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Abstract

Aims Heart failure (HF) is a leading cause of hospitalization and is associated with high morbidity and mortality post-
diagnosis. Here, we examined the impact of recurrent HF hospitalization (HFH) on cardiovascular (CV) and all-cause mortality
among HF patients.

Methods and Results Adult HF patients identified in the Clinical Practice Research Datalink with a first (index) hospitalization
due to HF recorded in the Hospital Episode Statistics data set from January 2010 to December 2014 were included. Patients
were followed up until death or end of study (December 2017). CV mortality as primary and as any reported cause and
all-cause mortality were evaluated. An extended Cox regression model was used for reporting adjusted relative CV mortality
rates for time-dependent recurrent HFHs. Overall, 8603 HF patients with an index hospitalization were included, providing
15 964 patient-years of follow-up. Patients were relatively old (median age: 80 years) and were mostly male (54.6%), with
main co-morbidities being hypertension and atrial fibrillation. Recurrent HFHs occurred one, two, three, and more than four
times in 1561 (18.2%), 518 (6.02%), 206 (2.4%), and 153 (1.8%) patients, respectively. The median time to mortality was 215
(38-664) days for 50.8% of patients who died for any cause during the study period and 139 (27-531) days for 31.3% who died
with CV reasons as primary cause. Compared with those of patients without recurrent HFHs, the adjusted hazard ratios (95%
Cl) for CV mortality as primary cause were 2.65 (2.35-2.99), 3.69 (3.06—4.43), 5.82 (4.48-7.58), and 5.95 (4.40-8.05) for those
with one, two, three, and more than four recurrent HFHs.

Conclusions There is a strong association between recurrent HFH and CV mortality, with the risk increasing progressively
with each recurrent HFH.
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Introduction the risk of episodes of acute worsening increases. Further-

more, after discharge, patients with HF are at a high risk for

Heart failure (HF) is a major public health issue that impacts
37.7 million people globally* and results in >1 million hospi-
talizations annually in both the USA and Europe.? The esti-
mates for the prevalence of HF vary but are ~1-2% of the
adult population in developed countries, rising to >10%
among people >70 years of age.> With the increasing preva-
lence of chronic HF, there is a concomitant increase in the
number of related hospitalizations; as chronic HF progresses,

re-hospitalization.?

In the UK alone, more than half a million people live
with this chronic condition.® From the healthcare system
perspective, the burden is high; ~1-2% of the National
Health Service (NHS) budget is estimated to be spent on
HF, of which 60-70% is driven by the costs of
hospitalization.> This cost is estimated to increase, driven
by an aging population.
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Previous observational studies conducted in the USA and
Canada have found that the number of recurrent hospitaliza-
tions is a strong predictor of mortality.>” Similar findings
were noted in a post hoc analysis of the CHARM trial, where
rates of cardiovascular (CV) mortality or HF hospitalization
(HFH) were the highest in patients who had been previously
hospitalized for HF.2 However, there are limited data to eval-
uate this in a contemporary, real-world European setting.

The objective of this study was to describe recurrent hos-
pitalizations in an HF population and to evaluate the associa-
tion of recurrent HFHs with CV mortality and all-cause
mortality. In the database, CV cause of mortality could have
been recorded as primary cause or as any cause; both were
assessed in this study. This study is important to evaluate
the association between recurrent hospitalization and mor-
tality risk and thereby aid understanding of disease progres-
sion in HF, in a contemporary, real-world UK data set.

Methods

This was a retrospective non-interventional cohort study con-
ducted using primary care data from the Clinical Practice Re-
search Datalink (CPRD) database. CPRD is a longitudinal
primary care electronic medical record database from the
UK, which contains >10 million active patient records (and
over 35 million overall) drawn from ~1100 primary care prac-
tices, with data extending back as far as 1987. It is the world’s
largest database of anonymized, longitudinal primary care
medical records.

The CPRD database is linked to other electronic health re-
cords, including (i) Hospital Episode Statistics (HES; a data
warehouse containing details of all admissions to NHS hospi-
tals in England), (ii) practice level Index of Multiple Depriva-
tion (IMD), and (iii) the mortality data obtained from the
Office of National Statistics (ONS).

This study was approved by the Independent Scientific Ad-
visory Committee (ISAC) at CPRD (ISAC protocol reference
number: 18_252R).

Study design and population

Adult patients (aged > 18 years) with a HF diagnosis in the pri-
mary care database from 1 January 2006 to 31 December
2017 and at least one HFH from 1 January 2010 to 31 Decem-
ber 2014 were identified. Patients were eligible for inclusion
if their record was approved for linkage to the HES, IMD,
and ONS death register databases and had continuous prac-
tice registration up-to-standard for at least a year before
the index date and the follow-up period (or until death) for
each patient. Patients were followed up until the end of study
(31 December 2017), death, practice last collection date or
transfer-out date (whichever event was the earliest). The

International Classification of Diseases, 10th Revision (ICD-
10) codes (111.0, 113.0, 113.2, 142.0, 142.1, 142.2, 142.9, or
150.X) were used to identify HFHs, and primary care (Read)
coding schemes were used to identify HF diagnoses in the pri-
mary care database.

