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ABSTRACT

This study aims to identify the factors affecting the survival of hemodialysis patients using a
two-stage survival/multivariate longitudinal modelling.

The is a retrospective cohort study on 395 patients aged > 60 years who underwent
hemodialysis in Hasheminejad Hospital in Tehran, Iran. Data were collected over a 15-year period from
2004 to 2019. Phosphate, calcium, parathormone and creatinine variables were considered as longitu-
dinal variables and mortality as a survival response. The two-stage survival and multivariate longitudinal
modeling for long-term hemodialysis patients were fitted and the results were compared according to
theirs likelihood function. Data analysis was performed in RStudio v. 3.4.3 and SAS v. 4.9 applications. The
significance level was set at 0.05.

[{E5TE The mean age of patients was 70.4146.11 years. Of 395 patients, 249(63%) were male. Based on
the log-likelihood function, the communication structure of the cumulative effect of longitudinal biomark-
ers and survival data was selected. Assuming that other variables were constant, the significance of values
for mobility impairment, calcium level and parathormone level indicated that these variables were good
predictors of the occurrence of death in hemodialysis patients over time. By each unit increase in each
variables of mobility impairment, calcium level, and parathormone level, the risk of death increased by
1.391, 0.927, and 0.967, respectively.

[@TEERT By using a two-stage modelling, the variables of mobility impairment, calcium level and para-
thormone are found as factors affecting the risk of death in hemodialysis patients. Therefore, therapists
should focus on changing health behaviors of these patients in consuming calcium and parathormone.
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Extended Abstract

Introduction

emodialysis was first introduced in the 1960s
as a practical treatment for kidney failure.
Hemodialysis is a process in which blood
is removed from the body of a patient with
kidney failure and returned to the body after
being filtered and cleaned through a dialyzer. The dialysis
machine and the filter called artificial kidney can remove
wastes from the blood or add necessary materials to it. By
this method, the dialysis machine controls the acid-base bal-
ance, the amount of water and soluble substances in the body.
Chronic kidney failure (CKD) is one of the most common
diseases in Iran and the world. This disease is common in
countries that have a high health status, due to increased life
expectancy [2]. Hemodialysis improves the survival rate of
patients with CKD, but reduces their quality of life [4]. Older
people are more susceptible to CKD, which happens gradu-

ally [5]. CKD is a general term used for various disorders
that affect the structure and function of the kidney. The an-
nual incidence of this disease in most countries is more than
200 cases per one million people [6]. Studies on examining
the survival rate of patients with dialysis indicated better
survival of patients in countries such as Japan and European
countries [7]. A study on patients with end-stage renal dis-
ease has shown a premature aging phenotype in the immune
system, which has recently been considered as an important
factor for increasing the risk of various complications [9].
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Methods

This is a retrospective cohort study. The study popula-
tion includes all patients over 60 years of age with hemo-
dialysis hospitalized in the hemodialysis department of
Hashminejad Hospital in Tehran, Iran from 2004 to 2019.
Of these, 395 eligible patients were selected using a cen-
sus method. The inclusion criteria were age > 60 years and
the completion of medical files. Their data were analyzed
in RStudio versions 3.4.3 and 3.5.2 and SAS version 9.4
applications in two stages: longitudinal and survival [25].
The packages “Lattice”, “nlme”, “ggbiplot”, “survival”,
“devtools”, “plyr”, and “scales” were used RStudio soft-
ware. In the first step, a multivariate mixed model was
used for all longitudinal biomarkers based on a random
effects approach. However, in case of a large number of
longitudinal biomarkers, a pairwise modeling approach
was used, in which all possible pairs of bivariate-mixed
models are fitted and combined in the final step. In the
second step, the Cox proportional-hazards regression
model was used corresponding to each longitudinal indi-
cator with different constructs, including random effects
prediction at time t, true unobserved value at time t, time-
dependent slopes at time t, and cumulative effect.

