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Abstract

Background Symptom networks can provide empirical evidence for the development of personalized and precise
symptom management strategies. However, few studies have established networks of symptoms experienced by
older patients on maintenance hemodialysis. Our goal was to examine the type of symptom clusters of older mainte-
nance hemodialysis patients during dialysis and construct a symptom network to understand the symptom charac-
teristics of this population.

Methods The modified Dialysis Symptom Index was used for a cross-sectional survey. Network analysis was used to
analyze the symptom network and node characteristics, and factor analysis was used to examine symptom clusters.

Results A total of 167 participants were included in this study. The participants included 111 men and 56 women
with a mean age of 70.05 & 7.40. The symptom burdens with the highest scores were dry skin, dry mouth, itch-

ing, and trouble staying asleep. Five symptom clusters were obtained from exploratory factor analysis, of which the
clusters with the most severe symptom burdens were the gastrointestinal discomfort symptom cluster, sleep disorder
symptom cluster, skin discomfort symptom cluster, and mood symptom cluster. Based on centrality markers, it could
be seen that feeling nervous and trouble staying asleep had the highest strength, and feeling nervous and feeling
irritable had the highest closeness and betweenness.

Conclusions Hemodialysis patients have a severe symptom burden and multiple symptom clusters. Dry skin, itching,
and dry mouth are sentinel symptoms in the network model; feeling nervous and trouble staying asleep are core
symptoms of patients; feeling nervous and feeling irritable are bridge symptoms in this symptom network model.
Clinical staff can formulate precise and efficient symptom management protocols for patients by using the synergistic
effects of symptoms in the symptom clusters based on sentinel symptoms, core symptoms, and bridge symptoms.
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Background

End-stage renal disease (ESRD) is a disease that leads
to a rapidly increasing global health and medical bur-
dens, with studies showing mortality rates as high as
30% within the first year of transition from chronic kid-
ney disease (CKD) to ESRD [1]. ESRD patients mainly
rely on renal replacement therapy with renal transplan-
tation or dialysis. From 2003 to 2016, the prevalence of
ESRD was relatively stable in various countries [2], and
according to the ISN 2019 GKHA survey [3], the aver-
age number of people treated globally for ESRD was 759
per million people per year, with the largest proportion
in the USA (29%), followed by Japan (13%) and Brazil
(7%). Most countries consider dialysis the first-choice
therapy. Worldwide, hemodialysis (HD) is the most com-
mon form of dialysis [1]. In most countries, more than
80% of chronic dialysis patients are treated with HD
[2, 4]. Although HD therapy is widely used, the inter-
nal environment of the body changes greatly after the
treatment. Karasneh et al. [5] found that patients with
maintenance hemodialysis (MHD) had on average 13 dis-
comfort symptoms after dialysis [5]. The results of several
relevant studies have shown that the prevalence of symp-
toms ranges from 40.7% to 92.3% in HD patients [6-9].
Among the physical symptoms, skin itching, fatigue,
sleep disorder, and other symptoms are the most promi-
nent [10-13], while among the psychological symptoms,
anxiety and depression are particularly common [10, 14,
15]. Especially in older patients, with increasing age, the
symptoms occur more often and are more severe, thereby
negatively affecting the patients’ quality of life. For exam-
ple, fatigue may lead to the occurrence of cardiovascular
disease and even death of patients [16], while skin itch-
ing can lead to the decline of sleep quality of patients and
bring negative emotions to patients [17, 18], so there is
an urgent need for comprehensive and efficient symp-
tom management programs to alleviate the occurrence of
symptoms.

Current research on symptom management of
patients with MHD has mostly focused on individual
symptoms, but patients typically experience multiple
concurrent interrelated symptoms (i.e., symptom clus-
ters). These interrelated symptoms may often share one
or more potential mechanisms. By identifying the syn-
ergy between symptoms, we can carry out the classifi-
cation and centralized management of symptoms [18].
After the concept of "symptom cluster" was put for-
ward, research on disease management has gradually

shifted from single symptoms to symptom clusters,
but at present, most of the research focuses on symp-
tom clusters of cancer patients [19-21]. Although
some researchers have explored the symptom clus-
ters of MHD patients, the formed symptom clusters
are overlapping, ambiguous, and lacking in specificity
[22]. Currently, most older ESRD patients choose HD
as their treatment method [23]. Because the body func-
tions and cognition of older patients are declining, it is
common for multiple related symptoms to occur at the
same time during the process of dialysis, which seri-
ously affects the therapeutic effectiveness. According
to a study [24], the one-year dialysis mortality rate of
older patients over 65 years old is 54.5%, and the mor-
tality rate of older HD patients gradually increases with
age. However, after consulting the literature, it was
found that the research on symptom clusters of older
HD patients is very limited. Therefore, the manage-
ment of symptom clusters of older MHD patients is an
important field of research and innovation.

