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Background: Heart rate is a significant modifiable factor in lowering mortality in heart failure patients. The heart rate, often known as
the pulse rate, is the number of times the heart beats in a given amount of time. Irregular pulse rate or heart block are all measured
using heart rate data. A higher heart rate has been associated with worse clinical outcomes. The main purpose of this study was to
identify factors associated with the longitudinal pulse rate of congestive heart failure patients.
Methods: Hospital-based retrospective studies were conducted among 249 congestive heart failure patients who were 18 years old or
older and who were on treatment follow-up from first February 2016 to thirty-one December 2017 in Felege Hiwot Referral Hospital,
Bahir Dar, Ethiopia.
Results: Data were explored using descriptive statistics, individual and mean profile plots, and analyzed using linear mixed models.
Out of the total 249 patients, 139 (55.8%) were females. The majority 179 (71.9%) of the CHF patients were rural residents. 65
(26.1%) patients had Hypertension, 30 (12.5%) patients had Diabetes Mellitus, 58 (23.3%) patients had Pneumonia. Thus age, LVEF,
follow-up time in a month had a negative significant effect whereas NYHA class, male gender, pneumonia had a positive significant
effect on the average evaluation of pulse rate of patients. The time interaction effect of NYHA Class (Time* NYHA Class), and LVEF
(Time*LVEF) had a significant effect on average pulse rate evolution.
Conclusion: The variables age, LVEF, and follow-up time were negatively associated whereas, male gender, NYHA class, and
presence of pneumonia were positively associated with the progression change of pulse rate of patients rate of progression of pulse rate
decreases over time. Furthermore, health professionals give more attention to patients who are NYHA class IV, had low LVEF,
pneumonic patients to reduce pulse rate during the follow-up time.
Keywords: pulse rate, chronic heart failure, longitudinal analysis, linear mixed model

Introduction
Heart rate (HR) is a significant modifiable factor in lowering mortality in heart failure patients.1 The heart rate, often
known as the pulse rate, is the number of times the heart beats in a given amount of time. Irregular pulse rate or heart
block are all measured using heart rate data.2 A higher heart rate has been associated with worse clinical outcomes,
higher heart rate has been associated with worse particularly in individuals with existing cardiovascular disease.3

Elevated HR is indicative of poor outcomes.4

Chronic heart failure (CHF) is a multi-symptom illness that can develop as a result of any structural or functional
cardiac problem. It’s a common clinical syndrome that develops as a result of any structural or functional cardiac disease
that reduces the heart’s ability to pump blood.5 It is a chronic condition that develops over time in which one or both
ventricles cannot pump sufficient blood to meet the metabolic needs of the body. In some cases, the heart cannot fill with
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enough blood (systolic heart failure); in other cases, the heart cannot pump blood to the rest of the body with enough
force (diastolic heart failure).6

Heart failure remains a serious clinical and public health problem as the total number of patients living with heart
failure is increasing. Worldwide, on average 64.3 million individuals were having heart failure. In developed countries,
the prevalence of heart failure is generally estimated at 1% to 2% of the general population.7 Preventable Causes of heart
failure, such as rheumatic heart disease and hypertension, disproportionately impact low-income countries. However,
most heart failure patients find it difficult and problematic to receive the necessary treatment due to financial
constraints.7,8

In Africa, around 3% to 7% of individuals admitted to hospitals suffer heart failure.9 CHF is one of the biggest public
health challenges in Sub-Saharan Africa (SSA), and it is linked to high morbidity and mortality, high rates of recurrent
hospitalization, poor quality of life, and economic productivity loss because it primarily affects young and economically
active adults.8 Although evidence on frequency and incidence in the region is scarce, the known causes include
hypertension, cardiomyopathies, rheumatic heart disease, as well as ischemic heart disease in rare cases.10 Most patients
with CHF in SSA find it difficult to afford the basic treatment because of financial constraints. As a result, maintaining
frequent follow-up visits is difficult for them, resulting in premature deaths.8 According to WHO, CHF is responsible for
about 9% of all fatalities in Ethiopia.11

