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Abstract
Background  Antenatal depression is a significant public health concern, with detrimental effects on maternal and 
infant health. However, there is currently a lack of comprehensive predictive tools specifically tailored for antenatal 
depression in China. The present study aimed to develop and validate a predictive nomogram for antenatal 
depression in the Chinese population.

Methods  A cross-sectional study was conducted in multiple healthcare settings in Suzhou, Jiangsu Province, 
China, spanning from March 2017 to December 2019. A total of 3694 pregnant women were included in the study. 
Demographic and clinical characteristics were collected using structured questionnaires. The Edinburgh Postnatal 
Depression Scale and various psychological assessments were used to assess antenatal depression and associated 
factors. LASSO regression and logistic regression analyses were employed to develop the predictive model, and 
internal validation was performed to assess its performance.

Results  Among the 3694 participants, 473 (12.8%) pregnant women were positive for antenatal depression. 
The developed predictive Model incorporated neuroticism, negative coping strategies, and anxiety as significant 
predictors. The nomogram demonstrated accurate risk assessment capabilities, with an AUC of 0.90 in the validation 
set. The model exhibited good calibration and clinical utility.

Limitations  Limitations of this paper include the cross-sectional design, biases like self-reporting and non-
randomized sampling, highlighting the need for future longitudinal studies and diverse population validation to 
enhance the model's robustness in varied sociocultural contexts.

Conclusion  The predictive model for antenatal depression in the Chinese population provides a valuable tool for 
early detection, intervention, and personalized care for pregnant women.

Keywords  Antenatal depression, Edinburgh postpartum depression scale, Nomogram, Prediction models

Development and validation of a predictive 
nomogram for antenatal depression in China
Renjie Yu1†, Luyang Guan1†, Hongbao Chen1†, Jun Zhang1†, Xiaohong Li2, Shengying Zhang3, Jia Liu4, 
Peiyun Zhang1,5, Linghua Kong1, Lanlan Zhang1, Tingting Jin1, Ju Gao1, Xiaobin Zhang1* and Yong Yang1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12884-025-08189-5
http://orcid.org/0000-0003-2327-2028
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-025-08189-5&domain=pdf&date_stamp=2025-9-17


Page 2 of 11Yu et al. BMC Pregnancy and Childbirth         (2025) 25:1010 

Introduction
Antenatal depression, characterized by a spectrum of 
depressive episodes ranging from mild to severe, repre-
sents a significant public health concern due to its preva-
lence and detrimental impact on maternal and infant 
health. Despite pregnancy being generally viewed as a 
positive experience, women are at an increased vulner-
ability to depression during and after pregnancy [1]. 
Evidence suggests that two-thirds of postnatal depres-
sion occurs during the antenatal period [2, 3]. There-
fore, targeting the antenatal phase with screening and 
interventions becomes crucial. The global incidence of 
antenatal depression is estimated to range between 10 
and 20% [4], with substantial variability observed across 
different socioeconomic contexts, specifically indicat-
ing higher prevalence rates in low- and middle-income 
countries than in high-income countries [5, 6]. In China, 
the prevalence of antenatal depression varies widely and 
has shown an upward trend in recent years, influenced by 
factors such as rapid urbanization, high societal expecta-
tions, and gaps in mental health services.

The adverse maternal and neonatal outcomes associ-
ated with antenatal depression are multifaceted and far-
reaching. Maternal complications encompass an elevated 
risk of gestational diabetes and preterm birth [7, 8], long-
term mental health implications including postpartum 
depression, and the potential impairment of mother-
infant bonding [9]. Neonatal consequences involve a pro-
pensity for developmental delays, low birth weight, and 
compromised cognitive and emotional functioning [10–
12]. Moreover, the impact of antenatal depression can 
persist into childhood, facilitating behavioral issues and 
an elevated risk of psychiatric disorders [13, 14].

Early detection and intervention for antenatal depres-
sion are crucial to mitigate these adverse outcomes. How-
ever, the identification of susceptible women remains 
challenging, as symptoms are often misattributed to 
typical pregnancy changes, resulting in undiagnosed and 
untreated cases [15]. A considerable percentage of indi-
viduals with antenatal depression, ranging from 32 to 
57%, were observed to be inadequately identified within 
a timely manner [16]. Moreover, the prevalence of lim-
ited awareness concerning depression, coupled with 
social and cultural factors, contributes to the fact that 
only one-third of women who exhibit positive results in 
depression screening receive subsequent psychological 
counseling [17]. Consequently, there is a pressing need 
for efficacious screening and risk assessment tools to 
facilitate early intervention. Predictive models, such as 
nomograms, which graphically represent the multivariate 
probability of a specific outcome, have recently emerged 
as a popular tool for disease prediction in various medi-
cal fields [18]. Within the context of antenatal depres-
sion, such a predictive nomogram could offer a pragmatic 

approach for healthcare professionals to identify high-
risk women and allocate resources for early intervention 
optimally.

