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Background: Globally, heart failure is a rapidly growing public health problem with an
estimated prevalence of >37.7 million. It is a shared chronic phase of cardiac functional loss
secondary to many etiologies.

Objective: The main purpose of this study was to investigate the risk of longitudinal change
in pulse rate on time to default from treatment among congestive heart failure patients.
Methods: Hospital-based retrospective studies were conducted among 302 congestive heart
failure patients who were 15 years old or older and who were on treatment follow-up from the
1 February 2016 to 31 December 2018 in Felege-Hiwot Referral Hospital, Bahir Dar, Ethiopia.
Data were entered using SPSS version 23 and analyzed using SAS and R software. First, data
were analyzed using linear mixed model and survival models separately, and then the joint
models of both sub-models were analyzed using joint model analysis.

Results: Out of the total of 302 respondents, 34.1% of the respondents defaulted from
treatment. About 55.2% male respondents are defaulting and the remaining were censored.
The results for separate and joint models were quite similar to each other but not identical.
However, the estimated association parameter (o) in the joint model is (HR = 1.0311, 95%
CI: 1.0033, 1.0597, P = 0.0278), providing there is evidence of a positive significant
relationship between the survival and the longitudinal sub-models. Thus, defaulting is
more likely to occur in patients with higher pulse rates. A patient, who are male,
New York Heart Association class IV, had low left ventricular ejection fraction and comorbid
with hypertensive, chronic kidney disease, pneumonia were risk factors of pulse rate change
and defaulting from treatment of congestive heart failure patients.

Conclusion: The joint model was preferred for simultaneous analyses of repeated measure-
ment and survival data. Thus, the longitudinal measure pulse rate had a positive significant
effect on time to default from treatment of patients.

Keywords: pulse rate, congestive heart failure, time to default, survival analysis,
longitudinal analysis, joint model

Introduction

Globally, heart failure is a rapidly growing public health issue with an estimated
prevalence of >37.7 million." It is a shared chronic phase of cardiac functional loss
secondary to many etiologies. In the USA, the total medical costs for patients with
heart failure are expected to rise from US$20.9 billion in 2012 to $53.1 billion by
2030." Over 1 million individuals within the UK have heart failure, with prevalence
rates expected to extend over the subsequent decade. This places a big financial
burden on the United Kingdom.”
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In Africa, 7% to 10% of all medical admissions to the
hospital had cardiac diseases, out of this 3% to 7% had
heart failure. Compared with the developed world Africa
has the highest proportion of heart failure patients. In
Africa it has a greater effect on the health and health
economics.’

In Sub-Saharan Africa (SSA), heart failure is the main
public health concern and is associated with high morbid-
ity and mortality, high rates of recurrent hospitalization,
poor quality of life, and loss of economic productivity, as
it affects mostly young and economically active adults.
However, due to economic limitations, it is difficult and
challenging for most heart failure patients in SSA to get
the essential treatment. They have difficulty preserving
regular follow-up visits and as a result cumulative prema-
ture deaths have occurred.”

In Ethiopia, approximately 9% of all deaths were
caused by heart failure according to a WHO’ report.
Heart failure has a cumulative problem, especially in
urban settings in Ethiopia. It is one of the prevalent causes
of morbidity ranging from 4% to 24%, and mortality
ranging from 6.5% to 24%. It is highly prevalent among
the older population, and the leading cause of medical
intensive care unit admission ranging from 8.9% to
9.8%. In Addis Ababa, an average of 25% of all household
deaths, and 11% of all hospital deaths were due to heart
failure.” In Felege-Hiwot Referral Hospital (FHRH) heart
failure is a progressive public health problem with high
morbidity and mortality.®

The heart rate/pulse rate is the number of times the
heart beats in one minute and it is used to know whether
there is an abnormal or irregular pulse rate, or a heart
block occurred or not. The normal resting heart rate is
nearly 60 to 80 beats per minute.” There is no common
body part of a patient for taking a heart rate measurement.®
It can be measured in different parts of the body, but the
two most common parts of the body are the wrist and the
neck.” Epidemiological and randomized clinical trial stu-
dies are focused on the predictive value of the heart rate. It
proposes that a continued increment in heart rate increases
the progression as well as the severity of the disease.'
A greater heart rate measure is associated with a high risk
of congestive heart failure (CHF) hospitalization and an
inferior pulse rate measure at the base line and through
follow-up time is positively related with minor risk of
mortality and re-hospitalization.''

