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A B S T R A C T

Objective: This study aims to explore the subgroups and networks of symptom clusters in breast cancer patients
undergoing chemotherapy, and to provide effective interventions for the core symptoms.
Methods: A cross-sectional survey was conducted at four comprehensive hospitals in Foshan City, China, from
August to November 2023. A total of 292 participants completed the social determinants of health questionnaire,
the numerical rating scale (NRS), the Pittsburgh sleep quality index (PSQI), the Chinese version of the cancer
fatigue scale (CFS), and the hospital anxiety and depression Scale (HADS). Latent class analysis (LCA) was utilized
to distinguish subgroups, and network analysis was utilized to identify core symptoms among different subgroups.
Results: Breast cancer patients undergoing chemotherapy exhibit symptoms were divided into two subgroups: the
high burden group of symptoms (72.3%, Class 1) and the low burden group of symptoms (27.7%, Class 2). Ed-
ucation attainment, work status, family monthly income per capita, and daily sleep duration (hours) were
associated with subgroup membership. “Panic feelings” (# HADS-A11) were the core symptom in both the full
sample and Class 2, while “tension or pain” (# HADS-A1) was the core symptom in Class 1.
Conclusions: The core symptoms of fear, enjoyment, nervousness, and pain varied across subgroups of patients and
could inform the current strategies for symptom management in breast cancer chemotherapy patients.
Introduction

According to the latest global cancer data,1 there are approximately
2.3 million new cases of breast cancer worldwide, ranking it as the sec-
ond most common cancer globally, the disease claims about 670,000
lives each year. In China, breast cancer ranks as the second most preva-
lent cancer among women and poses a significant threat to their health.1

The diagnosis and treatment of breast cancer often lead to a series of
physical and psychological symptoms,2 with the most common symptom
cluster among breast cancer patients consisting of pain, fatigue, anxiety,
depression, and sleep disorders,3–5 with an occurrence rate exceeding
40%, particularly during the chemotherapy period.6,7 These symptoms
may exhibit synergistic and reinforcing effects, cyclic recurrence, and
remain stable or reappear during the treatment process. Some symptoms
also exhibit cumulative effects as treatment progresses.8 They can have a
multiplicative negative impact on patients' quality of life and functional
status, leading to treatment delays or discontinuations, increased medical
costs, and decreased overall well-being.9 Therefore, effective manage-
ment of symptoms during the chemotherapy period is crucial for breast
.
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cancer patients. Successful symptom management relies on understand-
ing the distinct characteristics of symptom presentation in different pa-
tients, accurate identification and targeted interventions.

Currently, research on breast cancer symptom clusters primarily re-
lies on measuring overall symptom burden using total scores on scales.
However, due to individual differences in experiences and characteris-
tics, it is possible for individuals to have high scores on a few specific
symptoms while having a lower overall symptom level. This canmask the
specificity of certain symptoms and overlook individual differences.10–13

The Symposium on Symptom Science in the United States pointed out
that due to the individual variability in symptoms, distinguishing het-
erogeneous symptom subgroups based on individual variations in
symptom expression may be the key to effective symptom manage-
ment.14 LCA is a person-centered statistical method that provides a new
approach to gain a deeper understanding of the symptom characteristics
of different patients. It can visually demonstrate response patterns within
the study population and heterogeneity between groups, enabling the
Classification of patient subgroups based on different symptom
profiles.15
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In addition, most studies on symptoms focus on symptom clusters
composed of one or more independent symptoms.16,17 However, many
researchers have pointed out that symptoms are not independent of each
other but rather interrelated and mutually influential.18 The Symposium
on Symptom Science in the United States also emphasized the need for
innovative techniques and strategies to classify these symptoms and
explore their underlying causes.14 Symptom network refers to a method
that explores the interactions and associations among different symptoms
by studying their co-linearity, correlations, and levels of influence in
specific diseases or disease states and presents them in a graphical
manner. Symptom networks can help us understand the complexity of
diseases and the interactions between symptoms. By identifying impor-
tant symptom nodes based on network centrality indices, they provide
guidance for the diagnosis, treatment, and management of diseases.
Research has shown that interventions targeting important symptom
nodes in the core symptoms not only have a greater impact on the
network but also facilitate improvements in other symptoms associated
with them.4,14 Such an approach, focusing on managing core symptom
nodes, is more beneficial for symptom relief compared to interventions
targeting non-central symptom nodes. This management approach im-
proves symptom management efficiency, optimizes the intervention
process, and enables more effective symptom management.