In this study, we aim to develop and validate a pre-
dictive nomogram for antenatal depression within the 
Chinese population. Previous systematic reviews have 
established a range of risk factors, including lack of social 
support, history of abuse or domestic violence, lower 
income levels, personal history of mental illness, specific 
personality traits, unplanned or unwanted pregnancy, 
pregnancy complications, adverse life events, and high 
perceived stress [19, 20]. By incorporating these demo-
graphic, clinical, and psychosocial factors into a nomo-
gram tailored for the Chinese population, we aim to 
provide a practical tool for estimating antenatal depres-
sion risk. The study’s findings will contribute to the 
development of personalized care plans and interven-
tions, enabling early detection, treatment, and support 
for pregnant women at risk of antenatal depression in 
China.

Methods
Study design and setting
This research utilized a cross-sectional study design 
across multiple healthcare settings, including antenatal 
clinics, Maternity hospitals, and community health cen-
ters. The data collection period was from March 2017 to 
December 2019 in Suzhou, Jiangsu Province, China. Ethi-
cal approval for this study was obtained from the Institu-
tional Review Board of the Affiliated Guangji Hospital of 
Soochow University (Approval No. 2016010). Informed 
consent was obtained from all participants before their 
inclusion in the study. Confidentiality and privacy of par-
ticipants’ data were strictly maintained throughout the 
research process.

In order to estimate the appropriate sample size for 
our study, we reviewed previous research on the preva-
lence of our target condition in the relevant population. 
Although the prevalence of antenatal depression varies 
across studies worldwide, typically ranging between 10% 
and 20% [21], there is a lack of precise estimates specific 
to our target population. Consequently, we conservatively 
assumed a prevalence of 15% for sample size calculation. 
Using a desired margin of error (d) of 5% and a confi-
dence level of 95% (Z = 1.96), we calculated that a sample 
size of approximately 196 participants would be required 
to achieve sufficient statistical power for our study.

Participant selection and inclusion criteria
Pregnant women from the Chinese population, regard-
less of gestational age, were eligible for inclusion in the 
study. The age range for participants was set between 18 
and 40 years to ensure a specific demographic representa-
tion. Additionally, to enhance the model’s generalizability 
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and relevance in the targeted region, the study exclusively 
included individuals from the Chinese Han ethnic group. 
Participants were required to have the ability to compre-
hend the study’s purpose, procedures, and potential risks, 
and provide informed consent voluntarily through writ-
ten documentation before enrollment. Exclusion criteria 
encompassed individuals with a history of mental ill-
ness or current psychotic disorders, as well as those with 
severe underlying physical illnesses.

Data collection and measures
Data collection was carried out through face-to-face 
interviews with participants using structured question-
naires. Trained research personnel collected demo-
graphic and clinical characteristics, including age, 
educational level, occupation, gestational age, medical 
history, and obstetric history. The Edinburgh Postnatal 
Depression Scale (EPDS), a widely validated and reli-
able instrument, served as the primary tool for screen-
ing antenatal depression. Additionally, various factors 
associated with antenatal depression, including personal-
ity traits, anxiety symptoms, social support, and coping 
strategies were assessed. These measures were selected to 
capture a comprehensive range of factors that may influ-
ence the risk of antenatal depression. Specifically, the 
measurement tools used in this study included the EPDS, 
Eysenck Personality Questionnaire (EPQ), General Anxi-
ety Disorder 7 (GAD-7), Social Support Rating Scale 
(SSRS), and Trait Coping Style Questionnaire (TCSQ).

EPDS
The EPDS is the Most common and acceptable screen-
ing tool for identifying depressive symptoms in the peri-
natal period worldwide, with a reported sensitivity of 
0.68–0.86 and specificity of 0.78–0.96 [22, 23]. It consists 
of 10 items that evaluate various aspects including mood, 
optimism, self-blame, anxiety, fear, coping ability, sleep, 
sadness, crying, and self-harm [24]. In this study, preg-
nant women were categorized into two groups, antenatal 
depression groups and non-antenatal depression, based 
on whether their total score on the EPDS was greater 
than or equal to 13, a widely accepted cutoff in recent 
studies focused on antenatal populations. We selected 
the EPDS over general depression tools like the PHQ-9 
because the EPDS was specifically developed for peri-
natal populations and avoids confounding by somatic 
symptoms that are common during pregnancy but not 
necessarily indicative of depression [25]. Several studies 
have shown that EPDS demonstrates higher sensitivity 
(up to 86%) and better specificity (up to 78%) in detecting 
perinatal depression compared to the PHQ-9 [26], espe-
cially in distinguishing varying levels of depressive sever-
ity. International clinical guidelines also recommend 
EPDS as the preferred screening tool for antenatal and 

postnatal depression due to its superior diagnostic accu-
racy in this population [27]. The Chinese version of the 
EPDS has demonstrated excellent psychometric proper-
ties, with a Cronbach’s α of 0.87–0.91 and an AUC of 0.91 
[24].

