was associated with decreased depression score. Social support (β = − 0.21), marital agreement (β = − 0.28), and
partner support (β = −.18) appeared to partially mediate the link between the identified stressors and the risk of
antenatal depression.
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Conclusion: Both direct and indirect effects contributed to higher antenatal depression score in Ethiopian women.
The three psychosocial resources namely marital agreement, social and partner support, mediated reduced
antenatal depression scores. Early screening of antenatal depression and enhancing the three psychosocial
resources would help to improve maternal resilience.
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Background
Pregnancy is an important period of vulnerability for de-
pression, which has been associated with hormonal and/
or biological changes [1, 2] and receives differential
health care support across populations [3]. Antenatal de-
pression can be accompanied by signs and symptoms of
low mood, tiredness, insomnia, lack of energy, forgetful-
ness, irritability, and poor physical and cognitive func-
tioning [4]. Antenatal depression manifests at different
times [5] including an increase in the early and late
weeks of pregnancy and a decrease in the middle of the
pregnancy [6].
Systematic reviews of studies conducted in developed

countries reported prevalence in the range of 5–30%,
with variation by socio-demographic, obstetric, and
measurement related factors [7–9]. Using the Edinburgh
Postnatal Depression Scale (EPDS) as a screening tool,
antenatal depression prevalence ranged from 10.4 to 57%
in lower income Asian countries [10–20] and between
22.7 and 38.5% amongst African countries [21–24]. In
Ethiopia, prevalence ranges from 11.8 to 31.12% with vari-
ation according to the type of screening tool and study
setting [25].
Depression during pregnancy can negatively affect fetal

growth and lead to poor outcomes including preterm
birth, low birth weight [26, 27], poor fetal brain develop-
ment [28], poor coping ability in the child’s later life [29]
and, especially in combination with partner violence to
an increased risk of child death [30]. Similarly, antenatal
depression has been associated with reduced maternal
health care service uptake, a reduced ability to care for
the newborn [31], increased substance use, poor appetite
[32–34], suicide [35, 36] and a negative impact on fetal
immune development [37]. Intergenerational effects have
also been reported indicating that children born from
depressed mothers were more likely to have depression
during their own adolescence and motherhood [38].
Modeling of the stress process within a theoretical

model framework can assist in understanding the vari-
ous pathways and mechanisms underlying the relation-
ships between stressors and stress outcomes [38, 39].
Although a number of antenatal depression studies have
been conducted in Ethiopia [40–43], they did not exam-
ine the mechanims underlying the relationship between
potential causal factors and antental depression. Hence,

additional studies are needed to determine the possible
mechanisms underlying antental depression. Using a
stress process model framework might give further
insight towards prevention and control of depression
during pregnancy [44].
The stress process model was developed by Peirlin and

colleagues [45] and consists of three main conceptual
domains: the source of stress (stressor) domain, which
includes life events and chronic life strains; the media-
tors domain, which includes any mediators of stress that
have an ability to mediate the impact of stressfull situa-
tions such as social support and coping styles; and the
manifestation of the stress or stress outcomes as various
mental disorders. This stress process model has been
tested both in pregnant [46] and postnatal [47] popula-
tions in China for antenatal and postnatal specific de-
pression. For the current study we considered direct
stressors including sociodemographic factors, obstetric
and psychosocial factors and mediating factors such as
social and personal resources (social support, partner
support, personal coping abilities). (Fig. 1). As such, this
study used the stress process model framework to ex-
plore the causal mechanisms underlying antenatal de-
pression in Gondar, Ethiopia.

Methods
Study setting
The current study was conducted in Gondar town, which is
one of the administrative zones of Amhara Regional State,
Northwest Ethiopia. Gondar town is in the Northern part
of the Amhara region at 747 km away from Addis Ababa
and 170 km from Bahirdar (the regional capital city). Gon-
dar town has 12 kebeles (the smallest administrative units
in the country) and in 2017/2018, the number of pregnan-
cies in the town was expected to be 6450 [48, 49]. The town
has one government-operated referral hospital, more than
eight health centers, and more than 15 private medical
clinics [50].

Study population
The study population included pregnant women living
in the randomly selected districts and in their second
and third trimester of pregnancy. A house-to-house visit
was conducted to identify pregnant women who were
willing to participate in this mother- child cohort study.
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If nobody was found at home during the initial recruit-
ment visit and after three attempts, they were non-
respondents. Identified participants were recruited and
were followed until 12 weeks post-delivery.

Ethical approval
Ethical approval was obtained from the Social and Be-
havioral Research Ethics Committee (SBREC) of the
Flinders University [51] and the Institutional Review
Board of University of Gondar. A support letter was ob-
tained from Gondar town mayoral office and the re-
spective kebeles administration offices. Participants of
the study were informed about the purpose, objectives,
their right to decline participation or withdraw their par-
ticipation. A written consent was then obtained. Privacy
and confidentiality were maintained throughout the
study. Women who were found to be seriously ill and
fulfilled the following criteria were referred to University
of Gondar Specialized Hospital Psychiatry unit for fur-
ther diagnosis and treatment: an overall Edinburgh Post-
natal Depression Scale (EPDS) score of 13 (those with
≥17 were excluded from the study for further follow up)
and those who had a score 1, 2, 3 on item ten (a ques-
tion about thoughts of self-harm) [52].

