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ARTICLE INFO ABSTRACT
Keywords: Objective: To identify distinct trajectories of psychological resilience among Chinese patients with
Longitudinal study maintenance hemodialysis, explore influencing factors and inform the formulation of corre-

Maintenance hemodialysis
Psychological resilience
Trajectory

sponding interventions.

Methods: This was a multi-center longitudinal study with a 6-month follow-up. With convenience
sampling, a total of 231 patients with maintenance hemodialysis were recruited between
September 2020 and July 2021. Patients’ characteristics, including sociodemographic informa-
tion, social support and family resilience was collected through structured questionnaires as
potential baseline influencing factors of psychological resilience trajectories. Psychological
resilience was evaluated using the 25-item Chinese version of the Conner and Davidson resilience
scale. Latent class growth modeling was conducted to identify homogeneous subgroups with
distinct trajectories of psychological resilience. Univariable and multinomial logistic regression
analysis were used to examine whether baseline influencing factors were associated with tra-
jectories in patients with maintenance hemodialysis.

Results: Five distinct psychological resilience trajectory groups were identified: declining group
(n = 20, 8.7 %), rising group (n = 17, 7.4 %), moderate-stable group (n = 128, 55.4 %), high-
stable group (n = 7, 3.0 %) and low-stable group (n = 59, 25.5 %). High-stable group and
moderate-stable group were combined into the well-psychological resilience group for multino-
mial logistic regression analysis. The multinomial logistic regression analysis showed that influ-
encing factors associated with trajectories of psychological resilience were age, religion, monthly
household income per capita, and baseline family resilience.

Conclusions: The results highlight the heterogeneity in the development of psychological resil-
ience among Chinese patients with maintenance hemodialysis. There is a need for healthcare
professionals to screen for trajectories of psychological resilience in Chinese maintenance he-
modialysis patients and prepare individual mental healthcare interventions.
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1. Introduction

End-stage renal disease (ESRD), the last stage of chronic kidney disease, is life-threatening and irreversible [1]. It not only increases
global morbidity and mortality but also raises an enormous economic burden [2]. With the current technological improvements,
maintenance hemodialysis (MHD) has been a commonly used method of renal replacement therapy for end-stage renal disease in many
countries [3]. Kidney disease patients with regular dialysis treatment for more than 3 months, and more than 2 times a week is known
as maintenance hemodialysis treatment [4,5]. The number of people receiving maintenance hemodialysis treatment worldwide
exceeded 2.5 million and is expected to more than double to 5.4 million by 2030 [1]. According to the China Kidney Disease Network
Data Report, the prevalence of ESRD is rapidly increasing in China, with around 402.18 per million people undergoing maintenance
hemodialysis therapy [6]. By 2021, there are about 750,000 hemodialysis patients in China [7].

Maintenance hemodialysis treatment significantly prolongs the survival of patients with ESRD; however, long-term maintenance
hemodialysis treatment may increase the risk of psychological problems [8,9]. Patients with ESRD may experience significant psy-
chological stress with the challenge of medical complications, physical deterioration, family role conflict, and economic burden [10,
11]. It has been reported that almost every patient with ESRD experienced depression or anxiety during treatment [12].

Despite the significant psychological distress associated with ESRD and maintenance hemodialysis, some patients demonstrated
remarkable resilience in the face of treatment-related crises and challenges. Psychological resilience is the dynamic process of
encompassing positive adaptation and effective coping strategies within the context of adversity [13]. Previously, scholars have
systematically discussed the relationships between stress, psychological resilience, and immune system function [14], proposing that
psychological resilience may play a role in regulating the stress and promoting a better prognosis in patients experiencing stress due to
their diseases. Furthermore, it was found that psychological resilience changes over time after adversity [15]. Individuals who do not
experience the same level of change in psychological resilience when they experience catastrophic events, will undermine their ability
to cope with adverse events [16]. Therefore, gaining knowledge about the psychological resilience’s trajectory and contributing el-
ements may help patients with ESRD maintain their psychological well-being.

A recent systematic review proposed four resilience trajectories following potential trauma, that is resilience, recovery, chronicity,
and delayed onset [17]. For patients with ESRD, hemodialysis treatment has been recognized as a traumatic event [18]. While he-
modialysis treatment increases the pain and stress of patients, it also enables them to undergo positive psychological adjustments and
helps them cope with traumatic events [19]. However, few empirical studies longitudinally explored the trajectory of psychological
resilience in ESRD patients.

