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Abstract: Anxiety and depression commonly co-occur during pregnancy and may increase risk
of poor birth outcomes including preterm birth and low birth weight. Our understanding of
rates, patterns, and predictors of comorbid anxiety and depression is hindered given the dearth of
literature, particularly in low- and middle-income (LMI) countries. The aim of this study is (1) to
explore the prevalence and patterns of comorbid antenatal anxiety and depressive symptoms in
the mild-to-severe and moderate-to-severe categories among women in a LMI country like Pakistan
and (2) to understand the risk factors for comorbid anxiety and depressive symptoms. Using
a prospective cohort design, a diverse sample of 300 pregnant women from four centers of Aga
Khan Hospital for Women and Children in Pakistan were enrolled in the study. Comorbid anxiety
and depression during pregnancy were high and numerous factors predicted increased likelihood
of comorbidity, including: (1) High level of perceived stress at any time point, (2) having 3 or more
previous children, and (3) having one or more adverse childhood experiences. These risks were
increased if the husband was employed in the private sector. Early identification and treatment of
mental health comorbidities may contribute to decreased adverse birth outcomes in LMI countries.

Keywords: pregnancy; comorbid anxiety and depression; anxiety; depression; perceived stress;
adverse childhood experiences; low- and middle-income countries

Int. J. Environ. Res. Public Health 2020, 17, 7295; doi:10.3390/ijerph17197295 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0003-0323-8009
https://orcid.org/0000-0001-6817-3571
https://orcid.org/0000-0002-7468-915X
https://orcid.org/0000-0002-7776-0281
http://dx.doi.org/10.3390/ijerph17197295
http://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/17/19/7295?type=check_update&version=2


Int. J. Environ. Res. Public Health 2020, 17, 7295 2 of 12

1. Introduction

Mental health during pregnancy (e.g., stress, anxiety, pregnancy-related anxiety, and depression)
can influence birth outcomes [1] including preterm birth [2,3] and low birth weight [3]. Limited
studies examining the role of comorbid anxiety and depression in this literature indicate comorbid
anxiety and depression may further increase the risk of preterm birth or low birth weight [4,5]. Studies
examining immune system pathways to preterm birth demonstrate the plausibility, as a correlation
exists between cytokines such as interleukin-6 and interluken-12 and depression, anxiety and perceived
stress measured in the second [6] or third [4] trimester. Furthermore, cytokine levels were higher
in women with comorbid anxiety and depression when compared to women with anxiety only [4].
Finally, increases in cytokines were related to level of depression, and in women with severe anxiety,
dysregulation in immune system networks triggered or worsened depressive symptoms [4].

Findings from a meta-analysis consisting of 66 studies and 162,120 women from 30 countries,
suggest that one in 10 women experience some form of comorbid anxiety and depression [7]. Within
the same study, the prevalence of comorbid anxiety and mild-to-severe depressive symptoms during
pregnancy was estimated to be 9.5% (95% confidence interval (CI) 7.8–11.2) based on a subset of 25,592
women from 17 studies [7]. The pooled estimate of the prevalence of comorbid anxiety and moderate or
severe depressive symptoms was reduced to 6.3% (95% CI 4.8–7.7) based on a total of 22,270 pregnant
women from 17 studies [7]. Patterns of comorbid anxiety and mild-to-severe depressive symptoms
indicate that the rates were similar in the first trimester: 11.6% (95% CI 9.0–14.2), second trimester:
10.6% (95% CI 7.2–14.0), and third trimester: 9.5% (95% CI 6.1–13.0), respectively [7]. Very few of
the studies were found in this meta-analysis to be from low- and middle-income (LMI) countries, yet
the rates of comorbid perinatal mental health conditions may be higher in women from LMI countries,
owing to their social circumstances [7,8].

