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ABSTRACT

Background: Postpartum depressive symptoms are frequently under-recognised in resource-constrained settings, and their geographic and
socioeconomic distribution within Pakistani hospital populations remains insufficiently characterised. Objective: To identify hospital-city and
socioeconomic predictors of postpartum depressive symptom severity using conventional regression and random forest analysis. Methods:
This multicentre retrospective record-based analytical study included 336 postpartum women aged 18-45 years receiving care at tertiary
hospitals in Karachi, Lahore, and Rawalpindi between January 2021 and December 2023. The primary outcome was the continuous Edinburgh
Postnatal Depression Scale score. Geographic and socioeconomic predictors were examined using analysis of variance, multivariable linear
regression, and random forest regression. Results: The mean EPDS score was 11.2 + 5.8, and 187 women (55.7%) screened positive at an
EPDS threshold of 210. Mean scores were highest in Rawalpindi (13.4 + 5.9), followed by Lahore (11.1 + 5.6) and Karachi (9.1 + 5.2). Compared
with the respective reference categories, Rawalpindi hospital-city site was associated with a 3.9-point higher score, household income below
PKR 30,000 with a 5.8-point increase, no formal education with a 4.9-point increase, and overcrowding with a 3.2-point increase. The random
forest model achieved a test-set R® of 0.51. Conclusion: Socioeconomic disadvantage and hospital-city context were associated with greater
postpartum depressive symptom severity. Targeted screening may be warranted among women from low-income, poorly educated, and
overcrowded households. Keywords: Edinburgh Postnatal Depression Scale; geographic variation; household income; machine learning;
maternal education; overcrowding; Pakistan; postpartum depression.
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INTRODUCTION

Postpartum depression is acommon but frequently under-recognised complication of childbirth that can adversely
affect maternal functioning, infant development, family relationships, and engagement with postnatal healthcare.
The burden is particularly importantin low- and middle-income countries, where limited mental-health resources,
inadequate routine screening, social stigma, and fragmented referral pathways may delay recognition and
treatment. In Pakistan, postpartum depressive symptoms may be further influenced by socioeconomic
disadvantage, restricted access to healthcare, limited mental-health literacy, and social conditions that affect
women during pregnancy and the early postpartum period (1).

Previous research from Pakistan and other South Asian settings has identified several individual and household
factors associated with postpartum depressive symptoms, including low household income, limited maternal
education, intimate partner violence, inadequate social support, and adverse living conditions. However, much of
the available evidence has been derived from single-centre or single-city studies, limiting assessment of whether
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the observed burden differs across hospital catchment areas and socioeconomic contexts (2,3). Geographic
comparisons may be clinically useful because women receiving care in different cities and hospitals can vary in
referral patterns, healthcare access, socioeconomic circumstances, cultural practices, and availability of
posthatal mental-health services. Nevertheless, hospital-based geographic differences must be interpreted
cautiously because the effects of city, hospital characteristics, and catchment population may overlap.

Conventional regression methods remain important for estimating adjusted associations and expressing the
direction and magnitude of relationships between socioeconomic factors and postpartum depressive symptom
severity. These methods may, however, have limited ability to identify complex non-linear patterns and higher-order
relationships unless these are specified in advance. Machine-learning approaches such as random forest
regression provide a complementary predictive framework by allowing multiple demographic, geographic,
socioeconomic, and obstetric characteristics to be considered simultaneously without requiring all relationships
to be modelled as linear (4-6). Such techniques can rank predictors according to their contribution to prediction,
although variable importance should not be interpreted as evidence of causality.

A more precise understanding of the characteristics associated with postpartum depressive symptom severity
may help clinicians identify women who require closer assessment during routine postnatal care. This is relevant
in resource-constrained settings, where universal access to specialist psychiatric assessment may not be feasible
and pragmatic screening strategies are needed. Evidence derived from routinely collected clinical data may also
support the development of locally relevant risk-stratification approaches, provided that predictive findings are
interpreted within the limitations of hospital-based sampling and are subsequently validated in independent
populations (7-9).

