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Abstract
Purpose  Loneliness is a prevalent affective issue among patients with breast cancer, with its developmental 
trajectory being a contentious subject. Therefore, the aim of this study was to explore trends in loneliness in patients 
with breast cancer and identify predictors of different trajectory categories.

Methods  Using convenience sampling, 176 patients planning to undergo breast cancer surgery in a university 
hospital in Shaanxi Province, China, were followed up six times over 12 months following surgery, and data from 144 
patients were analyzed. The data were analyzed using a mixed growth model (GMM) and logistic regression.

Results  Two latent classes of loneliness trajectory were identified among patients with breast cancer, namely 
“persistent high loneliness” and “persistent low loneliness.” Patients who with education level of junior secondary and 
less (OR = 13.59, P = 0.002), had a melancholic temperament (OR = 12.07, P = 0.002) were more likely to be categorized 
in the “persistent high loneliness group”, whereas the better family functioning (OR = 0.60, P < 0.001) and choleric 
temperament (OR = 0.16, P = 0.025) of the patients were more likely to be categorized in the “persistent low loneliness 
group”.

Conclusion  Patients with breast cancer exhibit diverse trajectories of loneliness, with educational level, 
temperament type, and family functioning being predictive of these trajectories. Therefore, it is crucial to promptly 
identify populations at risk in a clinical setting and devise intervention strategies, grounded in identified trajectory 
characteristics and influencing factors, to enhance patient outcomes.
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Introduction
Breast cancer has become the most commonly diagnosed 
cancer worldwide, according to the latest data from the 
World Health Organization’s International Agency for 
Research on Cancer (IARC) [1]. The disease, which 
affects mostly women, can have significant physical and 
emotional effects, including feelings of loneliness and 
isolation [2]. Patients may have to undergo prolonged 
treatment, including surgery, chemotherapy, and radia-
tion therapy, making it difficult for them to maintain 
regular contact with their social circle. Moreover, the 
changes in physical appearance related to treatment can 
further exacerbate feelings of loneliness and make it dif-
ficult to maintain their sense of identity [3]. Loneliness is 
highly prevalent among patients with breast cancer, with 
reported rates varying from 16 to 41% across studies [4]. 
Persistent loneliness not only increases the likelihood of 
recurrence, but also exacerbates cancer-specific mortality 
in breast cancer patients. Specifically, lonely breast can-
cer survivors exhibit a 43% higher risk of recurrence and 
a 64% higher risk of cancer-specific mortality compared 
to those who are socially integrated and do not report 
loneliness [4]. Furthermore, breast cancer survivors have 
a relatively high cancer-specific mortality rate compared 
with other types of cancer [5].

Loneliness is a subjective feeling of social isolation that 
occurs when people perceive that their social relation-
ships are inadequate [6]. Cancer patients often confront 
both physical and psychological stressors, with feelings of 
loneliness impacting their recuperation and well-being. 
Prolonged loneliness may trigger heightened inflamma-
tory responses through its influence on the neuroendo-
crine and immune systems, thus influencing the efficacy 
of treatments [7]. Psychologically, the sense of loneliness 
adds to their mental burdens, escalating risks of depres-
sion and anxiety, which in turn affect their relationships 
with loved ones, as well as their compliance with treat-
ment regimens [8, 9]. Social withdrawal precipitated by 
loneliness can deepen feelings of isolation due to a lack of 
support, subsequently impacting their quality of life and 
recovery progress [10]. The alleviation of loneliness plays 
a pivotal role in the patients’ physical and mental health, 
overall quality of life, and treatment outcomes [11]. Iden-
tifying the influencing factors of loneliness and provid-
ing targeted interventions can assist them cope with 
the challenges posed by their illness, thereby fostering a 
sense of confidence and resilience in the face of their con-
dition [12].

Temperament refers to the intrinsic and relatively 
stable aspects of an individual’s personality that emerge 
early in life, significantly impacting a person’s mental 
state [13]. The influence of temperament on psychol-
ogy encompasses various dimensions, such as emotional 
reactions, emotional regulation, and overall psychological 

well-being [14, 15]. Research has shown that personal-
ity traits can influence the subjective well-being of breast 
cancer patients. A study among older survivors of breast 
cancer revealed that personality is a substantial predictor 
of quality of life changes [16]. Additionally, research has 
demonstrated that distinct temperament and personality 
traits exert varying influences on the health-related qual-
ity of life among patients with breast cancer, with high 
optimism being robustly linked to superior adaptation to 
their cancer status [17]. In addition, patients with intro-
verted personalities may be more likely to experience 
high levels of loneliness [18], while breast cancer patients 
with Type D personalities may require more supportive 
care [19]. According to the diathesis-stress model, indi-
viduals possessing vulnerability or susceptibility traits 
(such as specific personality traits) are more susceptible 
to psychological issues like anxiety, depression, and lone-
liness when confronted with stressful events [20]. Conse-
quently, precisely identifying the temperament of breast 
cancer patients is crucial for the early detection of poten-
tial psychological problems, including loneliness.

