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Abstract

Background: Patients with end-stage kidney disease (ESKD) are required to undergo consecutive time-based blood
and biochemical tests to determine the progression of the disease according to changes in their blood and
biochemical data. This study employed a random intercept model to investigate whether time-based blood and
biochemical data present any notable clinical meaning that can be used to track disease progression.

Methods: This study conducted a retrospective analysis on the dialytic data of 148 patients with ESKD, who
received hemodialysis between January 2005 and December 2015. The patients were all at least 20 years old, and
the data used included patient demographic information and results for at least 60 blood and biochemical tests. A
random intercept model was used to analyze the relationships among blood and biochemical test results,
explanatory variables of patient comorbidities, and time.

Results: The age range of patients was between 33 and 98 years, with an average of 66.1 years and those over 65
years old comprising 51.3% (n = 76) of the total. Furthermore, hypertension was found to be the most common
comorbidity among patients (87.2%, n = 129), followed by anemia (48.6%, n = 72), diabetes (47.3%, n=70),
dyslipidemia (19.6%, n = 29), and peptic ulcer (19.6%, n = 29). Coronary atherosclerotic heart disease is a comorbidity
that can serve as a strong and independent marker for prognosis in patients with ESKD. Serum creatinine level can
serve as an alternative indicator because patients with ESKD and comorbid diabetes may exhibit increased
creatinine levels.

Conclusions: The results of a parameter estimation for longitudinal data analysis suggested that comorbidity and
time were critical variables influencing blood and biochemical test results. Furthermore, WBC and HBC, HCT,
albumin, protein, and creatinine levels were recognized as variables of critical significance. The results obtained in
this study indicate that multimorbidity increases the treatment burden on patients, leading to polypharmacy. For
this reason, comprehensive care and treatment of ESKD cannot rely solely on data from one single time point;
instead, longitudinal analysis and other data that can affect patient prognosis must also be considered.
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Background

Hemodialysis is a type of renal replacement therapy that is
particularly effective for removing uremic toxins, rectifying
body fluid abnormalities, and achieving electrolyte and
(temporary) pH balance [1, 2]. However, monitoring renal
functions and various biochemical data is essential in
hemodialysis for ESKD because it helps to assess disease
progression [3]. Normally, patient blood and biochemical
data are repeatedly obtained after the patient has under-
gone hemodialysis to monitor for signs of kidney failure or
associated comorbidities. These data include platelet count,
white blood cell count (WBC), and alanine transaminase
(ALT), aspartate transaminase (AST), albumin, alkaline,
protein, total bilirubin, hemoglobin count (HBC),
hematocrit (HCT), mean corpuscular volume (MCV), cre-
atinine, K, Na, uric acid, Ca, and P levels [4—6]. These blood
and biochemical test items are all related to kidney func-
tions, and each has its own limitations and can be affected
by patient demographic or physiological characteristics.
Therefore, they must all be measured to ensure accurate
evaluation [7, 8]. In Taiwan, multi-morbidities and their
prevalence rates among patients receiving hemodialysis in
2015 were discovered to be as follows: hypertension (82%),
cardiovascular diseases (56.2%), diabetes (49.3%), dyslipid-
emia (32.7%), and peptic ulcer (29.6%) [4]. This indicates
that in most medical or research settings, deteriorating con-
ditions must not be diagnosed according to a single symp-
tom or sign; rather, multiple items must be investigated to
ensure an accurate diagnosis [9, 10].

Patients with ESKD are required to undergo consecu-
tive time-based blood and biochemical tests to deter-
mine the progression of a disease [11]. In several studies
on comorbidities associated with ESKD, researchers have
reported that patients with ESKD who receive renal re-
placement therapy usually develop one or multiple co-
morbidities or complications [12, 13]. Studies have
predominantly involved obtaining risk factors from base-
line. They lacked longitudinal data of biomarkers (e.g.
Ca-P) to derive risk factors, and few have considered
changes in patient conditions at different time points [8,
14]. The present study employed a random intercept
model, which is widely used and has the advantage of
enabling the application of longitudinal analysis by re-
peatedly observing changes in an individual over time.
This model is ideal for experiments that are particularly
short or long [15-17]. This study employed a random
intercept model to investigate whether time-based blood
and biochemical data present any notable clinical mean-
ing that can be used to track disease progression.

Methods

Ethics statement

This study was approved by the Institutional Review Board
Committee, En Cku Kong Hospital (ECKIRB1060801), and
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the experimental practices adopted conformed entirely to
the Declaration of Helsinki. The low-risk nature of this
study warranted the use of retrospective methods for the
analysis of data that were readily available, thus nullifying
the necessity of obtaining informed consent from patients.
The data owner also granted permission for the use of all
relevant data for research purposes in this study.