Comorbid anxiety and depression during pregnancy have not been extensively studied, but are
thought to have multifactorial etiology with individual (e.g., lower education, young age), family
(e.g., social relationships), situations (e.g., life events), and community (e.g., having a health card) [7]
influences playing important roles. Several studies examining prevalence and risk factors of comorbid
anxiety and depression in the post-partum period provide insight into areas of exploration when
considering risk factors for comorbidity in the antenatal period. For example, three or more
stressors—Emotional (e.g., personal, family or friend with major illness or injury), relationship
(e.g., conflict within family member, trouble with alcohol or illicit drugs, or law), traumatic (i.e., physical,
emotional, sexual abuse), and/or financial—Resulted in a six-fold increase in comorbid symptoms of
anxiety and depression [8]. Maternal age [9], childcare stress [8], perceived support [9], and perceived
stress [7] were also associated with, [8] or predicted higher [7] comorbid symptoms of anxiety
and depression.

Pregnancy is a time of increased nutrient demands, and low nutrient status may increase prenatal
depression and postpartum depression (i.e., perinatal depression) [10,11]. Food insecurity is a real
threat for Pakistani pregnant women as Pakistan ranks poorly on a number of indicators suggesting
that the people of Pakistan are at extreme risk of food insecurity (ranking 11th on the risk index
among 148 countries worldwide) and there are high levels of hunger [12]. Among pregnant South
African women, risk factors for food insecurity included depression, suicidal ideation, and having
three or more children [13]. Moreover, women with food insecurity or those diagnosed with an anxiety
disorder had higher odds of depression [13]. Global literature [10,11] has demonstrated the relationship
between nutrient status (of single nutrients) and perinatal depression. Systematic reviews [10,11] have
reported inconsistent or no association between concentrations of essential nutrients or compounds
(e.g., vitamin B12, folate/ferritin, fats and fatty acids) and perinatal depression. Evidence, however,
seems to have accumulated to suggest an association between vitamin D and perinatal depression [11].

Although studies allude to similar risk factors for pregnant and postpartum women, Yelland
and colleagues [8] advocate that risk factors for comorbidity may be unique for women during
the antenatal period. Understanding the antecedents that contribute to women’s mental health
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during pregnancy, specifically comorbid anxiety and depression, it is imperative to design appropriate
and effective psychosocial interventions. For instance, psychosocial interventions that emphasize
treatment of comorbid anxiety and depression without considering social determinants of health may
be futile in improving women’s mental health during pregnancy [8].

Research Questions

Given the above, this paper seeks to address the following two research questions: (1) What
are the prevalence and patterns of comorbid antenatal anxiety and depression (in the categories of
mild-to-severe and moderate-to-severe) among women in a LMI country such as Pakistan? (2) What
are the risk factors for comorbid anxiety and depression (mild-to-severe and moderate-to-severe)?

2. Materials and Methods

2.1. Study Design

A prospective cohort design, over a period of 10 months, enrolled a diverse sample of 300 pregnant
women from four centers of Aga Khan Hospital for Women and Children (AKHWC) in Pakistan,
including: Hyderabad, Garden, Kharadar, and Karimabad. AKHWC is a university-affiliated teaching
hospital with 8000 deliveries per year and offers psychiatric services at each site.

2.2. Study Procedures

We utilized purposive sampling to include low-risk women with singleton pregnancies. Hence,
women who experienced chronic heart disease, renal disease, or immune deficiency syndrome
prior to pregnancy, women diagnosed with any high-risk obstetric complications, or who conceived
using artificial reproductive methods, or who were carrying a multiple pregnancy, or carrying
a fetus diagnosed with a genetic abnormality were excluded. Women using antidepressants or other
psychotropic drugs were also excluded. The nurse in-charge approached eligible pregnant women in
the antenatal clinic waiting area and invited them to participate. Those willing to participate were
referred to the research assistant who verified eligibility and obtain informed consent. Inclusion criteria
comprised: Women who were 18 years or older, with pregnancy between 12–19 weeks’ gestational age
(time 1) based on last menstrual period, able to speak Urdu or English, willing to return after 10 weeks
(between 22–29 weeks’ gestational age; time 2) for a follow up visit, and who were planning to deliver
at the same facility. Women with self-reported health conditions such as hypertension and diabetes
mellitus as a result of pregnancy were not excluded, since these comorbidities often develop as result of
stress-related multisystem dysregulation in the pathway to preterm birth (PTB) [2]. Written informed
consent was obtained from women who were willing to participate in the study. The study was
approved by the Ethical Review Committee of the Aga Khan University (ID: 3564-SON-ERC-15)
and Conjoint Health Research Ethics Board of University of Calgary (ID: REB15-2372).