The family environment serves as the primary setting 
for emotional development, social learning, and mental 
well-being. Family functioning, including the dynamics 
of familial relationships, roles, communication patterns, 
and holistic health status, profoundly shapes an individ-
ual’s psychological state [21]. Robust family functioning 
establishes a dependable support network that is vital 
for emotional well-being, especially during times of cri-
ses or high stress [22]. Families that inadequately provide 
social support may engender feelings of isolation and lack 
of support in individuals, thereby heightening the risk of 
psychological problems [23]. In China, due to traditional 
family concepts, breast cancer patients are often highly 
dependent on family support and care during treatment 
[24]. Therefore, the state of family functioning may have a 
direct impact on the quality of social support received by 
patient [25]. Optimal family functioning not only bolsters 
patients’ confidence in combating their illness but also 
augments their social self-assurance, mitigates feelings of 
stigma, and alleviates social anxiety and loneliness [24]. 
Consequently, a comprehensive assessment of the fam-
ily functioning is crucial for the effective prevention and 
intervention of potential loneliness among patients.

Loneliness in breast cancer patients may exhibit vary-
ing intensities and manifestations across different stages 
of the disease. However, the majority of existing studies 
on loneliness adopt a cross-sectional design, neglecting 
the dynamic aspects of loneliness, and there are differ-
ences in the results of longitudinal studies. A study on 
older individuals with early-stage breast cancer found no 
significant changes in loneliness related to the time since 
diagnosis [26]. However, a study indicated a direct cor-
relation between the intensity of loneliness and the time 
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since the initial diagnosis [27]. Different research meth-
ods, samples and time spans may account for these dif-
ferences, and we observed that the majority of previous 
longitudinal studies have assumed group homoscedastic-
ity, implying that all individuals within a group exhibit 
the same or similar average growth trajectories, thereby 
neglecting individual heterogeneity [26, 27]. In light of 
the substantial individual variations observed in breast 
cancer patients’ disease progression, treatment respon-
siveness, and psychological well-being, as well as the 
recognized variability in changes to the external envi-
ronment and life experiences across individuals [28, 29], 
it is plausible to hypothesize that there may exist differ-
ences in the loneliness trajectories among breast cancer 
patients. GMM (Growth Mixture Modeling) is a statis-
tical model that integrates the characteristics of growth 
curve modeling and latent class analysis, enabling it to 
simultaneously process time series data for multiple 
individuals and effectively discern potential heterogene-
ity and latent classes within the data [30]. By estimating 
the parameters associated with each latent class, GMM 
can uncover distinct growth trajectories and their cor-
responding features, thereby providing a more precise 
depiction of the temporal variation in individuals’ trends 
[31]. In this study, the GMM was used to define the tra-
jectory of loneliness in breast cancer patients within the 
first year after surgery, and to compare the characteris-
tics and differences between different trajectory groups. 
This method not only helps to deeply explore the het-
erogeneity of loneliness and target high-risk groups, but 
also clarifies the diverse growth patterns of loneliness and 
accurately portrays the dynamic evolution of loneliness in 
patients [31]. Consequently, it provides a scientific basis 
for the development of individualized interventions that 
target the needs of specific subgroups, and also provides 
theoretical support for the timing of clinical interven-
tions and care, or the design of timely-matched interven-
tion strategies.

In summary, this study followed patients with breast 
cancer who were about to undergo surgery for one year, 
used the GMM to identify the trajectory model of change 
in loneliness, and explored the predictive effects of tem-
perament type and family functioning on the trajectory 
of loneliness, with the aim of providing a guiding direc-
tion for psychological interventions for breast cancer 
patients.

Methods
Participants
Convenient sampling method was used to recruit 
patients who will undergo breast cancer surgery in a 
Grade III Grade A hospital in Xi’an, Shaanxi Province 
from June 2021 to October 2022. All subjects knew the 
purpose of the study and signed the informed consent 

before the start of the study. The inclusion criteria were 
(a) female inpatients, (b) aged 18–60 years; (c) had a diag-
nosis of breast cancer by pathological puncture biopsy 
and scheduled for surgery, and (d) had good communi-
cation and expression skills. Exclusion criteria: (a) breast 
cancer recurrence or metastasis, (b) other serious dis-
eases (such as serious cardiovascular disease, a history of 
psychiatric treatment, or cognitive or intellectual disabili-
ties), (c) voluntary withdrawal during follow-up, (d) more 
than three consecutive lost visits, and (e) death.

