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Purpose: Women in late pregnancy experience multiple co-occurring physical and psychological symptoms that may affect daily 
functioning and well-being. However, conventional approaches are limited in identifying priority intervention targets within complex 
symptom patterns. This study aimed to identify core symptoms and potential targets for symptom management using a network-based 
approach.
Patients and Methods: A cross-sectional study was conducted among 444 women in late pregnancy recruited by convenience 
sampling from a maternal and child health hospital and a tertiary general hospital. Data were collected using a general information 
questionnaire and a Symptom Assessment Scale for Women in Late Pregnancy, which demonstrated good content validity and internal 
consistency. Symptom clusters were identified using exploratory factor analysis with principal component extraction, and a covariate- 
adjusted symptom network was constructed to explore inter-symptom relationships. Computer-simulated interventions were performed 
to examine the potential impact of symptom alleviation and aggravation within the network.
Results: Six symptom clusters were identified: sleep and physical discomfort, cardiopulmonary load-related, emotional, gastrointest
inal, uterine activity-related, and limb/skin clusters. After controlling for covariates, the cluster-specific core symptoms were fatigue 
(strength = 0.93), chest tightness (strength = 1.18), anxiety (strength = 1.15), nausea (strength = 0.70), abdominal tightness (strength = 
1.26), and numbness or tingling in the hands, feet, or legs (strength = −0.11). Simulation analyses suggested that, in the alleviation 
simulations, shortness of breath/dyspnoea, fatigue, and chest tightness were associated with the largest simulated reductions in overall 
symptom burden. In the aggravation simulations, loss of appetite, nausea, and anxiety showed the largest simulated increases in overall 
symptom burden.
Conclusion: This study identified key symptoms and candidate symptom targets within interconnected symptom networks in late 
pregnancy. The findings may provide exploratory insights for multidisciplinary healthcare professionals, including midwives and 
obstetricians, to better prioritise and individualise symptom assessment and management in antenatal care.
Keywords: late pregnancy, symptom clusters, network analysis, simulated intervention, intervention targets, clinical prioritisation

Introduction
Late pregnancy represents the stage of gestation with the greatest physical and psychological burden.1,2 As the fetus 
grows rapidly and maternal physiological demands increase, women commonly experience multiple concurrent symp
toms, including difficulty falling asleep,3 pain,4 fatigue,5 and anxiety,6 among others, with an average of 5–16 symptoms 
reported concurrently.7 The co-occurrence of these symptoms may impair maternal quality of life and is associated with 
adverse maternal and neonatal outcomes, including gestational hypertension,8 fear of childbirth,9 fetal growth 
restriction,10 caesarean delivery,11 and adverse offspring outcomes.12 However, the key symptoms requiring priority 
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attention and the interconnections among individual symptoms remain insufficiently understood, which may limit 
targeted symptom assessment and management and contribute to suboptimal symptom control. Therefore, identifying 
key symptoms and clarifying intervention priorities has become a critical challenge in contemporary midwifery practice 
and symptom management.

Against this backdrop, the symptom cluster perspective offers an important conceptual approach. Symptom clusters 
are typically defined as collections of two or more interrelated symptoms that occur simultaneously, emphasising the 
potential for synergistic or amplifying effects among symptoms.13 Research in the perinatal field has identified multiple 
patterns of late-pregnancy symptom clusters, such as those related to body image, activity endurance, and emotional 
status,14–16 indicating that symptoms in late pregnancy do not occur in isolation but are interconnected in specific 
patterns. Although symptom cluster analysis has improved understanding of co-occurring symptoms and provided useful 
information for clinical management, it primarily focuses on symptom grouping and provides limited insight into the 
complex interrelationships among individual symptoms. Consequently, complementary analytical approaches may be 
needed to further characterise symptom interconnections within the broader symptom system.

In recent years, network analysis has been widely applied in multi-symptom research as a systems-oriented approach. 
This method conceptualises symptoms as interconnected nodes and employs centrality metrics to identify core symptoms 
with high influence within the network.17,18 However, traditional network analysis is primarily based on static associa
tions and may provide limited information regarding how changes in individual symptoms could influence the broader 
symptom network. Existing studies have primarily focused on identifying symptom clusters or network structures, while 
the potential impact of targeting specific symptoms on overall symptom burden in late pregnancy remains insufficiently 
explored.

Traditional clinical intervention studies, however, often face challenges such as high cost, lengthy timeframes, and 
ethical constraints when testing multiple symptom-targeted strategies simultaneously.19 Computational simulation, as an 
extension of network analysis, enables systematic testing of the effects of intervening on different symptoms within the 
network, thereby revealing potential cascading effects that may be undetectable through conventional analyses.20 By 
adjusting symptom activation probabilities or network parameters, this approach more closely approximates real-world 
clinical scenarios and allows identification of potential intervention priorities that have the greatest impact on overall 
symptom burden.21,22 However, the application of simulation-based network approaches in pregnancy research remains 
limited, and their potential utility for understanding symptom interrelationships in late pregnancy has received relatively 
little attention.

Accordingly, the present study combines network analysis with computational simulation techniques to identify core 
symptoms within the symptom network of women in late pregnancy, to characterise inter-symptom relationships, and to 
explore candidate symptoms that may warrant priority attention in future symptom-management research. These findings 
may provide exploratory evidence for developing more targeted and individualized symptom-management approaches in 
antenatal care.

Materials and Methods
This study was designed and reported in accordance with the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement to enhance research quality and transparency.

Study Design and Participants
A cross-sectional survey was conducted using convenience sampling. Given the clinical setting, this recruitment 
approach allowed eligible women in late pregnancy to be identified and invited during routine antenatal visits and 
hospitalisation. Because of the cross-sectional design, the associations observed in this study should not be interpreted as 
evidence of causal relationships. From May to September 2025, pregnant women in late pregnancy who attended the 
outpatient clinics and inpatient wards of a maternal and child health hospital and a tertiary general hospital in a province 
were recruited. Inclusion criteria were as follows: (1) age ≥20 years (the legal age of marriage in China); (2) gestational 
age ≥28 weeks; (3) singleton pregnancy; (4) basic literacy skills with no cognitive impairment (eg. dementia); (5) 
provision of informed consent and voluntary participation. Exclusion criteria were: (1) history of severe mental illness or 
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dysfunction of major organs such as the heart, lungs, or kidneys; (2) uncertain pregnancy outcomes (eg. scheduled 
termination of pregnancy, threatened miscarriage).

Sample Size Calculation
For exploratory factor analysis, the recommended sample size is 5~10 times the number of items. This study included 37 
symptom items. Considering a possible 10% non-response rate, the required sample size was estimated to be 206~412 
participants. The minimum sample size for network analysis was calculated using the formula N+[N×(N−1)/2], where 
N represents the number of symptoms. Taking into account symptoms with an prevalence lower than 40%, the expected 
number of symptom nodes included in the network was about 20~30. Accordingly, the estimated minimum sample size 
ranged from 210 to 465 participants.

