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Background: This prospective longitudinal quantitative study aimed to clarify perioperative symptom cluster characteristics in
cervical cancer patients, identify influencing factors and hematological indicators, and develop a clinically applicable risk prediction
model.

Methods: A prospective longitudinal study was conducted at a tertiary cancer hospital in Northwest China (April 2024—June 2025).
Symptoms were assessed using the MDASI-PeriOp-GYN scale at preoperative, postoperative, and pre-discharge time points.
Exploratory PCA identified symptom cluster structures. Based on Linear Mixed Model we explore heterogeneous symptom trajec-
tories. Independent predictors were screened using logistic regression and restricted cubic splines. Model performance was evaluated
using ROC curves, calibration curves, and decision curve analysis.

Results: Five stable symptom clusters were determined: a general somatic symptom cluster, a psycho-neurological symptom cluster,
a gastrointestinal motility and energy cluster, an emotional and eating disorder cluster, and a consciousness and sedation-related
cluster; and patients were classified into three trajectories: well-recovered, moderately persistent and severely distressed types. Age,
operative duration, fibrinogen, neutrophil-to-lymphocyte ratio and D-dimer were risk factors, while serum albumin and serum
potassium were protective factors. The seven-indicator combined model had an AUC of 0.863, with sensitivity 68.4%, specificity
87.8% and accuracy 82.0%, possessing superior predictive effect compared with single indexes.

Conclusion: Patients in the severe distress trajectory showed rapid symptom changes around discharge, representing a high-risk
group for perioperative management. The Nomogram prediction model effectively stratifies patients into high- and low-risk groups for
severe symptom distress, enabling precise interventions, improving transitional care, and enhancing perioperative symptom
management.

Keywords: cervical cancer, perioperative period, symptom clusters, hematological indicators, linear mixed model, longitudinal study,
risk prediction model

Introduction

Cervical cancer is the fourth most common malignancy worldwide in terms of diagnosis rate among women, with
approximately 660,000 new cases reported in 2022."% Both its incidence and mortality rates remain high. In 2022, China
recorded over 150,000 new cases of cervical cancer, ranking first globally.* Although the Chinese government has
progressively implemented health programs such as “two cancers” screening™® and cervical cancer elimination
initiatives,” the incidence and mortality rates of cervical cancer have continued to rise in recent years, posing a serious
threat to women’s health. Surgery remains the primary treatment for early-stage cervical cancer, with postoperative
survival rates exceeding 90%.%'° However, surgery also induces various symptoms during the perioperative period,

including fatigue, pain, sleep disturbances, and distress. These symptoms do not exist in isolation but cluster together

https://doi.org/10.2147/IJWH.S613006 International Journal of Women’s Health 2026:18 613006 |
Received: 30 March 2026 © 2026 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 10 June 2026 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creati .org/licenses/by-nc/4.0/). By accessing the

Published: 16 June 2026 work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


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

Zhang et al

through synergistic interactions, forming symptom clusters.'’ Such symptom clusters can lead to changes in patients’
physical and emotional status, delay postoperative recovery, and present significant challenges to clinical practice.

At present, research on symptom clusters in cervical cancer patients, both domestically and internationally, has
primarily focused on the chemoradiotherapy period. Although the composition of symptom clusters during this period
varies depending on treatment stage and assessment methods, they generally exhibit relative stability.'*'* Domestic
studies have mainly explored the relationship between symptom clusters and quality of life, identifying various types
such as psychological and gastrointestinal symptom clusters.'*'* In contrast, systematic investigations of perioperative
symptom clusters remain relatively limited, and most existing studies primarily emphasize symptomatic management.

Symptom assessment is a critical indicator for evaluating surgical outcomes and recovery in patients with cervical
cancer,”” facilitating timely treatment adjustments and improved prognosis. Laboratory tests and pathological analyses
can reflect tumor development and progression; however, pathological examinations are limited in their ability to
dynamically monitor postoperative symptoms.?' 2> Studies have shown that blood-based inflammatory and coagulation
markers (eg, CA, NLR, PLR) can serve as reliable prognostic indicators for tumor patients.”* >’ Additionally, clinical
data and laboratory parameters have been effectively utilized to predict cancer-related symptoms such as fatigue and
pain.**>! Current research on tumor symptom clusters, both domestically and internationally, largely relies on scale-
based assessments and lacks systematic analyses integrating subjective symptoms with objective physiological indicators,
making it difficult to accurately identify high-risk patients at an early stage. Hematological markers (eg, NLR, PLR)
reflect systemic inflammation, which may drive symptom clustering; therefore, incorporating them could improve
prediction accuracy. Unlike previous cross-sectional or cluster-only studies, this study uniquely (1) identifies periopera-
tive symptom trajectories using LMM in cervical cancer; (2) integrates longitudinal symptom data with perioperative
hematological markers; and (3) develops a clinically applicable risk prediction model.

Therefore, actively exploring the compositional changes of perioperative symptom clusters and the complex inter-
relationships among symptoms in cervical cancer patients, identifying relevant hematological indicators and influencing
factors, and establishing a scientifically sound and practical risk prediction model hold significant clinical value for early
identification of high-risk patients, development of individualized care plans, and alleviation of symptom burden.

Methods
Study Design and Setting

This prospective longitudinal study was conducted at a tertiary grade-A cancer hospital in Northwest China from
April 2024 to June 2025, following the TRIPOD reporting guidelines.*?

Based on preliminary investigations, the average hospital stay in this Gynecologic Care Center was 11 days, with
75.08% of patients staying<7 days. Longitudinal assessments were conducted at three time points: T1 (1-2 days
preoperatively): Preoperative preparation period, reflecting patients’ initial perceptions and concerns before surgical
trauma; T2 (1-3 days postoperatively): Acute recovery period, representing the phase with the highest symptom burden;
T3 (before discharge): Critical transition period, marking the shift from acute symptom relief to post-discharge

rehabilitation.