The sample size of this study was estimated with ref-
erence to a single-group repeated measures design for 
quantitative data [32]. Every patient was evaluated six 
times, and the relevant parameters were determined as 
follows: r = 0.5, f = 0.14, α = 0.05, β = 0.2 [32]. Specifically, 
r = 0.5 represents the correlation between repeated mea-
surements, which is considered conservative and closely 
approximates the actual recommended value. The value 
of f = 0.14 signifies the magnitude of change in measure-
ment results over time. Based on Cohen’s 1977 analysis 
of variance (ANOVA), which delineated small, medium, 
and large effect sizes [33], and Barcikowski’s report indi-
cating effect sizes of 0.14, 0.35, and 0.57 for a correlation 
coefficient of 0.5 [32], the smallest effect value of 0.14 was 
conservatively selected for this study. So, the minimum 
sample size was 114 cases, and taking into account the 
10% missed visits, we finally determined the minimum 
sample size as N = 126.

Data collection
This study investigated eligible patients with breast can-
cer at six time points: before surgery (T1), 1 month after 
surgery (T2), 3 months after surgery (T3), 6 months after 
surgery (T4), 9 months after surgery (T5), and 12 months 
after surgery (T6). Before the initiation of data collec-
tion, data collectors underwent a standardized training 
program to ensure uniformity in their approach. Subse-
quently, eligible patients were identified and subjected to 
individual interviews, during which they were apprised 
of the study’s objectives and the subsequent follow-up 
procedures. After providing informed consent through 
the signing of a consent form, patients added the micro-
signal (a term commonly used in China for a contact on 
social media platforms like WeChat) of the investigator 
responsible for follow-up to maintain communication. 
Subsequently, researchers collected baseline data on 
participants’ demographics, clinical information, family 
functioning, temperament type, and loneliness using a 
paper-based questionnaire. Post-discharge, patients were 
followed up as planned through regular WeChat voice 
calls. During each follow-up session, the purpose of the 
visit and precautions for completing the questionnaire 
were explained to them in detail. Subsequently, the lone-
liness questionnaire was administered using Question 
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Star software to gather data. To ensure the timeliness of 
data collection, patients were contacted via fixed-line 
telephone calls within one week during specified follow-
up periods, namely between 9:00–11:00 AM or 16:00–
18:00 PM.

Instruments
Demographic and clinical questionnaire
The researchers designed a two-part questionnaire. The 
questionnaire comprised items on sociodemographic 
(age, educational level, occupation, marital status, and 
monthly family income per capita) and clinical (radio-
therapy and chemotherapy data, surgical method, and 
temperament type) characteristics.

The Chinese version of the eysenck personality questionnaire 
short form
This questionnaire was developed by Eysenck and 
introduced in China in 2000 by Mingyi et al. [34, 35]. 
It comprises four subscales that evaluate personality 
dimensions—extraversion (E), neuroticism (N), psychoti-
cism (P), and lie detection (L)—with each dimension 
consisting of 12 items. Each item is scored 0 (“Yes”) or 
1 (“No”), and total scores range from 0 to 12. Personal-
ity characteristics were analyzed using the extroversion 
and neuroticism subscales, and temperament types were 
determined according to their scores: high extraversion 
and low neuroticism (sanguineous), high extraversion 
and high neuroticism (choleric), low extraversion and low 
neuroticism (lymphatic), and low extraversion and high 
neuroticism (melancholic) [36]. The scale is widely used 
in China and abroad [35, 37]. The Cronbach’s α coeffi-
cients of the extroversion and neuroticism subscales used 
in this study were 0.75 and 0.77, respectively.

The family APGAR Scale
The Family APGAR Scale, developed by Smilkstein and 
translated into Chinese by Lv, comprises five items: adap-
tation, participation, growth, affection, and resolution 
[38, 39]. Each item represents a single dimension of fam-
ily functioning and is rated on a 3-point Likert scale, with 
0 indicating “rarely” and 2 indicating “often.” The maxi-
mum score is 10. Scores 0–3 and 4–6 indicate severe and 
moderate family dysfunction, respectively, and scores 
7–10 indicate good family function. The scale is widely 
used in some Western countries and China, and has good 
psychometric properties [22, 40]. The Cronbach’s α coef-
ficient of the scale was 0.809.

