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Background: The re-hospitalization rate of patients with heart failure remains at a high
level, and studies of the subject have focused mainly on event-time outcomes. In addition to
using re-hospitalization data with the outcomes of the event-time-count, this study introduces
the conditional frailty model, which could help obtain more reasonable results.

Materials and methods: This prospective observational cohort study enrolled 1484
patients with heart failure caused by coronary heart disease. The outcomes of heart failure
readmissions and the case report form data were collected. Based on the traditional Cox
model with event-time outcomes, the mixed effects of a conditional frailty model were added
to analyze the event-time-count longitudinal data.

Results: The Cox regression model showed that non-manual work, diastolic dysfunction,
and better medical compensation increased the risk of heart failure readmission, whereas
treatment with beta-blockers decreased the risk. The conditional frailty model further
revealed that age, female sex, non-manual work, better medical compensation, longer QRS
duration, and treatment with percutaneous coronary intervention increased the risk of heart
failure readmission.

Conclusion: This study obtained more reliable, reasonable results based on longitudinal
data and a mixed model. The results could provide more clinical epidemiological evidence
for the management of heart failure.

Keywords: heart failure, coronary heart disease, re-hospitalization, conditional frailty model

Introduction

As a leading cause of heart failure (HF) worldwide, coronary heart disease (CHD)
continues to be associated with a high level of morbidity and mortality.' Patients with
HF caused by CHD suffer from poor physical function and prolonged disease duration,
which leads to multiple hospitalizations. Re-hospitalization is a major issue for patients
with HF as it could increase the risk of death, result in a poor quality of life, and become
a huge economic burden.”* Seeking effective measures to reduce readmission has
become an important objective of HF management. Therefore, it is of great significance
to obtain an accurate assessment of re-hospitalization.

In previous studies, re-hospitalization was mostly analyzed as time-event data,
ignoring its repeatability and the counts it occurs. Moreover, there is a lack of
effective, appropriate analytical methods, so prior evaluations of re-hospitalization
were inappropriate and unable to predict with any accuracy the readmission of
patients with HE.>® In this study, we introduce the “conditional frailty model”
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which includes the event-time-count data of longitudinal
observations based on the Cox regression model. With the
assistance of this more suitable statistical method,””® we
could obtain more reasonable results for HF re-hospitali-
zation, so as to provide more epidemiological evidence for
HF management.

Methods

This was a multi-center, prospective cohort study to eval-
uate HF re-hospitalization in patients with HF caused by
CHD. From 2014 to 2017, 1484 patients were enrolled
according to inclusion and exclusion criteria from two
medical centers in Shanxi province of People’s Republic
of China. The study was conducted according to the
Declaration of Helsinki and approved by IRB of Shanxi
Medical University. All patients were provided written
consent before enrollment.

Criteria Of Inclusion And Exclusion
Patients eligible for enrollment had to meet the following
criteria: 1) age >18 years, 2) diagnosed with HF according
to the guideline3, 3) New York Heart Association (NYHA)
functional class 1I-1V, 4) diagnosis of CHD, and 5) receipt
of HF therapy in the past month. Patients were excluded if
they experienced acute cardiovascular events in the past 2
months, had a life expectancy of <1 year, or refused to
participate in this project.

Data Collection

In-hospital information of patients was collected in accordance
with the chronic heart failure case report form (CHF-CRF) that
was formulated by our research group according to the con-
tents of case records and the guideline for HF.> CHF-CRF
included the patient’s age, sex, NYHA class, occupation,
health insurance, current smoker, family history, blood pres-
sure, body mass index (BMI), heart rate; presence of diabetes,
hypertension, atrial fibrillation, renal insufficiency; laboratory
test results. Health insurance was divided into urban and rural
health insurance according to the national policies of People’s
Republic of China based on the patient’s occupation and
residence. Urban health insurance covers about 80% of hospi-
talization expenses, whereas rural health insurance covers only
60%. Indicators for echocardiography and electrocardiogra-
phy (ECG) performed in hospital were also recorded on the
CHF-CREF. Echocardiography was recorded along with stan-
dard and tissue Doppler imaging. LVEF was quantified by
Simpson’s method. Early (E) and late (A) diastolic mitral
inflow velocities were measured. E/A values of <l or >2

indicated diastolic dysfunction. QRS duration and time of
QT were measured manually from the limb leads using stan-
dard 12-lead ECG (25 mm/s). Information on therapy includ-
ing drug therapy and percutaneous coronary intervention
(PCI) was also recorded on the CHF-CRF.