Data collection and the questionnaire
Structured and pre-tested electronic questionnaires were
administered face-to-face in pregnant women aided by
an online, Open Data collection Kit (ODK) application
tool [53]. Open data collection kit is an application de-
veloped by the ODK community for collecting, man-
aging, and using data in resource limited countries [54].
The prepared questionnaire was designed on an excel
spreadsheet, converted to XLS format online, and
checked for its validity using Enketo (a preview provided
by ODK). The validated form was uploaded on a Lenovo
7 tablet. During collection, data were stored on the Goo-
gle cloud platform. Nine qualified and registered nurses
were trained as data collectors and were each provided
with a Lenovo 7 tablet to administer the questionnaire

to the participants. After completion of each question-
naire, the data collectors uploaded the data to Google
Cloud and the principal investigator then directly down-
loaded the data from the system.
The electronic based data collection was helpful in

maintaining the quality and completeness of the data.
The questionnaire collected socio-demographic informa-
tion such as: age; sex; educational status (no formal edu-
cation, grade 1–8, grade 9–12, diploma and above);
income (low, medium, high); and marital status (single,
married, separated). Information on maternal character-
istics was also collected, including pregnancy intention
(planned, unplanned); gestational weeks; previous history
of either low weight, preterm or still birth; and previous
history of a caesarian section delivery. Finally, the ques-
tionnaire collected information on psychosocial and be-
havioral characteristics, such as: social support (good,
poor); partner support (always, most of the time, some
of the time, rarely); stress coping ability (very rarely,
rarely, sometimes, most of the time); coffee drinking
(daily, sometimes, never); and cigarette exposure (yes, no).

Instruments
Antenatal depression was measured using the Edinburgh
Postnatal Depression Scale (EPDS) developed by Cox
and colleagues [52] and adapted for use in an Ethiopian
context [55]. The EPDS, which is the most commonly
used screening tool for antenatal depression [56–60], is
a brief screening tool for symptoms of emotional distress
during pregnancy that contains 10 specific questions
with four Likert scale response options (most of the
time, sometimes, not often, never) and is intended to
measure the distress that pregnant women have experi-
enced over the previous week. It is a simple and free to
use tool, can be scored by simple addition and has been
validated in urban settings of Ethiopia [61] with a sensi-
tivity and specificity of 84.7 and 77.0%, respectively. The
validated cut off value for possible depression in urban
population in Ethiopia was 12 [43, 62, 63]. In the current
study the EPDS demonstrated high reliability for the

Fig. 1 A stress process model, a theoretical frame work, adapted from Pearlin et al. 1981
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single construct of distress with an internal consistency
(α) of 0.74.
The Oslo Social Support Scale (OSSS-3) [64] was used

to measure maternal social support during pregnancy.
Although the tool has not been validated in the Ethiop-
ian context, it has shown a good utility in various studies
[62, 65]. OSSS-3 has three items measured by a few
Likert scales, which are summed to 14 points and cate-
gorized as ‘poor’ if the total score is less than nine and
‘moderate’ to ‘strong’ support if the score is 9–14. In this
study OSSS-3 demonstrated a high reliability for social
support with an internal consistency of α = 0.76. Partner
support was assessed by a question “My husband helps
me a lot” with five response scales, “Always”, “Most of
the time”, “Some of the time”, “Rarely”, and “Never”.
Marital agreement was assessed by a question “How
often do you discuss and agree with your husband in
day to day life?” with a response category, “Most of the
time”, “Some of the time”, “Rarely”, and “Never”.
The women’s Middle-Upper Arm Circumference

(MUAC) tape was used to measure nutritional status.
MUAC is a validated and recommended tool for meas-
uring nutritional status during pregnancy, with cutoff
scores of 18–22 as ‘normal’ and 22.5 to 31 as ‘under-
weight’ [66]. Women were asked if they participated in
moderate-intensity physical activity such as brisk walk-
ing, dancing, gardening, and usual housework for 2 to
3 h per week [67]. Exposure to cigarette smoking during
pregnancy was assessed by the question, “Have you been
smoking since your pregnancy or has there been any-
body who smokes near you in your home or in your
workplace?” [15]. To assess coffee exposure, we asked
“How often do you drink coffee after your pregnancy?” if
her answer was “daily” or “sometimes in a week”, she
was labeled as exposed to coffee drinking and if not, she
was labeled as non-exposed [68, 69]. Women’s health
condition was assessed using the question “How do you
rate your daily general health condition?” with response
options of “Very good”, “Good” or “Poor”.
A women’s stress coping level was assessed using the

four customized internally-consistent coping subscales
of the Perinatal Coping Inventory (PCI-4), which was
specifically developed for pregnancy [70]. Coping styles
within this tool included: (1) Preparation for mother-
hood, “planned how you will handle the birth” (2)
Avoidance “avoided being with people in general” (3)
Positive appraisal “felt that being pregnant has enriched
your life” and (4) Prayer “prayed that the birth will go
well”. Women were asked to report how often they used
each of the above coping styles and their response was
recorded using a 4-point Likert scale; 0 (Never), (1)
rarely, (2) sometimes, (3) most of the time [71]. In this
study, PCI-4 demonstrated a moderate reliability with an
internal consistency of α = 0.50.