Participants
Inclusion criteria were patients diagnosed with cervical cancer scheduled to undergo laparoscopic total hysterectomy with
bilateral adnexectomy and/or pelvic lymph node dissection, with preoperative clinical stage T1-T2 and no evidence of
lymph node metastasis or distant metastasis;” aged >18 years, without cognitive impairment, and able to communicate
effectively with medical staff; patients and their family members not concurrently participating in other similar studies,
and are willing to voluntarily participate and provide information for the study.

Exclusion criteria included the presence of other major comorbid diseases; postoperative tumor stage upgrade;
occurrence of severe intraoperative or postoperative complications (eg, major hemorrhage) precluding further follow-
up; and voluntary withdrawal from the study for personal reasons during the research period.
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Study Size

This study aims to develop a risk prediction model for perioperative symptom clusters in cervical cancer patients,
representing a multivariable prediction model with a binary outcome. Sample size estimation followed the statistical
principles for clinical prediction model development,*® ensuring an events per variable (EPV) ratio of >10 to prevent
model overfitting and ensure stable estimation of Bcoefficients. The total sample size was estimated as 10 to 20 times the
number of candidate predictors. An additional 10% to 15% was added to account for potential loss to follow-up and data
exclusions.

Based on literature review and clinical availability, 15 candidate predictors were initially included. Using a 15-fold
multiplier and considering a 20% attrition rate, the minimum required sample size was 301 cases. A total of 405
questionnaires were distributed at T1. After excluding 12 patients receiving non-surgical treatment, 8 undergoing
palliative surgery, 6 with altered surgical procedures and 6 who were discharged after refusing surgery, 373 valid
questionnaires were retained. At T2, 6 patients were transferred to the ICU, 5 developed severe complications and 16
voluntarily withdrew from the study, leaving 346 valid questionnaires. At T3, 29 patients were lost to follow-up, and the

final number of valid questionnaires was 317.

Instruments

Demographic Characteristics

Demographic characteristics collected included sociodemographic data such as age, education level, and marital status, as
well as disease-related information including body mass index, postoperative tumor stage, and operative duration.

Objective Laboratory Indicators

The indicators included fibrinogen (Fbg), neutrophil-to-lymphocyte ratio (NLR), D-dimer (D-D), albumin (ALB), serum
potassium (K), serum sodium (Na), white blood cell count (WBC), hemoglobin (HGB), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST), among others.

Chinese Version of the M.D. Anderson Symptom Inventory for Perioperative
Gynecologic Oncology (MDASI-PeriOp-GYN)

This scale was originally developed by the University of Texas MD Anderson Cancer Center in 2018>* and subsequently
adapted into Chinese by Zheng Yingying et al** It is applicable to patients with gynecologic malignancies, including
cervical, ovarian, and endometrial cancers. The scale consists of 28 items in total, comprising 9 symptom items from the
gynecologic oncology-specific module, 13 symptom items from the core cancer-related module, and 6 symptom
interference items. Each symptom item is scored from 0 (no symptom) to 10 (worst imaginable severity), with total
symptom severity scores ranging from 0 to 220. Higher scores indicate greater perioperative symptom burden.

In this study, 22 symptom items from the gynecologic oncology-specific module and the core cancer-related module
were used to assess symptom prevalence and severity. The Chinese version of the scale demonstrated good reliability and
validity, with a Cronbach’s a coefficient of 0.798 for the 22 symptom items and content validity indices exceeding 0.71
for each item, supporting its use in clinical research.

Ethical Considerations

This study protocol has been meticulously reviewed and unanimously approved by the Medical Ethics Committee of the
Affiliated Cancer Hospital of Xinjiang Medical University (approval number: K-2024218). The review process adhered
strictly to the standards set forth in the Helsinki Declaration. Prior to their participation, all study participants provided
informed consent.
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Statistical Analysis

Step |: Baseline Data Analysis

Normality test: For continuous variables: present as mean + standard deviation or median (IQR); between-group
comparisons via ANOVA or Kruskal-Wallis H-test; For categorical variables: present as number (percentage); between-
group comparisons via Chi-square test or Fisher’s exact test. Descriptive analysis using the tableone package.

Step 2: Symptom Structure Exploration (PCA)
Perform principal component analysis (PCA) solely on baseline symptom items. Apply varimax orthogonal rotation and
determine the number of dimensions according to eigenvalues > 1 and scree plot.

Step 3: Symptom Trajectory Clustering (K-Means)

Calculate the average score of items within symptom domains identified by PCA (PCA scores are not used directly);
Conduct K-means clustering (class number determined by elbow method and silhouette coefficient based on Euclidean
distance). Output trajectory labels.

Step 4: Influencing Factor Analysis (LMM)
Take symptom scores as the dependent variable to establish a linear mixed model (LMM) containing fixed and random
effects; Assess differences in symptom change rates among distinct trajectory groups and adjust for confounding factors.

Step 5: Risk Prediction Nomogram
Prediction outcome: whether patients fall into the high symptom burden trajectory during follow-up; Screen predictive factors
via multivariate logistic regression; Construct a nomogram; Model performance assessment: ROC curve and AUC, calibration
curve, decision curve analysis (DCA), and internal validation with Bootstrap resampling (=1000 iterations).

Two-tailed test. A P value < 0.05 was considered statistically significant. The methodological flowchart is shown in Figure 1.

Results

General Information on the Study Subjects

General Patient Information

A total of 317 patients with cervical cancer were enrolled in this study. Among them, 234 patients (73.82%) were aged
>45 years. The majority were married, accounting for 272 cases (85.80%). In terms of educational level, patients with
primary school education or below had the highest proportion, with 108 cases (34.07%). Regarding occupation,
unemployed/temporary workers constituted the largest group, with 145 cases (45.74%), followed by employees (77
cases, 24.29%) and farmers/herders (45 cases, 14.20%). Regarding tumor differentiation, moderately differentiated
tumors accounted for the highest proportion at 44.16%. Additional information is shown in Table 1.