All patients were followed up routinely at 6-month
intervals after discharge by telephone until December 31,
2018. The telephone follow-up was conducted by trained
specialists to record HF re-hospitalization information.
When patients were reported to be involved in readmission
events, the CHF-CRF form was used to collect corre-
sponding information from the medical records.

Statistical Analysis

Continuous variables are presented as meanststandard
deviations (SD) and 95% confidence intervals (Cls) or
mediantinterquartile range. Categorical variables are
expressed as proportions. Continuous variables were com-
pared using independent #-tests for normality distribution
and rank-sum test for non-normality distribution. The chi-
square test was used to compare the rates.

Cumulative re-hospitalization rates for various time
periods were derived from the number of re-hospitalized
patients during the period divided by the total number of
patients. The probability of hospitalization was plotted
using the cumulative incidence function. Time was mea-
sured from one hospital discharge to the next admission.

“Listwise deletion” was adopted for missing values.
We deleted variables that missing more than 15%. In
addition, we added the missing data with missForest.

To evaluate HF re-hospitalization for enrolled patients, we
set HF readmission as the dependent variable and indicators of
CHF-CRF mentioned above as independent variables to estab-
lish Cox regression model. The repeatability and counts of re-
hospitalization were further analyzed in our study. When the
data of repeated hospitalizations were involved, the Cox
regression model was no longer suitable, mainly because the
data for the repeated hospitalization did not meet the require-
ment of the Cox model for individual independence. Hence,
we introduced the conditional frailty model to further evaluate
repeated HF readmissions.” The k times of hospitalization risk
of individual 7 was obtained as follows:

hi(t) = hoe(t — ty—1) exp(Xuf + @)
= u;hor(t — tr—1) exp(Xuf)

hoy is a baseline hazard function and explains the depen-
dence of events. u; = exp(w;) represents the random effect
of i and explain the heterogeneity between individuals.
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Epidata 3.1 was applied for double entry of CHF-CRF.
Statistical significance was based on two-tailed P<0.05.
The analyses were undertaken using SPSS version 22.0
and R software version 3.5.0. The code of R for condi-
tional frailty model is shown as Supplementary 1.

Results

Baseline Characteristics

Ninety-four patients failed to meet the inclusion criterion
in the follow-up study, thus the cohort for this analysis
consisted of 1390 patients with HF (93.7%). Baseline
characteristics of the patients are shown in Table 1.
Those who had a re-hospitalization event during the fol-
low-up were older, more likely to be nonmanual workers,
and had a higher frequency of hypertension. They had
lower levels of diastolic blood pressure, but higher percen-
tage of ejection fraction. The frequency of urban health
insurance was higher while the frequencies of rural health
insurance and self-paying were lower in the re-hospitaliza-
tion group. They have lower possibility to take cardiac
stimulants or beta-blockers.

Re-Hospitalization Rates

During the period of the follow-up, 434 (31.2%) of 1390
HF patients had at least one readmission for HF and 181
(13%) had no less than two re-hospitalizations. The cumu-
lative readmission rates at 30 days, 6 months, 1 year, and 2
years were, respectively, 1.88% (95% CI 1.18-2.59%),
9.91% (95% CI 8.36-11.46%), 17.38% (95% CI 15.41—
19.34%), and 24.44% (95% CI 24.44-29.02%).