Data collection

Data used in this study were obtained from the Taiwan
Society of Nephrology: Kidney Dialysis, Transplantation
(TSN-KiDiT) registration system. These data included
information on the survival rate, cause, treatment mo-
dality, and biochemical laboratory results of end-stage
kidney disease (ESKD). Data of 769 patients from 2005
to 2015 were available in the system. We excluded 177
of the 769 patients who had only one recorded
hemodialysis treatment. Among 592 eligible patients,
only 148 patients had complete records of hemodialysis
treatment for 5years (Fig. 1). The sample size was not
pre-determined. The number of eligible patients were
completely determined from retrospectively reviewing all
the medical records in 2005-2015 for hemodialysis from
one hospital, ESKD. We wanted to study the pattern of
change for the patient blood and biochemical data. The
final eligible subjects were 148. Since it was an observa-
tional study, to reduce the bias, age, gender, duration of
hemodialysis and comorbidities were included when
obtaining the estimates for the model. The study site
was a teaching hospital in Taiwan. Patients were in-
cluded in the study if they were at least 20 years of age
and were undergoing hemodialysis for ESKD [18]. Data
from a medical teaching hospital from January 2005 to
December 2015 were used in this study, which com-
prised 5-year longitudinal data of at least 60 blood and
biochemical tests results of patients. In this retrospective
study, the dialysis data of 148 patients with ESKD, com-
prising the treatment codes and the International Classi-
fication of Diseases Ninth Revision Clinical Modification
(ICD-9-CM) codes, were analyzed. Patients who under-
went kidney transplantation and who received peritoneal
dialysis treatment were excluded. All of the included pa-
tients had been diagnosed with ESKD by nephrologists
on the basis of the 2012 Kidney Disease: Improving Glo-
bal Outcomes (KDIGO) guidelines, wherein disease se-
verity was determined based on the cause, glomerular
filtration rate (GFR), and albuminuria categories (CGA)
[19]. Patients with ESKD, the fifth stage of chronic kid-
ney disease (CKD), have a GFR value of <15 mL/min/
1.73 m? [18]. In this study, for patients with ESKD, the
demographic data (including age and sex) and test re-
sults of at least 60 blood and biochemical tests (includ-
ing duration of the hemodialysis treatment,
comorbidities associated with ESKD, and relevant
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Fig. 1 Patient flow chart of this study
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dialysis data) were used. This study used 2006—2011 data
on registered patients in Taiwan who had ESKD and
were undergoing dialysis. The mean age at registration
was 64.34 + 14.2 years [20]. Those aged > 65 years were
considered older adults [4]. Subjects more than 65 years
of age were considered elderly. To analyze ESKD-
associated comorbidities, patients were categorized ac-
cording to each comorbidity [4, 11, 21, 22]. A total of 14
comorbidities (ICD-9-CM) were noted, which were as
follows: diabetes, cerebrovascular accident, heart failure,
heart arrhythmia, coronary atherosclerotic heart disease
(CAHD), anemia, dyslipidemia, chronic obstructive pul-
monary disease (COPD), peptic ulcer, atrial fibrillation,

hypertension, cardiovascular diseases, ischemic heart dis-
ease (IHD), and ischemic stroke. Patients regularly
attended hemodialysis sessions and underwent blood
and biochemical tests at the same hospital once every
month throughout the duration of the hemodialysis
treatment. On the basis of the dialysis quality indices of
the inspection and review standards for hemodialysis
and peritoneal dialysis specified by the Taiwan Society of
Nephrology, as well as the clinical performance indica-
tors revealed in the Taiwan Renal Registry Data System
[4, 11], the following blood and biochemical test indica-
tors were included in the study: platelet and WBC
counts and ALT, AST, albumin, alkaline, protein, total
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bilirubin, HBC, HCT, MCV, creatinine, K, Na, uric acid,
Ca, and P levels.

Statistical analysis

The time plot of blood and biochemical test versus time
in months, with Lowess smoothed curve, was used to in-
vestigate the potential time trend of blood and biochem-
ical tests. The random intercept model with a linear
trend was then used to assess the long-term association
between blood and biochemical tests and comorbidities.
All of the interactions between time and comorbidities
were also included in the model and were excluded
when the corresponding p value was smaller than 0.05.
Data processing and statistical analyses were conducted
using SAS version 9.4 for Windows (SAS institute Inc.,
Cary, NC, USA).

Results

In this retrospective study, all of the included patients
were enrolled in the TSN-KiDiT registration system.
Data of 769 patients were available in the system for the
period of 2005 to 2015. Of the 769 patients, we excluded
177 who had records of only one hemodialysis treatment
or who received a long-term peritoneal dialysis or emer-
gency dialysis treatment. Among the 592 eligible pa-
tients, only 148 had complete records of hemodialysis
treatment for 5years. Thus, the final study population
comprised 148 patients (Fig. 1). Table 1 presents patient
demographic data, which reveals that more women
(54%) than men were included in the study and that the
mean patient age was 66.1years (range: 33-98 years),
with 51.3% patients more than 65 years old (n = 76). Pa-
tients were categorized according to hemodialysis treat-
ment duration into beginner (n =57, 38.51%), less than
lyear (n=38, 25.68%), and more than 1year (n=>53,
35.81%) groups. Moreover, most of the patients had one
or more of the following comorbidities: diabetes (n = 70,
47.3%), hypertension (n =129, 87.2%), dyslipidemia (n =
29, 19.6%), cardiovascular disease (1 =14, 9.5%), IHD
(n=18, 12.2%), heart failure (n = 51, 34.5%), CAHD (n =
61, 41.2%), anemia (n=72, 48.7%), heart arrhythmia
(n =30, 20.3%), atrial fibrillation (# =6, 4.1%), cerebro-
vascular accident (z =20, 13.5%), ischemic stroke (n =8,
5.4%), COPD (n=6, 4.1%), and peptic ulcer (n =29,
19.6%).

Table 2 Subgroup analysis especially for gender as sen-
sitivity analysis for the outcomes. The top three comor-
bid diseases in female patients were hypertension (1=
66, 82.5%), anemia (n = 38, 47.5%), and diabetes (n = 32,
40.0%). The top three comorbid diseases in male patients
were hypertension (n=63, 92.6%), diabetes (n=38,
55.8%), and anemia (7 = 34, 50.0%).