Despite improvements in treatment, CHF is attributed to several negative clinical outcomes and is one of the
leading causes of healthcare utilization.12 CHF has a high burden of risk factors and comorbidities, which is increasing
every year.7 The majority of researchers used a cross-sectional study and patient survival time following admission to
a CHF clinic to perform their research on heart failure patients. However, the clinical variable pulse rate of a patient
was treated as fixed in those researches. Pulse rate, on the other hand, is monitored throughout time and is not
constant. For chronic heart failure patients, time-updated heart rate is more strongly related to adverse cardiovascular
outcomes than baseline heart rate. Heart rate should be measured to assess CHF risk at all assessments of patients at
any follow-up time. Due to the presence of correlated nature of observations in the repeated measurements, the linear
mixed model takes into account change over time and can identify variability (within and between) subjects, due to
this reason this study is considered longitudinal data analysis. In medical science studies, a response of interest is
observed on each subject repeatedly over time, which is a longitudinal study. However, in cross-sectional studies, the
response of interest is measured only once for each individual. Longitudinal studies are used for the investigation of
individual changes over time.13 Having this statement of the problem and using the candidate model, we mainly aimed
to identify factors that affect longitudinal measure pulse rate of chronic heart failure patients at Felege Hiwot Referral
Hospital.

Materials and Methods
Study Design, Period, and Setting
This study was carried out using a retrospective cohort study design based on data obtained at the FHRH Outpatient
Department during the follow-up time of 1st February 2016 to thirty-one December 2017 from Felege Hiwot Referral
Hospital, Bahir-Dar, Amhara, Ethiopia. Felege Hiwot referral Hospital found in Northwest of Ethiopia. It is 578
kilometers away from Addis Ababa, the capital city of Ethiopia. It is a tertiary referral and teaching hospital with 400
beds and around 15 adult outpatient departments that serve over 7 million people in the surrounding area.

Source Population, Study Population, and Source of Data
In this study, we used a secondary source of data. The data extracted from patients’ charts, which contains epidemio-
logical, laboratory, and clinical information of all CHF patients under follow-up including a detailed heart failure history
and socio-demographic variables. The study population included patients whose age was 18 years old and above
attending at least for 8 months (a minimum of two follow-up visits) for refilling their prescription, and who are initiated
on treatment during the study period. The data was collected by health care service providers of CHF clinics. Ethical
clearance was obtained from the ethical review committee of the Debre Tabor University.
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Study Variables
The response (outcome) variables considered for this study were the longitudinal pulse rate - the number of heartbeats
per minute measured every 4 months irrespective of their visit to CHF patient Clinic.

The predictor variables associated with repeated measure pulse rate among CHF patients are either socio-
demographic variables or clinical variables. The predictor variables were used in this study were Gender, Residence,
Age, Observation time, Etiology, New York Heart Association of CHF patients (NYHA class), left ventricle ejection
fraction (LVEF), Weight, Presence of Diabetes Mellitus, Presence of Hypertension, Presence of Pneumonia, Presence of
Chronic Kidney Disease, Presence of anemia.

Data Processing and Analysis
Data management had been done by SPSS, R, and SAS statistical software. SPSS version 25.0 had been used for data entering.
The statistical analysis was performed using R version 4.0.3 and SAS 9.4. Descriptive statistics were used to explain the baseline
characteristics. A Linear mixed model was used to examine the relationships between the dependent (longitudinal measure pulse
rate) and independent variables. In univariate analysis, all significant factors were considered candidate variables for multi-
variable analysis. All of the findings were interpreted with a 5% level of significance and a 95% level of confidence.

Missing Data Treatment
Multiple imputations are the popular method for handling missing values of our data. It replaces each missing item with
five or more acceptable values, representing a distribution of possibilities.14 The advantage of the method is that once the
imputed data set has been generated, the analysis can be carried out using procedures in virtually any statistical package,
which makes the analysis simple.