2.3. Data Collection

Data were collected at two time points during pregnancy: 12–19 weeks’ gestational age (n = 300;
time 1), and again 10 weeks later at 22–29 weeks’ gestational age (n = 282; time 2). Data were collected
using the 10-item pregnancy-related anxiety (PRA) scale [14], the 10-item Urdu version of the Edinburgh
depression scale (EDS) [15–17], the 10-item perceived stress (PS) scale [18], and the 43-item Adverse
Childhood (ACE)-International Questionnaire (IQ) [19]. These scales, including their appropriateness
(content and face validity), management of translation/backtranslation, and psychometrics are discussed
in more detail elsewhere [20]. Briefly, a woman was classified as suffering from anxiety if she answered
“very true” to 3 or more of the 10 items on the PRA scale. In addition, information on potential covariates,
such as demographics, behavioral (e.g., alcohol use), pre-pregnancy and pregnancy characteristics,
and socio-cultural influences, were collected. Approximately 50 min were required to complete
all measures.
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Consistent with the literature [7], two measures of depression were defined; (1) mild-to-severe
depression defined as woman scoring over 9 on the EDS scale, and (2) moderate-to-severe depression if
the EDS score was 13 or more. Comorbidity was defined as the co-existence of anxiety and depression
at the same point in time.

2.4. Data Analysis

2.4.1. Outcome Variables

With two criteria for depression (mild-to-severe depression and moderate-to-severe depression)
and data collected at two time points, we computed four indicators that measured comorbidity of anxiety
and mild-to-severe depression at time 1 and 2; and comorbidity of anxiety and moderate-to-severe
depression at time 1 and 2. We conducted exploratory univariate and bivariate analyses to understand
the pattern of comorbidity at time 1 and time 2 and over both time points. We, therefore, aggregated
the measure of comorbid anxiety (mild- or moderate-to-severe) as woman experiencing the corresponding
comorbidity at any time during pregnancy, that is in weeks 12–19 and/or 22–29 weeks’ gestational age.

2.4.2. Explanatory Variables

Predictors and covariates included socio-demographic (e.g., age, ethnicity), geographic
(recruitment site) and socio-economic (e.g., household income) factors, family composition (e.g., number
of children), cultural factors (e.g., sex of child given value placed on male child), health habits
(e.g., exercise), medications and supplements during pregnancy, level of allostatic load, and perceived
stress. Two sub-scales of ACE, namely whether in their childhood parents or guardians understood
their problems and worries, and knew how they were spending their free time while they were not at
school or work, as well as whether women used street drugs before pregnancy were also included as
such experiences (i.e., childhood emotional neglect/trauma and substance use) are known to influence
patterns of comorbidity (e.g., depression occurs before anxiety) [21]. Taking “medications”, which
has been found to be predictive of preterm birth in the same population [20], was disaggregated into
a number of specific indicators: Taking iron supplements (iron forte, fefor vit, folic acid and myfol),
vitamins (multi-vitamins, cac 1000, osnate, qalsa) and hormonal supplements (duphaston and cyclogest).
In addition, the number of different types of medications (0–3) that each woman was taking was also
included in the analysis. For each woman, the perceived stress score at time 1 and 2 was compared,
and the larger score taken as their highest perceived stress score during pregnancy (i.e., the most
critical level).

2.4.3. Statistical Models for Risk Factors for Comorbid Anxiety and Depressive Symptoms
(Mild-to-Severe and Moderate-to-Severe)

The two outcome variables, defined as comorbid anxiety and mild-to-severe depression
and comorbid anxiety and moderate-to-severe depression during pregnancy were analyzed separately.
In order to investigate question 1, we used Chi-squared test to determine factors that are associated
to each outcome variable, and then obtained and compared interval estimates of the prevalence of
comorbidity among different categories of significant factors (α = 0.05).