The Chinese version of the UCLA loneliness scale
The Chinese Version of the UCLA Loneliness Scale, 
developed by Russell in 1988 and translated into Chi-
nese by Wang, comprises 20 items. All items are rated 
on a 4-point Likert scale (1 = “never,” 2 = “few,” 3 = 

“sometimes,” 4 = “always”) [41, 42]. The scores range from 
20 to 80, with scores ≤ 38 indicating a mild level of lone-
liness and > 38 indicating severe loneliness. The scale is 
widely used both at home and abroad [24, 43], and in this 
study the internal consistency coefficient of the scale was 
0.834.

Data analysis
SPSS 25.0 and Mplus 8.3 software were used to analyze 
the data. Full information maximum likelihood estima-
tion was used to handle data that completed four or more 
follow-ups, and data that did not complete four follow-
ups were treated as missing values. First, descriptive 
statistics (expressed as means, standard deviations, and 
percentages) and comparisons of baseline data between 
the lost-visit and non-lost-visit groups were analyzed 
by SPSS 25.0. Second, to account for group heterogene-
ity, the GMM were applied to loneliness data at six time 
points, to explore the trajectory characteristics of loneli-
ness over time in the sample. The fit metrics were Akaike 
Information Ceiterion (AIC), Bayesian Information Cri-
terion (BIC), adjusted BIC (aBIC), Entropy, likelihood 
ratio test (LRT), Bootstrapped Likelihood Ratio Test 
(BLRT) and category probability. Smaller values of AIC, 
aBIC and BIC mean better model fit; entropy value closer 
to 1 means more accurate classification; and LRT and 
BLRT < 0.05 means that classifying the model into n cat-
egories is significantly better than n-1 categories, K refers 
to the number of categories identified by the GMM [31]. 
Third, comprehensive evaluation of the above indicators 
and selection of the best-fitting model. Fourth, one-way 
logistic regression analysis was utilized to screen for vari-
ables of significance. Subsequently, multifactorial logistic 
regression model was employed to analyze the factors 
influencing the distinct loneliness trajectory categories 
among patients with breast cancer. Statistical significance 
was considered at a P < 0.05.

Results
Sample characteristics
A total of 176 patients were included in this study, 138 
(response rate: 78.4%) patients completed all follow-ups. 
144 (81.8%) patients completed four or more visits and 
their follow-up data were included in this data analy-
sis, finally. Seven (4.0%) patients had a postoperative 
recurrence, 13 (7.4%) patients withdrew, and 18 (10.2%) 
patients were lost to follow up. The number of partici-
pants assessed for loneliness from T1 through T6 is sum-
marized in a flow chart (Fig. 1). Comparing the baseline 
information of the follow-up group with that of the lost 
to follow-up group, there was no significant difference. 
The Comparative baseline information between the two 
groups is listed in Table 1.
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Identifying loneliness trajectories
Figure  2 summarizes the results of the model fit met-
rics. The AIC, BIC and aBIC values exhibited a decreas-
ing trend as the number of model categories increased, 
nonetheless, the difference in the BLRT was not statisti-
cally significant with the addition of the three class. To 
ensure the model’s stability, we selected categories with 

relatively low AIC, BIC, and aBIC values, and two catego-
ries of the GMM were retained. The results of model fit-
ting are presented in Table 2.

A total of 47 (32.64%) patients in Class 1 had consis-
tently higher scores; however, the mean change was not 
significant throughout the follow-up period (F = 1.815, 
P = 0.131). Therefore, Class 1 was named the “persistent 
high loneliness group.” In classes 2 of 97 (67.36%) patients 
with low starting values, loneliness levels decreased dur-
ing follow-up (F = 17.935, P < 0.001), and all scores were 
about below 38. Hence, this group was named the “per-
sistent low loneliness group.” The two trajectories of lone-
liness based on the model fit are shown in Fig. 2.

Factors influencing loneliness trajectories
General patient information was used as the indepen-
dent variable, the category of loneliness as the dependent 
variable for one-way logistic regression analysis. Origi-
nal values of the age of the patients and baseline family 
functioning scores were entered, and the remaining inde-
pendent variables were assigned, as shown in Table  3. 
The results of the univariate analysis showed statistically 
significant differences between the two categories of 
patients, family functioning, family monthly income per 
capita (RMB), educational level, and temperament type 
(P < 0.05); however, the differences between the other 
variables were not significant (P > 0.05).

Variables with significant differences in the univari-
ate analysis were used as independent variables, the 
loneliness trajectory category was used as the depen-
dent variable. A multivariate logistic regression analysis 
was performed. The results showed that junior second-
ary and less (OR = 13.59, P = 0.002), and temperament 
type of melancholic (OR = 12.07, P = 0.002) were more 
likely to be categorized in the persistently high loneliness 
group, whereas patients with better family functioning 
(OR = 0.60, P < 0.001) and temperament type of choleric 
(OR = 0.16, P = 0.025) more likely to be categorized in 
the persistent low loneliness group. Table 4 presents the 
results of the influencing factor analysis.