Although the advancement in therapy and treatment of
CHF is high, nowadays it is a chronic illness with an

unpromising diagnosis, and has a high socioeconomic
problem.'? CHF is one of the major causes of hospitaliza-
tion and high rates of mortality in several countries.'
Even though the number of CHF patients admitted to
CHF clinics is increasing from year to year, there are
a number of CHF related deaths and losses to follow-ups
every year. This indicates that there are other factors
affecting the progression of the disease and the survival
status of CHF patients as well. Therefore, it is essential to
assess risk factors associated with the effectiveness of the
treatment over time. Most researchers conducted their
study in relation to congestive heart failure patients using
cross-sectional study, survival time of the patients after
they were admitted to CHF clinic, and linear mixed mod-

els. However, Seid et al'*

suggests that these linear mixed
effect model analysis for longitudinal data, and Weibull or
semi-parametric (Cox) proportional hazard model analysis
for survival data separately were inappropriate when the
longitudinal variable is correlated with patient health sta-
tus (survival time), because of the survival endpoint occur-
rences, as well as the possibility of study dropout.

Moreover, Grover et al'’

studied the joint modeling of
both longitudinal and survival data analysis, containing
all information simultaneously, and gives lawful and effec-
tive inferences. Therefore, it is usually recommended to
jointly model the longitudinal data analysis and survival
data analysis altogether via a shared random effects model
in order to account for the dependence between longitudi-
nal and survival components on the same subject and any
available covariates.

To the best of our knowledge, there is no research
conducted on joint model analysis of longitudinal pulse
rate and survival end time to default from CHF treatment
and no research conducted on survival analysis of time to
default from treatment of CHF patients. However, default-
ing remains a public health problem, which we need to
address. A person who was defaulting from congestive
heart failure treatment is at risk for clinical worsening
and difficulties including deterioration in drug opposition
and death. Hence, we mainly aimed to investigate the risk
of longitudinal change in pulse rate on time to default
among congestive heart failure patients from 1st
February 2016 to 31th December 2018 at Felege-Hiwot
Referral Hospital. Specifically we aimed, i) to estimate the
effect of baseline covariates on repeated measure pulse
rate and time to default from treatment jointly, ii) to
observe the association between longitudinal measure
pulse rate and time to default from treatment among
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congestive heart failure patients, and iii) to demonstrate
the advantage of joint model analysis techniques over
separate survival and longitudinal analysis.

Materials and Methods
Study Design and Area

This study was carried out by using a retrospective cohort
study design based on data obtained from Felege-Hiwot
Referral Hospital, Bahir-Dar, Amhara, Ethiopia. The
Ambhara Regional state is located in the northwestern part
of Ethiopia. It is located 563 km from Addis Ababa, the
capital city of Ethiopia. Felege-Hiwot Referral Hospital is
a teaching and referral hospital and one of the oldest
hospitals in Ethiopia. It is a tertiary health care labeled
hospital helping the people of Bahir Dar town and distant
area populations as a teaching and referral hospital; deli-
vering health services to their dependents (patients), as
well as public patients referred by other hospitals.

Study Period and Source of Data

In this study, we used secondary sources of data. The data had
been obtained from the Amhara region at FHRH Outpatient
Department in the CHF clinic during the follow-up time of 1st
February 2016 to 31th December 2018. The data that we used
for this study was extracted from the chart of all CHF patients
who were under follow-up. After we had given sufficient
orientation to them about the aim of the study, way of data
collection, and the variables that were included in the study the
health professionals collected the data.