Previously, most studies defined homogeneous groups as a unity and used research methods that analyzed the population as a
whole with the presupposition that the distribution of the effects of adverse events on different individuals over time is homogeneous.
This, in turn, contradicts individual heterogeneity and makes it difficult to capture the potential variation in individuals after expe-
riencing adverse events [20]. The latent class growth model (LCGM) can accommodate group heterogeneity to analyze individuals’
trajectories over time, by assuming that there are different categories within a homogeneous group [21]. It paints a more refined
portrait of changing trends [22]. By identifying distinct trajectory groups using LCGM, we may capture the heterogeneity of the
dynamics of psychological resilience in Chinese maintenance hemodialysis patients.

Most of the existing studies tried to explore the factors associated with psychological resilience through cross-sectional studies or
literature analysis [10,23]. Socio-demographic variables such as higher education level and family incomes, being married and
employed were found to be associated with psychological resilience [10,24,25]. The ecological model of resilience also proposed that
sociocultural resources (e.g., social support) and contextual resources (e.g., family resources) played important roles in the devel-
opment of psychological resilience [26]. The positive correlation between social support and psychological resilience has been
examined in many cross-sectional studies. Meanwhile, family resilience, as one of the most important indicators of family resources,
was also found to be positively associated with psychological resilience. However, the relationship between sociodemographic vari-
ables, social support and family resilience of maintenance hemodialysis patients and their trajectory of change in psychological
resilience remains unclear. This may result in poorly targeted and ineffective psychological interventions. With limited resources, it is
essential to maximize the targeting and effectiveness of interventions to promote sustainable development in global health [27].

Therefore, we tried to investigate the trajectory of psychological resilience in patients with ESRD and to identify the factors that
influence it, in order to provide a reference for the design of targeted intervention programs. The specific objectives of the study were
as follows: (1) To identify the trajectories of psychological resilience among maintenance hemodialysis patients. (2) To examine the
sociodemographic variables, social support, and family resilience as factors influence different trajectory groups.

2. Materials and methods
2.1. Participants

This multi-center longitudinal study describes the 6-month trajectories of psychological resilience among maintenance hemodi-
alysis patients. Considering the identification accuracy of the latent class growth model, the sample size was suggested to be no less
than 200 [28]. With a 20 % loss rate, the required sample size was estimated to be 220. The inclusion criteria were: (1) age >18 years
old; (2) receiving hemodialysis treatment >3 months; (3) the treatment frequency at least two times per week; and (4) with normal
cognitive ability and can communicate verbally or in writing. The exclusion criteria were: (1) physician-diagnosed psychiatric or
mental disorders based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV, TR), such as schizophrenia, bipolar
disorder, and depression; (2) neurological disorders or cognitive impairments (e.g. delirium, dementia); and (3) inability to
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communicate verbally or complete the questionnaires.
2.2. Data collection

From September 2020 to July 2021, a total of 280 eligible patients with maintenance hemodialysis were enrolled using a con-
venience sampling strategy from the hemodialysis centers of three comprehensive hospitals in Zhejiang Province, China. Participants
were followed for six months and received follow-up questionnaires every three months (TO = baseline, T1 = 3 months after, T2 = 6
months after), measuring socio-demographics, social support, family resilience, and psychological resilience. The period of follow-up
was decided by combining the experience of previous studies [29,30] and the time and feasibility of the study. Fig. 1 shows the timeline
of the study. Well-trained graduate nursing students performed the measurement at the hemodialysis centers before the participants’
hemodialysis treatment. Researchers instructed the patients to fill out the questionnaire completely. Each participant took about
20-30 min to complete the questionnaires. Patients with low quality of responses, such as short response time (less than 10 min) or
responses that showed a clear pattern, were excluded. To be included in the present study, the participants had to complete all three
assessment moments. The study obtained written informed consent from all participants prior to their participation. Following
completion of the questionnaire, participants were provided with small gifts as compensation. The study was approved by the Ethics
Committee of the First Affiliated Hospital of the Wenzhou Medical University (No. 2020198) and conducted following the Declaration
of Helsinki.

2.3. Measures

Socio-demographic information concerning age, gender, marital status, religion, monthly household income per capita, education
level, medical insurance, duration of the disease, comorbidities and primary caregivers were collected with a self-developed
questionnaire.