Therefore, this study focuses on the core symptom cluster (pain, fa-
tigue, anxiety, depression, sleep disorders) experienced by breast cancer
patients during chemotherapy. By using LCA, it explores different
symptom patterns or subgroups that arise from individual differences
during breast cancer chemotherapy and identifies social determinants of
health (SDOH) data, such as sociodemographic or disease characteristics,
among the subgroups. Building upon LCA, the study identifies important
symptom nodes within different subgroups and reveals the complex in-
teractions and relationships between symptom nodes using symptom
networks. By combining these two methods, it enables personalized and
precise identification of symptoms experienced by breast cancer patients
during chemotherapy, thereby promoting patient-centered precision care
and efficient symptom management.

Methods

Study design and participants

This is a cross-sectional study that uses convenience sampling to
choose breast cancer patients who undergoing chemotherapy in the
hospital during breast surgery at four tertiary hospitals in Foshan City,
Guangdong Province, China, from August to November 2023. The par-
ticipants need to meet criteria such as being female, being older than 18
years old when diagnosed with breast cancer, currently undergoing
chemotherapy, having clear awareness, having no difficulties in
communication, and being willing to provide written informed consent.

Research instruments

Social determinants of health questionnaire
Data from the participants were collected using the social de-

terminants of health questionnaire, which included information such as
age, body mass index (BMI), residence place, education attainment,
marital status, work status, and monthly family income per capita.
Clinical information, including the Charlson comorbidity index (CCI),19

months since cancer diagnosis, stage of breast cancer, lymph node
metastasis, surgical method, chemotherapy cycles and daily sleep dura-
tion, was obtained from medical records.

Patient self-reported symptoms
The intensity of discomfort was gauged using the numerical rating

scale (NRS),20 which assigns a value between 0 and 10. A higher value
signifies a greater degree of pain, with 0 representing no pain, 1–3 mild
2

pain, 4–6 moderate pain, and 7–10 severe pain. The Pittsburgh sleep
quality index (PSQI), developed by Buysse,21 assessed subjective sleep
quality, measuring seven aspects, including sleep duration and efficiency.
The sleep quality of breast cancer patients was evaluated using a sub-
jective scale with a single entry and a 3-point grading system, where one
represents good sleep quality, two average, and three poor. The Chinese
version of the cancer fatigue scale (CFS), based on the research of Zhang
et al.,22 is primarily used to assess fatigue symptoms in cancer patients. It
comprises 15 items divided into three categories: physical exhaustion,
emotional fatigue, and cognitive weariness. The scale was evaluated
using a Likert 5-point scale, ranging from 0 to 4, where 0 indicates no
fatigue, and 4 indicates extreme fatigue. The scale ranges from 0 to 60,
with a clinical fatigue threshold for CFS set at scores above 18. As the
score rises, so does the patient's level of fatigue. The Hospital Anxiety and
Depression Scale (HADS), established in 1983 by Zigmond and Snaith,23

consists of two separate scales for assessing anxiety and depression. Each
scale contains 14 items, seven evaluating anxiety (A) and seven evalu-
ating depression (D). Each item is scored on a scale of 0–3. A score of 8
signifies the absence of symptoms, while scores between 8 and 10 suggest
the presence of anxiety or severe depression. Higher scores on the scale
indicate a higher probability of experiencing anxiety or depression.