Sample size
The sample size calculation was based on the estimated
effect of perinatal depression on adverse infant health out-
comes. To calculate this, we used a double population
proportion formula in Epi Info version 7 [72] with the fol-
lowing assumptions: 95% confidence level, 90% power, an
exposed to non-exposed ratio of 1:2, a prevalence of
underweight among those free from common mental dis-
order of 25%, and a difference of 1.5. A total sample size
of n = 809 was estimated which was then increased by
20% to account for expected losses to follow up. The final
sample size was therefore estimated as n = 970.

Statistical analysis
Completed data were downloaded from the Google Cloud
platform in Excel spreadsheet form, checked for complete-
ness and imported to Stata version 14 (StataCorp, USA)
for further cleaning and analysis. Descriptive statistics in-
cluded mean, median, proportion/percentage, interquar-
tile range, and standard deviations as appropriate. A chi-
squared test was used to test for crude associations be-
tween the categorical stressors and evidence of depression
based on a cut of score of 12. A Structural Equation
Model (SEM) was constructed that reflected the stress-
process model framework and which explored the direct
and indirect relationships between the independent
(stressors) and the dependent (antenatal depression) vari-
ables. This allowed us to assess the strength of the hypoth-
esized direct and indirect causal paths [73, 74].
In order to better fit the measurement model for de-

pression, the measurement items for the depression
scale were parceled into three categories using a random
based parceling algorithm. Parceling allows for recate-
gorizing multiple items of a scale in order to get better
model fit and convergence [75, 76]. The first parcel con-
tained the EPDS items 1, 4, and 9. The second parcel
contained the EPDS items 6, 7, and 8. The third parcel
contained the EPDS items 2, 3, 5, and 10. Since the sub-
sequent parcels displayed evidence of non-normality we
used the Satorra-Bentler scaled chi-squared test when
estimating model fit since this is robust to non-
normality [77].
The potential stressors and hypothesized causal paths

were selected based on prior subject knowledge (which
informed the questionnaire). In addition, a multivariate
mixed effects regression analysis was performed to help
determine variables suitable for inclusion in the SEM
conditioning for socio-demographic, maternal obstetrics
and psychosocial factors that were significantly associ-
ated (P < 0.05) in bivariate mixed effects regression.
Stressors included income, attitude to the current preg-
nancy, history of common mental disorders, and a fear
of giving birth. Potential mediators for the association
included social support, marital agreement and stress
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coping. Figure 2 shows the hypothesized causal path-
ways. Model fit was assessed for the hypothesized model
and an iterative approach was used to modify the model
through adding and removing paths until a theoretically
supported and a statistically well-fitted model was ob-
tained. A model that was over identified, recursive, sim-
ple, theoretically meaningful, and the best fit for the data
was retained and interpreted [78].
The overall fit of the model was assessed using the follow-

ing tests and recommended limits: Sartorra-Bentler Chi-
squared test of fit (p > 0.05); Tucker Lewis Index (TLI) and
Comparative Fit Index (CFI) value ≥0.90; and Root Mean
Square Error of Approximation (RMSEA) ≤ 0.08 [79]. The
direct, indirect, and total effects of the stressors on antenatal
depression were reported in the form of standardized beta
coefficients. Estimated effects for which p < 0.05 were con-
sidered as being statistically significant.

Results
Of 960 pregnant women contacted in the six selected
kebeles, 15 refused to provide consent for participation
in the study and five were unavailable after three further
attempts to contact them, leaving 940 women who
agreed to participate, at a 95.4% response rate. After the
initial screening, 24 participants with an EPDS of ≥17
were excluded due to a high likelihood of having serious
depression, and the potential to providing a non-
informed consent. Following these exclusions, a total of
916 participants were included in the analysis. Sixty-

three participants had an EPDS score between 12 and
16, giving a prevalence of possible depression of 6.9%.