The Incidence Rate Of Re-Hospitalization
The cumulative incidence function is used to assess the
influence of admission number to the next readmission.
The result, as shown in Figure 1, indicated that the inci-
dence of hospitalization significantly shortened the interval
length between hospital episodes (measured from hospital
discharge to the next hospitalization). The median time
was decreased from 784 days for the first hospitalization,
to 664 days for the second hospitalization, to 515 days for
the third hospitalization, and to 388 days for the fourth
hospitalization. The cumulative incidence of readmission
increased with the number of hospitalization.

Risk Factors For HF Re-Hospitalization
The results of the Cox regression model are shown in
Table 2. Patients engaged in nonmanual work and those

with diastolic dysfunction were associated with an
increased risk of HF readmission. The treatment of beta-
blockers reduced the risk. Patients with rural health insur-
ance or self-paying had the decreased risk of readmission
compared with those with urban health insurance.

To further assess repeated re-hospitalization as time-
event-count data, we utilized the conditional frailty model.
Table 2 shows the results of the conditional frailty model.
Variables independently increased the risk of HF re-hospi-
talization were age, female, nonmanual work, longer QRS
duration, and treatment with PCI. Rural health insurance
and self-paying decreased the risk of readmission com-
pared with urban health insurance. Figure 2 shows the HR
and 95% CI of each variable.

We analyzed models’ behaviour with discrimination
ability (C-statistic) and calibration (by a calibration plot).
The C-statistic of the Cox regression model and the con-
ditional frailty model were 0.618 (P=0.01) and 0.892
(P=0.005), respectively as described in Table 2. The cali-
bration plot is shown in Supplementary 2. Both the models
gave good calibration, with points around the first bisector.

The results of proportional hazard (PH) hypothesis
tests showed that the data were in coincidence with the
conditional risk assumption as shown in Supplementary 3
(P>0.05). We further introduced the Schoenfeld residual
diagram to test the PH hypothesis. The Schoenfeld resi-
duals diagram (Figure 3) showed that the variables and the
model met the conditional proportional hazard assumption
and were suitable for the conditional frailty model.

Discussion

In this study, we reported the readmission rate of patients
with HF caused by CHD in Shanxi province of People’s
Republic of China. Compared with previous studies, these
parameters allowed us to end up with more accurate,
comprehensive results with which to evaluate HF read-
mission by simultaneously considering the times, events,
and numbers of readmissions.

The readmission rate of patients with HF stays at a high
level. Previous studies reported that the re-hospitalization rates
of patients with HF at 30 days, 6 months, and 1 year after
discharge were, respectively, 24%, 50%, and 58.4%.**'° In
this study, we observed lower corresponding readmission
rates. The reasons for these lower rates were as follows.
First, the endpoints of the studies mentioned above were all-
cause re-hospitalization, while our study only considered HF
readmission. The previous study found that more than half of
re-hospitalization occurred due to non-HF causes.'' The rate
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Table | Baseline Clinical Characteristics And Clinic Profile Of Patients