Data collection

The research received formal sanction from the ethics committee of
the People's Hospital situated in the Nanhai District of Foshan City (IRB
No. 2023280). Data collection was conducted by a trained nursing
researcher. This researcher independently completed the data collection
in the four hospitals, and the study participants were referred by physi-
cians. The study participants were referred by physicians and enrolled in
this study during their hospitalization in four hospitals. Researchers
obtained written informed consent from the participants, which included
information on the purpose, significance, benefits and risks of the study.
Participants were also informed of their right to withdraw from the study
at any time. If there are any missing or incomplete data entries, re-
searchers promptly inform the study participants to provide the neces-
sary supplements. In case of any unclear items, researchers should
explain them from an objective standpoint, ensuring that participants
have a full understanding and cooperate with the study.

Data analysis

Statistical analyses were conducted using SPSS Statistics 26.0, Mplus
8.0, and R 4.3.2. Descriptive statistics examined the social determinants
of health, clinical factors, and patient-reported symptoms. Categorical
variables were depicted using frequencies and percentages, while
continuous variables were expressed as mean � standard deviation. The
evaluation of LCA2 involved the use of indicators such as Akaike infor-
mation criterion (AIC), Bayesian information criterion (BIC), and
adjusted BIC (aBIC). Lower values for these criteria indicate a superior fit
for the model. The likelihood ratio test (Lo-Mendell-Rubin, LMR) and the
bootstrap-based likelihood ratio test (BLRT) were used to evaluate dif-
ferences in model fitting. A statistically significant value of P < 0.05
implies that a model with k categories is preferable to a model with k–1
categories. Entropy values are used to assess the accuracy of model
categorization. A value nearing 1 denotes higher classification accuracy,
with values exceeding 0.8, indicating accuracy above 90%.15 Finally, by
assessing the fitting indicators of models in each category, we determine
the most optimal category model and assign it a name.24 Once the suit-
able latent category has been identified, we utilize the χ2 test and Fisher
exact tests to evaluate and compare the differences among various cat-
egories. The binary logistic regression model includes significant vari-
ables, and all statistical tests have a significance criterion of P < 0.05.15

We utilized R4.3.2. Version to carry out network analysis. The Fruch-
terman-Reingold force-directed layout was employed to position nodes
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with the strongest correlations at the center of the network.25 The
symptomatic network of this study represents symptoms as nodes and
independent conditional linkages between the nodes as edges. The
thickness of the edges indicates the strength of the association. Addi-
tionally, the study employed two primary variables (strength and close-
ness) to identify core symptoms under numerous potential groups.
Strength is determined by calculating the absolute weight of the corre-
lation coefficient between a node and all other nodes, and then adding
these values. It is an indicator of the importance of a node within a
network. Themore intense the strength, the greater the importance of the
symptom and its potential influence on other symptoms. Proximity cal-
culates the average distance between a single node and all others.26 The
symptoms were more central when there was a higher strength and
closeness.26

Results

We distributed 314 questionnaires, excluding 22 invalid question-
naires owing to missing entries and obtained 292 valid questionnaires,
with a questionnaire response rate of 93.0%.
Characteristics of the sample

All participants in the study were female, with ages ranging from 26
to 81 years and an average age of approximately 52.32 � 11.07 years.
The majority of the participants had n normal BMI index (54.8%) and
lived in either urban (50.0%) or rural areas (50.0%). Most of the par-
ticipants had an education attainment of secondary school or below
(71.2%), were married (94.5%), were sick leave (69.9%), had one or two
children (80.1%), and had a monthly family income of less than 5000
Table 1
Comparison of latent class models’ goodness of fit.

Model AIC BIC aBIC Entro

1 1569.47 1587.85 1571.99 –

2 1431.04 1471.49 1436.61 0.97
3 1431.78 1494.29 1440.37 0.95
4 1440.55 1525.11 1452.17 0.78
5 1451.35 1557.98 1466.01 0.75

aBIC, Adjusted Bayesian information criterion; AIC, Akaike information criterion; BI
Lo–Mendell–Rubin likelihood ratio test.