Discussion
Characterization of loneliness trajectory categories and 
intervention recommendations for patients with breast 
cancer
This study aimed to gain insights into loneliness among 
patients with breast cancer via a one-year longitudi-
nal study. Two trajectory types of loneliness were iden-
tified, namely, Class 1 (persistent high loneliness) and 
Class 2 (persistent low loneliness), accounting for 32.64% 
and 67.36% of the total sample, respectively. This find-
ing reveals significant group variability in psychological 
changes in loneliness among patients with breast cancer.

Table 1  Baseline sociodemographic data and clinical 
characteristics of patients (n = 176)
Variables follow-up 

group(n = 144)
lost to 
follow-up 
group 
(n = 32)

χ2/F P

Age (year) [mean (SD)] b 46.63(8.42) 47.16(8.76) 0.075 0.749
Marital status c

  Married 135(93.8%) 31(96.9%) 0.692 0.692
  Unmarried/divorced/
widowed

9(6.2%) 1(3.1%)

Educational level a

  Junior secondary and 
less

52(36.1%) 9(28.1%) 1.232 0.540

  High school/junior 
college

57(39.6%) 16(50.0%)

  Bachelor and more 35(24.3%) 7(21.9%)
Family monthly income per capita (RMB) a

  < 3000 64(44.4%) 11(34.4%) 1.686 0.430
  3000 ~ 5000 49(34.0%) 11(34.4%)
  > 5000 31(21.6%) 10(31.2%)
Occupation a

  Enterprises/institutions 41(28.5%) 9(28.1%) 1.203 0.752
  Laborer 26(18.1%) 4(12.5%)
  Retired 27(18.8%) 5(15.6%)
  Unemployed 50(34.6%) 14(43.8%)
place of residence a

  Urban area 98(68.1%) 26(81.2%) 2.190 0.139
  Rural area 46(31.9%) 6(18.8%)
Surgical method a

  Radical mastectomy 86(59.7%) 19(59.4%) 0.326 0.850
  Breast-conserving 40(27.8%) 10(31.3%)
  Breast reconstruction 18(12.5%) 3(9.3%)
Chemotherapy a

  Yes 119(82.6%) 28(87.5%) 0.450 0.503
  No 25(17.4%) 4(12.5%)
Radiotherapy a

  Yes 86(59.7%) 20(62.5%) 0.084 0.772
  No 58(40.3%) 12(37.5%)
Temperament type a

  Sanguineous 30(20.8%) 6(18.8%) 1.096 0.778
  Choleric 69(47.9%) 13(40.6%)
  Melancholic 29(20.1%) 8(25.0%)
  Lymphatic 16(11.2%) 5(15.6%)
  Family function-
ing [mean (SD)] b

7.26(2.33) 7.78(2.39) 0.022 0.259

  Loneliness [mean (SD)] b 41.21(9.14) 40.53(8.78) 0.703 0.703
a Chi-square Pearson test; b one-way ANOVA; c Fisher exact probability method
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Fig. 1  Flow chart indicating the number of patients who completed each assessment
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Characteristics of breast cancer patients with persistent high 
loneliness scores
In the persistently high loneliness group, our analysis 
revealed no statistically significant variations in patients’ 
loneliness scores across the six investigated time points, 
aligning with previous research findings [44, 45]. Spe-
cifically, approximately 30% of breast cancer patients 
with negative emotions will remain relatively stable. The 
underlying reason for this stability is that during the 
treatment period, breast cancer patients may encounter 
difficulties in engaging in social activities as they previ-
ously did, owing to the decline in their physical condition 
and immunity. This physical constraint diminishes their 

interaction with the external world, thereby augmenting 
their sense of isolation [46]. Furthermore, surgical inter-
ventions, chemotherapy, and other treatments may lead 
to image-related issues such as breast amputation, alope-
cia, and skin discoloration, which can evoke disturbances 
in the patients’ self-image [47]. Consequently, this may 
result in psychological distress and social anxiety. Addi-
tionally, patients undergo role transitions during their 
prolonged battle with the disease, which may contribute 
to a loss of self-worth and foster feelings of loneliness and 
helplessness [48]. This, combined with persistent appre-
hension and uncertainty regarding the disease progno-
sis, inclines them towards social withdrawal, which is a 

Table 3  The variable assignment table (n = 144)
Variables Assigned
Marital status Married = 1; Unmarried/divorced/widowed = 2
Educational level Junior secondary and less = 1; High school/junior college = 2; Bachelor and more = 3
Family monthly income per capita (RMB) < 3000 = 1; 3000 ~ 5000 = 2; >5000 = 3
Occupation Unemployed = 1; Retired = 2; Laborer = 3;