Data Collection
Data were collected using a structured questionnaire. Prior to data collection, trained researchers approached women in 
late pregnancy in the obstetric outpatient waiting area or fetal monitoring room for standardised, face-to-face commu
nication. The purpose, significance, and confidentiality principles of the study were explained in detail, including 
anonymous participation and encrypted data storage, with an emphasis on voluntary participation and the right to 
withdraw at any time. After obtaining informed consent, questionnaires were distributed on site. To reduce potential self- 
report bias, trained researchers provided standardized instructions before questionnaire completion, emphasized anon
ymous participation and confidentiality, and encouraged participants to answer independently based on their actual 
symptom experiences. Researchers remained available to clarify questions without guiding responses, and questionnaires 
were retrieved immediately after completion and checked on site only for completeness. In total, 465 questionnaires were 
distributed; 21 were excluded due to >20% missing data, leaving 444 valid questionnaires, with a valid response rate of 
95.48%.

Measures
Sociodemographic and Antenatal Clinical Characteristics
Sociodemographic data included age, monthly household income per capita, educational attainment, occupation, place of 
residence, smoking history, and alcohol history. Antenatal clinical characteristics included gestational age, pre-pregnancy 
body mass index (BMI), gestational weight gain, history of live birth, history of miscarriage, mode of conception, 
duration of exercise during pregnancy, and pregnancy complications.

Symptoms in Late Pregnancy
A self-developed Symptom Assessment Scale for Women in Late Pregnancy was used to systematically evaluate 
symptom experiences during the past week. The scale was based on Symptom Management Theory and informed by 
the Memorial Symptom Assessment Scale.23 Initial items were generated through literature review, open-ended inter
views, and subsequently revised via two rounds of expert consultation. A total of 11 experts in obstetrics, psychology, 
nutrition, and related disciplines participated, all with over 10 years of clinical experience and at least an intermediate 
professional title. The final scale demonstrated good measurement consistency and content representativeness, with 
a content validity index of 0.93 and an internal consistency reliability coefficient of 0.922. Confirmatory factor analysis 
demonstrated acceptable model fit (χ2/df = 2.167, CFI = 0.927, RMSEA = 0.051). Convergent validity was satisfactory 
(AVE > 0.50, CR > 0.70), and discriminant validity met recommended criteria. The scale comprised 37 symptom items. 
The first 24 items assessed symptom frequency, severity, and distress, while the remaining 13 items, as they were not 
directly related to frequency, assessed only severity and distress. During assessment, participants were first asked whether 
a symptom was present. If absent, a score of 0 was recorded. If present, the following dimensions were rated according to 
the individual’s experience: (1) frequency (four-point scale: 1 = rarely, 2 = occasionally, 3 = frequently, 4 = almost 
constantly); (2) severity (four-point scale: 1 = slight, 2 = moderate, 3 = severe, 4 = very severe); and (3) distress (five- 
point scale: 0 = not at all, 1 = a little bit, 2 = somewhat, 3 = quite a bit, 4 = very much). For the first 24 items, the mean 
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score of frequency, severity, and distress was calculated, whereas for the last 13 items, the mean score of severity and 
distress was calculated. In the present study, the Cronbach’s α coefficient of the scale was 0.912. The English version of 
the questionnaire is provided as Supplementary Table S1 for references.

Statistical Analysis
Data entry was conducted using EpiData 3.0, with two researchers independently entering the data to establish the 
database. Statistical analyses were performed using IBM SPSS 27.0 and R 4.3.3. A two-tailed test with P < 0.05 was 
considered statistically significant. Descriptive methods were chosen according to the distribution of the data: normally 
distributed continuous variables were presented as mean ± standard deviation (Mean ± SD); non-normally distributed 
continuous variables were presented as median and interquartile range [Median (IQR)]; categorical variables were 
presented as frequency and percentage [n (%)].

Symptom Cluster Analysis
Exploratory factor analysis was employed to identify symptom clusters among women in late pregnancy. To ensure 
robustness and validity, symptoms with a prevalence lower than 40% were excluded,24 leaving 25 symptoms for analysis. 
Prior to the analysis, data suitability was assessed using the Kaiser–Meyer–Olkin (KMO) test and Bartlett’s test of 
sphericity. The suitability criteria were defined as KMO > 0.70 and P < 0.05 for Bartlett’s test. Symptom scores were 
used as variables for analysis. Principal component extraction was used as the extraction method, followed by Promax 
oblique rotation to facilitate interpretation and allow correlations among the extracted factors. Components with 
eigenvalues >1 were retained. The rotation converged after six iterations, and symptoms with rotated factor loadings 
>0.40 were grouped into the same symptom cluster.25 In total, six symptom clusters comprising 21 symptoms were 
identified.

Symptom Network Construction and Centrality Estimation
Based on the 21 identified symptoms, a Gaussian Graphical Model was used to construct the symptom network. The 
qgraph package was applied to the Spearman rank correlation matrix,26 combined with the Least Absolute Shrinkage and 
Selection Operator and the Extended Bayesian Information Criterion (tuning parameter γ = 0.5) to estimate the network 
and select edges, thereby achieving sparsity and model optimisation.27,28 The network was visualised using the 
Fruchterman–Reingold force-directed algorithm.29

To control for confounding, multivariable linear regression was first used to screen variables significantly associated 
with overall symptom burden (mean score of all 21 symptoms, P < 0.05). These variables were then included as 
covariates in a Mixed Graphical Model to construct the adjusted network. Each node’s predictability (R2) was also 
calculated to assess its level of influence within the network.

The qgraph package was used to estimate four types of centrality indices: strength, betweenness, closeness, and 
expected influence (EI), in order to identify symptom nodes with key roles in the network.30 All centrality indices were 
standardised, and the reported values represented the relative importance of each node compared with the average level 
of network connectivity; positive or negative values indicated above- or below-average importance, respectively. Given 
that betweenness and closeness often show low stability in small- to medium-sized samples,31 core symptoms in this 
study were mainly identified according to strength and expected influence, in order to enhance interpretability and 
reliability under the constraint of a limited sample size.