Socio-demographic characteristics of the participants
Table 1 describes the characteristics of the study popula-
tion according to their risk of depression as assessed by
the EPDS scale. The mean (±SD) age of the participants
was 26.5 years (±4.5) and the majority (61.2%) were in
aged between 25 and 34-years. There was no mean age
difference between participants with and without signs of
depression (EPDS score ≥ 13). The mean (±SD) monthly in-
come of the participants was 3496.5 (±2962.3) Ethiopian
Birr. The mean income of participants with depression was
lower than those without possible depression (p < 0.01).
There were 347 (37.8%) participants who attained second-
ary education and 654 (71.4%) were undertook unpaid
home duties. There were 441 (49.2%) participants who dis-
cussed and agreed on things with their partners most of the
times with a significant association between the marital
situation and depression status (p < 0.001). Most of the par-
ticipant (95.8%) had poor access to food in their household
in the previous 3 months and there was an association be-
tween poor access to food in the last 3 months and depres-
sive symptoms (p < 0.001).

Maternal characteristics of the participants
Table 2 shows the maternal and obstetric characteristics
of the study participants. Most pregnancies (84.8%) were
planned. A lower proportion of planned pregnancies

Fig. 2 Measurement model for elucidating the stress process for antenatal depression (N = 916), Gondar town, Ethiopia, 2018
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were in participants with signs of depression (49.2%)
than those without (87.5%) (p < 0.001). Sixty-three per-
cent of pregnancies were in their third trimester and the
mean (±SD) pregnancy gestation period was 27.8 (±6.7)
weeks. Three hundred and forty-nine (38.1%) women
were pregnant for the first time and the mean (±SD)

parity was 2.1 (±1.2). Of participants who had two or
more children, 93.5, 96.5 and 87.4% had no history of
preterm, low birthweight, or cesarean section delivery
respectively. Participants with signs of depression were
more likely to have previously experienced preterm birth
(p = 0.001). Seven hundred and twenty-one women

Table 1 Socio-demographic characteristics of participants included in the study (N = 916), Gondar town, Ethiopia, 2018

Variable/category Risk of depression

Had depression (n = 63), n (%) No depression (n = 853), n (%) Total n = 916, n (%) p-value

Mothers’ age 0.707

18–24 20 (31.8) 271 (31.8) 291 (31.8)

25–34 37 (58.7) 524 (61.4) 561 (61.2)

> =35 6 (9.5) 58 (6.8) 64 (7.0)

Mean(±SD) 26.9 (±5.2) 26.5(±4.5) 26.5(±4.5)

Household monthly income 0.057

Low 40 (63.5) 409 (48.0) 449 (49.0)

Medium 19 (30.2) 355 (41.6) 374 (40.8)

High 4 (6.3) 89 (10.4) 93 (10.2)

Monthly income (Mean(±SD) 2753 (±2160) 3551.4(±3006) 3496.5(±2962.3)

Mothers’ education 0.024

No formal education 12 (19.1) 106 (12.4) 118 (12.9)

Grade 1–8 13 (20.6) 221 (25.9) 234 (25.6)

Grade 9–12 31 (49.2) 316 (37.1) 347 (37.8)

Diploma and above 7 (11.1) 210 (24.6) 217 (23.7)

Mothers’ occupation 0.016

Home duties 42 (66.7) 612 (71.7) 654 (71.4)

Student 2 (3.2) 13 (1.5) 15 (1.6)

Government employee 4 (6.3) 125 (14.7) 129(14.1)

Self-employee 15 (23.8) 103 (12.1) 118 (12.9)

Mothers’ religion 0.848

Orthodox 51 (80.9) 683 (80.1) 734 (80.1)

Muslim 11 (17.5) 162 (19.0) 173 (18.9)

Protestant 1 (1.6) 8 (0.9) 9 (1.0)

Mothers’ marital status 0.001

Single 5 (7.9) 11 (1.3) 16 (1.8)

Married 54 (85.7) 826 (96.8) 880 (96.1)

Divorced 1 (1.6) 3 (0.4) 4 (0.4)

Separated 3 (4.8) 13 (1.5) 16 (1.7)

How often partner discuss and agree on things from their own perspectives 0.001

Most of the time 13 (22.8) 428 (51.0) 441 (49.2)

Sometimes 25 (43.9) 352 (42.0) 377 (42.1)

Rarely 15 (26.3) 52 (6.2) 67 (7.5)

Never 4 (7.0) 7 (0.8) 11 (1.2)

Difficulty to access food for their family in the last 3 months 0.001

Yes 13 (20.6) 25 (2.9) 38 (4.2)

No 50 (79.4) 828 (97.1) 878 (95.8)

p-value is based on Chi-square or fisher exact test wherever the expected cell counts are < 5
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Table 2 Maternal and obstetric characteristics of the study participants (N = 916), Gondar town, Ethiopia, 2018

Variable/category Risk of depression Total n = 916, n (%) p-value

Had depression (n = 63), n (%) No depression (n = 853), n (%)

Pregnancy condition 0.010

Planned 31 (49.2) 746 (87.5) 777 (84.8)

Un-timed 26 (41.3) 97 (11.4) 123 (13.4)

Un-intended 6 (9.5) 10 (1.1) 16 (1.8)

Pregnancy trimester 0.170

2nd trimester 16 (37.9) 323 (25.4) 339 (37.0)

