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a b s t r a c t

Several registries and quality improvement initiatives have focused on assessing and improving sec-
ondary prevention of CVD in India. While the Treatment and Outcomes of Acute Coronary Syndromes in
India (CREATE), Indian Heart Rhythm Society-Atrial Fibrillation (IHRS-AF), and Trivandrum Heart Failure
(THF) registries are limited to collecting data, the Tamil NadueST-Segment Elevation Myocardial
Infarction (TN-STEMI) program was aimed at examining and improving access to revascularization after
an ST-elevation myocardial infarction (STEMI). The Acute Coronary Syndromes: Quality Improvement in
Kerala (ACS-QUIK) study recruited hospitals from the Kerala ACS registry to assess a quality improvement
kit for patients with ACS while the Practice Innovation and Clinical Excellence India Quality Improvement
Program (PIQIP) provides valuable data on outpatient CVD quality of care. Collaborative efforts between
health professionals are needed to assess further gaps in knowledge and policy makers to utilize new and
existing data to drive policy-making.
Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The epidemic of cardiovascular diseases (CVD) has shifted from
high income countries to less industrialized parts of theworld. Over
three quarters of cardiovascular disease deaths occur in low income
countries.1 India is no different, where an estimated 3% of the rural
population, and 7% of the urban population has coronary artery
disease (CAD).2 Several initiatives have evaluated risk factors, pre-
sentation, and management of CVD in India with the aim of
reducing morbidity and mortality associated with these diseases.3

Secondary prevention refers to initiatives undertaken with the
aim of reducing the impact of CVD on patients who have already
been diagnosed with these diseases.

Several studies have suggested that data derived from registries
improves the quality of care provided through more detailed in-
formation and aggregate experience of other patients in the reg-
istry.4e6 Furthermore, these registries can serve as platforms to
deliver and subsequently test initiatives directed toward improving
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outcomes.7 In this article, we provide a brief overview of some of
these initiatives that have specifically focused on secondary pre-
vention of CVDs (Table 1). This review is meant to provide an
overview through examination of large, longitudinal registries and
cohort studies published in the last 10 years.

1.1. PINNACLE (practice innovation and clinical excellence) India
quality improvement program (PIQIP)

The PIQIP is India's first outpatient CVD quality improvement
program that was initiated in 2011, after validation of the PIQIP tool
in an earlier study.8,9 The tool was used to collect and report
outpatient CVD performance metrics in patients with CAD, heart
failure and AF. The PIQIP has provided data frommore than 100,000
patient encounters, from 17 participating centers in 11 different
cities (Adoni, Ahmedabad, Anand, Delhi, Hyderabad, Mumbai,
Nagpur, Nashik, Patna, Pune, Talegaon).8

One of the earlier reports from the PQIP estimated the preva-
lence and risk factors of CVD (hypertension, diabetes, dyslipidemia,
and current tobacco use) in 68,196 patients.8 The study found the
prevalence of CAD, heart failure, and AF to be 14.8%, 4.0%, and 0.5%
of patients, respectively. Hypertension, diabetes, current tobacco
use, and dyslipidemia were prevalent in 29.7%, 14.9%, 7.6%, and 6.5%
of the population, respectively. Self-reported use of medications in
eligible CAD patients was 48.6% for aspirin, 37.1% for clopidogrel,
and 50.6% for statins. Renineangiotensinealdosterone system
(RAAS) antagonists and beta-blockers (BB) were used by 61.9% and
58.1% of patients with heart failure, respectively, while only 37.0% of
patients with AF were on oral anticoagulation.

This study was followed by a report on the use of guideline-
directed medical therapy in heart failure patients.10 The report
included 15,870 patients from the PIQIP registry who had an
ejection fraction (EF) less than 40%. The authors analyzed docu-
mented use of angiotensin converting-enzyme inhibitors (ACEi)/
angiotensin receptor blockers (ARBs), BBs or both among out-
patients with heart failure and depressed EF. They found that ACEi/
ARB, BB, or both were documented in 33.5%, 34.9%, and 29.6% of
patients, respectively. The study also noted that the documented
use of these medications increased progressively during the course
of the study.