In question 2, we used multiple logistic regression analysis to determine a parsimonious predictive
model for risk factors for comorbidity. In view of the large number of explanatory factors relative
to sample size, we used conditional forward stepwise criterion with default inclusion and exclusion
probabilities of 0.05 and 0.1, respectively, to add the most significant factors to the model, starting
from the null model until no factor led to a significant decrease in the likelihood ratio. We further
investigated the effect of perceived stress on the final model, by performing conditional regression to
determine which risk factors were retained in a model after adjusting for perceived stress.
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3. Results

Overall, 282 of 300 enrolled women returned for follow up clinic visits, at each of the following
sites: 75 (100%) Karimabad, 100 (90.1%) Garden, 39 (88.6%) Kharadar, and 68 (97.1%) Hyderabad.
The women were aged between 18–43 years of age with a mean of 26.8 years at time of recruitment.
All of them were married, with mean age at first marriage of 22.7 years and range of 16–36 years.
Of the 168 (59.6%) women who had previous births, the mean age at first birth was 23.4 years and range
of 17–36 years. With respect to education attainment, 23.8% of the women had no formal education,
and 22.3%, 35.8% and 18.1% had attained secondary or high school, completed college/university or
had a postgraduate degree, respectively.

Out of 38 women who experienced comorbid anxiety and mild-to-severe depression during
pregnancy (Table 1), 22 (57.9%) experienced the same condition at time 1, 14 (36.8%) experienced
it at time 2, and 2 (5.3%) experienced it at both time periods. Hence, two women experienced
comorbid anxiety and mild-severe depression during their entire pregnancy. By comparison, 26
women experienced comorbid anxiety and moderate-to-severe depression during pregnancy, 12 (46.1%)
experienced the same condition at time 1, 12 (46.1%) experienced it at time 2, and 2 (7.7%) experienced
it at both time periods. Further analysis revealed that these were the same two women among 38
women who experienced comorbid anxiety and mild-to-severe depression during pregnancy.

Table 1. Comorbid anxiety and depressive (mild-to-severe and moderate-to-severe) symptoms between
12–19 weeks’ gestational age (time 1) at follow-up after 10 weeks (between 22–29 weeks’ gestational
age; time 2).

Symptom(s)
Gestational Period (n = 282)

Time 1 (12–19 wks) Time 2 (22–29 wks) Both Time 1 & 2 Any Time
n (%, 95% CI) n (%, 95% CI) n (%, 95% CI) n (%, 95% CI)

Anxiety 40 (14.2, 10.6–18.8) 21 (7.4, 4.9–11.2) 6 (2.8, 0.9–4.7) 55 (19.9, 15.3–24.5)
Mild-to-Severe Depression 66 (23.4, 18.8–28.7) 80 (28.4, 23.4–33.9) 43 (15.7, 11.5–19.9) 103 (36.7, 31.1–42.3)

Comorbid Anxiety
and Mild-to-Severe Depression 24 (9.1, 5.7–12.4) 16 (6.3, 3.5–9.1) 2 (1.4, 0.0–2.7) 38 (13.5, 9.9–18.0)

Moderate-to-Severe Depression 34 (12.1, 8.7–16.4) 50 (17.7, 13.7–22.6) 15 (5.9, 3.2–8.7) 69 (24.8, 19.8–29.8)

Comorbid Anxiety
and Moderate-to-Severe

Depression
14 (5.6, 2.9–8.2) 14 (5.6, 2.9–8.2) 2 (1.4, 0.0–2.7) 26 (9.8, 6.3–13.2)

Note. wks = weeks; CI = confidence interval.