Ethical Considerations
The data used in this study was previously obtained by medical personnel for the goal of treating/diagnosing heart failure
and initiating follow-up care. The study was conducted according to the guidelines of the Declaration of Helsinki and
approved by the Ethical Approval Committee of facility of natural and computational science, Debre Tabor University,
Ethiopia, with reference number RCS/121/2019, was received to use this previously gathered data.

Results
Sample Characteristics
The data consists of 249 congestive heart failure patients treated under CHF treatment follow- up in a two-year study
period at Felege Hiwot Referral Hospital (FHRH), Bahir Dar, Amhara, North Western Ethiopia.

In this study, the response variable was pulse rate measured per minute of CHF patients, which were measured
approximately every 4 months; at the study entry, and again at the 4, 8, 12, 16, 20, and 24-month visits. Even if the
appointment of patients is every 4 months the patient may come to follow up before this appointment time when the
severity of the disease increases. However, since the appointment of patients is every 4 months we used approximately
every 4 months to follow up measures of pulse rate.

Three continuous baseline covariates and nine categorical covariates were included in the analysis. Table 1 shows the
result of characteristics of categorical predictor variables of CHF patients. Out of the total 249 patients, 139 (55.8%) were
females and the remaining 110 (44.2%) were males. The majority 179 (71.9%) of the CHF patients were rural residents.
For the reason that HF is not a disease by itself patients with HF have other causes, we observe that from etiology (cause)
of heart failure for patients 86 (34.5%) were by VHD, 37 (14.9%) were by HHD, 29 (11.6%) were by Cor-pulmonale, 54
(20.5%) were by Dilated Cardiomyopathy and the remaining 46 (18.5%) of patients were by unknown etiology. When we
observed the New York Heart Association class of CHF patients 44 (17.7%) of them were NYHA class II, 88 (35.3%)
were class III, 117 (47.0%) were class IV. Furthermore from the co-morbidities of heart failure patients, 65 (26.1%) were
had Hypertension, 30 (12.5%) were with Diabetes Mellitus, 58 (23.3%) were with Pneumonia, 39 (15.7%) were with
Coronary Kidney Disease and 29 (23.7%) were had Anemia (Table 1).
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Table 2 displays baseline characteristics of baseline PR and continuous variable age, weight, and LVEF of CHF
patients. The mean with a corresponding standard deviation of baseline PR, baseline age, weight, and Left Ventricular
Ejection Fraction of patients were 92.98± 16.444, 47.41±19.474 years, 56.57±8.559 kilogram, and 51.15±14.852%,

Table 1 Results of Descriptive Measures of Categorical Variables of CHF Patient’s Data Taken at FHRH from 2016–2018

Characteristics Category Number of Patients
(%)

Mean of PR Std.dev.

Gender Female 139 (55.8) 88.01 14.639

Male 110 (44.2) 90.59 15.136

Residence Rural 179 (71.9) 89.21 15.139

Urban 70 (28) 88.78 15.182

Etiology of heart failure VHD 86 (34.5) 87.85 16.056

HHD 37 (14.9) 87.09 14.175

Cor-pulmonale 29 (11.6) 91.67 13.609

Dilated Cardiomyopathy 51 (20.5) 89.58 15.154

Unknown etiology’s 46 (18.5) 90.53 15.182

NYHA class Class II 44 (17.7) 86.69 13.688

Class III 88 (35.3) 87.67 14.520

Class IV 117 (47.0) 90.96 15.361

Diabetes Mellitus No 219 (88.) 89.03 14.913

Yes 30 (12.0) 89.45 14.809

Hypertension No 184 (73.9) 88.95 14.691

Yes 65 (26.1) 89.51 15.582

Pneumonia No 191 (76.7) 88.41 14.903

Yes 58 (23.3) 91.19 14.699

Chronic Kidney Disease No 110 (84.3) 89.08 14.634

Yes 39 (15.7) 89.11 16.366

Anemia No 190 (76.3) 88.72 15.182

Yes 29 (23.7) 90.33 13.819

Abbreviations: HHD, Hypertensive Heart Disease; IHD, ischemic heart disease; NYHA class, New York Heart Association class; VHD, valvular heart disease.