3rd trimester 47 (62.1) 530 (74.6) 577 (63.0)

Pregnancy weeks (mean(±SD)) 28.8(±5.8) 27.7(±6.7)

Difficulty to conceive in the current pregnancy 0.067

Yes 9 (14.3) 66 (7.7) 75 (8.2)

No 54 (85.7) 787 (92.3) 841 (91.8)

Parity of the mother 0.450

1 24 (38.1) 325 (38.1) 349 (38.1)

2 16 (25.4) 272 (31.9) 288 (31.4)

3–8 23 (36.5) 256 (30.0) 279 (30.5)

Mean(±SD) 2.3(±1.4) 2.1(1.2) 2.1(±1.2)

Preterm history 0.001

Yes 8 (20.5) 29 (5.5) 37 (6.5)

No 31 (79.5) 499 (94.5) 530 (93.5)

Low birth history 0.144

Yes 3 (7.7) 17 (3.2) 20 (3.5)

No 36 (92.3) 511 (96.8) 547 (96.5)

History of cesarean section 0.981

Yes 5 (12.8) 67 (12.7) 72 (12.7)

No 34 (87.2) 461 (87.3) 495 (87.3)

Antenatal care service uptake (at least one) 0.069

Yes 57 (90.5) 815 (95.5) 872 (95.2)

No 6 (9.5) 38 (4.5) 44 (4.8)

Had fear of birth 0.001

Yes 37 (58.7) 158 (18.5) 195 (21.3)

No 26 (41.3) 695 (81.5) 721 (78.7)

Partner had different sex preference 0.066

Yes 23 (36.5) 221 (25.9) 244 (26.6)

No 40 (63.5) 632 (74.1) 672 (73.4)

Did physical activity 0.009

Yes 59 (93.7) 839 (98.4) 898 (98.0)

No 4 (6.3) 14 (1.6) 18 (2.0)

Mothers health condition in this pregnancy from their own perspective 0.001

Very good 10 (15.9) 269 (31.5) 279 (30.5)

Good 43 (68.2) 536 (62.9) 579 (63.2)

Bad 10 (15.9) 48 (5.6) 58 (6.3)

Exposure to cigarette 0.003

Yes 14 (22.2) 86 (10.1) 100 (10.9)
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(78.7%) feared giving birth in their current pregnancy.
The mean (±SD) mid-upper arm circumference was
24.1(±1.7) cm, with 130 (14.2%) underweight. Partici-
pants with signs of depression were more likely to have
a fear of giving birth (p = 0.001), were exposed to
cigarette smoking (p = 0.003) and were less likely to
undertake physical activity (p = 0.009).

Psycho-social characteristics of the participants
Table 3 displays the psychosocial characteristics of the
participants. The majority (93.1%) of participants had no
history of common mental health disorders. However,
compared to non-depressed participants, a higher per-
centage of women in the depressed group reported a
history of common mental health disorders (p = 0.001).
Seven-hundred and eighty-five (80.2%) participants re-
ported good social support and 420 (46.9%) reported re-
ceiving support from their partners. Participants in the
depressed group had a lower social or partner support
compared to the non-depressed group (p = 0.001). Five-
hundred fifty-eight (60.1%) participants reported they
rarely coped with their stress.

EPDS and antenatal depression prevalence
The median (IQR) score for depression symptoms was
4(0–5), with the tool demonstrating high reliability (α =
0.74) for measuring participant depression status. Sixty-
three participants had an EPDS score between 12 and
16, giving a prevalence of possible depression of 6.9%
(95%CI: 5.3, 8.7%). Of these, 16 (4.7%) and 47(8.1%) were
in their second and third trimesters respectively. In the
multivariable linear mixed effects regression model, the
following characteristics independently predicted a
higher odds of depression: rarely discussed and agreed
on things with their partner (p < 0.001), difficulty acces-
sing food for their family in the last 3 months (p =
0.001), unplanned pregnancy (p < 0.001), a fear of giving
birth for the current pregnancy (p = 0.001), a history of

common mental health disorders before being pregnant
(p < 0.001), and poor social and partner support (both,
p < 0.001). These factors were therefore included in the
path analysis of depression.

Measurement model for depression and social support
A confirmatory factor analysis showed that a measure-
ment model gives a good fit (RMSEA = 0.042, CFI = 0.99,
TLI = 0.98, SRMR = 0.016, coefficient of determination
(R2 = 0.81). All the factor loadings were found significant
at p < 0.001. A standardized factor loading for the struc-
tural model is displayed in Fig. 2.