The date of admission for the first HFH in the identification
period was defined as the index date (Figure ). Patients
without acceptable data (as per the quality standards defined
in the CPRD database) were excluded. Patients were also ex-
cluded if they had experienced an HFH during the 4 year
pre-index period (1 January 2006 to 1 January 2010), de-
scribed as the ‘clean period’.

Study variables

Patients were grouped according to the number of recurrent
HFHs (one, two, three, and more than four) after the index
HFH. A patient who died after the index HFH date or who sur-
vived until end of follow-up with no subsequent recurrent
HFHs was classified as zero recurrent HFH. A patient who died
after the first HF re-admission but before the second HF
re-admission or who survived until the end of follow-up with
no further recurrent HFHs was classified as one recurrent
HFH, and so on. Baseline characteristics assessed at the index
date included age, gender, body mass index (BMI), smoking
status, socio-economic status, co-morbidities, estimated glo-
merular filtration rate (eGFR), cardiac resynchronization ther-
apy (CRT) device use, and concomitant medications.
Co-morbidities and CRT device use were assessed during
the 1 year pre-index period (including the index date),
whereas concomitant medications were assessed during the
3 month pre-index period. Concomitant medications of inter-
est were angiotensin-converting enzyme inhibitor (ACEi)/an-
giotensin receptor blocker (ARB), angiotensin receptor
neprilysin inhibitor (ARNI), beta-blocker (BB), and mineralo-
corticoid receptor antagonist (MRA). ACEi and ARB were
grouped together, as they have similar effects and were
never taken together. ARNI was not present in the baseline
tables, as it was not approved until after November 2015;
however, patients who were followed up beyond this date
may have received prescriptions for ARNI, and therefore,
ARNI could be present as a time-dependent variable during
the follow-up analysis.

During the study follow-up, all-cause mortality and
CV mortality (both where CV disease was listed as primary
cause of death and where CV disease was listed as any
cause of death) were recorded for overall HF population.
Among patients with zero recurrent HFH, mortality out-
comes were evaluated from the date of admission.
All-cause mortality was assessed by linking the patients to
the ONS database and establishing a date of death in the
ONS database. CV mortality as primary cause was assessed
using ICD-10 codes (i.e. Chapter 100-99) in the primary cause
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Figure 1 Overview of study design.

Note: Identification period: patients with at least one heart failure hospitalization (HFH) were identified during this time. Index date: date of first HFH
during the identification period. Pre-index period: 4 years prior to index date. During this time, patients had no HFH (‘clean’ period). Follow-up period:
until study end (31 Dec 2017), death, and transfer-out date (whichever event was earliest).

01lJan 0llJan 31 Dec 31 Dec
2006 2010 2014 2017
== 5-YEAR IDENTIFICATION PERIOD sl
Pre-index period Follow-up period
(4 years “clean” period i.e. Index date
no HF hospitalization) (First HF inpatient
hospitalization date)
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STUDY PERIOD

of death field. CV mortality as any cause was assessed using
ICD-10 codes (i.e. Chapter 100-99) in the primary cause of
death field and in any of the 15 causes of death fields in
the patient’s ONS file. Date of death was also extracted from
the ONS database.

Data analysis

Baseline demographics and clinical characteristics were
summarized using descriptive analyses. Imputation was
not performed for the missing data. Continuous variables
were summarized as either mean +* standard deviation
(SD) or median [inter-quartile range (IQR)], while all cate-
gorical variables were summarized as frequency and per-
centage. Categorical variables were compared using the Xz
test. The Kolmogorov—Smirnov test was used to check the
skewness of data. Continuous variables were compared
using unequal variance two-sample t-test. For continuous
variables with skewed data, the Mann-Whitney U test
was used.

An extended Cox regression model was used for reporting
adjusted relative CV mortality rates for time-dependent re-
current HFH. Adjusted variables were included based on clin-
ical importance or significance at baseline and if the missing
values were below 30%. Estimates were adjusted for the
following covariates (Supporting Information Supplement
Za and 1b): gender, age, BMI, IMD, smoking status, co-
morbidities, pacemaker/defibrillator devices, laboratory/test
values, and concomitant medications. Gender, smoking sta-
tus, BMI, index year, IMD, and laboratory/test values were
taken at baseline. Given that age, co-morbidities, concomi-
tant medications, and pacemaker/defibrillator devices are
time-dependent covariates, they were assessed at baseline
and at follow-up. Competing risks were addressed using
the Fine—Gray sub-distribution hazard function.’ The Fine—

Gray method is implemented in the Survival package in R
and is part of the PHREG procedure in SAS.

Results
Baseline characteristics

A total of 116 262 patient records between 1 January 2006
and 31 December 2017 were considered for this study. After
the selection criteria were applied (Figure 2), 8603 HF pa-
tients with an index HFH were included in the analysis,
resulting in a total of 15 964 patient-years of follow-up
(mean * SD: 677.8 + 653.2 days).

