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Purpose: Kidney transplant recipients (KTRs) may experience symptoms that increase their fear of progression (FoP), but a dearth of
research examines the issue from a patient-centered perspective. Our study aimed to first determine the category of symptom burden,
then to explore the differences in characteristics of patients in different subgroups, and finally to analyze the impact of symptom
subgroup on FoP.

Patients and Methods: Sociodemographic and Clinical Characteristics, Symptom Experience Scale, and Fear of Progression
Questionnaire-Short Form were used. Latent class analysis was used to group KTRs according to the occurrence of symptoms. We
used multivariate logistic regression to analyze the predictors of different subgroups. The differences in FoP among symptom burden
subgroups were analyzed by hierarchical multiple regression.

Results: Three subgroups were identified, designated all-high (20.5%), moderate (39.9%), and all-low (39.6%) according to their
symptom occurrence. Multivariate logistic regression showed that gender, post-transplant time, per capita monthly income, and
hyperuricemia were the factors that distinguished and predicted the all-high subgroup (P < 0.05). Hierarchical multiple regression
showed that symptom burden had a significant effect on FoP (class1 vs class3: = 0.327, P < 0.001; class2 vs class3: f#=0.104, P =
0.046), explaining the 8.0% variance of FoP (4R’ = 0.080).

Conclusion: KTRs generally experience moderate or low symptom burden, and symptom burden is an influencing factor in FoP.
Identifying the traits of KTRs with high symptom burden can help clinicians develop targeted management strategies and ease FoP of
KTRs.

Keywords: kidney transplant, symptom burden, fear of progression, latent class analysis

Introduction

Kidney transplantation (KT) can effectively improve the survival rate and quality of life of patients with end-stage renal
disease (ESRD), which is an important way for ESRD patients to return to normal life.! China firmly secured its position
as the world’s second-largest country for transplants by successfully performing a staggering 12,721 KTs in 2022,
according to the China Scientific Registry of Kidney Transplantation (CSRKT).

KTs can effectively improve ESRD symptoms.? However, because of the side effects of immunosuppressive therapy
and chronic rejection, kidney transplant recipients (KTRs) still experience a high symptom burden,® where the incidence
of symptoms is as high as 79%.*° In addition, related procedures during KT can lead to symptoms in the recipient.
Studies have shown a high rate of ureteral stent colonization in KTRs, which in turn increases the risk of urinary tract
infections.® Symptoms can directly or indirectly affect the health of KTRs. Studies have shown that symptoms after KT

3,7,8

reduce quality of life,*”* affect medication compliance,* reduce the positive evaluation of one’s health status, resulting in

greater psychological pressure,” and can even change the outcome of transplantation.”'” Therefore, assessing the
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symptom experience of KTRs is of utmost importance to KTRs and health care professionals (HCPs) to understand
disease status, disease development, and disease outcome.!!

The National Institute of Nursing Research (NINR) carried out a seminar on “Advancing Symptom Science Through
Symptom Cluster Research” in 2015, which determined the strategy of symptom management centered on symptom
clusters and clarified that symptom cluster management is the focus of future research.'> Moreover, understanding
symptom clusters and their internal relationships is helpful for future symptom management.'> However, most of the
current studies on symptom clusters focus on variables and carry out status research,'® correlation research,'” and
longitudinal research.'® This symptom clustering method quantifies symptoms and evaluates the overall symptom
experience of patients but ignores the heterogeneity of individual symptom experience of patients, thus limiting the
implementation of individual-centered symptom management.'’ It is worth mentioning that expert consensus points out
that future research on symptoms should focus on the symptom experience of individual patients, and that the
heterogeneity of symptom experience may be the key point of symptom management.'? Current studies have shown

18 cardiovascular diseases,'”

that individual-centered clustering methods mainly focus on tumors, and chronic kidney
diseases,”® so more research of this type is needed in KT.

For KTRs, the fear of potential graft rejection, infection, and cancer is one of the major sources of psychological
stress.”! Patients often experience uncertainty about the progression of their disease when they begin to exhibit
symptoms. This uncertainty can lead to a fear of disease progression and recurrence.”> Fear of progression (FoP) refers
to the individual’s fear of existing diseases, including the physical, social, and psychological consequences of fear of
disease progression or recurrence, which is different from traditional psychological dysfunction.”® FoP can reduce the

quality of life of patients,”* reduce the confidence of patients in self-care,>

and promote patients to adopt negative
coping styles.”> A high FoP score indicates that patients do not receive sufficient supportive care needs.?® In addition,
patients with FoP reaching the clinical level are more likely to be diagnosed with mental illness.?” It is undeniable that
FoP is persistent, and long-term FoP will hurt patients.”® According to the theory of unpleasant symptoms (TOUS),*
there is a two-way feedback path between psychological factors and symptoms; that is, symptoms can affect FoP. Studies
have shown that psychological symptoms are predictors of FoP.** Symptom experience has been positively correlated
with FoP.>>3! At present, there is insufficient evidence on the impact of symptom burden of KTRs on FoP, and this study
aimed at filling this gap.