Fig. 1. Distribution of severity of sym
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yuan (84.2%). The disease characteristic data includes those who have a
Charlson comorbidity index of CCI � 3 points (72.3%); an illness dura-
tion of fewer than six months (45.9%); disease staging at stage II (46.9%);
occurrence of lymph node metastasis (49.3%); underwent breast-
conserving surgery (68.5%); received chemotherapy four or more times
(77.7%); and daily sleep duration six to seven hours (49.7%).
Latent class analysis

This study proposes five potential category models. Table 1 demon-
strates that category three has the highest entropy value, while category
two also has an entropy value above 0.9, suggesting that category two also
exhibits a significant level of accuracy. The statistical indicators AIC, BIC,
and aBIC reach their minimum values in category 2, indicating the
effectiveness of this model in representing the data. When only two cat-
egories are considered, the LMRT and BLRT values are statistically sig-
nificant (P < 0.001), thus validating that the two-category model is
optimal.

According to the probability distribution chart shown in Fig. 1, it is
evident that the intensity of two possible sub-symptoms in breast cancer
chemotherapy patients differs All symptoms are significantly heightened
within the High Symptom Burden group (Class 1), accounting for 210
cases (72.3%). Conversely, in the Low Symptom Burden group (Class 2),
the severity of symptoms in these patients is comparatively lower, with 82
cases (27.7%). Both categories displayed the highest degree of fatigue
symptoms, a comparatively lower response rate regarding sleep quality,
and a minimum distinction between the two groupings. The primary
distinction between the two groups is predominantly evident in psycho-
logical symptoms, especially in symptoms related to anxiety and
depression.
py LMR
P value

BLRT
P value

Latent class probability

– – 1
< 0.001 < 0.001 0.72/0.28
0.069 0.061 0.09/0.19/0.72
0.256 0.667 0.19/0.09/0.52/0.20
0.459 1 0.50/0.22/0.01/0.07/0.21

C, Bayesian information criterion; BLRT, Bootstrap likelihood ratio test; LMRT,

ptoms in two potential subgroups.



Table 2
Differences in sample characteristics among the latent classes.

Variables Class 1
(n¼211)

Class 2
(n¼81)

F-value P-value

Age (years) 4.46 0.107
20–39 26 (12.3) 15 (18.5)
40–59 126 (59.7) 52 (64.2)
� 60 59 (28.0) 14 (17.3)

Body mass index (kg/m2) 7.73 0.02
� 18.5 9 (4.3) 6 (7.4)
18.5–23.9 126 (59.7) 34 (42.0)
> 23.9 76 (36.0) 41 (50.6)

Residence place 1.38 0.24
Urban area 110 (52.1) 36 (44.4)
Rural area 101 (47.9) 45 (55.6)

Education attainment 12.15 0.01
Primary school or below 90 (42.7) 22 (27.2)
Secondary school 72 (34.1) 24 (29.6)
Post-secondary 28 (13.3) 20 (24.7)
University or above 21 (10.0) 15 (18.5)

Marital status 3.09 0.08
Single 8 (3.8) 8 (9.9)
Married 203 (96.2) 73 (90.1)

Childbearing history 1.09 0.59
None 8 (3.8) 5 (6.2)
One or two child 169 (80.1) 65 (80.2)
Three or more children 34 (16.1) 11 (13.6)

Occupation 19.12 < 0.001
Retired 14 (6.6) 16 (19.8)
Employed 35 (16.6) 23 (28.4)
Sick leave 162 (76.8) 42 (51.9)

Family monthly income
per capita (RMB)

20.96 < 0.001

< 2000 99 (46.9) 29 (35.8)
2000–5000 90 (42.7) 28 (34.6)
5000–8000 20 (9.5) 14 (17.3)
> 8000 2 (0.9) 10 (12.3)

Comorbidities 3.64 0.06
1–2 52 (24.6) 29 (35.8)
� 3 159 (75.4) 52 (64.2)

