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Abstract
Background  While research has uncovered intricate relationships between cognitive reactivity (CR), sleep quality, 
perceived stress, family function, mindfulness, and perinatal depression (PND), their temporal dynamics remain 
unclear. Previous studies have focused primarily on cross-sectional analyses or single-time-point associations and lack 
longitudinal exploration of the bidirectional relationships and temporal precedence between these variables.

Methods  The study was conducted in Fujian Province, China, from December 2021 to January 2023. A cross-lagged 
panel model was used to examine the temporal relationships among CR, sleep quality, perceived stress, family 
function, mindfulness, and PND in pregnant women at high risk for depression. A total of 329 participants completed 
a baseline questionnaire during the third trimester (T1) and completed follow-up assessments three months 
postpartum (T2). Standardized scales were used to measure key variables. Statistical analyses were performed using 
IBM SPSS 26 and R 4.2.3 software, with the "lavaan" package employed for cross-lagged panel model construction.

Results  The findings revealed that the relationship between CR and depression among women at high risk of 
PND persisted over time due to autoregressive effects. PND at T1 was prospectively associated with changes in CR, 
family function, perceived stress, mindfulness, and sleep quality at T2 ( B = 2.467, -0.473, 0.878, -0.306, 0.393, P < 0.05). 
However, the cross-lagged effects of CR, family function, mindfulness, and sleep quality at T1 on the PND total score at 
T2 were not significant. The only exception was the significant positive cross-lagged effect of perceived stress at T1 on 
PND at T2. ( B = 0.102, P < 0.05).

Conclusion  This study among high-risk women with PND found that late-pregnancy depression was prospectively 
associated with higher postpartum cognitive reactivity, perceived stress, and depressive symptoms, and with poorer 
family function, mindfulness, and sleep quality. These findings advance understanding of the dynamic interplay 
between perinatal psychological and interpersonal factors and highlight the need for early intervention during 
pregnancy. Clinically, strengthening depression screening and adopting targeted strategies—such as cognitive-
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Introduction
The WHO’s 2022 guidelines highlight that approximately 
one in five maternal individuals globally may experience 
depression during pregnancy or within the first year 
postpartum [1]. Global estimates place the prevalence 
of perinatal depression (PND) between 13 and 30% [2], 
with the rate among Chinese women being 16.3%, which 
is particularly high in regions with lower socioeconomic 
development [3]. The incidence of PND is increasing by 
9% annually [4], underscoring PND as a growing global 
issue. PND, encompassing prenatal and postpartum 
depression, affects women from pregnancy through the 
first year postpartum [5]. Symptoms include reduced 
interest, lack of focus, and feelings of depression, particu-
larly in late pregnancy and the first three months post-
partum [6]. A cohort study of 3,009 mothers revealed the 
peak incidence of physical and mental health issues at 
three months postpartum, with a gradual decline there-
after [7].

PND is intimately linked to numerous adverse out-
comes for both mothers and infants, imposing a sig-
nificant burden on perinatal women, their families, 
and society at large. Previous cross-sectional studies 
[8, 9] have documented the distress and social dysfunc-
tion incurred by PND among pregnant and postpartum 
women. Furthermore, it has been shown to adversely 
affect the cognitive, emotional, and behavioral develop-
ment of infants and young children. In extreme cases, 
women suffering from PND may even engage in suicidal 
or infanticidal behaviors [10]. Thus, PND has emerged as 
a matter of grave concern for public health professionals 
and clinical researchers alike.

Bronfenbrenner's Health Ecological Model emphasizes 
the impact of various ecosystems on individual develop-
ment [11]. This model, as supported by McLeroy et al. 
[11], can be used to identify factors influencing perina-
tal depressive symptoms and provides a comprehen-
sive framework for preventing and treating PND [12]. 
In terms of psychological behavior, cognitive reactiv-
ity, perceived stress, mindfulness, and quality of sleep 
have been shown to be associated with PND, although 
the focus has primarily been on postpartum women [3, 
13]. CR refers to the phenomenon where negative cog-
nitions, which are dormant in certain individuals, can 
be triggered by life events, stress, or negative emotions 
[14]. Studies [15, 16] have indicated that CR serves as a 
stable predictor for the onset and recurrence of depres-
sion. Although current research on CR predominantly 
focuses on adolescents [17], the study [18] has revealed 

that CR in late pregnancy positively predicts depression 
levels at six weeks postpartum, this finding suggests that 
CR may serve as a sensitive predictor of PND to some 
extent. However, its underlying mechanisms require fur-
ther investigation.

Research has shown that individuals who perceive 
higher levels of stress are prone to developing mental 
and physical illnesses, including depressive symptoms 
[3]. Pregnancy-related stress primarily arises from vari-
ous stressful events that inflict psychological distress or 
threats on pregnant women, manifesting as physical and 
emotional tension along with various types of discomfort 
[3].Studies [19, 20] have demonstrated that high levels of 
stress during pregnancy play a pivotal role in the onset 
of PND. Furthermore, sleep is a vital process for human 
recovery and regulation and is crucial to mental health. 
A Chinese study [21] has shown that the quality of sleep 
among women during late pregnancy directly impacts 
their postpartum depression mood levels. Additionally, 
individuals with higher levels of mindfulness reportedly 
exhibit lower CR and a reduced likelihood of develop-
ing or relapsing into depression [15]. However, research 
[22, 23] exploring the correlation between mindfulness 
and PND tends to focus more on postpartum women, 
the better an individual's trait—level mindfulness, with 
findings indicating that individuals with higher trait-level 
mindfulness exhibit lower CR in response to low mood, 
thereby reducing the likelihood of developing depression 
or experiencing a depressive relapse [23]. There may be 
a lack of comprehensive longitudinal studies on mindful-
ness and PND. Further investigation is needed to deter-
mine if such longitudinal studies exist and to clarify their 
findings.