Step1
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~means,
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LMM 9
Step4 Step5

Figure | Methods flow diagram.
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Table |1 General Information of the Patients (N=317)

Variable Category Number of Constituent
Cases Ratio (%)
Age (years) 18~44 83 26.18
45~59 151 47.64
260 83 26.18
Occupation Employee 77 2429
Farmer 45 14.20
Retired 50 15.77
Unemployed/ Temporary worker 145 45.74
Educational level Primary school or below 108 34.07
Junior high school 103 32.49
Senior high/Technical secondary school 54 17.03
College or above 52 16.40
Marital status Unmarried/Single 2 0.63
Married 272 85.80
Divorced 23 7.26
Widowed 20 6.31
BMI (kg/m?) <18.5 (Underweight) 3 0.95
18.5-24.9 (Normal) 139 43.85
25.0-29.9 (Overweight) 126 39.75
230.0 (Obese) 49 15.46
Clinical stage Early localized (IAl, 1A2, IBI) 147 46.37
Locally advanced (IB2, IB2, lIAl) 78 24.61
Locally progressive (11A2, 1IB) 55 17.35
Lymph node metastasis (Any of the above with lymph node metastasis 37 11.67
is defined as:IlIC)
Type of surgery Laparoscopy 226 86.92
Laparotomy 34 13.08
Duration of surgery (min) <170 (short time) 166 52.37
>170 (long time) I51 47.63
Degree of differentiation Poorly 83 26.18
Moderately 140 44.16
Well 16 5.05
Well to moderately 6 1.89
Moderately to poorly 31 9.78
Other 41 12.93
Time to first flatus (hours) Rapid recovery (<24) 90 28.39
Normal recovery (24-35) 167 52.68
Delayed recovery (236) 60 18.93
Duration of drain placement Early catheter<5 days 249 78.55
Routine 6-10 days 66 20.82
Delayed|1-21 days 2 0.63
Duration of urinary catheter Short-term<7 days 48 15.14
placement
Normal 8-14 days 256 80.76
Delayed 13 4.10
Postoperative hospital stay Enhanced recovery<7 days 238 75.08
Routine8-14 days 67 21.14
Delayed recovery 15-21 days I 3.47
Long hospital stays >21 days | 0.32
KPS 100 8l 25.55
90 231 72.87
60~90 5 1.58
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Laboratory Indicators
The laboratory indicators of 317 cervical cancer patients included in this study are presented for T1, T2, and T3 as
follows in Table 2.

Symptom Cluster Extraction Outcomes

Incidence and Severity of Symptoms in Cervical Cancer Patients

Incidence and Severity of Symptoms in Cervical Cancer Patients at T| (Before Surgery)

At T1, 11 symptoms had an incidence rate >20%: pain, fatigue, sleep disturbance, distress, forgetfulness, decreased
appetite, dry mouth, sadness, limb numbness, abdominal distension, and hot flashes. The three symptoms with the highest
incidence rates were sadness (57.7%), distress (49.4%), and forgetfulness (38.2%). Symptom severity was expressed as
median [p25, p75]; the symptoms with the highest severity scores were sadness (3 [0, 5]), distress (0 [0, 4]), and sleep
disturbance (0 [0, 3]). Among symptoms with an incidence rate <20%, dysuria and urinary urgency were not observed
(0%), while the incidence of abdominal colic was only 0.9%. Additional information is shown in Table 3.

Incidence and Severity of Symptoms in Cervical Cancer Patients at T2 (1-2 Days Postoperatively)

At T2, 14 symptoms had an incidence rate >20%. The three symptoms with the highest incidence rates were pain
(88.0%), fatigue (80.8%), and sleep disturbance (74.8%). The symptoms with the highest severity scores were sleep
disturbance (4 [0, 7.5]), pain (3 [2, 5]), and fatigue (3 [2, 4]). Eight symptoms had an incidence rate <20%: palpitations/
shortness of breath, forgetfulness, abdominal colic, constipation, diarrhea, grogginess, urinary urgency, and dysuria.
Among these, dysuria and urinary urgency were not observed (0%), while diarrhea had the lowest incidence rate (5.0%).
Additional information is shown in Table 4.

Incidence and Severity of Symptoms in Cervical Cancer Patients at T3 (Before Discharge)

At T3, 10 symptoms had an incidence rate >20%: pain, fatigue, sleep disturbance, distress, decreased appetite, sadness,
limb numbness, abdominal distension, constipation, and hot flashes. The three symptoms with the highest incidence rates
were fatigue (62.5%), hot flashes (56.8%), and sleep disturbance (54.6%). The symptoms with the highest severity scores
were fatigue (2 [0, 3]), hot flashes (2 [0, 3.5]), and sleep disturbance (2 [0, 4]). Among symptoms with an incidence rate
<20%, grogginess, urinary urgency, and dysuria were not observed (0%). Additional information is shown in Table 5.

Table 2 Perioperative Period Laboratory Parameters of Cervical Cancer Patients

Indicators

TI M(P25, P75)

T2 M(P25, P75)

T3 M(P25, P75)

WBC, 3.5-9.5 10°9/L
RBC, 3.9-5.1 10°’12/L
HGB, 115-150 g/L

PLT, 125-350 10°9/L
LYMPH#, 1.1-3.2 10°9/L
NEUTH#, 1.8-6.3 10'9/L
MONO#, 0.1-0.6 10°9/L
D-D, 0-0.55 mg/L

Fbg, 2—4 g/L

ALB, 40-55 g/L

ALT, 740 IU/L

AST, 13-35 IU/L

K, 3.5-5.3 mmol/L

Na, 137-147 mmol/L
Cl, 99—110 mmol/L

Ca, 2.11-2.52 mmol/L
Mg, 0.75-1.02 mmol/L
P, 0.85—1.51 mmol/L

5.73 (4.93,7.13)
432 (4.03, 4.64)
128.00 (119.00, 137.00)
245.50 (207.00, 292.00)
1.85 (1.50, 2.20)
3.26 (261, 4.16)
0.37 (0.30, 0.46)
0.28 (0.19, 0.40)
2.58 (2.22, 2.91)
40.70 (38.80, 43.10)
15.40 (11.40, 22.92)
17.10 (14.10, 20.80)
3.98 (3.79, 4.20)
141.40 (140.06, 142.50)
106.40 (105.10, 108.31)
223 (2.16, 2.33)
0.88 (0.83, 0.94)
112 (0.97, 1.29)

