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Abstract

Aims and objectives

To classify hemodialysis patients into subgroups via cluster analysis according to the
Somatic Symptoms Disturbance Index, Taiwanese Depression Scale, and Herth Hope
Index scores. Patient demands in each cluster were also examined.

Background

Overall patient demands among hemodialysis patients have been demonstrated in numer-
ous reports; however, variables among subgroups have not been explored.

Methods

Data were analyzed from a cross-sectional survey of 114 hemodialysis patients recruited
from dialysis centers in Northern Taiwan. Hope, depression, and symptom disturbance
were used as parameters for clustering because they have been shown to be important fac-
tors affecting patient demands. A two-step cluster analysis was performed to classify partici-
pants into clusters. Patient demands in each cluster were analyzed.

Results

Among the 114 participants, there was a negative correlation between hope and depression
as well as between hope and symptom disturbance; there was a positive correlation
between depression and symptom disturbance. Two clusters were identified: Cluster 1 (n =
49) included patients with moderate levels of hope and symptom disturbance, and high lev-
els of depression; and Cluster 2 (n = 65) included patients with low levels of depression and
symptom disturbance and high levels of hope. Demographic profiles differed between the
two clusters. Regarding patient demands, medical demand showed the highest average
score; whereas, occupational demand exhibited the lowest average score. Psychological
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and occupational demands differed significantly between the two clusters. The two clusters
were defined as subgroups: Cluster 1 was labeled “resting”; Cluster 2 was labeled “active”.

Conclusions

Cluster analysis may further classify hemodialysis patients into distinct subgroups base on
their specific patient demands. A better understanding of patient demands may help health
professionals to provide a holistic individualized treatment to improve patients’ outcomes.

Introduction

End stage renal disease (ESRD) is a chronic condition which threatens patient health world-
wide. Patients rely on either maintenance dialysis or renal transplant; most choose the former.
In 2015, a total of 83,808 patients in Taiwan received hemodialysis treatment [1], which is a
lengthy process requiring two to three 4-hour sessions per week for the duration of the
patient’s life. Consequently, hemodialysis results in physical, psychological, and social stresses
[2], and a reduction in quality of life (QOL) [3-5]. Common physical discomforts include
tiredness, dry mouth, lack of vitality, and muscle weakness [6]. One study demonstrated the
severity of discomforts, such as fatigue, itchiness, thirst, joint pain, and sleep disruption, were
positively correlated with anxiety and depression [7].

Depression is the most common psychological issue for dialysis patients [8]. Depression
affects symptom disturbance and overall health [6]; one study reported that in approximately
60% of hemodialysis patients, depression was the result of their disease [9]. Depression may
induce immune deficiency, loss of appetite, and malnutrition, rendering patients unable to
cope with their prescribed therapy; depression can also provoke suicide, thus indirectly raising
the mortality rate [10]. Gender, age, and comorbidity have been recognized as critical factors
leading to depression [11]; lack of social support and a lengthy treatment regimen may also
result in depression [12,13].

The subjective perception of hope can have a positive influence on health outcomes for
patients with a chronic disease [14]. For hemodialysis patients, hope is influenced by a patient’s
perception of the severity and prognosis of their disease, as well as the subjective perception of
their health condition; higher levels of hope have been shown to be positively correlated with
better patient outcomes [15,16]. Billington et al. surveyed the mental status of hemodialysis
patients and demonstrated that ‘hope’ was a predictor of depression, anxiety, symptom burden
and QOL; the higher the level of hope, the lower the level of depression and symptom distur-
bance, accompanied with better mental health and QOL [17]. When hope was assessed in 50
older adult hemodialysis patients [18] using the Herth Hope Index (HHI), scores were lower
than for patients with chronic obstructive pulmonary disease [19] and heart failure [20]; in
addition, religious beliefs were positively correlated with the degree of hope [18]. Another
study demonstrated scores on the HHI were positively correlated with sprituality in patients
undergoing hemodialysis, suggesting both constructs, hope and spirituality, might help
patients cope with chronic kidney disease [21]. Hope has also been shown to be positively cor-
related with physical functioning and negatively correlated with depression in patients with
oral cancer [22]. Consequently, people with high levels of hope and a low levels of depression
experience enhanced physical functioning [23-25]. These studies highlight the benefits of
hope for patients with a chronic disease.
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Understanding the demands of hemodialysis patients could help these patients cope with
this chronic disease and help nurses provide appropriate support to increase hope. Studies
have examined the demands of family members of dialysis patients [26] and the general needs
of dialysis patients [27]. However, demands of patients may vary with age, severity of physical
symptoms, and psychological state. Demands can also be categorized according to patient
characteristics. Therefore, the objectives of this study were to classify hemodialysis patients
into subgroups using cluster analysis according to three important patient characteristics:
symptom disturbance, depression, and hope; and to examine patient demands within these
subgroups