The analytical framework was selected to account for the inherent correlation structure of symptom data. Symptom 
co-occurrence in late pregnancy is expected and clinically meaningful, as symptoms may interact with or reinforce one 
another. Therefore, a regularized Gaussian graphical model estimated by EBICglasso was applied to estimate conditional 
dependencies among symptoms rather than simple pairwise correlations. By using partial correlations together with 
LASSO shrinkage, this approach reduces weak or potentially spurious associations and helps limit redundancy among 
highly correlated symptoms, thereby producing a more parsimonious and interpretable network structure.
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Network Stability and Accuracy
The bootnet package was used to evaluate the stability and accuracy of the network model via bootstrapping, including 
the precision of edge-weight estimation and the robustness of centrality indices.32 Edge-weight accuracy: Non-parametric 
bootstrapping (nBoots = 1000) was applied, and 95% confidence intervals (CIs) were calculated for each edge. Narrower 
CIs indicated more stable and reliable edge-weight estimates. Centrality stability: Case-dropping bootstrapping (ran
domly removing 10% of cases per iteration, nBoots = 1000) was used to calculate the correlation stability coefficient 
(CS-coefficient). A CS ≥ 0.25 was considered acceptable, and CS ≥ 0.5 indicated good stability.

Computer Simulation Intervention Analysis
Finally, to further identify candidate symptoms with potential relevance for future symptom-management research, this 
study employed the nodeIdentifyR package to conduct computer-simulated intervention analyses.20 Given that the Ising 
model is designed for binary data, symptom scores were dichotomised into binary indicators, with 0 indicating absence of 
the symptom and 1 indicating presence of the symptom. Based on the edge-weight parameter matrix and node threshold 
parameters estimated using the IsingFit algorithm, simulated samples conforming to the original network structure were 
generated using the simulateResponses function. Under the assumption of an unchanged network structure, the 
NodeIdentifyR algorithm (NIRA) simulates hypothetical intervention scenarios by perturbing the threshold parameter 
of a single symptom node.These simulations represent model-based hypothetical scenarios rather than real-world 
interventions. Two types of scenarios were simulated: alleviation and aggravation, with the perturbation magnitude 
uniformly set at two standard deviations. Differences in overall symptom burden, defined as the sum of activated 
symptom states across nodes, between baseline and simulated conditions were compared using independent-samples 
t tests, with False Discovery Rate (FDR) correction applied for multiple comparisons.

Results
Participant Characteristics
A total of 444 women in late pregnancy were included. The mean age was 30.9 ± 3.86 years. Most participants were in 
32~36 weeks of gestation and more than half had attained a bachelor’s degree or above. The majority were primiparous 
and conceived naturally. Detailed demographic and clinical characteristics are presented in Table 1.

Table 1 Characteristics of the Participants (n = 444)

Variable Category n (%)/Mean (SD)/Median (IQR)

Age (years) – Median (IQR): 30 (28,34); 
Mean (SD): 30.94 (3.86)

Gestational age (weeks) 28–31 66 (14.9)

32–36 239 (53.8)
37–40 139 (31.3)

Education level High school or below 69 (15.5)

College 138 (31.1)
Bachelor’s or above 237 (53.4)

Occupation Managerial/professional 233 (52.5)

Manufacturing/service 75 (16.9)
Unemployed 121 (27.3)

Other 15 (3.4)

Residence Urban 421 (94.8)
Rural 23 (5.2)

(Continued)
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Symptom Occurrence in Late Pregnancy
The results of this study showed that among 444 women in late pregnancy, the mean number of reported symptoms was 
18.47 ± 7.66. The five most prevalent symptoms were Urinary frequency (90.7%), Body aches (pubic / lower back / hip, 
etc). (84.2%), Abdominal tightness (82.4%), False labour contractions (80.4%), and Fatigue (79.2%). Urinary frequency 
and body aches were consistently among the most prominent symptoms across prevalence, frequency, severity, and 
distress dimensions. False labour contractions, fatigue, and frequent waking at night also showed consistently high 
rankings across multiple symptom dimensions, indicating a stable symptom pattern. To ensure robustness and clinical 
representativeness, a total of 25 symptoms with an incidence above 40% were included in subsequent analyses. Detailed 
symptom occurrence is shown in Table 2.

Table 1 (Continued). 

Variable Category n (%)/Mean (SD)/Median (IQR)

Household monthly income per capita (CNY) ≤3000 22 (5.0)

3001–5000 82 (18.5)
5001–10,000 220 (49.5)

>10,000 120 (27.0)

Pre-pregnancy BMI (kg/m2) <18.5 (Underweight) 45 (10.1)
18.5–23.9 (Normal) 288 (64.9)

24.0–27.9 (Overweight) 83 (18.7)

≥28.0 (Obese) 28 (6.3)
Gestational weight gain (kg) - Median (IQR): 11.95 (8.00,15.00); Mean (SD): 11.68 (0.23)

Parity Nulliparous 285 (64.2)

Multiparous 159 (35.8)
History of miscarriage No 311 (70.0)

Yes 133 (30.0)

Mode of conception Natural 428 (96.4)
Assisted 16 (3.6)

Smoking history Yes 11 (2.5)

No 433 (97.5)
Alcohol consumption Yes 25 (5.6)

No 419 (94.4)
Physical activity during pregnancy <150 min/week 263 (59.2)

≥150 min/week 181 (40.8)

Pregnancy complications No 298 (67.1)
Yes 146 (32.9)

Abbreviations: SD, standard deviation; BMI, body mass index; IQR, interquartile range;CNY, Chinese Yuan.

Table 2 Prevalence of Symptom Burden Among Women in Late Pregnancy (n = 444)

Symptoms (S1~S37) Prevalence 
N (%)

Frequency Severity Distress

M (P25, P75) Mean (SD) M (P25, P75) Mean (SD) M (P25, P75) Mean (SD)

S1* 352 (79.2) 2.00 (1.00,2.00) 1.68 (1.07) 2.00 (1.00,2.00) 1.36 (0.85) 1.00 (0.00,2.00) 1.12 (0.92)

S2* 292 (65.8) 2.00 (0.00,3.00) 1.54 (1.30) 1.00 (0.00,2.00) 1.23 (1.02) 1.00 (0.00,2.00) 0.93 (0.96)
S3 96 (21.6) 0.00 (0.00,0.00) 0.31 (0.65) 0.00 (0.00,0.00) 0.27 (0.54) 0.00 (0.00,0.00) 0.17 (0.58)

S4* 209 (47.1) 0.00 (0.00,2.00) 0.92 (1.14) 0.00 (0.00,2.00) 0.82 (1,00) 0.00 (0.00,1.00) 0.73 (1.00)

S5 140 (31.5) 0.00 (0.00,1.00) 0.46 (0.76) 0.00 (0.00,1.00) 0.45 (0.74) 0.00 (0.00,1.00) 0.36 (0.69)
S6* 195 (43.9) 0.00 (0.00,1.00) 0.73 (1.00) 0.00 (0.00,1.00) 0.64 (0.81) 0.00 (0.00,1.00) 0.52 (0.79)

S7* 403 (90.7) 3.00 (2.00,3.00) 2.52 (1.14) 2.00 (2.00,2.00) 1.92 (0.89) 2.00 (2.00,2.00) 1.72 (1.05)

(Continued)
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Identification of Symptom Clusters and Influencing Factors
In the first exploratory factor analysis (EFA) of the 25 symptoms with incidence >40%, four items (excessive sweating, leg 
cramps, impaired memory, and somnolence) showed factor loadings <0.40 and were excluded. A second EFA was then 
performed on the remaining 21 symptoms. The model showed good sampling adequacy (KMO = 0.882; Bartlett’s test P < 
0.001). Six factors with eigenvalues >1.0 were extracted, explaining 62.84% of the total variance. The six symptom clusters were 
categorized as sleep and physical discomfort symptom cluster, cardiopulmonary load-related symptom cluster, emotional 
symptom cluster, gastrointestinal symptom cluster, uterine activity-related symptom cluster and limb and skin symptom cluster. 
Cronbach’s α coefficients indicated acceptable internal consistency for all six clusters. Factor loadings and the final grouping are 
presented in Table 3.