We investigated the symptom burden of KTRs from a novel perspective. Latent class analysis (LCA) is a research
method that uses human-centered variables to categorize patients by the similarity of a certain feature, attempting to
explain the individual latent feature classification by the fewest number of target categories.’® In contrast to traditional
clustering methods, LCA is a more flexible probabilistic-based method.*® As a result, LCA has emerged as an effective
method to evaluate the diversity in patients’ symptom experiences.** This study aimed to use LCA to identify different
subgroups of symptom burden in KTRs, explore potential predictors of these subgroups, and examine differences in FoP
among the subgroups.

Materials and Methods

Design and Participants

The convenience sampling method was used to select allogeneic KTRs according to the inclusion and exclusion criteria
at two tertiary hospitals in Liaoning and Jilin provinces in China. Included in this study were KTRs with age >18 years
old, first KT, and postoperative time >3 months who consented to participate. KTRs with also two or more organ
transplants, a history of cognitive dysfunction or psychosis, severe physical dysfunction, or malignant tumors requiring
simultaneous treatment were excluded. Nylund-Gibson® suggests that the sample size for LCA should be at least 300
cases. There were 381 valid questionnaires in this study.

Data Collection Procedure
Between October and December 2022, we collected data through both online and offline questionnaires. Before
distribution, we obtained consent from all participants and informed them of the study’s purpose, how to complete the
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questionnaire, and the confidentiality measures in place. We distributed a total of 425 questionnaires, including 100
offline and 325 online. After filtering out illogical and regular answers, as well as samples that were completed too
quickly, we successfully collected 381 samples, resulting in an effective recovery rate of 90%.

Research Tools

Sociodemographic and Clinical Characteristics

Sociodemographic information included age, gender, body mass index (BMI), educational level, marital status, residence,
mode of living, primary caregivers, employment status, medical payment method, and per capita monthly income. The
clinical characteristics included post-transplant time, dialysis type, dialysis time, complications, and immunosuppressive
agents.

Symptom Experience Scale

The scale was adapted by Du'* on the basis of Transplant Symptom Occurrence and Symptom Distress Scale-59
(MTSOSD-59R). A total of 62 items were used to assess the symptom experience of transplant patients from the three
dimensions: symptom occurrence, symptom severity, and symptom distress. The Likert 5-level scoring method was used,
with a minimum score of 0 and a maximum score of 4. The higher the scale’s total score, the higher the symptom burden
of patients. Cronbach’s a of the three dimensions has been reported to be 0.916, 0.992, and 0.990.'* Cronbach’s o in our
study was 0.928, 0.936, and 0.942.

Fear of Progression Questionnaire-Short Form

The Fear of Progression Questionnaire-Short Form (FoP-Q-SF) is a unidimensional scale that derives from the Fear of
Progression Questionnaire (FoP-Q), which was adapted by Mehnert*® in 2006 to assess patients’ apprehension of disease
progression or recurrence. The FoP-Q-SF comprises 12 items and employs a Likert 5-point scale, with a maximum score of
60. A higher score indicates greater severity of fear of progression, with a clinical definition level of >34 points. In 2015,
Wu?” adapted the scale to align with Chinese culture and partitioned it into two dimensions, namely physical health and
social family, with a Cronbach’s o of 0.883. This questionnaire has been used in KT.*® Cronbach’s a in our study was 0.915.

Ethical Considerations

This study was performed in line with the principles of the Declaration of Helsinki. All donated kidneys are given
voluntarily with written informed consent, in accordance with the Declaration of Istanbul. Approval was granted by the
Ethics Committee of the first affiliated hospital of China Medical University (number: 202373). Questionnaires were
issued with the informed consent of the subjects.

Statistical Analysis

Data analysis was performed using Mplus version 8.3 and SPSS version 25.0. Continuous variables with normal
distribution are denoted by mean and standard deviation (SD), non-normal data are described by median and interquartile
range, and categorical variables are reported as frequency and percentage. Univariate analysis was performed using
analysis of variance and chi-square test. The Bonferroni method was used for post hoc analysis, and the corrected P value
(P =0.0167) indicated statistical significance.