Table 3 Subgroup analysis especially for age as sensi-
tivity analysis for the outcomes. The top three comorbid
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Table 1 Patient demographic characteristics

Variable Categories No. of Percent
patients
Gender Female 80 54.05
Male 68 45.95
Age <65 72 48.65
>=65 76 5135
Duration of hemodialysis Beginer 57 3851
treatment Less than 1 38 2568
year
More than 1 53 3581
years
Comorbidities
Diabetes No 78 52.70
Yes 70 47.30
Hypertension No 19 12.84
Yes 129 87.16
Dyslipidemia No 119 8041
Yes 29 19.59
Cardiovascular disease No 134 90.54
Yes 14 9.46
Ischemic heart disease No 130 87.84
Yes 18 12.16
Heart failure No 97 65.54
Yes 51 3446
Coronary atherosclerotic No 87 58.78
heart disease Ves 61 4122
Anemia No 76 5135
Yes 72 48.65
Heart arrhythmia No 118 79.73
Yes 30 20.27
Atrial fibrillation No 142 95.95
Yes 6 4.05
Cerebrovascular accident No 128 8649
Yes 20 13.51
Ischemic stroke No 140 94.59
Yes 8 541
Chronic obstructive No 142 95.95
pulmonarydisease Ves 6 405
Peptic ulcer No 119 8041
Yes 29 19.59

diseases in patients aged <65 years were hypertension
(n=53, 79.1%), anemia (n=27, 40.3%), and diabetes
(n =26, 38.8%). The top three comorbid diseases in pa-
tients aged >65 years were hypertension (n =76, 93.8%),
anemia (n = 45, 55.5%), and diabetes (1 = 44, 54.3%).
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Table 2 Subgroup analysis especially for gender as sensitivity
analysis for the outcomes
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Table 3 Subgroup analysis especially for age as sensitivity
analysis for the outcomes

Variable Category Female Male Variable Category <65 >=65
n % n % n % n %
Diabetes No 48 60.00 30 4412 Diabetes No 41 61.19 37 4568
Yes 32 40.00 38 55.88 Yes 26 38.81 44 5432
Hypertension No 14 17.50 5 7.35 Hypertension No 14 20.90 5 6.17
Yes 66 82.50 63 92.65 Yes 53 79.10 76 93.83
Dyslipidemia No 65 81.25 54 7941 Dyslipidemia No 55 82.09 64 79.01
Yes 15 18.75 14 20.59 Yes 12 1791 17 20.99
Cardiovascular disease No 71 88.75 63 9265  Cardiovascular disease No 62 92.54 72 88.89
Yes 9 11.25 5 7.35 Yes 5 746 9 1.1
Ischemic heart disease No 71 88.75 59 86.76 Ischemic heart disease No 60 89.55 70 86.42
Yes 9 11.25 9 13.24 Yes 7 1045 " 13.58
Heart failure No 50 62.50 47 69.12 Heart failure No 55 82.09 42 51.85
Yes 30 37.50 21 30.88 Yes 12 1791 39 48.15
Coronary atherosclerotic No 50 62.50 37 5441 Coronary atherosclerotic No 48 71.64 39 4815
heart disease Yes 30 3750 31 4559 heartdisease Yes 19 2836 42 5185
Anemia No 42 52.50 34 50.00 Anemia No 40 59.70 36 4444
Yes 38 4750 34 50.00 Yes 27 4030 45 55.56
Heart arrhythmia No 64 80.00 54 7941 Heart arrhythmia No 61 91.04 57 7037
Yes 16 20.00 14 20.59 Yes 6 8.96 24 29.63
Atrial fibrillation No 76 95.00 66 9706 Atrial fibrillation No 66 9851 76 93.83
Yes 4 5.00 2 2.94 Yes 1 149 5 6.17
Cerebrovascular accident No 73 91.25 55 80.88  Cerebrovascular accident No 63 94.03 65 80.25
Yes 7 8.75 13 19.12 Yes 4 597 16 19.75
Ischemic stroke No 77 96.25 63 9265 Ischemic stroke No 64 95.52 76 93.83
Yes 3 3.75 5 7.35 Yes 3 448 5 6.17
Chronic obstructive No 77 96.25 65 95.59  Chronic obstructive No 65 97.01 77 95.06
pulmonary disease Yes 3 375 3 441 pulmonary disease Ves ) 599 4 494
Peptic ulcer No 61 76.25 58 85.29 Peptic ulcer No 56 83.58 63 77.78
Yes 19 23.75 10 14.71 Yes 1 1642 18 2222

Additional file 1: Appendix 1 displayed the parameter
estimates of the random intercept model for HBC, HCT,
MCYV, platelet, and WBC. The estimated variance of the
random intercept was significant, which implied some
heterogeneity among the study samples. The findings
were as follows:

HBC

The interactions between time and 7 conditions, namely
diabetes, cerebrovascular accident, heart failure, atrial
fibrillation, hypertension, ischemic heart disease, and is-
chemic stroke were significantly associated with HBC.
Compared with the reference group, the change over
time of HBC for patients with diabetes, cerebrovascular
accident, heart failure, and atrial fibrillation was negative
and significant. Male patients had a significantly higher

HBC count than female patients did. Patients who had
anemia had a significantly lower HBC. For every record
of increase in inpatient times, the average HBC declined
by 0.021 units.

HCT

The interactions between time and 7 conditions, namely
cerebrovascular accident, heart failure, heart arrhythmia,
atrial fibrillation, hypertension, ischemic heart disease,
and ischemic stroke were significantly associated with
HCT. The slope for patients without any diseases was
nonsignificant: The average HCT remained stable over
time. Compared with the reference group, the HCT
change over time for patients with cerebrovascular acci-
dent, heart failure, heart arrhythmia, and atrial fibrilla-
tion was negative and significant. Male patients had a
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significantly higher HCT than female patients did. Pa-
tients who had anemia had significantly lower HCT.