The included patients were relatively old with a median
(IQR) age of 80 (71-86) years at index and were more likely
to be male (54.6%). The median BMI was 28, with 38.7% of
patients being overweight or obese. The most common
co-morbidities observed at baseline were hypertension
(65.0%) and atrial fibrillation (53.3%). Other frequent
co-morbidities included diabetes (28.4%), renal disease
(27.8%), and chronic pulmonary disorder (27.3%) (Table I1).
More than half of the patients (62.5%) were taking an ACEi
or ARB at index.

Overall, 28% (n = 2438) of the patients were hospitalized
for HF more than once. Among these 2438 patients, 1561
(18.14%) had one, 518 (6.02%) had two, 206 (2.39%) had
three, and 153 (1.78%) had more than four recurrent HFHs.
At baseline, compared with patients with zero or one recur-
rent HFH, patients with two, three, or more than four recur-
rent HFHs had a higher percentage of co-morbidities, such as
ischaemic heart disease, diabetes, renal disease, and angina
pectoris. Overall, the baseline condition of patients with re-
current HFHs appeared worse in several aspects than the pa-
tients with zero recurrent HFH, for example, a higher
percentage of overweight/obese patients, higher co-
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Figure 2 Patient selection process.

Note: CPRD, Clinical Practice Research Datalink; HES, Hospital Episodes Statistics; HF, heart failure; ICD-10: International Classification of Diseases,

10th Edition; ONS, Office of National Statistics.

Acceptable’ patients with a Read code for HF from primary care database
between 01-Jan-2006 and 31- Dec-2017 by CPRD
n=116,262

Patients with eligibility for linkage to the HES, Multiple deprivation &
ONS death register databases
n=59,213

Patients with at least one ICD-10 code for heart failure hospitalization
during identification period
n=9913

Patients aged >=18 years of age at the index date
n=9874

Patients with at least 1 year of up-to-standard (UTS) CPRD data in the 1-
year prior to index date
n=9817

Patients with at least one year of current registration (CRD) CPRD data in
the 1-year prior to index date

Exclude patients with a HF inpatient hospitalizations during the 4-year
pre-index period
n=8603

(n=57,049) Exclude patients who are not eligible for linkage to
—— e — - E4 the HES, Multiple deprivation & ONS death register
databases

(n=49,300)

Exclude patients with no ICD-10 code during
identification period

> Exclude patients <18 years of age

(n=57) Exclude patients with <1 year of (UTS) CPRD data
prior to index date

Exclude patients with < than 1 year of current
registration CPRD data in the 1-year prior to index
date

(n=732) Exclude patients with a HF inpatient hospitalizations
_________ during the 4-year pre-index period

morbidities, lower eGFR levels, and increased use of concom-
itant medications.

Hospitalization and mortality rates

Among patients with more than one recurrent HFH, the num-
ber of all-cause hospitalizations [median (IQR): 5 (3-8)] was
much higher than that of patients without recurrent HFH
[median (IQR): 2 (1-4); P < 0.0001]. In the total study popu-
lation, 50.8% of patients died from any cause (Table 2). Of
these total deaths, 88.6% were attributable to CV reasons
as any cause, and 61.7% were listed as having CV reason as
the primary cause. The median time to mortality was 215
(38—664) days for 50.8% of patients who died for any cause
during the study period and 139 (27-531) days for 31.3%
who died with CV reasons as primary cause. Across the
groups of patients with recurrent HFHs, 88-95% of the total
deaths had CV disease listed as any cause. Among the pa-
tients with more than four recurrent HFHs (n = 153), 60%
(n = 91) of patients died by the end of the study, of which
CV mortality (primary cause) contributed to 74% (n = 67) of
the total deaths. Of the patients who were alive at the end
of the study (n = 4231), 74% did not experience recurrent
HFHs.

Some hospitalizations were associated with inpatient mor-
tality. The duration of the final hospitalization associated with
inpatient mortality was similar among all categories of

recurrent HFH. The median length of hospitalization leading
to all-cause mortality ranged between 11 and 12 days across
the groups, with a median value of 11 (5-22) days for the
overall population. A similar range was noted for median
length of hospitalization leading to CV mortality (as any cause
or as primary cause). The median length of hospitalization
leading to CV mortality as primary cause ranged between
10.5 and 14.0 days, with a median value of 11 (5-22) days
for the total study population.

Time to immediate subsequent recurrent HFH decreased
with each re-hospitalization, with a median of 143 (35-464)
days from index to first recurrent HFH, 84 (21-272) days from
first recurrent HFH to second recurrent HFH, 77 (26-237)
days from second recurrent HFH to third recurrent HFH,
and 46 (11-127) days from third recurrent HFH to fourth re-
current HFH.

