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Abstract 

Background  Antenatal depression is a significant public health issue affecting pregnant women both globally 
and in China. Using data from a mobile app-based screening programme, this study explored the prevalence and fac-
tors associated with antenatal depressive symptoms across different trimesters in Shenzhen.

Methods  A retrospective cross-sectional study was conducted on pregnant women who gave birth in any hospi-
tal in Shenzhen between July 2021 and May 2022 and underwent depression screening using an official maternal 
and infant health mobile app at least once during pregnancy. Depressive symptoms were evaluated using the 9-item 
Patient Health Questionnaire (PHQ-9), with cut-off scores of 5 and 10 for mild and high level of symptoms, respec-
tively. The prevalence for each trimester was determined by calculating the proportion of women scoring 5 or higher. 
A variety of sociodemographic, obstetric, psychological, and lifestyle factors were assessed for their association 
with depressive symptoms. Chi-square test and multivariate logistic regression were performed to identify significant 
predictors.

Results  A total of 110,584 pregnant women were included in the study, with an overall prevalence of depressive 
symptoms of 18.0% and a prevalence of high-level symptoms of 4.2%. Depressive symptoms were most prevalent 
in the first trimester (10.9%) and decreased in the second (6.2%) and third trimesters (6.3%). Only a small proportion 
(0.4%) of women showed persistent depressive symptoms across all trimesters. Anxiety symptoms in early pregnancy 
emerged as the most significant predictor of depressive symptoms. Other factors linked to an increased risk through-
out pregnancy include lower marital satisfaction, living with parents-in-law, experience of negative life events, as well 
as drinking before and during pregnancy. Factors associated with a reduced risk throughout pregnancy include 
multiparity and daily physical activity.

Conclusions  This large-scale study provides valuable insights into the prevalence and factors associated with ante-
natal depressive symptoms in Shenzhen. The findings underscore the need for targeted interventions for high-risk 
groups and the integration of mental health care into routine antenatal services. Continuous, dynamic monitoring 
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of depressive symptoms for pregnant women and ensuring at-risk women receive comprehensive follow-up 
and appropriate psychological or psychiatric care are crucial for effectively addressing antenatal depression 
and improving maternal and infant health outcomes.

Keywords  Antenatal depression, Prevalence, Associated factor, Pregnant women, Perinatal care, China

Background
Antenatal depression, the most prevalent mental disor-
der in pregnancy, presents a major public health chal-
lenge [1]. According to a recent systematic review of 
systematic reviews, approximately 28.5% of pregnant 
women worldwide are affected by depressive symp-
toms to varying extents [2]. These conditions not only 
adversely affect the quality of life of pregnant women 
but, if left untreated, also have serious implications for 
maternal and infant health. Antenatal depression is 
associated with a range of negative health consequences, 
including preeclampsia, operative deliveries (such as 
caesarean sections and instrumental vaginal deliveries), 
preterm birth, low birth weight, postpartum depression, 
and an increased risk of maternal suicide [3–7]. Com-
pared to pregnant women without depressive symp-
toms, those with high level of depressive symptoms 
face a 2.26 times higher overall risk of adverse birth 
outcomes, such as preterm birth and low birth weight 
[8]. Furthermore, maternal depressive symptoms can 
negatively impact the behavioural and cognitive devel-
opment of offspring, thereby placing a substantial long-
term burden on the family and society [9].

Despite its high prevalence and significant conse-
quences, antenatal depression has received less atten-
tion than postpartum depression [10]. This lack of 
focus leads to frequent underdiagnosis and undertreat-
ment [11], amplifying its status as a key public health 
problem. In recent years, major medical associations, 
such as the American College of Obstetricians and 
Gynecologists (ACOG), have strongly advocated for 
routine depression screening during pregnancy [12]. 
This strategy, combined with the diagnosis and man-
agement of those who tested positive, is recognised 
as an effective way to mitigate the burden of antenatal 
depression while addressing barriers faced by patients, 
clinicians, and healthcare systems [13]. In Septem-
ber 2020, the National Health Commission of China 
introduced the first national guideline for the preven-
tion and treatment of perinatal depression, which rec-
ommend the integration of depression screening into 
routine antenatal care, specifically utilising the 9-item 
Patient Health Questionnaire (PHQ-9) [14]. This rec-
ommendation was based on the Chinese version of the 
PHQ-9 being a valid and efficient tool that has been 
extensively tested in various Chinese populations, 

including pregnant women [15, 16]. However, evidence 
regarding the adoption of the national guideline at local 
levels remains limited.