Months since cancer diagnosis 1.66 0.44
� 6 93 (44.1) 41 (50.6)
6–12 53 (25.1) 21 (25.9)
> 12 65 (30.8) 19 (23.5)

Stage of breast cancer 1.10 0.78
I 54 (25.6) 18 (22.2)
II 95 (45.0) 42 (51.9)
III 38 (18.0) 13 (16.0)
IV 24 (11.4) 8 (9.9)

Lymph node metastasis 1.06 0.30
Yes 108 (51.2) 36 (44.4)
No 103 (48.8) 45 (55.6)

Surgical method 10.63 0.01
None 37 (17.5) 19 (23.5)
Breast-conserving 155 (73.5) 45 (55.6)
Radical mastectomy 19 (9.0) 17 (21.0)

Cycles of chemotherapy 4.19 0.24
First chemotherapy cycle 7 (3.3) 7 (8.6)
Second chemotherapy cycle 21 (10.0) 5 (6.2)
Third chemotherapy cycle 18 (8.5) 7 (8.6)
Fourth chemotherapy
cycle or above

165 (78.2) 62 (76.5)

Daily sleep duration (hours) 28.54 < 0.001
< 6 82 (38.9) 17 (21.0)
6–7 109 (51.7) 36 (44.4)
� 7 20 (9.5) 28 (34.6)
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The social determinants of health factors across latent classes

A univariate analysis was conducted, revealing two distinct sub-
groups that demonstrated significant statistical differences (P < 0.05) in
several areas, including education attainment, work status, family
monthly income per capita, surgical methods, and daily sleep duration
(hours). The binary logistic regression analysis incorporated the signifi-
cant variables identified in the univariate analysis as independent vari-
ables, with the two subgroups acting as dependent variables. The
“Symptom Low Burden Group” (Class 2) was used as the reference for
comparison. The results, presented in Table 2, and Fig. 2, demonstrate
that both employed (OR ¼ 4.73, P ¼ 0.009) and sick leave (OR ¼ 5.87,
P¼ 0.001) patients had a higher probability of being categorized as Class
1. Conversely, individuals with an education level of secondary school
(OR ¼ 0.38, P ¼ 0.028), post-secondary (OR ¼ 0.14, P < 0.001), uni-
versity or above (OR ¼ 0.28, P ¼ 0.028), and an income exceeding 8000
(OR ¼ 0.14, P ¼ 0.030) have a higher probability of being classified as
Class 2.

Symptom network analysis plot and centrality indices

Symptom network plot
Fig. 3 presents a network model that depicts the relationships among

symptoms in the full sample of patients undergoing chemotherapy for
breast cancer, as well as in two distinct subgroups. The graphic illustrates
positive correlations using solid lines and negative correlations using
dotted lines. Within the symptom network, the strength of the connection
between nodes is directly related to the numerical value of the connec-
tion weight. A more substantial link indicates a stronger correlation be-
tween the two nodes. Upon analysis, it is evident that symptoms exhibit a
tight clustering pattern within the network, apart from pain and sleep,
which seem to be situated on the outskirts of this symptom network.

Symptom network centrality indices
Fig. 4 displays the strength index (rs) and closeness (rc) of every

symptom node across the full sample and two subgroups. Within the full
sample network, “I immediately experienced a feeling of terror”
(#HADS-A11, rs ¼ 18.34) emerges with the highest strength, whereas
the symptom that shows the greatest proximity is “My heart is full of
troubles” (#HADS-A5, rc ¼ 0.02). The “I feel nervous or in pain”
symptom (#HADS-A1) has the maximum strength and closeness in the
high symptom burden group, with a correlation coefficient of 16.78 (rs)
and a correlation coefficient of 0.02 (rc). In the low symptom burden
group, the maximum strength is “I suddenly found a sense of panic”
(#HADS-A11, rs ¼ 15.88), and the maximum closeness is “ feel very
pleased” (#HADS-D6, rc ¼ 0.01).