The present study therefore examined geographic and socioeconomic predictors of postpartum depressive
symptom severity among women receiving postnatal care at three tertiary hospitals in Karachi, Lahore, and
Rawalpindi. Specifically, it evaluated differences in Edinburgh Postnatal Depression Scale scores across the three
hospital-city sites and assessed the associations of household income, maternal education, employment status,
housing conditions, and household overcrowding with symptom severity. Multivariable linear regression was used
to estimate adjusted associations, whereas random forest regression was applied as a complementary predictive
method to rank the relative contribution of the included characteristics. It was hypothesised that socioeconomic
disadvantage, particularly low income, limited education, and household overcrowding, would be associated with
higher postpartum depressive symptom severity after adjustment for relevant maternal and obstetric
characteristics.

MATERIALS AND METHODS

This multicentre retrospective record-based analytical study used pre-existing clinical and administrative data to
identify geographic and socioeconomic characteristics associated with postpartum depressive symptom severity.
Records were obtained from three tertiary care hospitals located in Karachi, Lahore, and Rawalpindi. These
hospitals served urban and surrounding catchment populations and were selected because they had high obstetric
patient volumes, routinely documented socioeconomic information, and used a standardised postpartum mental-
health screening measure. Because one participating hospital represented each city, the hospital site and city-
level category were not analytically separable; therefore, geographic comparisons represented differences
between the three hospital-city sites rather than independent population-level city effects. Medical records from
January 1, 2021, to December 31, 2023, were reviewed. Data extraction, cleaning, harmonisation, and analysis
were undertaken from January to September 2024. No prospective intervention or follow-up was performed.

The target population comprised postpartum women aged 18-45 years who had delivered a live singleton infant
and received postnatal care at one of the participating hospitals. Women were eligible when a completed
Edinburgh Postnatal Depression Scale assessment was documented between 24 hours and six weeks after
delivery, their place of residence could be assigned to the relevant hospital catchment area, and information was
available on the principal socioeconomic variables, including household income, maternal education, and
employment status. Women were excluded when their records documented major depressive disorder, bipolar
disorder, psychotic disorder, or treatment for a serious pre-existing psychiatric condition before the index
pregnancy; when the pregnancy resulted in stillbirth or neonatal death during the index admission; when more than
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two EPDS items were missing; or when the available hospital documentation did not permit use of the record for
research purposes. The primary analysis focused on postpartum depressive symptom severity rather than a
confirmed psychiatric diagnosis.

The initial sample-size target was 350 records, allowing for incomplete information and exclusions, and the final
analytical sample comprised 336 women. Within each hospital, potentially eligible records were arranged
chronologically according to delivery date. Systematic sampling was then applied separately at each site, and
every third eligible record was selected until the hospital-specific allocation, determined in proportion to average
delivery volume, was reached. When a selected record was unavailable for review, the next chronologically
available eligible record was assessed and the systematic sequence was subsequently continued. The sampling
procedure was applied independently at each hospital to maintain representation across the three sites.

Data were extracted from electronic medical records and paper-based obstetric, postnatal, and psychiatric
screening records using a standardised case-report form. Two trained research assistants independently reviewed
the source records. Extracted entries were compared, and discrepancies were resolved through re-examination of
the original documentation. Personal identifiers, medical record numbers, and detailed addresses were removed
from the analytical dataset and replaced with unique study codes before data cleaning and analysis.

The primary outcome was postpartum depressive symptom severity, measured using the total Edinburgh Postnatal
Depression Scale score. The EPDS is a 10-item self-report screening instrument with a total score ranging from 0
to 30, with higher scores indicating greater depressive symptom severity (10). The continuous total score was used
for the primary analyses because the study aimed to examine variation in symptom severity. For secondary
descriptive analyses, an EPDS score of 10 or higher was classified as probable postpartum depression. This
classification represented a screening threshold and was not considered equivalent to a clinical diagnosis. Only
assessments documented as having been administered by trained nursing or midwifery personnel according to the
hospitals’ routine procedures were included. Records without a documented assessment time or identifiable
administering healthcare professional were excluded. The interval between delivery and EPDS administration was
retained during data extraction because assessments could occur between 24 hours and six weeks postpartum.