Numerous studies have investigated the prevalence 
and associated factors of antenatal depressive symptoms 
among Chinese women. A systematic review by Nisar 
et al. reported the pooled prevalence in Mainland China 
to be 19.7%, with trimester-specific prevalences of 7.4%, 
12.8%, and 12.0% for the first, second, and third trimester, 
respectively [17]. While these rates are lower than those 
reported in many other low- and middle-income coun-
tries (ranging from 15 to 65%) [8], the burden of antenatal 
depressive symptoms in China remains significant due to 
its large population. The factors associated with depres-
sive symptoms during pregnancy, as identified in existing 
literature, typically fall into sociodemographic, obstetric, 
and psychological categories. These include the preg-
nant woman’s age, education level, place of residence, 
employment status, marital satisfaction, family economic 
situation, anxiety symptoms during pregnancy, perceived 
stress, negative life events, and relationships with parents 
and parents-in-law [18–21]. However, there is a lack of 
broad, population-based research on the prevalence of 
antenatal depressive symptoms and their associated fac-
tors across different trimesters. Furthermore, compared 
to international studies [22–24], the exploration into 
how lifestyle factors like smoking, alcohol use, and sleep 
quality associate with antenatal depressive symptoms 
in China has not been extensive. These gaps in research 
highlight the limitations in current understanding and 
underscore the need for more comprehensive studies to 
inform the effective planning of routine screening for 
antenatal depression.

In 2021, Shenzhen, a highly developed city in Southern 
China with a population of about 17.5 million, initiated 
a pioneering programme that provides mobile app-based 
depression screening for all pregnant women during 
antenatal care. During their antenatal visits, pregnant 
women are guided by healthcare professionals to com-
plete the PHQ-9 screening using an official maternal and 
infant health mobile app (“Fu-Er-Tong”) in their first, 
second, and third trimester, respectively. As required by 
the programme guideline [25], those who screen positive 
(PHQ-9 score ≥ 5) are then referred to clinical psychology 
departments for psychosocial and psychological inter-
ventions. Those with severe depressive symptoms, such 
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as suicidal ideation, are referred to the municipal psychi-
atric specialty hospital or psychiatric departments within 
general hospitals for treatment. The data collected from 
this programme is automatically input into and managed 
by a specific module within the municipal Maternal and 
Child Health Management Information System (MCH-
MIS). The utilisation of mobile technology and the health 
information system has not only facilitated the expansion 
of screening coverage but also the generation of higher-
quality data [26]. Utilising the MCHMIS data, the present 
study was conducted to explore the prevalence and fac-
tors associated with antenatal depressive symptoms in 
Shenzhen. It aims to provide population-based evidence 
that contributes to expanding the knowledge base of 
antenatal depression, thereby supporting informed pub-
lic health strategies.

Methods
Study population
A retrospective cross-sectional study was conducted on 
pregnant women who gave birth in any of the 82 mid-
wifery hospitals across 10 districts in Shenzhen between 
July 2021 and May 2022 and had depression screening 
results available for at least one of the three trimesters. 
This time frame was chosen because the women initiated 
their first antenatal visits from January 2021, coinciding 
with the launch of “Fu-Er-Tong”. All women, regardless 
of their residence status, were covered by basic mater-
nal and infant health services, making their individual 
case data accessible from the MCHMIS. Women who 
did not give birth in Shenzhen were excluded due to the 
inability to accurately track their follow-up data and birth 
outcomes. For this study, a total of 113,652 electronic 
records were exported from the MCHMIS. After a thor-
ough review and correction of any logistic errors, 110,584 
(97.3%) were included for statistical analysis. This sample 
represents 82.3% of all women who gave birth in Shen-
zhen during this period (n = 134,308). Notably, this rate 
is close to the perinatal depression screening coverage 
in Shenzhen prior to the COVID-19 pandemic [27], sug-
gesting that the pregnant women in this study were not 
likely affected by the pandemic in terms of their partici-
pation in the screening programme. This could be due 
to the routine screening approach and effective use of 
mobile technology, which may have broadened partici-
pation and altered self-reporting behaviours during the 
social restrictions [28].

Data collection and management
Data collection was primarily conducted by healthcare 
professionals in obstetrical departments across all the 10 
districts in Shenzhen. They assisted pregnant women in 
self-rating their depressive symptoms using an electronic 

PHQ-9 available in the mobile app during their antena-
tal visits. According to the programme guideline, each 
woman was screened three times: once in each of the 
three trimesters. In addition, a pre-designed electronic 
questionnaire was used to gather comprehensive infor-
mation on each woman’s sociodemographic background, 
obstetric history, psychological factors, and lifestyle 
choices. This data, along with the women’s PHQ-9 scores, 
were then automatically integrated into their maternal 
and infant health records within the MCHMIS. Shenzhen 
Maternity and Child Healthcare Hospital was responsible 
for coordinating the screening programme. To enhance 
programme implementation and data quality, the hospi-
tal organised periodic trainings and monitoring activities 
for relevant healthcare professionals. For this study, the 
original data was exported from the MCHMIS and man-
aged by authorised personnel, ensuring confidentiality. 
Access to the study database was restricted to the authors 
for the purpose of this study, adhering to strict data pri-
vacy and security protocols.