Although the introduction of the concept of symp-
tom clusters is beneficial for the clustered management
of symptoms, the absence of a distinction between pri-
mary and secondary relationships can lead to a lack of
pertinence in management, resulting in poor efficiency
[19]. In order to solve this problem, we need to con-
duct network analysis of patients’ symptoms to find the
patients’ core symptoms, bridge symptoms, and senti-
nel symptoms, so that we can manage patients’ symp-
tom clusters in a targeted way. Symptom network is a
quantitative study of the network structure, nodes, and
network indicators composed of individual symptoms
based on the complex network analysis system, and
provides targets for precise intervention [21]. Symp-
tom network has the function of dimension reduction;
for example, it can visualize the relationship between
symptoms through the network and show how symp-
toms within one symptom cluster relate to symptoms
within another symptom cluster, thereby linking clus-
ters of symptoms together [18, 25]. Moreover, it can
guide healthcare workers and researchers in identify-
ing core symptoms, bridging symptoms, and sentinel
symptoms, focusing on micro interactions between
symptoms and between clusters of symptoms [26]. So
far, the study of symptom network has been carried
out mostly in patients with cancer and mental disor-
ders [26] but rarely in older MHD patients, who have
a heavy burden of symptoms after dialysis. From the
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perspective of evaluating the mechanism of interaction
between symptoms, it is not clear what the core, bridge,
and sentinel symptoms of MHD patients are. This has
to be clarified so as to develop a sound symptom man-
agement strategy.

Therefore, the purposes of this study were to (1) exam-
ine the occurrence of symptoms in older patients with
MHD, and analyze and create symptom clusters; (2) gen-
erate symptom networks experienced by older patients
with MHD and explore core, bridge, and sentinel symp-
toms; and (3) analyze the relationship between symp-
toms and symptom clusters of patients so as to provide
evidence for the construction of scientific and efficient
symptom management for patients.

Methods

Participants

This was a cross-sectional study, and the study report was
drafted based on the STROBE statement. Older MHD
patients in a tertiary hospital in Shanghai were selected
as study participants from January 2022 to March 2022.
Inclusion criteria were as follows [20]: (1) age: > 60 years
old; (2) routine HD > 3 months; (3) stable dialysis cycle at
2-3 times/week; (4) symptom survey on symptoms that
occurred during the dialysis period in patients; (5) vol-
untarily participation with informed consent. Exclusion
criteria were as follows: (1) severe disease and inability
to cooperate with the survey; (2) past mental disorder or
language disorder. This study complied with the principle
of volunteerism. All participants provided informed con-
sent and voluntarily participated in this study.

Measures

General condition questionnaire for older maintenance
hemodialysis patients

Sociodemographic data included ethnicity, gender, age,
occupational status, marital status, education level, per
capita monthly income of family (yuan), medical payment
method, residential status, dialysis duration (in months),
general dialysis time, primary disease, and complications.
Disease clinical information included urea clearance
index, urea reduction ratio, serum creatinine, blood uric
acid, blood beta-2 microglobulin, hemoglobin, albumin,
proalbumin, transferrin, blood potassium, blood phos-
phorus, and blood calcium.

Modified dialysis symptom scale

The modified dialysis symptom index was developed
by Yan Peng, a Chinese researcher, based on the Dialy-
sis Symptom Index (DSI) developed by Weisbord et al.,
including the theory of unpleasant symptoms and adding
frequency and severity dimensions to develop a scale that
is suitable for dialysis patients in China. The symptom
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characteristics of the patients were evaluated based on
four areas (presence/absence of symptoms; frequency
[4-point Likert scale, a scale of 1-4, with higher scores
indicating higher frequencies], severity [4-point Likert
scale, a scale of 1-4, with higher scores indicating more
severe symptoms], and distress [5-point Likert scale, a
scale of 1-5, with higher scores indicating greater level
of distress]) and included 30 symptom items. The Cron-
bach’s a coefficients of the three dimensions of frequency,
severity, and distress were 0.939, 0.948, and 0.958 respec-
tively [27].

Data collection procedures

Due to the impact of the COVID-19 outbreak on the
progress of offline questionnaire collection, we adopted
the WJX electronic version and paper version of ques-
tionnaire for surveys in this study. A preliminary survey
was carried out on 10 older HD patients. After that, the
questionnaire was revised. The revised electronic ques-
tionnaire contained 44 questions (including 14 general
information questions and 30 dialysis symptom ques-
tions). The HD room nurse collected clinical data at cor-
responding time points based on the patient’s survey
time.

We collected 29 online electronic questionnaires from
January 24 to 26. One questionnaire was invalid, as it
was a repeated questionnaire from a patient, and was
removed. A total of 144 questionnaires were collected
from January 28 to March 2. There were 139 valid ques-
tionnaires, and five questionnaires were invalid because
the dialysis period was shorter than three months. The
invalid questionnaires were removed.