The principal explanatory variable was hospital-city site, categorised as Karachi, Lahore, or Rawalpindi. Because
each city was represented by a single hospital, this variable incorporated both geographic context and potential
hospital-level differences. Socioeconomic variables included monthly household income, categorised as less
than PKR 30,000, PKR 30,000-60,000, more than PKR 60,000-100,000, and more than PKR 100,000; maternal
and paternal education, classified as no formal education, primary, secondary, or higher secondary and above;
maternal employment status, classified as housewife, employed outside the home, or self-employed; and housing
status, categorised as owned, rented, or informal settlement/katchi abadi. Household overcrowding was defined
as more than two persons per habitable room, excluding kitchens and bathrooms.

Maternal and obstetric characteristics selected a priori as potential confounders included maternal age, parity,
mode of delivery, previous pregnancy loss, neonatal admission to a special-care unit, and documented intimate
partner violence during the index pregnancy. Mode of delivery was classified as vaginal, caesarean, or assisted
delivery. Information on intimate partner violence was extracted from routine antenatal records when available.
Because this variable had a higher proportion of missing observations than the other covariates, it was excluded
from the primary adjusted model and examined separately in sensitivity analyses.

Several procedures were used to reduce bias and improve data quality. All potentially eligible records were
identified before sampling at each site. The same eligibility criteria, sampling sequence, extraction form, coding
framework, and variable definitions were applied across the three hospitals. EPDS results were accepted only
when the record documented administration by an appropriate healthcare professional and provided sufficient
information to establish the timing of assessment. Independent extraction and verification by two trained reviewers
were used to minimise transcription and classification errors. Nevertheless, because the study relied on routinely
collected hospital records, differences in documentation practices and referral characteristics across sites could
not be eliminated.


https://linkmjhcr.com/index.php/lmj/index
https://portal.issn.org/resource/ISSN/3007-3448
https://linkmjhcr.com/index.php/lmj/copyrightpolicy
https://linkmjhcr.com/index.php/lmj/licensingpolicy

Link Medical Journal of Health and Community Research
LMJHCR-207 | 2026;4(1) | ISSN 3007-3448 | © 2026 The Authors | CC BY 4.0 | Page 4

The completeness and distribution of each variable were examined before analysis. Records missing more than
two EPDS items were excluded because a reliable total score could not be determined. For maternal age, parity,
and mode of delivery, which had less than 5% missing data, analyses were based on available complete
observations. Missing values for household income and education were addressed through multiple imputation by
chained equations, using five imputed datasets under the assumption that missingness was conditionally related
to observed hospital, housing, demographic, and obstetric characteristics. The imputation framework incorporated
the principal outcome, hospital-city site, socioeconomic variables, and relevant covariates. Estimates from the
linear-regression analyses were combined across imputed datasets using standard pooling procedures. Intimate
partner violence, for which approximately 12% of values were missing, was excluded from the primary model and
evaluated in sensitivity analyses using records with available information.

Statistical analyses were performed using R version 4.3.2. Continuous variables were summarised as means and
standard deviations when their distributions were approximately symmetric, whereas categorical variables were
presented as frequencies and percentages. The distribution of EPDS scores was assessed through graphical
examination and evaluation of model residuals. Differences in participant characteristics across hospital-city sites
were assessed using the chi-square test for categorical variables. Mean EPDS scores across the three hospital-
city categories were compared using one-way analysis of variance, followed by Tukey’s honestly significant
difference procedure for pairwise comparisons. Associations between EPDS scores and individual socioeconomic
variables were initially examined using independent-samples t tests for binary variables and one-way analysis of
variance for variables with more than two categories.

A multivariable linear-regression model was subsequently fitted to estimate adjusted associations between
hospital-city site, socioeconomic characteristics, and EPDS symptom severity. The model included household
income, maternal education, maternal employment, housing status, household overcrowding, maternal age, parity,
mode of delivery, history of pregnancy loss, and neonatal admission to special care. Karachi, the highest
household-income category, higher secondary education or above, housewife status, owned housing, and
absence of overcrowding were used as reference categories where applicable. Regression coefficients were
expressed as adjusted mean differences in EPDS points with 95% confidence intervals and two-sided p-values.
Model assumptions were assessed using residual plots, evaluation of residual distribution, examination of
influential observations, and assessment of collinearity among predictors. Statistical significance was set at p <
0.05.