In terms of interpersonal factors, family function refers 
to the ability of a family, as a collective unit, to meet the 
diverse needs of its members. This is reflected in mutual 
affection, support, emotional communication, and the 
shared ability to cope with life events and stressors [24]. 
Although research [25] indicates that positive family 
functioning has a beneficial effect on maternal mental 
health, helping reduce both the occurrence and severity 
of depressive symptoms, it should be considered a cru-
cial target in interventions aimed at reducing the preva-
lence of PND [26]. Evidence from both cross-sectional 
and recent longitudinal studies has consistently identi-
fied family functioning as a significant predictor of PND 
[25, 26]. However, most investigations have focused on 
single associations in isolation. A recent longitudinal 
network analysis has begun to examine the interplay 

behavioral therapy, family counseling, mindfulness training, and sleep optimization—may aid in the prevention, early 
detection, and treatment of PND, thereby safeguarding maternal mental health and infant well-being.

Keywords  Cross-lagged panel analysis, Depression, Perinatal Care, Psychology, Longitudinal Studies
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among multiple psychosocial factors, including fam-
ily functioning [27], yet such evidence remains limited. 
Consequently, the dynamic role of family functioning 
in relation to other psychosocial factors is still not fully 
understood within the broader mechanisms of PND and 
the development of targeted interventions.

The selection of cognitive reactivity, perceived stress, 
mindfulness, sleep quality, and family function as 
research factors is based on their well-documented asso-
ciations with PND in prior studies [3, 13, 15–23, 25]. Spe-
cifically, cognitive reactivity serves as a stable predictor 
of depressive onset [15, 16], perceived stress influences 
HPA axis regulation [3, 19, 20], mindfulness modulates 
emotional responses [15], sleep quality directly impacts 
postpartum mood [21], and family support provides a 
buffer against stress [25]. Bronfenbrenner's model fur-
ther integrates these factors within a multilevel ecologi-
cal framework, highlighting their interactive effects on 
PND development [11]. Based on this model, the exam-
ined variables can be conceptualized across different sys-
temic levels: cognitive reactivity, mindfulness, and sleep 
quality primarily pertain to the individual microsystem; 
family functioning operates within the mesosystem of 
interpersonal relationships; and perceived stress often 
arises from interactions with the broader exo- and mac-
rosystems (e.g., societal norms, economic factors) as 
well as the chronosystem (transition to parenthood). We 
hypothesize dynamic, potentially bidirectional relation-
ships between PND and these multi-level factors across 
the perinatal period.

As mentioned above, while there appears to be a link 
between the five influencing factors (CR, perceived 
stress, sleep quality, family function, and mindfulness) 
and PND, the temporal sequence remains unclear. Pre-
vious studies have failed to simultaneously examine the 
bidirectional associations between these factors or pri-
oritize their temporal precedence. Furthermore, the 
current research focuses primarily on the status quo at 
a single time point, with insufficient longitudinal track-
ing of depressive factors across various perinatal stages, 
particularly during the high-risk periods for PND onset 
(late pregnancy and two–three months postpartum) [6]. 
The Cross-Lagged Panel Model is a longitudinal research 
method commonly used to explore the reciprocal influ-
ences between variables over time. By employing the 
Cross-Lagged Panel Model, researchers can simultane-
ously examine the bidirectional associations between 
variables and prioritize their temporal precedence. This 
model is particularly suitable for studying complex phe-
nomena such as PND, which involves multiple influenc-
ing factors and requires consideration of their temporal 
sequence [28].

Therefore, our study focused on high-risk PND popula-
tions and employed a longitudinal research approach to 

investigate factors such as CR, depression, family func-
tion, perceived stress, mindfulness, and sleep quality 
among women during late pregnancy and three months 
postpartum. By constructing a cross-lagged model 
(Appendix 1), we hypothesize that there is a recipro-
cal cross-lagged effect between PND and CR during late 
pregnancy and three months postpartum, and that simi-
lar reciprocal effects exist for family function, mindful-
ness, perceived stress, and sleep quality.

Methods
Design
This prospective study was conducted in Fujian Prov-
ince, China, from December 2021 to January 2023. The 
research protocol was thoroughly reviewed and approved 
by the Institutional Review Board of the Second Affiliated 
Hospital of Fujian Medical University (No. 2022085). 
This study followed the reporting guidelines set out in the 
Observational Longitudinal Research Checklist by Tooth, 
L. et al. [29].

Participants
We employed convenience sampling to recruit 1426 
pregnant women from obstetrical clinics and inpa-
tient departments of three tertiary hospitals (level 3) in 
Fuzhou and Quanzhou City, Fujian Province, China. The 
inclusion criteria were as follows: (1) pregnant women 
aged ≥ 20  years in their late trimesters (gestational 
age ≥ 28  weeks confirmed by type-B ultrasonography), 
(2) identified as high-risk for PND with a score ≥ 58 on 
the 26—item modified Leiden Index of Depression Sen-
sitivity—Chinese version (LEIDS—RR—CV) [30] and a 
score ≤ 12 on the 10—item Edinburgh Postnatal Depres-
sion Scale (EPDS), and (3) willingness to participate in 
a follow—up period of up to three months postpartum. 
Women with pre—existing mental disorders or cognitive 
impairments were excluded. To determine the presence 
of mental disorders or cognitive impairments, partici-
pants were screened using the Mini International Neuro-
psychiatric Interview (MINI) 7.0, a structured diagnostic 
interview tool. The MINI covers a wide range of psychi-
atric disorders and provides a reliable and efficient way to 
assess mental health status. Trained research assistants 
conducted the interviews, and any positive findings were 
further reviewed by a psychiatrist for confirmation. It 
should be noted that detailed demographic information 
was not collected from women who were screened but 
did not meet the inclusion criteria, which limits our abil-
ity to assess potential selection bias.