Study Population

Patients aged 15 years old and above, attended at least for
8 months (had at least two follow-up visits) for refilling
their treatment, and who started the treatment during the
study period at FHRH were involved in the study.
Therefore, among the total 1334 CHF patients registered
from 1st February 2016 to 31th December 2018, only 302
CHF patients satisfied the inclusion criteria and hence are
included in this study.

Study Variable

The two response variables, the longitudinal measured
pulse rate — number of heart beats per minute measured
every 4 months irrespective of their visit to CHF patient
clinic, and the survival outcome — time to default from
treatment for CHF patients were considered for this study.
Defaulters used in this study were those patients who

missed contact for at least eight months (who had missed
two or more clinical appointments), which may be due to
death, loss to follow-up, or transferring to another hospital.

Explanatory variables: Covariates associated with
repeated measure pulse rate and time to default were gender
(female, male), residence (rural, urban), age, type of CHF
(left side failure, right side failure, biventricular failure),
etiology of heart failure (valvular heart disease (VHD),
hypertensive heart disease(HHD), ischemic heart disease
(IHD), cor pulmonale, dilated cardiomyopathy, other etiolo-
gies), left ventricle ejection fraction, observation time,
weight, presence of diabetes mellitus (no, yes), presence of
hypertension (no, yes), presence of pneumonia (no, yes),
presence of chronic kidney disease (CKD) (no, yes), pre-
sence of anemia (no, yes) and New York Heart Association
(NYHA) class (class II, class III, class IV). NYHA functional
classification was used for classification of severity of symp-
toms. The classes (I-1V) are:- Class I: cardiac disease, but no
symptoms and no limitation in ordinary physical activity;
Class II: mild symptoms (mild shortness of breath and/or
angina) and slight limitation during ordinary activity; Class
II: Marked limitation in activity due to symptoms, even
during less-than-ordinary activity; Class IV: Comfortable
only at rest, severe limitations, experiences symptoms even
while at rest, mostly bed bound patients.

Data Processing and Analysis

In this study, both descriptive and inferential statistical
analysis were used. The researcher analysis, a separate
model for each longitudinal and survival model, and
a joint model of longitudinal and survival analysis for
longitudinal measurements and time-to-event outcome of
CHF patients linked by subject-specific random effects.
Data management has been done by SAS 9.4 and
R version 4.0.2 statistical software. SPSS version 23.0
has been used for data entering. Statistical decision was
made at 5% level of significance.

Ethical Considerations

The data used in the current investigation was collected
previously by the health staff for treatment purpose/diagnosis
of heart failure and to start follow-up treatment. To use this
previously collected data, an ethical approval certificate had
been obtained from University of Gondar Ethical Approval
Committee, University of Gondar, Ethiopia, with reference
number: RCS/381/2019. The informed consent was waived
due to the anonymized data, and this study was conducted in
accordance with the Declaration of Helsinki in which it is
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stated that in medical research using identifiable human
material or data, physicians must normally seek consent for

the collection, analysis, storage and/or reuse.

Results

Descriptive Statistics

Descriptive statistics were used to summarize the charac-
teristics of participants. The respondent’s characteristics

are summarized in Table 1. Out of the total of 302 patients,

168 (55.6%) were females and the remaining 134 (44.4%)
were males. More than half of the CHF patients 213
(70.5%) were rural residents. For all the CHF patients,
118 (39.1%) had biventricular heart failure, 84 (27.8%)
had faced left-sided heart failure, and the remaining 100
(33.1%) had faced right-sided heart failure. For the reason
that HF is not a disease by itself, patients with HF have
other causes, out of this cause of heart failure for patients,
96 (31.8%) were by VHD, 42 (13.9%) were by HHD, 26

Table | Results of Descriptive Measures of Categorical Variables of CHF Patient’s Data Taken at FHRH from 20162018

