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Abstract

Introduction: Heart failure (HF) has emerged as an important and increasing disease burden in
India. We present the 5-year outcomes of patients hospitalized for HF in India.

Methods: The Trivandrum Heart Failure Registry (THFR) recruited consecutive patients
admitted for acute HF among 16 hospitals in Trivandrum, Kerala in 2013. Guideline-directed
medical therapy (GDMT) was defined as the combination of beta-blockers (BB), renin angiotensin
system blockers (RAS), and mineralocorticoid receptor antagonists (MRA) in patients with HF
with reduced ejection fraction (HFrEF, EF < 40%) at discharge. We used Cox proportional hazards
models and Kaplan-Meier survival plots for analysis. The MAGGIC risk score variables were
included as exposure variables.

Results: Among 1205 patients [69% male, mean (SD) age = 61.2 (13.7) years], HFrEF
constituted 62% of patients and among them, 25% received GDMT. The 5-year mortality rate was
59% (n = 709 deaths), and median survival was 3.1 years. Sudden cardiac death and pump failure
caused 46% and 49% of the deaths, respectively. In the multivariate Cox model, components

of GDMT associated with lower 5-year mortality risks were discharge prescription of BB, RAS
blocker, and MRA. Older age, lower systolic blood pressure, NYHA class Il or IV, and higher
serum creatinine were also associated with higher 5-year mortality.

Conclusions: Three out of every 5 patients had died during 5-years of follow-up with a
median survival of approximately 3 years. Lack of GDMT in patients with HFrEF and frequent
readmissions were associated with higher 5-year mortality. Quality improvement programmes
with strategies to improve adherence to GDMT and reduction in readmissions may improve HF
outcomes in this region.
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Introduction

Heart failure (HF) is a global public health problem affecting more than 26 million people
worldwide [1]. Most longitudinal outcome data for patients with HF are from high-income
countries [2,3]. Available data from low- and middle-income countries (LMICs) are limited
to short-term outcomes of patients with HF or single-centre studies and suggest that
mortality rates for patients with HF are higher in LMICs than high-income countries
[4,5-8]. Further, wide heterogeneity in the causes and associated comorbidities in patients
with HF across the globe [9,10] limits the extrapolation of long-term mortality data from
high-income regions to LMICs.
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Long-term outcome data and identifying factors associated with long-term prognosis are
important for devising policy strategies to address the growing burden and management
strategies for HF in India. We describe 5-year outcomes of patients with HF and evaluate
factors associated with mortality in the Trivandrum Heart Failure Registry (THFR), which is
India’s first HF registry.

2. Methods

2.1. Study sample

The design of THFR has been reported previously [5-8]. Briefly, THFR is a prospective,
hospital-based registry of patients admitted with acute HF who were longitudinally followed
over time. Patients were recruited from 16 hospitals in the region of Trivandrum, Kerala,
India that cared for patients with HF from January 2013 to December 2013. The registry
covered the Trivandrum city area (urban area: 215 km?, population: 957,000 people) and an
adjacent suburban rural area, Athiyannoor block panchayat, (rural area: 60 km2, population:
166,549 people).

Consecutive patients aged 18 years and above with HF, as defined by the 2012 European
Society of Cardiology (ESC) criteria, were enrolled [11]. All patients had echocardiograms
as recommended by the ESC heart failure guidelines [11]. Trained research nurses collected
data using a structured questionnaire. Data collected included demographic characteristics,
medical history, clinical presentation, laboratory values, treatment and clinical outcomes.
The patients were followed up in the same hospitals where they were enrolled. Follow-

up information for enrolled patients discharged following the index hospitalization was
obtained every 3 to 6 months at follow-up visits, subsequent hospital readmissions, or

by telephone. If unsuccessful at telephone contacts, the study team attempted to contact

the subjects through surface mail, community-level health staff, postal delivery personnel,
local civic body representatives, and religious institutions. Data collected at each follow-up
included details of hospital readmissions (both cardiac and non-cardiac), cardiac procedures,
and all-cause and cause-specific mortality. Dates of each event were captured and supporting
hospital records were obtained whenever possible. Cause of death was ascertained by
verifying hospital records or by verbal autopsy conducted by trained nurses. Deaths were
classified as non-cardiac deaths, deaths due to worsening HF, and sudden cardiac death.

All study participants provided written informed consent. The study was approved by
the Institutional Review Board of Sree Chitra Tirunal Institute for Medical Sciences and
Technology, Trivandrum, India (SCT/IEC/477/December-2012) and was funded by the
Indian Council of Medical Research.

