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Background: Hypertensive disorders of pregnancy (HDP) are major causes of maternal-neonatal morbidity/mortality. Emerging
evidence links early pregnancy depression to HDP, but the interaction of social support, including its potential mediating and
moderating roles remains understudied. This prospective cohort study explored the associations between early pregnancy depression,
social support, and HDP risk in Xuzhou, China.

Methods: A cohort of 1,406 pregnant women at <l12weeks gestation were recruited from a hospital in Xuzhou, China, between
July 2024 and July 2025. Depression symptoms and social support were assessed using the Edinburgh Postnatal Depression Scale
(EPDS) and the Social Support Rating Scale (SSRS), respectively. HDP was diagnosed according to ISSHP-2021 criteria following
participants until delivery. Associations were evaluated using multivariate logistic regression, mediation, and interaction analyses.
Results: Among the participants, 122 (8.6%) cases of HDP were diagnosed. After adjusting for confounders, early pregnancy
depression (EPDS >13) significantly increased the risk of HDP (aOR = 2.63, CI: 1.67-4.09, p < 0.001). Conversely, high social
support (SSRS >45) was a protective factor against HDP (aOR = 0.42, 95% CI: 0.20-0.85, p < 0.001). Mediation analysis further
revealed that social support partially mediated the depression-HDP association, accounting for 13.6% of the total effect.
Conclusion: This prospective study demonstrates that first-trimester depressive symptoms increase the risk of HDP, and social
support not only directly protects women but also partially mediates the adverse effect of depression. Our findings highlight that early
psychological screening and enhancing social support during the first trimester could be crucial strategies for HDP prevention.
Keywords: HDP, social support, depression, early pregnancy, prospective cohort study

Introduction

Hypertensive disorders of pregnancy (HDP), which include gestational hypertension, pre-eclampsia, and eclampsia, are
among the leading causes of maternal and neonatal morbidity and mortality worldwide." The global prevalence of HDP is
estimated to be increasing, posing a significant public health burden.? In China, the condition affects approximately
5-10% of pregnancies, aligning with or slightly exceeding global averages and highlighting its clinical importance within
the region.’

Concurrently, perinatal depression is a prevalent complication, with meta-analyses indicating a point prevalence of
around 20% among pregnant women in Mainland China.* Although the pathophysiology and risk factors for HDP have
been thoroughly studied, less is known about the involvement of psychosocial factors, including mental health and social
support in the early stages of pregnancy,”® which warrants more research. According to recent research, biological

processes include dysregulation of the hypothalamus-pituitary-adrenal (HPA) axis and an increased inflammatory

International Journal of Women’s Health 2025:17 5497-5508 5497
Received: 20 August 2025 © 2025 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati /by-nc/4.0/). By accessing the work

Accepted: 9 December 2025
Published: 15 December 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chen et al

response may be two ways that maternal depression during the early stages of pregnancy may contribute to the
development of HDP. In the meantime, maternal inflammation and oxidative stress may have a detrimental effect on
fetal neurodevelopment, raising the possibility of unfavorable results for both the mother and the newborn.” '

The first trimester represents a critical window of fetal-placental development and profound maternal cardiovascular
adaptation.'""'? This period of significant hormonal and physiological fluctuation coincides with a high susceptibility to
mood disturbances, making it a pivotal time for early screening and intervention.'* Investigating the interplay between
psychological risk factors and HDP onset during this early phase through a prospective design could yield valuable
insights for prevention, yet evidence from such studies remains limited.'* "¢

Social support is a well-established protective factor against stress and a key determinant of mental and physical
health. Within the Chinese cultural context, family harmony and strong social networks (eg, support from husbands,
parents, and relatives) are deeply valued and play a particularly central role in an individual’s health management.'” This
cultural specificity may profoundly influence how social support modulates the risk of depression and HDP, though this
interaction is underexplored in international literature. While previous studies have independently demonstrated the

beneficial effects of social support on both maternal mental health and HDP risk,'®""

its potential role as either
a mediator or moderator in the depression-HDP pathway is not well defined. Elucidating this mechanism is crucial for
developing targeted, effective interventions.

Therefore, the novelty of this study lies in its prospective cohort design to: (1) simultaneously assess depressive
symptoms and social support levels specifically during the first trimester; and (2) rigorously test the dual mechanistic
roles of social support—both as a mediator and a moderator—in the relationship between depression and HDP
development in a Chinese population. This study aims to investigate: (a) the association between first-trimester
depressive symptoms and the risk of incident HDP; (b) the direct protective effect of social support on HDP risk; and

(c) the potential mediating and moderating effects of social support in this association.