Materials and methods
Participants

This cross-sectional study was conducted in a dialysis clinic in Northern Taiwan. Patients
were selected by convenience sampling. We recruited patients who satisfied the following
inclusion criteria: (a) having been receiving hemodialysis treatment for at least three months;
(b) age between 20-80 years old; (c) being alert and oriented; and (d) a good comprehension
of Taiwanese or Mandarin. Patients with cognitive disorders or in a critical condition were
excluded from the study. The study was performed and reported in compliance with the
STROBE guidelines [28].

Procedures

This study was approved by the institutional review board of Chang Gung Memorial Hospital
(IRB N0.94-630). The clinical physicians and nurses in the dialysis clinic were asked to refer
patients who met the inclusion criteria. The first author, who had a doctoral degree in nursing
and had been working with this specific patient group for over 10 years, explained the purpose
and procedures of the study. The description included the time that would be required to com-
plete the survey (about 20 to 30 minutes), that the survey would be conducted following dialy-
sis, and that confidentiality of collected data would be maintained as required by the
regulations of the IRB. The researcher explained that the data would be stored in a locked cabi-
net designated to be used exclusively for the survey and would be kept for 3 years after comple-
tion of the study. Data files were de-linked and encoded to assure confidentiality. Patients
were also assured they could withdraw from the study at any time and for any reason without
their care being compromised.

Patients who expressed a willingness to participate and provided signed informed consent
were provided with the survey questionnaires. This survey was conducted on paper anony-
mously. Participants were asked to complete instruments regarding demographic and medical
characteristics, self-report scales; no other personal information was collected. Transportation
was subsidized by providing participants the equivalent of 15 USD.

Instruments

Data were collected using instruments for demographic and medical characteristics, the
somatic symptoms disturbance index (SSDI), the Taiwanese depression scale (TDS), the Herth
hope index (HHI), and the hemodialysis patients demand scale (HDS). These instruments are
described in the following sections.

Demographic and medical characteristics. A questionnaire was disturbed to all partici-
pants regarding demographic and medical information. Demographic data included age, gen-
der, educational level, occupation, marital status, and religion. Medical information included
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duration of dialysis, and clinical data regarding blood urea nitrogen (BUN), creatinine, electro-
lytes, hemoglobin, and albumin levels.

Somatic Symptoms Disturbance Index (SSDI). We used a modified version of the SSDI
scale developed by Weisbord et al. [29] to assess the severity of physical symptoms; patients are
asked to report the appearance of symptoms and the severity of each symptom during the pre-
vious week. The modified SSDI scale consists of 23 items, which describe physical symptoms.
Severity is rated on a 4-point Likert scale (0 = absent; 1 = mild; 2 = moderate; 3 = severe);
scores range from 0 to 69, with higher scores indicating greater symptom disturbance. In this
study, the Cronbach’s o was 0.86 and the content validity index (CVI) was 0.8.

Taiwanese Depression Scale (TDS). The Taiwanese Depression Scale (TDS) was devel-
oped for psychiatric patients with depression and anxiety [30]. The 18-item TDS is a self-
report instrument used widely as a screening tool for depression in Taiwan; reliability and
validity have been well-established, with a Cronbach’s o of 0.90. Frequency over the previous
week is reported for symptoms of depression, including emotional and behavioral symptoms,
using a 4-point Likert scale: 0 = never or rarely (less than one day), 1 = occasionally (1 to 2
days), 2 = often (3 to 4 days), and 3 = frequently (5 to 7 days). Total scores range from 0 to 72
and depression is then divided into four levels according to the total score obtained: < 8, a sta-
ble emotional state; 9-14, the emergence of depression; 15-18, heightened depression; 19-28,
a critical level of depression at which immediate medical or psychological help is advised; and
>29, a serious level of depression that is in urgent need of specialized medical care. Using a
cut-off score of 19, the sensitivity was 0.89 and the specificity was 0.92. The Cronbach’s o of
this study was 0.90 and the CVI was above 0.85.