The sample size [31] for longitudinal data requires 80% 
power which depends on the intraclass correlation coeffi-
cient. The effect sizes were denoted as SL for small (0.14), 
M for medium (0.39), L for large (0.59), and H for halfway 
(0.26). In this study, we selected an ICC of 0.2. With the 
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effect size SL indicating βa = 0.14 and βb = 0.59, we opted 
for the most powerful bootstrapping method. The mini-
mum sample size required was 278 women. Factoring a 
15% attrition rate, we established that the required sam-
ple size should be at least 320.

Measures
At baseline (T1), participants in the third trimester com-
pleted the questionnaire online via Wenjuanxing ​(​​​h​t​t​p​s​:​
/​/​w​w​w​.​w​j​x​.​c​n​/​​​​​)​, a popular survey platform in China. At 
follow-up (T2), data were collected through telephone 
interviews, during which trained research assistants read 
each item aloud and filled in responses based on par-
ticipants’ answers. This approach ensured standardized 
data collection and minimized missing data. The switch 
to telephone interviews was due to postpartum women's 
limited mobility and time constraints. To ensure data 
quality, questionnaires were pre-tested, clear instructions 
were provided, and 10% of responses were randomly 
verified. Participants without T1 data were excluded to 
maintain consistency.

Exposure measures
Perceived stress scale (PSS)  The 10-item PSS assesses 
various dimensions of life stress, including the ability 
to manage unexpected events, feelings of nervousness 
or stress, and the capacity to cope with difficulties [32]. 
Scores on the PSS range from 0 to 40, with higher scores 
indicating higher levels of perceived stress. The scale has 
demonstrated acceptable internal consistency (Cron-
bach's alpha of 0.82–0.85) and has been validated as an 
effective measure for assessing perinatal stress. In this 
study, the Cronbach’s α values for women at T1 and T2 
were 0.822 and 0.848, respectively.

Cognitive and affective mindfulness scale-revised 
(CAMS-R)  The CAMS-R is a self-report questionnaire 
designed to assess the relationship between mindfulness 
and mood [33]. It uses a 4-point Likert scale ranging from 
"never" to "always," with scores from 1 to 4. The total 
score ranges from 12 to 48, with higher scores indicating 
a higher level of mindfulness. The CAMS-R has demon-
strated satisfactory internal consistency, with Cronbach's 
alpha values ranging from 0.87 to 0.91, establishing its 
reliability in measuring perinatal mindfulness. In this 
study, the Cronbach’s α values for women at T1 and T2 
were 0.905 and 0.868, respectively.

Adaptation, partnership, growth, affection, and 
resolve scale (Family APGAR scale)  Family function 
information was obtained via maternal self-reports using 
the family APGAR scale [34]. The APGAR is a 5-item tool 
rated on a 2-point Likert scale ranging from 0 to 10, where 
higher scores indicate better family function. It has been 

validated through clinical diagnostic interviews during 
the perinatal period, demonstrating adequate sensitivity, 
specificity, and predictive value. The scale showed accept-
able reliability in this study, with Cronbach’s α ranging 
from 0.89 to 0.91 for the overall score.

Athens insomnia scale (AIS)  The Chinese adaptation of 
the AIS is a widely recognised self-assessment tool used 
to evaluate sleep quality [35]. It consists of eight items 
designed to assess both sleep quality and insomnia symp-
toms in individuals. Each item is scored on a scale of 0 to 
3, indicating the severity of symptoms comprehensively 
from “none” to “severe”. The total score ranges from 0 
to 24, with higher scores indicating more severe insom-
nia symptoms. In this study, the Cronbach’s α values for 
women at T1 and T2 were 0.813 and 0.799, respectively.

Chinese version of the modified leiden index of 
depression sensitivity (LEIDS-RR-CV)  Authorized by 
the author of the original LEIDS scale, our research team 
adapted and validated the LEIDS-RR in 2017 to create the 
Chinese version, LEIDS-RR-CV [36]. This self-assessment 
tool is designed to evaluate individuals’ cognitive and 
behavioral symptoms of grief, also known as the CR level. 
This scale comprises 26 items across five dimensions. The 
responses are rated on a 5-point Likert scale, ranging from 
“not at all” (1 point) to “very strongly” (5 points).

Notably, the acceptance/coping dimension employs 
reverse scoring, where 5 points indicate "not at all" and 
1 point indicates “ very strongly.” A higher total score 
reflects a higher CR level in individuals, suggesting a 
greater likelihood of depression occurrence or recur-
rence. In this study, the Cronbach’s α values for women at 
T1 and T2 were 0.875 and 0.895, respectively.