MCv

The interactions between time and 8 conditions, namely
diabetes, cerebrovascular accident, heart failure, heart
arrhythmia, anemia, chronic obstructive pulmonary dis-
ease, peptic ulcer, and cardiovascular disease were sig-
nificantly associated with MCV. For every 1-year
increase in age, the average MCV increased significantly
by 0.131 units. Patients who had hypertension had sig-
nificantly lower MCV. For every record of increase in in-
patient times, the average MCV declined by 0.140 units.

Platelet count

The interactions between time and 6 conditions, namely
diabetes, cerebrovascular accident, heart arrhythmia,
anemia, chronic obstructive pulmonary disease, and car-
diovascular disease were significantly associated with
platelet count. The change over time of platelet count
for patients with cardiovascular disease, chronic ob-
structive pulmonary disease, and cardiovascular disease
was significant and positive compared with the reference
group. For every l-year increase in age, the average
platelet count dropped by1.014 units.

WBC

The interactions between time and 10 conditions,
namely diabetes, cerebrovascular accident, heart
arrhythmia, anemia, chronic obstructive pulmonary dis-
ease, peptic ulcer, atrial fibrillation, hypertension, cardio-
vascular disease, and ischemic stroke were significantly
associated with WBC. The slope for patients without
any diseases was nonsignificant. The average WBC
remained stable as time increased. Compared with the
reference group, the change over time of WBC for pa-
tients with diabetes, hypertension, and ischemic stroke
was negative and significant. Patients who had diabetes
also had significantly higher WBC, whereas patients who
had heart arrhythmia had significantly lower WBC. For
every record of increase in inpatient times, the average
WBC increased by 0.046 units.

Additional file 1: Appendix 2 displays the parameter
estimates of the random intercept model for ALT, AST,
albumin, alkaline, protein, and total bilrubin. The esti-
mated variance of the random intercept was significant,
which implied that some heterogeneity existed in the
study sample. The findings were as follows:

ALT

The interactions between time and 6 conditions, namely
cerebrovascular accident, heart failure, anemia, peptic
ulcer, cardiovascular disease, and ischemic stroke were
significantly associated with ALT. Male patients had
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significantly higher ALT than female patients did. Pa-
tients who had cardiovascular disease had significantly
higher ALT than those without did.

AST

Interactions between time and cardiovascular disease
were significantly associated with AST. Patients with
peptic ulcer had significantly higher AST.

Albumin

The interactions between time and 9 conditions, namely
diabetes, cerebrovascular accident, heart arrhythmia,
coronary atherosclerotic heart disease, hypertension, car-
diovascular disease, and ischemic heart disease were sig-
nificantly associated with albumin. Patients with chronic
obstructive pulmonary disease had significantly lower
albumin.

Alkaline

The interactions between time and 9 conditions, namely
cerebrovascular accident, heart failure, dyslipidemia,
chronic obstructive pulmonary disease, peptic ulcer,
hypertension, cardiovascular disease, ischemic heart dis-
ease, and ischemic stroke were significantly associated
with alkaline levels. Compared with the reference group,
the change over time of albumin for patients with cere-
brovascular accident, heart failure, chronic obstructive
pulmonary disease, hypertension, ischemic heart disease,
and ischemic stroke was significantly positive. Patients
who had peptic ulcer had significantly higher alkaline
levels. For every record of increase in inpatient times,
the average alkaline increased by 1.087 units.

Protein

The interactions between time and 11 conditions,
namely diabetes, heart failure, heart arrhythmia, anemia,
dyslipidemia, chronic obstructive pulmonary disease,
peptic ulcer, hypertension, cardiovascular disease, ische-
mic heart disease, and ischemic stroke were significantly
associated with protein levels. Compared with the refer-
ence group, the change over time in protein for patients
with diabetes, heart failure, anemia, chronic obstructive
pulmonary disease, and hypertension, were significantly
positive. Patients who had chronic obstructive pulmon-
ary disease had significantly higher protein levels.

Total bilrubin
Interaction between time and cardiovascular disease was
significantly associated with total bilrubin. Patients who
had anemia demonstrated significantly lower total
bilrubin.

Additional file 1: Appendix 3 displays the parameter
estimates of the random intercept model for creatinine,
K, Na, uric acid, and Ca. The estimated variance of the
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random intercept was significant, which implied that
some heterogeneity existed in the study sample. The
findings were as follows:

Creatinine

The interactions between time and 8 conditions, namely
diabetes, heart failure, heart arrhythmia, coronary ath-
erosclerotic heart disease, dyslipidemia, peptic ulcer,
atrial fibrillation, and ischemic stroke were significantly
associated with creatinine. Male patients had signifi-
cantly higher creatinine. For every 1-year increase in age,
the average creatinine level dropped significantly, by
0.065 units. For every record of increase in inpatient
times, the average creatinine level decreased signifi-
cantly, by 0.045 units.

K

The interactions between time and 7 diseases, namely
heart arrhythmia, coronary atherosclerotic heart disease,
dyslipidemia, chronic obstructive pulmonary disease,
cardiovascular disease, ischemic heart disease, and ische-
mic stroke were significantly associated with K concen-
tration. Patients who had diabetes demonstrated
significantly lower K levels.

Na

The interactions between time and 5 conditions, namely
diabetes, anemia, peptic ulcer, atrial fibrillation, and
hypertension were significantly associated with Na levles.
Patients who had diabetes had significantly lower Na
levels.

Uric acid

The interactions between time and 4 conditions, namely
heart arrhythmia, hypertension, cardiovascular disease,
and ischemic stroke were significantly associated with
uric acid levels. For every 1-year increase in age, patients
had significantly lower uric acid levels. Patients who had
had ischemic stroke had significantly higher uric acid
levels.

Ca

The interactions between time and 5 conditions, namely
heart arrhythmia, dyslipidemia, chronic obstructive pul-
monary disease, hypertension, and ischemic heart dis-
ease were significantly associated with Ca. For every
record of increase in inpatient times, the average Ca
concentration decreased by 0.045units, which was
significant.