Based on these findings, a multivariable linear regression analysis was performed using the mean total score of the 21 
symptoms as the dependent variable. The results showed that age (P = 0.043), gestational age (P = 0.043), physical 
activity during pregnancy (P = 0.022), and pregnancy complications (P = 0.042) were significantly associated with 
overall symptom burden (Table 4).

Table 2 (Continued). 

Symptoms (S1~S37) Prevalence 
N (%)

Frequency Severity Distress

M (P25, P75) Mean (SD) M (P25, P75) Mean (SD) M (P25, P75) Mean (SD)

S8* 227 (51.1) 1.00 (0.00,2.00) 1.07 (1.22) 1.00 (0.00,2.00) 0.92 (1.04) 0.00 (0.00,1.00) 0.77 (0.98)

S9* 270 (60.8) 1.00 (0.00,2.00) 1.26 (1.20) 1.00 (0.00,2.00) 1.11 (1.05) 1.00 (0.00,2.00) 1.00 (1.05)
S10* 185 (41.7) 0.00 (0.00,1.00) 0.71 (0.99) 0.00 (0.00,1.00) 0.65 (0.89) 0.00 (0.00,1.00) 0.47 (0.80)

S11* 178 (40.1) 0.00 (0.00,1.00) 0.56 (0.80) 0.00 (0.00,1.00) 0.53 (0.73) 0.00 (0.00,0.00) 0.32 (0.69)

S12 176 (39.6) 0.00 (0.00,2.00) 0.85 (1.13) 0.00 (0.00,2.00) 0.78 (1.02) 0.00 (0.00,1.00) 0.66 (0.99)
S13 71 (16.4) 0.00 (0.00,0.00) 0.25 (0.64) 0.00 (0.00,1.00) 0.23 (0.59) 0.00 (0.00,1.00) 0.19 (0.55)

S14* 374 (84.2) 2.00 (2.00,3.00) 2.02 (1.19) 2.00 (1.00,2.00) 1.69 (0.99) 2.00 (1.00,2.00) 1.56 (1.08)

S15 162 (36.5) 0.00 (0.00,1.00) 0.70 (1.04) 0.00 (0.00,1.00) 0.63 (0.93) 0.00 (0.00,1.00) 0.52 (0.89)
S16* 189 (42.6) 0.00 (0.00,2.00) 0.79 (1.03) 0.00 (0.00,1.00) 0.72 (0.95) 0.00 (0.00,1.00) 0.57 (0.85)

S17* 267 (60.1) 1.00 (0.00,2.00) 1.16 (1.13) 1.00 (0.00,2.00) 1.04 (1.00) 1.00 (0.00,2.00) 0.88 (0.98)

S18* 221 (49.8) 0.00 (0.00,2.00) 0.97 (1.13) 0.00 (0.00,2.00) 0.8 4(0.97) 0.00 (0.00,1.00) 0.73 (0.94)
S19* 357 (80.4) 2.00 (1.00,2.00) 1.69 (1.10) 2.00 (1.00,2.00) 1.41 (0.88) 1.00 (0.00,2.00) 1.12 (0.91)

S20* 183 (41.2) 0.00 (0.00,1.00) 0.64 (0.90) 0.00 (0.00,1.00) 0.60 (0.84) 0.00 (0.00,1.00) 0.42 (0.77)

S21* 302 (68.1) 1.00 (0.00,2.00) 1.12 (0.95) 1.00 (0.00,2.00) 1.07 (0.91) 1.00 (0.00,1.00) 0.84 (0.88)
S22* 318 (71.6) 2.00 (0.00,3.00) 1.64 (1.27) 2.00 (0.00,2.00) 1.40 (1.08) 1.00 (0.00,2.00) 1.18 (1.9)

S23* 210 (47.3) 0.00 (0.00,2.00) 0.88 (1.05) 0.00 (0.00,2.00) 0.80 (0.95) 0.00 (0.00,1.00) 0.64 (0.86)

S24* 221 (49.8) 0.00 (0.00,2.00) 0.94 (1.08) 0.00 (0.00,2.00) 0.84 (0.96) 0.00 (0.00,1.00) 0.69 (0.90)
S25* 262 (59.0) – – 1.00 (0.00,2.00) 1.00 (0.98) 0.00 (0.00,1.00) 0.58 (0.78)

S26* 366 (82.4) – – 2.00 (1.00,2.00) 1.49 (0.94) 1.00 (0.00,2.00) 1.12 (0.89)

S27 149 (33.6) – – 0.00 (0.00,1.00) 0.56 (0.90) 0.00 (0.00,1.00) 0.39 (0.77)
S28* 263 (59.2) – – 1.00 (0.00,2.00) 1.11 (1.11) 1.00 (0.00,2.00) 0.88 (1.00)

S29* 315 (71.0) – – 1.00 (0.00,2.00) 1.25 (1.01) 1.00 (0.00,2.00) 1.00 (0.96)

S30 171 (38.5) – – 0.00 (0.00,1.00) 0.59 (0.85) 0.00 (0.00,1.00) 0.52 (0.85)
S31 127 (28.6) – – 0.00 (0.00,1.00) 0.43 (0.75) 0.00 (0.00,0.00) 0.33 (0.68)

S32 61 (13.7) – – 0.00 (0.00,0.00) 0.22 (0.61) 0.00 (0.00,0.00) 0.16 (0.49)

S33 79 (17.8) – – 0.00 (0.00,0.00) 0.26 (0.63) 0.00 (0.00,0.00) 0.20 (0.53)
S34* 240 (54.1) – – 1.00 (0.00,2.00) 0.95 (1.03) 0.00 (0.00,1.00) 0.76 (0.95)

S35 97 (21.8) – – 0.00 (0.00,0.00) 0.37 (0.79) 0.00 (0.00,0.00) 0.32 (0.74)

S36* 302 (68.0) – – 1.00 (0.00,2.00) 1.20 (1.03) 1.00 (0.00,2.00) 1.00 (0.98)
S37 168 (37.8) – – 0.00 (0.00,1.00) 0.69 (0.95) 0.00 (0.00,1.00) 0.60 (0.92)