Table 2 Baseline Characteristics of Continuous Variable of CHF Patient’s Data Taken at FHRH from 2016–2018

Variables N Minimum Maximum Mean Std.dev

Baseline PR 249 48 140 92.98 16.444

Age in years 249 18 85 47.41 19.474

Weight in kg 249 35 80 56.57 8.559

LVEF in % 249 13 85 51.15 14.852

Abbreviations: PR, Pulse rate; LVEF, Left Ventricular Ejection Fraction; Std.dev, standard deviation.
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which means that averagely 51.15% of the blood in the left ventricle is pushed out with each heartbeat respectively
(Table 2).

Normality Assumption Checking for Pulse Rate
Before any data analysis, the assumptions of the data must be checked and hence the Q-Q plots, histogram, and formal
test were used to check the normality of the longitudinal measures PR.

Figure 1 depicted the Q-Q plot for actual pulse rate data, which showed that the actual pulse rate data seems to satisfy
the assumption of normality as the points fall close to the line.

Figure 2 shows a histogram with a normal curve plot of PR data. We can see that the actual pulse rate data has
attained normality (Figure 2). This also coincides with the formal approach normality test (Table 3) Shapiro–Wilk test of
pulse rate at each measurement time. There is significant evidence of normality since the statistical value is close to one
and the p-value is greater than 0.05%. Thus, the analysis of this study uses the original pulse rate data (Table 3).

Exploratory Data Analysis (EDA)
Exploratory data analysis was conducted to investigate various associations, structures, and patterns exhibited in the data
set. This includes the individual profile plots and mean structure plots.

The individual profiles plot (Figure 3) visualizes the pattern change of the overall individual plots pulse rate
measurements of patients over time. It demonstrates the variability (within and between patients) in pulse rate measure-
ments of CHF patients. It indicates the need for random intercept, patients started differently at different baseline pulse
rates. In addition to random intercept, there is also a need for random slope to allow subjects to have different slopes and
account for the instability between-subject variability at different time points.
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Figure 1 Q-Q plots for the actual pulse rate of CHF patients.
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Exploring the Mean Structure
We explore the mean plot of pulse rate over time to describe the longitudinal change in pulse rate measures of CHF
patients. Figure 4 revealed that there seems to be a slight decrease in the average pulse rate of patients at follow-up time.
As depicted in the figure below, the sample sizes at each seven follow-up times were (249, 249, 235, 195, 158, 120, and
90) respectively. There is a sharply increasing degree of missing data over time. It may be due to recovery, deaths,
dropouts, missed clinic visits, or transferring to another hospital. Although observations are removed when a value is
missing, each observation represents just one of many responses within an individual, so the removal of a single
observation has a much smaller effect in the mixed-modeling analysis.15 Therefore, to handle these missing data multiple
imputation methods of missing data treatment were used and allayed by using linear mixed model analysis (Figure 4).

The individual profile plot of longitudinal pulse rate by different subgroups was also displayed. As we see from
Figure 5, the mean profile shows the average PR of male Patients higher than female patients through time. There is high
variability in the evolution of PR between male and female patients between 16 to 20 months of follow-up (Figure 5).
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Figure 2 Histogram plot of PR with normal curves for CHF patients’ data at FHRH.

Table 3 Shapiro–Wilk Tests of Normality Assumption for CHF Patients Data at FHRH

Follow-Up Time (in Months) Statistics DF Sig.

0 0.991 302 0.062
4 0.991 302 0.054

8 0.990 278 0.052

12 0.988 231 0.054
16 0.986 186 0.060

20 0.987 139 0.233

24 0.987 106 0.287

Abbreviations: Sig., significance level; DF, degree of freedom; Statistics, statistical value.
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There may be no significant effect between gender and time on the evolution of PR over time. From the three NYHA
class subgroups, there seems to be a difference between NYHA class subgroups at baseline since the average evaluation
of PR for NYHA class IV patients seems to have more pulse rate count per minute compared to NYHA class III and
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Figure 3 Individual profile plot for CHF patients under follow-up.
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Figure 4 Mean profile plot of the pulse rate of CHF patients.
Note: In addition to mean value of PR in each follow-up time, in each follow-up time the blue color shows the third quartile, and first quartile of PR.
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NYHA class II patients. There is also a pulse rate difference between subgroups through follow-up time. This difference
may indicate a time by NYHA class interaction (Figure 6).