Outcome measures
Edinburgh postnatal depression scale (EPDS)  Depres-
sion symptoms were assessed using the Chinese version of 
the EPDS [37]. The EPDS is a widely used 10-item ques-
tionnaire in which each item is scored on a 4-point scale 
from 0 to 3. The total score, ranging from 0 to 30, indicates 
the severity of depressive symptoms, with higher scores 
indicating more severe symptoms. In this study, the EPDS 
showed good internal consistency (Cronbach's α = 0.870). 
A cutoff score of greater than 12 on the EPDS was used to 
screen for PND in women, with a score of ≤ 12 indicating 
the absence of PND (This cutoff was selected to identify 
women who were at high risk for depression (based on 
cognitive reactivity) but were not experiencing clinically 
significant depressive symptoms at baseline, allowing for 
the observation of incident or worsening symptoms post-
partum.) In this study, the Cronbach’s α values for women 
at T1 and T2 were 0.767 and 0.857, respectively.

https://www.wjx.cn/
https://www.wjx.cn/
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Statistical analysis
Statistical analyses were conducted using IBM SPSS Sta-
tistics (version 26) and R 4.2.3 software. The frequency 
and percentage (%) were used to describe the count data, 
while the non-normally distributed measurement data 
were expressed as the median M (P25-P75), and the Wil-
coxon rank sum test was used for the analysis of differ-
ences between groups. Pearson correlation coefficients 
were employed to assess linear relationships in normally 
distributed variables, whereas Spearman rank correla-
tions were used for non-normally distributed data. Uni-
variate linear regression analysis was performed using 
the 'lm' function in R. A significance level of P < 0.1 [38] 
was used as a criterion for variable selection in multi-
variate regression analysis. The 'leaps' package in R was 
employed to identify optimal subset features and deter-
mine the best-fitting multivariate regression model.

For data analysis of the Cross-Lagged Panel Model, 
the “ lavaan” package in R was utilized. Fit indices that 
minimize the likelihood of type I and type II errors were 
employed: the chi-square test (χ2), chi-square to test 
for degrees-of-freedom ratio (χ2/df ), Comparative Fit 
Index, Tucker Lewis Index, Root Mean Square Error of 
Approximation, and Akaike’s Information Criteria. The 
study's general modeling strategy involved 6 pathways 
with their respective coefficients. The cross-lagged path-
ways included 2 coefficients: the rX1Y2 coefficient repre-
sented the influence of variables (CR, sleep quality, family 
function, perceived stress, and mindfulness) at T1 on the 
total postpartum depression score at T2, whereas the 
rY1X2 coefficient represented the impact of the depres-
sion score at T1 on the variables (CR, sleep quality, fam-
ily function, perceived stress, and mindfulness) at T2 (see 
Appendix 1).

Measurement and modeling considerations
The scales used in this study demonstrated acceptable 
internal consistency at both T1 and T2 (see Sect. 2.3). 
However, internal consistency does not guarantee mea-
surement invariance. Due to the two-wave design, we 
could not formally test for measurement invariance 
across time for key constructs (e.g., CR, mindfulness, 
sleep quality). This means we cannot rule out the possi-
bility that the structure or meaning of these scales may 
have shifted between the late pregnancy and postpartum 
periods. Consequently, interpretations of longitudinal 
score changes should be made with caution. Further-
more, the traditional cross-lagged panel model (CLPM) 
used with two waves of data yields estimates that blend 
between-person (stable trait) differences and within-
person changes over time. Thus, the reported “predic-
tive” effects should be interpreted primarily as evidence 
of temporal precedence rather than strict within-per-
son causality. Additionally, as the specified CLPMs are 

saturated models (degrees of freedom = 0), they fit the 
data perfectly by definition; thus, model fit indices are 
not reported, which limits independent assessment of 
model adequacy.

Variable selection and causal assumptions
To transparently guide the selection of covariates and 
clarify the assumed causal relationships among variables, 
we constructed a Directed Acyclic Graph (DAG) based 
on prior clinical knowledge and existing literature [3, 
13–27] (see Fig. 1). The DAG delineated the causal paths 
between exposures, outcomes, and potential confound-
ers, and was used to identify the minimal sufficient set of 
covariates for adjustment in the models to minimize bias.

Results
Participant characteristics
Among the 1,426 women contacted during late preg-
nancy, 368 met the inclusion criteria. At T2, a total of 329 
participants completed all the assessments, resulting in a 
follow-up loss rate of 10.6% (n = 39). The reasons for loss 
to follow-up included refusal to participate (n = 12), phys-
ical discomfort (n = 10), childcare responsibilities (n = 10), 
and loss of contact (n = 7). Among the participants at 
three months postpartum, 123 women scored > 12 on the 
EPDS and were referred for further psychiatric evalua-
tion. The recruitment and follow-up process is presented 
in a flowchart (see Appendix 2). Table 1 presents an over-
view of the participants' basic demographic and clinical 
characteristics.

Variable correlations
As indicated in Appendices 3, 4 and 5, the results present 
descriptive statistics on assessment scores of women at 
time points T1 and T2. Between the third trimester and 
three-months postpartum, the participants' CR recov-
ered, while the risk of postpartum depression increased. 
Pearson correlation analysis revealed several relation-
ships. At T1, the total PND score was positively corre-
lated with CR (T1, r = 0.376, P < 0.001), perceived stress 
(T1, r = 0.565, P < 0.001), and sleep quality (T1, r = 0.397, 
P < 0.001) but negatively correlated with family func-
tion (T1, r = −0.564, P < 0.001). However, there was no 
significant correlation between mindfulness (T1) and 
PND score (T1, r = −0.078, P > 0.05). At T2, the PND 
score was significantly correlated with all five variables: 
CR (r = 0.791, P < 0.001), family function (r = −0.689, 
P < 0.001), perceived stress (r = 0.691, P < 0.001), mindful-
ness (r = −0.239, P < 0.001), and sleep quality (r = 0.472, 
P < 0.001).