Due to the impact of the COVID-19 outbreak in China,
we were only able to collect questionnaires in designated
hospitals, and the included patients had to meet the
inclusion and exclusion criteria. Therefore, a total of 173
questionnaires were collected, of which 167 were valid,
and invalid questionnaires were eliminated. The valid
questionnaire recovery rate was 96.53%.

Data analysis

Sample size estimation

In this study, we investigated a total of 30 symptoms in
patients. The required sample size [28] was 5-10 times
the number of variables, and considering a 10%-15%
attrition rate, the calculated sample size was at least 165
cases. In order to manage the patients’ symptom clusters
in a targeted manner, we conducted network analysis.
The sample size of the network analysis was estimated to
be 435 [29]. Referring to related studies [30], the results
of the network analysis need to be evaluated considering
other indexes such as stability besides the sample size. If
other indexes perform well, the results could be accepted.
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Analysis of types of symptom clusters

Excel 2019 was used for data entry. SPSS version 26.0
(IBM Corp., Armonk, NY, USA) was used for statisti-
cal analysis. Frequency, percentage, mean, and standard
deviation were used to describe the demographic data
and symptom occurrence of patients. In the process of
data analysis, we excluded uncommon symptoms (preva-
lence <10%) [31-33], including decreased interest in sex
and difficulty becoming sexually aroused, from the analy-
sis in order not to bias the results. Therefore, we actually
included 28 symptoms in the analysis. After adjustment,
it was calculated that we needed a sample size of 161
cases for factor analysis of symptom clusters. The total
score of symptom experience was used to create symp-
tom clusters. We used the spindle factorization method
combined with the maximum variance rotation method
to extract eigenvalues>1. After 25 iterations, symp-
toms with factor load > 0.50 were grouped into symptom
clusters.

Symptom network and node centrality

JASP version 0.15.0 (JASP Team) [34] was used for undi-
rected network analysis. Since we actually included 28
symptoms in the analysis, the calculated sample size
was 378 cases. Although our sample size of 167 did not
reach the ideal sample size for network analysis, accord-
ing to the relevant literature [30], the reliability of net-
work analysis depends not only on whether the sample
size meets the ideal sample size but also on the stabil-
ity and accuracy of the results. According to the stabil-
ity and accuracy of the results, our network analysis still
has certain value. Symptoms were the nodes in the net-
work, and edges represent the independent relationship
between two nodes in the network. Edge thickness repre-
sents the magnitude of the relationship [35]. At the same
time, the centrality markers of the model were calculated:
strength, the sum of absolute value of correlation coeffi-
cient of edges; closeness, the inverse of the sum of dis-
tances between a node and all other nodes; betweenness,
the number of times a node was on the shortest path
between any other two nodes.

Determination of core symptoms, bridge symptoms,

and sentinel symptoms

Higher closeness means that the symptom is located at
the central position in the symptom network and has
closer relationships with other symptoms [36]. Mean-
while, higher strength means greater weight and greater
importance in the symptom network [37]. Strength can
be used to determine the core symptoms of a patient. The
higher the betweenness, the greater the role of the symp-
tom in symptom interactions, and the symptom can be
deemed an important bridge symptom in the symptom
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network [36, 38]. High symptom prevalence but low cen-
trality means that the symptom could be a sentinel symp-
tom for other symptoms [39]. Stability and accuracy are
two indicators that reflect how stable and how accurate
the estimated networks are. The stability was evaluated
by calculating the correlation stability coefficient. Usu-
ally, a correlation stability coefficient should be at least
0.25, and a correlation stability coefficient>0.50 is con-
sidered good [38]. The accuracy of the estimated network
connections was evaluated by calculating the 95% confi-
dence intervals (CIs) of the edge weight values [39].

Results

Characteristics of participants

A total of 167 older MHD patients were included in this
study (111 men and 56 women). The ages of the partici-
pants were 60 years and above, and the mean dialysis
duration was 56.25+51.75 months. Table 1 shows spe-
cific details.

Occurrence of post-dialysis symptoms in older
maintenance hemodialysis patients

The results analysis of this study found that an average of
10 symptoms will occur in older MHD patients during
dialysis. The top three symptoms by prevalence were dry
skin, itching, and dry mouth, with prevalence of 74.85%,
71.86%, and 70.66%, respectively. This was followed by
fatigue or weakness (61.08%), trouble staying asleep
(60.48%), constipation (53.89%), and trouble falling
asleep (51.50%). In post-dialysis symptoms, the symptom
with the highest frequency was dry skin (2.47 +1.61), the
symptom with the highest severity was trouble staying
asleep (1.47+1.41), and the symptom with the greatest
distress was itching (2.83 +1.99). Table 2 shows specific
details.