EPQ
The EPQ is employed to assess the personality traits of 
pregnant women. This questionnaire primarily exam-
ines personality traits based on three dimensions: extra-
version (E), neuroticism (N), and psychoticism (P). 
It assesses factors such as introversion/extroversion, 
self-control, and adaptability to the environment [28]. 
Despite the existence of newer personality assessment 
tools, the EPQ remains one of the most widely used 
instruments in China due to its strong reliability, concise 
format, and established clinical relevance. Other per-
sonality inventories, such as the Minnesota Multipha-
sic Personality Inventory (MMPI), the NEO Personality 
Inventory-Revised, or the Big Five Inventory, either lack 
cultural adaptation, are too lengthy for clinical settings, 
or show limited applicability in perinatal populations 
[29–31]. The Chinese version of the EPQ shows good 
reliability (split-half reliability = 0.68–0.81; test–retest 
reliability = 0.83–0.90) and acceptable construct validity 
(correlation with MMPI subscale: r = 0.52) [32].

GAD-7
The GAD-7 is utilized to evaluate the level of anxiety in 
pregnant women. This questionnaire employs a 4-point 
scoring system, with scores ranging from 0 to 4 indicat-
ing no anxiety disorder, 5 to 9 indicating mild anxiety, 
10 to 14 indicating moderate anxiety, and ≥ 15 indicat-
ing severe anxiety [33]. Higher scores indicate more pro-
nounced symptoms of anxiety. The Chinese version of the 
GAD-7 has been validated in large Chinese populations, 
demonstrating strong internal consistency (α = 0.908), 
test–retest reliability (r = 0.856), and good construct 
validity (CFI = 0.98, RMSEA = 0.07) [34].

SSRS
The SSRS is a widely used instrument designed to assess 
an individual’s perceived level of social support. It mea-
sures the degree of social support individuals perceive 
when facing difficulties or stressors. The scale encom-
passes various dimensions, including family support, 
friend support, and professional support [35]. Each 
dimension consists of several items that capture different 
aspects of social support. The Chinese version demon-
strates excellent reliability (α = 0.89–0.94) and a well-vali-
dated three-factor structure [36].
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TCSQ
The TCSQ is employed to assess individual traits and 
coping styles related to physical and mental health in 
pregnant women. It consists of 16 items that evaluate 
positive coping (PC) and negative coping (NC), with each 
dimension containing 8 items. Higher scores indicate 
more prominent characteristics of positive or negative 
coping styles [37]. The Chinese version shows good reli-
ability (α = 0.75–0.82) and validity (CFI = 0.91), and has 
been applied in Chinese studies on stress and psychologi-
cal health [38].

Statistical analysis
Data analysis was conducted using R software (version 
4.0.3) in this study. Continuous variables were expressed 
as mean ± standard deviation, while categorical variables 
were presented as frequencies and percentages. In this 
study, pregnant women were divided into training and 
validation sets in an 8:2 ratio for subsequent internal vali-
dation, following common practice in predictive model-
ing and prior experience in similar studies [39]. Baseline 
comparisons confirmed no significant differences in key 
demographic and clinical variables between the two sets. 
To identify the most relevant predictors of antenatal 
depression, we employed the least absolute shrinkage and 
selection operator (LASSO) regression, a regularization 
technique that effectively reduces overfitting by penal-
izing the absolute size of regression coefficients. This 
method is particularly suitable for high-dimensional data 
with potentially correlated variables. The optimal value 
of the regularization parameter (lambda) was selected 
using 10-fold cross-validation to ensure model stability. 
The variables selected by LASSO were then entered into 
a multivariate logistic regression model to construct the 
predictive nomogram. Model performance was evaluated 
in terms of discrimination, calibration, and clinical util-
ity. Discrimination was assessed using the area under the 
receiver operating characteristic curve (AUC), while cali-
bration was evaluated through calibration plots and the 
Hosmer-Lemeshow goodness-of-fit test. Finally, clinical 
utility was assessed using decision curve analysis (DCA), 
which quantifies the net benefit of the predictive model 
across a range of threshold probabilities. Statistical sig-
nificance was defined as P < 0.05.

Results
Participant characteristics
In this study, a total of 3833 pregnant women were ini-
tially included. However, due to some missing data, the 
sample loss rate was 3.6%, resulting in a final sample 
size of 3694 pregnant women. Of these participants, 473 
(12.8%; 95% CI: 11.7–14.2) were found to have a total 
EPDS score above 13. Table 1 presents the baseline char-
acteristics of all pregnant women in both the training and 

Table 1  Baseline characteristics of all the pregnant women in 
the training set and validation set
Variables Training set 

(n = 2955)
Valida-
tion set 
(n = 739)

t/χ2 P

Age (years) 28.6 ± 3.8 28.5 ± 3.8 1.06 0.77
Education (years) 14.2 ± 2.8 14.1 ± 2.8 0.92 0.58
Gestational weeks (n, %) 1.83 0.19
0-20w 1820 (61.6) 467 (63.2)
21-27w 403 (13.6) 103 (13.9)
28-36w 579 (19.6) 136 (18.4)
37-44w 153 (5.2) 33 (4.5)
Hometown (n, %) 0.36 0.80
Local 897 (30.4) 216 (29.2)
Non-Local 2058 (69.6) 523 (70.8)
Former place of residence 
(n, %)