Notes: –: indicates that the symptom was not assessed for frequency; Bold indicates*: indicates a symptom; S1= Fatigue; S2= Excessive sweating; S3= Diarrhoea; S4= 
Gastric discomfort; S5= Dizziness; S6= Palpitations (rapid heartbeat); S7= Urinary frequency; S8= Numbness or tingling in the hands / feet / legs; S9= Difficulty falling 
asleep; S10= Loss of appetite; S11= Nausea; S12= Constipation; S13= Vomiting; S14= Body aches; S15= Abdominal bloating; S16= Irritability; S17= Shortness of breath/ 
dyspnoea; S18= Anxiety; S19= False labour contractions; S20= Fear; S21= Leg cramps; S22= Frequent waking at night; S23= Impaired memory; S24= Chest tightness; 
S25= Somnolence; S26= Abdominal tightness; S27= Gingival inflammation/bleeding; S28= Swelling in hands/feet; S29= Pelvic heaviness; S30= Urinary leakage; S31= Breast 
engorgement; S32=Vaginal bulging/prolapse; S33= Perineal swelling; S34= Skin changes; S35=difficulty urinating; S36= Bladder pressure; S37= Blood in stool/anal pain.
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Table 3 Factor Loadings and Symptom Clusters Identified Through Principal Component Analysis

Symptom F1 F2 F3 F4 F5 F6

Difficulty falling asleep 0.820 −0.267 0.197 −0.014 −0.075 −0.039
Frequent waking at night 0.745 0.153 0.103 −0.187 −0.107 −0.026

Body aches (pubic/lower back/hip, etc.) 0.619 −0.010 −0.125 0.001 0.191 −0.037

Urinary frequency 0.614 −0.007 −0.114 0.188 0.037 0.027
Fatigue 0.532 0.264 0.018 0.036 −0.059 0.039

Bladder pressure 0.443 0.070 −0.120 0.101 0.241 0.089

Chest tightness 0.044 0.862 0.020 −0.049 0.041 −0.011
Shortness of breath/dyspnoea 0.084 0.849 0.043 −0.030 0.025 −0.120

Palpitations (rapid heartbeat) −0.156 0.770 0.021 0.140 −0.055 0.040
Fear 0.039 −0.078 0.852 −0.037 0.160 −0.055

Anxiety 0.016 0.062 0.789 0.037 0.064 0.016

Irritability −0.031 0.182 0.644 0.080 −0.115 0.138
Nausea −0.033 0.053 −0.045 0.885 −0.011 −0.021

Gastric discomfort (e.g. acid reflux, burning sensation) −0.125 0.057 0.071 0.766 0.034 0.033

Loss of appetite 0.233 −0.057 0.044 0.691 −0.032 −0.060
False labour contractions −0.095 −0.091 0.147 0.022 0.933 −0.170

Abdominal tightness 0.140 0.079 −0.039 −0.002 0.704 0.073

Pelvic heaviness 0.087 0.097 −0.011 −0.062 0.611 0.219

Swelling in hands/feet −0.196 −0.046 0.008 −0.032 0.170 0.846
Numbness or tingling in the hands/feet/legs 0.149 −0.208 0.067 0.059 −0.115 0.812
Skin changes (e.g., pigmentation, roughness) 0.048 0.207 −0.020 −0.068 −0.131 0.629
Cronbach’s α 0.768 0.808 0.775 0.716 0.762 0.638

Eigenvalue 6.762 1.617 1.395 1.242 1.133 1.047

% of variance 32.200 7.702 6.643 5.915 5.393 4.987
% of total variance 32.200 39.902 46.544 52.460 57.853 62.840

Notes: Bold values indicate the highest loading of each symptom within its corresponding principal component cluster. F1=Sleep and 
physical discomfort symptom cluster; F2=Cardiopulmonary load-related symptom cluster; F3=Emotional symptom cluster; 
F4=Gastrointestinal symptom cluster; F5=Uterine activity-related symptom cluster; F6=Limb and skin symptom cluster.

Table 4 Linear Regression Analysis of Symptom Burden Among Women in Late Pregnancy (n = 444)

Variable β SE P-value 95% CI

Age (years) −0.124 0.008 0.043 (−0.003, −0.001)
Gestational age (weeks) (ref: 32–36)

28-31 −0.103 0.076 0.043 (−0.302, −0.005)

37-40 0.047 0.058 0.357 (−0.060, 0.167)
Education level (ref: College)

High school or below −0.048 0.084 0.408 (−0.235, 0.096)

Bachelor’s or above −0.017 0.061 0.761 (−0.138, 0.101)
Occupation (ref: Managerial/professional)

Manufacturing/service 0.009 0.076 0.873 (−0.138, 0.162)

Unemployed −0.036 0.070 0.539 (−0.180, 0.094)
Other 0.008 0.164 0.866 (−0.262, 0.311)

Residence (ref: Urban)
Rural −0.029 0.117 0.551 (−0.299,0.160)

Household monthly income per capita (CNY) (ref: 5001–10,000)

≤3000 0.043 0.122 0.386 (−0.134, 0.346)
3001-5000 0.023 0.069 0.651 (−0.105, 0.168)

>10,000 0.052 0.062 0.319 (−0.060, 0.183)

(Continued)
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Network Estimation and Centrality Indices of Symptoms in Late Pregnancy
Based on confounders identified through multivariable linear regression, we constructed symptom networks of 21 
symptoms in late pregnancy (with and without covariates). The networks and standardised centrality indices are 
presented in Figure 1. In the network without covariates (Figure 1A), there were 115 non-zero edges, accounting for 
54.76% of the 210 possible edges. In the network with covariates (Figure 1B), there were also 115 non-zero edges, 
representing 38.33% of the 300 possible edges. In both the unadjusted and covariate-adjusted networks, the strongest 
connections were consistently observed between shortness of breath/dyspnoea and chest tightness, followed by anxiety 
and fear, and nausea and loss of appetite. Similar patterns were observed after adjustment, with no substantial changes in 
the ranking of the strongest edges (see Supplementary Tables S2 and S3). Covariates showed generally low connectivity 
with individual symptoms (most edge weights ≤ 0.1).