Comparison of symptom networks between two subgroups
The study revealed significant distinctions in the global strength index

between two subgroups (P¼ 0.04). The Class 1 group scored 14.29, while
theClass 2 group scored12.75. This indicates that the symptom load in the
Class 1 group is significantly higher than that in the Class 2 group.

Discussion

Subgroups of symptoms

Upon examining PROs the analysis resulted in two unique subgroups.
Themajority, accounting for around 72.3% of participants, is classified as
the “High Symptom Burden Group.” The remaining 27.7% of individuals
are categorized as the “Low Symptom Burden Group.” The conclusion
drawn from the LCA and symptom network analysis indicates that pa-
tients in the High Symptom Burden Group experience much more severe
symptoms than those in the Low Symptom Burden Group.

In both categories, the occurrence rate of fatigue is relatively high,
implying that it may be a key factor affecting the quality of life for patients
4

undergoing chemotherapy for breast cancer. This observation aligns with
previous research, underscoring that fatigue is not just a concernunique to
breast cancer treatment but a significant challenge for all cancer pa-
tients.27 Numerous studies suggest that cancer-related fatigue is more
severe, lasts longer, and is associated with more significant physical
impairment compared to the “usual” tiredness caused by lack of sleep or
overexertion.28–30 It cannot be relieved by sufficient sleep or rest. An
extensive study on fatigue among breast cancer survivors has revealed
that fatigue is the most distressing and prevalent symptom they



Fig. 2. Potential predictors of latent class membership. 95%CI, 95% confidence interval of OR; OR, odds ratio.
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experience.11 The heightened intensity of fatigue in women undergoing
chemotherapy for breast cancer is closely linked to the negative effects of
the treatment.19 Despite their sleep quality, both groups show relatively
mild levels of various symptoms with minor differences. The root of this
issue could be the adverse reactions during chemotherapy, leading to a
widespread issue of poor sleep quality amongpatients in these twogroups.
Certain studies also suggest a strong correlation between sleep quality and
symptoms like fatigue, muscle weakness, and other physical symptoms.2

This study reveals significant disparities in psychological symptoms
across two subgroups. The group characterized by a high symptom
burden demonstrates the most severe of depression and anxiety. Hu
et al.31 conducted a subgroup analysis of the symptoms of individuals
with advanced cancer stages. The findings indicate that patients in the
subgroup exhibiting the most severe symptoms demonstrate moderate
levels of anxiety and depression. In contrast, individuals in the moderate
and mild symptom groups exhibit typical psychological symptoms. These
findings suggest that various factors, including disease progression,
treatment methods, and sociodemographic characteristics, influence how
individuals perceive psychological symptoms.32
Factors affecting the low burden group of symptoms

Patients who have at least a high school education are more likely to
be classified as Class 2. This study has found that breast cancer patients
with higher educational attainment have a relatively lower likelihood of
experiencing anxiety or depression. On the other hand, individuals with
lower levels of education are more prone to feelings of worry and sadness
due to their limited understanding of the disease, this is in line with the
results of the TSARAS study.32 Cancer is a formidable disease for most
people. Individuals with higher education levels could learn about the
disease through various means. Individuals with a deeper understanding
of the disease and a clearer awareness of the prognosis of breast cancer
treatment can adopt a rational approach to face the various challenges
that cancer may pose. They can effectively manage and adapt their
emotional health, thereby reducing the chances of experiencing
5

depression and anxiety. Patients with salaries exceeding 8000 yuan are
more likely to be classified as Class 2. This study suggests that breast
cancer patients who bear a significant financial burden and undergo
chemotherapy are more likely to exhibit symptoms of anxiety or
depression. These findings are consistent with previous research.33

Medical expenses present a continuous challenge throughout the entire
treatment period, from the diagnosis stage of breast cancer to the suc-
cessive series of adjuvant therapy measures. This is an inevitable reality
for every cancer patient and their families. Furthermore, several expen-
sive medications are not covered by medical insurance, leading to
increased psychological stress for financially challenged patients and a
higher likelihood of experiencing anxiety or depression.
Factors affecting the high burden group of symptoms