Assessment of associated factors
The questionnaire collected data on various sociode-
mographic, obstetric, psychological, and lifestyle vari-
ables of the pregnant women. These factors, potentially 
associated with antenatal depressive symptoms, were 
identified through literature review [18–24] and expert 
consultation, and were mostly assessed using single ques-
tions. Sociodemographic variables included age, employ-
ment status (white collar worker, blue collar worker, 
self-employed, housewife, others), education level (junior 
school and below, high school, bachelor/college, master 
and above), annual family income in Chinse yuan (CNY) 
(below 120,000, 120,000 ~ 240,000, above 240,000), and 
living condition (nuclear family, living with parents, liv-
ing with parents-in-law, and living alone). Obstetric 
variables covered gravidity, parity, pregnancy planning 
status (unplanned, planned), and conception type (natu-
ral, assisted). Psychological variables encompassed mari-
tal satisfaction (satisfied, neither satisfied nor unsatisfied, 
unsatisfied), anxiety symptoms in the first trimester 
(assessed by the 7-item General Anxiety Disorder scale 
(GAD-7) with a cut-off score of 5 indicating mild or more 
severe anxiety symptoms, which has been proven reli-
able and valid for Chinese pregnant women, especially 
in early pregnancy [16, 29]), family history of mental ill-
ness, and experience of negative life events (e.g., divorce, 
job loss, serious illness or death of family members etc.) 
during pregnancy. Lifestyle variables asked about tobacco 
and alcohol use habits of the women and their husbands. 
Additionally, physical activity during pregnancy was 
assessed with responses categorised as “never”, “occa-
sionally”, “weekly”, and “daily”.
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Measure of depressive symptoms
The women’s depressive symptoms were measured 
using the validated Chinese version of PHQ-9 [15]. 
Cut-off scores of 5 and 10 were utilised to indicate mild 
and high level of depressive symptoms, respectively. 
These thresholds are internationally recognised and 
have been validated among Chinese pregnant women 
[16, 30]. Both the PHQ-9 and GAD-7 have been vali-
dated for use in various formats, including mobile app 
and remote administration. Studies have shown that 
these tools retain their reliability and validity when 
administered electronically [31, 32].

Statistical analysis
The statistical analysis was performed using R version 
4.0.2. Initially, the prevalence of antenatal depressive 
symptoms for each trimester was assessed by calcu-
lating the proportion of pregnant women screened 
positive (PHQ-9 score ≥ 5). Chi-square tests were 
then applied to determine the differences in preva-
lence across trimesters. Subsequently, frequencies of 
each potential associated factor in different trimesters 
were calculated. For univariate analysis, Chi-square 
tests were utilised to compare these factors between 
women with positive depression screening results and 
those without. A p-value of less than 0.05 was consid-
ered to indicate statistical significance. For all vari-
ables that showed significant differences, a multivariate 
logistic regression analysis was conducted to estimate 
Odds ratios (OR) and 95% Confidence intervals (95% 
CI), with a p-value for statistical significance set at 
0.05. In the logistic regression model, the first level of 
each ordered categorical variable was used as the ref-
erence category. Unordered categorical variables, such 
as employment status and living condition, were con-
verted into dummy variables. Within these, white col-
lar workers and those living in nuclear family were 
selected as the reference groups. We used complete 
case analysis, excluding any records with missing values 
from the analysis, to ensure the accuracy and integrity 
of the results.

Results
Prevalence of depressive symptoms across trimesters
Among the 110,584 women studied, a total of 19,852 
were screened positive (PHQ-9 score ≥ 5) at least once 
during the three trimesters, demonstrating an overall 
prevalence of 18.0%. Additionally, 4619 (4.2%) women 
recorded PHQ-9 scores of 10 or higher at least once, 
which points to a high level of depressive symptoms. 
Of note, only 450 (0.4%) women were screened positive 
across all trimesters. In terms of screening completion, 
80,626 (60.0%) women completed the screening in the 
first trimester, 76,711 (57.1%) in the second trimester, 
and 78,524 (58.5%) in the third trimester. The difference 
in screening completion rates across trimesters is sta-
tistically significant (χ2 = 2489.28, p < 0.001). As shown 
in Table  1, the prevalence of mild depressive symptoms 
was 10.9% in the first trimester, 6.2% in the second tri-
mester, and slightly rising to 6.3% in the third trimester. 
The prevalence of high-level depressive symptoms was 
3.4% in the first trimester, which decreased to 1.5% in 
the second trimester and further to 1.4% in the third tri-
mester. Chi-square test revealed statistically significant 
differences in pregnant women’s screening results across 
trimester (χ2 = 2664.73, p < 0.001).