2.2. Definitions

Patients were classified into three groups based on left ventricular ejection fraction (LVEF)
measured during index hospitalization as per the ESC Guidelines 2016 [11]: 1) heart

failure with reduced ejection fraction (HFrEF, LVEF <40%), 2) heart failure with mid-range
ejection fraction (HFmrEF, LVEF 40-49%), and 3) heart failure with preserved ejection
fraction (HFpEF, LVEF =50%). Guideline directed medical therapy (GDMT) was defined
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as being prescribed the combination of beta-blockers (BB), renin angiotensin system (RAS)

blockers, such as angiotensin converting enzyme inhibitors (ACE-I) or angiotensin receptor

blockers (ARB), and mineralocorticoid receptor antagonists (MRA) for patients with HFrEF
at hospital discharge.

2.3. Statistical analysis

Categorical variables are reported as frequencies with proportions (%) and continuous
variables as means with standard deviations (SD), or as medians with interquartile ranges
(IQR), if data were skewed. Cumulative incidence rates are reported, accounting for all-
cause and cause-specific mortality and rehospitalizations as separate outcomes, as well as a
composite outcome. We created Kaplan-Meier survival plots and used log-rank statistics to
compare time to event across subgroups based on baseline GDMT status and baseline LVEF.
We created Cox proportional hazards models to compare event rates by the same subgroups
and adjusted for covariates in the Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) risk score [12]. Follow-up data were right censored at 5 years. A two-sided p
value <0.05 defined statistical significance. Statistical analyses were performed using Stata
version 13 (StataCorp, College Station, TX, USA).

3. Results

Baseline characteristics of 1205 participants (69% males, mean [SD] age 61.2 [13.7] years)
are reported in Table 1. Ischaemic heart disease (72%) was the most common aetiology of
HF followed by dilated cardiomyopathy and rheumatic heart disease (Table 2). Hypertension
and diabetes mellitus were prevalent in 55% and 52% of the study participants, respectively.
HFrEF was the most common group (62%), followed by HFpEF (20%) and HFmEF (18%).
The in-hospital mortality was 8.4%. At discharge, beta blockers (58%), ACE-I or ARB
(48%), and mineralocorticoid receptor antagonists (46%) were prescribed among patients.

One-quarter (25.4%) of patients with HFrEF were discharged on GDMT from index
hospitalization, and less than 2% of patients had an implantable cardioverter defibrillator.
Of 1205 patients enrolled in THFR, 72 (6%) patients were lost to follow-up. There were no
significant differences between the patients lost to follow-up and those on follow-up except
that those lost to follow-up were younger (57.7 vs 61.5 years) Table S1. The unadjusted
5-year mortality rate was 59% (61.3%, 60.5%, and 46.8% in HFrEF, HFmrEF and HFpEF
groups, respectively) with a cumulative incidence rate of 22.6 per 100 person-years (95%
Cl: 21.0-24.3, Table 2). Median survival time was 3.1 years. Among patients with HFrEF
who died, 48% (= 219) died from sudden cardiac death, and 48% (n = 219) died from
worsening HF. Kaplan-Meier curves for mortality demonstrate a higher survival rate in
patients with HFrEF discharged from index hospitalization on GDMT as compared to those
who were not discharged on GDMT (Fig. 1). The lowest cumulative incidence rate of
mortality was in patients with HFpEF (log rank p < 0.001; Fig. 1).

The hospital readmission rate was 49% over the 5-year follow-up period. The 5-year
cumulative mortality rate was 50% in patients with zero hospital readmissions and was
69% in individuals with >1 re-admission (Fig. 2).
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The adjusted Cox proportional models demonstrated that baseline age, systolic blood
pressure, NYHA class I11/1V status, serum creatinine, and discharge GDMT were
independently associated with outcomes (Table 3). The components of GDMT were
associated with lower 5-year mortality risk: 36% for beta-blockers (HR = 0.64; 95% CI:
0.55-0.74, p< 0.001), 22% for RAS blockers (HR = 0.78; 95% CI: 0.66-0.90, p= 0.002),
and 25% for MRA (HR = 0.75; 95% CI: 0.64-0.88, p < 0.001).

Patients with HFpEF had a 28% lower 5-year mortality (HR = 0.72; 95% CI: 0.57-0.92,
p=0.010) in comparison to HFrEF. The 5-year mortality was almost 3 times higher in
individuals with NYHA class 111 and class IV as compared to NYHA class Il (HR = 2.8;
95% CI: 1.53-5.17, p=0.001). Each 10 mmHg increase in systolic blood pressure was
associated with 6% (HR = 0.94; 95% CI: 0.92-0.97, p < 0.001) lower 5-year mortality risk.
Each unit increase in serum creatinine in mg/dl (per 1 mg/dL) was associated with 11%
higher risk of 5-year mortality (HR = 1.11; 95% CI: 1.03-1.18, p=0.004).