Correlation between recurrent heart failure
hospitalization and all-cause mortality /
cardiovascular mortality (as primary or any cause
of mortality)

Recurrent HFHs were associated with a statistically significant
increase in all-cause mortality and CV mortality (both as pri-
mary and as any cause of death). There was a significant in-
crease in annualized mortality rates with each additional
recurrent HFH. Among patients with one recurrent HFH, the
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Table 1 (continued)

All patients

>4 rHFH

16 (10.5%)

46 (30.1%)
29 (19.0%)
86 (56.2%)
131 (85.6%)
80 (52.3%)
36 (23.5%)
92 (60.1%)
44 (28.8%)
111 (72.6%)
66.1 = 25.1

4 rHFH

9 (12.5%)
16 (26.4%)
14 (19.4%)
43 (59.7%)
61 (84.7%)
34 (47.2%)
16 (22.2%)
40 (55.6%)
17 (23.6%)
48 (66.7%)

3 rHFH

2 rHFH
76 (14.7%)

166 (32.1%)

1 rHFH
166 (10.6%)

429 (27.5%)

0 rHFH
603 (9.8%)
1682 (27.3%)

Characteristics

887 (10.3%)
2389 (27.8%

26 (12.6%)
66 (32.0%)
37 (18.0%)
120 (58.3%)
176 (85.4%)

Peripheral vascular disease

Renal disease
Pneumonia

)
)
)
)
)
)
)
)
)

1331 (15.5%
4128 (48.0%
6656 (77.4%
3954 (46.0%
1559 (18.1%

67 (12.9%)
280 (54.1%)

218 (14.0%)
768 (49.2%)
1237 (79.2%)

980 (15.9%)
2874 (46.6%)
4697 (76.2%)

Ischaemic heart disease
Any concomitant medication

415 (80.1%)

99 (48.1%)
48 (23.3%)
115 (55.8%)

2781 (45.1%) 734 (47.0%) 260 (50.2%)

1064 (17.3%)
3003 (48.7%)

ACEis
ARB
BB

4276 (49.7%
1451 (16.9%
5376 (62.5%

65.7 = 25.2

66.9 = 25.7

55 (26.7%)
144 (69.9%)
65.9 + 26.8

106 (20.5%)
286 (55.2%)
102 (19.7%)
354 (68.3%)
62.9 = 25.6

305 (19.5%)
780 (50.0%)
293 (18.8%)
1011 (64.8%)

64.3 £ 25.0

957 (15.5%)
3756 (60.9%)
66.3 + 25.2

ACEis or ARB
eGFR (mL/min/1.73 m?),

MRA
mean = SD

4348 (50.5%)
3235 (37.6%)

76 (49.7%)
66 (43.1%)

38 (52.8%)
30 (41.7%)

98 (47.6%)
89 (43.2%)

242 (46.7%)
223 (43.1%)

765 (49.0%)
625 (40.0%)

3167 (51.4%)
2232 (36.2%)

2

eGFR > 60 ml/min/1.73 m
eGFR < 60 ml/min/1.73 m?

eGFR category

. in 1 year prior to index date.

ACEis, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BB, beta-blocker; BMI, body mass index; CRT-D, cardiac resynchronization defibrillator; CRT-P, car-

diac resynchronization pacemaker; eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist; rHFH, recurrent heat failure hospitalization.

annualized rate for CV mortality as primary cause was 32
deaths/100 person-years at risk, which increased significantly
to 63 deaths/100 person-years at risk for patients with four
recurrent HFHs. Similarly, the annualized rate for all-cause
death increased significantly from 49 to 89 deaths/100
person-years at risk (Figure 3). Compared with that in the
four recurrent HFH group, a decline was observed in the
more than four recurrent HFH group for both all-cause and
CV mortality.

Compared with that in patients with no recurrent HFHs,
the risk of mortality due to CV reason as the primary cause
increased by approximately six times in patients with three
and more than four recurrent HFHs {hazard ratio (HR) [95%
confidence interval (Cl)]: 5.82 (4.48-7.58) and 5.95 (4.40—
8.05), respectively}. The risk of mortality when CV reasons
were listed as any cause of death [more than four recurrent
HFHs; HR: 3.93 (3.00-5.15)] and the risk of all-cause mortality
[more than four recurrent HFHs; HR: 3.47 (2.75-4.38)] in-
creased by approximately four times for patients with recur-
rent HFHs compared with those without recurrent HFHs.

As expected, co-morbidities were associated with in-
creased risk of both CV and all-cause mortality (Figures 4, 5,
and 6). Pneumonia emerged as the biggest risk factor for
CV mortality, both as primary (HR: 1.61; P < 0.0001) and
any cause of death (HR: 2.18;, P < 0.0001). Other
co-morbidities such as metastatic tumour and chronic ob-
structive pulmonary disease did not appear to increase the
risk of CV mortality, while they were risk factors for
all-cause mortality, with metastatic tumour associated with
the highest risk (HR: 2.79; P < 0.0001).