8.58 0.05

City 522 (17.7) 101 (13.7)
Town 647 (21.9) 153 (20.7)
Rural 1786 (60.4) 485 (65.6)
Only child (n, %) 0.01 0.59
No 1961 (66.4) 492 (66.6)
Yes 994 (33.6) 247 (33.4)
Comorbidities during preg-
nancy (n, %)

6.15 0.98

No 2769 (93.7) 709 (95.9)
Diabetes 76 (2.6) 10 (1.4)
Gestational hypertension 17 (0.6) 2 (0.3)
Other 93 (3.2) 18 (2.4)
Pre-pregnancy annual income 
(yuan, n, %)

4.88 0.62

≤ 50 K 1243 (42.1) 324 (43.8)
50–150 K 1596 (54.0) 382 (51.7)
≥ 150 K 116 (3.9) 33 (4.5)
Family annual income (yuan, 
n, %)

2.90 0.46

≤ 50 K 155 (5.3) 32 (4.3)
50–150 K 1120 (37.9) 295 (39.9)
150–300 K 1408 (47.6) 341 (46.1)
≥ 300 K 272 (9.1) 71 (9.6)
Living conditions (n, %) 0.39 0.72
Renting 564 (19.1) 142 (19.2)
Owing a house 2366 (80.1) 589 (79.7)
Other 25 (0.9) 8 (1.1)
EPQ-P 58.3 ± 12.5 58.6 ± 13.2 0.61 0.15
EPQ-E 62.1 ± 13.2 61.6 ± 13.5 0.93 0.83
EPQ-N 67.1 ± 18.5 67.5 ± 18.1 0.53 0.62
EPQ-L 77.3 ± 11.8 77.0 ± 11.7 0.71 0.56
SSRS 38.9 ± 6.3 39.0 ± 6.3 0.07 0.81
TCSQ-PC 34.3 ± 5.6 34.3 ± 5.4 0.08 0.10
TCSQ-NC 25.6 ± 6.3 25.5 ± 6.3 0.13 0.07
GAD-7 2.8 ± 3.1 2.7 ± 2.9 0.93 0.67
EPQ-P Eysenck Personality Questionnaire P scale T score EPQ-E Eysenck 
Personality Questionnaire E scale T score, EPQ-N Eysenck Personality 
Questionnaire N scale T score, EPQ-L Eysenck Personality Questionnaire L scale 
T score, SSRS Total score of SSR, TCSQ-PC, TCSQ positive coping TCSQ-NC TCSQ 
negative coping GAD-7 Total score of GAD-7
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validation sets. The training set consisted of 2955 partici-
pants, while the validation set included 739 participants. 
The mean age of participants in the training set was 
28.6 ± 3.8 years, and in the validation set, it was 28.5 ± 3.8 
years (t = 1.06, P = 0.77). The average education level, ges-
tational weeks, hometown distribution, only child status, 
comorbidities during pregnancy, and pre-pregnancy and 
family annual income showed no significant differences 
between the training and validation sets (all P > 0.05). 
The psychological and emotional characteristics of par-
ticipants, as measured by various scales (EPQ-P, EPQ-E, 
EPQ-N, EPQ-L, SSRS, TCSQ-PC, TCSQ-NC, and GAD-
7), did not show significant differences between the train-
ing and validation sets (all P > 0.05).

Table 2 presents the baseline characteristics com-
parison between the antenatal depression groups and 
non-antenatal depression groups in the training set. Par-
ticipants in the antenatal depression group (n = 381) had 
a significantly lower mean age (28.0 ± 3.8 years) com-
pared to the non-antenatal depression group (n = 2574, 
28.7 ± 3.8 years, t = 3.61, P < 0.01). Additionally, partici-
pants in the antenatal depression group had lower mean 
education years (13.44 ± 2.9) compared to the non-ante-
natal depression group (14.3 ± 2.7, t = 5.71, P < 0.01). 
There were no significant differences in gestational weeks 
(χ2 = 9.35, P = 0.06). However, there were significant dif-
ferences in hometown distribution (χ2 = 7.97, P < 0.01), 
former place of residence (χ2 = 13.59, P < 0.01), being 
the only child (χ2 = 15.75, P < 0.01), comorbidities during 
pregnancy (χ2 = 15.66, P < 0.01), pre-pregnancy annual 
income (χ2 = 14.77, P < 0.01), family annual income 
(χ2 = 18.82, P < 0.01), and living conditions (χ2 = 12.80, 
P < 0.01) between the two groups. Moreover, signifi-
cant differences were observed in various psychological 
and emotional characteristics, including EPQ-P, EPQ-
E, EPQ-N, EPQ-L, SSRS, TCSQ-PC, TCSQ-NC, and 
GAD-7 scores (all P < 0.01).