LCA was utilized to examine the symptom burden of KTRs. Since the average incidence of symptoms in this sample
was 24.2%, symptoms with an incidence of >25% were included in the LCA study to ensure that the selected symptoms
could represent all KTRs to the greatest extent. To prevent local maximum solutions, the random starting value was set at
200, and 10 ideal values were chosen. The Akaike information criterion (AIC), Bayesian information criterion (BIC),
sample size adjusted Bayesian information criterion (aBIC), and entropy determined the optimal number of the latent
class.**** The smaller the AIC, BIC, and aBIC values, the better the model fitting. Entropy at an omnibus index of >0.8
indicated good classification. Statistical differences between different subgroups were determined using the Lo-Mendell-
Rubin likelihood ratio test (LMR) and bootstrap likelihood ratio test (BLRT). When LMR and BLRT showed P < 0.05,
the model with k categories was considered to perform better than the model with k—1 categories. Multivariate logistic
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regression was used to explore the influence of sociodemographic and clinical feature data on different latent classes.
Hierarchical multiple regression was used to explore the effect of latent classes on FoP.

Results
Participant Characteristics

In this study, 54.9% of the KTRs were > 45 years old and 65.6% were male, details of which are shown

Table 1 Characteristics of Kidney Transplant Recipients by the Symptom Burden (n = 381)

in Table 1.

Variables Total All-High Moderate All-Low Fly? P value
(n=381) (n=78 20.5%) | (n=15239.9%) | (n=151 39.6%)
Mean (SD) | Mean (SD) Mean (SD) Mean (SD)
Physical health 13.81 (5.54) 17.14 (5.58) 13.78 (5.04) 12.11 (5.25) 23.772 | <0.00|***
Cl >C2>C3
Social family 12.33 (5.34) 15.19 (5.88) 12.09 (4.78) 11.09 (5.07) 16.671 | <0.00***
Cl >C2,C3
Total 26.13 (10.27) | 32.33 (10.77) 25.87 (8.99) 23.20 (9.88) 22.771 | <0.001*#*
Cl >C2,C3
N (%) N (%) N (%) N (%)
Age (years)
<45 172 (45.1%) 35 (44.9%) 68 (44.7%) 69 (45.7%) 0.031 0.991
>45 209 (54.9%) 43 (55.1%) 84 (55.3%) 82 (54.3%)
Gender
Male 250 (65.6%) 39 (50.0%) 101 (66.4%) 110 (72.8%) 11.978 | 0.003**
Female 131 (34.4%) 39 (50.0%) 51 (33.6%) 41 (27.2%)
BMI (kg/m?)
<185 33 (8.7%) 10 (12.8%) 12 (7.9%) 11 (7.3%) 9.196 | 0.163
18.5-23.9 199 (52.2%) 38 (48.7%) 76 (50.0%) 85 (56.3%)
24-279 105 (27.6%) 25 (32.1%) 39 (25.7%) 41 (27.2%)
228 44 (11.5%) 5 (6.4%) 25 (16.4%) 14 (9.3%)
Educational level
Junior high school or lower 60 (15.7%) I (14.1%) 31 (20.4%) 18 (11.9%) 14.561 | 0.024*
High school or technical secondary school | 89 (23.4%) 19 (24.4%) 42 (27.6%) 28 (18.5%)
Junior college 96 (25.2%) 21 (26.9%) 39 (25.7%) 36 (23.8%)
Undergraduate or higher 136 (35.7%) 27 (34.6%) 40 (26.3%) 69 (45.7%)
Marital status
Married 298 (78.2%) 59 (75.6%) 122 (80.5) 117 (77.5%) 0.725 0.696
Other 83 (21.8%) 19 (24.4%) 30 (19.7%) 34 (22.5%)
(Continued)
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Table | (Continued).

Variables Total All-High Moderate All-Low Fiy? P value
(n=381) (n=78 20.5%) | (n=15239.9%) | (n=151 39.6%)
Mean (SD) | Mean (SD) Mean (SD) Mean (SD)
Residence
Urban 349 (91.6%) 72 (92.3%) 138 (90.8%) 139 (92.1%) 0.221 0.895
Rural 32 (8.4%) 6 (7.7%) 14 (9.2%) 12 (7.9%)
Mode of living
Alone 62 (16.3%) I (14.1%) 27 (17.8%) 24 (15.9%) 0.533 | 0.766
Not alone 319 (83.7%) 67 (85.9%) 125 (82.2%) 127 (84.1%)