3.1. Prevalence and Patterns of Comorbidity during Pregnancy

The prevalence of anxiety, mild-to-severe and moderate-to-severe depressive symptoms at
enrolment were 14.2% (95% CI 10.6–18.8), 23.4 (95% CI 18.8–28.7) and 12.1% (95% CI 8.7–16.4),
respectively. By the time of follow up, the prevalence of anxiety had decreased by about half (7.4%;
95% CI 4.9–11.2), while the prevalence of both mild-to-severe depression (28.4%; 95% CI 23.4–33.9)
and moderate-to-severe depression (17.7%; 95% CI 13.7–22.6) had increased. However, as seen from
the overlap of the 95% CI, none of the changes were statistically significant. The prevalence of comorbid
anxiety and mild-to-severe depressive symptoms during pregnancy was 13.5% (95% CI 9.9–18.0).
Out of these, 24 (63.2%) experienced the comorbidity at time 1, 16 (42.1%) experienced it at time 2,
and only 2 women had comorbid anxiety and mild-to-severe depressive symptoms at both time 1 and 2.
Similarly, only the same two women experienced comorbid anxiety and moderate-to-severe depressive
symptoms at both time points out of the 26 (9.2%; 95% CI 6.3–13.2) who experienced this comorbidity
during pregnancy. The prevalence of comorbid anxiety and moderate-to-severe depressive symptoms
was 5.0% (14/282) at both time points. Hence, women who experienced comorbidity at time 1 were
generally different from those who experienced comorbidity at time 2. This provided the basis for our
choice of creating a measure of comorbid anxiety and depression (mild-to-severe) at any time point
during pregnancy.
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Women who experienced anxiety at time 1 had significantly higher mean depression scores (10.9;
95% CI 9.2–12.5) at time 2 compared to women without anxiety (6.4; 95% CI 5.7–7.0). This suggests
that developing anxiety at time 1, may be a risk factor for developing high depression at time 2.
However, after adjusting for depressive symptoms at time 1, the effect of anxiety at time 1 on depressive
symptoms later at time 2 was only marginally significant (p = 0.055). The mean depression score at
time 2 among women with anxiety was 8.4, (95% CI 6.9–10.0) compared to 6.8 (95% CI 6.6–7.4) among
women without anxiety.

3.2. Association between Covariates and Comorbidity during Pregnancy

As shown in Table 2, only four of the 32 covariates and potential risk factors had statistically
significant associations (p < 0.05) with both comorbid anxiety and mild-to-severe depressive symptoms
and comorbid anxiety and moderate-to-severe depression during pregnancy, namely: Recruitment site,
taking iron supplements, ACE level, and food insecurity. The number of supplements was associated
with comorbid anxiety and moderate-to-severe depression (p = 0.038) but only marginally associated
with comorbid anxiety and mild-to-severe depression during pregnancy (p = 0.055).

Table 2. Factors associated with comorbid anxiety and depression during pregnancy.

Factors
Comorbid Anxiety and

Mild-to-Severe
Depressive Symptoms

Moderate-to-Severe
Depressive Symptoms

χ2 (p-value) χ2 (p-value) df

1 Recruitment Site 24.5 (0.001) 16.2 (0.001) 3
2 Iron supplements 8.8 (0.003) 6.6 (0.010) 1
3 ACE level 7.4 (0.025) 12.6 (0.002) 1
4 Food insecurity 4.2 (0.040) 8.7 (0.003) 1

5 Number of
supplements 5.8 (0.055) 6.5 (0.038) 1

χ2 = Chi-squared; df = degrees of freedom; ACE = adverse childhood experiences.

The association between the recruitment site and comorbidity needs to be interpreted cautiously
as none of the women in our sample recruited from the Garden site experienced comorbid anxiety
and depression (mild or moderate). Women who did not take iron supplements had much higher
prevalence of comorbid anxiety and mild (17.8%) or moderate (12.4%) depression compared to those
who took supplements (5.2% and 3.1%). ACE-IQ had a positive association with comorbidity, although
the highest prevalence of each indicator of comorbidity was among women with one ACE and the lowest
was among women with no ACEs. Women with two or more ACEs had similar prevalence to women
with one ACE. While one third (33.3%) of women without food security experienced comorbid anxiety
and depression (both mild and moderate), only 8.1% of women with food insecurity experienced
comorbid anxiety and moderate-to-severe depressive symptoms. Women who took a combination of
supplements also had much lower prevalence of comorbid anxiety and depression (mild-to-severe
and moderate-to-severe) than women who took only one supplement or no supplements at all. None
of the other socio-demographic covariates were associated with comorbidity.