Cluster analysis of post-dialysis symptom clusters in older
maintenance hemodialysis patients

In the process of data analysis, we excluded uncom-
mon symptoms (prevalence<10%) [30-32], includ-
ing decreased interest in sex and difficulty becoming
sexually aroused, from the analysis. These symptoms
do not reflect the critical symptoms in the cluster and
may interfere with the analysis and result interpreta-
tion. Therefore, we actually included 28 symptoms in
the analysis. In this study, principal axis factoring was
used to extract five independent symptom clusters,
and these symptom clusters were named based on the
characteristics of symptoms in these symptom clus-
ters. These symptom clusters were the mood symptom
cluster (consisting of worrying, feeling anxious, feel-
ing nervous, feeling sad, and feeling irritable), gastro-
intestinal discomfort symptom cluster (consisting of
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Table 1 General demographic data of

hemodialysis patients

(h=167)

Item n Total score
of symptom
experience
X=*s

Sociodemographic data

Gender

Male 111 68.77+45.96

Female 56 863044597
Age (years)

60-64 44 8282+£51.17

65-69 53  66.15£43.86

70-74 30 63.83+£36.96

75-79 16 87.13£5034

>80 24 83.67+4889
Ethnicity

Han Chinese 166 7443+£46.62

Ethnic minority 1 111.00+£0.00
Employment status

Employed 3 90.67 +86.15

Unemployed 164 74.36+4596
Marital status

Married 138 74.36+45.96

Divorced 4 86.254+60.12

Widowed 20 8340+£34.68

Unmarried 5 344043134
Education level

Primary school and below 30 767014293

Middle school 47 80.79+£50.05

High school/technical high school 51 64.10+46.78

Junior college and above 39 794944395
Average household monthly income (RMB)

<3000 19 79165611

3000-3999 21 78.86£ 5540

4000-4999 38 6247£3491

>5000 89  7790+4641
Healthcare payment mode

Health insurance 165 73.97446.13

NCMS 1 83.00£0.00

Self-pay 1 179.00+£0.00
Residential status

Solitary 13 736943924

Staying with family 149 7369+3924

Other 5 56.60£82.25
General dialysis time

Morning 78  82.04£4561

Afternoon 72 8204+4561

Night 17 7565+49.18
Primary disease

Glomerulonephritis 56 701444337

Hypertension 71 77.73£50.02
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Table 1 (continued)

Item n Total score
of symptom
experience
X=+s

Diabetes 62 779714568

Others 37 7281+£46.84
Complications

Cardiovascular disease 56 973844511

Infection 8 113.63+65.88

Anemia 74 8645+45.08

Secondary hyperthyroidism 40  86.27+£47.12

Other 10 65.70+30.53

Clinical information

Creatinine (umol/L)

High 167 74.65+46.57
Uric acid (umol/L)

Low 2 110.00£32.53

Normal 104 76.96+47.05

High 59 70.03+4641
Prealbumin (g/L)

Low 25 9404+£51.02

Normal 132 71.79+4576

High 8 66.13£38.75
Hemoglobin (g/L)

Low 156 73.88+45.40

Normal 11 85646247
Ferritin (ng/mL)

Low 2 64.00£29.70

Normal 87 710744354

High 76 79.54+£50.49
Serum potassium (mmol/L)

Low 15 7893+37.19

Normal 139 75.32448.06

High 10 75.32+48.06
Phosphorus (mmol/L)

Low 5 89.40+£22.77

Normal 64  7298+44.21

High 96  7540449.39
Calcium (mmol/L)

Low 25 706043858

Normal 130 73.96+48.71

High 10 976013454
Urea clearance index (Kt/V)

Met requirement 54 7241+£4795

Did not meet the requirement 110 758344645
Urea reduction ratio (URR)