Treatment with BBs was associated with a decreased risk
of CV mortality as primary cause of death (HR: 0.83), CV mor-
tality as any cause of death (0.84), and all-cause mortality
(0.83). The same pattern was observed for ACEi/ARB, which
was also associated with a decreased risk of mortality (HR:
0.87, 0.78, and 0.77, respectively). In case of patients on
MRA, there was an increased risk of mortality. Positively,
later index year was associated with decreased mortality.
Gender was associated with CV mortality as any cause and
all-cause mortality; female gender was associated with a de-
creased risk of mortality. Former smokers were shown to
be at a significantly lower risk than current smokers for CV
mortality (as primary cause or any cause) and all-cause
mortality.

Discussion

This retrospective analysis of 8603 patients with incident HFH
highlights that recurrent HFHs are associated with an in-
creased risk of CV mortality (as primary cause or any cause),
and this is also seen with all-cause mortality. Risk of mortality
increases significantly with increasing number of recurrent
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Table 2 Proportion of deaths across study groups

0 rHFH 1 rHFH 2 rHFH 3 rHFH >4 rHFH All patients
Death events n =6165 n = 1561 n =518 n = 206 n =153 n = 8603
All-cause, n (%) 3026 (41.0) 839 (53.8) 290 (56.0) 126 (61.2) 91 (59.5) 4372 (50.8)
CV (as any cause), n (%) 2621 (86.6) 770 (91.8) 275 (94.8) 120 (95.2) 86 (94.5) 3872 (88.6)
CV (as primary cause), n (%) 1788 (59.1) 552 (65.8) 199 (68.6) 91 (72.2) 67 (73.6) 2697 (61.7)
CV, cardiovascular; rHFH, recurrent heart failure hospitalization.
HFHs. Compared with that in patients with no recurrent a higher percentage of co-morbidities, and a higher

HFH, the adjusted risk of CV mortality (as primary cause)
was three-fold higher in patients with one recurrent HFH
and six-fold higher in patients with more than four
recurrent HFHs. Similarly, the adjusted risk of all-cause
mortality increased more than two-fold in patients with
one recurrent HFH and was four-fold higher in patients
with more than four recurrent HFHs. Moreover, the time
to each subsequent re-hospitalization became shorter,
highlighting the progressive nature of the disease. The find-
ings of our study further strengthen the existing literature
evaluating the relationship between mortality and recurrent
HFH by providing contemporary data from a large,
real-world database. This study also brings new information
about the burden of HFH for the community, including the
length of stay at hospital (median > 10 days). The study
data point to the importance of HF management; treat-
ment options that can improve prognosis and reduce
re-hospitalizations will also have a positive impact on
healthcare systems.

Overall, the included patients were elderly with a median
age of 80 years and mostly male. Other studies evaluating
the relationship of recurrent HFH on mortality or
re-admissions following incident HFH also reported similar
baseline characteristics.>*° In comparison with patients
without recurrent HFH, patients with recurrent HFHs had

proportion were overweight/obese, along with a higher
usage of baseline medications, indicating that the baseline
condition of patients with a higher number of recurrent
HFHs was likely to be worse than the patients with zero
recurrent HFH.

Patients with more than one recurrent HFH were hospital-
ized for any reason more often than patients without recur-
rent HFH (median number of hospitalizations: 5 and 2,
respectively). This finding implies that patients frequently
hospitalized for HF are more prone to experience a worsening
of their general condition. Furthermore, compared with pa-
tients without recurrent HFH, patients with more recurrent
HFHs were slightly younger and had a longer follow-up time,
which could have resulted in more hospitalizations due to any
cause. Besides the mortality risk associated with increasing
numbers of hospitalizations, frequent hospital admissions
and reduced time between hospitalizations (median of
143 days from index HFH to 46 days from third recurrent
HFH to fourth recurrent HFH) increase the burden for the pa-
tient and their family. Recent publications have suggested
that the concept of reduced ‘home-time’—defined as the
time a patient spends alive and out of a healthcare
institution**—is associated with decreased time between
hospitalizations and is of critical importance to the overall
burden on patients and their families.

Figure 3 Annualized mortality rates according to number of recurrent HF hospitalizations.
Note: Error bars represent 95% Cl range. Cl, confidence interval; CV, cardiovascular; HF, heart failure.

1.2 4

1.0

0.8 4

0.6

0.4

Annualised death rate

0.2

FT?

CV mortality as
primary cause

CV mortality as

E0m]l m2 w3 m4 ud+

All-cause mortality
any cause

ESC Heart Failure 2020; 7: 1688-1699
DOI: 10.1002/ehf2.12727



Recurrent HF hospitalizations and mortality

1695

Figure 4 Impact of covariates on the association of recurrent HFH and all-cause mortality.

Note: ”Time—dependent covariate. Covariates highlighted in green were associated with a significantly reduced risk of mortality, while those highlighted
in light red colour were associated with a significantly increased risk of mortality. ACEis, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il
receptor blockers; Cl, confidence interval; CRT, cardiac resynchronization therapy; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR,

hazard ratio.