3.3. Risk Factors for Comorbid Anxiety and Mild-to-Severe Depressive Symptoms

Employing a multiple logistic regression model using forward conditional likelihood, only
recruitment site (p = 0.007) and husband’s employer (p = 0.056) were retained as predictors of comorbid
anxiety and mild-to-severe depressive symptoms out of the 32 covariates and potential risk factors
considered. When perceived stress was included in the model, only husband’s employer was retained
as a predictor (p = 0.038). Table 3 shows the most parsimonious predictive model for comorbid anxiety
and mild-to-severe depressive symptoms. The odds of having comorbid anxiety and mild-to-severe
depressive symptoms increased by 1.3 (95% CI 1.17–1.36) times per unit increase in perceived stress
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score. The odds of having comorbid anxiety and mild-to-severe depressive symptoms were 17.6 times
higher if the husband worked in the private sector, and 20.6 times higher if the husband worked for
the government when compared to elsewhere. However, the confidence intervals for the odds ratios
were very wide, indicating uncertainty regarding precise estimate of the odds.

Table 3. Odds ratio and 95% confidence interval of predictors of comorbid anxiety
and mild-to-severe depression.

Variables in Equation Parameter Estimate
(

^
β

)
p-Value Odds Ratio (OR)

95% CI for OR
Lower Upper

Perceived stress 0.234 0.000 1.3 1.17 1.36
Husband’s employer 0.038

Private 2.868 0.011 17.6 1.9 162.5
Government 3.026 0.019 20.6 1.7 256.6

Other (reference) 0.000 1.0
Constant 0.241 0.000 0.000

We compared the goodness of fit of the model for comorbidity of anxiety and mild-to-severe
depressive symptoms with and without perceived stress. We found that none (0.0%) of the 39 women
experiencing comorbid anxiety and mild-to-severe depressive symptoms were correctly predicted as
such using the model without perceived stress, as compared to 7 (17.9%) who were correctly predicted
as having experienced comorbidity. The increase in perceived stress during pregnancy is identified as
the only risk factor of comorbid anxiety and mild-to-severe depressive symptoms during pregnancy
while the sector in which the husband worked is a potential covariate.

3.4. Risk Factors for Comorbid Anxiety and Moderate-to-Severe Depressive Symptoms

A different pattern of association emerged when comorbid anxiety and moderate-to-severe
depressive symptoms were considered. Without adjusting for perceived stress, recruitment site
(p = 0.077), ACE-IQ (p = 0.006) and food insecurity (p = 0.034) were the only variables retained
as predictors of comorbid anxiety and moderate-to-severe depressive symptoms during pregnancy.
Perceived stress was found to be a strong predictor of comorbidity (p < 0.001). As shown in Table 4,
the inclusion of perceived stress altered the set of factors retained as risk factors for comorbid anxiety
and moderate-to-severe depressive symptoms during pregnancy.

Table 4. Odds ratio and 95% confidence interval of comorbid anxiety and moderate-to-severe depression.

Variables in Equation Parameter Estimate
(

^
β

)
p-Value Odds Ratio (OR)

95% CI for OR
Lower Upper

Highest Perceived Stress 0.263 <0.001 1.3 1.2 1.4
More than 3 CEB 0.016

Yes 2.975 0.016 19.6 1.7 222.7
No (reference) 0.000 1.0

Husband’s employer 0.012
Private 3.188 0.007 24.2 2.3 250.3

Government 0.709 0.681 2.0 0.07 59.8
Other (reference) 0.000 1.0
ACE-IQ Binary 0.014
None (reference) 0.000 1.0

One 2.078 0.003 8.0 2.0 32.1
Two or more 1.478 0.040 4.4 1.1 17.9

Constant −12.024 0.000
CEB = children ever born; ACE-IQ = adverse childhood experiences-international questionnaire.
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With perceived stress in the model, recruitment site and food insecurity did not emerge as
significant predictors, and instead, having parity of more than 3 children (p = 0.016), the sector in which
the husband worked (p = 0.012), and ACE-IQ (0.014) were added as predictors. The odds of a women
who had 3 or more previous children having comorbid anxiety and moderate-to-severe depressive
symptoms was up to 20 times (19.6; 95% CI 1.7–222.7) that of a woman with less than 3 children ever
born. Women whose husbands worked in the private sector also had much higher odds (24.2, 95% CI
2.3–250.3) of experiencing comorbidity than those whose husbands worked in “other” sectors. Women
who had experienced one ACE had the highest odds (8.0, 95% CI 2.0–32.1) of comorbidity relative to
women with no ACEs.