Discussion

The study population comprised 148 patients, namely 80
women and 68 men, with an approximately equal num-
ber of patients in each age group. This study discovered
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that in terms of sex, hypertension was the most preva-
lent comorbid disease in both male and female patients.
This finding concurs with that of previous reports,
which stated that hypertension was a prevalent disease
in patients receiving dialysis regularly [19, 23]. In terms
of age, the population of older adults and increasing
prevalence of the causative comorbiditie has increased
rap-idly. In this epidemiologic data, 51.3% (1 =76) of the
patients with ESKD were > 65 years old. That is, patients
>65 years old had a higher incidence of ESKD than pa-
tients < 65 years old. In the recent decades, The preva-
lence rate of ESRD patients in older adults is higher
than that in adolescents [24—26]. The data presented in
three related studies also indicated that the incidence of
ESKD increased with age [27-29]. The present study
identified hypertension (87.2%, n=129) as the most
common comorbidity, followed by anemia (48.6%, n =
72), diabetes (47.3%, n="70), dyslipidemia (19.6%, n =
29), and peptic ulcer (19.6%, n =29). The discovery that
hypertension and diabetes were among the most com-
mon comorbidities was in agreement with several related
studies [4, 13, 30]. Notably, this study discovered that
anemia was the second most common comorbidity,
which is in agreement with the findings of another study
[31]. The prevalence of anemia as a comorbidity among
patients receiving hemodialysis can be attributed to the
increased risk of anemia following the development of
ESKD [32].

In this study, we investigated whether the influence of
patient comorbidities as explanatory variables changed
with time. Demographic data from the TSN-KiDiT sys-
tem were included as categorical variables in a random
intercept model for longitudinal analysis. The parameter
estimation results of the longitudinal data set indicated
that comorbidity and time were critical variables that in-
fluenced the blood and biochemical test results. Further-
more, WBC counts and HBC, HCT, albumin, total
protein, and creatinine levels were found to be vari-
ables of critical significance. Because studies have sug-
gested that most patients with ESKD can develop one
or multiple comorbidities [12, 13], the 3 most com-
mon comorbidities, namely hypertension (87.2%),
anemia (48.6%), and diabetes (47.3%), were analyzed
in this study. The other comorbidities that were stud-
ied were dyslipidemia and peptic ulcer. Furthermore,
multimorbidity may increase the treatment burden on
patients, leading to polypharmacy. Therefore, adminis-
tering treatment for these comorbidities was necessary
for preventing them from inducing or expediting the
occurrence of inflammation [33].

One study reported that comorbidities can be the rea-
son for poor prognosis in patients with ESKD or serve as
a marker for poor prognosis in patients receiving dialysis
and that a low serum albumin concentration may
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indicate malnutrition [34]. A clinical epidemiological
study further suggested that arterial damage is the major
cause of high cardiovascular incidence and mortality
rates among patients with ESKD [35]. Although the
present study was unable to provide direct evidence, cor-
onary atherosclerotic heart disease was noted as a co-
morbidity that could be a strong and independent
marker for prognosis of patients with ESKD.

In estimating parameters for the longitudinal analysis,
this study discovered that the estimation results could
be used to explain the time-dependent changes of vari-
ables in the random intercept model. Among the com-
mon comorbidities, diabetes was observed to correspond
to decreasing albumin levels over time, with a trend of
-0.001 (- 0.001 to 0.000). This indicates that in the long
term, patients with ESKD who have also developed dia-
betes may exhibit decreasing albumin levels because of
the comorbidity [36]. Alternatively, serum creatinine
level can serve as an indicator because patients with
ESKD who have also developed diabetes can exhibit in-
creased creatinine levels [37].

To explore the trend of biological indicators exhibited
by patients who received hemodialysis in the past 5
years, this study delved into the interactions between the
two variables—time and comorbidity—in the proposed
model. The parameter estimates of the random intercept
model for blood and biological indicators were applic-
able to verifying the effect of comorbidity on the out-
come of patients with ESKD. Results obtained in this
study indicate that the interaction between time and
cerebrovascular accidents is significantly correlated with
blood; the interaction between time and diabetes is sig-
nificantly correlated with HBC, MCV, PLT, WBC, Cre-
atinine, and Na levels; the interaction between time and
hypertension is significantly correlated with HBC, HCT,
WBC, uric acid, Na, Ca levels. The trend of these bio-
logical indicators exhibited by patients who have re-
ceived hemodialysis may enable medical staff to evaluate
comorbidities and address progressive disease imposing
high risks. The results also suggest an acute need to es-
tablish customized ESKD nursing strategies for high-risk
populations, in addition to the existing 2012 Kidney Dis-
ease: Improving Global Outcomes guidelines, which are
abided by medical staff to treat chronic kidney disease.

Health education regarding chronic kidney disease
should be provided for patients with ESKD. ESKD care
aims to improve patients’ quality of life and delay kidney
function deterioration, which can lead to end-stage kid-
ney failure (dialysis) and complications. The objective
and priority of ESKD care depend on patients’ under-
standing of kidney disease. Therefore, such care should
be implemented from the following perspectives: (1)
promotion of effective physician—patient communica-
tion, (2) introduction of adequate concepts regarding
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treatment seeking and regular follow-ups, (3) develop-
ment of correct eating habits and lifestyle, (4) early kid-
ney health education and interventions for controlling
blood pressure, blood lipid, blood sugar, and nutrient
levels and treating comorbid diseases such as anemia,
and (5) enhancement of self-care ability [38, 39].