Characteristics Category No. of Patients (%) Observed Events (%) Mean of PR
Gender Female 168 (55.6) 29 (17.3) 87.25
Male 134 (44.4) 74 (55.2) 90.20
Residence Rural 213 (70.5) 82 (38.5) 88.58
Urban 89 (29.5) 21 (23.6) 88.15
Type of CHF of patients Left side failure 84 (27.8) 30 (35.7) 87.42
Right side failure 100 (33.1) 37 (37.0) 89.46
Biventricular failure 118 (39.1) 36 (30.5) 88.40
Etiology of heart failure VHD 96 (31.8) 31(32.3) 87.27
HHD 42 (13.9) 13 (31.0) 86.44
IHD 26 (8.6) 8 (30.8) 91.87
Cor-pulmonale 35 (11.6) 14 (40) 91.24
Dilated Cardiomyopathy 66 (21.9) 22 (33.3) 88.68
Other etiology’s 37 (123) 15 (40.5) 88.46
NYHA class Class Il 50 (16.6) 7 (14.0) 86.43
Class lll 106 (35.1) 22 (20.8) 87.26
Class IV 146 (48.3) 74 (50.7) 90.00
Diabetes Mellitus No 266 (88.1) 94(35.3) 88.50
Yes 36 (11.9) 9(25.0) 88.10
Hypertension No 229 (75.8) 56 (24.5) 88.30
Yes 73 (24.2) 47 (64.4) 88.99
Pneumonia No 231 (76.5) 63 (27.3) 87.82
Yes 71 (23.5) 40 (56.3) 90.50
Chronic Kidney Disease No 256 (84.8) 80 (31.3) 88.48
Yes 46 (15.2) 23 (50.0) 88.25
Anemia No 239 (79.1) 75(31.4) 88.08
Yes 63 (20.9) 28(44.4) 89.75
Censoring status Censored 199 (65.9)
Event (default) 103 (34.1)
Mean age (Std.dev) in year 47.88(19.116)
Mean weight (Std.dev) in kilogram 56.95 (8.239)
Mean LVEF (Std.dev) in % 51.12 (15.02)

Abbreviations: CHF, congestive heart failure; HHD, hypertensive heart disease; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; VHD, valvular heart

disease.
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(8.6%) were by IHD, 35 (11.6%) were by cor-pulmonale,
66 (21.9%) were by dilated cardiomyopathy and the
remaining 37 (12.3%) patients were by other etiologies.
When we observed the NYHA class of CHF patients, 50
(16.6%) of them were NYHA class II, 106 (35.1%) were
class 111, 146 (48.3%) were class IV. Furthermore, from the
comorbidities of heart failure patients, 73 (24.2%) were
suffering from hypertension, 36 (11.9%) from diabetes
mellitus, 71 (23.5%) from pneumonia, 46 (15.2%) from
coronary kidney disease and 63 (20.9%) had anemia.

Out of the total 302 CHF treatment followers, about
55.2% male respondents defaulted from treatment and the
remaining were censored. On the other hand, about 17.3%
female respondents defaulted and the remaining respon-
dents were censored. Based on the patient’s residence, out
of 213 rural and 89 urban patients, 38.55% and 23.6% of
the respondents had an occurrence of an event, respec-
tively. When we saw NYHA class of CHF patients,
NYHA class II, 14.0%, NYHA class III, 20.8%, and
NYHA class IV, 50.7% of respondents were at default.
The mean pulse rate of female and male patients was 87.25
and 90.20, respectively. The remaining variables are
described in the same way.

The mean of baseline age, weight, and left ventricular
ejection fraction of patients were 47.88 years (with
a standard deviation of 19.116 years), 56.95 kilograms
(with a standard deviation of 8.239 kilograms) and
51.12% (with a standard deviation of 15.02%), which
means that averagely 51.12% of blood in the left ventricle
is pushed out with each heartbeat respectively (see
Table 1).