4. Discussion

We report that 59% of patients with HF in THFR died at 5 years, which represents the
longest follow-up data of patients with HF in India. Our cohort of patients with acute HF

is a much younger cohort compared to high-income country cohorts. The younger mean
age of patients in the THFR also contrasts with the median age of 73 years among patients
hospitalized with heart failure in China [13]. The in-hospital mortality of 8.4% and one
year mortality of 30.8% is higher than the observed figures in similar recent registries like
the ESC-EORP-HFA Heart Failure Long-Term Registry [14]; 5.3% and 22.8%, respectively.
Median survival time of 3.1 years is alarming because the mean age of patients with HF in
THFR is over a decade younger than observed in high-income countries and China. Despite
substantially younger age of patients with HF in India, the 5-year mortality rate mirrors that
of high-income countries including United States (75%), Denmark (61%), Sweden (68%),
and United Kingdom (63%) [2,15-17].

Most deaths in THFR were due to worsening HF or sudden cardiac death. Comparatively,
cardiovascular deaths are less common in patients with HF in high income countries and are
being increasingly replaced by causes related to infections or neoplasms [3]. The treatment
of patients with HFrEF using optimal GDMT and appropriate device use may be key
reasons for lower cardiovascular deaths observed in HF patients from high-income countries
compared with this study. Sudden cardiac death was a major cause of death in approximately
half of the patients in THFR. The high risk for sudden cardiac death in patients with HFrEF
and HFpEF has been documented in high-income countries, though not to this extent in
India [18,19]. Despite evidence on implantable cardioverter defibrillator therapy in reducing
overall mortality for patients with HFrEF, less than 2% of patients in THFR received these
guideline-recommended devices, likely due to health system and resource constraints.

Discharge prescription rates of GDMT at index hospitalization were inversely associated
with mortality throughout the study period and was maintained at 5 years. Only one-quarter
of patients were prescribed GDMT at the time of discharge at index hospitalization. Several
factors could have influenced the prescription of GDMT, including hemodynamic factors
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and renal function. Given the long-term consequences, it might help to explore these

reasons and incorporate the information gained from the same in future quality-improvement
measures. The ongoing National Heart Failure Registry is expected to provide information
on patterns of GDMT utilisation in patients with acute heart failure in India [20]. The
readmission rate at 5 years was 49% in THFR, which is similar to readmission rates reported
from the United States [15]. Hospital HF readmissions are a risk factor for mortality, and
many are preventable. Care coordination, team-based care, and telemonitoring, including
medication adherence interventions, can reduce the risk of readmissions and HF-associated
mortality [19,21]. Quality improvement interventions targeting at increased prescription,
adherence, and accessibility rates of GMDT in India aimed at patients, healthcare providers,
and health systems should be priorities to reduce the burden of HF in LMIC settings, but
have not been widely tested [22]. Implementation strategies need to account for health
system factors, including relative emphasis on HF quality improvement compared with other
conditions, use of technology and combination therapy for better GDMT initiation and
long-term adherence, and investments to reduce out-of-pockets costs associated with GDMT
[23].

4.1. Strengths and limitations

Strengths of this study include enrolment of consecutive HF patients in all the hospitals in
the region during the one-year recruitment period and a high 5-year follow-up rate.

Limitations include a relatively small cohort with 1205 patients. The treatment details,
risk factor control, and drug doses were not available in all patients over time. However,
longitudinal factors are not included in most heart failure risk calculators, including
MAGGIC risk calculator for HF, so the influence of these limitations is uncertain. The
accuracy of adjudication of cause of death in non-hospitalized patients is another potential
limitation, but the overall mortality rate remains high.

5. Conclusions

Three out of every 5 patients died during the 5-year follow-up period in the first HF

registry in India. Only 25% of patients were discharged from the index hospitalization on
GDMT and importantly, prescription of GDMT at discharge was associated with lower
5-year mortality rates in patients with HFrEF. Quality improvement interventions to increase
evidence-based management and prevention of hospital readmissions may substantially
improve outcomes of patients with HF in India.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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—HFrEFacDMT 191 142 13 100 86 50
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——HFmrEF 263 183 150 123 104 62
——HFpEF 190 141 116 102 91 62

Fig. 1.
Five year cumulative incidence mortality rates by heart failure type and presence or absence

of baseline guideline directed medial therapy.
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Fig. 2.
Five-year cumulative incidence rates for all-cause mortality based on the presence of

hospital re-admission.
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Table 1

Baseline data from the Trivandrum Heart Failure Registry, stratified by baseline left ventricular ejection

fraction.