Social support was assessed with the Chinese version of the Medical Outcomes Study-Social Support Survey (MOS-SSS) [31]. The
19-item MOS-SSS assesses four types of social support, including informational/emotional support, tangible support, positive social
interactive support, and affectionate support. Participants rated each item on a five-point scale ranging from “none” (1) to “all of the
time” (5). The total score ranges from 19 to 95, with higher scores indicating higher levels of social support. The Cronbach’s o was
0.944 for the total score in the present sample, indicating good internal reliability.

Family resilience was assessed with the 44-item Chinese version of the Family Resilience Assessment Scale (C-FRAS) [32], which
captures four subscales of family resilience: family communication and problem-solving (FCPS), utilizing social and economic re-
sources (USER), maintaining a positive outlook (MPO), and ability to make meaning of adversity (AMMA). Participants rated each item
on a four-point scale ranging from “strongly disagree” (1) to “strongly agree” (4). A total score was created by summing the scores from
all four subscales, with total scores ranging from 44 to 176. Higher scores indicate greater family resilience. The Cronbach’s o was
0.968 for the total score in the present sample.

Psychological resilience was collected using the 25-item Chinese version of the Conner and Davidson resilience scale (CD-RISC)
[33]. Three subscales evaluate participants’ levels of tenacity, strength, and optimism. Participants rated each item on a five-point
scale ranging from “not true at all” (0) to “true all” (4). Total scores range from 0 to 100, with higher scores indicative of high psy-
chological resilience. The Cronbach’s o« was 0.927 for the total score in the present sample.

MPlus™ Version 8.3 [34] and SPSS Version 26.0 (IBM Corp., Armonk, NY, USA) were used for data analysis. Trajectories of
psychological resilience three time-point were identified using LCGM. To identify the model that best represented the data, the
Bayesian information criterion (BIC), sample-size-adjusted BIC (aBIC), Akaike information criterion (AIC), entropy, parametric
bootstrapped LRT (BLRT), and Lo-Mendell-Rubin Adjusted Likelihood Ratio test (LMRT), and bootstrap likelihood ratio test (BLRT)
were used. The BIC, the aBIC, and the AIC with lower values indicate a better fit model [35]. The entropy value > 0.70 indicates
adequate classification precision. The LMRT and BLRT were examined to evaluate the absolute fit between a k-1 class model and a
k-class model [36]. The characteristics of trajectory groups were compared using the Chi-squared test for socio-demographic and
clinical variables, as well as the Kruskal-Wallis test for social support and family resilience. The independence test was used to assess
the existence of association or dependence between categorical variables. The multicollinearity test was used to determine whether

T1 (3 months after)

Month 9 10 11 12 1 2 3 4 5 6 7 8
TO (Enrollment of participants) T2 (6 months after)

Fig. 1. The timeline of the study.
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there was multicollinearity in the variables. As the dependent variable (well-psychological resilience group) was non-ranked, the
multinomial logistic regression analysis was used to examine the factors influencing psychological resilience trajectories. The
goodness-of-fit of the multinomial logistic regression model was evaluated using the likelihood ratio test. All categorical variables
included as influencing factors are independent of each other. None of our variables had any concerns with multicollinearity. All
variables associated with p < 0.10 in the univariate analysis were then selected as independent variables and incorporated into the
multinomial logistic regression models. Statistical significance was set at p < 0.05. The results of multinomial logistic regression are
interpreted in relation to odds ratio (OR), the 95 % confidence interval (CI) and p-value. Sensitivity analysis was performed after mean
imputation for missing data to test model robustness.