These plotted mean profiles by subgroups of covariates also indicate a linearly decreasing pattern, which rationalizes
the use of a linear mixed model with random intercept and linear slope to analyze the trajectory of PR count per minute.

Following the observations in the exploratory data analysis, good models that best describe the observed average
trends, and reflect the observed correlation structures were sought for the data sets. From the possible covariance
structures in fitting the linear mixed model based on the maximum likelihood (ML) and restricted maximum likelihood
(REML) covariance parameter estimation the minimum AIC and BIC values are preferred and become the covariance
structure and used to model the residual error. The covariance structure, which has the smallest Values of AIC (10296.5)
and BIC (10395.0), is unstructured. Table 4 suggests that the unstructured covariance structure with random intercept and
slope model best fits the data compared to the remaining covariance structures (Table 4).

Figure 5 The mean profile plot of pulse rate by gender for CHF patient’s data under follow-up.
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In longitudinal data analysis, which random effect shall be included in the model to account for individual variability
is also a critical and basic issue. To select the most appropriate random effect model several hierarchical or subject-
specific models for studying longitudinal evolution are illustrated and compared. The summary of the linear mixed-effect
model which was modeled by considering different random effects (random intercept, random slope, random Intercept
and slope) is shown in Table 5. Hence, we consider model 3 (the model with random intercept, and linear time slope) as
the most parsimonious model based on its lower values of AIC (10330.88) and BIC (10392.81) (Table 5).

The model-building process was carried out by selecting covariates that have the potential effect on the response
variable. In this study, model building starts from a single covariate analysis approach of first doing a single covariate
analysis to screen out potentially significant variables for consideration in the multivariable model to identify the
importance of each predictor. Hence, passing through procedures, the model that included the covariates follow up

Figure 6 The mean profile plot of pulse rate by NYHA class for CHF patient’s data under follow-up.
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time in a month, age, gender, pneumonia, NYHA class, LVEF, Time *LVEF, and time*NYHA Class with subject-specific
random intercept and the random slope was considered for the final fitted linear mixed model.

All the eight predictors including time interaction with LVEF, and NYHA Class of patients in the model were
statistically significant at a 0.05 level of significance. The estimate of average PR at intercept (time=0) and excluding all
covariates in the model is 97.5255 (P-value <0.0001). Observation (follow-up) time was negatively associated with the
average PR of patients, which means if patients were to repeatedly follow up the treatments in the hospital the average
pulse rate would decrease by 0.2871 (P<0.0001).

The time interaction effect of NYHA Class (time* NYHA Class), and LVEF (time*LVEF) were significant. The
interaction effect of the NYHA class by the time had a significant progression change on patients’ pulse rate. That is,
patients with NYHA class III by visit time, and class IV by time interaction decreased the progression change of pulse
rate by 69.5% and 46.52% respectively, as compared to patients with NYHA class II by time interaction. LVEF by time
interaction has a significant progression change on the pulse rate of patients such that increasing the LVEF by a visit time
interaction had increasing progression change by 0.78%by controlling the other covariates.

The random effect component (Table 6) shows how the ith subject’s pulse rate evolution differs from the population’s
average evolution. The estimate for the intercept shows us how much the intercepts differ across subjects, and the
estimate for time tells us how much the slopes for time differ between subjects. The covariance estimate between the
intercept and time indicates how the slopes of time are affected by changes in the intercepts. The variances and
covariance of the random effects are considerably different from zero, according to the findings. This means that
baseline pulse rate values differ from subject to subject, and the change in pulse rate over time differs as well (Table 6).