9.60 (8.07, 11.96)
3.97 (3.69, 4.30)
118.00 (109.00, 127.00)
222.00 (184.00, 266.00)
131 (0.99, 1.64)
7.83 (6.46, 10.01)
0.54 (0.42, 0.70)
1.24 (0.75, 2.14)
3.10 (2.60, 3.74)
34.90 (33.07, 37.30)
14.50 (10.80, 22.10)
17.30 (14.30, 20.30)
391 (3.68, 4.14)
140.10 (138.30, 141.70)
106.10 (103.88, 108.00)
2.09 (2.00, 2.17)
0.78 (0.71, 0.85)
1.01 (0.84, 1.23)

6.97 (5.71, 8.25)
3.99 (3.63, 4.24)
117.00 (109.00, 126.00)
248.00 (206.00, 311.00)
151 (1.22, 1.82)
472 (3.40, 6.03)
0.45 (0.34, 0.62)
2.18 (115, 3.11)
3.60 (2.89, 4.32)
38.92 (34.00, 42.00)
16.20 (11.40, 28.90)
17.00 (13.80, 23.00)
4.03 (3.86, 4.26)
140.70 (139.30, 142.30)
106.00 (104.09, 107.50)
2.19 (2.09, 2.31)
0.84 (0.78, 0.90)
115 (1.02, 1.30)
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Table 3 Incidence and Severity of Symptoms Before Surgery in Cervical
Cancer Patients

Symptom Incidence Severity
[n%)] M(P25, P75) | Mean (For Reference)

Pain 111 (35.0) 0(0, 1) 0.69
Fatigue 110 (34.7) 0(0,2) 1.03
Nausea 27 (8.5) 0 (0, 0) 0.26
Sleep disturbance 112 (35.3) 0 (0, 3) 1.50
Distress 157 (49.4) 0 (0, 4) 221
Palpitations 49 (15.5) 0 (0, 0) 0.52
Forgetfulness 121 (38.2) 0 (0, 3) 1.44
Decreased appetite 64 (20.2) 0 (0, 0) 0.69
Drowsiness 59 (18.6) 0 (0, 0) 0.86
Dry mouth 73 (23.0) 0 (0, 0) 0.74
Sadness 183 (57.7) 3 (0, 5) 2.79
Vomiting 6 (1.9 0 (0, 0) 0.07
Limb numbness 64 (20.2) 0 (0, 0) 0.76
Abdominal distension | 80 (25.2) 0,1 0.71
Abdominal colic 3 (0.9) 0 (0, 0) 0.06
Constipation 47 (14.8) 0 (0, 0) 0.85
Diarrhea 9 (2.8) 0 (0, 0) 0.09
Dizziness 44 (13.9) 0 (0, 0) 0.41
Grogginess 6 (1.9) 0 (0, 0) 0.11
Urinary urgency 0 (0) 0 (0, 0) 0.00
Dysuria 0(0) 0 (0, 0) 0.00
Hot flashes 111 (35.0) 0 (0, 3) 1.44

Table 4 Incidence and Severity of Symptoms on Postoperative Day 1-2 in
Cervical Cancer Patients

Symptom Incidence Severity
[n%)] M(P25, P75) | Mean (For Reference)
Pain 279 (88.0) 3(25) 3.82
Fatigue 256 (80.8) 3(2,4) 3.27
Nausea 125 (29.4) 0 (0, 3) 1.81
Sleep disturbance 237 (74.8) 4(0,7.5) 426
Distress 162 (51.1) 1 (0, 3) 1.79
Palpitations 58 (18.3) 0 (0, 0) 0.76
Forgetfulness 49 (15.5) 0 (0, 0) 0.54
Decreased appetite 142 (44.8) 0 (0, 4) 1.96
Drowsiness 131 (41.3) 0 (0, 4) 1.95
Dry mouth 129 (40.7) 0 (0, 3) 1.59
Sadness 114 (36.0) 0(0,2) 1.00
Vomiting 77 (24.3) 0 (0, 0) 1.24
Limb numbness 93 (29.3) 0 (0, 3) .13
Abdominal distension | 145 (45.7) 0 (0, 3) 1.72
Abdominal colic 32 (l0.1) 0 (0, 0) 0.38
Constipation 62 (19.6) 0 (0, 0) 0.92
Diarrhea 16 (5.0) 0 (0, 0) 0.26
Dizziness 79 (24.9) 0 (0, 0.5) 1.08
(Continued)
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Table 4 (Continued).

Symptom Incidence Severity
[n%)] M(P25, P75) | Mean (For Reference)
Grogginess 32 (l0.1) 0 (0, 0) 0.41
Urinary urgency 0 (0) 0 (0, 0) 0.00
Dysuria 0 (0) 0(0,0) 0.00
Hot flashes 210 (66.2) 3(0,4) 2.77

Table 5 Incidence and Severity of Symptoms on Before Discharge in
Cervical Cancer Patients

Symptom Incidence Severity
[n%)] M(P25, P75) | Mean (For Reference)

Pain 160 (50.5) 1(0,2) 1.57
Fatigue 198 (62.5) 2 (0, 3) 211
Nausea 34 (10.7) 0 (0, 0) 0.42
Sleep disturbance 173 (54.6) 2(0,4) 2.39
Distress 132 (41.6) 0 (0, 3) 1.48
Palpitations 33 (104) 0 (0, 0) 0.33
Forgetfulness 60 (18.9) 0 (0, 0) 0.81
Decreased appetite 89 (28.1) 0 (0, 2) 0.92
Drowsiness 24 (7.6) 0 (0, 0) 0.29
Dry mouth 24 (7.6) 0 (0, 0) 0.28
Sadness 112 (35.3) 0(0,2) 1.07
Vomiting 17 (5.4) 0 (0, 0) 0.20
Limb numbness 145 (45.7) 0 (0, 3) 1.83
Abdominal distension | 141 (24.0) 0 (0, 0) 0.74
Abdominal colic 18 (5.7) 0 (0, 0) 0.23
Constipation 90 (28.4) 0 (0, 3) 1.55
Diarrhea 8 (2.5) 0 (0, 0) 0.09
Dizziness 21 (6.6) 0 (0, 0) 0.20
Grogginess 0 (0) 0 (0, 0) 0.00
Urinary urgency 0 (0) 0 (0, 0) 0.00
Dysuria 0 (0) 0 (0, 0) 0.00
Hot flashes 180 (56.8) 2 (0, 3.5) 2.10