Development of prediction model
The development of the prediction model involved a 
comprehensive statistical analysis and model-building 
process. Initially, a univariate logistic regression analysis 
was conducted to identify potential predictive factors for 
antenatal depression, considering variables such as age, 
education level, occupation, gestational weeks, medi-
cal history, and obstetric history. Subsequently, LASSO 
regression analysis was employed to select the most rel-
evant predictors from Table 2, and a multivariate logistic 
regression Model was constructed. Among the 19 origi-
nal variables, three factors—EPQ-N (OR = 1.04, 95% CI: 
1.03–1.05), TCSQ-NC (OR = 1.08, 95% CI: 1.06–1.11), 
and GAD-7 (OR = 1.33, 95% CI: 1.27–1.39). These results 
are shown in Fig. 1(a) and Fig. 1(b) and are detailed in 
Table 3. To examine the independent predictive value 

Variables Antenatal 
depression 
groups 
(n = 381)

Non-antena-
tal depres-
sion groups 
(n = 2574)

t/χ2 P

Age (years) 28.0 ± 3.8 28.7 ± 3.8 3.61 < 0.01
Education (years) 13.44 ± 2.9 14.3 ± 2.7 5.71 < 0.01
Gestational weeks 
(n, %)

9.35 0.06

0-20w 218(57.2) 1602(62.3)
21-27w 67(17.6) 336(13.1)
28-36w 82(21.5) 497(19.3)
37-44w 14(3.7) 139(5.4)
Hometown (n, %) 7.97 < 0.01
Local 92(24.1) 805(31.3)
Non-Local 289(75.9) 1769(68.7)
Former place of resi-
dence (n, %)

13.59 < 0.01

City 42(11.0) 480(18.6)
Town 86(22.6) 561(21.8)
Rural 253(66.4) 1533(59.6)
Only child (n, %) 15.75 < 0.01
No 287(75.3) 1674(65.0)
Yes 94(24.7) 900(35.0)
Comorbidities during 
pregnancy (n, %)

15.66 < 0.01

No 344(90.3) 2425(94.2)
Diabetes 12(3.2) 64(2.5)
Gestational 
hypertension

1(0.3) 16(0.6)

Other 24(6.3) 69(2.7)
Pre-pregnancy annual 
income (yuan, n, %)

14.77 < 0.01

≤ 50 K 192(50.4) 1051(40.8)
50–150 K 181(47.5) 1415(55.0)
≥ 150 K 8(2.1) 108(4.2)
Family annual income 
(yuan, n, %)

18.82 < 0.01

≤ 50 K 33(8.7) 122(4.7)
50–150 K 162(42.5) 958(37.2)
150–300 K 161(42.3) 1247(48.4)
≥ 300 K 25(6.6) 247(9.6)
Living conditions (n, %) 12.80 < 0.01
Renting 98(25.7) 466(18.1)
Owing a house 281(73.8) 2085(81.0)
Other 2(0.5%) 23(0.9%)
EPQ-P 64.0 ± 15.6 57.4 ± 11.7 7.98 < 0.01
EPQ-E 57.3 ± 13.9 62.8 ± 12.9 7.60 < 0.01
EPQ-N 87.5 ± 17.4 64.1 ± 16.7 25.48 < 0.01
EPQ-L 73.4 ± 12.7 77.9 ± 11.6 6.97 < 0.01
SSRS 35.9 ± 6.2 39.4 ± 6.1 10.42 < 0.01
TCSQ-PC 31.2 ± 5.9 34.8 ± 5.4 11.85 < 0.01

Table 2  Baseline characteristics between antenatal depression 
groups and non-antenatal depression groups in the training set
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of EPQ-N and TCSQ-NC, a sensitivity analysis was 
performed by excluding GAD-7 from the Model. The 
ORs of EPQ-N and TCSQ-NC changed by less than 5% 
(EPQ-N: 1.04 → 1.03; TCSQ-NC: 1.08 → 1.05), indicat-
ing their independent associations with antenatal depres-
sion. These predictors, along with their corresponding 
weights, were used to construct the predictive model. 
The nomogram in Fig. 1(c) visually represents the contri-
bution of each predictor to the probability of developing 
antenatal depression.

Validation of the predictive model
To validate the performance of the prediction Model, we 
internally validated it with a validation set of 739 preg-
nant women, which constituted 20% of the total sample. 
We assessed the predictive model’s performance in iden-
tifying pregnant women at risk for antenatal depression 
using statistical methods, including sensitivity, specificity, 
positive predictive value, and negative predictive value. In 
the validation set, the AUC was 0.90 (95% CI: 0.86–0.93), 
with a sensitivity of 0.76 and specificity of 0.91. These 
results demonstrate that the nomogram exhibits diag-
nostic capability above the moderate level, as showed in 
Fig. 1(d). The predictive Model was effectively calibrated 
using a calibration plot and the Hosmer-Lemeshow test. 
The calibration curve indicates a close-to-ideal slope of 
1, affirming the model’s excellent fit. Moreover, the Hos-
mer-Lemeshow goodness-of-fit test yielded a p-value of 
0.165, signifying a high level of agreement between the 
model’s predictions and actual observations, as shown 
in Fig. 1(e). The decision curve analysis in Fig. 1(f ) pro-
vides valuable insight into the threshold probabilities of 
the predictive Model. This indicates that the Model has a 
higher net benefit rate and a broader range of applicabil-
ity within the risk threshold range of 1%−64%, achieving 
good net benefits.