Without Rehospitalization (n = 956) Rehospitalization (n = 434) P
Age 69.10x11.31 70.87+10.57 <0.001
Female 307 (32.10%) 149 (34.30%) 0.414
NYHA 0.682
Il 369 (38.6%) 173 (39.9%)
I 358 (37.4%) 152 (35.0%)
v 229 (24. 0%) 109 (25.1%)
Nonmanual workers 658 (68.8%) 369 (85.0%) <0.001
Health care <0.001
City health insurance 491 (51.4%) 304 (70.0%)
Rural health insurance 350 (36.6%) 83 (19.1%)
Self- paying 115 (12.00%) 47 (10.8%)
Smoking 425 (44.5%) 197(45.4%) 0.745
Family history 178 (18.60%) 79 (18.2%) 0.853
Systolic blood pressure (mmHg) 131£20 131£20 0.980
Diastolic blood pressure (mmHg) 79%12 78%12 0.031
BMI (kg/m?) 24.34+3.45 24.69+3.49 0.078
Heart rate 77+16 7316 <0.001
Complications
Hypertension 586 (61.3%) 299 (68.9%) 0.006
Diabetes 328 (34.3%) 147 (33.9%) 0.510
Atrial fibrillation 232 (24.3%) 106 (24.4%) 0.950
Valvular disease 378 (39.5%) 155 (35.7%) 0.174
Renal insufficiency 241 (25.2%) 121 (27.9%) 0.293
Tests
Diastolic dysfunction 678 (70.9%) 330 (76.0%) 0.048
LvDD 55.90+7.67 55.85+7.38 0.887
LVEF% 45.13£12.18 47.06+12.25 0.006
QRS duration (s) 106.61+21.86 108.23+23.73 0.212
Time of QTc (s) 444.00+42.81 442.26+45.11 0.491
Red blood cells (¥10'%/L) 4.35+0.64 4.29+0.62 0.085
Hemoglobin (g/L) 135.91£20.28 133.93£17.77 0.081
Platelet (¥10°/L) 185.07£59.51 184.77+£56.23 0.929
Alanine amino transferase (U/L) 28.13+48.96 29.23£106.80 0.792
Aspartate amino transferase (U/L) 32.26+44.31 37.49+173.18 0.383
Glucagon (mmol/L) 5.99+2.39 5.811.97 0.133
Cholesterol (mmol/L) 4.08+1.04 3.91%1.00 0.013
Triglycerides (mmol/L) 1.49+0.73 1.44+0.75 0.233
High-density lipoprotein (umol/L) 1.00£0.27 1.00£0.29 0.886
Low-density lipoprotein (umol/L) 2.46+0.82 2.36+0.83 0.038
Urea (mmol/L) 7.33%5.29 7.115.00 0.469
Serum creatinine (mmol/L) 91.85+45.82 93.48+40.58 0.524
Uric acid (mmol/L) 405.56+137.60 404.49+135.67 0.712
Estimated GFR (mL/min/1.73 m?) 66.07+33.04 64.43+47.21 0.456
Potassium (mmol/L) 4.09+0.47 4.12+0.41 0.146
(Continued)
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Table | (Continued).
Without Rehospitalization (n = 956) Rehospitalization (n = 434) P
Sodium (mmol/L) 139.11£4.11 139.49+3.14 0.091
Lg of NT-proBNP 3.28+0.48 3.210.51 0.033
Therapy

Antiplatelet therapy 916 (95.8%) 422 (97.2%) 0.196
Statins 844 (88.3%) 380 (87.6%) 0.699
Nitrates 570 (59.6%) 254 (58.5%) 0.699
Beta-blocker 712 (74.50%) 297 (68.4%) 0.019
ACEIl or ARB 339 (35.50%) 115 (35.7%) 0.927
Aldosterone antagonist 754 (78.9%) 324 (74.7%) 0.081
Diuretic 640 (66.9%) 297 (68.4%) 0.583
Cardiac stimulant 232 (24.3%) 81 (18.7%) 0.020
ECG monitoring 762 (79.7%) 319 (73.5%) 0.010
PCI 283 (29.6%) 148 (34.1%) 0.093

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor inhibitor; BMI, body mass index; BNP, B-type natriuretic peptide; ECG,
electrocardiogram; LVDD, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association functional class; PCI, percutaneous

coronary intervention.

of readmission for HF of previous study was similar to our
result.'""'? Second, the research objects of our study were
patients with HF caused by CHD. Krumholz et al found that
the HF readmission rate was lowest in these patients compared
with those by other causes, such as non-ischemic cardiomyo-
pathy and atrial fibrillation."> At last, data from People’s
Republic of China currently exhibit a lower readmission rate

of patients with HF than the Western countries.'* '
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Figure | The cumulative risk of heart failure readmission. Each curve represents
the change in the corresponding cumulative incidence of different HF readmission
times with the interval between two hospitalizations. The median time decreased
from 784 days for the first hospitalization to 664 days for the second hospitaliza-
tion, 515 days for the third hospitalization, and 388 days for the fourth hospitaliza-
tion. The cumulative risk of heart failure readmission increased with the number of
times of hospitalization.