Extraction and Naming of Longitudinal Symptom Clusters in Cervical Cancer Patients During the Perioperative
Period
The suitability of the data for analysis was initially examined at each time point. Results showed that the Kaiser—Meyer—
Olkin (KMO) values at T1 (0.52) and T3 (0.58) were below the recommended threshold of 0.60, suggesting that separate
analyses might yield unstable factor solutions. In contrast, the pooled dataset demonstrated good sampling adequacy
(KMO = 0.74; Bartlett’s test of sphericity: y>= 3701.25, P < 0.001), confirming its appropriateness for factor extraction.
To better identify symptom clusters, exploratory principal component analysis (PCA) with varimax rotation was
employed, five common factors with eigenvalues greater than 1 were extracted. Symptoms were grouped according to
their factor loadings, typically by assigning items with loadings >0.4 or those with relatively high loadings on the same
factor to the same cluster. Given the longitudinal design of this study, pooled PCA was performed by combining data
from the three time points (T1, T2, T3). This approach was selected to ensure configural invariance-that is, a consistent

factor structure over time-which is a prerequisite for valid longitudinal comparisons of symptom cluster severity. Based
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on clinical expertise, the five factors were respectively named as: General Somatic Symptoms, Psychological
Neurological Symptoms, Gastrointestinal Motility and Energy, Affective-Eating Disturbance, and Consciousness-
Sedation Related Symptoms (see Tables 6-8).

Based on exploratory principal component analysis (PCA), confirmatory factor analysis (CFA) was further performed
to verify the stability of the 5-factor symptom cluster structure. The results showed that the 5-factor model fitted the data
well, and all goodness-of-fit indices met the recommended statistical criteria. This confirms that the five symptom cluster
structures extracted by PCA have favorable construct validity (in Table 9).

Identification of Latent Classes for Longitudinal Symptom Cluster Distress Trajectories in Perioperative
Cervical Cancer Patients

The elbow method was used to determine the optimal number of clusters. After calculating the within-cluster sum of squares
(Inertia) for K=1 to K=9, an obvious inflection point was observed at K=3. Combined with clinical interpretability and

Table 6 Goodness-of-Fit Test for Longitudinal Symptom Clusters at Each
Time Point in Cervical Cancer Patients During the Perioperative Period

Time | KMO Value | Bartlett 5> | Bartlett P | Goodness-of-fit Test
TI 0.515574243 | 1006.863138 | 2.5003E-111 Bad
T2 0.645861246 | 1265.649428 | 3.3242E-158 fair
T3 0.584734984 | 2619.223966 p<0.001 bad

Table 7 Goodness-of-Fit Test for Longitudinal
Symptom Clusters Dataset in Cervical Cancer
Patients During the Perioperative Period

Statistical Indicator Values
KMO Value 0.737530753
Bartlett’s Test of Sphericity (x?) | 3701.248902
Bartlett’s Sphericity Test (P) P<0.001
Evaluation Good

Table 8 Composition of Longitudinal Symptom Clusters in Cervical Cancer Patients During the Perioperative Period

Affective-Eating Disturbance

Consciousness-Sedation Related

Sadness

Grogginess

Distress

Drowsiness

Decreased appetite

Dry mouth

Symptom Clusters Symptom | Symptom 2 Symptom 3 Symptom 4 Symptom 5 Symptom 6
General Somatic Sleep disturbance Nausea Pain Vomiting Fatigue Drowsiness
Psychological Neurological Sadness Limb numbness Distress Forgetfulness Palpitations

Gastrointestinal Motility and Energy Constipation Decreased appetite Dizziness Palpitations Abdominal distension

Note: Urinary urgency and dysuria/retention showed extremely low or absent loadings across the five symptom clusters, indicating that urinary symptoms were relatively
independent or had low incidence in this sample, without forming significant clustering characteristics.

Table 9 Confirmatory Factor Analysis of Longitudinal Symptom Clusters During Perioperative Period in
Patients with Cervical Cancer

Model . (df) | ¥*df | CFI TLI RMSEA SRMR

The five-factor symptom cluster model | 345.62 | 199 | 1.737 | 0.942 | 0.93I 0.048 0.052
(0.039-0.057)

Reference - - <3.00 [ >0.90 | >0.90 < 0.08 < 0.08
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Figure 2 Elbow Method Plot.

previous studies, classifying patients into 3 categories best reflects the distinct evolutionary patterns of symptoms: good
recovery, moderate persistence, and severe distress (see Figure 2 and Table 10).

Based on longitudinal scores of the five symptom clusters, three distinct trajectories of symptom evolution (Latent
Classes) were identified via cluster analysis. According to their temporal dynamic characteristics at T1, T2, and T3, they
were respectively labeled as: Class 1 (Good Recovery), Class 2 (Moderate Persistent), and Class 3 (Severe Distress).
Symptom Cluster Trajectory Trend in Figure 3.

Class 1 (Good Recovery): This group accounted for most of the sample (T1: 83.3%, T2: 79.8%, T3: 41.0%).
Characterized by low baseline symptom scores at T1 (preoperative), scores for all five symptom clusters remained low
or showed a decreasing trend at T2 and T3. Despite undergoing surgical trauma, these patients demonstrated strong
physiological and psychological resilience, achieving rapid recovery without significant symptom accumulation.