3. Results
3.1. Demographic characteristics

Of 280 maintenance hemodialysis patients recruited, 22 declined to participate in the study at the baseline survey stage (T0) due to
lack of interest or fatigue (participation rate = 92 %). At 3 months after the survey stage (T1), 1 withdrew from the study due to renal
transplantation and 4 refused to continue participation. At 6 months after the survey (T2) stage, 1 person died and 21 people responded
with poor quality, such as short response time and regularity of responses. Finally, 231 patients of the 258 baseline responders
(participation rate = 89.5 %) were included in this analysis. Fig. 2 displays an enrollment flowchart. The participants’ ages ranged
from 44 to 71 years, with a mean age of 57.40 (SD 13.559). The majority of participants were male (67.5 %, n = 156), with religion
(50.6 %), medical insurance (97.8 %, n = 226), married/cohabitating (88.3 %, n = 204), and with an education level of middle school
and below (64.5 %, n = 149). Regarding the household income per capita, 33 (14.3 %) participants reported a household income per
capita less than 2000 RMB (Chinese Currency), 150 (64.9 %) participants reported a household income per capita between 2000 RMB
and 6000 RMB, and 48 (20.8 %) participants reported the household income per capita more than 6000RMB. Regarding the duration of
the disease, 57 (24.7 %) participants had been diagnosed with the disease for less than 5 years, 139 (21.2 %) for 5-10 years (not
including 5 years), and 125 (54.1 %) for more than 10 years. Of the sample, 164 (71.0 %) had one or more comorbidities.

3.2. Trajectories of psychological resilience

Fit indices for latent class growth models of psychological resilience are presented in Table 1. Evaluating fit, theory and the existing
evidence, the AIC and aBIC for the 5-class were lower than the AIC and aBIC for the 4-class. The entropy value for the 5-class was 0.729,
demonstrating that the 5-class model provided a clear classification. And the LMRT and BLRT for the 5-class were significant, indi-
cating that the 5-class accounted for data more than 4-class. Moreover, even though the entropy value for the 6-class was greater than
that of the 5-class, the LMRT and BLRT for the 6-class were not significant, suggesting that too many classes had been extracted.
Accordingly, a latent class growth model with 5 classes was found to be the best fit.

Table 2 and Fig. 3 illustrate that five different trajectory groups were identified. Class 1, which accounted for 8.66 % (n = 20) was
named the “declining group” because it started with the second-highest psychological resilience but declined over time to the lowest
psychological resilience at the end, declining from 85.20 to 49.95. Class 2, which accounted for 7.36 % (n = 17) was named the “rising

Parents invited to participate (n=280)

»
=

\ 4

TO: Baseline (n=258)

idney transplantation (n=1) |
7" Left Wenzhou (n=1) I
|

v | Declining further participation (n=3)

T1: 3 months after (n=253)

A 4

T2: 6 months after (n=231)

Fig. 2. The enrollment flowchart of the study.
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Table 1
Fit indices for latent class growth models of psychological resilience.
Model AIC BIC aBIC Entropy LMRT BLRT Sample Size per Class
p value p value
1-class 5719.926 5737.139 5721.291 1 n/a n/a 1
2-class 5694.457 5721.997 5696.641 0.942 0.0108 0.0000 0.974/0.026
3-class 5680.848 5718.715 5683.851 0.675 0.0347 0.0000 0.022/0.411/0.567
4-class 5675.671 5723.865 5679.493 0.606 0.4042 0.0206 0.130/0.026/0.472/0.372
5-class® 5666.689 5725.210 5671.330 0.729 0.0316 0.0156 0.087/0.074/0.554/0.030/0.255
6-class 5667.407 5736.256 5672.867 0.767 0.2258 0.2211 0.048/0.087/0.325/0.026,/0.489/0.025

AIC = Akaike information criterion; BIC=Bayesian information criterion; aBIC = sample-size adjusted BIC; Entropy = a quality of classification;
LMRT = Lo-Mendell-Rubin Adjusted likelihood ratio test; BLRT= Bootstrap likelihood ratio test; n/a, not applicable in single.
2 The preferred 5-class model is presented in bold.

Table 2
Psychological resilience scores over time in maintenance hemodialysis patients for the five classes trajectories and the entire analytic sample (n =
231).

Classes TO(M, SD) T1 (M, SD) T2 (M, SD)

declining group (n = 20, 8.66 %) 85.20(5.45) 67.40(10.68) 49.95(12.65)
rising group (n = 17, 7.36 %) 42.35(6.20) 63.47(18.15) 82.24(7.90)

moderate-stable group (n = 128, 55.41 %) 62.55(7.57) 60.03(12.32) 57.37(13.06)
high-stable group (n = 7, 3.03 %) 92.14(7.13) 88.00(10.54) 82.29(11.57)
low-stable group (n = 59, 25.54 %) 42.56(6.25) 47.64(11.09) 53.39(10.22)
Analytic sample (n = 231, 100 %) 59.24(15.06) 57.35(13.72) 59.58(14.95)

M = mean; SD = standard deviation.