Cross-lagged panel model findings
The specified cross-lagged models are saturated (with 
zero degrees of freedom) and thus fit the data perfectly. 
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Therefore, conventional model fit indices are not pre-
sented. However, reliance on saturated models limits the 
ability to evaluate model adequacy beyond the examina-
tion of the estimated temporal paths.

(1)	 CR–PND cross-lagged panel model

As shown in Fig. 2 and Table 2, a reciprocal and longitu-
dinal relationship was found between the CR and PND. 
A high PND at T1 had a significant positive effect on CR 
at T2 (B = 2.467, P < 0.05), but CR at T1 had no significant 
effect on PND levels at T2 (B = −0.001, P > 0.05).

(2)	 Family function–PND cross-lagged panel model

As shown in Fig. 2 and Table 2, the longitudinal relation-
ship between family function and PND was examined. 
PND at T1 negatively predicted family function at T2 
(B = −0.473, P < 0.05). However, neither the autoregres-
sive effect of family function (B = −0.005, P > 0.05) nor its 
cross-lagged effect on PND at T2 (B = −0.047, P > 0.05) 
was statistically significant.

(3)	 Mindfulness–PND cross-lagged panel model

As shown in Fig.  2 and Table  3, a reciprocal and longi-
tudinal relationship was found between mindfulness 

and PND. PND at T1 negatively predicted mindfulness 
at T2 (B = −0.306, P < 0.05), but mindfulness at T1 had 
no significant effect on mindfulness or PND levels at T2 
(B = −0.077 & −0.037, P > 0.05).

(4)	 Sleep quality–PND cross-lagged panel model

As showed in Fig. 2 and Table 3, a reciprocal and longi-
tudinal relationship was found between sleep quality and 
PND. A high PND at T1 had a significant positive effect 
on sleep quality at T2 (B = 0.393, P < 0.05), but sleep qual-
ity at T1 had no significant effect on sleep quality or PND 
at T2 ( B = 0.076 & 0.047, P > 0.05).

(5)	 Perceived stress–PND cross-lagged panel model

As shown in Fig.  2 and Table  4, a reciprocal and longi-
tudinal relationship was found between perceived stress 
and PND. The standardized path coefficient from PND 
scores at T1 to perceived stress at T2 ( B = 0.878, P < 0.05) 
was substantially stronger than the opposite direction, 
which is from perceived stress (T1) to PND scores (T2) 
( B = 0.102, P < 0.05). However, perceived stress at T1 had 
no significant effect on perceived stress levels at T2 ( 
B = 0.064, P > 0.05).

The above cross-lagged models are all identified as sat-
urated models; therefore, no fit indices are reported.

Fig. 1  Directed acyclic graph of perinatal depression and related factors
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Discussion
This study focused on high-risk women with PND and 
preliminarily supported the directional longitudinal rela-
tionships among PND, CR, family function, mindfulness, 
perceived stress, and sleep quality. Our findings indicate 

that the relationships between CR, family function, and 
PND were maintained over time through an autoregres-
sive effect. Notably, depression levels during late preg-
nancy (T1) positively predict postpartum levels of CR, 
perceived stress, and depression but negatively predict 
family function, mindfulness, and sleep quality at three 
months postpartum (T2). Additionally, worsening PND 
increased perceived stress over time through a cross-
lagged effect.

These insights offer a comprehensive understanding 
of the dynamic relationships among these factors over 
time and provide robust theoretical support for PND 
prevention and treatment. An important consideration 
in interpreting these findings is that the estimates from 
our two-wave cross-lagged panel models may reflect a 
blend of stable differences between individuals (between-
person effects) and changes within individuals over 
time (within-person effects). Therefore, the observed 
temporal associations should not be interpreted solely 
as evidence of causal processes operating within indi-
viduals, as they may also be influenced by pre-existing, 
time-invariant traits. Viewed through Bronfenbrenner’s 
ecological model, our findings illustrate how depressive 
symptoms at the individual level (microsystem) can pre-
dict subsequent functioning across multiple ecosystem 
levels, including perceived stress (which may interface 
with the exosystem), family dynamics (mesosystem), and 
sleep patterns (which reflect biopsychosocial processes).
Specifically, healthcare providers should enhance depres-
sion screening during late pregnancy and implement tar-
geted measures to reduce depressive symptoms, alleviate 
CR and stress, improve family support and mindfulness, 
and enhance sleep quality. These strategies are crucial 
for reducing the incidence of PND and facilitating early 
detection and intervention.

First, among high-risk women with PND, both CR and 
depression persist over time due to autoregressive effects. 
Various complex factors contribute to the rise in CR lev-
els and worsening PND, with each variable carrying its 
own risk factors. Research highlights multiple influences 
on CR among perinatal women [39, 40]. Elevated CR 
levels are particularly evident postpartum [41], and indi-
viduals with high CR scores who are never depressed are 
at increased risk of a first depressive episode within two 
years [42]. Previous studies on maternal depression [43] 
have demonstrated a strong correlation between depres-
sion in late pregnancy and postpartum, with prenatal 
depression significantly raising the risk of postpartum 
depression [39]. The deterioration of both cognitive func-
tion and depression are critical to prognosis, and early 
assessment of these factors can help healthcare providers 
and policymakers identify at-risk women and implement 
timely intervention or prevention strategies.