Class 2 (Moderate Persistent): Patients in this group (T1: 16.7%, T2: 17.7%, T3: 32.8%) exhibited a certain level of
symptom burden preoperatively, with particularly higher scores in the Psychological-Neurological Symptoms and
General Somatic Symptoms clusters compared to the Good Recovery group. Over time (T2 to T3), their symptom
scores fluctuated but remained at a moderate level. This suggests that these patients may have higher sensitivity, leading
to persistent postoperative symptoms.

Class 3 (Severe Distress): This group represented the high-risk subgroup identified in this study (T1: 0%, T2: 2.5%,
T3: 26.2%). The most notable feature was the absence (or minimal presence) of symptoms at T1, followed by a sharp

Table 10 Symptom Clusters Analysis of Perioperative Symptom Clusters in Cervical Cancer Patients

Number of Clusters (K) | Inertia | Magnitude of Decrease (Gain) Interpretation of the Trend
K=1 911427 - Baseline

K=2 6408.49 2705.78 Sharp decrease (necessary)

K=3 5537.51 870.98 Key inflection point (Elbow Point)
K=4 4897.02 640.49 Onset of gain Narrowed

K=5 4432.16 464.86 Gain with further reduction (gentle decline)
K=6 4010.97 421.19 Gentle decline

K=7 3693.76 317.21 Gentle decline
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Figure 3 Longitudinal Change Trajectories of Perioperative Symptom Clusters in Cervical Cancer Patients.

increase during the early postoperative period at T2, peaking at T3 with scores significantly higher than those of the other
two groups. Particularly, the General Somatic Symptoms and Gastrointestinal Motility and Energy clusters showed
a markedly increasing trajectory. This indicates that these patients had the poorest tolerance to surgical stress and
exhibited significant maladaptation during the recovery phase.

Identification of Latent Classes for Longitudinal Symptom Cluster Distress Trajectories in Perioperative
Cervical Cancer Patients

Results of Univariate Predictive Analysis for the Severe Distress Trajectory

To identify early warning indicators for the severe distress class, univariate Logistic regression analysis was performed
incorporating patients’ demographic characteristics and clinical laboratory indicators at 1-2 days postoperatively (T2).
As a key node in perioperative management linking surgical stress (T1) and discharge outcomes (T3), biological
indicators at T2 are valuable for predicting symptom trajectories.

The analysis revealed that among the 15 potential predictors, eight were significantly associated with the occurrence
of high symptom burden (P< 0.05). Regarding inflammatory and coagulation parameters, fibrinogen (Fbg) (OR=1.860,
95% CI: 1.171-2.941, P=0.007), neutrophil-to-lymphocyte ratio (NLR) (OR =1.500, P=0.003), and D-dimer (D-D)
(OR=1.600, P=0.025) were identified as significant risk factors, indicating that a state of hyperinflammation and
hypercoagulability significantly increases the risk of developing an unfavorable symptom trajectory.

Regarding surgical and demographic characteristics, operation duration (OR=1.461, P=0.011) and age (OR=1.053,
P=0.009) were statistically significant, suggesting that advanced age and prolonged surgery are risk factors for symptom
deterioration. Serum albumin (ALB), serum potassium (K), and serum sodium (Na) exhibited significant protective
effects, with serum potassium showing the strongest effect, indicating that maintaining electrolyte homeostasis is crucial
for reducing symptom burden. No significant differences were found for BMI, KPS score, postoperative hospital stay,
WBC, HGB, and other indicators (P>0.05), as detailed in Table 11.

Results of Multivariate Predictive Analysis for the Severe Distress Trajectory
To further adjust for confounding factors and identify independent predictors for patients being classified into the severe
distress group (Class 3), variables with statistical significance in univariate analysis were included in a multivariate
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Table 11 Results of Univariate Predictive Analysis for the Severe Distress

Trajectory
Variable [} SE OR | 95% Cl | 95% Cl | P value
Lower | Upper
Fbg 0.62 | 0229 | 1.86 1171 2.941 0.007*
NLR 0.405 | 0.135 1.5 I.15 1.956 0.003*
D-D 0.47 0.21 1.6 1.06 2414 0.025%*
Duration of surgery (hours) | 0.379 0.15 | 1.461 1.089 1.96 0.011*
Age (years) 0.052 | 0.02 | 1.053 1.013 1.096 0.009*
ALB —0.153 | 0.065 | 0.858 | 0.755 0.975 0.018*
K —1.204 | 045 0.3 0.124 0.725 0.007*
Na —0.363 | 0.161 | 0.696 | 0.503 0.958 0.025%*
BMI 0.296 | 0.507 | 1.344 | 0497 3.636 0.559
KPS —0.813 | 0.758 | 0.443 0.097 2.114 0.283
Postoperative hospital stays | —0.05 0.04 | 0.951 0.879 1.029 0.211
WBC 0.104 | 0.17 I.11 0.795 1.549 0.541
HGB —0.01 | 0.026 | 0.99 0.941 1.042 0.689
ALT —0.027 | 0.034 | 0.973 091 1.041 0.432
AST —0.047 | 0.057 | 0.954 | 0.853 1.067 0413

Notes: *P < 0.05. When operative duration was initially modeled in minutes, the confidence intervals
were excessively wide. To improve model fit and parameter stability, it was uniformly converted to hours
for analysis. This conversion only changed the measurement scale and did not affect the substantive
interpretation of the results.

Logistic regression model. The model used clinical indicators at T2 as independent variables, and symptom trajectory
grouping as the dependent variable (non-severe group=0, severe group=1).

Multivariate analysis results (see Table 12) identified a total of 7 independent predictors. After adjusting for other
variables:

Inflammatory and Coagulation Indicators

Fibrinogen (Fbg)(OR=1.79, 95% CI: 1.20-2.71, P=0.005), neutrophil-to-lymphocyte ratio (NLR) (OR=1.45, 95% CI:
1.10-1.93, P=0.008), and D-dimer (D-D) (OR=1.52, 95% CI: 1.02-2.29, P=0.041) were independent risk factors for
severe symptom distress.

Surgical and Demographic Characteristics

Each 1-hour increase in operation duration was associated with a 28% higher risk of severe symptom distress (OR=1.28,
P=0.035); each 1-year increase in age raised the risk by 4% (OR=1.04, P=0.027).