Enterprises/institutions = 4
Place of residence Rural area = 1;Urban area = 2
Surgical method Radical mastectomy = 1; Breast-conserving = 2; Breast

reconstruction = 3
Chemotherapy Yes = 1; No = 2
Radiotherapy Yes = 1; No = 2
Temperament type Sanguineous = 1; Choleric = 2; Melancholic = 3; Lymphatic = 4

Fig. 2  Loneliness score at each time point based on latent class membership
Note: Class 1: persistent high loneliness group, Class 2: persistent low loneliness group
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pivotal factor in precipitating and perpetuating feelings 
of isolation [48].

Characteristics of breast cancer patients with persistent low 
loneliness scores
In the group of patients exhibiting consistently low lone-
liness, their loneliness scores exhibited fluctuations yet 
remained consistently below 38. This outcome indicates 
that the majority of these patients maintained a favor-
able emotional status. This finding is akin to a study 
conducted by Li et al., which reported that 60.7% of the 

participants exhibited stable low levels of anxiety [49]. 
Several factors may account for this observation, includ-
ing earlier detection of breast cancer within this cohort, 
more favorable surgical outcomes, a reduced necessity for 
subsequent treatments or less severe treatment-related 
adverse effects, and relatively minimal distress associated 
with body image alterations. Collectively, these factors 
contributed to the patients’ capacity to sustain a positive 
psychological state, which, in turn, facilitated the main-
tenance of good social interactions and effectively miti-
gated feelings of loneliness.

Table 4  Factors influencing loneliness trajectories (n = 144)
Variables Univariate analysis Multivariate analysis

β OR (95%CI) P β OR (95%CI) P
Age -0.01 0.99 (0.91, 1.07) 0.890
Family functioning -0.50 0.61 (0.46, 0.80) < 0.001 -0.52 0.60 (0.46, 0.76) < 0.001
Marital status
  Married 1.00 2.73 (0.16, 45.45) 0.485
Educational level
  Junior secondary and less 2.35 10.43 (1.04, 105.08) 0.047 2.61 13.59 (2.63, 70.30) 0.002
  High school/junior college 1.31 3.70 (0.63, 21.85) 0.149 1.25 3.50 (0.85, 14.41) 0.083
Family monthly income per capita (RMB)
  < 3000 -2.34 0.10 (0.01, 0.68) 0.019 -1.44 0.24 (0.04, 1.28) 0.094
  3000 ~ 5000 -0.68 0.51(0.09, 2.88) 0.505 -0.06 0.94 (0.21, 4.29) 0.940
Occupation
  Unemployed 0.90 2.46 (0.33, 18.50) 0.382
  Retired 0.41 1.50 (0.22, 10.15) 0.676
  Laborer 0.49 1.64 (0.12, 22.93) 0.715
Place of residence
  Rural area 0.87 2.39 (0.46, 12.36) 0.300
  Surgical method
  Radical mastectomy 0.40 1.49 (0.23, 9.58) 0.675
  Breast-conserving 1.35 3.85 (0.55, 27.03) 0.176
Chemotherapy
  Yes 0.89 2.43 (0.42, 14.17) 0.323
Radiotherapy
  Yes 0.15 1.16 (0.31, 4.28) 0.824
Temperament type
  Sanguineous 1.09 2.97 (0.54, 16.46) 0.212 0.89 2.44 (0.55, 10.91) 0.244
Choleric -1.95 0.14 (0.03, 0.79) 0.025 -1.82 0.16 (0.03, 0.80) 0.025
Melancholic 2.73 15.37 (2.66, 88.93) 0.002 2.49 12.07 (2.46, 59.31) 0.002
Note: Reference group: Class 2 (persistent low loneliness group)

Abbreviations: CI, confidence interval; OR, odds ratio

Table 2  Results of the model fitting (n = 144)
Model K AIC BIC aBIC Entropy LRT

P
BLRT
P

Class percentage

GMM 1 5674.139 5709.776 5671.805 - - - 1
2 5659.121 5703.668 5656.204 0.788 0.002 0.000 67.36/32.64
3 5661.154 5714.610 5657.654 0.674 0.793 0.635 32.64/51.39/15.97
4 5654.657 5717.023 5650.573 0.806 0.083 0.040 27.08/40.97/28.47/3.47
5 5654.264 5725.539 5649.597 0.861 0.307 0.300 3.47/24.31/2.78/43.75/26.31