Herth Hope Index (HHI). The HHI is a modified and an abbreviated version of the
Herth hope scale (HHS) developed by Herth [14]. The HHI consists of 12 items; each item is
rated on a 4-point Likert scale. The HHI contains positively and negatively worded items. The
positively worded items are scored from 4 (strongly agree) to 1 (strongly disagree); and the neg-
atively ones are scored in reverse. The Chinese version of the HHI was used in this study [31].
The total score ranges from 12 to 48, with higher scores indicating greater levels of hope. The
Cronbach’s o for this study was 0.70 and the CVI was above 0.8.

Hemodialysis Patients Demand Scale (HDS). The 27-item HDS was developed and mod-
ified by Huang et al. to measure demands of hemodialysis patients in Taiwan [32]; each item is
scored on a 4-point Likert scale ranging from 0 (no demand) to 3 (strong demand). The total
score ranges from 0 to 81, with higher scores indicating greater demands. This scale has been
demonstrated to have excellent reliability and validity, with a Cronbach’s o for internal consis-
tency of 0.91. Factor analysis testing was employed for validity testing, and seven factors were
extracted from the scale describing patient demands: physiological, psychological, medical,
occupational, informational, social, and financial. The seven factors explained 65.05% of the
variance of the scale. The Cronbach’s o for this study was 0.92 and the CVI was above 0.85.

Sample size calculation

Sample size in investigative research can be calculated as 5 times of the number of items in the
questionnaire. To perform factor analysis, the minimum sample number required is 100 [33]. The
lowest number of items in these instruments was 18; therefore, the minimum sample size required
was 90. A total of 114 patients were registered in this study, indicating adequate sample size.

Data analysis

The raw data from the questionnaires were collected, processed, encoded, and input into a
computer for analysis with SPSS/PC for Window 23.0 statistical software. All the data were
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analyzed by applying descriptive statistics and inference statistics including a t test and cluster
analysis, which was performed to classify patients. Cluster analysis was used to divide data into
clusters with elevated within-cluster homogeneity and between-cluster heterogeneity [34]. A
2-step clustering was applied in order to cluster patients in this study. The patients were parti-
tioned according to their SSDI, TDS, and HHI scores. The between-cluster differences regard-
ing patient demands were subsequently compared. Spearman’s Correlation Coefficient was
used to verify the existence and magnitude of correlation among SSDI, TDS, and HHI. In the
present study, the magnitude of correlations was defined as: weak (0.1 to 0.39), moderate (0.4
to 0.69), and strong (0.7 to 0.99) [35].

Results
Demographic characteristics and medical information

Of the patients who met the inclusion criteria, 116 patients agreed to participate in this study;
2 participants did not complete the questionnaires. Therefore, date were analyzed for a total of
114 participants. Among the participants, 57.9% were male with an average age of 52.43 years,
and a mean duration of dialysis treatment of 6.51 years. A total of 48.2% of participants
received at least 12 years of education; a quarter of participants reported having no religious
beliefs. Thirty percent of the patients were still employed. Abnormal blood biochemical
parameters, including BUN, Cr, K, P, and HGB, were detected in the vast majority of the par-
ticipants, as listed in Table 1.

Correlation between hope, depression, and symptom disturbance among
hemodialysis patients

The mean scores for hope, depression, and symptom disturbance for all participants were
34.08 (SD = 6.68), 8.56 (SD =7.94), and 7.57 (SD = 5.99), respectively. Correlation analysis
demonstrated a weak, but negative correlation between hope and depression (r = -.327, p<
.001) as well as between hope and symptom disturbance (r = -.226, p< .05); whereas, a moder-
ate positive correlation was shown between depression and symptom disturbance, as illus-
trated in Table 2.