Another study from PIQIP evaluated sex disparities in care and
access to healthcare in India.11 The study included 31,796 women
that were compared with 66,245 men. The study found that
women, despite being younger, had a higher co-morbidity burden
compared with men with regard to hypertension (62.0% in women
vs. 45.6% in men, P � 0.01), diabetes (39.4% vs. 35%, P � 0.01), and
hyperlipidemia (3.7% vs. 3.1%, P ¼ 0.19). Women participants on
average had fewer encounters (mean ¼ 2.59) compared with men
(2.82; P� 0.001) during the study period. Most notably, there was a
difference in guideline-directed medication prescriptions. Women
with CAD had lower documented rates of aspirin (38% inwomen vs.
50.4% in men, P � 0.001), aspirin or thienopyridine combination
(46.9% vs. 57.2%, P � 0.001), and BB (36.8% vs. 47.8%, P � 0.001)
prescriptions compared with men. Women with heart failure with
low EF (EF � 40%) also had lower prescription rates of guideline-
directed medical therapy compared with men: BB (30.8% vs.
37.0%, P � 0.001), ACEi or ARBs (29.3% vs. 34.9%, P � 0.001), and
both (24.6% vs. 31.0%, P � 0.001). Among women with AF and
CHADS2 score �2, however, more women were on oral anti-
coagulation compared with men (19.6% vs. 14.6%, P ¼ 0.34),
although the use of oral anticoagulants was low for both groups. It
is worth noting that the sample size for AF patients was low in this
study.

In a recent report, the authors of the PIQIP analyzed the influ-
ence of electronic health records (EHR) on the quality of care
patients received.12 The study compared documentation of CVD
comorbidity burden (hypertension, diabetes mellitus, and hyper-
lipidemia) in CAD patients between practices with (n ¼ 2 practices)
and without (n ¼ 15 practices) integrated and operational EHRs.
Documentation of guideline-directed medical therapy for CAD, AF,
and heart failure was also compared between these practices. The
study found that comorbidity burden in patients with CAD was
documented less frequently among practices with EHR d hyper-
tension (49.8% at practices with EHR vs. 52.1% at practices without
EHR; P ¼ 0.003), diabetes (34.9% vs. 38.3%; P < 0.001), and hyper-
lipidemia (0.2 vs. 3.9%; P < 0.001). On the contrary, guideline-
directed medical therapy was prescribed more frequently at prac-
tices with EHR. In patients with CAD, aspirin (63.2% in practices
with EHR vs.17.8% in practices without EHR; P < 0.001), clopidogrel
(41.7% vs. 27.4%; P < 0.001), BB (61.4% vs. 9.8%; P < 0.001), and ACEi
or ARBs (53.9% vs.16.4%; P < 0.001) were all prescribed more
frequently at practices with EHR. Similarly, patients with heart
failure received BB (43.8% vs. 10.7%; P < 0.001) and ACEi or ARBs
(40.8% vs. 16.1%; P < 0.001) more frequently at practices with EHR.
Documentation of warfarin prescription was higher in patients
with AF receiving care at practices with EHR (42.5% vs. 26.1%;
P < 0.001).

In conclusion, the PIQIP registry demonstrated the feasibility of
conducting quality improvement programs in an outpatient car-
diovascular setting in India. In addition, it highlighted the subop-
timal rates of GDMT, especially in females. It is limited by mostly
enrolling sites from urban locations, which makes these results less
generalizable to a large part of India. In addition, the study design is
only feasible for patients who return to the practices where they
were initially evaluated. This results in a significant number of
patients being lost to follow-up. In addition, due to the time con-
straints in a resource-limited setting, data on medication contra-
indications are not recorded. The generalizability of data is limited
by participation of highly-motivated centers. Finally, high cost of
medications may have influenced prescription rates of guideline-
directed medical therapy. Future directions for the PIQIP registry
include inclusion of semi-urban and rural practices and enhanced
data capture (e.g., socioeconomic status, data on biomarkers, and
contraindication to medications, etc.).