This was a longitudinal and retrospective study. Pa-
tients must be followed-up for at least 5years and have
60 dialysis outcomes to be included. Each outcome was
measured 60 times through hematological or biochem-
ical tests to determine the duration of hemodialysis
treatment, detect comorbidities associated with ESKD,
and obtain other relevant dialysis data; 16 outcomes
(platelet and WBC counts as well as levels of ALT, AST,
albumin, alkaline, protein, total bilirubin, HBC, HCT,
MCV, creatinine, K, Na, uric acid, Ca, and P) were con-
sidered. First, it had access to the comorbidity data of at
least 60 blood and biochemical tests, and these data
were of high quality because they were provided by a
large kidney registration system [40]. Second, this study
was able to apply annual data sets on the time-based
changes in the explanatory variables of 14 comorbidities,
making this study the first to do so worldwide.

The results of this study showed that correlations
existed between ESKD-related comorbidity, time, blood
data, and biochemical data. This study comprehensively
collected conventional risk factors and comorbidities re-
lated to ESKD. A longitudinal study was conducted to
track the patients, approximately 30 covariates were in-
cluded in the model, and it was conducive to precisely
record the patient’s kidney functions and prognosis. This
study indicated the importance of controlling comorbidi-
ties related to ESKD. The results of this study influence
clinical and research practices. Through combining the
testing data of patients undergoing dialysis, we made
those patients’ information more comprehensive. We
made a breakthrough in the topics of studying the bio-
chemical values of patients undergoing dialysis. The
values brought by this study would be conducive to ana-
lyzing epidemiology and related risk factors among pa-
tients undergoing dialysis in Taiwan, achieving the goals
of preventing kidney diseases, increasing the survival rate
of patients undergoing dialysis, and reducing related
comorbidities.

This study had certain limitations. For example, the
data used in this study were obtained from the TSN-
KiDiT registration system. The software TSN-KiDiT
lacks indications of critical clinical performance under
that subject. For example, it lacks the self-aware health
information, quality of life, living environment, exercise
habit, smoking history, medication, and family member’s
disease history of patients with ESKD. These factors may
aggravate the disease. Second, regarding patients who
had been transferred to another hospital, their TWRDS
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data were concentrated in the drop-outs state, and this
study was not authorized to read patients’ data after they
had been transferred to another hospital. Furthermore,
several other comorbidities have been reported to be as-
sociated with ESKD, such as cancer [41] and thyroid dis-
ease [42]. The lack of disease data in the present study
setting might have caused result underestimation, lead-
ing to the conclusion that a certain disease is not associ-
ated with ESKD. Furthermore, other limitations of this
retrospective longitudinal study include population size,
single hospital, extensive time span (10-year data), and
potential differences in effects at various time points,
which were the primary factors hindering data interpret-
ation. Inclusion criteria of this study were that patients
must be followed for at least 5 years and have 60 dialysis
outcomes. Thus, patients without 5-year data were ex-
cluded, which is another limitation of this study. However,
most methods can currently only address the influence of
an individual comorbidity and its related factors at a spe-
cific time point. The study population comprised 148 pa-
tients, namely 80 women and 68 men, with an
approximately equal number of patients in each age
group. This study considered 14 chronic diseases, the
hemodialysis treatment duration, and the number of re-
corded inpatient treatments. The controlling variables
were analyzed using a linear mixed model, which included
the possible interaction between the time and chronic dis-
eases. This study included approximately 30 covariates in
the model. In addition, other possible limitations of this
study are that the prevalence of some of the chronic dis-
eases in the study population might have been extremely
high or low (i.e., few patients in one group; supplementary
data) and that the subgroup analysis might not have been
robust. This study used only data collected from a hos-
pital. The sample size was determined by all eligible pa-
tients in this hospital. Some variability might not be taken
into according. This becomes the study limitation. Future
prospective studies involving larger patient cohorts are,
therefore, needed to confirm this study findings.

Conclusions

This study investigated whether the explanatory vari-
ables of comorbidities associated with ESKD change over
time. The results of a parameter estimation for longitu-
dinal data analysis suggested that comorbidity and time
were critical variables influencing blood and biochemical
test results. Furthermore, WBC and HBC, HCT, albu-
min, protein, and creatinine levels were recognized as
variables of critical significance. The results obtained in
this study indicate that multimorbidity increases the
treatment burden on patients, leading to polypharmacy.
For this reason, comprehensive care and treatment of
ESKD cannot rely solely on data from one single time

Page 9 of 10

point; instead, longitudinal analysis and other data that
can affect patient prognosis must also be considered.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512882-020-01795-9.

Additional file 1. :Appendix 1. Estimation results of time-based explana-
tory variables in the random intercept model for a blood test (HBC, HCT,
MCV, platelet, WBCQ). Appendix 2. Estimation results of time-based ex-
planatory variables in the random intercept model for a biochemical test
(ALT, AST, albumin, alkaline, protein, total bilirubin levels). Appendix 3. Es-
timation results of time-based explanatory variables in the random inter-
cept model for a biochemical test(Creatinine, K, Na, Uric acid, Ca).

Abbreviations

ESKD: End-stage kidney disease; WBC: White blood cell count; ALT: Alanine
transaminase; AST: Aspartate transaminase; HBC: Hemoglobin count;

HCT: Hematocrit; MCV: Mean corpuscular volume; TSN-KIDIT: Taiwan Society
of Nephrology: Kidney Dialysis, Transplantation; ICD-9-CM: International
Classification of Diseases Ninth Revision Clinical Modification; KDIGO: Kidney
Disease: Improving Global Outcomes; GFR: Glomerular filtration rate;

CGA: Albuminuria categories; CAHD: Coronary atherosclerotic heart disease;
COPD: Chronic obstructive pulmonary disease; CD: Cardiovascular diseases;
IHD: Ischemic heart disease

Acknowledgements
The authors thank for En Chu Kong Hospital support for this study.