Results

Mean, standard deviation (SD) and percentage were
used to summarize the data. The demographic and clini-
cal data of 395 elderly patients were examined. The fol-
low-up period of the patients was 15 years. By using the
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Figure 1. Changes in calcium, parathormone, phosphate and creatinine levels for patients with hemodialysis in two groups of dead

(occurrence of event) and not dead (censored) during hospitalization.
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Figure 2. Principal component plots in RStudio IRANIAN JOURNAL OF AGEING
two-stage model, the factors affecting the occurrence of Figure 1 shows the graph of general changes in each of
death was investigated. The demographic characteristics the study longitudinal biomarkers using Spline Smooth-
of participants are provided in Table 1. ing for patients with hemodialysis in two groups of dead

(occurrence of event) and not dead (censored) during hos-
pitalization. As can be seen, the effect of time on longitu-

Table 1. Demographic characteristics of participants

No. (%)
Characteristic Category
Censored Dead Total
Female 54(0.37) 92(0.60) 146
Gender
Male 98(4.39) 151(0.63) 249
>65 107(6.34) 202(4.65) 309
Age (y)

<65 45(3.52) 41(7.47) 86

Single 3(0.50) 3(0.50) 6
Married 141(4.40) 208(6.59) 349

Marital status
Divorced 2(7.66) 1(3.33) 3
Widow 1(3.33) 30(7.85) 35
Yes 19(5.34) 36(5.65) 55
Smoking

No 133(1.39) 207(9.60) 340

Yes 109(8.43) 140(2.56) 249

Mobility impairment

No 40(2.28) 102(8.71) 142
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Table 2. Regression coefficients of calcium, phosphorus, parathormone, and creatinine

Calcium Parathormone Phosphorus Creatinine
Estimation (SE) P Estimation (SE) P Estimation (SE) P Estimation (SE) P
Intercept 8.614(0.260) <0.001  6.956(0.402) <0.001  7.208(0.509)  <0.0001 10.122(0.942) <0.001
Time 0.005(0.004) 0144  -0.031(0.006) <0.001 -0.031(0.007)  <0.001 -0.055(0.013) <0.001
Time -0.197(0.051) <0.001  0.208(0.078)  0.008  -0.139(0.100)  0.164 1.037(0.183) <0.001
Gender (male)  0.007(0.001) <0.001 0.013(0.002) <0.001 0.005(0.002) 0.017 0.051(0.005) <0.001
Age 0.006(0.001)  <0.001 0.0002(.0001) 0.031  0.0008(0.0001)  <0.001 -0.001(0.0002) <0.001
SALMAND

dinal biomarkers is not the same and is different in both
groups. The estimation of the coefficients of the longitudi-
nal multivariate model for creatinine, calcium, phosphate
and parathormone biomarkers showed that the first- and
second-order forms of the time effect were simultane-
ously entered in the model (Table 2). According to the re-
sults, with each year of age increase, the mean creatinine
level decreases by 0.001 (P<0.001)

Some longitudinal biomarkers had high correlations
with each other in intercept and slope (Figure 2). These
correlations should be accounted for in the longitudinal
model using the multivariate normal distribution for all
random effects. The level of correlation between the four
longitudinal biomarkers is very important; the correla-
tion in terms of intercept and slope between each pair of
bivariate-mixed models were calculated.

Discussion

The purpose of this study was to use two-stage survival-
longitudinal modeling to identify the factors affecting
the survival of hemodialysis patients in order to help the
therapists plan for better control of these patients. Previ-
ous studies have focused on the joint modeling for one
longitudinal marker and time-to-event data. We used the
two-stage modelling for survival and multiple longitudi-
nal biomarkers. In the time-dependent model, we do not
have measurement error; to solve this problem and speed
up the calculations, we used a two-stage model. The dif-
ference between the two-stage model and the combined
model is in the calculation of the likelihood function.

Giiler et al. introduced the extended JMLS model for
multivariate longitudinal data and survival data based on
the two-stage approach [25]. In 2016, Ossareh et al. con-
ducted a study on the survival of hemodialysis patients
and predicting mortality using a single-center analysis of

IRANIAN JOURNAL OF AGEING

time-dependent factors. They showed that the mortality
rate was lower in men than in women. In patients over 75
years old, survival rate was 19.9% compared to 77.2% in
patients aged <20 years. In addition to low life expectan-
cy, many age-related factors such as malnutrition, inflam-
mation, and heart failure, were suggested to contribute to

decreased survival rate in older patients [7]. This is con-
sistent with our results where older age, male gender and
cardiovascular diseases were reported as the predictors of
death in hemodialysis patients.

Data censoring is important to consider when having
internal repeated measures in hemodialysis patients. In-
ternal longitudinal measurements are taken when missing
data occur. Censored patients lose longitudinal biomark-
ers after the occurrence of this event. For this reason, the
proposed two-stage model is only guaranteed to provide
valid results in this particular case, but it can generally be
used for external longitudinal markers and time-to-event
data where repeated measurements are taken before the
follow-up.

5. Conclusion

The two-stage survival-longitudinal modelling enables us
to study the complex relationship between all longitudinal
biomarkers and survival in the hemodialysis program.
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