We found that only one (3.9%) of the 37 women experiencing comorbid anxiety
and moderate-to-severe depression was correctly predicted as such using the model without perceived
stress, compared with 11 (40.7%) of the women who were correctly predicted as experiencing comorbid
anxiety and depression using the model adjusted for perceived stress. Among all the models considered,
this was the highest probability of correct classification of women experiencing comorbid anxiety
and depression. Overall, 92.6% of women were correctly classified with this model.

4. Discussion

Our findings reveal that comorbid anxiety and depression at each time was high and that
the greatest risk factors for comorbid anxiety and moderate-to-severe depression during pregnancy
were: (1) High level of perceived stress at any time point, (2) having 3 or more previous children,
and (3) having one or more ACEs. These risks were increased if the husband worked in the private
sector. Growing up with parents or guardians who did not understand their childhood problems
and worries appeared to be the most important dimension of ACE in predicting comorbid anxiety
and moderate-to-severe depression, although the aggregate measure based on all ACE indicators
provided a better model fit than individual components.

Our point estimates of the prevalence of comorbid anxiety and mild-to-severe depression
(13.5%) and moderate-to-severe depression (9.2%) were higher than the corresponding rates of 9.5%
and 6.3%, respectively, reported in the systematic review with studies predominantly from high-income
countries [7]. Prevalence of comorbidity is influenced by geographic location and cultural milieu [22,23].
Differences in prevalence of comorbidity between a cohort of pregnant Spanish (26.9%) and Turkish
(47%) women were attributed to sociocultural characteristics and practices including number of living
children, quality of relationship with husband, family structure such as extended family living in
the household, and ability to work given educational preparation [22,23].

The prevalence and course of comorbid anxiety and depressive symptoms varies across pregnancy
(i.e., between first and third trimester) with comorbidity declining between the first and third
trimesters [7]. Additional findings in our cohort suggest that there was little overlap between
women who experienced comorbidity at 22–29 weeks’ gestational age and those who had experienced
corresponding comorbidity at 12–19 weeks’ gestational age. This is a unique finding indicating that
there may be different vulnerability characteristics of women who get comorbid anxiety and depressive
symptoms at different times of pregnancy. Pregnancy is a socially constructed state [24] with
culturally entrenched preferences for male children, elevating some women’s status in their homes
and community [25,26]. For the husband and his family, the wife/daughter-in-law suddenly transforms
into the mother of the child/children who will propagate the family line and be a source of income
for family, especially if she is carrying a male child [25]. Women’s childhood experiences of being
disadvantaged given their sex at birth influences personal preferences for a male child [26].

Anxiety disorders often present before depressive symptoms; however, anxiety preceding
depression versus depression preceding anxiety, likely have different etiologic pathways [7]. Anxiety
is often a salient symptom in a primary depressive disorder. However, there is a distinct probability of
having anxiety symptoms and/or disorders (e.g., obsessive-compulsive disorder (OCD), generalized
anxiety) without comorbid depressive symptomatology. From a practice perspective, clinicians should
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not assume that just because a woman is not experiencing comorbidity at a given time she has not
experienced comorbidity at an earlier time or would not experience it in the remaining weeks of
pregnancy leading up to the delivery.

Perceived stress was found to be a strong predictor of comorbid anxiety and mild-to-severe
and moderate-to-severe depressive symptoms. For example, a one unit increase in perceived stress
led to a 1.3-fold increase in the odds of having comorbid anxiety and mild-to-severe depressive
symptoms. Perceived stress has also been identified as a risk factor of comorbid postpartum depressive
symptomatology and anxiety [7]. After adjusting for level of stress, odds of a woman who had 3 or more
children having comorbid conditions was up to 26 times that of a woman with less than 3. Inadequate
social support or help, as determined by self-report of amount and frequency of practical assistance
from family and friends, was a correlate to comorbid anxiety and depression in postpartum Australian
women enrolled in a community-based study [27]. Hence, women’s perspective on the practical nature
of the amount and frequency of support [27] and help received may add a layer of stress which may
lead to symptoms of anxiety and/or depression.