Met the requirement 29 771744331

Did not meet the requirement 135 741744768
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Table 2 Symptoms of older hemodialysis patients (n=167)
Symptom Prevalence Frequency Severity Distress
(4-point Likert scale) (4-point Likert scale) (5-point Likert
X+Es X+£s scale)
XEs
Constipation 53.89% 1.54+£1.56 093+1.02 1.56+£1.66
Nausea 35.93% 0.71+£1.07 0.57+0.86 1.25+1.81
Vomiting 27.54% 0.54£097 043£0.79 098+ 1.71
Diarrhea 8.38% 0.16+£057 0.144+0.50 0.244+0.84
Decreased appetite 34.13% 1.02+£1.52 0.62+0.97 117£1.72
Muscle cramp 48.50% 0.94+1.07 0.71+£0.89 153+£1.74
Swelling in legs 14.37% 0.26£0.70 0.22+0.58 0.38+£097
Shortness of breath 14.37% 0.30+0.80 0.27+£0.71 049+£1.22
Dizziness 41.32% 084+1.10 0.58+0.84 1.24+1.63
Restless legs 13.17% 0.31£0.88 0.22£0.66 044£1.21
Numbness or tingling in feet 31.14% 0.75+1.27 0.53+£0.90 095154
Fatigue 61.08% 1.87+£1.67 1.10+1.05 208+£1.83
Cough 28.14% 0.64+1.14 042+£0.76 0.80+1.38
Dry mouth 70.66% 2.18+1.60 1.284+1.05 236+£1.73
Bone or joint pain 31.74% 0.87+£1.37 0.5640.95 1.10£1.76
Chest pain 16.17% 0.33+£0.82 0.28+0.72 0.53+1.30
Headache 17.37% 031+£0.73 0.25£0.59 048+1.15
Muscle soreness 11.98% 024+£0.73 0.22+£0.65 0.33+£0.98
Difficulty concentrating 9.58% 0.19+0.63 0.18+£057 0.264+0.81
Dry skin 74.85% 247 £161 1.38+1.08 2.08+£1.59
Itching 71.86% 2.14+1.58 1.37£1.17 2.83£1.99
Worrying 30.54% 063£1.03 043+£0.73 0.86+1.38
Feeling nervous 23.35% 0.49+£0.97 035+£0.71 0.64+1.23
Trouble falling asleep 51.50% 1.624+1.71 134+147 2194229
Trouble staying asleep 60.48% 1.90+1.67 147141 2464220
Feeling irritable 32.34% 0.70£1.11 0.51£0.86 0954148
Feeling sad 29.34% 0.60£1.01 0.50£0.86 092+1.51
Feeling anxious 33.53% 0.68+1.03 0.51£080 0.99+£1.50

Prevalence refers to the prevalence of a certain symptom in this investigated population; frequency refers to the number of times a symptom occurred in the past
week in that survey population, and the frequency, severity, and distress in the tables are represented by means

nausea and vomiting), sleep disorder symptom cluster
(consisting of trouble falling asleep and trouble staying
asleep), skin discomfort symptom cluster (consisting of
itching and dry skin), and cardiopulmonary discomfort
symptom cluster (consisting of chest pain, shortness
of breath, and cough). Other symptoms were not clas-
sified, as the burden was low, and were used as indi-
vidual symptoms for intervention. Table 3 shows the
details. The average frequency of symptoms in sleep
disorder symptom cluster, skin discomfort symptom
cluster, gastrointestinal discomfort symptom cluster,
and mood symptom cluster was 1.76 £1.51, 2.30+1.38,
0.62+0.96, and 0.62+0.83, respectively; the aver-
age severity was 1.40£1.34 1.37£1.02, 0.50£0.78,
and 0.46 £0.67, respectively; and the average degree

of distress was 2.33+2.06, 2.46 +1.55, 1.12+1.67 and
0.87 £ 1.12, respectively.

Network analysis of post-dialysis symptoms in older
maintenance hemodialysis patients

We used network analysis to investigate the relationship
between 28 common symptoms of HD patients. From
the thickness of edges in symptom network, it could
be seen that correlations were the strongest between
feeling anxious, feeling nervous, feeling sad, and wor-
rying; between nausea and vomiting; between trouble
falling asleep and trouble staying asleep; and between
dry skin and itching (Fig. 1), which was consistent with
the symptom cluster analysis results. From the central-
ity markers, it was found that the symptoms with the
highest strength were feeling nervous (r,=2.010) and
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Table 3 Factor loading of total symptom score after hemodialysis in older maintenance hemodialysis patients (n=167)

Symptom Mood Gastrointestinal Cardiopulmonary Sleep disorder  Skin discomfort
symptom discomfort symptom  discomfort symptom symptom symptom
cluster cluster cluster cluster cluster