2. Secondary prevention after myocardial infarction

2.1. Kerala acute coronary syndrome (ACS) registry

The Kerala ACS Registry is a prospective registry developed
specifically to study trends in presentation, management, and
outcomes of patients with ACS in Kerala.13 Datawere collected from
25,748 patients with age greater than 18 years who presented with
ACS at 125 different hospitals between May 2007 and May 2009.

In its initial report, the registry found that ST-elevation
myocardial infarction (STEMI) was the most common presenta-
tion (37%), followed by non-ST elevation myocardial infarction
(NSTEMI) (31%) and unstable angina (32%; P < 0.001 for difference
between the groups).14 A higher proportion of patients with un-
stable angina had a history of prior diabetes compared with pa-
tients who presented with STEMI and non-STEMI (40.7% in
unstable angina vs. 37.9% in NSTEMI vs. 34.6% in STEMI), stroke
(3.2% vs. 2.2% vs. 2.2%), and percutaneous coronary intervention or
coronary artery bypass graft surgery (PCI or CABG) (0.7% vs. 0.1% vs.
0.1%; P < 0.001 for all). On the other hand, history of prior hyper-
tension (40.4% in unstable angina vs. 48.2% in NSTEMI vs. 55.5% in
STEMI) and smoking (30.2% vs. 37.9% vs. 35.3%; P < 0.001 for all)
was more prevalent among STEMI and non-STEMI patients.
Thrombolytics were administered in 41% of patients with STEMI.
Approximately 19% of NSTEMI, and 11% of unstable angina



Table 1
A summary of findings from secondary cardiovascular disease prevention registries and epidemiological cohorts in India.

Initiative Year of Publication Patient Population; Population size Key Findings Limitations

PINNACLE e India Quality
Improvement Program
(PIQIP)8e12

2015

Patients with coronary artery disease, heart
failure, and atrial fibrillation evaluated in the
outpatient setting. n > 100,000

<35% of HFrEF patients had documentation of
guideline-directed therapies.
Women had lower rates of guideline-directed
therapies documented for both, CAD and HF.

High rate of missing data.

Kerala Acute Coronary
Syndrome registry13,14

2013

Patients presenting to the hospital with acute
coronary syndrome (ACS). n ¼ 25,748

Observed in-hospital mortality for ACS patients
was around 8%.
<50% of STEMI patients and <30% of non-STEMI/
unstable angina patients underwent reperfusion
(primary PCI or thrombolytic therapy).

Possible selection bias (ACS
patients included only if survived
to be admitted to a coronary care
unit)
Voluntary participation of
hospitals.

Acute Coronary Syndromes:
Quality Improvement in
Kerala (ACS QUIK)15,16

2017

Patients presenting to the hospital with acute
coronary syndrome (ACS).
Control group: n ¼ 10,066
Intervention group: n ¼ 11,308

Care of patients with the help of a quality
improvement tool kit did not improve all-cause
death, reinfarction, stroke, or major bleeding
compared with standard care. However, it
increased the prescription of optimal in-patient
and out-patient medications.

Short-term follow up.

CREATE registry17

2008
Acute myocardial infarction (STEMI or non-
STEMI) or suspected myocardial infarction in
patients with prior ischemic heart disease.
n ¼ 20,937

Higher proportion of STEMI cases in India
compared with other nations.
30-day mortality 9% for STEMI; 4% for non-STEMI.
Mean age of patients with ACS around 10 years
younger than the Western world.

Observational registry.

The Tamil NadueST-Segment
Elevation Myocardial
Infarction (TN-STEMI)
Program18

2017

Regional system-of-care program for STEMI
patients. n ¼ 2420

Tamil Nadu e STEMI program included a regional
system of care intervention through a hub-and-
spoke model.
Post-intervention: increased rates of coronary
angiography, PCI and reduction in 1-year mortality
(14.2% vs. 17.6% pre-intervention).

Heterogeneity between different
regions of Indiamay limit ability to
scale the hub-and-spoke model to
other states.

Detection and Management of
Coronary Heart Disease
(DEMAT) Registry19

2013

Patients presenting with ACS at 10 tertiary care
centers across 9 cities in India. Data were
prospectively collected to compare gender
differences in ACS presentation, management,
and outcomes. n ¼ 1565

Women presenting with ACS had comparable in-
hospital management, dischargemanagement, and
30-day outcomes compared with men who
presented with ACS.