Authors’ contributions

H-LL, P-HT, Y-TH, and S-WL conceived and designed the study. H-LL, P-HT, Y-
TH, and S-WL acquired the data. H-LL, P-HT, and Y-TH, analyzed and inter-
preted the data. H-LL, Y-TH, and S-WL drafted the manuscript and revised
key intellectual content. Y-TH and S-WL did English proofreading. All authors
reviewed the manuscript. All authors have read and approved the
manuscript.

Funding

The first author thanks the En Chu Kong Hospital for providing financial
support for this study (ECKH10602). The corresponding author is grateful to
the Ministry of Science and Technology of the Republic of China (Taiwan)
and the Linkou Chang Gung Memorial Hospital for financially supporting this
research (MOST107-2410-H-182-005-MY2 and BMRPA19), respectively.

Availability of data and materials

This study can confirm this study have included a statement regarding data
and material availability in the declaration section of my manuscript. The
datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the Institutional Review Board Committee, En
Cku Kong Hospital (ECKIRB1060801), and the experimental practices adopted
conformed entirely to the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Graduate Institute of Business and Management, Chang Gung University,
Taoyuan City, Taiwan. “Department of Nursing, En Cku Kong Hospital, New
Taipei City, Taiwan. *Department of Statistics, National Taipei University, New
Taipei City, Taiwan. “Department of Information Management, Chang Gung
University, 259 Wen-Hwa 1st Road, Kwei-Shan, Tao-Yuan 333, Taiwan.
°Department of Neurology, Linkou Chang Gung Memorial Hospital, Taoyuan


https://doi.org/10.1186/s12882-020-01795-9
https://doi.org/10.1186/s12882-020-01795-9

Li et al. BMC Nephrology

(2020) 21:132

City, Taiwan. ®Department of Industrial Engineering and Management, Ming
Chi University of Technology, New Taipei City, Taiwan.

Received: 8 April 2019 Accepted: 5 April 2020
Published online: 15 April 2020

References

1.

20.

21.

Kooman J, Katzarski K, van der Sande FM, Leunissen K, Kotanko P.
Hemodialysis: a model for extreme physiology in a vulnerable patient
population. Semin Dial. 2018;31(5):500-6.

Pippias M, Jager KJ, Kramer A, Leivestad T, Sénchez MB, Caskey FJ, Collart F,
Couchoud C, Dekker FW, Finne P. The changing trends and outcomes in
renal replacement therapy: data from the ERA-EDTA registry. Nephrol Dial
Transplant. 2015;31(5):831-41.

Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ, Arima H,
Chadban SJ, Cirillo M, Djurdjev O. Decline in estimated glomerular filtration
rate and subsequent risk of end-stage renal disease and mortality. Jama.
2014;311(24):2518-31.

Hsu C-C, Wu M-S, Hsiung CA, Hwang S-J, Lin Y-F, Hsu Y-H. Annual report on
kidney disease in Taiwan. Miaoli County: National Health Research
Institutes; 2017.

Morante JJH, Sanchez-Villazala A, Cutillas RC, Fuentes MCC. Effectiveness of
a nutrition education program for the prevention and treatment of
malnutrition in end-stage renal disease. J Ren Nutr. 2014,24(1):42-9.

Kinney R. 2005 annual report: ESRD clinical performance measures project.
Am J Kidney Dis. 2006;48:51-5105.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, Kusek
JW, Eggers P, Van Lente F, Greene T. A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;150(9):604-12.
Longenecker JC, Coresh J, Klag MJ, Levey AS, Martin AA, Fink NE, Powe NR.
Validation of comorbid conditions on the end-stage renal disease medical
evidence report: the CHOICE study. J Am Soc Nephrol. 2000;11(3):520-9.
Zitt E, Pscheidt C, Concin H, Kramar R, Peter RS, Beyersmann J, Lhotta K,
Nagel G. Long-term risk for end-stage kidney disease and death in a large
population-based cohort. Sci Rep. 2018,8(1):7729.

Sammel M, Lin X, Ryan L. Multivariate linear mixed models for multiple
outcomes. Stat Med. 1999;18(17-18):2479-92.

Wu M-S, Wu I-W, Shih C-P, Hsu K-H. Establishing a platform for battling end-
stage renal disease and continuing quality improvement in dialysis therapy
in Taiwan-Taiwan renal registry data system (TWRDS). Acta Nephrologica.
2011;25(3):148-53.

Chen Y, Wang Y. Variable selection for joint models of multivariate
longitudinal measurements and event time data. Stat Med. 2017;36(24):
3820-9.

Ceretta ML, Noordzij M, Luxardo R, De Meester J, Abad Diez JM, Finne P,
Heaf JG, Couchoud C, Kramar R, Collart F. Changes in co-morbidity pattern
in patients starting renal replacement therapy in Europe—data from the
ERA-EDTA registry. Nephrol Dial Transplant. 2018;33(10):1794-804.

Browne OT, Allgar V, Bhandari S. Analysis of factors predicting mortality of
new patients commencing renal replacement therapy 10 years of follow-up.
BMC Nephrol. 2014;15(1):20.

Raudenbush SW, Bryk AS. Hierarchical linear models : applications and data
analysis methods. 2nd ed. Newbury Park: Sage Publications; 2002.

Marshall G, De la Cruz-Mesfa R, Barén AE, Rutledge JH, Zerbe GO. Non-linear
random effects model for multivariate responses with missing data. Stat
Med. 2006;25(16):2817-30.

Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal analysis. Wiley;
2012.

Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, Saran R, Wang AY-
M, Yang C-W. Chronic kidney disease: global dimension and perspectives.
Lancet. 2013;382(9888):260-72.