Worrying 0.848

Feeling nervous 0.824

Feeling anxious 0.821

Feeling sad 0613

Feeling irritable 0.525

Nausea 0.955

Vomiting 0.780

Chest pain 0.673

Cough 0.591

Shortness of breath 0.502

Trouble staying asleep 0.795

Trouble falling asleep 0.789

Itching 0.827

Dry skin 0.663

Eigenvalue 6.628 2.162 1712 1.626 1.379

Variance contribution rate (%) 23.867 7.192 4906 4846 3.754

Cumulative variance contribution rate (%) 23.867 31.059 35.965 40812 44.566

Muscle
cramp
Feeling
sad

Itching

(Constipation

Trouble
staying
asleep

Feeling
anxious

Restless
legs

Headache

Numbness
or tingling

in feet

Fig. 1 Network relationship map of post-dialysis symptoms in older maintenance hemodialysis patients
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trouble staying asleep (r,=2.005); symptoms with the
highest betweenness were feeling nervous (r,=2.722)
and feeling irritable (r,=2.024); symptoms with the
highest closeness were feeling nervous (r,=1.692) and
feeling irritable (r,=1.228) (Fig. 2). Feeling nervous
had the highest closeness, were located in the center of
the symptom network, and had the closest relationship
with other symptoms [36]. Feeling nervous and trouble
staying asleep had the highest strength, showing that
their weights were high in the network, their influence
was strong, and they were the most important symp-
toms in the symptom network [37]. Therefore, feeling
nervous and trouble staying asleep are the core symp-
toms of older MHD patients. Feeling nervous and feel-
ing irritable had high betweenness, showing that they
had the greatest effects in symptom interactions and
were important bridge symptoms in the symptom net-
work [36]. Dry skin, itching, and dry mouth had the
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highest prevalence but low centrality, showing that they
could be sentinel symptoms for other symptoms [39].

Testing found that the correlation coefficients of strength
in the symptom network were all greater than 0.5, suggest-
ing that the network remained stable (Fig. 3). And calcula-
tion result also found that the bootstrapped Cls were small,
which showed good accuracy of the network (Fig. 4).

Discussion

Severe post-dialysis symptom burden in older
maintenance hemodialysis patients

The results of this study showed that patients on average
developed 10 symptoms after dialysis. More than 70%
of our participants had dry skin, itching, and dry mouth
symptoms, which is similar to the results reported by
Marques et al. (an average of 9 symptoms) [40]. Among
the 30 symptoms investigated, the frequency and sever-
ity of dry skin, dry mouth, itching, trouble staying asleep,

Betweenness

Closeness Degree

Feeling anxious -
Feeling sad -

Feeling irritable -
Trouble staying asleep -
Trouble falling asleep -
Feeling nervous -
Worrying -

Itching -

Dry skin -

Muscle soreness -
Headache -

Chest pain -

Bone or joint pain -
Dry mouth -

Cough -

Fatigue -

numbness or tingling in feet -
Restless legs -
Dizziness -

Shortness of breath -
Swelling in legs -
Muscle cramp -
Decreased appetite -
Vomiting -

Nausea -

Constipation -

T T T T

-1 0 1 2

T T T T T T T T

2 1 0 1 2 1 0 1 2

Fig. 2 Centrality analysis of post-dialysis symptoms in older maintenance hemodialysis patients
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strength

0.0

-0.5 4

Average correlation with original sample

-1.0 4

90%  80%  70%

60%  50%  40%  30%

Fig. 3 Correlation stability coefficient of symptom network in older maintenance hemodialysis patients

and fatigue were high (frequency: 2.47 £1.61, 2.18 +1.60,
2.14+1.58, 1.90+1.67, and 1.87+1.67, respectively;
severity: 1.38+1.08, 1.28£1.05, 1.37+1.17, 1.47£1.41,
and 1.10£1.05, respectively). Itching, trouble stay-
ing asleep, and dry skin caused the greatest distress to
patients (2.834+1.99, 2.46+2.20, and 2.08 + 1.59, respec-
tively) and had a long duration. Some studies have shown
that the decline in physical and social functions of HD
patients after dialysis, coupled with strict restrictions
on diet and fluid intake, leads to a significant decline
in their quality of life [41]. To date, Chinese and inter-
national researchers have conducted many studies on
symptom management in MHD patients [18], but most
were focused on the management of individual symp-
toms, and there is a shortage of clinical nurse manpower.
Therefore, the synergistic correlation of symptoms in a
symptom cluster can be used clinically for more efficient
and scientific management of symptoms [42]. However,
corresponding targets must be found for symptom clus-
ter management for targeted intervention. The selection
of targets is vital to the results of symptom management.
Therefore, this study conducted a network analysis of
symptoms and symptom clusters and identified senti-
nel symptoms, core symptoms, and bridge symptoms in
the network and elucidated the interaction mechanisms
between symptoms, enabling targeted and feasible symp-
tom (or cluster) management.

Older maintenance hemodialysis patients have many
symptom clusters during dialysis

In this study, five independent symptom clusters were
extracted through exploratory factor analysis. These
included mood symptom cluster, gastrointestinal dis-
comfort symptom cluster, sleep disorder symptom
cluster, skin discomfort symptom cluster, and cardiopul-
monary discomfort symptom cluster. Among them, the
symptom experience scores of patients were high for skin
discomfort symptom cluster (6.13+3.75), sleep disorder
symptom cluster (5.49+4.81), gastrointestinal discom-
fort symptom cluster (2.24+3.31), and mood symptom
cluster (1.95+2.58), so more attention should be paid to
the occurrence of these symptom clusters.