100
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40
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declining rising === moderate-stable s high-stable low-stable

Fig. 3. Estimated trajectories of psychological resilience for the five latent class.

group” because it had a low psychological resilience at baseline and a steep psychological resilience increase with time, changing from
42.35 to 82.24. Class 3, which accounted for 55.41 % (n = 128) was named the “moderate-stable group” because it had stable and
moderate psychological resilience at three-time points, ranging from 62.55 to 57.37. Class4, which accounted for 3.0 % (n = 7) was
named the “high-stable group” because it always had high psychological resilience scores, ranging from 92.14 to 82.29. Class5, which
accounted for 25.54 % (n = 59) was named the “low-stable group” because it maintained a low level of psychological resilience scores
at the beginning and only a slight rise over time, ranging from 42.56 to 53.39.

3.3. Factors of trajectory group

Due to the limited number of patients in the high-stable group (n = 7), which constituted a small proportion of the overall patient
population. To avoid a decrease in statistical validity, it was merged with the moderate stable group and named the well-psychological
resilience group.

Table 3 presented that the results of the Chi-squared test showed significant differences among the four groups concerning age (y2
=6.382,p = 0.094), religion (y2 =11.129, p = 0.011), education level (y2 = 26.433, p < 0.001), monthly household income per capita
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Table 3
| Comparison of socio-demographic and clinical characteristics among different trajectory groups.
Variables Total declining rising well-psychological resilience low-stable 12 P
sample group group group group

Demographic and clinical variables

Gender 3.055 0.383
Male 156(67.5) 15(75.0) 13(76.5) 93(68.9) 35(59.3)
Female 75(32.5) 5(25.0) 4(23.5) 42(31.1) 24(40.7)

Age 6.382 0.094
< 60years 117(50.6) 14(70.0) 5(29.4) 70(51.9) 28(47.5)
>60years 114(49.4) 6(30.0) 12(70.6) 65(48.1) 31(52.5)

Religion 11.129  0.011
No 114(49.4) 15(75.0) 12(70.6) 57(42.2) 30(50.8)
Yes 117(50.6) 5(25.0) 5(29.4) 78(57.8) 29(49.2)

Marital status 5.901 0.117
Single/divorced/widow/ 27(11.7) 0(0.0) 4(23.5) 18(13.3) 5(8.5)

separated

Married/cohabitating 204(88.3) 20(100.0) 13(76.5) 117(86.7) 54(91.5)

Education level 26.433  0.000
Middle School and below 149(64.5) 6(30.0) 14(82.3) 8059.3) 49(83.0)
High School/Secondary school 53(22.9) 7(35.0) 2(11.8) 38(28.1) 6(10.2)
College or higher 29(12.6) 7(35.0) 1(5.9) 17(12.6) 4(6.8)

Monthly household income per 17.290  0.008

capita

<2000 RMB 33(14.3) 1(5.0) 6(35.3) 14(10.4) 12(20.3)
2000-6000 RMB 150(64.9) 13(65.0) 10(58.8) 86(63.7) 41(69.5)
>6000 RMB 48(20.8) 6(30.0) 1(5.9) 35(25.9) 6(10.2)

Medical insurance 3.492 0.322
No 5(2.2) 0(0.0) 0(0.0) 2(1.5) 3(5.1)
Yes 226(97.8) 20(100.0) 17(100.0) 133(98.5) 56(94.9)

Duration of disease 1.868 0.931
<5year 57(24.7) 5(25.0) 2(11.8) 34(25.2) 16(27.1)
5- <10years 49(21.2) 4(20.0) 4(23.5) 28(20.7) 13(22.1)
>10years 125(54.1) 11(55.0) 11(64.7) 73(54.1) 30(50.8)

Comorbidities 2.073 0.557
No 67(29.0) 8(40.0) 4(23.5) 36(26.7) 19(32.2)
One or more 164(71.0) 12(60.0) 13(76.5) 99(73.3) 40(67.8)

Primary caregivers 9.981 0.352
Spouse 192(83.1) 19(95.0) 12(70.6) 111(82.2) 50(84.7)
Children 6(2.6) 1(5.0) 0(0.0) 3(2.2) 2(3.4)
Parents 20(8.7) 0(0.0) 2(11.8) 14(10.4) 4(6.8)
Siblings 13(5.6) 0(0.0) 3(17.6) 7(5.2) 3(5.1)

Data presented as frequency (percentage). Bold signifies the statistical significance to P < 0.1.