Discussion
The present study contributes to the understanding of 
antenatal depression in the Chinese population by pro-
viding valuable insights into its prevalence and devel-
oping a predictive Model. The high prevalence rate of 
12.8% highlights the urgent need for effective strategies 

to address antenatal depression in China. The developed 
predictive model exhibited robust performance in accu-
rately identifying pregnant women at risk of developing 
antenatal depression. Notably, neuroticism, negative cop-
ing strategies, and anxiety emerged as significant predic-
tors in the model.

The estimated prevalence of antenatal depression var-
ies between studies. In high-income countries, antenatal 
depression is estimated to be between 7% and 20% [40–
44]. Conversely, low- and middle-income countries have 
reported rates of 20% or more, although limited research 
has been conducted in these areas [45–49]. For example, 
in Bangladesh, a developing country, the prevalence rate 
is approximately 18% [13], while in Australia, a devel-
oped country, it is around 7% [10]. Notably, Gavin et al. 
found that antenatal depression prevalence in the first 
trimester is 11.0%, which then drops to 8.5% in the sec-
ond and third trimesters [16]. In contrast, Bennett et al. 
found an opposite trend, with a prevalence of 7.4% dur-
ing the first trimester, 12.8% during the second, and 12% 
during the third trimester [50]. Understanding the preva-
lence rate of antenatal depression in China is crucial, as 
it emphasizes the need for effective interventions and 
support systems. Previous studies have reported a range 
of 5.3–28.5% for the prevalence of antenatal depression 
among Chinese pregnant women [51, 52], indicating a 
substantial population affected by antenatal depression 
in China. Moreover, the prevalence of antenatal depres-
sion has shown a significant increasing trend in the last 
decade [53], highlighting the need for increased attention 
to the mental and psychological state of pregnant women 
during the antenatal period. Our study revealed that 
approximately 12.8% of pregnant women in our sample 
experienced antenatal depression, providing insights into 
its prevalence in the Chinese population. Although the 
age difference between the antenatal depression group 
and the non-depressed group was Modest, it was statisti-
cally significant, which aligns with prior studies showing 
that younger Maternal age is associated with higher risk 
of antenatal depression. For example, a study found that 
women under 25 had significantly higher depression risk 
due to financial stress and lack of parenting experience 
[54]. Similarly, another report indicated that younger age 
groups in China faced increased vulnerability to perinatal 
depression, especially when coupled with low social sup-
port [53]. Comparing with other Chinese cities, Suzhou 
had a relatively lower prevalence attributed to higher 
socioeconomic status, lower financial pressures, and bet-
ter education [55].

Our predictive model includes EPQ-N, TCSQ-NC, 
and GAD-7 as predictors, supported by their relevance 
to antenatal depression and the existing literature. Sev-
eral studies have demonstrated that certain personality 
factors increase the risk of experiencing psychological 

Variables Antenatal 
depression 
groups 
(n = 381)

Non-antena-
tal depres-
sion groups 
(n = 2574)

t/χ2 P

TCSQ-NC 31.5 ± 5.6 24.7 ± 5.9 21.50 < 0.01
GAD-7 6.5 ± 3.7 2.3 ± 2.5 21.82 < 0.01
EPQ-P Eysenck Personality Questionnaire P scale T score, EPQ-E Eysenck 
Personality Questionnaire E scale T score, EPQ-N Eysenck Personality 
Questionnaire N scale T score, EPQ-L Eysenck Personality Questionnaire L scale 
T score, SSRS Total score of SSRS, TCSQ-PC TCSQ positive coping, TCSQ-NC TCSQ 
negative coping, GAD-7 Total score of GAD-7

Table 2  (continued) 
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difficulties during the antenatal period, particularly nega-
tive cognitive styles such as pessimism, anger, and rumi-
nation. Additionally, individuals with a tendency to be 
nervous, worried, or shy, along with low self-esteem and 
self-efficacy, and high levels of neuroticism or psychoti-
cism, are more susceptible to antenatal depression [9, 
41, 52]56– [60]. On the contrary, active coping and high 
self-esteem/self-efficacy have been identified as pro-
tective factors [52, 61]. Our findings supported previ-
ous research, demonstrating that pregnant women with 
antenatal depression scored higher on EPQ-N, indicating 