There is a certain correlation among the symptoms in
the symptom clusters, and intervention of one symptom
in the symptom clusters can also alleviate other symp-
toms [43]. There is evidence that treating one symptom
can produce a "crossover" effect and reduce the discom-
fort of other symptoms in the cluster [44]. For example,
the mood symptom cluster is composed of multiple
negative mood symptoms, which can be systematically
solved through psychological relief [45]. In the cluster
of skin discomfort symptoms, dry skin is a common
symptom of patients (74.85%). If not treated in time, it
may cause skin itching in patients. External application
of ointment can relieve dry skin and then relieve skin
itching symptoms [46].
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Network analysis of post-dialysis symptoms in older
maintenance hemodialysis patients

Dry skin, itching, and dry mouth are sentinel symptoms

The results of this study also showed that dry skin, itch-
ing, and dry mouth are sentinel symptoms in older MHD
patients, indicating that other related symptoms are also
present when these symptoms occur [47]. At the same
time, the sentinel symptoms are also predictors of some
other related symptoms [48]. Patients require strict
water control during dialysis, as dialysis will metabolize

excess water in the patient’s body, and ESRD patients
are prone to serum calcium and phosphorus distur-
bances. Therefore, patients are prone to dry mouth,
dry skin, and itching. The results of this study showed
that the prevalence of dry mouth, dry skin, and itching
was high (70.66%, 74.85%, and 71.86%, respectively) and
caused great distress to patients (2.36 +1.73, 2.08 +1.59,
and 2.83£1.99, respectively). These results are consist-
ent with the results of Kumar et al. [49, 50]. A previous
study [17] showed that dry skin and itching correlated
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with decreased quality of life and depression. At the
same time, dry skin and itching will cause or worsen
other symptoms (particularly sleep disorder symptoms)
and are independent predictors of mortality rate. Severe
thirst will also cause poor sleep and negative emotions
and increase water intake inappropriately in the patient.
This causes excessive weight gain and body fluid over-
load during dialysis, resulting in discomfort symptoms.
In current clinical practice, there is strict control of water
intake, and patients with severe thirst are instructed to
gargle with some warm water and receive acupuncture
combined with traditional Chinese medicine treatment,
which has demonstrated good results [51]. At present,
most patients use skin moisturizers to alleviate dry skin
and itching, with significant results [52]. Thirst, dry skin,
and itching are apparent and are easier to control than
other symptoms. Therefore, these symptoms have low
centrality in the symptom network.

Trouble staying asleep and feeling nervous are core
symptoms

The results showed that trouble staying asleep and feel-
ing nervous are core symptoms in the symptom network
model. Generally, it is believed that the effects of core
symptoms are greater than those of edge symptoms in the
network [53]. This suggests that early discovery and man-
agement of negative emotions is key to symptom man-
agement in MHD patients, as it has positive effects on the
management of other symptoms (or clusters). The results
of this study showed that the frequency and severity of
trouble staying asleep are high, causing great distress to
patients, which is similar to the results of Wang et al.
[54]. From symptom network analysis, it can be seen that
trouble staying asleep is intimately associated with sleep
disorder, and both constitute the sleep disorder symptom
cluster. Therefore, both symptoms have close synergism.
Previous studies [54, 55] showed that sleep disorder is
associated with the quality of life and long-term survival
rate of patients. Poor long-term sleep quality will cause
or worsen negative emotions and fatigue. At the same
time, this can cause unstable blood pressure and blood
glucose, increase cardiac burden, and even cause fatal
complications. Therefore, trouble staying asleep greatly
affects the occurrence of symptoms and treatment prog-
nosis in older MHD patients and is a core symptom in
these patients. Besides sleep disorder, patients will also
experience many negative emotions during dialysis. A
survey showed that patients are prone to nervousness,
anxiety, and irritability during dialysis. These negative
emotions will cause or worsen other symptoms, such as
fatigue or sleep disorder [56, 57], and cause an immense
disease burden for patients. At the same time, these emo-
tions will decrease confidence in fighting the disease and

Page 11 of 14

the self-worth of patients [58], directly affecting dialysis
quality and even increasing the mortality rate [59]. There-
fore, feeling nervous has core effects on the occurrence of
symptoms during dialysis in older MHD patients.