Exploratory Data Analysis

Exploratory data analysis was conducted in order to inves-
tigate various associations, structures and patterns exhib-
ited in the data set. In addition, the individual profile plots
and mean structure plots were obtained in order to gain
some insights of the data. To understand the association
between repeat measured pulse rate and observation time,
individual profile plots were employed. Individual profiles
demonstrate the variability (within and between patients)
in pulse rate counts per minute of heart failure patient’s. It
indicates that the need for random intercept, patients
started differently at a different baseline pulse rate. In
addition to random intercepts, there is also a need for
random slopes to allow subjects to have different slopes
and account for the instability between subject variability

at different time points. To explore the mean change of
pulse rate measure over time LOESS smoothing techni-
ques over individual profile plots was used since we have
unbalanced longitudinal data. The bold red line LOESS
smoothing technique suggests that the mean structure of
the variable is nearly linear (ie, the relationship between
pulse rate and time seems to be linear). The plotted pro-
files tend to generate a linear decreasing pattern, which
rationalizes the use of linear mixed effects model to ana-
lyze the trajectory of pulse rate (Figure 1).

Similarly, we explore the mean plot of pulse rate over
time to describe the longitudinal change in pulse rate of
CHF patients. The figure revealed that there seems a slight
decrease in average pulse rate over time (Figure 2).

Separate Analysis of Longitudinal Data

As can be observed from Table 2 below, the analysis of the
longitudinal data was based on linear mixed effects model
incorporates patient-specific pulse rate variability. In this
model, among the six predictors included in the model
age, gender, left ventricular ejection fraction (LVEF),
NYHA Class 1V, and follow-up time were statistically
significant. The random effect part of the above table
indicates how the evolution of pulse rate for the ith sub-
jects deviates from the average evolution in the popula-
tion. The results showed that the variance and covariance
of the random effects are significantly different from zero.
This indicates that the pulse rate values at baseline vary
across subjects and the change of pulse rate measured over
time varies between subjects (see Table 2).

Separate Analysis of Survival Data

Among the candidate variables considered for building
multivariable Cox, the stepwise procedure picked up six
variables, weight, gender, NYHA class, presence of hyper-
tension, presence of pneumonia, and presence of coronary
kidney disease. The proportional hazards assumption
asserts that the hazard ratios are constant over time. That
means the risk of failure must be the same no matter how
long the subjects have been followed. In order to test this
assumption global tests were used.

The results of the separate survival models are pre-
sented in Table 3. In this separate analysis of the Cox
regression model, the gender of CHF patients, NYHA
class (IV) patients, patients who had hypertension, pneu-
monia, and CKD were positively associated with default-
ing time. However, the weight of patients was negatively
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Table 2 Parameter Estimation of Linear Mixed Model for CHF Patient’s Data Taken at FHRH from 2016-2018, with (UN)

Covariance Structure

Parameter Estimate SE 95% ClI p-value
Intercept 97.4476 3.2803 91.0126, 103.8827 <0.0001
Observation (follow up) time —0.2761 0.0422 —0.3588, —0.1933 <0.0001
Age —0.0842 0.0317 —0.1464, —0.0221 0.0080
Gender (ref.=female)

Male 2.4439 1.2003 0.0893, 4.7985 0.0419
Pneumonia(ref.=no)

Yes 2.6245 1.4010 —0.1239,5.3728 0.0612
NYHA class (ref=class Il)

Class Il 1.1481 1.7586 —2.3019, 4.5981 0.5140

Class IV 3.3594 1.6964 0.0315, 6.6873 0.0479
LVEF —0.1095 0.0396 —0.1872,-0.0318 0.0058
Random effects Estimates Std.Err 95% Cl p-value
Intercept(Stdv(bo;)) 10.1769 0.0656 8.9490,11.5732 <0.0001
Observation time (Stdv(b);)) 0.3538 0.1676 0.2548,0.4914 0.0174
cor(bo;, bi;) —0.5261 0.2813 —0.6944,-0.303 | 0.0307
Residual 10.9695 0.0209 10.5289,11.4286 <0.0001
AIC=13275.1

Abbreviation: ref, reference category for categorical variables.

associated with defaulting time for treatment of CHF
patients at a 5% level of significance (see Table 3).