(y2 =17.290, P = 0.008).

Table 4 presented the results of the Kruskal-Wallis test showed significant differences in social support and family resilience among
the 4 groups of patients at the 3-time points (p < 0.1). Given the imperative of early intervention in clinical practice, this study focused
on baseline (T0) social support and family resilience as key influencing factors to ensure the practical clinical relevance of the findings.

Table 5 showed the results of a multinomial logistic regression model that describes the association between socio-demographic
influencing factors and class membership. The well-psychological resilience group served as the reference group for all other
groups in this study since it was the largest and most prevalent group, making it more representative and effective in reducing model
bias. The likelihood ratio test result for the model that included all independent variables versus the model that only included the
intercept was p < 0.05. Therefore, the model fit was good. Patients with maintenance hemodialysis younger than 60 years of age (OR:
0.252; 95 % CI: 0.066,0.966) had lower odds when compared to those older than 60 years of age, to be in the rising group than in the
well-psychological resilience group. Regarding religion, maintenance hemodialysis patients without religion had higher odds to
belong to the declining group (OR: 4.240; 95 % CI: 1.310,13.718) or the rising group (OR: 3.868; 95 % CI:1.154,12.961) than the well-
psychological resilience group. Compared to those with household income >6000RMB/month/person, those with household income
<2000 RMB/month/person (OR:23.783; 95 % CI:1.951, 289.867) were more likely to be in the rising group than in the well-
psychological resilience group. In addition, compared with the well-psychological resilience group, the higher the level of family
resilience at baseline, the more likely maintenance hemodialysis patients belonged to the declining trajectory (OR:1.040; 95 %
CI:1.000,1.082), but less likely to be belong to the low-stable trajectory (OR:0.862; 95 % CI:0.797, 0.932). The results of the model
constructed from the sensitivity analysis using mean imputation data are generally consistent with the results of the study, as described
in Supplementary file 2.
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Total sample

TO social support

TO family resilience

T1 social support

T1 family resilience

T2 social support

T2 family resilience

declining group

rising group

well-psychological resilience

group
low-stable group

H
P

20

17

135

59

77.50 ( 64.25,85.50 )
59.00 ( 55.00, 70.00 )
68.00 ( 60.00,75.00 )

60.00 ( 53.00,64.00 )

35.906
<0.001

132.00
(129.25,152.75 )
129.00
(120.50,131.50 )
129.00
(127.00,132.00 )
127.00
(121.00,129.00 )
38.208

<0.001

71.00
(60.25,76.75 )
75.00
(58.00,79.50 )
68.00
(59.00,76.00 )
59.00
(53.00,65.00 )
21.758

<0.001

129.50
(128.25,135.50 )
129.00
(128.50,141.50 )
129.00
(127.00,132.00 )
127.00
(122.00,130.00 )
23.653

<0.001

64.00
(56.00,68.75 )
73.00
(63.00,87.00 )
65.00
(60.00,73.00 )
60.00
(55.00,66.00 )
21.009

<0.001

131.00
(126.25,133.75 )
137.00
(132.00,165.50 )
132.00
(128.00,135.00 )
130.00
(126.00,133.00 )
20.385

<0.001

Continuous variables are presented as median and interquartile range. Kruskal-Wallis test were used to test for significant differences for continuous variables. Bold signifies the statistical significance to P

<0.1.
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Table 5
| Multinomial logistic regression analysis.
Variables declining group vs rising group vs low-stable group vs
well-psychological resilience group well-psychological resilience group well-psychological resilience group
OR 95%CI P OR 95%CI P OR 95%CI P
Age
< 60years 2.317 0.725-7.402 0.156 0.252 0.066-0.966 0.044 0.818 0.390-1.714 0.594
>60years Ref Ref Ref Ref Ref Ref Ref Ref Ref
Religion
No 4.240 1.310-13.718 0.016 3.868 1.154-12.961 0.028 1.307 0.628-2.718 0.474
Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref
Education level
Middle school and below 0.288 0.070-1.185 0.085 1.056 0.095-11.713 0.965 1.640 0.400-6.724 0.492
High school/secondary school 0.577 0.144-2.310 0.437 0.564 0.039-8.235 0.675 0.486 0.095-2.489 0.387
College or higher Ref Ref Ref Ref Ref Ref Ref Ref Ref
Monthly household income per capita
<2000 RMB 0.898 0.084-9.614 0.929 23.783 1.951-289.867 0.013 3.271 0.830-12.895 0.090
2000-6000 RMB 1.500 0.430-5.252 0.525 4.953 0.505-48.591 0.198 2.215 0.739-6.641 0.156
>6000 RMB Ref Ref Ref Ref Ref Ref Ref Ref Ref
TO social support 1.030 0.977-1.086 0.272 0.952 0.903-1.003 0.066 0.967 0.934-1.002 0.061
TO family resilience 1.040 1.000-1.082 0.049 0.921 0.836-1.016 0.100 0.862 0.797-0.932 0.000