Random forest regression was used as a complementary predictive analysis rather than as a method for causal
inference. The available data were partitioned into training and held-out test sets in an 80:20 ratio, with
stratification by hospital-city site to preserve representation from all three locations. All geographic,
socioeconomic, maternal, and obstetric variables included in the primary analytical framework were considered
candidate predictors. Hyperparameters were selected through ten-fold cross-validation within the training data.
Predictive performance was evaluated in the held-out test set using root mean square error and R”. Variable-
importance estimates were used to rank the contribution of the included predictors to EPDS score prediction.
These rankings were interpreted as measures of predictive contribution within the analysed dataset and not as
estimates of independent causal effects. The random forest results were considered alongside the multivariable
regression estimates to determine whether the principal predictive patterns were consistent across conventional
and machine-learning approaches.

All extracted data were de-identified before analysis, and access to the analytical dataset was restricted to the
research team. Names, medical record numbers, and detailed residential identifiers were removed and replaced
with study codes. No direct contact with participants occurred, and no intervention was administered. Data were
used only for the stated research purpose and were handled according to established principles of confidentiality,
data minimisation, and secure processing of sensitive health information.

RESULTS

Following record screening, data cleaning, and application of the eligibility criteria, 336 postpartum women were
included in the analysis. Their mean age was 28.4 + 5.1 years, with an observed range of 18-43 years.
Representation across the three hospital-city sites was balanced: 112 women (33.3%) were recruited from


https://linkmjhcr.com/index.php/lmj/index
https://portal.issn.org/resource/ISSN/3007-3448
https://linkmjhcr.com/index.php/lmj/copyrightpolicy
https://linkmjhcr.com/index.php/lmj/licensingpolicy

Link Medical Journal of Health and Community Research
LMJHCR-207 | 2026;4(1) | ISSN 3007-3448 | © 2026 The Authors | CC BY 4.0 | Page 5

Karachi, 114 (33.9%) from Lahore, and 110 (32.7%) from Rawalpindi. Participant socioeconomic characteristics
are summarised in Table 1.

Table 1. Demographic and Socioeconomic Characteristics of the Participants

Characteristic Category n (%)
Total sample 336 (100.0)
Age, years Mean = SD 28.4+5.1
Hospital-city site Karachi 112(33.3)
Lahore 114 (33.9)
Rawalpindi 110(32.7)
Maternal education No formal education 57(17.0)
Primary education 78 (23.2)
Secondary education or above 201 (59.8)
Monthly household income, PKR <30,000 94 (28.0)
30,000-60,000 126 (37.5)
>60,000-100,000 78 (23.2)
>100,000 38(11.3)
Housing type Owned 184 (54.8)
Rented 104 (31.0)
Informal settlement/katchi abadi 48 (14.3)
Household overcrowding Present 142 (42.3)
Absent 194 (57.7)

Values are presented as n (%) unless otherwise indicated.

Most participants had completed at least secondary education (n =201, 59.8%), whereas 57 women (17.0%) had
no formal education. The largest household-income category was PKR 30,000-60,000 per month, comprising 126
participants (37.5%), followed by income below PKR 30,000 among 94 women (28.0%). Most women lived in
owned housing (n = 184, 54.8%), while 48 (14.3%) lived in informal settlements. Household overcrowding was
documented in 142 households (42.3%).

Socioeconomic characteristics differed significantly among the three hospital-city sites. Household income
distribution (X° = 42.1, p < 0.001), maternal education (x° = 38.7, p < 0.001), and housing type (x° = 29.4, p < 0.001)
varied across Karachi, Lahore, and Rawalpindi. Selected site-specific findings are presented in Table 2.

Table 2. Selected Socioeconomic Characteristics Across Hospital-City Sites

Characteristic Karachi, n/N (%) Lahore, n/N (%) Rawalpindi, n/N (%) Test statistic  p-value
Monthly income <PKR 30,000 — — 41/110(37.3) X*=42.1 <0.001
Monthly income >PKR 100,000 21/112(18.8) — — —_ —_
Employed outside the home 28/112(25.0) 24/114(21.1) 11/110(10.0) — —
Intimate partner violence* — — 24/97 (24.7) — —

Intimate partner violence data were available for 296 women. Dashes indicate that the corresponding site-specific
values or test results were not reported in the source manuscript. The reported omnibus chi-square test forincome
compared the full income-category distribution rather than only the categories displayed in this abbreviated table.