Number of recurrent HFH / Covariate

Adjusted HR (95% Cl); p-value

Number of recurrent HFH
1vs.0 — 1.98 (1.81, 2.17); <0.0001
2vs. 0 —_— 2.39(2.08, 2.74); <0.0001
3vs.0 —_— 3.56 (2.92, 4.34); <0.0001
4+vs. 0 _ 3.47 (2.75, 4.38); <0.0001
COVARIATES
Gender
Female vs. Male — 0.90 (0.84, 0.97); 0.0045
Age#t @ 1.04 (1.03, 1.04); <0.0001
Smoking Status
Never smoker vs. current smoker —_— 0.88 (0.79, 0.99); 0.0268
Former smoker vs. current smoker — 0.83 (0.74, 0.92); 0.0008
Comorbidities (Yes vs. No)
Atrial fibrillation —i— 1.19(1.10, 1.27); <0.0001
Anemia —— 1.13{1.06, 1.22}; 0.0005
Dyslipidemia —_— 0.79 (0.73, 0.86); <0.0001
Hypertension —— 0.93 (0.86, 1.01); 0.102
Hypotension —_—— 1.43 (1.32, 1.56); <0.0001
Peripheral artery disease — 1.36 (1.22, 1.50); <0.0001
Oedema —— 1.26 (1.17, 1.34); <0.0001
Cancer . —_— 1.30(1.18, 1.44); <0.0001
Cerebrovascular disease —— 1.36 (1.25, 1.48); <0.0001
Chronic pulmonary disorder —r— 1.10 (1.02, 1.18); 0.0093
Dementia —_— 1.53 (1.38, 1.69); <0.0001
Diabetes —— 0.99 (0.92, 1.06); 0.7478
Metastatic tumour —_—— 2.79 (2.36, 3.30); <0.0001
Myocardial infarction —— 1.15 (1.06, 1.25); 0.0008
Renal disease —— 1.53 (1.42, 1.65); <0.0001
Pneumonia i —— 2.35(2.20, 2.52); <0.0001
Ischaemic heart disease —_—— 1.21 (1.11, 1.31); <0.0001
eGFR Category
eGFR <60 vs. 260 ml/min/1.73m? —— 1.12 (1.03, 1.21); 0.005
Concomitant Medications (Yes vs. No)
Angiotensin receptor/Neprilysin inhibitors <—e > (.78(0.11, 5.58); 0.8023
Beta-blocker 5 —— 0.83 (0.77, 0.89); <0.0001
Mineralocorticoid receptor antagonist —— 1.14(1.06, 1.22); 0.0003
ACEi or ARB 0.77 (0.71, 0.82); <0.0001
CRT devices#
Any CRT Device (Yes vs. No) —— 0.90 (0.83, 0.98); 0.0101
Index Year
2011 vs. 2010 —t— 0.94 (0.86, 1.04); 0.2229
2012 vs. 2010 ——| 0.90 (0.82, 0.99); 0.0304
2013 vs. 2010 — 0.88 (0.79, 0.98); 0.0151
2014 vs. 2010 _— 0.86 (0.77, 0.96); 0.0071
Multiple deprivation index (Patient level - quintile)
2 vs. 1 (least deprived —— 1.06 (0.95, 1.17); 0.3029
3 vs. 1 (least deprived |—— 1.12 (1.01, 1.24); 0.0353
4 vs. 1 (least deprived z +—— 1.09 (0.98, 1.21); 0.1193
5 (most deprived) vs. 1 (least deprived) —_— 1.13 (1.02, 1.26); 0.0265
I I

In the total population, 51% of patients died from any
cause, and among these, 88.6% of patients died from CV rea-
sons as any cause and 61.7% of patients with CV reasons as
the primary cause of death. Patients with CV mortality as pri-
mary cause had the lowest median time to mortality. In com-
parison with patients who were alive at the end of follow-up,
patients with CV mortality were slightly older, diagnosed ear-
lier in the study (based on index year), more likely to have
more than one recurrent HFH, and with a lower BMI and poor
socio-economic status. A significant increase was noted in the
annualized mortality rates after each recurrent HFH. How-
ever, a lower mortality rate was observed in the more than
four recurrent HFH group, which included patients who had
four, five, and six (up to 12) recurrent HFHs. To ensure an

adequate sample size, patients with more than four HFHs
were grouped together; the lower annualized mortality rates
in this group may be due to inclusion of patients who sur-
vived for a relatively long time while experiencing multiple
hospitalizations. Additionally, although patients without re-
current HFH had a better survival, as the all-cause annual
mortality rate was 29 deaths/100 person-years at risk, mor-
tality remains high even in this lower risk group of HF
patients.

As observed in other studies, this study also showed that
co-morbidities were associated with increased risk of both
CV and all-cause mortality, for example, hypotension, cere-
brovascular disease, renal disease, metastatic tumour, and
pneumonia. For CV mortality, pneumonia as a co-morbidity
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Figure 5 Impact of covariates on the association of recurrent HFH and CV mortality as primary cause.