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; aBIC, sample size adjusted BIC; LRT, likelihood ratio test; BLRT, bootstrapped 
likelihood ratio test
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Recommendations for loneliness interventions for patients 
with breast cancer
Previous foundational studies have revealed that sus-
tained feelings of loneliness may trigger tumor cell pro-
liferation via physiological pathways, consequently 
elevating the mortality risk among patients [50]. In addi-
tion, behavioral research has suggested that loneliness 
can erode patients’ cognitive functions, work produc-
tivity, and social competencies, adversely affecting their 
overall quality of life [48]. Hence, to mitigate patients’ 
feelings of loneliness, it is imperative to conduct early 
identification of vulnerable groups and implement tar-
geted intervention strategies. The research has demon-
strated that moderate-intensity resistance training or 
a combination of aerobic and resistance training yields 
substantial benefits for breast cancer patients. These ben-
efits include the reduction of fatigue, enhancement of 
immune function and muscle strength, ultimately leading 
to an improvement in their quality of life [51]. Further-
more, dance movement therapy has proven to be pivotal 
in alleviating stress, augmenting physical activity levels, 
bolstering confidence, mitigating image anxiety, and fos-
tering socialization among patients [52]. Additionally, 
cognitive behavioral therapy can assist patients in adjust-
ing misconceptions and alleviating their disease-related 
fears [53]. Concurrently, social cognitive training has 
exhibited considerable value in enhancing patients’ social 
skills and self-confidence [54]. Consequently, health-
care professionals ought to proactively employ suitable 
interventions tailored to the individual characteristics of 
patients, with the aim of diminishing their sense of isola-
tion and further elevating their quality of life.

Predictors of loneliness trajectories in patients with breast 
cancer
Family functioning as a predictor of loneliness trajectory 
categories in patients with breast cancer
Compared to patients in Class 1, this study found that 
patients with poorer baseline family functioning were 
more likely to experience persistently high loneliness. 
Family support is one of the main sources of social sup-
port [55], which not only provides economic security 
for patients undergoing treatment but also provides 
emotional support. Hence, good family functioning 
can enhance the emotional regulation ability and social 
adaptability of patients and reduce the burden of dis-
ease [55]. Good family functioning is an important cop-
ing resource that can help patients achieve posttraumatic 
relief and transcendence [40]. The implementation of an 
Internet-based family resilience promotion program has 
been demonstrated to be efficacious in enhancing fam-
ily resilience and optimizing family functioning among 
cancer patients [56]. In parallel, Wang et al. reported that 
their intervention, employing family participatory dignity 

therapy, notably improved the psychological well-being 
of patients with hematologic malignancies and their 
family caregivers, alongside bolstering family resilience 
and cohesion [57]. Therefore, a precise assessment of 
patients’ family functioning and the judicious application 
of family-centered interventions may hold pivotal signifi-
cance in mitigating loneliness among patients with breast 
cancer.

Temperament type as predictors of loneliness trajectory 
categories in patients with breast cancer
Furthermore, the current study has found that indi-
viduals with melancholic temperament types are more 
inclined to be categorized within the persistent high 
loneliness group, whereas choleric temperament tends to 
serve as a predictor of persistent low loneliness, which is 
similar to previous findings [58]. According to personal-
ity theory, choleric individuals typically demonstrate high 
levels of neuroticism coupled with extraversion, whereas 
individuals exhibiting melancholic temperament display 
high neuroticism accompanied by low extraversion traits 
[59]. Studies have indicated that patients with high neu-
roticism tend to exhibit excessive concern for their own 
feelings and are susceptible to depression and avoidance 
behaviors when confronted with difficulties, serving as 
a notable predictor of loneliness [60]. However, in the 
current study, patients with choleric temperament were 
more prone to being categorized in the consistently low 
loneliness group. This may be attributed to the fact that 
extraverts are generally warm, lively, more communica-
tive, and sociable, tending to share their experiences 
with family and friends and managing their emotions 
more effectively by seeking social support. In contrast, 
introverts may become overly preoccupied with their 
own feelings and are more inclined to handle their emo-
tions in isolation, thereby being more susceptible to fall-
ing into a state of loneliness and helplessness [18]. As a 
result, individuals exhibiting melancholic traits, charac-
terized by high neuroticism and low extraversion, may 
exhibit excessive concern for the opinions of others and 
utilize psychological defense mechanisms to mitigate 
stress and anxiety [61]. However, such heightened harm 
avoidance behaviors can exacerbate the development 
and perpetuation of negative emotional states, including 
sensitivity, detachment, and loneliness, thereby fostering 
a vicious cycle [62]. Although temperament type consti-
tutes a relatively stable individual trait, it is influenced by 
a complex interplay of genetic and social environmental 
factors. Existing research indicates that personality traits 
can indeed be altered through specific interventions. For 
instance, Cheng et al. observed a decrease in scores on 
the P (Psychoticism) and E (Extraversion) scales of their 
personality questionnaire following a psychological care 
intervention among 45 esophageal cancer patients [63]. 
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Furthermore, another study has demonstrated the effi-
cacy of digital personality interventions in modifying 
personality traits [64]. Therefore, early identification and 
the implementation of appropriate intervention strate-
gies are crucial in preventing or alleviating loneliness 
among patients.