a significant difference compared to the non-antenatal 
depression group [52]. This result is consistent with pre-
vious studies and suggests that individuals with depres-
sion are more likely to exhibit stronger neuroticism 
personality traits [56]. Neuroticism is a personality trait 
associated with emotional instability, anxiety, irritability, 
and emotional sensitivity. Women with higher levels of 
neuroticism tend to be more susceptible to anxiety and 
depression [28]. However, we acknowledge that admin-
istering a full personality inventory such as the EPQ to 
all pregnant women may not be feasible in real-world 
clinical settings due to its length and complexity. Nota-
bly, our findings suggest that the EPQ-N subscale alone 
is the most predictive component in the model. Future 
studies could explore the development or validation of 
a brief screening version focusing exclusively on EPQ-
N, which may improve the practicality and efficiency of 
large-scale risk assessment. This may be attributed to 
the physiological and psychological changes they expe-
rience during pregnancy, such as hormonal fluctuations 

Table 3  Logistic regression analysis of the predictors for the risk 
of antenatal depression in pregnant women
Variable B OR (95% CI) P
EPQ-N 0.04 1.04 (1.03–1.05) < 0.01
TCSQ-NC 0.08 1.08 (1.06–1.11) < 0.01
GAD-7 0.28 1.33 (1.27–1.39) < 0.01
EPQ-N Eysenck Personality Questionnaire N scale T score, TCSQ-NC TCSQ 
negative coping, GAD-7 Total score of GAD-7

Fig. 1   Construction and validation of the prediction model. a LASSO logistic regression for variable selection: The LASSO regression was applied to select 
the Most relevant predictors from 18 candidate variables. By imposing a penalty on the absolute size of coefficients, LASSO shrinks less informative coef-
ficients to zero, thereby enhancing model simplicity and interpretability. b Selection of the optimal penalty parameter (lambda): Ten-fold cross-validation 
was used to determine the optimal value of the penalty parameter (λ) in the LASSO model. The cross-validation curve shows the relationship between 
mean squared error and log(λ), with the optimal λ corresponding to the minimum error and one-standard-error rule for enhanced generalizability. c No-
mogram for prenatal depression prediction: Visual graph representing the predictive model. Shows each predictor's contribution to antenatal depression 
probability. It serves as a practical tool for clinical risk assessment. d Receiver operating characteristic (ROC) curve: The ROC curve illustrates the model’s 
discrimination ability in the validation set, plotting the true positive rate against the false positive rate. The area under the ROC curve (AUC) was 0.90 (95% 
CI: 0.86–0.93), indicating excellent predictive performance. The sensitivity and specificity were 0.76 and 0.91, respectively. e Calibration curve for antenatal 
depression risk: Assesses predicted probabilities alignment with actual outcomes. Horizontal axis displays predicted risk, vertical axis shows diagnosed 
cases. A curve closer to the diagonal reference Line indicates better calibration. The D-xy value is 0.79, R-squared is 0.39, Brier score is 0.07, p-value is 0.58, 
and the Hosmer-Lemeshow statistic is 0.165. f Decision curve analysis of depression risk chart: Evaluates model's clinical usefulness. Assesses net benefit 
for decision-making compared to assuming all have or don't have depression. Helps identify the threshold probability for effective clinical use. The Model 
demonstrated a favorable net benefit for threshold probabilities between 0.01 and 0.64, suggesting a wide and practical application range for clinical 
decision-making
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and anxiety about impending parental responsibilities. 
Furthermore, our study found that pregnant women 
with antenatal depression tended to adopt negative cop-
ing strategies, as evidenced by significantly higher TCSQ 
scores compared to the non-antenatal depression group. 
These maladaptive coping strategies may further exacer-
bate symptoms and discomfort associated with antenatal 
depression. Previous research has shown that negative 
coping strategies are unfavorable for pregnant women 
in managing their physiological conditions, and nega-
tive thoughts can increase stress levels during pregnancy 
[62, 63]. This can contribute to confusion, negative pes-
simism, and even an increased risk of suicidal ideation 
among pregnant women [64]. Lastly, our study revealed 
a significant association between antenatal depression 
and higher levels of anxiety among women. High anxiety 
during pregnancy has been identified as one of the stron-
gest risk factors for depression, as supported by previous 
studies [20, 65]. Women experiencing feelings of anxi-
ety face an increased risk of developing depression dur-
ing pregnancy [61]. For instance, a study reported that 
women with antenatal anxiety were approximately three 
times more likely to experience depression during preg-
nancy [66]. By incorporating these predictors into the 
model, we aimed to capture the multifaceted nature of 
antenatal depression and provide healthcare profession-
als with a valuable tool for identifying pregnant women 
at higher risk.