Andrassy KM. Comments on ‘KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease’. Kidney Int. 2013;
84(3):622-3.

Chen I-M, Lin P-H, Wu V-C, Wu C-S, Shan J-C, Chang S-S, Liao S-C. Suicide
deaths among patients with end-stage renal disease receiving dialysis: a
population-based retrospective cohort study of 64,000 patients in Taiwan. J
Affect Disord. 2018;227:7-10.

Hazzan AD, Halinski C, Agoritsas S, Fishbane S, DeVita MV. Epidemiology
and challenges to the management of advanced CKD. Adv Chronic Kidney
Dis. 2016,23(4):217-21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

Page 10 of 10

Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH. Longitudinal follow-
up and outcomes among a population with chronic kidney disease in a
large managed care organization. Arch Intern Med. 2004;164(6):659-63.
Agarwal R, Nissenson AR, Batlle D, Coyne DW, Trout JR, Warnock DG.
Prevalence, treatment, and control of hypertension in chronic hemodialysis
patients in the United States. Am J Med. 2003;115(4):291-7.

Prakash S, O'Hare AM. Interaction of aging and chronic kidney disease.
Semin Nephrol. 2009,29(5):497-503.

Jin D-C, Yun S-R, Lee SW, Han S-W, Kim W, Park J. Current characteristics of
dialysis therapy in Korea: 2015 registry data focusing on elderly patients.
Kidney Res Clin Pract. 2016;35(4):204-11.

Lee H, Han K, Park J-B, Hwang I-C, Yoon YE, Park HE, Choi S-Y, Kim Y-J, Cho
G-Y, Kim H-K. Risk of end-stage renal disease in patients with hypertrophic
cardiomyopathy: a nationwide population-based cohort study. Sci Rep.
2019,9(1):1-10.

Foote C, Kotwal S, Gallagher M, Cass A, Brown M, Jardine M. Survival
outcomes of supportive care versus dialysis therapies for elderly patients
with end-stage kidney disease: a systematic review and meta-analysis.
Nephrology. 2016;21(3):241-53.

Jin D-C, Yun SR, Lee SW, Han SW, Kim W, Park J, Kim YK. Lessons from 30
years' data of Korean end-stage renal disease registry, 1985-2015. Kidney
Res Clin Pract. 2015;34(3):132-9.

Stevens LA, Viswanathan G, Weiner DE. Chronic kidney disease and end-
stage renal disease in the elderly population: current prevalence, future
projections, and clinical significance. Adv Chronic Kidney Dis. 2010;17(4):
293-301.

Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE. Impact of
hypertension on cardiomyopathy, morbidity and mortality in end-stage
renal disease. Kidney Int. 1996;49(5):1379-85.

Rottembourg J, Tilleul P, Deray G, Lafuma A, Zakin L, Mahi L, Wernli J. Cost
of managing anemia in end-stage renal disease: the experience of five
French dialysis centers. Eur J Health Econ. 2015;16(4):357-64.

Winkelmayer WC, Mitani AA, Goldstein BA, Brookhart MA, Chertow GM.
Trends in anemia care in older patients approaching end-stage renal
disease in the United States (1995-2010). JAMA Intern Med. 2014;174(5):699-
707.

Stenvinkel P, Alvestrand A. Review articles: inflammation in end-stage renal
disease: sources, consequences, and therapy. Semin Dial. 2002;15(5):329-37.
Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE. The impact
of anemia on cardiomyopathy, morbidity, and mortality in end-stage renal
disease. Am J Kidney Dis. 1996,28(1):53-61.

London GM, Guerin AP, Marchais SJ, Metivier F, Pannier B, Adda H. Arterial
media calcification in end-stage renal disease: impact on all-cause and
cardiovascular mortality. Nephrol Dial Transplant. 2003;18(9):1731-40.
Yajima T, Yajima K, Hayashi M, Yasuda K, Takahashi H, Yamakita N. Serum
albumin-adjusted glycated albumin is a better predictor of mortality in
diabetic patients with end-stage renal disease on hemodialysis. J Diabetes
Complicat. 2016;30(5):786-9.

Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of renal
function: new insights into old concepts. Clin Chem. 1992;38(10):1933-53.
Daugirdas JT, Blake PG, Ing TS. Handbook of dialysis. (5th ed): Lippincott
Williams & Wilkins; 2015.

Gillespie BW, Morgenstern H, Hedgeman E, Tilea A, Scholz N, Shearon T,
Burrows NR, Shahinian VB, Yee J, Plantinga L. Nephrology care prior to end-
stage renal disease and outcomes among new ESRD patients in the USA.
Clin Kidney J. 2015,8(6):772-80.

Lin Y-C, Hsu C-Y, Kao C-C, Chen T-W, Chen H-H, Hsu C-C, Wu M-S. Incidence
and prevalence of ESRD in Taiwan renal registry data system (TWRDS): 2005-
2012. Acta Nephrologica. 2014;28(2):65-8.

Maisonneuve P, Agodoa L, Gellert R, Stewart JH, Buccianti G, Lowenfels AB,
Wolf RA, Jones E, Dsiney AP, Briggs D. Cancer in patients on dialysis for
end-stage renal disease: an international collaborative study. Lancet. 1999;
354(9173):93-9.

Lo JC, Beck GJ, Kaysen GA, Chan CT, Kliger AS, Rocco MV, Li M, Chertow
GM, Study F. Thyroid function in end stage renal disease and effects of
frequent hemodialysis. Hemodial Int. 2017;21(4):534-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics statement
	Data collection
	Statistical analysis

	Results
	HBC
	HCT
	MCV
	Platelet count
	WBC
	ALT
	AST
	Albumin
	Alkaline
	Protein
	Total bilrubin
	Creatinine
	K
	Na
	Uric acid
	Ca

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