MaterialS and Methods
Study Design and Participants

The obstetrics outpatient clinic at Xuzhou Central Hospital recruited 1,406 singleton pregnant women in their first trimester
(gestational weeks <12) between July 2024 and July 2025 for this prospective cohort study. The requirements for inclusion
were: 1) be at least 18 years old; 2) get a pregnancy test at the hospital where the study is being done; and 3) voluntarily give
their informed consent to participate in the study. Exclusion criteria were as follows: 1) miscarriages or twin or multiple
births; 2) women with pre-existing hypertension; and 3) pregnant women with mental illness or cognitive impairments. Our
conceptual framework is presented in Figure 1. Ethical approval was granted by the Institutional Ethics Committee
(Approval No. XZXY-LK-20250328-0036). This study was performed in line with the principles of the Declaration of
Helsinki. All consent procedures were witnessed by clinic staff and documented in research records.

A self-designed general information questionnaire was one of the face-to-face questionnaires that study participants filled
out at baseline (around 12 weeks) to collect sociodemographic information on the mothers, including pre-pregnancy BMI,
educational level, occupational status, as well as pre-pregnancy smoking and alcohol consumption. Additional information
about the number of births, maternal age, and family history of hypertension was gathered from medical records.

Measures and Instruments

Depressive symptoms were evaluated using the Chinese version of the Edinburgh Postnatal Depression Scale (EPDS),*°
a 10-item self-report questionnaire validated and widely used in the Chinese perinatal population.”' Participants with
a total score of >13 were classified as having significant depressive symptoms, as recommended for the Chinese prenatal
context.”” Social support was measured with the Social Support Rating Scale (SSRS), which quantifies objective,
subjective, and utilization support domains. The SSRS has also demonstrated good reliability and validity in Chinese
pregnant populations (Cronbach’s a = 0.935).**?° Higher SSRS scores indicate more social support; low support is
indicated by scores below 35, moderate support by scores between 35 and 45, and high social support by scores over 45.

5498 https: International Journal of Women’s Health 2025:17



Chen et al

n=1,657

Pregnant Women

Screening

(<12 weeks gestation)

_ /\

Enrolled n=1,526 Excluded n=131
Baseline Assessment Pre-existing hypertension (n=63)
g EPDS/SSRS administered Multiple pregnancy(n=33)
w
g Demographics recorded Declined participation (n=35)
<
£
=
C
=
Completed n=1,406
Follow-up Loss n=120 (7.9 %)
—
- /\

Non-HDP
Group HDP Group
n=1,284 n=122

[ HDP Diagnosis at Delivery

Figure | Participant flow diagram with exclusion criteria and outcome stratification.

Outcome Ascertainment

The incidence of HDP served as the study’s outcome event. The hospital information system and phone follow-ups were
used to collect data on pregnancy outcomes. The primary outcome—hypertensive disorders of pregnancy (HDP)—was
diagnosed per ISSHP-2021 criteria:**?® 1) Gestational hypertension (GH): Persistent SBP >140 mmHg and/or DBP
>90 mmHg after 20 weeks, two readings >4 hours apart (severe cases: >15 minutes if SBP >160/DBP >110 mmHg), and
no proteinuria. 2) Preeclampsia (PE): GH + any of: Proteinuria (spot urine protein/creatinine >0.3 or 24h protein
>300 mg); Organ dysfunction: Renal (creatinine >1.1 mg/dL); Hepatic (ALT/AST >2xULN); Neurological (eclampsia,
visual disturbances); Hematological (platelets <100x10°/L). 3) Eclampsia: PE + unexplained seizures. Diagnoses were

confirmed via hospital records and supplemented by structured telephone follow-ups for delivery outcomes.

Data Collection and Quality Control

Data collection procedures included face-to-face surveys and medical records review. The EPDS and SSRS were
administered at baseline (mean gestation 11.9 + 0.8 weeks), with no repeat measurements conducted. Quality control
measures included training of enumerators, double-entry data verification, and random checks of 10% of the question-

naires for accuracy.
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Statistical Analysis
Data organization was performed using Excel 2016, and statistical analysis was conducted using SPSS 27.0. Results for
normally distributed variables were shown as mean =+ standard deviation, and t-tests were used to compare groups. Chi-square
tests were used for intergroup comparisons, and categorical data were presented as frequencies and percentages (n%). The
associations between early pregnancy depression, social support, and HDP were examined using multifactorial logistic
regression models, with OR and 95% CI calculated.