HFrEF (n = 752)

HFmrEF (n = 263)

HFpEF (n = 190)

P value

Females, n (%)
Age, mean (SD)
Educational status, n (%)
No education
Up to primary
Secondary
Graduate and above
Acute, de novo heart failure, n (%)
Aectiology of heart failure, n (%)
Ischaemic heart disease
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Rheumatic heart disease
Hypertension
Miscellaneous
Tobacco use, n (%)
Never used
Current use
Past use
History of hypertension, n (%)
History of diabetes, n (%)
History of atrial fibrillation/flutter, n (%)
History of stroke, n (%)
History of COPD, n (%)
History of CKD, n (%)
NYHA class, n (%)
NYHA class Il or below
NYHA class 111
NYHA class IV

Heart rate in beats per minute, mean (SD)

Systolic blood pressure in mmHg, mean (SD)

Diastolic blood pressure in mmHg, mean (SD)

Serum creatinine in mg/dL, mean (SD)
Haemoglobin in g/dL, mean (SD)

Serum sodium in mEg/L, mean (SD)
Beta-blocker at discharge, n (%) *

ACE-I or ARB at discharge n (%) *

205 (27.3)
61.8 (13.4)

97 (12.9)
329 (43.8)
228 (30.4)
97 (12.9)
276 (36.7)

561 (74.6)
128 (17.0)
6 (0.8)
32(43)
1(0.1)
24(32)

411 (54.7)
130 (17.3)
211 (28.1)
442 (58.8)
415 (55.2)
97 (12.9)
48 (6.4)
125 (16.6)
130 (17.3)

18 (2.5)
463 (63.9)
243 (33.6)
99 (22)
126.8 (30.4)
80.1 (16.5)
1.5 (1.0)
12.0 (2.0)
134.9 (6.0)
443 (65.9)

360 (49)

83 (31.6)
60.8 (13.7)

27 (10.3)
116 (44.6)
85 (32.3)
35(13.3)
117 (44.5)

198 (79.3)
20 (7.6)
6(2.3)
23(8.8)
3(1.1)

13 (4.9)

176 (66.9)
41 (15.6)
46 (17.5)
150 (57.0)
156 (59.3)
34(12.9)
16 (6.1)
29 (11.0)
54 (20.5)

7(27)

167 (65.2)
82 (32.0)
96 (20)
133.4 (35.3)
81.8 (16.9)
1.4(0.7)
12.1(2.3)
135.4 (0.2)
149 (60.6)

126 (49.8)

83 (43.7)
59.4 (14.5)

18 (9.6)

95 (50.5)
50 (26.6)
25 (13.3)
86 (45.3)

107 (56.3)
8(4.2)

15 (7.9)
40 (21.1)
7(3.7)

13 (6.8)

129 (67.9)
17 (8.9)
44.(23.2)
104 (54.8)
91 (47.9)
46 (24.2)
11 (5.8)
32 (16.8)
32 (16.8)

11(6.0)
114(62.6)
57 (31.3)
95 (25)
133.7 (34.7)
80.6 (16.6)
13(0.7)
11.9 (1.9)
135.8 (6.2)
106 (57.3)

83 (43.6)
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<0.001
0.08
0.56

0.02

<0.001

<0.001

0.58
0.05
<0.001
0.95
0.08
0.45
0.17

0.001
0.002
0.36
0.02
0.48
0.14
0.06

0.03
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HFrEF (n=752) HFmrEF (n=263) HFpEF (n=190) Pvalue

Aldosterone antagonists at discharge, n (%) * 382 (51) 110 (41.8) 59 (31) <0.001
Guideline directed medical therapy, n (%) 191 (25.4) NA NA NA

HFpEF: heart failurewith preserved ejectionfraction, EF>50%;HFrEF: heart failurewith reducedejection fraction,EF<40%;HFmrEF: heart

failurewithmid-range ejection fraction,EF 40-49%; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; NYHA:

New York Heart Association; ACE-I: angiotensin-converting enzyme inhibitor; ARB:angiotensin-receptor blocker,NA:notapplicable.Heart
rate,bloodpressure, serumsodium, and serumcreatinineweremeasured at baseline.

*
minor differences fromour baseline paper due to further data cleaning (Beta-blocker at discharge =698 instead of 701; ACE-I or ARB at discharge
=578 instead of 587; Aldosterone receptor antagonists at discharge= 551 instead of 553).
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