Sociodemographic factors associated with antenatal 
depressive symptoms
The average age of the 110,584 pregnant women at their 
first screening was 29.8 (standard deviation: 4.4, range: 
16 ~ 51). About three-fourths (73.3% ~ 73.9%) aged 
between 26 and 35. More than half (55.7% ~ 56.7%) were 
employees of government/public enterprises or white-
collar workers, 15.2% ~ 15.7% were business owners 
or self-employed, 14.6% ~ 15.4% were housewives, and 
7.4% ~ 8.0% were blue-collar workers, soldiers, or farm-
ers. Nearly two-thirds (60.1% ~ 61.4%) of the women 
had attained bachelor’s degree or higher. About half 
(50.8 ~ 53.8) reported an annual family income exceeding 
CNY 240,000. Most women (76.2% ~ 78.0%) resided in 
nuclear families, 16.4% ~ 17.9 lived with parents-in-law, 
3.8% ~ 4.3% lived with their own parents, and 1.6% ~ 1.7% 
lived alone.

Table 1  Depression screening results across trimesters of the 110,584 pregnant women

PHQ-9 9-item Patient Health Questionnaire

PHQ-9 First trimester Second trimester Third trimester χ2 p

Screening completion 80,626 (60.0%) 76,711 (57.1%) 78,524 (58.5%) 2489.28  < 0.001

Score < 5 69,118(85.7%) 70,798 (92.3%) 72,476 (92.3%) 2664.73  < 0.001

5 ≤ score < 10 8757 (10.9%) 4795(6.2%) 4940 (6.3%)

Score ≥ 10 2751 (3.4%) 1118 (1.5%) 1108 (1.4%)
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As depicted in Table  2, depressive symptoms were 
more prevalent among pregnant women aged 26 ~ 35, 
those with bachelor’s degree or higher, those with an 
annual family income below CNY 240,000, and those 
employed by government/public enterprises or as white-
collar workers across all trimesters. Women living with 
parents or parents-in-law reported higher PHQ-9 scores 
compared to those living in nuclear families or alone. The 
univariate analysis revealed statistically significant differ-
ences in most of the aforementioned factors.

Psychological factors associated with antenatal depressive 
symptoms
A vast majority of the pregnant women (93.5% ~ 94.5%) 
expressed satisfaction with their marriage, 5.4% ~ 6.3% 
were neither satisfied nor unsatisfied, and a minimal 
proportion (0.2%) were unsatisfied. Only 1.0% ~ 1.1% 
reported experiencing negative life events during preg-
nancy, and 0.3% had a family history of mental illness. In 
addition, 6.2% were found to have some extent of anxiety 
symptoms in early pregnancy.

According to the Chi-square test results presented in 
Table  3, although relatively infrequent, the prevalence 
of depressive symptoms was significantly higher among 
pregnant women with existing psychological issues 
throughout the three trimesters. These issues include 
a family history of mental illness, anxiety symptoms in 
early pregnancy, and negative life events during preg-
nancy. Additionally, women who were satisfied with their 
marriage reported lower PHQ-9 scores compared to 
those with lower marital satisfaction.

Obstetric factors associated with antenatal depressive 
symptoms
The maternal health records indicated that 67.1% ~ 67.5% 
of the women had experienced 1 or 2 pregnancies. Of 
these, 49.1% ~ 49.3% had no child and 40.0% ~ 40.4% had 
1 child prior to the current pregnancy. About one-third 
(32.2% ~ 33.0%) of the women reported that the current 
pregnancy was unplanned, while 3.9% ~ 4.3% underwent 
assisted conception.

Table  4 shows that women with fewer pregnancies 
(gravidity) and fewer births (parity) tended to report 
higher PHQ-9 scores across all trimesters. Furthermore, 
depressive symptoms were more prevalent among those 
with unplanned pregnancies or who underwent assisted 
conception.