Repeated occurrences comprised a special feature of re-
hospitalization. Evaluating the repeatability and number of
re-hospitalizations increased the accuracy and rationality of
the re-hospitalization assessment. However, as noted, when
repeated re-hospitalizations were considered, the Cox regres-
sion was no longer suitable. Researchers have been con-
cerned about this point and developed various statistical
methods with which to solve this problem. Braga et al used
the Prentice—Williams—Peterson (PWP) model with a total all
time scale (TT) to identify independent predictors of repeated
hospital admissions and revealed that the PWP-TT generated
more conservative estimates than the Cox regression
model.!” Besides the PWP model, naive techniques, var-
iance-corrected models were also used. However, these sta-
tistical models mentioned above ignored the heterogeneity or
nonindependence of readmission data. To better tackle recur-
rent data, Oakes et al added the frailty factor to the Cox
regression model to form the frailty model.'® Ullah et al
demonstrated that the frailty model was more suitable for
recurrent data compared with the Wei, Lin, and Weissfeld
model and the PWP model.'’ To further improve this model,
Box-Steffensmeier et al applied a random effect that could
better describe the nonindependence of recurrence data to
establish the conditional frailty model.” Therefore, in the
present study, we introduced the conditional frailty model
to evaluate the HF readmission as event-time-count data in
addition to using the Cox regression model.

According to the results of the Cox regression model, we
found that nonmanual workers had a high risk of HF
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Table 2 Cox Regression Model And Conditional Frailty Model Of Risk Factors For HF Readmission

Variable Cox Regression Model Conditional Frailty Model
B SE P HR HR 95% CI B SE P HR HR 95% CI

Age - - - - - 0.012 0.005 0.008 1.013 (1.003, 1.022)
Female - - - - - 0.252 0.106 0.018 1.286 (1.045, 1.583)
Non-manual worker 0.450 0.195 0.021 1.568 (1.071, 2.295) 0.394 0.177 0.026 1.483 (1.049, 2.096)
Rural health insurance —0480 0.180 0.007 0.619 (0.435, 0.879) -0.510 0.161 0.008 0.601 (0.438, 0.824)
Self-paying —0.346 0.158 0.029 0.708 (0.519, 0.965) —0.420 0.159 0.008 0.657 (0.481, 0.898)
QRS duration - - - - - 0.004 0.002 0.022 1.004 (1.001, 1.008)
Diastolic dysfunction 0.320 0.113 0.005 1.377 (1.104, 1.718) - - - - -
Beta-blocker —0.239 0.103 0.021 0.787 (0.643, 0.964) - - - - -

PCI - - - — - 0.209 0.099 0.035 1.232 (1.015, 1.497)
Frailty gamma (ID) - - - - - 847.19 500.4 <0.001

C-statistic 0.595 (0.01) 0.896 (0.005)

Abbreviations: HR, hazard ration; Cl, confidence interval; PCl, percutaneous coronary intervention.

readmission. The same result was reported in a small pro-
spective cohort study.”” This observation is caused possibly
by that nonmanual workers could pay more time and energy
to their physical condition. Health insurance was an impor-
tant influencing factor for HF readmission as reported
previously.>'*? In People’s Republic of China, the situation
of health insurance is unique. Compared with rural health
insurance, patients with urban health insurance are able to
receive better medical compensation from medical insurance
agencies. Our study showed that patients with urban health
insurance (with its better medical compensation) were at a
higher risk of readmission than those with rural health insur-
ance or who were self-paying. This result suggested that
some patients may be hospitalized for economic reasons
rather than their disease. This possibility calls for further

25

*HR =HR95%CI
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Figure 2 HRs of risk factors for heart failure readmission analyzed by conditional
frailty model. Plots represent HRs of the risk factors and bars indicate 95% CI.
Abbreviations: HR, hazard ratio; PCI, percutaneous coronary intervention.