Women whose husbands worked in the private sector also had much higher odds of experiencing
comorbidity than those whose husbands worked in another sector, and marginally higher than women
who worked for the government. Most government jobs in Pakistan provide a stable income and flexible
work hours, which reduces the level of stress and anxiety, as compared to private jobs which are often
characterized by long working hours, creating extra pressure [28]. A women’s spouse working in
the private sector may act as a source of extra burden on the household, by often transmitting their
work stress onto their wives. The husbands would also be less available to provide social support or
help to the mother, thereby increasing stress, anxiety, and/or depression.

Women who took a combination of supplements also had much lower prevalence of comorbidity
than women who took only one supplement or no supplements at all. A plausible explanation within
the sociocultural environment of Pakistan is that women may want or expect to receive medication
treatment during their engagement with physicians [29]. Both prescription and non-prescription
medication when personalized to the context of women can influence physical and emotional
well-being [30]. Although the recruitment site was included as a predictor, its inclusion lead to unstable
estimates as evident from the wide confidence intervals. The wide confidence intervals were the result
of the finding that none of the 100 women seen in the Garden site had evidence of comorbidity. Team
members’ personal reflections and anecdotal experience suggests that women in the Garden site
may have had an increased social support network of and from women, as well more opportunity
and space for rest and relaxation. Low social support has been identified as a risk factor for anxiety
and depression [31]. For this pilot we do not have sufficient statistical power to examine the interactive
relationship between social support and comorbid anxiety and depression; however, it would be
an important determinant to keep in mind for future studies.

Our findings are consistent with findings from both a low- and middle-income country (Kenya) [32]
and a high-income country (USA) which showed an association between ACEs and depression/anxiety
and perceived stress [33,34]. Women who endorsed that their own parents/guardians did not understand
their childhood problems and worries also had slightly higher odds of comorbidity than those who
endorsed that their parents/guardian understood their problems and worries. Using this model,
a much higher percentage of women’s comorbid conditions was correctly classified as such, and overall,
93% of women were correctly classified. Although individual ACEs, such as parents/guardians not
understanding the child’s problems and worries are associated with psychosocial distress in young
adults (early 20’s), an interactive effects is present with perceived life stress [35]. This may explain
why ACEs remained significant when perceived stress was included in the model and recruitment site
and food insecurity became conditionally insignificant.

Early identification of stress, anxiety and depression in pregnancy will permit the medical
and nursing clinicians to implement measures to reduce anxiety and depression and its potential
negative consequences such as preterm birth [20]. Limited studies have examined comorbidity risk
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factors and their etiological pathways in pregnant women. These phenomena need to be explored
in a larger study with adequate sample size. Furthermore, it is imperative for researchers to address
perinatal mental health in low- and middle-income countries.

Our findings are based on a small sample of Pakistani women predominantly recruited from urban
sites and findings and therefore, cannot be generalized to all Pakistani pregnant women. Furthermore,
the 10-week time frame in which stress, anxiety, and depression were measured provides a limited
assessment of the psychosocial health of these pregnant women throughout the pregnancy. Our study
did not determine if women experienced gender disadvantage. Finally, our study used self-report
instruments that measured symptoms and are not gold standard diagnostic interviews.

5. Conclusions

Comorbid anxiety and depression is an important public health concern as it suggests an increased
vulnerability to social determinants of negative health outcomes and relies on the capacity of pregnant
women to draw from social support networks to mitigate these risks. Essentially, ACEs and perceived
stress stand out as the primary predictors of comorbidity, and various other factors provide interesting
insights into patterns of comorbidity at different time points during pregnancy. Comorbidity signals
poor psychological well-being, poor coping resources, and threatens adverse pregnancy and infant
outcomes. Nurses, midwives and medical clinicians should integrate mental health assessments of
every women across pregnancy as a standard of care as women who experience comorbidity early
in pregnancy in order to capture both this group of women, and the largely separate group who
experience comorbidity during late second trimester.
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