Table 12 Results of Multivariate Predictive Analysis for the High Symptom Burden

Trajectory

Variable B SE Wald %2 | P value | OR (95% CI)
Constant —1.102 | 1.55 0.5 0.477 —

Fbg 0.584 | 021 7.73 0.005*% | 1.79 (1.20-2.71)
NLR 0372 | 0.14 7.06 0.008* | 1.45 (1.10-1.93)
D-D 0419 | 0.205 4.17 0.041* | 1.52 (1.02-2.29)
Duration of surgery (hours) | 0.247 | 0.117 4.45 0.035* 1.28 (1.02-1.61)
Age (years) 0.042 | 0.019 4.88 0.027*% | 1.04 (1.01-1.09)
ALB —0.105 | 0.042 6.25 0.012* | 0.90 (0.83-0.98)
K —0.754 | 0.32 5.55 0.018* | 0.47 (0.25-0.88)

Note: *P<0.05.
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Table 13 Predictor Analysis Results

Variable AUC (95% CI) Sensitivity | Specificity | Accuracy | Youden P value PPV | NPV
Combined Prediction Model | 0.863 (0.820-0.907) 68.4% 87.8% 82.0% 0.562 Reference | 70.7% | 86.6%
Fbg 0.773 (0.718-0.828) 70.5% 76.0% 74.4% 0.465 0.012 55.8% | 85.7%
NLR 0.741 (0.679-0.803) 58.9% 81.0% 74.4% 0.399 0.002 57.1% | 82.1%
D-D 0.718 (0.658-0.779) 68.4% 71.0% 70.3% 0.395 <0.001 50.4% | 84.0%
Duration of surgery (hours) | 0.661 (0.598-0.724) 72.6% 54.3% 59.8% 0.269 <0.001 40.6% | 82.2%
ALB 0.657 (0.589-0.724) 51.6% 77.8% 69.9% 0.294 <0.001 50.0% | 78.9%
Age (years) 0.558 (0.488-0.628) 44.2% 68.8% 61.4% 0.130 <0.001 37.8% | 74.1%
K 0.590 (0.520-0.660) 60.0% 59.7% 59.8% 0.197 <0.001 39.0% | 77.6%

Protective Factors

Serum albumin (ALB) (OR=0.90, P=0.012) and serum potassium (K) (OR=0.47, P=0.018) were significant independent
protective factors. Serum potassium showed the strongest protective effect, and maintaining its level can substantially

reduce the risk of adverse symptom trajectories.

Predictors of the Severe Symptom Distress Trajectory and Development of the Nomogram

To evaluate the clinical applicability of the previously developed multivariate risk prediction model, we comprehensively

assessed its performance using the receiver operating characteristic (ROC) curve and related diagnostic indices. As

shown in Table 13 and Figures 4-6 the combined prediction model, constructed based on seven indicators measured at
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Figure 6 Nomogram for Predicting the Risk of Severe Symptom Distress Trajectory.

T2 (Fbg, NLR, D-D, operative duration, age, ALB, and K), demonstrated excellent discrimination, with an area under the
curve (AUC) of 0.863 (95% CI: 0.820-0.907). At the optimal cut-off value determined by the Youden index (0.562), the
model achieved a sensitivity of 68.4%, a specificity of 87.8%, and an accuracy of 82.0%. The positive predictive value
(PPV) and negative predictive value (NPV) were 70.7% and 86.6%, respectively.
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Compared with any single predictor, the combined prediction model demonstrated statistically significant superiority
(all P<0.05). Among the individual indicators, fibrinogen (Fbg) exhibited the highest predictive performance
(AUC=0.773), followed by the neutrophil-to-lymphocyte ratio (NLR) (AUC = 0.741) and D-dimer (D-D)
(AUC=0.718), all of which primarily reflect the body’s inflammatory and coagulation status. Notably, although age
(AUC=0.558) and serum potassium (K) (AUC=0.590) showed relatively low discriminative ability in univariate analysis,
their inclusion as covariates in the multivariate model helped adjust for individual differences in physiological back-
ground, thereby enhancing the overall predictive accuracy of the combined model.

Discussion

Composition and Dynamic Trajectories of Symptom Clusters

We identified five symptom clusters using principal component analysis. Sentinel symptoms rarely occur alone but co-
exist as clusters. Recognizing these clusters may help reveal shared biological mechanisms and inform future interven-
tion design.

General Somatic Symptoms Cluster

This cluster included pain, fatigue, sleep disturbance, and nausea/vomiting. It aligns with the psycho-neuro-immune
symptom cluster described by Dodd et al** and may relate to inflammatory cytokine release.*” Pain and nausea can
disrupt sleep, and sleep loss may lower pain thresholds and worsen fatigue. This cluster is common after gynecologic
cancer surgery, and its severity changes over time.*® Combining sleep hygiene with analgesia and antiemetic support
could help interrupt this cycle.

Psychological Neurological Symptoms Cluster

This cluster included limb numbness and sadness/forgetfulness. It was more prominent in chemotherapy patients but
relatively rare perioperatively, suggesting an interaction between neurosensory and emotional factors. Surgical trauma,
anesthesia, and medications may contribute to numbness. These physical symptoms can act as persistent stressors and
may trigger sadness or distress.’” When patients report numbness or memory decline, assessing emotional status may be
useful, as depression can be overlooked. Psychological symptoms persist throughout the perioperative period and warrant
ongoing attention.*®

Gastrointestinal Motility and Energy Symptoms Cluster & Affective- Eating Disturbance Symptoms Cluster
Decreased appetite loaded onto two distinct clusters, suggesting two mechanisms of appetite loss. This agrees with
Laviano et al*” on multiple mechanisms of cancer-related anorexia. In the gastrointestinal cluster, decreased appetite co-
occurred with constipation and dizziness, possibly due to analgesics or reduced motility.** In the affective-eating cluster,
it was linked to sadness and distress, reflecting emotional anorexia.*' For the first, relieving constipation may help; for
the second, addressing emotional distress may be more important than nutritional support alone.*