Characteristics of the clusters

A 2-step cluster analysis was performed to classify participants according to scores on the
SSDI, TDS, and HHI; two clusters were identified. Table 3 shows the scores for Cluster 1

(n =49) and Cluster 2 (n = 65) and significant differences in scores between the two clusters.
The mean scores for depression and symptom disturbance were significantly higher for Clus-
ter 1 than Cluster 2 (p < .01) whereas the mean score for hope was significantly higher in Clus-
ter 2 than Cluster 1 (p < .01). In addition, 24.5% of participants in Cluster 1 had a depression
score higher than the cutoff point of 19 [29]; in contrast, all depression scores for participants
in Cluster 2 were below the cutoff point of 19. The significant differences between these two
clusters in all three characteristics confirm the effectiveness of the clustering approach.

Participant scores for hemodialysis patient demands

The HDS measured seven types of demands for hemodialysis patients: psychological, physio-
logical, medical, financial, social, occupational, and information. The average total score on
the HDS for our participants was 35.11 (SD = 17.24). The mean and average scores for the
demands and their rank order are listed in Table 4. While medical demand showed the highest
average score (1.72), occupational demand exhibited the lowest average score (0.83).
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Table 1. Demographic and medical characteristics of total participants (N = 114), Cluster 1 (n = 49), Cluster 2 (n = 65) and differences between the two clusters.

Total Participants Cluster 1 Cluster 2
Characteristic N (%) M(SD) n (%) M(SD) n (%) M(SD) t/%> P
Demographic
Gender
Male 66 (57.9) 16 (32.7) 50 (76.9)
Female 48 (42.1) 33 (67.3) 15 (23.1)
Age (years) 52.43(11.89) 55.34(11.52) 50.23(11.77) 2.32 0.02*
Education
< 12 years 59 (51.8) 31 (63.3) 28 (43.1) 4.56 0.03*
> 12-years 55 (48.2) 18 (36.7) 37 (56.9)
Religion 0.41 0.53
Yes 85 (74.6) 38 (77.6) 47 (72.3)
No 29 (25.4) 11 (22.4) 18 (27.7)
Employed 7.22 0.007**
Yes 45 (39.5) 12 (24.5) 33 (50.8)
No 69 (60.5) 37 (75.5) 32(49.2)
Medical
Dialysis duration (years) 6.51(6.35) 7.19(6.83) 6.00(5.96) 0.96 0.32
Clinical data
BUN (mg/dL) range = 6-21 75.01(17.91) 76.07(19.44) 74.28(16.94) 0.49 0.63
Cr (mg/dL); range = 0.64-1.27 12.17(6.56) 10.79(2.32) 13.11(8.18) -1.74 0.84
Na (mEq/L); range = 134-138 139.08(3.11) 139.34(3.14) 138.90(2.90) 0.65 0.52
K (mEq/L); range = 3.6-5.0 5.10(0.74) 5.29(0.68) 4.97(0.76) 2.12 0.37
P (mEq/L); range = 2.4-4.7 4.90(1.60) 4.64(1.55) 5.07(1.61) -1.24 0.22
Platelets/pl, range = 150-400 198.49(53.78) 193.62(63.10) 201.80(46.71) -0.69 0.49
ALB (g/dL), range = 3.5-5.0 4.01(0.43) 3.87(0.43) 4.09(0.37) 277 0.007"*
HGB (g/dL) range = 12-16 10.20(1.40) 9.94(1.25) 10.37(1.48) 151 0.14

M = mean; SD, standard deviation; BUN, blood urea nitrogen; Cr, creatinine; Na, sodium; K, potassium; P, phosphorous; PLATE, platelets; ALB, albumin; HGB,
hemoglobin

https://doi.org/10.1371/journal.pone.0228259.t001

Associations between each cluster, demographic profile and patient
demands

There were significant differences in demographic characteristics between the two clusters
(Table 1). The mean age of the participants in Cluster 1 was greater than the mean age of Clus-
ter 2 (t =2.32, p < .05); 57% of participants in Cluster 2 had >12 years of education compared

Table 2. Correlations of hope, depression, and symptom disturbance among participants.

Score
Score Hope Depression Symptom disturbance
Hope 1 -327" -226
Depression - 1 670
Symptom disturbance - . 1
*p<.05
p<.01

https:/doi.org/10.1371/journal.pone.0228259.t002
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Table 3. Scores for hope, depression and symptom disturbance by cluster analysis.