Whether employed or not, people are more likely to fall into Class 1.
Prior research has indicated34 that cancer treatment could lead to
changes in body image, causing concerns such as hair loss. This can
negatively impact patients’ self-esteem and confidence, adversely
affecting their social behavior and increasing psychological stress at
work. Sick leave breast cancer patients undergoing chemotherapy who
stay at home every day may experience strong feelings of loneliness and
helplessness, which can negatively affect their mental health. Further-
more, the lack of a stable job can put individuals under financial stress,
thereby exacerbating their levels of anxiety and depression. In addition to
the physical discomfort and worry about the disease, this can increase the
psychological burden.
Centrality of symptom networks

This research underscores the significant role of anxiety and depres-
sion in the symptom network related to cancer, both in terms of severity
and closeness. Hence, anxiety and melancholy are the main symptoms
associated with cancer in individuals receiving chemotherapy for breast
cancer. Earlier research35 has also shown that young and middle-aged



Fig. 3. Symptom networks in the full sample and two latent classes.
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breast cancer patients commonly experience anxiety, sadness, fatigue,
and pain interference as their primary symptoms during chemotherapy.
Moreover, there is a strong interrelation among these critical symptoms.
In the symptom network analyzed in this study, the link between anxiety
and other symptoms (especially depression) is very close, indicating a
strong correlation and mutual influence between anxiety and depression
symptoms. However, the findings of the study conducted by Rha SY8

differ from those of this research. The study focused on a group of 209
cancer survivors undergoing chemotherapy, with fatigue being their
main symptom. As the chemotherapy cycles progress, particularly after
the fourth cycle, the intensity of fatigue decreases. This could be due to
different patient cohorts, as breast cancer mainly affects a specific de-
mographic characterized by women, making it more difficult for them to
accept changes in feminine characteristics. Earlier research has also
suggested that individuals diagnosed with cancer often face a variety of
psychological issues, including anxiety and despair, which present
challenges for effective management. For cancer patients, it is essential to
prioritize the reduction of psychological distress and discomfort as a
critical part of symptommanagement. The onset of mental disorders may
be associated with medical interventions, financial stress, and concerns
about the future.36 Previous studies have demonstrated that the
6

implementation of mindfulness therapies can effectively alleviate
symptoms of anxiety and sadness.37–39 Integrating mindfulness inter-
vention strategies and exploring more beneficial approaches in future
medical practices is recommended to enhance patients’ physical and
mental health. This approach can help reduce the spread of
cancer-related symptoms online, reducing the overall symptom burden.

This study identifies “I suddenly feel panic,” “My heart is full of
troubles” and “I feel pleased” as the most significant symptoms among
the overall sample and the Class 2 group, respectively. There is a potent
and direct connection between these two symptoms and other symptoms
in the network, suggesting that the activation of these symptoms is likely
to spread throughout the network through their links with other symp-
toms. Panic is a unique emotional expression associated with anxiety
symptoms, indicating that cancer patients must endure physical
discomfort during treatment and be alert to the panic symptoms stem-
ming from the uncertainty of the disease. They often face difficulties in
understanding and managing these emotions. A network analysis study
investigating anxiety and depression in individuals with HIV infection
found that “sudden feelings of fear” are also considered one of the core
symptoms within the cluster of anxiety symptoms.40 Within the cluster of
depression symptoms, the symptom of “difficulty experiencing pleasure”



Fig. 4. Centrality indices of the full sample and the two subgroups.
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is recognized as a connecting symptom that is likely to have a greater
impact, consistent with the findings of this study. Indeed, when faced
with the unpredictability caused by the disease, patients typically have a
dominant psychological response characterized by fear and panic. They
have concerns about their future and the potential impact of the disease
on their daily lives. At the same time, the fear and panic response to the
disease is linked to a variety of psychological problems, especially anx-
iety.41,42 Regarding the symptom ‘I suddenly feel panic’ in (#
HADS-A11), therapies aimed at addressing this symptom have shown
more effectiveness in alleviating patients' anxiety and depressive symp-
toms compared to interventions targeting other symptoms. This suggests
that clinical healthcare providers should enhance their connection with
patients, meet their need for disease-related knowledge, and alleviate
their fear of unfamiliar situations.