Small sample size, short duration
of follow up, convenient sampling
and limited clinical endpoints.

North Indian ST-Segment
Elevation Myocardial
Infarction (NORIN STEMI)
Registry20

2019

All patients >18years of age presenting with
STEMI at two tertiary care hospitals in India
.n~3500 (data collected on 558 patients thus far)

45% of patients presented to the emergency
department more than 1 h after symptom onset.
More data to follow after further enrollment.

Two hospitals in New Delhi,
limiting generalizability.

Prospective observational
longitudinal registry of
patients with stable
coronary artery disease
(CLARIFY)21

2017

Patients with stable coronary artery disease.
n ¼ 1537

Patients in India were significantly younger than
rest of the world and had a higher prevalence of
diabetes.
Indian patients were also less likely to be on
aspirin, statins, and beta-blockers.
High LDL-C, low HDL-C was more common in
Indian patients.

Participants were selected from
major cities, leading to urban bias.

Premature coronary artery
disease in India: coronary
artery disease in the young
(CADY) registry22 2017

Young patients (men age < 55 years and women
age < 65 years) with CAD from 22 centers in
India. n ¼ 997

Conventional risk factors (family history of CAD,
hypertension, dyslipidemia, tobacco use, diabetes
mellitus) were highly prevalent in these patients.
Females were older and had higher burden of
comorbidities.

Lack of data on genetic risk factors.

Indian Heart Rhythm Society e

Atrial Fibrillation (IHRS-AF)
registry23

2017

Patients with atrial fibrillation. n ¼ 1537 Mean onset of AF in Indian patients occurs 10 years
earlier than in the West.

Possible selection bias (patients
primarily recruited from tertiary
centers).

Trivandrum Heart Failure
registry25

2015

In-hospital heart failure admissions. n ¼ 1205 Most common cause of heart failure in this registry
was ischemic heart disease accounting for > 70% of
cases.
25% of HFrEF patients prescribed guideline-
directed therapies at discharge.

No drug-dosing data.

ACS: acute coronary syndrome; AF: atrial fibrillation; HDL: high-density lipoprotein; HFrEF: heart failure with reduced ejection fraction; LDL: low-density lipoprotein;
NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.
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admissions inappropriately received thrombolytic therapy. These
were more common at low-volume, and non-teaching hospitals.
In-hospital antiplatelet use was greater than 90%. Percutaneous
coronary intervention rates were marginally higher in STEMI ad-
missions (12.9% in STEMI vs. 11.7% in NSTEMI vs. 10.9% in unstable
angina; P < 0.001). Discharge medication rates were variable and
generally suboptimal with 76.4% patients discharged on aspirin,
79.4% on clopidogrel, 62.7% on beta-blockers (BB), 70.1% on statins,
and 25.5% on ACEi/ARBs.
In another report, differences in presentation, diagnosis and
management were compared between men (n ¼ 19,923) and
women (n ¼ 5825).13 The study found that women (mean
age ¼ 64.4 years) were older than men (mean age ¼ 59.3 years,
P < 0.001). A higher proportion of women had a history of prior MI
(16% vs.14%, P < 0.001) but a lower prevalence of hypertension (50%
vs. 52%, P¼ 0.02). Therewere nomajor numerical differences in the
presentation in terms of chest pain (85% in women vs. 86% in men;
P ¼ 0.06), dyspnea (12% vs. 11%; P ¼ 0.006), or left bundle branch
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block (2% vs. 3%; P ¼ 0.03). Women were more likely, however, to
have positive cardiac biomarkers (60% vs. 57%), and to undergo
coronary angiography (13% vs.11%; P < 0.001 for all) compared with
men.