Note: ”Time—dependent covariate. Covariates highlighted in green were associated with a significantly reduced risk of mortality, while those highlighted
in light red colour were associated with a significantly increased risk of mortality; ACEis, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il
receptor blockers; Cl, confidence interval; CRT, cardiac resynchronization therapy; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR,

hazard ratio.

Number of HFH/Covariate Adjusted HR (95% Cl); p-value
Number of recurrent HFH

1vs.0 —— 2.65 (2.35, 2.99); <0.0001
2vs. 0 —_—— 3.69 (3.06, 4.43); <0.0001
3vs.0 —_— 5.82 (4.48, 7.58); <0.0001
4+vs. 0 _— 5.95 (4.40, 8.05); <0.0001
COVARIATES

Gender

Female vs. Male — 0.91 (0.83, 1.003); 0.0589
Age* o 1.04 (1.03, 1.04); <0.0001
Smoking Status

Never smoker vs. current smoker — 0.92 (0.79, 1.07); 0.2922
Former smoker vs. current smoker ——+— 0.85 (0.73, 0.99); 0.0362
Comorbidities (Yes vs. No)

Atrial fibrillation —— 1.29 (1.17, 1.41); <0.0001
Anemia e 1.10 (1.00, 1.21); 0.0497
Dyslipidemia —— 0.82 (0.74, 0.90); <0.0001
Hypertension - 0.94 (0.84, 1.04); 0.2249
Hypotension — = 1.45 (1.29, 1.62); <0.0001
Peripheral artery disease —— 1.40 (1.22, 1.60); <0.0001
Oedema —— 1.27 (1.16, 1.39); <0.0001
Cancer — 0.83 (0.71, 0.97); 0.0204
Cerebrovascular disease = 1.46 (1.31, 1.62); <0.0001
Dementia —_—— 1.31(1.13, 1.52); 0.0004
Diabetes —tl 0.95 (0.87, 1.05); 0.3062
Metastatic tumour — 1.25(0.88, 1.76); 0.209
Myocardial infarction — 1.26 (1.13, 1.40); <0.0001
Renal disease — = 1.52 (1.38, 1.69); <0.0001
Pneumonia = 1.61(1.46, 1.77); <0.0001
Ischaemic heart disease —— 1.43 (1.28, 1.59); <0.0001
eGFR Category

eGFR <60 vs. 260 ml/min/1.73m? == 1.16 (1.04, 1.28); 0.0055
Cor itant Medications (Yes vs. No)

RNI + 1.77 (0.34, 9.36); 0.5
Beta-blocker e 0.83 (0.75, 0.91); <0.0001
Mineralocorticoid receptor antagonist —— 1.15 (1.05, 1.26); 0.0036
ACEi or ARB 0.87 (0.80, 0.96); 0.0049
CRT devices®
Any CRT Device —- 0.97 (0.88, 1.08); 0.5799
Index Year
2011 vs, 2010 —— 0.89 (0.78, 1.01); 0.0622
2012 vs. 2010 —— 0.85 (0.75, 0.97); 0.0129
2013 vs. 2010 —— 0.85 (0.75, 0.98); 0.0194
2014 vs. 2010 == 0.74 (0.63, 0.85); <0.0001

I |
.b 1 10

had the highest HR estimate [2.18 (2.01-2.36); P < 0.0001],
which is in line with other studies that reported pneumonia
as a risk factor for increased risk of CV complications,**3
whereas metastatic tumour had the strongest positive corre-
lation with all-cause mortality [HR: 2.79 (2.36-3.30);
P < 0.0001]. Additionally, for CV mortality as primary cause,
cancer as a co-morbidity was associated with a lower mortal-
ity [HR: 0.83 (0.71-0.97); P < 0.0204], as the patients who
would die because of cancer will be accounted in the
all-cause mortality group.

Interestingly, later index year also had a positive effect on
mortality outcome, which could be attributed to either an im-
provement in HF prognosis or a shorter follow-up period in
the study. The analysis also showed that use of MRA was as-
sociated with an increased risk of mortality (whereas BB and

ACEi/ARB use was associated with decreased risk of mortal-
ity). This is most likely due to the reason that MRA therapy
is typically prescribed in high-risk patients with poor progno-
sis. Female gender was associated with a small decreased risk
in mortality—one potential reason for this could be lower
rates of ischaemic disease in females versus males.**

To the best of our knowledge, this is the first study to
quantify the magnitude of risk between recurrent HFH and
mortality in a real-world setting in Europe. The study popula-
tion was taken from CPRD, which has over 10 million active
patient records drawn from ~1100 primary care practices
across the UK and, thus, was representative of the UK
population.

Although CPRD is representative of the UK population and
offers high-quality data, there are some limitations. Firstly,
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Figure 6 Impact of covariates on the association of recurrent HFH and CV mortality as any cause.