Table 1  The socio-demographic and clinical characteristics of 
participants (n = 329)
Variables n (%)
Age (years)

  18–24 19 (5.78)

  25–29 140 (42.55)

  30–34 156 (47.42)

 ≥ 35 14 (4.25)

Gestational weeks

 ≤ 31 + 6 14 (4.26)

  32–36 + 6 111 (33.74)

 ≥ 37 204 (62.00)

Only daughter

  No 280 (85.11)

  Yes 49 (14.89)

Marital status

  Unmarried 7 (2.13)

  Married 317 (96.35)

  Remarried 5 (1.52)

Educational level

  Middle school degree or below 34 (10.33)

  High school/technical school degree 53 (16.11)

  Bachelor/college degree 222 (67.48)

  Master’s degree or above 20 (6.08)

Residential location

  Urban 258 (78.42)

  Rural 71 (21.58)

Occupation

  Civil servant 5 (1.52)

  Enterprise manager 25 (7.60)

  Clerk 90 (27.36)

  Teacher/technician 77 (23.40)

  Medical staff 15 (4.56)

  Service industry worker 18 (5.47)

  Other 99 (30.09)

Monthly household income (RMB, ¥)

 ≤ 1000 3 (0.91)

  1001–3000 20 (6.08)

  3001–5000 125 (37.99)

  5001–8000 121 (36.78)

 ≥ 8001 60 (18.24)

Number of pregnancies

  One 158 (48.02)

  Two 121 (36.78)

  Three or more 50 (15.20)

Number of children

  1 196 (59.57)

  2 121 (36.79)

 ≥ 3 12 (3.64)
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Second, worsening PND increased perceived stress 
over time through a cross-lagged effect. Possible expla-
nations for this finding include an elevated stress can 
disrupt the hypothalamic–pituitary–adrenal (HPA) axis, 
leading to abnormal cortisol secretion and an increased 
risk of psychosomatic disorders such as depression [44]. 
Additionally, prenatal stress often persists into the post-
partum period, exacerbating the likelihood of postpar-
tum depression [19]. Higher prenatal stress may also 
trigger anxiety and other forms of psychological dis-
tress, further predicting elevated postpartum depres-
sive symptoms [20]. Furthermore, if depression during 
late pregnancy remains unresolved and is coupled with 
a lack of parenting experience postpartum, women may 
feel incapable of caring for their newborns [45]. As fam-
ily members' attention shifts toward the baby, mothers 
may perceive a lack of appreciation, which can negatively 
impact positive parent-infant interactions [24]. This, in 
turn, increases the stress associated with caring for and 
meeting the needs of the infant, thereby elevating overall 
postpartum stress levels. Therefore, healthcare providers 
should emphasize pre-evaluating the levels of perceived 
stress and depression during late pregnancy among high-
risk women and implement interventions to prevent and 
reduce PND.

Third, depression during late pregnancy (T1) predicts 
elevated CR levels at three months postpartum (T2), 
extending findings from our prior study [30] that dem-
onstrated its impact at 42 days postpartum. This aligns 
with the Vulnerability-Stress Model of depression and 

cognition [46], which suggests that the lasting effects of 
late-pregnancy depression stem from persistent nega-
tive thought patterns—such as pessimism, anxiety, and 
self-reflection—that may intensify postpartum, lead-
ing to heightened emotional responses to the challenges 
of motherhood. Similarly, the Differential Activation 
Hypothesis proposed by Lau, M. A. et al. [47] posits 
those individuals with a history of depression experi-
ence stronger negative cognitive shifts when facing minor 
emotional stressors. Late-pregnancy depression may also 
lead to a heightened focus on negative self-related infor-
mation, amplifying emotional responses postpartum. 
Together, these mechanisms explain its lasting influence 
on maternal emotional health.

Fourth, within our longitudinal model, depression 
levels during late pregnancy (T1) showed a negative 
prospective association with family functioning and 
mindfulness at three months postpartum (T2), and were 
linked to poorer sleep quality. Consistent with previ-
ous studies, women who exhibited more severe depres-
sive symptoms during late pregnancy reported a poorer 
perception of family care postpartum. This may be 
attributed to the emotional burden intensified by late-
pregnancy depression, which impairs their perception 
of family support. As a result, women with high levels of 
depression may feel inadequately supported by their fam-
ilies, exacerbating feelings of loneliness and weakening 
social connections [24]. Furthermore, depressive moods 
can diminish interest and libido, potentially leading to 
distancing in intimate relationships and a reduction in 

Fig. 2  Cross-lagged Panel Models of Various Factors and Perinatal Depression. Note: The covariates of the model have been controlled.*P < 0.05, **P < 0.01, 
***P < 0.001
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spousal interactions [48]. A similar effect is observed in 
mindfulness, which emphasizes acceptance and atten-
tion to present-moment experiences rather than dwelling 
on past pain or future worries [49]. However, depressive 
emotions can easily lead women to hold negative views 
of their circumstances, foster pessimistic thinking, and 
make it difficult for them to actively engage in the pres-
ent moment. This negative spiral hinders the cultivation 
of mindfulness.