Score
Hope
Depression

Symptom disturbance

SD = standard deviation.

https://doi.org/10.1371/journal.pone.0228259.t003

Cluster 1 (n = 49) Cluster 2 (n = 65)
Mean SD Mean SD P-value
31.61 4.60 35.02 5.26 <.01
14.85 7.78 3.81 3.55 < .01
13.20 4.36 3.32 2.53 < .01

with 37% in Cluster 1 (p = 0.03). While 51% of patients in Cluster 2 were employed, most par-
ticipants in Cluster 1 (76%) were unemployed (p = 0.007).

When patient demands for the two clusters were compared (Table 5) psychological and
occupational demands were significantly different between clusters. Compared with Cluster 2,
the mean score for psychological demands was significantly greater for participants in Cluster
1 (p < .05) and lower for occupational demands (p < .05). There were no significant differ-
ences between the two clusters for any other demands (S1 Fig). Based on the above findings,
Cluster 1 was labeled the “resting subgroup” and Cluster 2 was labeled the “active subgroup”.

Discussion

This study examined levels of hope, depression, and symptom disturbance and patient
demands among patients receiving hemodialysis for end-stage renal disease. Unlike past
reports, this study classified patients by categorizing them according to profiles of hope,
depression, and symptom disturbance using cluster analysis, which resulted in two distinct
clusters: Cluster 1 and Cluster 2. When the two clusters were compared, there were significant
differences in not only demographics, but also for psychological and occupational patient
demands between Cluster 1 and Cluster 2.

Hope, depression, and symptom disturbance for hemodialysis patients

For all participants, there were significant correlations between hope, depression, and symp-
tom disturbance; levels of hope were inversely correlated with depression and symptom distur-
bance. Specifically, depression increased with the severity of symptom disturbance with
concomitant decreases in levels of hope. The mean score for “hope” for participants in our
study (34.08) was moderately higher than the mean score (32.72) reported Lin et al. [31]. Otta-
viani et al. [21] found a positive correlation between hope and religious beliefs in patients with

Table 4. Scores and rank for patient demands among all participants (N = 114).

Patient demand
Psychological
Physiological
Medical
Financial

Social
Occupational

Information
SD, standard deviation

https://doi.org/10.1371/journal.pone.0228259.t004

Score
Mean SD Average score Rank order
8.78 5.10 1.46 3
8.79 4.96 1.47 2
5.18 2.55 1.72 1
2.94 2.34 0.98 6
4.76 4.18 1.19 5
2.50 2.02 0.83 7
2.87 1.66 1.44 4
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Table 5. Differences in mean scores between patient demands for Cluster 1 (n = 49) and Cluster 2 (n = 65).

Cluster 1 Cluster 2

Patient demand Mean SD Mean SD T
Psychological 9.93 4.77 7.91 5.20 .03*
Physiological 8.94 4.82 8.69 5.09 .79
Medical 5.41 2.45 5.01 2.63 41
Financial 3.25 2.25 2.72 2.41 24
Social 4.88 3.29 4.68 4.77 .80
Occupational 1.34 1.26 3.36 2.06 <.01%*
Information 3.04 1.68 2.75 1.65 .36

SD = standard deviation
L p<.05
L, p<.01

https://doi.org/10.1371/journal.pone.0228259.t005

chronic kidney disease undergoing hemodialysis; 97% of patients attributed their hope to their
religious beliefs. However, although most participants in our study (75%) reported having reli-
gious beliefs, this variable did not differ between the two clusters. The higher mean score for
hope in Cluster 2, suggests the presence of religious beliefs was not a variable for participants
in our study.

Religious beliefs have also been shown to impact depression and QOL. Kao et al. [36]
reported that for patients receiving peritoneal dialysis in Taiwan, absence of religious beliefs
was associated with low levels of depressive symptoms and high scores for QOL, while the
magnitude of religious activity was negatively correlated with severity of depression. Our clus-
ter analysis suggests religious beliefs may have little impact on variables of depression for
hemodialysis patients with ESRD.