Lifestyle factors associated with antenatal depressive 
symptoms
The majority of the women never smoked (97.9% ~ 98.1%) 
or drank (83.2% ~ 84.6%). These rates are consistent with 
the those reported in published studies [33, 34]. Only 

1.0% ~ 1.2% smoked and 4.1% ~ 5.1% drank solely before 
pregnancy, while 0.8% ~ 0.9% continued to smoke and 
11.2% ~ 11.7% continued to drink during pregnancy. 
Regarding physical activity, 47.0% ~ 49.6% of the women 
engaged in exercise occasionally, 16.3% ~ 18.2% weekly, 
10.4% ~ 11.5% daily, while 21.9% ~ 24.2% did not exercise 
at all during pregnancy. Concerning their husbands’ hab-
its, 60.8%-61.6% never smoked and 50.7%-51.6% never 
drank, 19.6%-19.9% smoked and 41.7%-42.3% drank only 
before their wives’ pregnancies, while 19.0%-20.2% con-
tinued to smoke and 6.7%-7.0% continue to drink during 
their wives’ pregnancies.

Throughout the three trimesters, as indicated in 
Table 5, women who smoked or drank, either before or 
during pregnancy, reported higher PHQ-9 scores com-
pared to women who never smoked or drank. Similarly, 
husbands’ smoking and drinking habits were associated 
with higher PHQ-9 scores of the wives. Conversely, a 
higher frequency of exercise was associated with a lower 
likelihood of depressive symptoms. All these differences 
were statistically significant in the univariate analysis.

Multivariate logistic regression
All variables that demonstrated significant differences 
between the pregnant women with positive depression 
screening results and those without were included in the 
multivariate logistic regression model. Six factors were 
consistently identified as significantly associated with an 
increased risk of depressive symptoms across all trimes-
ters. These include living with parents-in-law (First tri-
mester: OR = 1.49, 95%CI 1.36 ~ 1.62; Second trimester: 
OR = 1.72, 95%CI: 1.51 ~ 1.95; Third trimester: OR = 1.46, 
95%CI: 1.30 ~ 1.64), lower marital satisfaction (First tri-
mester: OR = 1.31, 95%CI: 1.14 ~ 1.50; Second trimester: 
OR = 1.47, 95%CI: 1.22 ~ 1.78; Third trimester: OR = 1.56 
95%CI: 1.31 ~ 1.84), anxiety symptoms in early preg-
nancy (First trimester: OR = 66.46, 95%CI: 58.70 ~ 75.47; 
Second trimester: OR = 6.21, 95%CI: 5.42 ~ 7.10; Third 
trimester: OR = 4.92, 95%CI: 4.33 ~ 5.58), experience 
of negative life events during pregnancy (First trimes-
ter: OR = 1.47, 95%CI: 1.07 ~ 2.02; Second trimester: 
OR = 2.19, 95%CI: 1.48 ~ 3.16; Third trimester: OR = 2.12, 
95%CI: 1.47 ~ 2.99), as well as drinking before (First tri-
mester: OR = 1.96, 95%CI: 1.70 ~ 2.26; Second trimester: 
OR = 1.83, 95%CI: 1.49 ~ 2.23; Third trimester: OR = 1.87 
95%CI: 1.56 ~ 2.24) and during pregnancy (First trimes-
ter: OR = 1.82, 95%CI: 1.66 ~ 2.01; Second trimester: 
OR = 1.60, 95%CI: 1.39 ~ 1.85; Third trimester: OR = 1.44, 
95%CI: 1.26 ~ 1.64).

Factors associated with a reduced risk of depressive 
symptoms in all the three trimesters were daily physical 
activity (First trimester: OR = 0.48, 95%CI: 0.42 ~ 0.55; 
Second trimester: OR = 0.41, 95%CI: 0.31 ~ 0.52; Third 
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trimester: OR = 0.68 95%CI: 0.56 ~ 0.83), and having 
one child (First trimester: OR = 0.73, 95%CI: 0.65 ~ 0.81; 
Second trimester: OR = 0.82, 95%CI: 0.69 ~ 0.97; Third 
trimester: OR = 0.80 95%CI: 0.69 ~ 0.94), two children 
(First trimester: OR = 0.58, 95%CI: 0.48 ~ 0.70; Second 
trimester: OR = 0.61, 95%CI: 0.45 ~ 0.81; Third trimes-
ter: OR = 0.56, 95%CI: 0.43 ~ 0.73), or three or more 
children (First trimester: OR = 0.19, 95%CI: 0.11 ~ 0.32; 
Second trimester: OR = 0.46, 95%CI: 0.21 ~ 0.89; Third 
trimester: OR = 0.48, 95%CI: 0.25 ~ 0.84) prior to the 
current pregnancy.