Consciousness-Sedation Related Symptoms Cluster

Grogginess/drowsiness and dry mouth formed a cluster with anticholinergic and sedative effects, largely from opioids,
antihistamines, and anxiolytics. This matches prior reports in perioperative oncology.***** For patients with high scores
on this cluster, reviewing medications and watching for drug accumulation or excessive sedation may help prevent
falls.*

Latent Class Analysis of Symptom Cluster Trajectories

Based on longitudinal scores of five symptom clusters, we identified three distinct trajectories: Good Recovery, Moderate
Persistent, and Severe Distress. Patients show heterogeneous recovery patterns after cervical cancer surgery,*® challen-
ging the view that postoperative symptoms are resolved naturally over time. The Good Recovery class (largest group)
had low or decreasing symptoms after surgery and likely needs only routine care. This profile is similar to the low
symptom burden subgroup reported by Jiarui L et al*” The Moderate Persistent class (16.7% at T1, rising to 32.8% at T3)
had moderate preoperative burden, especially psycho-neurological symptoms, and no spontaneous relief. Preoperative
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anxiety or comorbidities may increase symptom sensitivity.*® For these patients, offering psychological support or

cognitive behavioral therapy during prehabilitation®°

might reduce baseline sensitivity, though this requires testing.
The Severe Distress class (0% at T1, 26.2% at T3) is the most clinically relevant. These patients had no preoperative
symptoms but peaked at discharge, when coping capacity is low. They tolerate surgical stress poorly and struggle with
home recovery.*®>! Because they are easily overlooked before surgery, screening for risk at T2 could help identify them.
Routine discharge teaching may not be enough; enhanced remote support during the transition period®® might be
considered. Across classes, symptom clusters worsened together, supporting a synergistic effect.>*>> Bundled manage-
ment strategies—combining analgesia with bowel and nutritional support—could be more effective than single-target

approaches,>® though this remains a hypothesis.

Interpretation of Laboratory Markers and the Prediction Model
Biological Rationale for Laboratory Markers
Compared with previous studies that focused primarily on psychosocial factors,” this study examined the predictive
value of laboratory biomarkers. Patients in the Severe Distress subgroup exhibited an inflammatory-nutritional imbalance
at discharge, characterized by elevated fibrinogen and low albumin. Elevated fibrinogen indicates high systemic
inflammatory stress, while decreased albumin reflects inflammation-related nutritional impairment.”®>’ Systemic inflam-
mation is a recognized driver of symptom clusters in cancer patients.’® These associations suggest a biological pathway
linking unresolved postoperative inflammation to symptom exacerbation during home rehabilitation.

However, several cautions are warranted. First, these associations do not imply causation; elevated inflammatory
markers may be a consequence rather than a driver of symptom distress. Second, the clinical utility of incorporating
fibrinogen and albumin into risk stratification®® remains to be prospectively validated.

The Prediction Model: Current Status and Limitations

A nomogram prediction model was developed based on seven pre-discharge predictors (fibrinogen, NLR, D-dimer,
operation duration, age, albumin, and serum potassium). The model achieved an internally validated AUC of 0.863,
indicating good discriminative ability in this cohort. However, the following limitations must be clearly stated: This
model has not undergone external validation, so its predictive performance may be overestimated. Further validation
using independent cohorts, ideally from multiple centers, is warranted prior to clinical use. Additionally, its incremental
value relative to conventional clinical assessment remains unexamined. Prospective studies are needed to explore
whether risk stratification guided by this model can improve patient outcomes.

With these caveats, the model currently serves as a hypothesis-generating tool that may inform the design of future
intervention studies. For research purposes, patients with a predicted probability >56.2% (optimal cutoff by Youden
index) could be considered a high-risk phenotype for targeted enrollment in clinical trials of perioperative symptom
management.

Methodological Limitations and Future Directions
Study Design and Sampling
Single-center design: Participants were recruited from a single tertiary cancer hospital using convenience sampling. This
limits generalizability to other geographic regions, healthcare systems, and patient populations.

Attrition: The final sample was reduced from 373 to 317. Although baseline characteristics did not differ significantly
between completers and dropouts, non-random attrition cannot be fully excluded and may introduce bias.

Analytical Approach
The analytical strategy (PCA followed by cluster analysis) assumes linear trajectory shapes and independent observa-
tions. Nonlinear patterns or discontinuous changes may not have been captured.

Future Directions
External validation of the prediction model in multicenter, diverse populations.
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Prospective intervention studies testing whether trajectory-based risk stratification or model-guided monitoring
improves patient outcomes (eg, symptom burden, quality of life, unplanned readmissions).

Qualitative studies to understand patient and family perspectives on symptom management during the discharge
transition period, which could inform the design of acceptable and feasible interventions.

Conclusion
Three distinct symptom distress trajectories—well-recovered, moderately persistent, and severely distressed—were
identified in cervical cancer patients during the perioperative period. Subgroups differed in symptom severity and
temporal trends. Patients in the severely distressed trajectory showed rapid symptom changes around discharge,
suggesting they may be a higher-risk population for symptom management. This trajectory was associated with several
indicators related to inflammation, coagulation, nutrition, and surgery. A nomogram prediction model based on seven T3
indicators (Fbg, NLR, D-D, operative duration, age, ALB, and K) showed acceptable predictive performance in this
cohort (AUC=0.863), with specificity of 87.8% and accuracy of 82.0% at the optimal cut-off value. These findings
suggest the model may help distinguish between high- and low-risk patients, though external validation is needed.
Based on these results, perioperative symptom management could take trajectory heterogeneity into account.
Clinicians might use the nomogram as one tool to help stratify patients, and for those identified as higher-risk,
considering anti-inflammatory support or nutritional intervention could be explored. Enhanced transitional care around
discharge may also be worth considering. For patients in the moderately persistent trajectory, psycho-neurological
symptoms may persist and deserve attention. Integrating trajectory patterns with a prediction model could support
more stratified management, but whether this approach reduces symptom burden or improves care quality requires
prospective testing.
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