The mean score for depression was significantly lower for participants in Cluster 2 com-
pared with Cluster 1. One explanation may be the significant difference in the demographic
variable of employment and average monthly income between clusters, which was significantly
higher for participants in Cluster 2 compared with Cluster 1. Vocational activity is important
for patients since it may enhance their sense of personal value, increase social activities, and
provide goals and meaning to life, thereby guiding them towards a positive psychological state.
A survey of 861 hemodialysis patients in Taiwan showed that health-related quality of life
(HRQOL) as well as mental health is positively correlated with higher monthly income and
increased social activities [37]. Studies in the United States, Saudi Arabia, Japan and Greece
also demonstrated that the severity of depression was negatively correlated with socioeco-
nomic status in patients undergoing hemodialysis [38-41], indicating that correlation between
depression and socioeconomic status could be a common phenomenon globally among this
group of patients. The higher scores for depression in Cluster 1 might be explained by the sig-
nificantly older age of participants compared to Cluster 2. Although age has been shown to
play a role in emotional needs of hemodialysis patients [26], whether these needs are related to
depression will require further studies.

Hemodialysis patient demands

Regarding patient demands, all participants ranked medical demands highest of the seven
items, followed by physiological and psychological demands. Medical demands encompass
understanding future treatment plans, the type of information provided by medical personnel,
and how to cooperate with medical personnel. Our findings demonstrating the high medical,
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physiological, and psychological patient demands are consistent with previous studies demon-
strating medical demands among hemodialysis patients are closely related to physical and psy-
chological conditions [27,32]. Although financial demands were ranked sixth, this should not
be surprising for hemodialysis patients in Taiwan because most of the cost of hemodialysis
care is paid by the National Medical Insurance program [1]. In addition, hemodialysis patients
can apply for disability cards and receive a monthly cost of living subsidy of 3,000 to 6,000 NT
dollars per month (the equivalent of 100 to 200 USD), depending on their financial status.
Therefore, the social welfare policy may contribute to the observation of low financial
demands.

Occupational demands ranked lowest for all participants in our study, and which is most
likely due to the fact that 61% of participants (n = 69) were unemployed. The association
between unemployment and occupational demands was further confirmed by the demograph-
ics of the two clusters. Occupational demands ranked lowest for participants in Cluster 1,
which had significantly more unemployed participants (75%) compared with Cluster 2 (49%).
In Taiwan, income for unemployed persons is provided by pensions, government subsidies, or
family support. Thus, occupational demand would be low for this cluster. While the all partici-
pants ranked psychological demands third, psychological demands were significantly higher
for Cluster 1, which might also be related to the greater scores for depression for participants
in Cluster 1. As mentioned above, participants in Cluster 1 were older, which may also con-
tribute to the increase in psychological demands [8].

We examined the demographics and patient demands of the two clusters in order to deter-
mine if there might be some commonalities that differentiated Cluster 1 from Cluster 2. Clus-
ter 1 differed from Cluster 2 in that most participants who were unemployed, older, high
psychological demands and low occupational demands. We labeled the Cluster 1 subgroup of
participants as “resting” and the Cluster 2 subgroup as “active”. Previous studies on treatment
of diseases or clinical care predominantly focused on specific patient groups. Cluster analysis
provides a comprehensive model to classify patient demands according to various particular
and important characteristics. In addition, this model has been recognized for its ability to
provide clinical practitioners with specific parameters as the focus for implementing more
effective intervention plans [42], in contrast to analyzing general, uncategorized parameters,
which may not be as effective. Identification of these two clusters can help healthcare profes-
sionals better understand what variables play important roles for the improvement of patient
outcomes.

This study had some limitations. First, our cross-sectional design limits our understanding
of cause and effect, which will require further longitudinal studies to implement targeted strat-
egies to improve outcomes. Second, our demographic questionnaire did not include questions
regarding of different levels of education, income, or family support, which might have pro-
vided information regarding interactions between demographic variables and patient
demands, which might have resulted in more homogeneous clusters.

Conclusion

Our cluster analysis identified two groups of patients based on differences in scores for hope,
depression and symptom disturbance. In addition, the two clusters differed significantly in
scores for psychological and occupational demands. Understanding patient demands is funda-
mental to implementation of suitable and adequate care. Our findings could be used to design
individualized treatment options for hemodialysis patients. Future studies should be con-
ducted to examine what factors might differentiate these two clusters in order to design inter-
ventions that could increase hope, reduce depression, and improve treatment outcomes for
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hemodialysis patients. Although the scope of this study is limited to a national sample of
patients in Taiwan, it provides a reference for other researchers investigating patients with
end-stage renal disease.
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(PDF)
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