Structural equation model (SEM) for elucidating stress-
process model for antenatal depression
The estimated standardized path loadings for the struc-
tural equation model are shown in Fig. 2. The overall
model fit was excellent according to the various fit indices
(RMSEA= 0.037, CFI = 0.98, TLI = 0.97, SRMR= 0.022,
coefficient of determination (R2 = 0.35)). In line with the
stress process model, several direct stressors and media-
tors related to participants’ risk of antenatal depression
were identified (Table 4). Worrying about food for the last
3 months, a history of a common mental health disorder,
a fear of giving birth for the current pregnancy, and an un-
planned pregnancy were all identified as stressors directly
associated with participants’ antenatal depression score
(all p < 0.001). In addition, social support, marital status,
and partner support appeared to partially mediate the ef-
fect of identified stressors on antenatal depression. To-
gether, these factors explained 35% of the total variation
in depression symptoms (R2 = 0.35).

Direct, indirect and total effect of stressors and mediators
on antenatal depression
As shown in Fig. 2 and Table 4 (below) marital agreement
had both a direct (standardized β = − 0.20) and an indirect

Table 2 Maternal and obstetric characteristics of the study participants (N = 916), Gondar town, Ethiopia, 2018 (Continued)

Variable/category Risk of depression Total n = 916, n (%) p-value

Had depression (n = 63), n (%) No depression (n = 853), n (%)

No 49 (77.8) 767 (89.9) 816 (89.1)

Exposure to coffee 0.078

Daily 29 (46.0) 351 (41.1) 380 (41.5)

Sometimes 26 (41.3) 287 (33.7) 313 (34.2)

Never 8 (12.7) 215 (25.2) 223 (24.3)

Nutritional status of the mother 0.982

Normal (MUAC 18–22) 54 (85.8) 732 (85.7) 786 (85.8)

Underweight (MUAC 22.5–31) 9 (14.2) 121 (14.3) 130 (14.2)

MUAC (Mean(±SD) 23.9(±1.5) 24.1(±1.7)

p-value is based on Chi-square or fisher exact test wherever the expected cell counts are < 5
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Table 3 Psycho-social characteristics of the study participants (N = 916), Gondar town, Ethiopia, 2018

Variable/category Risk of depression Total n =
916, n
(%)

P-
valueHad depression (n = 63), n (%) No depression (n = 853), n (%)

History of common mental disorder 0.001

Yes 11 (17.5) 52 (6.1) 63 (6.9)

No 52 (82.5) 801 (93.9) 853 (93.1)

Social support 0.001

Good 36 (57.1) 699 (81.9) 785 (80.2)

Poor 27 (42.9) 154 (18.1) 181 (19.8)

Social support scale (Median(±IQR)) 9(8–12) 11(9–13)

Internal consistency (α) 0.76 (high reliability)

Partner support 0.001

Always 17 (29.8) 403 (48.0) 420 (46.9)

Most of the time 11 (19.3) 254 (30.3) 265 (29.6)

Some of the time 20 (35.1) 150 (17.9) 170 (19.0)

Rarely 9 (15.8) 32 (3.8) 41 (4.5)

Coped with stress 0.042

Very rarely 2 (3.2) 5 (0.6) 7 (0.8)

Rarely 31 (49.2) 527 (61.8) 558 (60.9)

Sometimes 26 (41.3) 277 (32.5) 303 (33.1)

Most of the time 4 (6.3) 44 (5.1) 48 (5.2)

Stress coping scale (Median (IQR) 8(7–10) 8(7–10)

Internal consistency (α) 0.5 (moderate reliability)

Symptom of Depression (EPDS 12–16)

Yes 63 (6.9%; 95%CI: 5.3, 8.7%)

No 853 (93.1%)

Depression scale (Median(±IQR)) 4(0–5)

Internal consistency (α) 0.74 (High reliability)

p-value is based on Chi-square or fisher exact test wherever the expected cell counts are < 5

Table 4 Direct, Indirect and total effect of stressors and mediators on antenatal depression score among study participants
(N = 916), Gondar town, Ethiopia, 2018

Pathways Direct effect β, SE Indirect effect β, SE Total effect β, SE

Marital agreement
never (1)---rarely(2)---sometimes(3)---most of the time (4)

−0.20(0.055)a −0.08(0.008)a −0.28(0.056)a

Partner support
Never(1)---rarely(2)---some of the time (3) ---most of the time(4)---always (5)

−0.14(0.041)a −0.04(0.009)a −0.18(0.041)a

Social support scale (0---14) −0.21(0.081)a – −0.21(0.081)a

Adequate food access in the last 3 months

Yes −0.11(0.181)a −0.04(0.07)b −0.15(0.191)a

Intention for the current pregnancy

Unplanned 0.15(0.995)a 0.11(0.05)a 0.26(0.103)a

Fear of giving birth to the current pregnancy

Yes 0.29(0.082)a 0.01(0.027) 0.30(0.087)a

History of common mental health disorder

Yes 0.18(0.135)a −0.01(0.032) 0.17(0.137)a

a ≤ 0.001, b < 0.01, β is standardized estimate
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(standardized β = − 0.08) negative effect on antenatal de-
pression score. As the level of marital agreement increased
by one standard deviation (from low to high), mother’s es-
timated depression score decreased by 0.28 standard devi-
ations (i.e. total standardized effect β = 0.28). Partner
support had both direct (standardized β = − 0.14) and in-
direct (standardized β = − 0.04) negative effects on ante-
natal depression score. As partner support increased by
one standard deviation (from low to high), the mother’s
estimated depression score decreased by 0.18 standard de-
viations (total standardized effect = − 0.18).
There was a direct negative (standardized β = − 0.21)