Centrality analysis (Figure 1C and D) showed that abdominal tightness, shortness of breath/dyspnoea, chest tightness, 
anxiety, and pelvic heaviness were located at the core of both networks. In the covariate-adjusted network, strength and 
expected influence indicated that fatigue (Strength = 0.93, EI = 0.93) was the core symptom in the sleep and physical 
discomfort symptom cluster; chest tightness (Strength = 1.18, EI = 1.18) was the core symptom in the cardiopulmonary 
load-related symptom cluster; anxiety (Strength = 1.15, EI = 1.06) was the core symptom in the emotional symptom 
cluster; nausea (Strength = 0.70, EI = 0.70) was the core symptom in the gastrointestinal symptom cluster; abdominal 
tightness (Strength = 1.26, EI = 1.26) was the core symptom in the uterine activity-related symptom cluster; and 
numbness or tingling in the hands/feet/legs (Strength = –0.11, EI = –0.09) was the core symptom in the limb and skin 
symptom cluster. It is noteworthy that although numbness or tingling in the hands/feet/legs had negative values in this 
cluster, its centrality remained the highest among symptoms in the same cluster. Detailed centrality values for both 
networks are shown in Supplementary Table S4 and S5.

Table 4 (Continued). 

Variable β SE P-value 95% CI

Pre-pregnancy BMI (kg/m2) (ref: <18.5, underweight)

18.5–23.9 (Normal) 0.019 0.073 0.775 (−0.122, 0.163)
24.0–27.9 (Overweight) −0.011 0.088 0.861 (−0.189, 0.158)

≥28.0 (Obese) 0.044 0.316 0.368 (−0.337, 0.907)

Gestational weight gain (kg) 0.053 0.006 0.296 (−0.005, 0.017)
Parity (ref: Nulliparous)

Multiparous −0.001 0.069 0.992 (−0.137, 0.135)

History of miscarriage (ref: No)
Yes 0.102 0.060 0.050 (0.000, 0.237)

Mode of conception (ref: Natural)

Assisted −0.024 0.139 0.625 (−0.340, 0.205)
Smoking history (ref: Yes)

No 0.039 0.174 0.439 (−0.207, 0.476)

Alcohol consumption (ref: Yes)
No 0.079 0.120 0.129 (−0.053, 0.417)

Physical activity during pregnancy (ref: <150 min/week)

≥150 min/week −0.110 0.052 0.022 (−0.220, −0.018)
Pregnancy complications (ref: No)

Yes 0.100 0.055 0.042 (0.004, 0.222)

Note: R2 = 0.083, adjusted R2 = 0.033, F = 1.652, P = 0.030, Durbin–Watson = 2.026. Bold values indicate statistical significance at P < 
0.05. Only variables with statistical significance (P < 0.05) in multiple linear regression were included as covariates in the symptom 
network analysis to control for confounding effects.
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Accuracy and Stability of Edges and Nodes
Bootstrap confidence intervals were relatively narrow (Figure 2A and B), suggesting that edge weights and centrality 
estimates in both the unadjusted and adjusted networks were accurate. Subset bootstrap analysis further showed that, in 
the network without covariates, the correlation stability coefficients for expected influence and strength were both 0.595 
(Figure 2C). After adjusting for covariates, both coefficients were 0.516 (Figure 2D). These findings indicate that the two 
networks demonstrated good stability, meaning that the identification of core symptoms was minimally affected by 
sampling variability.

Computer-Simulated Intervention
The predicted effects of the computer-simulated network intervention are presented in the Figure 3. We compared 
changes in the total symptom burden score under symptom aggravation and symptom alleviation conditions. Under the 
alleviation condition, intervention targeting each individual symptom node was associated with a reduction in the total 
symptom burden score (Figure 3A and C). The most pronounced reduction was observed for Shortness of breath/ 
dyspnoea (s17), followed by Fatigue (s1) and Chest tightness (s24). The simulation further indicated that the total 
symptom burden score decreased to 9.65, 9.78 and 9.99, corresponding to an approximate reduction of 11.5%~14.5%.

Under the aggravation condition (Figure 3B–D), the intervention effects for Urinary frequency (s7) and Body aches (pubic/ 
lower back/hip, etc). (s14) did not remain statistically significant after adjustment (P > 0.05), suggesting that exacerbation of 
these two symptoms alone was insufficient to produce a significant increase in the overall symptom burden. By contrast, 
aggravation of the remaining 19 symptom nodes was associated with a significant increase in the overall symptom burden score. 
The greatest effect was observed for Loss of appetite (s10), followed by Nausea (s11) and Anxiety (s18). Theoretically, 

Figure 1 Symptoms networks and centrality indices of the total sample with or without covariates.(A) Symptom network and predictability of the total sample without 
covariates. (B) Symptom network and predictability of the total sample with covariates. (C) Centrality indices of the network without covariates. (D) Centrality indices of 
the network with covariates.
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prevention of these three symptoms would reduce the overall symptom burden by 15.4%, 13.1% and 12.7%, respectively. These 
findings indicate that proactive prevention of these symptoms may help to avert further escalation of overall symptom burden.

Discussion
Symptom Clusters in Late Pregnancy
This study identified six symptom clusters among women in late pregnancy. Compared with previous research, 
differences were observed in both the number and composition of clusters.14,33 For example, the physical image 
disturbance cluster previously encompassing numbness or tingling in the hands and feet, sensations of bodily or limb 
swelling, and “not looking like oneself” was restructured in the present study. The first three symptoms were categorised 
within the limb and skin symptom cluster, whereas “not looking like oneself” did not cluster with these physical 
manifestations.

The sleep and physical discomfort cluster identified in this study—including urinary frequency, bodily aches, fatigue, 
frequent nocturnal awakening, difficulty initiating sleep, and bladder pressure—largely overlaps with sleep-related and 
activity-related clusters reported in previous studies. A distinct uterine activity–related cluster was also identified, which 
may reflect physiological changes associated with late pregnancy. Alternatively, this pattern may be explained by shared 
characteristics of uterine-related symptoms or their tendency to co-occur during late gestation. These discrepancies may 
be related to variations in measurement tools and cluster extraction methods.17 The questionnaire used in this study was 

Figure 2 Accuracy and stability of network structure model with or without covariates.(A) Bootstrap analysis results of the edge weights without covariates. (B) Bootstrap 
analysis results of the edge weights with covariates. (C) Correlation stability coefficient for strength, expected influence without covariates. (D) Correlation stability 
coefficient for strength, expected influence with covariates.
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specifically developed for late-pregnancy symptoms, which may improve sensitivity to gestation-specific symptom 
patterns. Overall, the identified clusters provide a structured understanding of symptom co-occurrence, which may 
serve as a preliminary foundation for hypothesis generation in future research on symptom assessment and management.