Primary caregivers

No 63 (165%) | 9 (11.5%) 31 (20.4%) 23 (15.2%) 5001 | 0.287
Spouses 234 (61.4%) | 47 (60.3%) 93 (61.2%) 94 (62.3%)
Other 84 (22.0%) | 22 (282%) 28 (18.4%) 34 (22.5%)

Employment status

Employed 192 (50.4%) | 40 (51.3%) 78 (51.3%) 74 (49.0%) 0.193 | 0.908

Jobless 189 (49.6%) | 38 (48.7%) 74 (48.7%) 77 (51.0%)

Medical payment method

Urban residents’ medical insurance 88 (23.1%) 20 (25.6%) 37 (24.3%) 31 (20.5%) 2516 | 0.642
Urban workers’ medical insurance 237 (62.2%) 48 (61.5%) 96 (63.2%) 93 (61.6%)
Other 56 (14.7%) 10 (12.8%) 19 (12.5%) 27 (17.9%)

Per capita monthly income (CNY)

<2000 61 (160%) | 11 (14.1%) 30 (19.7%) 20 (13.2%) 18.351 | 0.005%*
2000-4000 127 (333%) | 34 (43.6%) 47 (30.9%) 46 (30.5%)
4000-6000 92 (24.1%) | 25 (32.1%) 31 (20.4%) 36 (23.8%)
>6000 101 (26.5%) | 8 (10.3%) 44 (28.9%) 49 (32.5%)

Post-transplant time (months)

<12 98 (25.7%) 10 (12.8%) 33 (21.7%) 55 (36.4%) 21.384 | 0.002**

12-60 158 (41.5%) 33 (42.3%) 64 (42.1%) 61 (40.4%)

60-120 73 (19.2%) 20 (25.6%) 31 (20.4%) 22 (14.6%)

>120 52 (13.6%) 15 (19.2%) 24 (15.8%) 13 (8.6%)

Dialysis type

Hemodialysis 304 (79.8%) | 61 (78.2%) 118 (77.6%) 125 (82.8%) 3.003 | 0.819

Peritoneal dialysis 45 (11.8%) I (14.1%) 20 (13.2%) 14 (9.3%)

Both I (2.9%) I (1.3%) 5(3.3%) 5 (3.3%)

Neither 21 (5.5%) 5 (6.4%) 9 (5.9%) 7 (4.6%)

(Continued)
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Table | (Continued).

Variables Total All-High Moderate All-Low Fly* P value
(n=381) (n=78 20.5%) | (n=15239.9%) | (n=151 39.6%)
Mean (SD) | Mean (SD) Mean (SD) Mean (SD)

Dialysis time (months)

<6 74 (194%) | 10 (12.8%) 29 (19.1%) 35 (23.2%) 8294 | 0217
6-12 68 (17.8%) | 11 (14.1%) 24 (15.8%) 33 (21.9%)

12-36 141 (37.0%) | 33 (42.3%) 60 (39.5%) 48 (31.8%)

>36 98 (25.7%) | 24 (30.8%) 39 (25.7%) 35 (23.2%)

Hypertension 172 (45.1%) | 40 (51.3%) 76 (50.0%) 56 (37.1%) 6.593 | 0.037*
Hyperlipidemia 124 (32.5%) | 30 (38.5%) 63 (41.4%) 31 (20.5%) 16.661 | <0.00]%
Hyperuricemia 103 (27.0%) | 30 (38.5%) 47 (30.9%) 26 (17.2%) 13.703 | 0.001%

Immunosuppressive agents

< 123 (32.3%) | 17 (21.8%) 52 (34.2%) 54 (35.8%) 5019 | 0.08!

>2 258 (67.7%) | 61 (78.2%) 100 (65.8%) 97 (64.2%)

Notes: *P < 0.05; **P < 0.01; ***P < 0.001.
Abbreviations: SD, Standard Deviation; F, analysis of variance; Ve chi-square test; BMI, body mass index; CNY, Chinese yuan; Cl, all-high subgroup; C2, moderate
subgroup; C3, all-low subgroup.

Results of Latent Class Analysis

A total of 29 symptoms were included in LCA, and the model fitting is shown in Table 2. The LMR of the 4—class model was
not statistically significant (P > 0.05), despite having the lowest AIC and aBIC values. In the remaining models, the entropy of
the 3—class model is 0.861, and the AIC, BIC, and aBIC values were relatively small. Additionally, the LMR and BLRT are
significant (P < 0.05) for the 3-class model. In summary, this study suggested that the 3—class model provided the best fit. The
average posterior probabilities of KTRs belonging to each latent class were 0.946, 0.920, and 0.947, respectively.