Several factors exhibited significant influence on 
depressive symptoms during specific trimester com-
binations. For instance, in the first and second tri-
mester, higher education levels such as a bachelor’s 
degree (First trimester: OR = 1.60, 95%CI: 1.43 ~ 1.79; 
Second trimester: OR = 1.38, 95%CI: 1.16 ~ 1.64) and 
a master’s degree or above (First trimester: OR = 2.07, 
95%CI: 1.70 ~ 2.51; Second trimester: OR = 1.71, 95%CI: 
1.26 ~ 2.30), unplanned pregnancy (First trimes-
ter: OR = 1.09, 95%CI: 1.00 ~ 1.17; Second trimester: 
OR = 1.21, 95%CI: 1.08 ~ 1.36), smoking during preg-
nancy (First trimester: OR = 1.43, 95%CI: 1.04 ~ 1.93; 
Second trimester: OR = 1.69, 95%CI: 1.12 ~ 2.49), 
as well as husband drinking before (First trimes-
ter: OR = 1.49, 95%CI: 1.36 ~ 1.62; Second trimester: 
OR = 1.57, 95%CI: 1.38 ~ 1.80) and during pregnancy 
(First trimester: OR = 1.47, 95%CI: 1.26 ~ 1.71; Second 
trimester: OR = 1.61, 95%CI: 1.29 ~ 2.02) were predic-
tors of higher PHQ-9 scores; while engaging in physi-
cal activity occasionally (First trimester: OR = 0.59, 
95%CI: 0.55 ~ 0.64; Second trimester: OR = 0.84, 95%CI: 
0.75 ~ 0.95), or weekly (First trimester: OR = 0.38, 
95%CI: 0.33 ~ 0.42; Second trimester: OR = 0.60, 95%CI: 
0.50 ~ 0.73) were associated with lower risk. In the first 
and third trimester, living with the women’s own par-
ents was linked to an increased risk of depressive symp-
toms (First trimester: OR = 1.31, 95%CI: 1.16 ~ 1.53; 
Third trimester: OR = 1.34, 95%CI: 1.08 ~ 1.64).

Certain factors were influential only in one specific 
trimester. For example, in the first trimester, younger 
age (16 ~ 25) (OR = 0.80, 95%CI: 0.72 ~ 0.88) and an 
annual family income above CNY 240,000 (OR = 0.52 
95%CI: 0.35 ~ 0.78) was associated with a reduced 
risk of depressive symptoms; while living alone was 
associated with an increased risk (OR = 1.34, 95%CI: 
1.05 ~ 1.69). In the second trimester, assisted concep-
tion (OR = 1.38, 95%CI: 1.09 ~ 1.73]) and smoking 
before pregnancy (OR = 1.78, 95%CI: 1.27 ~ 2.46) were 
linked to an increased risk. In the third trimester, hus-
band smoking before ( OR = 1.34, 95%CI: 1.19 ~ 1.51) 
and during pregnancy (OR = 1.39, 95%CI: 1.14 ~ 2.70) 
were linked to an increased risk.

Discussion
This study of 110,584 pregnant women enrolled in a 
mobile app-based screening programme in Shenzhen 
presents the largest population-based investigation 
of antenatal depression in Mainland China to date. 
It revealed an overall prevalence of antenatal depres-
sive symptoms of 18.0%, with the risk associated with 
a range of sociodemographic, psychological, obstetric, 
and lifestyle factors. Some of these findings corroborate 
those of previous studies, whereas others present novel 
predictors of antenatal depression, enriching the cur-
rent understanding of this condition.

Prevalence of antenatal depressive symptoms
The prevalence of antenatal depressive symptoms 
identified in this study (18.0%) falls within the range 
of prevalence (15.8% to 24.2%) reported in existing lit-
erature, as indicated by Nisar et  al.’ systematic review 
[17]. The substantial sample size of 110,584 pregnant 
women, representing 82.3% of all women who gave 
birth during the study period  in Shenzhen, provided a 
robust dataset, likely reflecting a more accurate estima-
tion of the depression rate. Moreover, this prevalence is 
lower than the rates reported from other parts of China 
during the COVID-19 pandemic [35, 36], appearing not 
to be affected by the COVID-19 pandemic. Only 4.2% 
of the women exhibited PHQ-9 scores of 10 or higher 
at least once during the three trimesters, indicating a 
low prevalence of high-level antenatal depressive symp-
toms. This finding is similar to a recently published 
study in Hunan Province, central China, which found 
that only 62 (3.3%) out of 1862 postpartum women who 
screened positive for depression were diagnosed with a 
current depressive condition using a structured diag-
nostic interview [37].