Additionally, sleep disorders are often linked to nega-
tive emotions, with depression being the most prevalent 
[50]. This study confirms that higher levels of depressive 

emotions during late pregnancy are associated with 
poorer sleep quality three months postpartum. Depres-
sion often results in anxiety and worry, making it difficult 
for women to relax and fall asleep, leading to frequent 
awakenings, difficulty falling asleep, light sleep, and 
nightmares [51]. Physiological changes, such as hormonal 
fluctuations and metabolic shifts, further disrupt sleep 
patterns and the body's circadian rhythm [52]. Moreover, 
pregnancy-related depression may reduce a woman’s 
ability to manage postpartum activities such as exercise, 
which is linked to better sleep. Research [53] suggests 
that pregnant women who exercise more than six hours 
per week have a significantly lower risk of sleep disorders 
than those who exercise less. Reduced physical activity 

Table 2  Parameter estimation of CR, family function and PND 
cross-lagged model
Pathway B (Unstan-

dardized 
Estimate)

SE Z P

CR* T2—CR T1 0.201 0.084 2.381 0.017

CR T2—PND* T1 2.467 0.182 13.567  < 0.001

PND T2—CR T1 −0.001 0.024 −0.051 0.959

PND T2—PND T1 1.237 0.057 21.805  < 0.001

CR T1—PND T1 9.869 1.294 7.628  < 0.001

CR T2—PND T2 13.413 3.222 4.163  < 0.001

CR T2—CR T2 98.039 9.454 10.370  < 0.001

PND T2—PND T2 6.853 1.433 4.782  < 0.001

CR T1—CR T1 44.894 5.585 8.039  < 0.001

PND T1—PND T1 14.219 0.664 21.399  < 0.001

CR T2—T1 42.029 5.144 8.171  < 0.001

PND T2—PND T2 3.522 1.457 2.417 0.016

CR T1—T1 64.802 0.369 175.426  < 0.001

PND T1—PND T1 5.693 0.208 27.385  < 0.001

Family function* T2—Family 
function T1

−0.005 0.067 −0.074 0.941

Family function T2—PND T1 −0.473 0.044 −10.688  < 0.001

PND T2—Family function T1 −0.047 0.062 −0.768 0.443

PND T2—PND T1 1.219 0.055 22.173  < 0.001

Family function T1—PND T1 −4.916 0.408 −12.036  < 0.001

Family function T2—PND T2 −2.746 0.682 −4.026  < 0.001

Family function T2—Family 
function T2

5.796 0.441 13.136  < 0.001

PND T2—PND T2 6.844 1.442 4.748  < 0.001

Family function T1—Family 
function T1

5.635 0.292 19.307  < 0.001

PND T1—PND T1 14.219 0.664 21.399  < 0.001

Family function T2—T1 8.541 0.664 12.867  < 0.001

PND T2—PND T2 3.889 0.577 6.740  < 0.001

Family function T1—T1 7.322 0.131 55.950  < 0.001

PND T1—PND T1 5.693 0.208 27.385  < 0.001
Note. CR = cognitive reactivity; PND = perinatal depression; T1 = the third 
trimester (first wave); T2 = three months postpartum (second wave). B denotes 
unstandardized regression coefficients for paths indicated by arrows (→), the 
specific type of each estimate (e.g., covariance, variance) is indicated in the 
“Pathway” column
*Cognitive reactivity was assessed using the Chinese Version of the modified 
Leiden Index of Depression Sensitivity. Perinatal depression was assessed using 
the Edinburgh Postnatal Depression Scale

Table 3  Parameter estimation of mindfulness, sleep quality and 
PND cross-lagged model
Pathway B (Unstan-

dardized 
Estimate)

SE Z P

Mindfulness* T2—Mindful-
ness T1

−0.077 0.054 −1.423 0.155

Mindfulness T2—PND T1 −0.306 0.087 −3.498  < 0.001

PND T2—Mindfulness T1 −0.037 0.021 −1.776 0.076

PND T2—PND T1 1.233 0.055 22.501  < 0.001

Mindfulness T1—PND T1 −0.996 1.266 −0.787 0.431

Mindfulness T2—PND T2 −2.435 0.805 −3.025 0.002

Mindfulness T2—Mindful-
ness T2

34.040 2.795 12.178  < 0.001

PND T2—PND T2 6.808 1.415 4.811  < 0.001

Mindfulness T1—Mindful-
ness T1

32.311 2.813 11.488  < 0.001

PND T1—PND T1 14.219 0.664 21.399  < 0.001

Mindfulness T2—T1 33.657 1.588 21.198  < 0.001

PND T2—PND T2 4.530 0.704 6.438  < 0.001

Mindfulness T1—T1 28.578 0.313 91.190  < 0.001

PND T1—PND T1 5.693 0.208 27.385  < 0.001

Sleep quality* T2—Sleep 
quality T1

0.076 0.068 1.124 0.261

Sleep quality T2—PND T1 0.393 0.065 6.026  < 0.001

PND T2—Sleep quality T1 0.047 0.033 1.420 0.156

PND T2—PND T1 1.219 0.057 21.49  < 0.001

Sleep quality T1—PND T1 4.981 0.669 7.441  < 0.001

Sleep quality T2—PND T2 2.911 0.698 4.170  < 0.001

Sleep quality T2—Sleep qual-
ity T2

14.360 1.052 13.650 < 0.001

PND T2—PND T2 6.833 1.431 4.773  < 0.001

Sleep quality T1—Sleep qual-
ity T1

10.87 0.903 12.037  < 0.001

PND T1—PND T1 14.219 0.664 21.399  < 0.001

Sleep quality T2—T1 7.437 0.510 14.580  < 0.001

PND T2—T1 3.227 0.266 12.127  < 0.001

Sleep quality T1—T1 6.690 0.182 36.804  < 0.001

PND T1—PND T1 5.693 0.208 27.385  < 0.001
*Mindfulness was assessed using Cognitive and Affective Mindfulness Scale-
Revised. Sleep quality was assessed using Athens Insomnia Scale
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and disrupted sleep–wake cycles can further impair sleep 
quality. These findings highlight the need for healthcare 
providers to prioritize screening for depression during 
late pregnancy, especially in high-risk women, and to 
implement interventions focused on reducing cognitive 
reactivity, enhancing mindfulness, and improving sleep 
quality.