In the Acute Coronary Syndromes: Quality Improvement in
Kerala (ACS QUIK) study, 63 of the 125 hospitals in the Kerala ACS
registry (in addition to 12 government hospitals not in the Kerala
ACS registry) were cluster randomized into intervention and usual
care groups.15 Hospitals in the intervention group provided care to
patients with ACS with the help of a quality improvement tool kit
that consisted of audit and feedback, checklists, patient education
materials, and linkage to emergency cardiovascular care and quality
improvement training. The study showed no difference in the pri-
mary outcome (composite of all-cause death, reinfarction, stroke,
or major bleeding) between the two groups (5.3% in the interven-
tion group vs. 6.4% in the control group; adjusted Odds Ratio [aOR]:
0.98, 95% CI: 0.80e1.21). There were also no statistically significant
differences observed in tobacco cessation advice (96.0% vs. 94.7%;
aOR: 1.06, 95% CI: 0.67e1.67); however, optimal in-patient medi-
cations (aspirin, adenosine diphosphate receptor antagonist, anti-
coagulant, and BB) (31.7% vs. 35.8%; aOR: 1.45; 95% CI: 1.28e1.64),
and optimal discharge medications (aspirin, adenosine diphos-
phate receptor antagonist, statin, and BB) (61.8% vs. 64.0%; aOR:
1.61, 95% CI: 1.42e1.82) were higher in the intervention group.

In one study, 27 ACS providers (cardiologists, emergency room
physicians, emergency room nurses, coronary care unit nurses,
cardiac catheterization laboratory technicians, ambulance para-
medics, a hospital administrator, and a state government health
policy official) who were part of the ACS QUIK study were inter-
viewed to better understand the facilitators and barriers to pre-
hospital ACS care, and to understand contextual barriers.16 Based
on their responses, the study concluded that, (1) patients with ACS
often attribute their symptoms to non-cardiac causes; (2) emer-
gency medical services are infrequently utilized in pre-hospital
management; (3) the pre-hospital healthcare infrastructure in
Kerala is insufficient and leads to pre-hospital delay (4) multiple
stops are made (e.g., at a primary health center, a peripheral hos-
pital); before arriving at a facility that can provide definitive diag-
nosis and treatment, and (5) high cost of healthcare limits health
care delivery. The study also noted the potential of mobile health
technologies in accelerating the diagnosis and initiation of treat-
ment processes.

The Kerala ACS registry is the largest ACS registry in India to
date, and it provides valuable data that is assisting in setting up
programs that improve the quality of ACS management in India.
The heterogeneity of the Indian population and systemic differ-
ences between different geographical regions in India, however,
make results from the Kerala ACS registry difficult to generalize to
other parts of the nation. Participation in the Kerala ACS registry
was voluntary; therefore, the data may not be representative of all
inpatient practices in Kerala. Moreover, some of the event ratesmay
be falsely low as data were only limited to patients hospitalized in
coronary care units and could not be collected from emergency
departments or other inpatient units due to resource constraints.

2.2. Treatment and outcomes of acute coronary syndromes in India
(CREATE)

The CREATE registry recruited participants who presented with
ACS at 89 hospitals in 50 different Indian cities for a 4-year period
ending in 2005.17 Data were prospectively collected on these pa-
tients at the time of enrollment and at 30 days. Data collected
included baseline clinical characteristics, demographics, medical
history, time to reach the hospital, time until thrombolysis, treat-
ments in hospital, outcomes in hospital and at 30 days, and
socioeconomic indicators. Mean age of the participants was 57.5
years with 76.4% (n ¼ 15,644) participants being male. Of the
20,468 patients recruited and analyzed, 12,405 patients had STEMI
(60.4%), and the median time of presentation was 6 h after symp-
tom onset. Patients who presented with STEMI were more likely to
be smokers (34.1% vs. 18.5%) but less likely to have a history of
diabetes (26.9% vs. 35.8%), hypertension (31.4% vs. 47.5%), myocar-
dial infarction (11.5% vs. 26.6%), and heart failure (0.8% vs. 1.6%;
P < 0.001 for all) compared with patients who did not present with
STEMI. Around 97.9% patients received antiplatelet agents on pre-
sentation, while 23.2% (21.8% with STEMI and 25.7% with NSTEMI)
underwent coronary angiography. Thrombolysis was administered
in 58.5% (n¼ 7261) of STEMI patients. BB, lipid-lowering drugs, and
ACEi or ARBs were administered to 59.3%, 52.0%, and 56.8% patients
while in the hospital, respectively. At 30 days, death occurred in
8.6% STEMI, and 3.8% in NSTEMI patients. In terms of socioeconomic
status, patients classified as “rich” had the highest proportion of
known diabetes (40.9%) and hypertension (22.3%), and the lowest
proportion of tobacco smoking (32.7%; P < 0.001 for trend for all).
They also had the lowest proportion of STEMI (47.3%), but were
most likely to undergo coronary angiography (40.9%) and receive
PCI (15.3%). Mortality was lowest in the “rich” group (5.5%), and
highest in the “poor” group (8.2%). This difference did not correct
after adjusting for risk factors and location of infarct.