In addition to the identified cluster patterns, several demographic and obstetric factors were associated with overall 
symptom burden. These variables were adjusted for in the network analyses to minimise potential confounding effects. 
Younger age, gestational age of 32~36 weeks (vs. 28~31 weeks), insufficient physical activity (<150 minutes per week), 
and concurrent pregnancy complications were associated with higher symptom burden. These findings are consistent with 
prior research suggesting that increasing physiological load and complication-related stress may exacerbate symptom 
experiences during late pregnancy.14,34 Regular physical activity has been suggested to be associated with better 
cardiopulmonary function and psychological well-being. Older women tended to report lower symptom burden, which 
may be related to differences in coping or health management behaviors.35–38 Younger women may also be more 
sensitive to pregnancy-related changes or more likely to report mild symptoms.39

Core Symptoms Within Symptom Clusters
Fatigue as the Core Symptom of the Sleep and Physical Discomfort Symptom Cluster
Fatigue emerged as the central symptom within the sleep and physical discomfort cluster after adjustment for covariates. 
This cluster included urinary frequency, bodily aches, fatigue, frequent nocturnal awakening, difficulty initiating sleep, 
and bladder pressure, all of which showed high prevalence in late pregnancy, consistent with previous studies.7 The co- 
occurrence of fatigue with sleep disruption and physical discomfort may reflect the interrelated nature of these symptoms 
during late pregnancy. The enlarging uterus in late pregnancy elevates the diaphragm and compresses the bladder and 
pelvic floor, frequently causing bladder pressure and urinary frequency.40 Sleep cycles are frequently disturbed by 
frequent nocturnal urination, which further fragments sleep architecture, continually depletes energy stores, and exacer
bates fatigue.5 Concurrently, increased relaxin secretion and postural changes may result in joint ligament laxity and 
muscle strain,41 which causes lumbar, dorsal, and pubic regionsand and worsens the quality of sleep. Moreover, fatigue 

Figure 3 The effect of computer simulated interventions to the symptoms of late pregnancy. (A) Projected Effects of alleviating intervention depicted by sum score of target 
symptoms. (B) Projected Effects of aggravating intervention depicted by sum score of target symptoms. (C) Relative percentage decrease in total symptom burden score 
under alleviating conditions. (D) Relative percentage increase in total symptom burden score under aggravating conditions.
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itself can lead to reduced activity, inadequate muscle blood flow, and metabolic dysfunction, potentially exacerbating 
aches and pains indirectly, creating a vicious cycle. Clinically, severe fatigue not only diminishes the quality of life for 
pregnant women but is also associated with an increased risk of labour pain.42 From a clinical perspective, fatigue may 
represent an important symptom to consider in symptom management strategies for women in late pregnancy. 
Interventions aimed at improving sleep quality and promoting appropriate physical activity may be beneficial in 
alleviating overall symptom burden.43,44

Chest Tightness as the Core Symptom of the Cardiopulmonary Load-Related Symptom Cluster
Chest tightness was identified as a central symptom within the cardiopulmonary load-related cluster. This finding may be 
associated with physiological changes during late pregnancy. The enlarging uterus may elevate the diaphragm and reduce 
thoracic compliance, which could contribute to increased respiratory workload. In addition, increased blood volume and 
cardiac output may be associated with sensations of dyspnoea and chest discomfort. Progesterone-related changes in 
respiratory regulation may also influence subjective breathing perception in some women.45 Consequently, chest 
tightness could be considered as a symptom that may warrant closer clinical attention in late pregnancy. Following 
exclusion of complications such as gestational hypertension, anaemia, or cardiopulmonary disease, comprehensive non- 
pharmacological interventions should be the primary strategy. Guiding women in late pregnancy to adopt a left-lateral 
recumbent position improves ventilation and venous return.46 Weekly moderate-intensity activity (such as prenatal yoga) 
may enhance cardiopulmonary reserve and alleviate subjective dyspnoea. Thus, chest tightness may warrant priority 
attention in future symptom-management research and clinical assessment within the cardiopulmonary load-related 
symptom cluster, although its clinical applicability requires further validation in future interventional studies.

Anxiety as the Core Symptom of the Emotional Symptom Cluster
Anxiety was identified as the most central symptom within the emotional symptom cluster, with strong connections to 
fear and irritability. This suggests that anxiety may play a central role in the network structure of emotional symptoms 
during late pregnancy. Psychological concerns regarding childbirth, foetal health, and role transitions may act as 
persistent stressors during pregnancy. These factors have been associated with activation of the hypothalamic-pituitary- 
adrenal axis and alterations in stress-related neuroendocrine regulation. Collectively, these factors contribute to emotional 
dysregulation symptoms such as anxiety.45 Moreover, fluctuating oestrogen and progesterone levels may be associated 
with changes in HPA axis sensitivity and monoamine function, which could partly explain the development of anxiety in 
late pregnancy.47

Previous studies indicate anxiety is the most prevalent emotional symptom during pregnancy, associated with reduced 
quality of life and adverse maternal-infant outcomes.48 The current network analysis further highlights its central position 
within the symptom structure, suggesting its potential relevance in understanding emotional symptom co-occurrence. 
Psychological interventions such as cognitive behavioural therapy and mindfulness-based approaches have been shown 
to be beneficial in improving emotional regulation in pregnant women.49 Consequently, these findings may inform the 
development of personalised emotional support strategies for pregnant women, taking into account factors such as 
anxiety severity, psychological characteristics, and social support, thereby providing more precise and efficient psycho
logical support.

Nausea as the Core Symptom of the Gastrointestinal Symptom Cluster
According to this study, nausea exhibits the highest centrality among gastrointestinal symptom clusters, indicating its 
status as a core node within this symptom group. This may be related to multiple physiological changes during 
pregnancy. Elevated progesterone levels have been associated with reduced lower oesophageal sphincter pressure, 
which may contribute to gastro-oesophageal reflux, while human chorionic gonadotropin and oestradiol have been 
associated with the occurrence of nausea in pregnancy.50 In addition, genetic and placental factors have been proposed to 
influence susceptibility to nausea and vomiting during pregnancy.51 Moreover, intense nausea often coexists with reduced 
appetite in late pregnancy,52 which could create a vicious cycle that worsens overall symptom burden. Consequently, 
nausea may warrant closer attention in the management of gastrointestinal symptoms during late pregnancy. In clinical 
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practice, comprehensive management—including dietary adjustments, postural interventions, and necessary pharmaco
logical treatments—may be a reasonable strategy for alleviating the burden of this symptom cluster.50

Abdominal Tightness as the Core Symptom of the Uterine Activity-Related Symptom Cluster
The most closely associated core node in the cluster of symptoms connected to uterine activity is abdominal tightness, 
which is strongly associated with pelvic heaviness and false labor contraction sensations. This arrangement may reflect 
how pregnant women’s symptom experiences are distinct. In late pregnancy, the enlarging uterus and irregular contrac
tions of the uterine smooth muscle may lead to a tightening sensation perceived by pregnant women, as described in 
previous physiological studies.53 Concurrently, as the presenting section descends, mechanical pressure exerted by the 
fetal head on the bladder and anterior pelvic tissues may induce discomfort such as suprapubic/pelvic pressure or 
a sensation of heaviness.40 This abdominal tightness could be viewed as a potential manifestation of these two 
physiological processes acting in concert. Based on these findings, abdominal tightness could be considered 
a candidate for identifying and evaluating uterine activity-related symptom clusters in future research. From a clinical 
perspective, abdominal tightness may be considered in routine symptom inquiry regarding uterine activity–related 
discomfort. Simple non-pharmacological approaches such as positional adjustment and rest may help alleviate 
discomfort.