Note: ”Time—dependent covariate. Covariates highlighted in green were associated with a significantly reduced risk of mortality, while those highlighted
in light red colour were associated with a significantly increased risk of mortality. ACEis, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il
receptor blockers; Cl, confidence interval; CRT, cardiac resynchronization therapy; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR,

hazard ratio.

Number of HFH/Covariate Adjusted HR (95% Cl); p-value
Number of recurrent HFH
1vs.0 — 2.24 (2.02, 2.49); <0.0001
2vs.0 —_— 2.83 (2.40, 3.33); <0.0001
3vs.0 —_— 4.28 (3.39, 5.42); <0.0001
4+vs. 0 . 3.93 (3.00, 5.15); <0.0001
COVARIATES
Gender
Female vs. Male —— 0.89 (0.82, 0.96); 0.0037
Age" B 1.04 (1.03, 1.04); <0.0001
Smoking Status
Never smoker vs. current smoker — 0.89 {U.}'S, 1.01); 0.0594
Former smoker vs. current smoker ——— 0.83 (0.73, 0.94); 0.0026
Comorbidities (Yes vs. No)
Atrial fibrillation —— 1.25(1.15, 1.35); <0.0001
Anemia — 1.14 (1.06, 1.24); 0.0011
Dyslipidemia —— 0.80 (0.73, 0.87); <0.0001
Hypertension —e 0.95 {0.86, 1.04); 0.2522
Hypotension —— 1.49 (1.35, 1.64); <0.0001
Peripheral artery disease —— 1.36 (1.20, 1.53); <0.0001
Oedema —— 1.25(1.16, 1.35); <0.0001
Cancer —+— 1.07 (0.94, 1.21); 0.2902
Cerebrovascular disease — 1.37 (1.25, 1.50); <0.0001
Chronic pulmonary disorder —4— 1.08 (0.99, 1.17); 0.0745
Dementia —— 1.38 (1.22, 1.56); <0.0001
Diabetes e 0.97 (0.90, 1.05); 0.4685
Metastatic tumour —_— 1.99 (1.57, 2.53); <0.0001
Myocardial infarction —— 1.18 (1.08, 1.30); 0.0004
Renal disease e 1.54 (1.41, 1.68); <0.0001
Pneumonia —— 2.18 (2.01, 2.36); <0.0001
Ischaemic heart disease —— 1.28 (1.17, 1.40); <0.0001
eGFR Category
eGFR <60 vs. 260 ml/min/1.73m? —r— 1.14 (1.05, 1.25); 0.0033
C itant Medications (Yes vs. No)
ARNI * 0.87 (0.15, 5.17); 0.8806
Beta-blocker —— 0.84 (0.77, 0.91); <0.0001
Mineralocorticoid receptor antagonist —— 1.18 (1.09, 1.27); <0.0001
ACEi or ARB —— 0.78 (0.72, 0.84); <0.0001
CRT devices”
Any CRT Device e 0.92 (0.84, 1.01); 0.0766
Index Year
2011 vs. 2010 — 0.96 (0.86, 1.07); 0.4359
2012 vs. 2010 — 091 fU.BE, 1.01); 0.089
2013 vs, 2010 — 0.90 iU 80, 1,01]: 0.0778
2014 vs. 2010 — 0.83 (0.73, 0.94); 0.0034
Multiple deprivation index (Patient level - quintile)
2 vs. 1 (least deprived —— 1.06 (0.95, 1.19); 0.3208
3 vs. 1 (least deprived —_— 1.14(1.01, 1.28); 0.0328
4 vs. 1 (least deprived — — 1.13 {1.004, 1.27); 0.0428
5 (most deprived) vs. 1 (least deprived) o 1.14 (1.003, 1.28); 0.0441
| |
.6 1 6

our analysis included only patients with a 4-year clean period,
which is reasonable to assume as the study identified the ac-
tual first HFH, and HFHs prior to this clean period were not
considered. Second, because the patient identifiers with HF
codes from the CPRD primary care database were used to
find linked patients in the HES database, there is a risk that
the study might have missed some patients who were diag-
nosed with more severe HF in the inpatient setting and where
the diagnosis was not recorded by a general practitioner (in
CPRD). Third, the present study included patients with at
least one HFH, and therefore, patients who would have died
before the first HFH were not captured in the current study.
Therefore, both very severe cases and mild cases of HF that

do not require hospitalizations were not included in the
study. Fourth, information on HF severity (New York Heart
Association classification) was not available, and therefore,
the relationship of recurrent HFH with mortality after adjust-
ment for functional status could not be evaluated. Fifth, left
ventricular ejection fraction (LVEF) data were infrequently re-
corded in the database, and therefore, the impact of recur-
rent HFH on outcomes could not be studied as per the LVEF
classification. Sixth, medication use might have been
overestimated as the prescription of a drug was used as a
proxy for use. Lastly, there are inherent limitations associated
with secondary use of data, including missing data, selection
bias, and others.
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Conclusions

Recurrent HFHs are strongly associated with CV mortality and
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