Based on this, the category probability distribution of the three categories on each item was further obtained, as
shown in Figure 1 and Table 3. In our study, we identified three distinct classes of symptoms. The first class, which
accounted for 20.5% of the sample, was characterized by a high incidence of all symptoms. We named this category “all-
high” and represented it with a rectangular line. The second class, which accounted for 39.9% of the sample, had
a moderate incidence of symptoms. We named this category “moderate” and represented it with a square line. The third
class, which accounted for 39.6% of the sample, had a low incidence of all symptoms. We named this category “all-low”
and represented it with a triangle line.

Table 2 Fit Indices for the Latent Class Analysis in Kidney Transplant Recipients (n=381)

Number of Log(L) AIC BIC aBIC Entropy LMR BLRT
Latent Class

| —6898.254 13,854.509 13,968.850 13,876.838

2 —6144.349 12,406.697 12,639.322 12,452.126 0.900 <0.00 [##* <0.00 | *##*
3 -5990.192 12,158.385 12,509.294 12,226,913 0.861 0.035% <0.00 | ##*
4 -5911.415 12,060.830 12,530.023 12,152.458 0.882 0.278 <0.00 | #*+*

Notes: *P < 0.05; ***P < 0.001.
Abbreviations: Log(L), Log likelihood; BIC, Bayesian information criterion; AIC, Akaike information criterion; aBIC, adjusted BIC; LMR, Lo-
Mendell-Rubin likelihood ratio test; BLRT, Bootstrap likelihood ratio test.
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Figure | Category probability plot of the 3 latent classes. Probability of symptom occurrence for the total sample and each of the latent classes for the 29 symptoms on the
Symptom Experience Scale that occurred in 225% of the total sample (n=381). Symptom groups were determined using latent class analysis (LCA).

Differences in Sociodemographic and Clinical Characteristics Between Latent Classes
The results are given in Table 1 and showed that there were statistically significant differences in gender, educational
level, per capita monthly income, post-transplant time, hypertension, hyperlipidemia, and hyperuricemia between the
three latent classes (P < 0.05).

Table 3 The Probability for Each Symptom (n=381)

Symptoms All-High Moderate All-Low
(n=78 20.5%) (n=152 39.9%) (n=151 39.6%)
Wind 0811 0.420 0.124
Restlessness/Nervousness 0.945 0.435 0.061
Increased sweating 0.439 0.325 0.137
Sores on lips or in mouth 0.448 0.275 0.137
Dizziness 0.705 0.275 0.041
Trembling hands 0.838 0.637 0.531
Increased urge to urinate 0.484 0.298 0.162
(Continued)
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Table 3 (Continued).

Symptoms All-High Moderate All-Low
(n=78 20.5%) (n=152 39.9%) (n=151 39.6%)
Bruises 0.667 0.374 0.144
Spots on face or back 0413 0.259 0.164
Excessive appetite 0.682 0.502 0.409
Swollen gums 0.568 0.338 0.158
Thinning of hair/Hair loss 0.797 0.510 0.370
Menstrual problems/Impotence 0.426 0313 0.123
Moon face 0.693 0.435 0.261
Anxiety 0.842 0.261 0.025
Mood swings 0.942 0.360 0.066
Concentration or memory problems 0.981 0618 0.163
Increased hair growth 0.469 0.359 0.207
Sleep difficulties 0.671 0.335 0.129
Muscle weakness 0.659 0.266 0.039
Tiredness 0.973 0.526 0.081
Lack of energy 0.791 0.298 0.020
Joint pain 0.597 0.282 0.075
Shortness of breath 0.757 0.379 0.021
Dry skin 0.643 0.347 0.058
Palpitations 0.766 0.448 0.027
Constipation 0.575 0.255 0.106
Reduced interest in sex 0.487 0.299 0.113
Weight gain 0.675 0.479 0.258

Multivariate Logistic Regression Analysis of Latent Classes

The all-low subgroup was used as the reference group. The collinearity diagnosis of the included variables showed that
the tolerance was >0.1 and the VIF was <10, indicating that there was no obvious collinearity between the included
variables. The likelihood ratio y° value of the regression model was 90.371, P < 0.001, indicating that the final model was
significantly established. The results of MLR are described in Table 4.