Rawalpindi had the largest reported proportion of households with monthly income below PKR 30,000 (41/110,
37.3%), whereas Karachi had the largest reported proportion with income above PKR 100,000 (21/112, 18.8%).
Employment outside the home was least frequent in Rawalpindi, where 11 of 110 women (10.0%) were employed,
compared with 28 of 112 women in Karachi (25.0%) and 24 of 114 women in Lahore (21.1%). Information on
intimate partner violence was available for 296 participants, of whom 58 (19.6%) had documented exposure
during the index pregnancy. Rawalpindi had the highest reported site-specific frequency, affecting 24 of 97 women
with available data (24.7%).

The mean EPDS score in the complete sample was 11.2 + 5.8. Mean scores differed across hospital-city sites and
socioeconomic categories, as shown in Table 3. Rawalpindi had the highest mean EPDS score, followed by Lahore
and Karachi. A clear socioeconomic gradient was also observed across household-income and maternal-
education categories. A progressive inverse relationship was observed between household income and depressive
symptom severity. Women in households earning less than PKR 30,000 had a mean EPDS score of 14.2 + 5.5,
compared with 6.9 = 4.6 among women in households earning more than PKR 100,000. The unadjusted difference
between these two income categories was 7.3 EPDS points. Women with no formal education had a mean score
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of 14.8 = 5.7, compared with 9.5 + 5.3 among those with higher secondary education or above, representing an
unadjusted difference of 5.3 points. The mean EPDS score was also 4.5 points higher among women living in
overcrowded households than among those in non-overcrowded households.

Table 3. Edinburgh Postnatal Depression Scale Scores by Geographic and Socioeconomic Characteristics

Characteristic Category n EPDS score, mean = SD
Complete sample — 336 11.2+5.38
Hospital-city site Karachi 112 9.1+5.2
Lahore 114 11.1+£56
Rawalpindi 110 13.4=+5.9
Monthly household income, PKR <30,000 94 14.2+55
30,000-60,000 126 11.8+5.3
>60,000-100,000 78 9.4+5.1
>100,000 38 6946
Maternal education No formal education 57 14.8+5.7
Higher secondary education or above — 9.5%53
Household overcrowding Present 142 13.9+5.6
Absent 194 9.4+52

EPDS: Edinburgh Postnatal Depression Scale; PKR: Pakistani rupees; SD: standard deviation. The number of
women with higher secondary education or above was not reported separately in the source manuscript.

Using an EPDS threshold of 10 or higher, 187 of 336 women (55.7%) screened positive for probable postpartum
depression. The corresponding proportions were 43.8% in Karachi, 56.1% in Lahore, and 67.3% in Rawalpindi.
Based on the reported site denominators and percentages, these proportions corresponded to approximately 49
women in Karachi, 64 in Lahore, and 74 in Rawalpindi, which together accounted for the reported 187 positive
screens.

Table 4. Probable Postpartum Depression by Hospital-City Site

Hospital-city site Totaln EPDS =10, n (%)
Karachi 112 49 (43.8)

Lahore 114 64 (56.1)
Rawalpindi 110 74 (67.3)
Overall 336 187 (55.7)

Counts for individual sites were derived from the reported percentages and denominators and reconcile exactly
with the reported overall total. EPDS: Edinburgh Postnatal Depression Scale.

Mean EPDS scores differed significantly among the three hospital-city sites (one-way ANOVA: F[2,333] = 16.8, p
<0.001). Tukey-adjusted pairwise comparisons showed that Rawalpindi had a mean score 4.3 points higher than
Karachi (95% CI: 2.6 t0 6.0, p < 0.001) and 2.3 points higher than Lahore (95% CI: 0.6 to 4.0, p = 0.005). The 2.0-
point difference between Lahore and Karachi was not statistically significant (95% CI: -0.3 to 4.3, p = 0.090).