Model 1 assessed the association between first-trimester depression (EPDS >13) and the risk of HDP. Model 2
assessed the association between social support (SSRS score, as a continuous or categorical variable) and the risk of
HDP. These models were adjusted for a priori selected covariates that are established determinants of both depression and

9141629 including: maternal age, parity, pre-pregnancy BMI, education level, occupa-

HDP based on existing literature,
tion, smoking status, alcohol use, and family history of hypertension. Diet quality and physical activity were not
measured; we acknowledge this as a potential source of residual confounding.

The mediation and moderation analyses were conducted using the PROCESS macro for SPSS*® and the mediation
package in R®' for robust causal mediation analysis, ensuring the consistency of findings across different statistical
frameworks. A priori power analysis using GPower software indicated that the sample size of 1,406 provided adequate
power (>80%) to detect medium effect sizes for the primary analyses.*'

Causal Mediation Analysis: To quantify the causal mechanisms, we performed a formal causal mediation analysis
using the nonparametric bootstrap method with 1000 simulations.®' This analysis estimated:

The Average Causal Mediation Effect (ACME): the indirect effect of depression on HDP operating through social
support.

The Average Direct Effect (ADE): the direct effect of depression on HDP not explained by the mediator.

The Total Effect: the sum of the direct and indirect effects.

The Proportion Mediated: the proportion of the total effect explained by the mediator.

Moderation Analysis: To test if social support moderated the relationship between depression and HDP, we used
PROCESS macro (Model 1) by introducing a depression X social support interaction term into the logistic regression
model. The significance of the moderation effect was assessed by comparing the goodness-of-fit between the nested
models (with and without the interaction term) using a likelihood ratio test (LRT).

A two-tailed p-value < 0.05 was considered statistically significant for all analyses. Bootstrap confidence intervals
that did not include zero were considered evidence of a significant effect.

Results

Of the 1,526 pregnant women enrolled at under 12 weeks of gestation, 1,406 (92.5%) were retained for final analysis.
Among these, 122 (8.6%) were diagnosed with hypertensive disorders of pregnancy (HDP). The baseline characteristics
of the study participants, stratified by HDP status, are presented in Table 1. Significant differences were observed

Table | Baseline Maternity Characteristics in the First Trimester and HDP

QOutcomes
characteristic HDP P-value
No (n=1284) Yes (n=122)
Age, meantSD 30.12295+4.8633 27.995+3.50234 <0.001
Parity, n (%) <0.001
0 735(57.24) 91(74.59)
2| 549(42.76) 31(25.41)

(Continued)
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Table | (Continued).

characteristic HDP P-value
No (n=1284) Yes (n=122)

Educational level, n (%) 0.619

Junior high school or below 236(18.38) 19(15.57)

High school 467(36.37) 51(41.8)

College 516(40.19) 45(36.89)

Master’s degree or above 65(5.06) 7(5.74)

Occupation, n (%) 0.556

No 388(30.22) 40(32.79)

Yes 896(69.78) 82(67.21)

BMI, n (%) <0.001

<18.5 kg/m”2 171(13.32) 18(14.75)

18.5-24.9kg/m"2 820(63.86) 27(22.13)

25-29.9kg/m"2 230(17.91) 46(37.7)

230kg/m”2 63(4.91) 31(25.41)

Smoking, n (%) 0.971

No 1093(85.12) 104(85.25)

Yes 191(14.88) 18(14.75)

Alcohol, n (%) 0.308

No 1152(89.72) 113(92.62)

Yes 132(10.28) 9(7.38)

Depression, n (%) <0.001

No 1101(85.75) 76(62.3)

Yes 183(14.25) 46(37.7)

Social support, n (%) <0.001

Low 275(21.42) 55(45.08)

Moderate 864(67.29) 56(45.9)

High 145(11.29) 11(9.02)

between the HDP and non-HDP groups regarding maternal age, parity, pre-pregnancy BMI, depression status, and social
support level (all p < 0.001).