Compared with the all-low subgroup, gender, per capita monthly income, post-transplant time, and hyperuricemia
were the predictors of the all-high group. Females, KTRs with lower per capita monthly income, longer post-
transplant time, and concurrent hyperuricemia were more likely to report a high symptom burden. Additionally,
education, post-transplant time, and hyperlipidemia were identified as predictors of the moderate group. KTRs with
lower education, longer post-transplant time, and concurrent hyperlipidemia were more likely to report a moderate
symptom burden.
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Table 4 Multivariate Logistic Regression Analysis of the Latent Classes (n=381)

Variables B SE Wald »? OR (95% CI) P value

All-high Gender (Referent Female)

Male —-1.064 0.325 10.697 0.345 (0.181, 0.653) | 0.001**

Per capita monthly income (Referent >6000)

20004000 1.163 0.488 5.685 3.200 (1.230, 8.327) | 0.017*

4000-6000 1.078 0.490 4.845 2.940 (1.125, 7.680) | 0.028*

Post-transplant time
(Referent <12)

12-60 1.090 0.436 6.258 2.974 (1.266, 6.985) | 0.012*
60-120 1.638 0.491 11113 5.147 (1.964, 13.486) | 0.001**
>120 1.728 0.542 10.141 5.627 (1.943, 16.293) | 0.001**

Hyperuricemia (Referent Yes)

No —0.969 0.360 7.231 0.379 (0.187, 0.769) | 0.007**

Moderate | Educational level
(Referent Undergraduate or higher)

Junior high school or lower 1.315 0410 10.284 3.723 (1.667, 8.316) | 0.001%**
High school or technical secondary school 0.988 0.354 7.809 2.686 (1.343, 5.371) 0.005%*
Junior college 0.667 0.329 4.125 1.949 (1.024, 3.711) | 0.042*

Post-transplant time
(Referent <12)

60-120 0.970 0.377 6.613 2.639 (1.260, 5.530) | 0.010%*

>120 1.152 0.437 6.969 3.166 (1.346, 7.449) | 0.008**

Hyperlipidemia (Referent Yes)

No —0.809 0.285 8.033 0.446 (0.2585 0.779) | 0.005**

Notes: *P < 0.05; **P < 0.01.
Abbreviations: B, unstandardized coefficients; SE, Standard Error; Wald x%, Wald chi-square; OR, Odds Ratio; 95% Cl, 95% Confidence Interval.

Association Between Distinct Latent Classes of Symptoms with Fear of Progression
As shown in Table 1, there was a statistically significant difference in FoP between KTRs in different symptom
subgroups (P < 0.05). Through post hoc analysis, we found that in the physical health dimension, all-high subgroup >
moderate subgroup > all-low subgroup; in the social family dimension and total score, all-high subgroup > moderate
subgroup, all-high subgroup > all-low subgroup, there was no significant difference between moderate subgroup and all-
low subgroup.

To further investigate whether symptom burden predicts FoP, a hierarchical multiple regression was conducted with
symptom burden as the independent variable and FoP as the dependent variable. The specific results are shown in
Table 5. After adjusting for covariates (age, hyperuricemia, per capita monthly income) in model 2, different symptom
burden subgroups (classl vs class3: f = 0.327, P < 0.001; class2 vs class3: f = 0.104, P = 0.046) were significantly
positively associated with FoP. The subgroups explained 8.0% of the variance in FoP (AR? = 0.080, P < 0.001), and the
overall model was significant (£ = 12.150, P < 0.001), explaining 17.0% of the variance in FoP.
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Table 5 Differences in Fear of Progression Among the Latent Classes (n=381)

Variables Model | Model 2
B SE p P value B SE p P value
Constant 30.219 1.349 <0.00 |#** 27.935 1.431 <0.00 | *#*

Age (Referent <45)

>45 —4.761 1.022 -0.231 <0.00 |+ —4.705 0.976 -0.228 <0.00 | #¥*

Hyperuricemia (Referent No) 3.605 1.137 0.156 0.002*+* 2422 1.107 0.105 0.029*

Per capita monthly income (Referent <2000)

20004000 —2.099 1.532 -0.096 0.172 —2.607 1.47 -0.12 0.077
4000-6000 —-1.863 1.636 -0.078 0.255 —2.222 1.571 —-0.093 0.158
>6000 —4.898 1.596 -0.211 0.002%* -3.926 1.534 —0.169 0.011*

Subgroup (Referent All-Low)

All-High 8312 1351 | 0327 <0.00 | #*
Moderate 2.181 1.09 0.104 0.046*
F 8.524%kx 12.150%%*
R? 0.102 0.186
Adjusted R? 0.090 0.170
AR? 0.080%%*

Notes: *P < 0.05; **P < 0.01; ***P < 0.001; Model |: with no adjustments for any covariates; Model 2: adjusted for covariates age, hyperuricemia, and per capita monthly
income.
Abbreviations: B, unstandardized coefficients; SE, Standard Error; f, standardized coefficients beta; F, analysis of variance; RZ, coefficient of determination; ARZ, the change in R2.