Table 5. Pairwise Comparisons of Mean EPDS Scores Across Hospital-City Sites

Comparison Mean difference, 95% ClI p-value
EPDS points

Rawalpindi vs Karachi 4.3 2.6106.0 <0.001

Rawalpindi vs Lahore 2.3 0.6t04.0 0.005

Lahore vs Karachi 2.0 -0.3t04.3 0.090

Pairwise comparisons were performed using Tukey’s honestly significant difference procedure. A positive estimate
indicates a higher mean score in the first-listed hospital-city site. Cl: confidence interval; EPDS: Edinburgh
Postnatal Depression Scale.

Categorical analyses using the EPDS threshold of 10 or higher demonstrated significant associations between
probable postpartum depression and household income (x> = 31.4, df = 3, p < 0.001), maternal education (x* =
28.9,df =3, p<0.001), household overcrowding (x*=18.2,df =1, p <0.001), and housing type (x>=12.7,df=2,p
=0.002). Maternal employment status was not significantly associated with probable postpartum depression (X°

=2.1,df=2, p = 0.350).

In the multivariable linear-regression analysis, hospital-city site and socioeconomic disadvantage remained
independently associated with EPDS symptom severity. Compared with Karachi, residence within the Rawalpindi
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hospital catchment was associated with an adjusted 3.9-point higher EPDS score (95% ClI: 2.3 to 5.5, p < 0.001).
Women in the lowest household-income category had an adjusted score 5.8 points higher than those in the
highest-income category (95% CI: 3.9to 7.7, p <0.001). No formal maternal education was associated with a 4.9-
point increase compared with the highest education category (95% ClI: 3.1 to 6.7, p < 0.001), while household
overcrowding was associated with a 3.2-point increase compared with non-overcrowded housing (95% CI: 1.8 to
4.6,p <0.001).

Table 6. Associations Between Socioeconomic Characteristics and Probable Postpartum Depression

Characteristic X df p-value
Monthly household income 31.4 3 <0.001
Maternal education 28.9 3 <0.001
Household overcrowding 18.2 1 <0.001
Housing type 12.7 2 0.002
Maternal employment status 21 2 0.350

Probable postpartum depression was defined as an EPDS score 210. EPDS: Edinburgh Postnatal Depression
Scale.

Table 7. Principal Adjusted Predictors of EPDS Symptom Severity

Predictor Comparison/ Mean difference, 95% CI p-value
reference category EPDS points

Hospital-city site Rawalpindi vs Karachi 3.9 2.3t05.5 <0.001

Monthly household income <PKR 30,000 vs >PKR 100,000 5.8 3.9t07.7 <0.001

Maternal education No formal education vs highest education category 4.9 3.1t06.7 <0.001

Household overcrowding Present vs absent 3.2 1.8t04.6 <0.001

Mean differences were obtained from the multivariable linear-regression results reported in the manuscript. The
complete coefficients for the remaining model covariates were not available. Cl: confidence interval; EPDS:
Edinburgh Postnatal Depression Scale; PKR: Pakistani rupees.

n EPDS Severity by Hospital-City Site E Income Gradient in EPDS Severity
20 20
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3 3
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0- 0 : r T T
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EPDS = Edinburgh Postnatal Depression Scale; PPD = probable postpartum depression; error bars and shaded bands represent +SD.

Figure 1: Panel A presents mean EPDS scores with standard deviations across the Karachi, Lahore, and Rawalpindi hospital-
city sites. Panel B demonstrates the inverse household-income gradient in mean EPDS severity, with scores decreasing from
14.2 £ 5.5 in households earning less than PKR 30,000 to 6.9 + 4.6 in those earning more than PKR 100,000. Panel C presents
the proportion of women screening positive for probable postpartum depression using an EPDS threshold of 210. Panel D
displays the principal adjusted predictors of EPDS symptom severity as mean differences with 95% confidence intervals.
Rawalpindi had the highest mean EPDS score at 13.4 = 5.9 and the highest probable postpartum depression prevalence at
67.3%, compared with 9.1 + 5.2 and 43.8% in Karachi. A consistent socioeconomic gradient was observed, with a 7.3-point
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unadjusted difference between the lowest- and highest-income categories. In adjusted analyses, household income below PKR
30,000 showed the largest association with symptom severity, corresponding to a 5.8-point higher EPDS score (95% ClI: 3.9—
7.7), followed by no formal education at 4.9 points (95% CI: 3.1-6.7), Rawalpindi hospital-city site at 3.9 points (95% CI: 2.3—
5.5), and household overcrowding at 3.2 points (95% CI: 1.8-4.6).