Discussions
In this study, the linear mixed-effects model was used. First, the longitudinal pulse rate was checked for normality using
q-q plot, histogram plot, and Shapiro–Wilk test. The result indicates that even if the pulse rate counts per minute data is
not continuous data it is approximately normal. Therefore, there is no need for transformation and the original pulse rate
data were used for the analysis. Then, the data were analyzed using random intercept, random slope, and random
intercept-random slope model by using an unstructured covariance structure. The random intercept and random slope
model with the REML method of estimation had been selected for this study since it has a smaller AIC than the other
models. As a result age, LVEF, follow-up times had a negative significant effect whereas gender male, pneumonia, and
NYHA class IV had a positive significant e effect on the progression of the pulse rate of patients.

In a real-world setting, a follow-up clinical outcome is strongly associated with a lower risk of mortality and
hospitalization outcomes. A high heart rate is associated with increased cardiovascular risk.16 Multiple studies have
shown that heart rate reduction is associated with improved clinical outcomes in heart failure patients. In patients with
cardiovascular disease increased HR represents an important indicator of mortality.17

Table 4 Comparison of Variance-Covariance Structure for Linear Mixed-Effects Model

Information Criteria Covariance Structures

UN CS AR (1) TOEP

−2 Res Log Likelihood 10240.5 10354.9 10339.6 10292.8

AIC 10296.5 10358.9 10343.6 10306.8
BIC 10395.0 10365.9 10350.7 10331.4

Table 5 Selection of Random Effects to Be Included in the Linear Mixed-Effects Model

Model Random Effects AIC BIC Log-Likelihood

1 Random Intercept only 10366.31 10417.92 −5173.15
2 Random slope 10501.23 10552.83 −5240.613
3 Random intercept and Random slope 10330.88 10392.81 −5153.439
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Our study shows that follow-up times had a negative significant effect on the progression of pulse rate over time.
When patients had one more follow up the average pulse rate decreased by 0.2871 (p-value < 0.001). It was in line with
the study,18 indicating that after the intervention, the average decrease in pulse rate occurred over time.

If the age of patients increased by one year, the average PR of patients was significantly decreased by 0.0769 (p-value
= 0.0238) keeping all variables constant. This finding is in line with another study in Ethiopia,2 which showed that age
was found to be negatively associated with the average evolution of pulse rate.

When the left ventricle ejection fraction of patients is increased by one unit the average pulse rate of patients is
decreased by 0.1161 while all other predictors are held constant (P=0.0085). This means that if the pushed-out blood in
the left ventricle in each heartbeat increased by one percent the average pulse rate of patients decreased by 11.61%. This
finding is in line with another study,2 which showed that LVEF was found to be negatively associated with the average
evolution of pulse rate. But, our finding contradicts an earlier study,19 which shows that there is no evidence of the
association between left ventricular ejection fraction and quality of life of HF patients. Also, our finding is in contrast to
the previous finding,20 which shows no statistically significant evidence of the effect of ejection status on the mean
number of abnormal heart rate measurements.

For male patients, the average PR was significantly increased by 3.1049 (P-value = 0.021) as compared to female
patients keeping all other variables constant. These may be due to the male being exposed to cigarette smoking and

Table 6 Parameter Estimation of Linear Mixed Model for CHF Patient’s Data Taken at FHRH from 2016–2018

Parameter Estimate Std.Error 95% CI p-value

Intercept 97.5255 3.5665 90.5271, 104.5239 <0.0001

Observation (follow up) time −0.2871 0.0599 −0.4049, −0.1694 <0.0001

Age −0.0769 0.0340 −0.1437, −0.0102 0.0238

Gender (ref.=female)

Male 3.1049 1.3428 0.4720, 5.7378 0.021

Pneumonia (ref.=no)

Yes 4.0575 1.5612 0.9964, 7.1186 0.0095

NYHA class (ref=class II)