Multivariable logistic regression models were constructed with early-pregnancy depression and social support scores
as independent variables and incident HDP as the dependent variable. In unadjusted analysis, clinically significant
depression (EPDS >13) was associated with a nearly 3.5-fold increase in the risk of HDP (OR = 3.64, 95% CI:
2.43-5.40, p < 0.001). Participants with moderate and high social support demonstrated approximately one-third the
risk of HDP compared to the low-support group (see Table 2).

Table 2 Results of a Univariate Analysis of the Effects Of
Depression and Social Support Scores on HDP in the First

Trimester
Characteristic OR 95% CI P value
Age <0.001
<30 — —
=30 247 1.70~3.61

(Continued)
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Table 2 (Continued).

Characteristic OR 95% ClI P value
Parity <0.001
0 — —

2| 0.456 | 0.295~0.688
Educational level 0.621
Junior high school or below — —

High school 1.36 0.796~2.4

College 1.08 | 0.629~1.93

Master’s degree or above 1.34 | 0.504~3.19
Occupation

No — —

Yes 0.888 | 0.601~1.33

BMI <0.001
<18.5 kg/m”2 — —
18.5-24.9kg/m"2 0.313 | 0.170~0.590
25-29.9kg/m"2 1.90 1.08~3.47
230kg/m”"2 4.67 2.47~9.09

Smoking 0.971
No — —

Yes 0.990 | 0.570~1.63

Alcohol 0.289
No — —

Yes 0.695 | 0.321~1.33
Depression <0.001
No — —

Yes 3,64 2.43~5.40

Social support <0.001
Low — —

Moderate 0.324 | 0.218~0.482

High 0.379 | 0.183~0.720

After adjustment for confounders including maternal age, parity, and pre-pregnancy BMI, the associations between
depression, social support, and HDP risk were attenuated but remained statistically significant. As summarized in
Figure 2 and detailed in Table 3, women with depression in early pregnancy had a 2.6-fold increased risk of HDP
(adjusted Odds Ratio [aOR] = 2.63, 95% CI: 1.67—4.09, p < 0.001). Concurrently, both moderate (aOR = 0.36, 95% CI:
0.24-0.56, p < 0.001) and high social support (aOR = 0.42, 95% CI: 0.20-0.85, p < 0.001) demonstrated independent
protective effects against HDP compared to low social support.

To elucidate the potential pathway through which social support operates, we performed a mediation analysis. The
path model illustrating these relationships is presented in Figure 3. The results, detailed in Table 4, indicated that the total
effect of depression on HDP was significant (Effect = 0.0919, 95% CI: 0.0496-0.1400). A significant portion of this
effect was mediated by social support (Mediated Effect = 0.0126, 95% CI: 0.0035-0.0250), accounting for 13.6% of the
total association between early pregnancy depression and HDP.

Finally, we explored the potential buffering role of social support by testing for an interaction between depression and
social support in the regression model. The inclusion of the interaction term led to a marginal improvement in model fit
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Variable Events Odds ratio OR (95% CI) P-value
Age <30 936 :. -
i
=30 470 i' 1.79 (1.18, 2.71) 0.006
Parity Primipara 826 :. -
Multipara 580 il i 0.48 (0.30, 0.76) 0.002
i
BMI <18.5 189 i -
18.5-24.9 847 | — i 0.32(0.17,0.61) <0.001
25.0-29.9 276 ’i‘.H 1.67 (0.92, 3.13) 0.096
i
=30 94 : | 4.16(2.11,838) <0.001
Depression Non-depressed 1177 :. -
i
Depressed 229 i il 2.63 (1.67,4.09) <0.001
Support Low support 330 :. -
Medium support 920 il i 0.36 (0.24, 0.56) <0.001
High support 156 | — 0.42 (0.20, 0.85) 0.021
n o051 s

Figure 2 Forest Plot of Adjusted Odds Ratios for HDP Risk Factors.Forest plot displaying the adjusted odds ratios (aORs) and 95% confidence intervals for factors
associated with hypertensive disorders of pregnancy. The vertical line of unity (@OR = ) is shown.

(ADeviance = 5.95, Adf = 2, P = 0.051; Table 5), suggesting a potential moderating role of social support in the depression-

HDP relationship, consistent with theoretical models. Although this interaction did not reach conventional statistical

significance, further investigation with larger samples or more precise measurement tools is warranted to clarify this effect.