Joint Model of Survival and Longitudinal
Analysis

In many clinical studies, subjects are followed up repeatedly
and response data collected, and this response data may be
censored by time-to-event outcome. A common objective in
follow-up studies is to characterize the relationship between
longitudinal measurements and time-to-event outcomes. If
the two outcome processes are correlated, modelling the
longitudinal and event-time outcomes separately can be inef-
ficient and can lead to biased estimation. To alleviate these
problems, we fit the joint model approach for longitudinal
(pulse rate measure) and time-to-event (time to default from
treatment) data, to identify predictors that affect the two
responses and to check whether there is an association
between unobserved longitudinal outcome (PR) and time to
default of CHF patients. The result of the joint model could
be obtained by combining the selected random-intercept-and
-slope model and Cox-proportional hazard model.

Table 4 displays the results of joint modeling for the
longitudinal and survival process, the result shows that the
predictors age, LVEF, gender, NYHA class, and observation
time were significantly associated with average PR. In addi-
tion, the result shows that the predictors gender, hyperten-
sion, CKD, pneumonia, and NYHA class were significantly
associated with time to default of CHF patients in the survi-
val sub model. The estimate of the association parameter (o)
is positive (0.0307), indicating that pulse rate is positively
associated with the risk of default of patients to heart failure
treatment. This means that a decreasing trend in the pulse rate
of patients undergoing heart failure treatment significantly
reduces the risk of defaulting for those patients. Moreover,
the estimate of the association parameter in the joint analysis
is significantly different from zero, providing strong evi-
dence of association between the effects of the longitudinal
outcome on the risk of an event. We also observed that the
random effect parameter estimates for joint model analysis. It
shows that the variation of the random intercepts was higher
than the random slope, which implies a higher baseline

difference. The output also displays the correlation
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Table 3 Results for Predictors of Separate Survival Model Time to Default from Treatment of CHF Patients with FHRH from 2016-2018

Parameters Estimates SE HR (95% CI) p-value
Gender (ref.=Female)

Male 1.3474 0.2229 3.8474 (2.4854,5.9556) <0.000 | **
Baseline Weight —0.0327 0.0117 0.9679 (0.9460,0.9903) 0.005 |*+*
Hypertension (ref.=no)

Yes 0.96902 0.20585 2.6354 (1.7604,3.9451) <0.000 I **
CKD (ref.=no)

Yes 0.63992 0.24216 1.8963 (1.1797,3.0482) 0.00823 **
NYHA Class (ref. = Class Il)

Class Il 0.47794 0.43873 1.6128 (0.6825,3.8108) 0.27598

Class IV I.12101 0.40050 3.068 (1.3994,6.7260) 0.00513 **
Pneumonia (ref.=no)

Yes 0.53431 0.20546 1.7063 (1.1407,2.5523) 0.0093 I*#*
AIC=990.206

Note: **Indicates the significance of covariates at 5% level of significance.

coefficient between the random intercept and the random
slope, which indicates that the slope of time and intercept
are dependent because of the dependence of the slope and the
intercept of each individual. Therefore, the variability
between patients in intercept was 100.2722, the variability
between patients in slope was 0.1219, the correlation
between intercepts and slope were —0.5468, which indicates
that there is a negative correlation between the intercept and
slope of linear time effect for the random part and the
variability within patients were 120.7801 (see Table 4).