Class III 1.3807 1.8999 −2.3615, 5.1229 0.4681

Class IV 4.1577 1.8452 0.5232, 7.7922 0.0251

LVEF −0.1161 0.0440 −0.2024, −0.0297 0.0085

Time* NYHA class

Time *NYHA class II −0.3151 0.1719 0.6517, 0.0214 0.0670

Time *NYHA class III −0.5358 0.1636 −0.8561, −0.2154 0.0011

Time*LVEF 0.0078 0.0038 0.0002, 0.0154 0.0443

Random effects

Intercept (Stdv b0ið ÞÞ 10.6871 0.0710 9.2984, 12.2831 <0.0001

Observation time (Stdv b1ið ÞÞ 0.5791 0.1163 0.4610, 0.7273 <0.0001

cor b0i; b1ið Þ −0.5719 0.1101 −0.7096, −0.3920 <0.0001

Residual 10.6849 0.0243 10.1869, 11.2072 <0.0001

Abbreviations: ref, Reference category for the categorical variables; Std.Error, standard error; CI, confidence interval; Time* NYHA class, Time with NYHA Class
interaction effect; Time *NYHA class II, Time with NYHA Class II interaction effect; Time *NYHA class III, Time with NYHA Class III interaction effect; Time *LVEF, Time
with LVEF interaction effect.
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drinking alcohol frequently. This study was in line with,21 which shows that male CHF patients had lower quality of life.
This study was not in line with the previous study,4,22 which shows that the male gender was inversely associated with
a higher pulse rate. Also, our study contradicts earlier studies,2,3 which showed that female patients had higher pulse rates
than males during the follow-up.

Among New York heart association class (NYHA class), the average PR of the NYHA Class IV patients were
significantly higher by 4.1577 (P-value = 0.0251) as compared to NYHA Class II patients keeping all other variables
constant. This indicates that the advanced/latter NYHA Class at diagnosis is associated with the higher mean change of
pulse rate measure of patients. This finding is in line with another study,2 which showed that NYHA class had a positive
significant effect on PR. Also, this finding is in line with the previous finding,19 which shows that the Higher NYHA
class reduced the quality of life of CHF patients.

The average PR of chronic heart failure patients comorbid with pneumonia was increased by 4.0575 (P-value=0.0095)
compared with non-pneumonic patients. This indicates that pneumonia is a common condition associated with substantial
morbidity and mortality since the elevation of the average pulse rate is associated with the progression of heart failure.
This study was in line with,23 the risk of heart failure increases for pneumonia patients.

Limitation
Because information on several crucial characteristics such as body mass index, alcoholism, marital status, education
level, and smoking status is not available in the patients’ charts, we did not use these variables in our research. A second
restriction is that there is insufficient literature on longitudinal outcomes.

Conclusion and Recommendation
The study investigated and identified factors that are associated with the longitudinal measure pulse rate of chronic
heart failure patients in Felege Hiwot referral hospital by using linear mixed model analyses. The result of this study
showed that age, LVEF, pneumonia, follow-up time of the patients, NYHA class, time * LVEF, and time * NYHA
classes were significant predictors of the progression change of pulse rate. The variables age, LVEF, and follow-up
time were negatively associated whereas male gender, NYHA class, and presence of pneumonia were positively
associated with the progression change of pulse rate of patients. The rate of progression of pulse rate decreases over
time. We recommended that the concerned body Health professionals, Governmental organizations and Non-
Governmental Organizations promote and allocate budgets in adequate amounts for treatment of CHF patients to
minimize the risk level of CHF, and attention should be given to NYHA class IV and pneumonic patients. Finally, in
longitudinal data analysis over time there is a dropout effect of patients from follow-up. So to show the association
factor between longitudinal and survival analysis future extension of this work that is a joint model of both models is
recommended.

Abbreviations
AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criteria; CHF, Chronic or Congestive Heart Failure;
CI, Confidence Interval; CKD, Chronic Kidney Disease; CVD; Cardiovascular Disease, FHRH, Felege Hiwot Referral
Hospital; HF, Heart Failure; IHD, Ischemic Heart Disease; LVEF, Left Ventricular Ejection Fraction; NYHA,
New York Heart Association; PR, Pulse Rate; RHD, Rheumatic Heart Disease; SPSS, Statistical Package for Social
Science; STD.DEV, Standard Deviation; SSA, Sub-Saharan Africa; VHD, Valvular Heart Disease; WHO, World
Health Organization.
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