Table 3 Multivariate Logistic Regression
Analysis Results of Depression and Social
Support Scores in the First Trimester on the
Impact of HDP

Characteristic | OR | 95% Cl | P-value
Depression <0.001
No — —

Yes 2.63 | 1.67~4.09

Social support <0.001
Low — —

Moderate 0.36 | 0.24~0.56

High 0.42 | 0.20~0.85
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Depression Indirect Effect axb =0.0125
P 95% CIl: 0.0043, 0.02

X Proportion Mediated: 13.6%
Path a
B =-0.30
Path c
) Direct Effect: 0.079
Social Support
M
‘ Path b
B =-0.15
HDP
Y

Mediation Model

Figure 3 The Mediating Role of Social Support in the Depression-HDP Pathway.Schematic diagram illustrating the significant mediating pathway of social support. Values on
the arrows are standardized coefficients (). The indirect effect (axb) was significant, accounting for 13.6% of the total effect of depression on HDP.

Discussion

Principal Findings

In this prospective cohort of Chinese pregnant women, we identified a strong association between first-trimester
depressive symptoms and subsequent HDP risk. Importantly, we found that a significant portion of this association

was mediated by the level of perceived social support.

Table 4 Mediation Analysis of Social Support in the
Depression-HDP

Effect Type Estimate | 95% CI Lower | 95% Cl Upper

Total Effect 0.0919 0.0496 0.1400
Direct Effect 0.0793 0.0381 0.1250
Mediated Effect 0.0126 0.0035 0.0250
% Mediated 13.6% 4.1% 27.3%
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Table 5 Model Comparison Testing the Interaction Between Depression and
Social Support

Model Resid. Df | Resid. Dev | ADf | ADeviance
Main effects (depression +support) 1397 657.74 — —
Interaction (Depression XSupport) 1395 651.79 2 5.95

Note: Models were compared by Likelihood Ratio Test.

Comparison with Literature

Previous research has consistently linked antenatal depression with adverse outcomes, including HDP, with studies
highlighting the role of inflammatory pathways, neuroendocrine dysregulation, and behavioral factors in this
association.'**** While some studies have examined the link between social support and HDP, findings have been
inconsistent, with some studies showing protective effects of social support.>* ¢ Our findings contribute to this literature
by demonstrating the importance of early pregnancy in HDP development and the potential mediating role of social
support in mitigating the effects of depression.

Possible Mechanisms

The observed association between depression and HDP may involve biological pathways such as autonomic dysregula-
tion, neuroendocrine disruption, and behavioral risk factors (eg, poor sleep, unhealthy lifestyle).>” > Social support may
mitigate these effects by reducing stress, enhancing coping mechanisms, and promoting mental well-being.***' These
mechanisms align with the observed protective role of social support in reducing HDP risk.

Strengths and Limitations

The strengths of our study include the prospective cohort design, the use of validated instruments for measuring depression
and social support, and the comprehensive statistical analysis. However, there are several limitations. First, the use of self-
reported measures for depression and social support may introduce bias. Second, residual confounding from unmeasured
factors such as diet, stress, and genetics cannot be ruled out. Third, our study was conducted in a single center in Xuzhou,
China, which limits the generalizability of our findings to other populations. Future studies should address these limitations
by using larger, multi-center samples and incorporating additional measures to control for potential confounders.

Implications for Practice and Research
Our findings have important implications for prenatal care. They suggest that routine depression screening at the first
prenatal visit could help identify women at risk for HDP and allow for early intervention.** Implementing targeted social
support interventions, such as structured peer-support groups, WeChat-based counselling, or hospital-community linked
doula programmes, could offer a scalable strategy to mitigate HDP risk within the Chinese maternity-care system.*>**
To translate this evidence into action, future research should pursue several key directions. Multi-center prospective
studies and randomized controlled trials are needed to validate our mediation findings and conclusively determine whether
enhancing social support can reduce HDP incidence among depressed pregnant women.**’ Furthermore, integrating
biomarkers of stress (inflammatory cytokines, HPA-axis hormones) into these studies will help elucidate the underlying

biological pathways and identify the subgroups of women most likely to benefit from psychosocial interventions.*®

Conclusions

In conclusion, first-trimester depression is a significant risk factor for HDP, while social support serves both protective
and mediating roles. Integrating early depression screening and social support enhancement into routine prenatal care
could be a viable strategy for HDP prevention. Future multi-center studies are needed to confirm these findings and
explore underlying biological pathways.
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Data Sharing Statement
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