In the Class 1 group, the primary symptom identified is “feeling
nervous or distressed.” This finding aligns with the work of Akash and his
team,32 who also found that emotional tension is a crucial symptom
common to both anxiety and depression, significantly affecting patients'
overall well-being. However, this study contrasts with the work of Ye
et al.43 who argue that melancholy is the core symptom in the symptom
network of cancer patients. The difference in findings could be due to the
use of different symptom evaluation tools in the two studies. The diag-
nosis of breast cancer is a significant source of stress for patients, often
7

accompanied by chemotherapy. While chemotherapy can effectively
eliminate tumor cells, it can also cause a range of physiological dis-
comforts, including nausea, vomiting, reduced appetite, hair loss, and
peripheral neuropathy. In addition, the removal of the breast, a signifi-
cant symbol for women, dramatically affects patients' physiological
processes, self-perception, evaluation, and social interaction. Moreover,
managing personal, family, and job responsibilities while undergoing
treatment is a critical concern that could potentially trigger feelings of
“strain” and “distress” in patients. In this study, half of the patients come
from rural areas, and due to their families' unfavorable economic con-
ditions, they bear a significant disease burden. More than 80% of the
patients have a relatively low cultural level, suggesting a lack of under-
standing and awareness of the disease in this group, thereby intensifying
their worry. Research indicates that individuals' emotional expression
may be influenced by their personal knowledge of their own circum-
stances. Lack of information during treatment may cause patients to
experience anxiety, intensifying their distress. Multiple negative emo-
tions can mutually reinforce and persist. Furthermore, various studies3,5

suggest that anxiety emotions, such as tension and suffering, can interfere
with the sympathetic nervous system and the hypothalamic–
pituitary–adrenal axis. This interference triggers the production of
pro-inflammatory cytokines, which exacerbate the patients' physical
discomfort and, to some extent, hinder the treatment and recovery of the
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disease. Therefore, when administering chemotherapy to patients, it is
crucial to properly and effectively assess their psychological state. While
improving physical discomfort symptoms, it is also essential to prioritize
their feelings of tension and distress. One might analyze the symptoms to
identify the underlying causes of the patient's tension. Provide targeted
psychological treatment to alleviate the patient's anxiety symptoms,
taking into account their condition and psychological characteristics.

Limitations

Firstly, due to the cross-sectional design, causal relationships between
symptoms cannot be determined. For instance, it remains unclear
whether the central node triggers other nodes, if other nodes trigger the
central node, or if both scenarios coexist. Therefore, conducting more in-
depth longitudinal studies is essential to gain a deeper understanding of
the trajectory of symptom changes in breast cancer patients undergoing
chemotherapy and to uncover causal relationships. Furthermore, the
recruitment of participants from four medical institutions limits the
generalizability of our findings. Thus, it is necessary to conduct similar
studies in multiple research institutions to enhance the external validity
of the research results. Lastly, the data-driven nature of network analysis
methods may impose limitations on the generalizability of our findings.
Therefore, further empirical research is warranted before applying our
results to other populations.

Conclusions

This research employed latent class analysis and network analysis
methodologies to explore a variety of symptoms that breast cancer pa-
tients might experience during chemotherapy. The study underscores the
necessity of developing tailored intervention approaches that consider
each patient's unique experiences. Factors such as Education attainment,
work status, family monthly income per capita, and daily sleep duration
(hours) significantly contribute to the diversity among breast cancer
patients. By focusing on improving primary symptoms like fear, joy,
stress, and pain in different patient subgroups, we can gain valuable in-
sights to enhance symptom management strategies for patients under-
going chemotherapy for breast cancer. This can serve as a valuable
reference for the ongoing optimization of symptom management strate-
gies for these patients.
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