Feeling nervous and feeling irritable are bridge symptoms
The results of this study showed that feeling nervous and
feeling irritable are bridge symptoms in the network,
showing that they have a transmission role during their
occurrence and are strong predictors of other symptoms
[36]. At the same time, feeling nervous and feeling irri-
table are also core symptoms in older MHD patients,
showing that these symptoms play extremely important
roles in the entire symptom occurrence and progression
process. A previous study [58, 60, 61] showed that long-
term HD causes immense physical and mental suffering
for patients. As dialysis causes patients to lose work and
socializing opportunities and creates an immense finan-
cial burden for families, dialysis causes patients to face
huge mental stress. At the same time, treatment results
are not significant, the condition of older patients tends
to worsen, and pain and itching cause irritation. This
causes patients to be prone to nervousness, irritability,
depression, and anxiety. The physical burden of MHD
patients is intimately associated with their psychological
burden. A high symptom burden tends to cause anxiety,
sadness, nervousness, and depression. These negative
emotions will accelerate heart rate, increase blood pres-
sure, and cause or worsen other symptoms, such as
fatigue and sleep disorder [56, 57]. This shows that nega-
tive emotions play a bridging role in the occurrence and
progression of symptoms during dialysis in patients.
Medical staff should focus on the role of feeling nervous
and feeling irritable in the symptom network, encourage
patients to actively report these symptoms, and carry out
early intervention for related symptoms. Medical staff
should pay close attention to mood changes in patients,
promptly alleviate negative emotions, and help patients
to solve difficulties in the treatment process. In addi-
tion, studies on the bridging roles of nervousness and
irritability should be actively conducted, and their occur-
rence and the mechanisms through which they affect
other symptoms should be examined to provide a basis
for improving the precision and effectiveness of symptom
management.

The visual relationship between symptoms in the symptom
network can be used to effectively manage symptom
clusters

Among the symptom clusters, the symptom burden
was high for skin discomfort cluster (6.13£3.75), sleep
disorder cluster (5.49+4.81), gastrointestinal discom-
fort cluster (2.2443.31), and mood symptom cluster
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(1.95+2.58). Network analysis found that symptoms in
these four symptom clusters have close relationships and
strong correlations, and attention should be paid to these
symptom clusters.

Analysis found that dry skin and itching are sentinel
symptoms of patients and constitute the skin discom-
fort symptom cluster. This means that the occurrence of
this symptom cluster indicates that other related symp-
toms (or clusters) are present or about to occur, and
intervention and early prevention of skin discomfort
symptom cluster can alleviate the occurrence of other
symptoms (or clusters). Worrying, feeling anxious, feel-
ing nervous, feeling sad, and feeling irritable constitute
the mood symptom cluster, and network analysis found
that these mood symptoms have strong synergistic cor-
relation. Among them, feeling nervous is core symptoms
in patients, and feeling nervous and feeling irritable are
bridge symptoms in the network. Therefore, intervention
should be focused on feeling nervous and feeling irritable
to alleviate the occurrence and progression of the mood
symptom cluster. At the same time, the transmission
effects of the mood symptom cluster should be utilized to
effectively control the occurrence or worsening of other
related symptoms (or clusters). Trouble staying asleep is
also a core symptom of patients and constitutes the sleep
disorder symptom cluster with difficulty falling asleep.
Intervention should be focused on trouble staying asleep
to effectively manage the sleep disorder symptom cluster
and other related symptoms.

Limitations

Due to the impact of the COVID-19 outbreak in China,
the scope of the survey in this study was limited, and the
sample size was insufficient, which may lead to slight
bias in the results of the symptom network analysis. In
addition, this was a cross-sectional survey, and the study
scope was relatively limited, so we were not able to com-
prehensively clarify whether the symptom clusters of
older MHD patients are stable over time. Therefore,
researchers could strengthen the development of such
studies in the future and carry out longitudinal studies on
symptom clusters and symptom networks, mine the core
and bridging effects of important symptoms, and identify
the potential mechanisms of symptom clusters. This will
provide a sufficient basis for precise and efficient symp-
tom management.

Conclusions

Older MHD patients have a high symptom burden after
HD. Five independent symptom clusters were obtained
from exploratory factor analysis, of which the clusters
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with the most severe symptom burdens were the gastro-
intestinal discomfort symptom cluster, sleep disorder
symptom cluster, skin discomfort symptom cluster, and
mood symptom cluster. Network analysis showed that
symptoms in these four symptom clusters had strong
correlations. Network analysis revealed that dry skin,
itching, and dry mouth are sentinel symptoms in the net-
work model. In clinical practice, communication with the
patients should be strengthened, and attention should
be paid to their chief complaints to identify thirst, dry
skin, and itching early for intervention. Attention should
also be paid to the evaluation of other related symptoms
so as to achieve early intervention and prevention. Feel-
ing nervous and trouble staying asleep are core symp-
toms of older MHD patients. Hence, clinical staff should
pay attention to the occurrence of trouble staying asleep
and feeling nervous in patients and provide prompt psy-
chological and drug interventions to effectively control
the occurrence or worsening of other related symptoms.
Feeling nervous and feeling irritable are bridge symp-
toms in this symptom network model, and intervention in
these symptoms should be prioritized in clinical practice
to reduce their negative effects on other related symp-
toms. In clinical practice, we should pay attention to these
important symptom clusters to effectively reduce the
symptoms and treatment burdens of patients.
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