Discussion
In this study, we addressed the heterogeneity of symptom burden among KTRs. We grouped patients into three categories
to study demographic data and symptom burden. Our research found that gender, per capita monthly income, post-
transplant time, and hyperuricemia predicted high symptom burden among KTRs. Symptom burden can also predict FoP.
The LCA conducted in this study identified three distinct latent classes among KTRs: the all-high subgroup, moderate
subgroup, and all-low subgroup. Similarly, three symptom subgroups (low symptom, moderate symptom, and high
symptom) were identified in hemodialysis patients.”’ The proportion of the moderate subgroup was the highest (39.9%),
followed by the all-low subgroup (39.6%), indicating that most KTRs generally have a moderate or lower symptom
burden after surgery, consistent with previous studies.*' Interestingly, we found that the top three symptoms in the all-low
subgroup were trembling hands, excessive appetite, and thinning of hair/hair loss, which were all somatic symptoms
caused by immunosuppressive therapy. The top five symptoms of the all-high subgroup were concentration or memory
problems, tiredness, nervousness, mood swings, and anxiety, mainly psychological symptoms, suggesting that psycho-
logical symptoms may be the main cause of high symptom burden after KT. This is a novel finding in the present study.
Consistent with the results of Uyar,** the negative emotion level of KTRs is typically higher than the medium level.
Previous studies have also confirmed that anxiety and depression are common symptoms after KT.** Cognitive and
emotional factors can impact the sleep quality of KTRs, resulting in increased levels of fatigue.** This highlights the
interconnectedness of psychological and physical symptoms, where mental health can have a significant impact on
physical well-being. However, there are no studies currently available for comparison with KT, it would be beneficial to
conduct longitudinal studies to confirm the high incidence of symptoms in the high symptom burden group. In short,

when combined with previous studies, the results consistently demonstrate that the symptoms experienced by KTRs are
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complex. Furthermore, current research indicates that symptoms are considered more important by KTRs than clinical
indicators.*> As a result, HCPs should promptly and comprehensively assess patients’ symptoms, particularly addressing
psychological symptoms effectively, to alleviate the overall symptom burden.

Analyzing the characteristics of patients with high symptom burden can help identify at-risk groups early, enabling
personalized interventions. In this study, women were more likely to have a higher burden of symptoms, consistent with
previous studies.*® On the one hand, women are more emotionally dependent and emotionally sensitive than men,
leading to women’s tendency to express their negative emotions and more likely to have pessimistic thoughts on their
health status, while negative cognitive psychological factors are positively correlated with symptom burden,*’ On the
other hand, there are differences in coping between women and men. Women’s psychological endurance is weak, and
women are more inclined to adopt negative coping styles such as avoidance and surrender.*® In addition, sex hormones
can also explain the biological differences in symptom burden.** The findings of a longitudinal study revealed
a significant improvement in sleep deprivation among male patients compared to their female counterparts 12 months
after KT.** This suggests that women may face challenges in managing their symptoms. Therefore, HCPs can support
female patients in managing their symptoms and overall recovery by providing information, psychological support,
career guidance, and access to support networks.

KTRs with a per capita monthly income of 2000—6000 are more likely to be in the all-high subgroup. Such results are
similar to those of previous research®® that proved that poor financial burden can increase the symptom burden. Having
a better financial situation will encourage KTRs to choose a better lifestyle. Moreover, it has been found that there is
a link between financial difficulties and medication adherence among patients.* Poor medication adherence can result in
more severe symptoms.”' Financial strain can also affect a patient’s ability to manage their condition.>® Patients who are
facing significant financial difficulties may be less likely to seek medical attention or follow through with treatment,
which can ultimately lead to more severe symptoms.”® It’s worth mentioning that the study revealed some surprising
results. It was found that having a per capita monthly income of less than 2,000 was not a predictor of this particular
segment. It is possible that having a low income can cause more burden on caregivers.”> This may result in KTRs
avoiding reporting any symptoms that they experience to prevent additional economic burden and psychological pressure
on their families. However, KT is a significant financial burden for patients.* To help patients meet this challenge, HCPs
can help by offering financial counseling and support, as well as information on available resources to help alleviate
financial stress. By providing these resources, HCPs can help patients manage their financial strain and improve their
overall health outcomes.