The random forest analysis identified household income, maternal education, and hospital-city site as the three
leading predictors of EPDS scores. The model achieved a test-set R? of 0.51, indicating moderate predictive
performance in the held-out sample. Complete numerical variable-importance estimates and test-set RMSE were
not reported in the available analytical output and therefore could not be tabulated. The convergence of the
regression and random-forest findings nevertheless indicated that socioeconomic disadvantage and hospital-city
context were consistently associated with greater postpartum depressive symptom severity within the analysed
dataset.

DISCUSSION

This multicentre retrospective record-based study identified consistent hospital-city and socioeconomic
differences in postpartum depressive symptom severity among women receiving postnatal care in Karachi, Lahore,
and Rawalpindi. Rawalpindi had the highest mean EPDS score and the largest proportion of women screening
positive for probable postpartum depression. Low household income, absence of formal maternal education, and
household overcrowding were independently associated with higher EPDS scores after adjustment for the
available maternal and obstetric characteristics. The random forest analysis produced a test-set R? of 0.51 and
ranked household income, maternal education, and hospital-city site among the leading predictors, supporting the
consistency of the principal patterns across conventional and predictive analytical approaches.

The higher EPDS scores observed at the Rawalpindi hospital-city site should be interpreted as a site-level
difference rather than an independent geographic effect. Because one hospital represented each city, the analysis
could not distinguish the influence of geographic location from differences in hospital referral patterns, catchment
populations, screening practices, socioeconomic composition, or access to postnatal services. Nevertheless, the
magnitude of the observed difference was clinically relevant. The mean EPDS score in Rawalpindi was 4.3 points
higher than in Karachi in the unadjusted comparison, while the adjusted difference remained 3.9 points. Previous
studies from Pakistan and other low-resource settings have similarly reported variation in postpartum depressive
symptoms across different clinical and socioeconomic populations, indicating that local service characteristics
and social conditions may influence the burden detected through hospital-based screening (1-5).

Household income showed the strongest socioeconomic gradient. Mean EPDS scores declined progressively from
14.2 among women in households earning less than PKR 30,000 per month to 6.9 among those earning more than
PKR 100,000. After adjustment, membership in the lowest-income group remained associated with a 5.8-point
higher EPDS score. Financial hardship may increase postpartum psychological distress through food insecurity,
difficulty meeting healthcare expenses, unstable employment, restricted transport, inadequate living conditions,
and dependence on family members. These pressures may be particularly important after childbirth, when
household expenditure and caregiving demands increase. The consistency of the income gradient across
descriptive, regression, and random-forest analyses strengthens the evidence that economic disadvantage was an
important predictive characteristic within the analysed sample, although the retrospective design did not permit a
causal interpretation (1,5-8).

Maternal education was also strongly associated with symptom severity. Women with no formal education had a
mean EPDS score of 14.8, compared with 9.5 among women in the highest reported education category, while the
adjusted difference was 4.9 points. Limited education may affect mental-health literacy, awareness of available
services, communication with healthcare professionals, employment opportunities, and autonomy in seeking
care. Education may also function as an indicator of broader socioeconomic disadvantage rather than acting as an
isolated determinant. Pakistani research has highlighted the importance of social and structural barriers in
women’s access to mental-health services, particularly when low literacy, stigma, restricted mobility, and limited
family support occur together (5-8).

Household overcrowding remained independently associated with a 3.2-point higher EPDS score after adjustment
forincome, education, and other measured characteristics. This finding suggests that the physical and social living
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environment may contribute information beyond household income alone. Overcrowding can reduce privacy,
interrupt sleep, intensify domestic responsibilities, and increase interpersonal stress during a period when
mothers require rest and emotional support. The mean EPDS difference between overcrowded and non-
overcrowded households was 4.5 points in the unadjusted analysis, indicating a potentially important clinical
gradient. However, because household composition, caregiving support, room ventilation, noise, and sleep quality
were not measured, the mechanisms underlying this association could not be determined.