Numbness or Tingling in the Hands/Feet/Legs as the Core Symptom of the Limb and Skin Symptom Cluster
Network analysis in this study identified numbness or tingling in the hands/feet/legs as the highest centrality core 
symptom within the limb and skin symptom cluster. Although its intensity centrality and expected influence values were 
both negative, it ranked highest within this cluster, suggesting a relatively more connected position in the network 
structure. Previous studies have reported that such symptoms are common in late pregnancy and may be associated with 
physiological changes such as fluid retention and peripheral oedema. Increased interstitial pressure in the carpal tunnel 
may be associated with compression of peripheral nerves, contributing to sensory symptoms such as numbness and 
tingling.54 Additionally, fluctuating hormonal levels during pregnancy can cause changes in distal skin pigmentation, 
dryness, and roughness.55 Although these symptoms typically do not directly threaten maternal or fetal safety, the 
associated discomfort may reduce nocturnal sleep quality and restrict daily activities.56 Therefore, our findings suggest 
that numbness and tingling may deserve attention in clinical assessment, for example by screening for carpal tunnel 
syndrome or evaluating oedema severity. Approaches addressing numbness and tingling (eg., wrist splinting, postural 
adjustments) may help alleviate discomfort, although potential effects on sleep and daily functioning require further 
evaluation.

Simulation Intervention of Symptoms in Women in Late Pregnancy
In addition to identifying symptom clusters and central symptoms through network analysis, we conducted a simulated 
intervention analysis (aggravation and alleviation simulations) to generate exploratory hypotheses regarding potential 
symptom targets. In the aggravation simulations, loss of appetite, nausea, and anxiety emerged as the most influential 
nodes, suggesting that—under simulated conditions—preventing deterioration of these symptoms might reduce overall 
symptom burden. From a pathophysiological perspective, loss of appetite and nausea may compromise dietary intake, 
potentially weakening energy reserves and physiological tolerance. Previous research has shown that nausea and 
vomiting during pregnancy can interfere with adequate nutrition, particularly when symptoms persist or worsen.51 

Anxiety, in contrast, may be associated with altered stress-related neuroendocrine regulation, particularly hypothala
mic–pituitary–adrenal axis activity, thereby heightening sensitivity to bodily symptoms.57 They may help to further 
understand patterns of symptom co-occurrence and symptom dynamics during late pregnancy. From a clinical perspec
tive, these findings may help inform understanding of nutritional and emotional experiences during late pregnancy. 
Supportive approaches such as dietary counselling and psychological support, including mindfulness-based interventions 
or midwifery-led care, have been reported in previous studies.58,59

Further, the alleviation simulations identified shortness of breath/dyspnoea, fatigue, and chest tightness as the most 
effective targets for reducing overall symptom burden in the model. These symptoms may be associated with increased 
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cardiopulmonary load and physical demands in the third trimester. Based on these simulation results, non- 
pharmacological interventions targeting shortness of breath/dyspnoea and chest tightness (eg., postural adjustment and 
breathing exercises) could be considered as candidates for future interventional studies.60 Moderate antenatal exercise 
might be explored as a potential strategy for fatigue,61 and adjunctive aromatherapy during the third trimester could be 
examined for possible additional benefit.62 The simulation model suggests that targeting these key nodes might disrupt 
cascading symptom interactions, which could in turn contribute to a greater overall reduction in symptom burden, 
although this remains to be tested.

Overall, the simulation findings were broadly consistent with the core symptoms identified in the static network 
analysis, providing exploratory and complementary support for identifying candidate symptoms that may warrant further 
investigation.

Compared with previous studies that mainly described symptom clusters or static symptom associations, the present 
study adds an exploratory simulation-based perspective within a network framework. By focusing on women in late 
pregnancy and using a relatively comprehensive symptom set, this study may help extend current understanding of 
symptom co-occurrence and potential symptom-management priorities in this population. When considering the applica
tion of these findings in antenatal care, however, symptom priorities should be interpreted in relation to individual 
characteristics and care contexts. Symptom burden and symptom interrelationships may vary according to obstetric 
condition, health literacy, access to antenatal services, and previous pregnancy or childbirth experience. Therefore, these 
findings may serve as exploratory guidance for symptom assessment rather than as a fixed set of priorities applicable to 
all pregnant women.

These findings may have implications for clinical assessment and multidisciplinary symptom management in late 
pregnancy. Nurses may use these findings to inform symptom assessment and identify symptoms that warrant closer 
attention, while obstetricians may benefit from understanding symptom interrelationships during comprehensive clinical 
evaluation. In addition, psychological professionals may contribute to the assessment and support of emotionally 
interconnected symptoms. Collaborative approaches across disciplines may therefore help support more comprehensive 
and individualized symptom management for women in late pregnancy.

Limitations
Several limitations should be acknowledged. First, because this study used a cross-sectional design, the observed 
associations and simulation-based findings cannot support causal inference. Second, although key demographic and 
obstetric variables were adjusted for in the network analyses, residual confounding from unmeasured factors cannot be 
completely excluded. Third, dichotomisation of symptom variables for the Ising-based simulation analysis may have led 
to loss of information and reduced statistical power. Fourth, because symptom data were collected using self-reported 
questionnaires, self-report bias may have occurred despite the use of standardized instructions, anonymous participation, 
and clarification by trained researchers without guiding responses. Fifth, participants were recruited by convenience 
sampling from two hospitals in a single province, which may have introduced selection bias and limited the generali
sability of the findings. Fifth, the estimated network reflects statistical associations rather than causal mechanisms. 
Centrality indices should be interpreted cautiously, as they indicate relative connectivity within the sample-specific 
network and may be influenced by sample characteristics, measurement choices, and model specification. Future 
multicentre, longitudinal, and interventional studies involving diverse regions, care settings, and population groups are 
warranted to evaluate the stability, generalisability, and clinical relevance of these findings.

Conclusion
This study employed network analysis combined with computational simulation-based intervention techniques to 
preliminarily explore the complex network structure of symptoms among women in late pregnancy. Through network 
analysis, key nodes with relatively high centrality within each symptom cluster were identified. Furthermore, computer 
simulation intervention analyses suggested potential intervention and preventive targets.These findings may help identify 
priority symptoms for antenatal symptom assessment and provide a reference for the development and future evaluation 
of network-informed symptom-management strategies in antenatal care. By highlighting core symptoms and candidate 
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targets within interconnected symptom networks, this study may inform more targeted and individualized approaches 
aimed at reducing symptom burden and improving maternal well-being among women in late pregnancy.
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