OR, odds ratio; CI, confidence interval. Bold signifies the statistical significance to P < 0.05.

4. Discussion

In this study, the mean psychological resilience score of Chinese maintenance hemodialysis patients at three time points was lower
than the Chinese norm of 65.46 (SD13.93) [37]. This result suggests that ESRD patients with maintenance hemodialysis treatment
have lower psychological resilience, which implies that they are less able to cope with crises and challenges. Failure to cope well with
crises and challenges not only increases their psychological burden but also reduces their quality of life [38]. This, in turn, may further
increase the patient’s risk of developing mental illness [9]. Therefore, early screening of psychological resilience in maintenance
hemodialysis patients by healthcare providers is necessary to facilitate the provision of appropriate psychological interventions and
promote a positive prognosis.

Based on the trajectories of LCGM, the results indicated the heterogeneity in the developmental trajectory of psychological
resilience characteristics among maintenance hemodialysis patients. Five distinct trajectories were identified and were named as
declining group, rising group, moderate-stable group, high-stable group, and low-stable group. The moderate-stable group accounted
for 55.41 %, while the low-stable and high-stable groups accounted for 25.54 % and 3.0 %, respectively, indicating that a majority of
maintenance hemodialysis patients maintained stable levels of psychological resilience. AD Mancini and GA Bonanno [39] suggests
that despite reduced psychological resilience, when individuals are exposed to the highest and greatest demands, more than half of
persons are still able to maintain stable psychological resilience, which is consistent with this study. The declining group accounted for
8.66 % and the rising group accounted for 7.36 %. These findings highlight a significant proportion of maintenance hemodialysis
patients continue to grapple with psychological distress, and fewer maintenance hemodialysis patients are able to improve their
psychological resilience. This suggests the importance for healthcare professionals to promptly identify patients exhibiting diverse
patterns of psychological resilience and allocate additional attention towards maintenance hemodialysis patients whose psychological
resilience remains consistently low or exhibits a declining trend.

In this study, when compared to patients older than 60 years of age, patients with maintenance hemodialysis younger than 60 years
of age had lower odds to be in the rising group than in the well-psychological resilience group. This may be related to the higher
realistic pressures experienced by patients younger than 60 years of age. As the primary workforce, individuals below 60 years old not
only bear the responsibility of caring for elderly family members but also play a crucial role in shaping the future generation [40].
Undergoing maintenance hemodialysis not only entails physical and financial burdens but may also disrupt their familial roles [41].
The illness adversely affects their daily life and work, impeding their ability to fulfill family responsibilities. The accumulation of
multiple stressors (e.g., illness, financial strain, family dynamics) inevitably hinder the improvement of their psychological resilience
[42]. Therefore, when improving patients’ psychological resilience, healthcare professionals should pay more attention to mainte-
nance hemodialysis patients under the age of 60. Healthcare professionals should enhance comprehension of the origins of psycho-
logical distress in their patients and provide targeted interventions.

In terms of religion, the results showed that compared to patients with religion, patients without religion were more likely to be in
the declining group or rising group rather than the well-psychological resilience group, suggesting that patients without religion were
more likely to have a change in psychological resilience and more unstable. In other words, as one of the buffering factors of psy-
chological resilience, religious beliefs enable patients to better maintain their consistency when they are caught in distress such as
illness and treatment [43]. It is seen not only as a coping mechanism for stressful life experience but also as a conscious, emotional,
moral and spiritual “carrier” for the maintenance hemodialysis patients that help them to solve psychological problems [44].
Therefore, for patients without religion, healthcare professionals should be concerned about the availability of a source of spiritual
support during their maintenance hemodialysis treatment. The patient’s sense of belief needs to be promoted in order to avoid a
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decrease in psychological resilience due to the breakdown of the patient’s spirit during long-term treatment.