The predictive model developed in this study exhibits 
robust discriminative ability, precision, and consistency 
in forecasting the risk of antenatal depression in pregnant 
women, demonstrating moderate to above-average diag-
nostic performance. We randomly divided the dataset 
into training and validation subsets and confirmed that 
the two sets were comparable in terms of key baseline 
characteristics. The model demonstrated similarly strong 
performance in the validation set, supporting its stability 
and internal generalizability. Previous research has pre-
dominantly focused on general demographic factors or 
limited psychological factors of pregnant women, lack-
ing a comprehensive analysis of multiple determinants 
[13, 67]. By learning and identifying patterns and char-
acteristics related to antenatal depression from a large 
dataset, our model offers a comprehensive and accurate 
risk assessment, facilitating the development of targeted 
interventions. It is still inconvenient for people in rural 
China to seek medical treatment for psychological ill-
ness, as a result of a severe lack of medical resources [68]. 
What makes it worse, since the stigma towards people 
with psychological problems still exists, some depressed 
pregnant women might hesitate to seek treatment and 
assistance. Additionally, in order to avoid the risk of 
medication, some Asian pregnant women are more hesi-
tant to take antidepressants such as SSRIs [69]. Given 

the challenges of antenatal depression identification, 
particularly for obstetricians, the establishment of a pre-
dictive model empowers healthcare professionals to iden-
tify high-risk individuals before the onset of depressive 
symptoms, enabling timely interventions and support. 
In real-world clinical settings, the nomogram can serve 
as a simple and intuitive tool that integrates easily into 
routine antenatal care workflows. Healthcare providers 
can calculate individual risk scores using readily available 
psychological assessments (e.g., GAD-7 and EPQ-N), 
allowing early recognition of women who may benefit 
from psychological counseling or monitoring. This alle-
viates the psychological burden on pregnant women 
and prevents or mitigates the occurrence of antenatal 
depression. The construction of a nomogram enables an 
understanding of the impact of various factors on ante-
natal depression, serving as a foundation for personalized 
intervention and treatment plans. In addition, the deci-
sion curve analysis demonstrated that the model offers 
a net clinical benefit across a wide range of risk thresh-
olds (1–64%), supporting its applicability for population-
level screening and individualized decision-making. 
This strengthens its potential for use not only by mental 
health professionals but also by frontline obstetricians, 
nurses, and public health workers. However, it is worth 
noting that a wide range of demographic factors were 
initially considered during model development but were 
ultimately excluded from the final predictive model. This 
exclusion was motivated by their minimal contributions 
to predicting the risk of antenatal depression and poten-
tial correlations with other crucial factors. Incorporat-
ing numerous demographic factors could escalate model 
complexity and potentially lead to overfitting issues. 
Consequently, these demographic factors were omitted 
from the final predictive model to ensure simplicity, fea-
sibility of implementation, and generalizability stability. 
This decision aimed to enhance the model’s predictive 
performance and provide practical, actionable outcomes 
for healthcare professionals to guide timely interventions 
and support measures.

The study has several advantages worth considering. 
The use of a large sample size enhances the robustness 
and generalizability of the findings, contributing to more 
reliable conclusions. Additionally, the inclusion of diverse 
demographic and clinical characteristics increases the 
representativeness of the study population, making the 
results more applicable to a broader context. However, 
it is important to acknowledge certain limitations in the 
interpretation of the study findings. First, the cross-sec-
tional design restricts the establishment of causal rela-
tionships between predictors and antenatal depression. 
Longitudinal research would allow for the investigation 
of how these predictors may change over time and affect 
the risk of antenatal depression, providing more insight 
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into the dynamic nature of the condition. Second, the 
sample was recruited exclusively from Suzhou, Jiangsu 
Province, China, and comprised only Han Chinese 
pregnant women. While this enhances internal consis-
tency, it limits the generalizability of the findings. Future 
research should aim to validate the nomogram in more 
diverse populations across different regions and sociocul-
tural contexts. Third, although the sample size was suf-
ficiently large, it was calculated based on the estimated 
prevalence of antenatal depression rather than specific 
effect sizes or risk ratios. Future studies should consider 
stratified or power-based sampling designs to optimize 
predictive performance. Fourth, the use of the EPDS as 
the reference standard may introduce limitations, as it is 
a screening rather than a diagnostic tool. Incorporating 
diagnostic interviews conducted by mental health profes-
sionals in future studies would improve the precision of 
outcome classification. Finally, potential sources of bias, 
such as self-reporting bias and non-randomized sampling 
methods, should be considered as they may impact the 
validity of the nomogram. Despite these limitations, the 
predictive nomogram offers a practical and feasible tool 
for early identification of antenatal depression risk. Inte-
grating it into routine prenatal care may enable timely 
psychological support and personalized intervention 
strategies. Further prospective, multicenter, and cost-
effectiveness studies are warranted to confirm its clinical 
utility and long-term impact.

Conclusion
In conclusion, this study developed and validated a pre-
dictive model for antenatal depression in a Chinese 
population. The nomogram demonstrated accurate risk 
assessment capabilities, providing a valuable tool for 
early detection, intervention, and personalized care for 
pregnant women. By identifying the prevalence and pre-
dictors of antenatal depression, this study contributes to 
the understanding of the condition and its management. 
The predictive model has the potential to improve ante-
natal depression management in China, leading to better 
outcomes for both maternal and infant health.
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