Furthermore, this study found that only a very small 
proportion of women (0.4%) were screened positive 
across all trimesters, which is significantly lower than the 
rates reported in published studies. For example, a study 
of 996 Chinese pregnant women identified 107 (10.7%) 
with persistent depressive symptoms in their second and 
third trimesters [38]. In a cohort study of 1813 pregnant 
women in the United States, only 4% reported persistent 
depressive symptoms throughout pregnancy [39]. Such 
variation might be due to differences in study design, 
population characteristics, and the impact of interven-
tions received. It also highlights the complex and mul-
tifaceted nature of antenatal depression, with variations 
in the onset, duration, and configuration of symptoms 
among different women [40]. Some studies have explored 
the trajectory of depressive symptoms among Chinese 
pregnant women, finding that different trajectory groups 
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may have varying risk factors and impacts on maternal 
and infant health [40, 41].

The findings suggest that depressive symptoms 
were most prevalent in the first trimester (14.3%) and 
decreased in the second (7.7%) and third trimesters 
(7.7%). This pattern is consistent with a recent study in 
Chengdu, an economically developed city in South-
west China, which also highlighted early pregnancy as a 
particularly vulnerable period [41]. The higher depres-
sion rates during this time may be attributed to multi-
ple factors, including the women’s physical discomfort 
and severe pregnancy-related sickness like nausea and 
hyperemesis gravidarum, as well as concerns over spon-
taneous abortions and fetal abnormalities [41]. As preg-
nancies progress into the second and third trimesters 
and women receive more comprehensive antenatal care 
and information about fetal health, their ability to adapt 
to the pregnancy improves, leading to a diminished risk 
of depression. Additionally, the decreased prevalence 
in Shenzhen may be partly due to the fact that women 
who screened positive in the first trimester might have 
received some extent of follow-up or psychological inter-
ventions, potentially easing their depressive symptoms in 
the following trimesters.

Factors associated with antenatal depressive symptoms
Statistical analysis in this study identified anxiety symp-
toms in early pregnancy as the most significant pre-
dictor of antenatal depressive symptoms, showing a 
markedly increased risk of 78.99 times. Although this 
rate decreased to 6.09 and 4.39 times in the second and 
third trimesters, it remained higher compared to other 
factors. This finding aligns with both national and inter-
national evidence. A meta-analysis of 95 Chinese studies 
indicated that maternal anxiety symptoms could amplify 
the risk of antenatal depression by 2.604 to 19.987 times 
[17]. Similarly, a global systematic review pinpointed 
anxiety symptoms as a leading predictor of antenatal 
depressive symptoms [42]. Several factors were also iden-
tified as associating with an increased risk throughout 
pregnancy, including lower marital satisfaction, living 
with parents-in-law, experiencing negative life events, 
and substance use such as drinking and smoking before 
and during pregnancy. These observations are supported 
by a broad spectrum of literature. Various Chinese stud-
ies have shown that lower marital satisfaction and living 
with parents-in-law are associated with increased risks of 
antenatal depression, quantified as 0.331 to 4.772 times 
[18, 19, 41, 43] and 0.319 to 2.55 times [19, 20, 38, 41], 
respectively. Conflicts with in-laws can serve as chronic 
stressors, potentially worsening women’s mental health 
and straining marital relationships, thus reducing spousal 
support—another recognised risk factor for perinatal 

depression [38, 44]. Negative life events, acknowledged in 
both national and international research, contribute psy-
chological and economic stress that significantly impacts 
the risk of antenatal depression [18, 41, 42, 45]. A meta-
analysis of 173 global studies found that smoking before 
and during pregnancy is linked to 1.97 and 2.04 times of 
antenatal depression risk [24]. A recent study in North-
west Ethiopia revealed that pregnant women with a his-
tory of alcohol use were 2.41 times more likely to exhibit 
depressive symptoms compared to those without [23].

In addition, this study marks the first extensive assess-
ment in China of the relationship between husbands’ 
substance use and antenatal depression. It found that 
pregnant women whose husbands engaged in drinking 
or smoking were more likely to experience depressive 
symptoms during pregnancy. This finding aligns with 
existing research. A study conducted in Chengdu found 
that poor marital relationships, often exacerbated by hus-
bands’ smoking and drinking, were significant predictors 
of antenatal depression [38].