Comparison of Separate and Joint Models
In both the longitudinal submodel and separate longitudi-
nal model follow-up times, age, gender, LVEF, and NYHA
class IV were statistically significant predictors. However,
the longitudinal submodel has a narrow confidence inter-
val, which indicates its standard error is small for all
significant predictors compared to the separate models. In
the survival sub-model of the joint model, except weight,
all predictors included in the model were significantly
associated with the hazard of defaulting. When evaluating
the overall performance of both the separate and joint
models in terms of model parsimony and goodness of fit,
the joint model was preferred as it has a smaller total AIC
than the separate model. Moreover, the statistical signifi-
cance of the association parameter is evidence that the
joint model is better than the separate models.'* As
(Table 4) revealed, the estimate of the association

parameter in the survival sub-model analysis under the
joint model was significantly different from zero, this
that the
Therefore, the joint model was found preferable to fit the

indicates two outcomes were correlated.

data better over the separate one.

Discussion

In this study, three different models were explored, the linear
mixed effects model, a Cox proportional hazard model for each
outcome independently, and joint modeling of the two out-
comes together (ie longitudinal and survival). Since joint
model building usually starts from separate models for each
component, initially each data was analyzed separately. Such
a separate analysis is preferred for several reasons. Firstly, it
helps to specify the mean response of the model. Secondly, the
random effects to be included in the longitudinal model can be
easily determined, and thirdly, the initial values to be provided
for the joint models can be obtained.

After the most suitable separate models had been decided
for the data, the proposed joint models were applied to the data,
with the aim of investigating the effects of repeat
measured pulse rate measurements on time-to-default. In the
longitudinal sub-model age, left ventricular ejection fraction,
follow-up time, gender, and patients with NYHA class IV are
statistically associated with the progression of pulse rate. An
increment in the progression of pulse rate over follow-up time
indicates the severity of the disease, whereas the decrease in the
evolution of the longitudinal measured pulse rate indicates the
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effectiveness of the treatment (reduction in severity of the
disease). In this study, follow-up time had a significant negative
effect on the average evolution of pulse rate. Patients with
more follow-up time made a particular decrease in pulse rate
(P <0.0001). Which means a follow-up time in months reduces
the severity of the disease.

When the age of a patient increases by one year, the
average pulse rate of patients is decreased by 8.88%, while
all other predictors are held constant (P = 0.0040). This

7116 which showed

finding is in line with other studies,
that ages were found to be negatively associated with the
average evolution of PR.

When the left ventricle ejection fraction of patients is
increased by one unit, the average pulse rates of patients are
decreased by 11.10%, while all other predictors are held con-
stant (P = 0.0043). This means that if pushed out blood in the
left ventricle in each heart beat increased by one percent, the
average pulse rate of patients deceased by 11.10%. This finding
is in line with other studies,7’11 which showed that LVEF were
found to be negatively associated with the average evolution of
pulse rate. However, our finding contradicts the earlier study
by Nesbitt et al'” which shows no evidence of an association
between left ventricular ejection fraction and quality of life of
HF patients.

Among New York Heart Association classes (NYHA
class), NYHA class IV patients were found to have
a significant difference compared to NYHA class II patients
(P =0.0442). This implies that the progression of the average
pulse rate of NYHA class IV patients starting CHF treatment
were higher by 3.3619 than those NYHA class II patients. This
finding is in line with other studies,” which showed that NYHA
class was positively significantly associated with PR.
Moreover, this finding is in line with the previous finding by
Nesbitt et al'” which shows that a higher NYHA class reduced
the quality of life of CHF patients.

The average pulse rate of male patients is greater by 2.5063
compared to female patients, while other covariates are kept
constant (P =0.0335). This result also conforms to the result of
Nesbitt et al'” which shows that male gender is associated with
reduced quality of life of CHF patients. However, our study

716 which showed that female

contradicts earlier studies,
patients had a higher pulse rate than males during the follow-
up. However, in our finding male patients have a higher sig-
nificant effect in the evolution of the average pulse rate of
patients compared to female patients.

In the survival submodel, male gender, hypertension,
CKD, pneumonia, and NYHA class IV are significantly

associated with the hazard of defaulting from treatment.