relationship between social support and antenatal de-
pression score; so that increasing social support score by
one standard deviation would cause a decrease in ante-
natal depression score by 0.21 standard deviations (total
standardized β = − 0.21). In general, increased support
from either a partner or other social networks lowered
the participants’ depression score. These three variables
(marital relationship, social support and partner support)
each partially mediated the relationship between stressor
variables and antenatal depression. (Table 4 & Fig. 3).
Adequate family food access in the last 3 months had

both a direct (standardized β = − 0.11) and an indirect
(standardized β = − 0.04) negative effect on antenatal de-
pression score. Adequate food access was inversely asso-
ciated with antenatal depression and via the joint
mediation of social support and marital agreement this
association increased (total standardized β = − 0.15). As

such, depression score was decreased by 0.15 standard
deviation for participants who had adequate food access
compared to those who worried about food for their
family. Unplanned pregnancy had both a direct (stan-
dardized β =0.15) and an indirect (standardized β =0.11)
positive effect on antenatal depression score; meaning
depression scores in unplanned pregnancy was increased
by 0.26 standard deviations (total standardized β = 0.26)
compared to other participants.
Participants who feared giving birth for the current

pregnancy had a direct positive effect (standardized β =
0.29) on antenatal depression score, with an increased
depression score of 0.30 standard deviations (total stan-
dardized β = 0.30) above those who had no fear of giving
birth. A history of common mental health disorder be-
fore pregnancy had a direct positive effect (standardized
β = 0.18) on antenatal depression, with an increased de-
pression score of 0.17 standard deviations (total stan-
dardized β = 0.17) above those with no history of
common mental health disorders. (Table 4 & Fig. 3).

Discussion
This study utilised a structural equation modelling ap-
proach with data from pregnant women in Gondar Town
to provide strong support for the conceptual stress
process model of the relationships between stressors and
antenatal depression developed by Pearlin et al. [45, 80].
In particular, our study showed that stressors and risk fac-
tors such as worrying about food for the last 3 months, a

Fig. 3 Structural equation modeling for testing a stress process model for antenatal depression (N = 916), in Gondar town, Northwest Ethiopia
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history of a mental health disorder, a fear of giving birth
for the current pregnancy, and an unplanned pregnancy
(through the partial mediation of social support, marital
situation, and partner support each) each help determine
the likelihood of mothers developing a higher risk of de-
pression during pregnancy.
In this study, 6.9% of participants in their second and

third trimester had depression with the highest risk be-
ing in the third trimester of pregnancy. This prevalence
was slightly lower than that estimated for Debretabor
Town, which had a very similar context to the current
study (11.8%), [62] and for the rural areas of Jimma
(10.8%) [81]. However, the current study excluded par-
ticipants with an EPDS score above 17 for ethical rea-
sons and only included mothers in their second and
third trimesters.
Our estimate for depression prevalence may also have

been lower than previous estimates in other regions of
Ethiopia [41, 43, 63, 65, 82–84] due to other methodo-
logical differences. All other studies included pregnant
women irrespective of their week of pregnancy and de-
pression symptoms are believed to be higher in the first
trimester than the second and third. Different tools were
also used for measuring depression (the Patient Health
Questionnaire (PHQ) and the Beck depression inventory
(BDI)) with different cut off values defining depression
status. Further, most of them were facility-based studies
rather than community-based studies, introducing the po-
tential for Berkson’s bias that might lead to over or under-
estimates of the true prevalence. The current study
included the application of an electronic based data collec-
tion system, which has been reported to produce better
data quality and completeness than paper-based systems
as were indicated in previous study [85]. Factors associ-
ated with the occurrence of antenatal depression (such as
low family income, unplanned pregnancy, poor social sup-
port, and a history of pregnancy complications) were also
higher in the previous studies [86–89]. Together however,
these studies demonstrate that antenatal depression
should be considered as a major health threat given the
significant negative effects on the mother together with
poor developmental trajectories of the fetus [90].
Financial difficulty emerged as an important stressor

that had both direct and indirect effects on antenatal de-
pression in the current study. Further, the median depres-
sion score was significantly lower for participants with
adequate family food access compared to participants with
no food access. These findings support path analysis
models in China and elsewhere in Ethiopia, where finan-
cial strain had both direct and indirect effects on antenatal
depression [40, 46]. This finding has important signifi-
cance in patriarchal societies such as Ethiopia where males
typically have the responsibility for generating household
income. For example, in this study, more than 70% of the