The multinomial logistic regression analysis also revealed that individuals with a household income of less than 2000 RMB/month/
person were more likely to belong to the rising group rather than the well-psychological resilience group, when compared to those with
a household income exceeding 6000 RMB/month/person. This may be related to their relatively low initial level of psychological
resilience. Variations in financial burden were observed across different income levels [45]. Due to their lower income levels, patients
with household income <2000 RMB/month/person require additional consideration of financial stress alongside concerns about the
disease itself when initially confronted with the reality of lifelong treatment [46]. Owing to higher financial stress, they are likely to
experience more negative emotions such as fear and anxiety, potentially leading to lower baseline psychological resilience [47]. This
suggests that there is more room for improvement in their psychological resilience, which may account for the subsequent upward
trend in psychological resilience as they become acquainted with the treatment. Therefore, healthcare professionals should intervene
as early as possible for maintenance hemodialysis patients with low-income levels. Attention needs to be given to their psychological
resilience during the initial stage of treatment, and patients who express concerns should be promptly informed about the anticipated
costs and assisted in accessing social support resources to alleviate their anxiety regarding financial burden.

With regard to the family resilience, in this research, patients with higher initial family resilience were more likely to be in the
declining group, but less likely to be in the low-stable group. This result supports the assertion that baseline family resilience may play
a protective effect on baseline psychological resilience in patients with maintenance hemodialysis, and that this relationship may
change over time possibly due to other positive or negative factors [48]. As part of the immediate environment in which a person lives,
the family has a direct impact on the psychosocial characteristics of the individual [49]. When there is a member of the family who is
ill, family resilience, as a supporting force, might not only cultivate a warm environment for identifying problem-solving strategies
cohesively, but also mobilize kin and social resources to effectively cope with their diagnoses and treatment [23]. Therefore, main-
tenance hemodialysis patients could benefit from interventions targeted at fostering family resilience. Healthcare providers need to
fully recognize and utilize the strength of patients’ families to help patients improve their psychological resilience.

The current study highlights the heterogeneity in the development of psychological resilience among maintenance hemodialysis
patients. At the same time, without intervention, only a minority of patients with maintenance hemodialysis were able to elevate their
psychological resilience. The overall trajectory showed that maintenance hemodialysis patients on different psychological resilience
trajectories differed primarily in age, religion, monthly household income per capita, and baseline family resilience. This may provide
evidence for identifying vulnerable populations and provide a basis for developing targeted interventions in the future.

5. Limitations

Despite our study providing some significant findings, several limitations need to be taken into account. Firstly, as a longitudinal
study, this study faced inherent challenges in participant retention and attrition, which may have affected the internal validity of the
study. Although we implemented regular follow-up communication and incentives for continued participation, attrition rates remain a
concern. Future studies could strengthen communication with participants and set up feedback mechanisms to promote retention.
Secondly, although the independence assumption, multicollinearity assumption and sensitivity analysis were performed in con-
structing the multinomial logistic regression model in this study, the reliability of the model still needs to be further validated due to
the lack of external validation. Third, despite efforts to control confounding variables, potential inherent biases in self-report measures,
such as social desirability bias and recall bias, cannot be completely eliminated. This study attempted to enhance the accuracy of the
collected data by utilizing validated scales and providing participants with clear instructions; yet, residual confounders remain po-
tential. The incorporation of objective measures would significantly benefit future research whenever feasible. Fourth, although the
effect of disease duration on patients’ psychological resilience was considered, this study only followed up for 6 months due to time
and resource constraints. Future studies could extend the duration of follow-up to further explore long-term changes in patients’
psychological resilience. Fifth, a convenience sampling method was used in this study, which may pose selection bias. Therefore, future
studies should consider adopting more randomized sampling methods, such as stratified sampling, to reduce selection bias and
enhance the generalizability of findings. Sixth, we combined the high-stable and moderate-stable groups for statistical analysis due to
their small sample sizes, but this may weaken the distinctiveness of the identified trajectories. Hence, the sample sizes should be
expanded and cover a wider range of regions and populations in the future to enhance the representativeness and diversity of the study.
Additionally, it is suggested that future studies should include a more comprehensive range of impact factors such as depressive
symptoms, coping strategies, quality of life, and specific psychological interventions.
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