In clinical practice, to translate these research con-
clusions into intervention measures: For reducing CR, 
healthcare providers can offer cognitive—behavioral 
therapy (CBT) programs during late pregnancy. CBT 
can help women identify and challenge negative thought 
patterns, which are characteristic of high CR [54]. For 
example, conducting group CBT sessions where women 
share and correct each other's negative self—evaluations 
[54]. To enhance family function, family—centered inter-
ventions can be implemented. This could involve family 
counseling sessions that focus on improving communi-
cation within the family, especially during the transition 
to parenthood [55]. Family members can be educated on 
how to provide effective emotional support to the preg-
nant woman. These steps are crucial for reducing the 
incidence of PND and facilitating early detection and 
intervention.

Limitations
Despite these significant findings, several limitations 
should be noted. First, participants were recruited 
through convenience sampling from only three hospitals 
in Fujian Province, and the high exclusion rate (> 50%) 
without demographic comparison data raises concerns 

about selection bias, limiting generalizability. Second, 
extending follow-up periods and increasing measure-
ment frequency—such as assessments during early and 
mid-pregnancy and one year postpartum—would pro-
vide more comprehensive insights. Third, the two-wave 
design and use of the traditional CLPM preclude tests 
of measurement invariance and the disentanglement 
of within-person from between-person effects, which 
cautions against strong causal interpretations. Fourth, 
this study relied solely on the EPDS for assessing peri-
natal depressive symptoms. Future studies should con-
sider incorporating clinician-administered diagnostic 
interviews to confirm depression diagnoses and further 
investigate the mechanisms underlying cognitive reac-
tivity. Fifth, refining the analysis by distinguishing differ-
ences among population subgroups would allow for more 
nuanced findings. Finally, the LEIDS-RR-CV cutoff, while 
based on our prior validation study [30], requires further 
validation in broader populations.

Implications
Our study reveals the causal relationships and dynamic 
interaction patterns between perinatal depression and 
various variables, elucidating the evolutionary trajecto-
ries of these factors over time. In particular, our findings 
underscore the ability of late—pregnancy depression to 
predict postpartum CR, family function, mindfulness, 
sleep quality, and perceived stress levels. Primarily, these 
findings emphasize the importance of early identifica-
tion and treatment of depressive symptoms during late 
pregnancy to help avert postpartum issues. Further-
more, on the basis of the intricate relationship between 
late—pregnancy depression and several pivotal postpar-
tum domains, this study has offered precise targets for 
the development of future intervention measures. At the 
heart of these targets lies the focus on intervening during 
late pregnancy to effectively alleviate maternal stress lev-
els, markedly enhance family functioning, optimize sleep 
quality, and, more importantly, emphasize the promotion 
of postpartum health. Finally, by integrating assessments 
of psychological state during late pregnancy into routine 
screening procedures and coupling them with postpar-
tum follow—ups, we can identify potential high—risk 
women earlier and intervene, potentially reducing the 
incidence and severity of PND, thereby safeguarding the 
health and well—being of both mothers and infants.

Conclusion
This study found that, in this observational cohort, higher 
depression levels during late pregnancy (T1) were pro-
spectively associated with higher postpartum levels of CR 
and perceived stress, and with poorer family function, 
mindfulness, and sleep quality at T2. Additionally, wors-
ening PND increased perceived stress over time through 

Table 4  Parameter estimation of perceived stress and PND 
cross-lagged model
Pathway B (Unstan-

dardized 
Estimate)

SE Z P

Perceived stress* T2—Per-
ceived stress T1

0.064 0.081 0.783 0.434

Perceived stress T2—PND T1 0.878 0.094 9.383  < 0.001

PND T2—Perceived stress T1 0.102 0.047 2.184 0.029

PND T2—PND T1 1.182 0.063 18.622  < 0.001

Perceived stress T1—PND T1 7.497 0.684 10.963  < 0.001

Perceived stress T2—PND T2 5.385 1.139 4.729  < 0.001

Perceived stress T2—Perceived 
stress T2

21.88 1.813 12.068  < 0.001

PND T2—PND T2 6.763 1.427 4.741  < 0.001

Perceived stress T1—Perceived 
stress T1

12.515 1.041 12.027  < 0.001

PND T1—PND T1 14.219 0.664 21.399  < 0.001

Perceived stress T2—T1 13.259 1.112 11.927  < 0.001

PND T2—T1 2.082 0.634 3.286 0.001

Perceived stress T1—T1 16.38 0.195 83.983  < 0.001

PND T1—PND T1 5.693 0.208 27.385  < 0.001
*Perceived stress was assessed using Perceived Stress Scale
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a cross—regressive effect. Theoretically, this study 
enriches the understanding of the dynamic relationships 
among perinatal depression, CR, family function, mind-
fulness, perceived stress, and sleep quality, providing a 
robust theoretical framework for further research in this 
area. Practically, it highlights the importance of early 
intervention during late pregnancy to prevent postpar-
tum depression.

For clinical practice, it is recommended that health-
care providers enhance depression screening during late 
pregnancy. Interventions should be targeted at reduc-
ing cognitive reactivity (e.g., through cognitive—behav-
ioral therapy), enhancing family function (e.g., via family 
counseling), improving sleep quality (e.g., by promoting 
appropriate exercise and sleep hygiene), and fostering 
mindfulness (e.g., through mindfulness—based stress 
reduction programs). These measures can help in the 
prevention, early detection, and treatment of perinatal 
depression, safeguarding the mental health of mothers 
and the well—being of infants.
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