research to confirm this result and to identify the most sui-
table health insurance for patients and the national economy.
Our study also confirmed that the use of beta-blockers
decreased the risk of HF re-hospitalization, which is consis-
tent with previous studies.”>** Furthermore, our study
showed that diastolic dysfunction increased the risk of HF
readmission. Diastolic dysfunction is the main cause of HF
with preserved ejection fraction (HFpEF). Studies have
proved that patients with HFpEF had a similar prognosis to
those with reduced ejection fraction.?>*° The increased influ-
ence of diastolic dysfunction in our study may be attributed
to CHD as an independent risk factor for HFpEF, as pre-
sented in previous research.?” We should pay more attention
to improve diastolic dysfunction of patients with CHD.

The conditional frailty model was further used to ana-
lyze HF re-hospitalizations as time-event-count data, with
the goal of obtaining more accurate and reasonable results.’
Nonmanual workers and those with better medical compen-
sation were still at an increased risk of HF readmission
when recurrent readmissions were considered. Moreover,
we found that aging increased the risk of readmission.
Elderly patients had poor outcomes, as indicated by pre-
vious researches.”® *° Elderly patients with HF have poorer
physiological function, more complications, and lower com-
pliance with therapy, and all of them contribute to the
increase in HF re-hospitalization. With regard to gender,
our study showed that women were more likely to be read-
mitted for HF compared with men. A large-scale research
consisting of 1,392,289 patients with HF reported an
adjusted HR of 1.041 for HF readmission in female
patients.>’ However, Rerth et al reported the opposite con-
clusion in the population of patients aged 18-60 years.*
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Figure 3 Schoenfeld residual diagram. The curve of each diagram represents the trend of risk factor change as time goes by. The P-values of the variables and the model as a
whole were shown in the diagram. Survminer, Survival, ggplot2, and other packages of R3.5.0 and related programs were used to create the Schoenfeld residuals graph.
P>0.05 indicates that the variable meets the conditional proportional hazard assumption.
Abbreviation: PCl, percutaneous coronary intervention.

The main cause of the difference might be the age of the

patients included in the studies. The next step might be to

consider the influence of the patient’s sex on readmissions

as the body changes with age. The QRS duration could be

prolonged by myocardial remodeling which is the perfor-
mance of HF. Studies have shown that prolonged QRS
duration was associated with an increased incidence of

cardiac events, including readmission,
patients with ischemic heart disease.>*

3336 particularly in

Our study also found

the same conclusion. We believe that PCI could increase the

coronary blood supply and improve the prognosis of HF.
Our study showed that PCI increased the risk of HF

readmission, which was consistent with a previous

finding.*”

This phenomenon may be related to incomplete

revascularization, more follow-up visits, and the side effects

of drugs. Clinical research on the relation between PCI and

HF is still a rarity, and further study is required, as

recommended in the European Society of Cardiology

guidelines.*®

The reason for this finding is not clear, and it

deserves clinical consideration and further research.

There are several important limitations to this analysis.

First, the patients of this study were all from Shanxi

province in People’s Republic of China. Hence, they did

not represent all Chinese people (or other nationalities).
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Future prospective studies with a larger patient population
are required. Second, some important patient information
was not collected because of incomplete medical records.
As a result, many important characteristics were not
included in the models. Last, this study failed to cover
all of the statistical methods for recurrent data. We will
further study the methods and introduce them in the next
research.

Conclusions

In conclusion, our study analyzed the time-event data and
the time-event-count data of re-hospitalization to evaluate
the HF re-hospitalization more comprehensively, accu-
rately and reasonably for patients with HF caused by
CHD. Both models showed good calibration and the con-
ditional frailty model performance higher discrimination
ability compared with the Cox model, so this finding
provides more clinical epidemiological evidence which
allow us to distinguish patients at a high risk of re-hospi-
talization more accurately, so as to guide precise and
personalized management of heart failure.
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