women were occupied with unpaid home duties with
complete financial reliance on partners and for which, a
failure to provide such a support could pose a significant
threat for maternal psychological health [91]. Addressing
such societally entrenched issues may represent a question
of female empowerment and gender equality and might
not be easily or quickly addressed. However, other ap-
proaches including expansion of family planning services
and institution-based psychotherapy, might be considered
useful short-term interventions.
A history of a common mental health disorder was a

stressor with a direct and positive association with depres-
sion during pregnancy. Due to the familial and recurrent
nature of depression and other mental health co-
morbidities [92], depression during pregnancy is more
likely to exist in women with depression before pregnancy
or a family history of mental health morbidity [93]. Recall
of prior experiences with depression can also increase the
risk of depression [94, 95]. Taken together, this suggests a
need for pre-pregnancy screening for depression with a
provision of interventions where necessary.
Fear of giving birth had a direct and positive relation-

ship with the occurrence of depression during preg-
nancy. It has been stated that, women who have a fear of
giving birth are more likely to show signs of depression
as a result of reduced self-esteem, lower personal coping
ability and psychological preparedness for delivery [96].
Indirectly, fear of giving birth might be related to poor
obstetric history, lack of experience, unplanned preg-
nancy, or poor marital relationships – factors which,
separately or concomitantly, result in increased maternal
stress [97–99]. As with other potential stressors, the
sources of fear concerning delivery should be identified
early and intervention modalities specific to the cause of
the fear established as part of the antenatal care.
In this conceptual model of stress, we also confirmed

that having an unplanned pregnancy had both direct and
indirect positive effects on antenatal depression. Add-
itionally, poor personal and social resources were predic-
tors of depression. Unwanted or unplanned pregnancy
as a risk factor for antenatal depression has been previ-
ously demonstrated in Ethiopia [43, 62, 63, 83, 92, 100].
Unplanned pregnancies could directly and negatively
affect the three social capitals (namely partner support,
relationship quality and social support), significantly re-
duce their buffering role and increase the risk of devel-
oping depression. To mitigate this risk, expanding family
planning services to reduce unplanned pregnancies and
giving due attention to the mental wellbeing of pregnant
mothers with a history of unplanned pregnancy would
help alleviate the short- and long-term consequences of
antenatal depression.
Similar to previous studies [25, 42, 88, 89, 92, 101], we

found that social resources such as good marital
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conditions, partner and social support mediated a
weaker association between stressors and antenatal de-
pression. Good marital relationships also had a synergis-
tic effect since they increased partner support, thereby
further enhancing social support and risk of depression.
In contrast, a lack of partner or social support has been
stated to give rise to a sense of worthlessness and hope-
lessness, a stage of depression that could ultimately re-
sult in maternal suicide or irreversible psychiatric
conditions [102]. In summary, a high level of marital
agreement, and/or partner and social support signifi-
cantly reduced the risk of depression, while their ab-
sence (in addition to other stressors) increased the
risk, consistent with findings from an Ethiopian
community-based cohort study in Jimma [81]. To-
gether, these findings support the psychosocial stress
theories that acknowledge social and partner support
as mediators of a reduced risk of depression and anx-
iety symptoms [103–105].

Study limitations and strengths
While there was an ethical imperative to do so, exclu-
sion of study participants with high depression score (≥
17 on EPDS) would have likely led to an underestima-
tion of the true prevalence of antenatal depression in
this community. In addition, since the collected data was
cross-sectional, associations may not be causal.
The requirement to reduce participant burden and dis-

tress resulted in the omission of variables such as vio-
lence and a history of abuse. This, and the relatively low
reliability of the stress coping scale, could have resulted
in residual confounding and measurement error. Whilst
the data and model fit provides empirical support, we
cannot rule out a range of possible alternatives to the
current stress-process model [106]. Nonetheless, this
study is the first of its kind to replicate the stress-
process model developed by Pearln et al. [45] and was
supported by a large sample size and excellent model fit
for this population of pregnant women living in urban
areas of Ethiopia.
This study has implications for preventing and con-

trolling antenatal depression in Ethiopia. The identified
stressors played an important role in the risk of depres-
sion in our participants. Education for girls and women
about contraception, counseling on birth preparedness
and complication readiness during antenatal care visits,
improving employability and/or income generation cap-
abilities, and assessing depression risk before and during
pregnancy might help to eliminate the source of many of
the identified stressors. Similarly, since marital condi-
tion, social and partner support were found to mediate
and buffer the relationship between stressors and de-
pression, promoting activities that preserve such social

capitals is important to help maintain the psychological
and mental wellbeing of mothers.

Conclusion
Our data provides further evidence for a high risk of
antenatal depression and supports previous studies
within Ethiopia. Based on our findings, a history of com-
mon mental health disorders, an unplanned pregnancy,
fear of giving birth and financial difficulties are the main
risk factors for antenatal depression. Marital condition,
social and partner support were found to buffer or re-
duce the risk of antenatal depression. As such promoting
activities that preserve such social capitals is important
to help maintain the psychological and mental wellbeing
of the pregnant mothers.
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