Post-transplant time was associated with symptom burden, which confirmed previous studies.® With longer post-
transplant time, the side effects of immunosuppressive therapy and the symptoms caused by chronic rejection gradually
appeared. In addition, KTRs with longer transplantation time have lower self-management ability,”> which can also lead to
increased symptom burden. However, Veltkamp*® believes that there is no correlation between postoperative transplantation
time and symptom burden. The possible explanation is that they used a combination of Dialysis Symptom Index and
MTSOSD-59R tools to evaluate KTRs, including some symptoms of kidney disease that were alleviated after transplanta-
tion. That is, the relationship between post-transplant time and symptoms varies depending on the symptoms assessed.
Future research should be conducted to explore and understand the relationship between these two factors.

This study is the first to identify an association between hyperuricemia and symptom burden. High uric acid can
promote the development of kidney disease by inducing inflammatory response and oxidative stress,’® lead to glomerular
hypertrophy and renal tubular interstitial fibrosis, hinder endothelial nitric oxide production, lead to endothelial cell
dysfunction, affect graft function, and even lead to graft loss,”’ which will undoubtedly increase the psychological

. . 8 .
5658 cardiovascular disease,’® and diabetes,>® thus

pressure of patients. Hyperuricemia can also lead to hypertension,
aggravating the symptom burden of KTRs. Therefore, it is necessary for HCPs to closely monitor the serum uric acid
level of KTRs, and timely take corresponding treatment measures according to the situation, such as adjusting diet and
drug therapy,®® to improve the symptom burden and ensure the quality of life and long-term survival rate of KTRS.
The FoP score of KTRs was 26.13+£10.27, of which >34 points accounted for 24.4%. That is, about a quarter of
KTRs’ FoP reached the level of clinical diagnosis, and the results were slightly higher than those of Lin.®' The possible

explanation is that 94.5% of KTRs experienced dialysis, and the return to dialysis will cause psychological stress in
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KTRs.?! This study explored the relationship between patient-centered symptom burden subgroups and FoP for the first
time. The results showed that symptom burden was the influencing factor of FoP, which was similar to the results of
previous studies.”®*” Symptom experience is the patient’s subjective perception, which indirectly reflects the patient’s
view of the disease.”> When the symptom burden is heavy, KTRs will have a negative understanding of future disease
progression and disease outcome, worry about daily life and their health status, and worry about becoming a family and

social burden, thus triggering FoP.®* Hall®®

showed that the severity of somatic symptoms indirectly affects patients’
perceived stress by affecting FoP, and also confirmed that FoP is an intermediary variable between physical symptoms
and emotional distress.®* The above results indicate that symptom burden plays an important role in FoP. Studies have
shown that patients with high FoP want support beyond treatment.®® Through post hoc analysis, we found that there was
no difference in the total score of FoP between the all-low subgroup and the moderate subgroup, which suggests that
HCPs should focus on KTRs in the all-high subgroup and provide psychological cognitive intervention®® or behavioral
exercise intervention®” to reduce patients’ FoP by changing individuals and their internal psychological experience.
However, there are few studies on FoP in KTRs. Future studies can further explore the influencing factors of FoP in

KTRs and develop effective psychological interventions.

Study Strengths and Limitations

This study is the first to explore the relationship between symptom burden and FoP in KTRs. Meanwhile, our
investigation was a multi-center study, and samples from two tertiary hospitals were selected for research and analysis.
However, this study was cross-sectional, and thus, we could not accurately determine the influencing factors of each
symptom burden subgroup, while this study only carried out potential category analyses for a limited number of
symptoms and did not achieve a comprehensive assessment of symptoms. Future research should focus on the long-
itudinal study of symptom clusters in KTRs and further determine factors to predict patients with high symptom burden,
to lay a foundation for effective symptom management in KTRs.

Conclusion

In conclusion, this study is the first to analyze symptom clusters of KTRs from a patient-centered perspective. The
symptom burden of KTRs was mostly moderate or lower, and the latent classes included the all-high subgroup, moderate
subgroup, and all-low subgroup. High symptom burden is more likely to occur in patients who are female, have a per
capita monthly income of 2000-6000, post-transplant time >12 months, and have concomitant hyperuricemia. In
addition, symptom burden was the influencing factor of FoP, and the FoP score of the all-high subgroup was the highest.
These findings can help healthcare providers identify patients at high risk for developing severe symptoms. By providing
personalized and predictive interventions early in disease progression, patients can improve the effectiveness of symptom
management and reduce symptom burden. This, in turn, could help reduce the FoP and improve disease prognosis.
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