Remarkably, this study found that pregnant women 
with a bachelor’s degree or higher faced an increased risk 
of antenatal depressive symptoms in the first and second 
trimesters. This unexpected correlation, contrary to pre-
vious research findings [19, 20], might reflect the pres-
sures and stress associated with balancing a demanding 
career and the challenges of pregnancy, as well as con-
founding factors not directly observed in this study [46]. 
Shenzhen is among the most developed cities in China, 
with a large proportion of its population being younger, 
more educated, and career-oriented women. Highly 
educated women may occupy higher positions, lead-
ing to increased stress and, consequently, higher rates of 
depressive symptoms. This finding is consistent with a 
published study on the predictors of postpartum depres-
sion in the city [5]. Self-employed or business women 
were more likely to experience depressive symptoms 
in the second and third trimesters, possibly due to the 
unique stressors of managing a business, such as finan-
cial instability and lack of maternity leave. Unlike prior 
research findings [18, 47, 48], lower family income lev-
els, unplanned pregnancy, and assisted conception were 
not found to be associated with higher risk of antenatal 
depressive symptoms in this study.

This study discovered multiparity—having given birth 
to one or more children before—is inversely related to 
the likelihood of experiencing depressive symptoms dur-
ing pregnancy. This correlation suggests that with each 
subsequent birth, women may develop stronger cop-
ing mechanisms to manage childbearing and parenting 
stress, thereby reducing their risk of depression. Addi-
tionally, engaging in physical activity, even occasionally, 
correlated with reduced risk of depressive symptoms, 
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with more frequent exercise further lowering the risk. 
This is supported by a systematic review by Kołomańska 
et  al., indicating that physical activity, at least once a 
week, significantly reduces depressive symptoms in preg-
nant women and is crucial for the prevention of antenatal 
depression [49].

Strengths and limitations
The study’s use of health information system data with 
a large sample size enhances the statistical power and 
representativeness of findings on antenatal depression 
in Shenzhen, offering insights that may be more reflec-
tive of broader realities. However, the large sample also 
led to almost every variable showing statistical signifi-
cance in logistic regression, some of which might lack 
practical relevance [50]. Another limitation of this study 
is that it only included women who gave birth in Shen-
zhen and underwent depression screening at least once 
during pregnancy. The exclusion of women who did not 
complete the screening or gave birth outside of Shenzhen 
may have introduced selection bias, potentially under-
estimating the true prevalence of antenatal depressive 
symptoms. Additionally, the cross-sectional design pre-
cludes establishing causal and temporal relationships. 
While the research provides a comprehensive analysis 
of antenatal depressive symptoms and their predictors 
across trimesters, it overlooks crucial factors such as 
social support [2, 23], experience of intimate violence [42, 
47], and sleep quality [2, 43], all of which are significant 
predictors of antenatal depression. Moreover, comparing 
the identified predictors of antenatal depressive symp-
toms with those from other studies is challenging due to 
differences in definitions, factor compositions, and statis-
tical methodologies [2, 17].

Implications
This study offers practical implications for the plan-
ning of universal screening and intervention strategies 
within the new policy context of China. First, leveraging 
mobile technology could streamline the integration of 
depression screening into routine antenatal care, ensur-
ing extensive reach. Second, focused interventions are 
recommended for pregnant women with existing men-
tal health conditions, particularly anxiety symptoms in 
early pregnancy, or those with higher education levels, 
less birth experience, lower marital satisfaction, experi-
ence of negative life events during pregnancy, or residing 
with parents-in-law. Thirdly, implementing depression-
related prenatal education is crucial, promoting healthy 
lifestyles among pregnant women, such as regular physi-
cal activity, and advocating for supportive behaviours 
from their husbands, including quitting smoking and 
drinking. Fourthly, given a 18.0% overall prevalence, 

the fact that only 0.4% of pregnant women exhibited 
persistent depressive symptoms across all trimesters 
underscores the importance of dynamic monitoring of 
depressive symptoms during pregnancy. Finally, screen-
ing is just the initial step. Ensuring that women identified 
at risk receive comprehensive follow-up and are directed 
towards appropriate psychological or psychiatric services 
is paramount. The use of health information systems for 
efficient management and monitoring of this process is 
vital, as is conducting further research to examine refer-
ral uptake among Chinese women with high level of ante-
natal depressive symptoms and identifying barriers to 
healthcare access.

Conclusions
This study, involving 110,584 pregnant women in Shenz-
hen screened via a mobile app, discovered a 18.0% over-
all prevalence of antenatal depressive symptoms, with 
trimester-specific prevalences being the highest in the 
first trimester. Anxiety symptoms in early pregnancy was 
identified as the most significant predictor. The results 
highlighted the importance of targeted interventions for 
women with existing mental health conditions, higher 
education levels, lower marital satisfaction, living with 
parents-in-law, experiencing negative life events, and 
having substance use issues either personally or by their 
husbands. The study underscores the necessity of dynam-
ically monitoring depressive symptoms for pregnant 
women and ensuring at-risk women receive comprehen-
sive follow-up and appropriate psychological or psychiat-
ric care.
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