Male patients were associated with a risk of default (HR =
3.8958, 95% CI: 2.4771, 6.1272, P =< 0.0001) that was
a 3.8958 times higher risk of default compared to female
patients holding other covariates in the model constant.
This result was supported by most other studies,'® which
showed female patients had a slightly higher survival
probability than male patients. This study was also in

line with the studies'® 2°

which indicates that male gender
had a significant effect on mortality among heart failure
patients. However, our study contradicts with an earlier

study,?!

which showed no significant differences in mor-
tality among gender of heart failure patients.

The estimated risk of defaulting for a patient with
NYHA class (IV) compared to NYHA class (II) patient
is (HR = 4.1152, 95% CI: 1.6251, 10.4210, P = 0.0028),
indicating that the hazard rate of defaulting from treatment
for NYHA class (IV) patients is around four times higher
than NYHA class (II) patients, holding other covariates in
the model constant. This result agress with a previous
study,'” which indicates that higher NYHA class patients
had a higher risk of death.

The estimated risk of defaulting for a heart failure patient
with the presence of hypertension is (HR = 2.7563, 95% CI:
1.8265, 4.1594, P =< 0.0001), This indicates that the risk of
defaulting for hypertensive patients were 2.7563 times higher
compared to non-hypertensive patients keeping other variables
constant. This finding is in line with previous findings* ©
which showed hypertension was positive and significantly
associated with the prevalence of HF. Likewise, estimated
risk of defaulting for CHF patients with presence of pneumonia
and CKD as co morbidities was higher (HR = 1.6449, 95% CI:
1.0895, 2.4833, P = 0.0179), (HR = 1.7762, 95% CI: 1.0906,
2.8930, P = 0.0210), respectively. This indicates that the risks
of defaulting for pneumonic and CKD patients were 1.6449
and 1.7762 times the risk of defaulting for a patient who had no
pneumonia and CKD, respectively, keeping other variables
constant.

Furthermore, the estimated value for the association para-
meter () in the joint model is 0.0307 and the hazard ratio is
1.0311 (with 95% CI: 1.0033, 1.0597) and statistically signifi-
cant (p-value = 0.0278). This indicates that there is strong
evidence of association between the effects of the longitudinal
biomarker to the risk of default. For a unit change in the true
value of the repeated measure pulse rate, the relative change in
the risk of defaulting is 1.0311 while other variables are kept
constant. The results indicate that lower values of pulse rate are
associated with better survival, which is in line with the
findings,'""'**® higher resting heart rate was predictive of
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earlier mortality and heart rate reduction is associated with
improved clinical outcomes in heart failure patients, which is
in line with the findings,''®* higher resting heart rate is
predictive of earlier mortality and heart rate reduction is asso-
ciated with improved clinical outcomes in heart failure
patients. This finding contrasts with the previous finding®*
which showed that a joint effect of both the mean number of
abnormal heart rate (pulse rate) measurements and the risk of
re-hospitalization ~ were not
(p =0.1650).

statistically ~ significant

Limitation of the Study

A limitation of the study is that limited secondary data
were used. Consequently, important variables such as body
mass index, alcoholism, marital status, education level,
and smoking status are not available in the patients’ charts;
we have not used such variables in our research.

Conclusion

The study investigated and identified factors that are associated
with the longitudinal measure PR and defaulting time of CHF
patients from treatment in Felege-Hiwot Referral Hospital
using both separate and joint model analysis. For this specific
study, the joint model was the better fit than the separate
survival and longitudinal models. Longitudinal sub-models
showed that: age, LVEF, follow-up time of the patients, gender,
and NYHA class were significant predictors of the progression
change of pulse rate. Since follow-up time of patients had
a negative impact, we conclude that the rate of progression of
pulse rate decreases over time. Moreover, the survival sub-
model showed that CKD, hypertension, pneumonia, NYHA
class, male gender, and unobserved true PR were positively
associated with the time to default. When evaluating the overall
performance of both the separate and joint models in terms of
model parsimony, goodness of fit, smaller total AIC, and the
statistical significance of association parameters, the joint
model performs better. Thus, we concluded that the joint
model was preferred for simultaneous analyses of repeated
measurement and survival data.
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