More than half of the participants screened positive for probable postpartum depression using an EPDS threshold
of 10 or higher. This proportion was higher than that reported in several general postpartum populations but may
reflect the hospital-based sample, the selected screening threshold, the broad timing of assessment, and
differences in clinical or socioeconomicrisk. The EPDSis a screening instrument rather than a diagnostic interview;
therefore, the reported prevalence represents probable postpartum depression and should not be interpreted as
the prevalence of clinically confirmed depressive disorder. The inclusion of assessments conducted between 24
hours and six weeks postpartum may also have increased heterogeneity because transient emotional symptoms
in the immediate post-delivery period may differ from persistent depressive symptoms identified later in the
postpartum period.

The random forest model explained 51% of the variation in EPDS scores in the held-out test sample. This indicated
moderate predictive performance but also showed that a substantial proportion of outcome variation was not
captured by the available variables. Important unmeasured predictors may have included antenatal anxiety or
depression, previous episodes of depression, pregnancy intention, social support, marital relationship quality,
breastfeeding difficulties, neonatal illness, obstetric complications, sleep disturbance, and the exact interval
between delivery and EPDS assessment. The ranking of household income, maternal education, and hospital-city
site as leading predictors was consistent with the regression findings. However, variable importance reflects
predictive contribution within the analysed dataset and does not establish that these characteristics
independently caused postpartum depressive symptoms.

This study had several strengths. It included a relatively balanced sample from three tertiary hospitals serving
socioeconomically diverse populations. The continuous EPDS score was retained as the primary outcome,
preserving more information than a purely binary classification. The use of multivariable regression provided
interpretable adjusted mean differences, while random forest regression offered a complementary assessment of
predictive importance without requiring all relationships to be specified as linear. Standardised extraction
procedures, independent record review, and explicit handling of missing income and education data also
strengthened the analytical process.

Several limitations should be considered. The retrospective design depended on the accuracy and completeness
of routine clinical documentation and prevented confirmation of the temporal sequence between some exposures
and postpartum symptoms. Each city was represented by one hospital, making hospital-level and geographic
influences inseparable. The tertiary-care sampling frame may have included women with more complex
pregnancies or different socioeconomic characteristics than women receiving primary care, private care, or home-
based maternity services. Consequently, the findings should not be generalised to all postpartum women in
Pakistan. Women with documented pre-existing serious psychiatric conditions were excluded, which reduced
applicability to the wider postpartum population.

The timing of EPDS administration varied from 24 hours to six weeks after delivery and was not reported as a
stratified or adjusted predictor. The use of a screening cutoff did not establish a clinical diagnosis. Intimate partner
violence was incompletely documented and was excluded from the primary adjusted model because of missing
data. Several potentially important psychosocial and obstetric variables were unavailable. The random forest test
set was relatively small, and external validation was not performed. The model’s predictive performance and
variable rankings therefore require confirmation in independent datasets containing multiple hospitals within each
geographic region.

The findings have practical implications for postnatal screening. Household income, maternal education,
overcrowding, and hospital-site context are characteristics that can be identified during routine maternity care
without specialised psychiatric testing. Women experiencing multiple forms of socioeconomic disadvantage may
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benefit from earlier EPDS screening, closer clinical assessment, and clear referral pathways. Future prospective
studies should use standardised assessment intervals, diagnostic confirmation, repeated measurements, and
broader psychosocial data. Sampling multiple hospitals within each city would permit more reliable separation of
geographic and institutional effects. Prediction models should also undergo internal resampling, calibration
assessment, and independent external validation before clinical implementation.

CONCLUSION

Low household income, absence of formal maternal education, household overcrowding, and the Rawalpindi
hospital-city site were associated with greater postpartum depressive symptom severity among women receiving
care at three tertiary hospitals in Pakistan. Household income demonstrated the strongest socioeconomic
gradient, while the complementary random forest analysis showed moderate predictive performance and
identified similar leading predictors. These findings support targeted postpartum mental-health screening among
socioeconomically disadvantaged women, but they should be interpreted as hospital-based associations rather
than causal or nationally representative geographic effects.
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