Education level as a predictor of loneliness trajectory 
categories in patients with breast cancer
An interesting finding of this study was that patients with 
an education level of junior secondary and less were more 
likely to report persistently high levels of loneliness. We 
tentatively hypothesis that the mechanisms behind this 
phenomenon are rooted in the following: firstly, patients 
with lower levels of education may face limited access 
to information and insufficient information processing 
skills, which limits their ability to grasp key information 
about breast cancer treatment and prognosis in a com-
prehensive and in-depth manner, and thus exacerbates 
the uncertainty and fear associated with the disease [65]. 
Secondly, lower levels of education are often associated 
with smaller social networks and weaker communication 
and understanding skills, which may weaken the patient’s 
social support system and impede their ability to effec-
tively express their feelings and needs, thus exacerbating 
the experience of loneliness [66]. Furthermore, low lev-
els of education are often associated with poor economic 
status, which has been shown to be strongly associated 
with psychological distress, treatment adherence, and 
prognosis [67]. However, when we considered the aver-
age monthly income of families as the only variable for 
the statistical analysis, we found that income did not sig-
nificantly affect loneliness in patients with breast cancer. 
This finding prompts us to hypothesize that educational 
level may serve as an independent and significant moder-
ator of the onset and progression of loneliness. A higher 
level of education not only suggests a more stable source 
of income relative to the family’s economic status but, 
more crucially, it equips the patient with a greater capac-
ity to acquire knowledge about the disease, the opportu-
nity to engage in treatment decisions, and the potential to 
enhance the disease’s prognosis [68]. These factors may 
collectively contribute to mitigating the patient’s feelings 
of loneliness. However, to test this hypothesis, we need to 
conduct a large-scale investigation.

Limitations
Firstly, the utilization of convenience sampling in this 
study may introduce bias in the sample concerning age, 
socio-economic status, education, and cultural aspects, 
thereby limiting the representativeness of the findings 
to the broader target population. To enhance the gener-
alizability and applicability of the findings, future studies 
ought to employ more stringent sampling methods, such 

as random or stratified sampling. Additionally, endeavors 
should be directed towards validating and replicating the 
results across diverse populations to bolster the universal 
applicability of the conclusions. Secondly, the selection 
of follow-up time points in this study did not encompass 
treatment phases like chemotherapy and radiotherapy, 
impeding a thorough understanding of loneliness fluc-
tuations during treatment and rehabilitation. Future 
research endeavors could be designed in accordance 
with the treatment stages to meticulously dissect the 
evolving characteristics of loneliness. Thirdly, owing to 
resource limitations, the current study was unable to 
comprehensively evaluate the impact of confounding fac-
tors, including physical activity and physical symptoms 
(e.g., pain and fatigue), as well as time-varying covari-
ates such as temperament type, depression, and anxiety, 
on the trajectory of loneliness, resulting in a less in-depth 
analysis of the factors influencing the trajectory of loneli-
ness. Fourthly, the single-center nature and the relatively 
small sample size of this study constrained the general-
ization of the findings, potentially obscuring categories 
with low prevalence or underestimating the relation-
ships between potential categorical variables and covari-
ates. Future studies should collect multicenter data and 
expand the sample size to validate the findings. Last but 
not least, this study refrained from implementing inter-
ventions to tackle the identified issues. Future research 
endeavors should devise pertinent intervention programs 
and undertake controlled trials grounded in the study 
findings.

Conclusions
First, this study identified two distinct trajectories of 
loneliness in patients with breast cancer and eluci-
dated the presence of individual differences among 
patients. Second, we found that loneliness levels among 
patients with breast cancer were relatively stable, with 
little change over time. Furthermore, early detection and 
intervention may be important for alleviating loneliness 
among such patients. Third, patients with an education 
level of junior secondary and less, and those with mel-
ancholic temperament types, were more likely to report 
persistently high levels of loneliness. However, those with 
choleric temperament types, and those with better fam-
ily functioning were more likely to report persistently low 
levels of loneliness. Early identification of these risk fac-
tors and effective interventions may prevent or reduce 
loneliness among these patients. Finally, although this 
study has some limitations, it provides novel insights into 
the management of loneliness and the development of 
personalized care for patients with breast cancer.
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