The strength of the study lies in the inclusion of 50 different
cities in India. The study is limited by its observational design.
Other indicators such as physical exercise and education may have
been confounders that were not evaluated. The study also did not
collect data such as medications at discharge and medication
adherence at follow-up.

2.3. The Tamil NadueST-Segment Elevation Myocardial Infarction
(TN-STEMI) program

The TN-STEMI program is a multicenter, prospective study
initiated with the aim of examining and improving access to
perfusion and PCI during STEMI.18 The study linked 4 PCI-capable
facilities to 35 non-PCI-capable health centers, and a non-profit
ambulance service that was capable of acquiring and transmitting
electrocardiograms (ECGs) and transporting patients between
hospitals. Patients with STEMI were enrolled prior to (n ¼ 898) and
after implementation (n ¼ 1522) of the program, and the two
groups were compared. Data collected included demographics,
medical history, data relating to processes of care (mode of trans-
portation and intervals of onset of chest pain, time of arrival at the
hospital, time taken to perform ECG, and time when coronary
angiography and/or PCI [if performed]), in-hospital management,
and in-hospital outcomes. The study found a significant increase in
the proportion of patients that were transferred from non-PCI
healthcare centers to PCI-capable health centers after the imple-
mentation of the program (3.7% prior to implementation vs. 33.5%
after implementation; P < 0 0.001). Time from first medical contact
to ECG (7 min vs. 5 min; P ¼ 0.02), and time from ECG to PCI
(39.2 min vs. 17.3min; P ¼ 0.003) decreased after the imple-
mentation of the program. The implantation also resulted in a
greater proportion of STEMI patients undergoing coronary angi-
ography (3.5% vs. 31.3%) and PCI (3.1% vs. 20.6%). In-hospital mor-
tality at non-PCI centers decreased from 7.6% to 6.1% after
implementation of the program. The program also resulted in
higher rates of antiplatelet agents (59.2% vs. 82.3% for aspirin, 57.6%
vs. 64.1% for clopidogrel, 3.7% vs. 15.5% for prasugrel, and 3.2% vs.
11.8% for ticagrelor) and statins (62.6% vs. 76.5%; P < 0.001 for all)
being prescribed at discharge.

The findings of the study suggest that a referral model, such as
the one proposed in this study, may be the key in a higher
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proportion of patients with ACS receiving standard of care. The
model, however, requires strong partnerships between the pri-
mary, secondary, and tertiary care hospitals. The heterogeneity of
the healthcare setup in India may limit the applicability of this
model.
2.4. Detection and management of coronary heart disease (DEMAT)
registry

The DEMAT registry recruited patients who presented with ACS
at 10 tertiary care centers across 9 cities in India.19 Data was pro-
spectively collected during the hospitalization, upon discharge, and
at 30-day follow-up. A total of 1565 patients suspected to have ACS
were enrolled, 334 (21.3%) of whomwere women. The study found
that women presenting with ACS were older than men (mean age
60.8 years vs. 57.2 years; P < 0.001), and less likely to present with
STEMI (38% vs. 55%; P < 0.001) compared with men. Hypertension
(62% vs. 42%; P < 0.001) and diabetes (46% vs. 38%; P ¼ 0.01) were
more prevalent inwomenwhile tobacco use (2% vs. 33%; P < 0.001)
was higher in men. Hyperlipidemia (15.6% vs. 15.0%; P ¼ 0.81) and
stroke (0.9% vs. 1.5%; P ¼ 0.37) were similar in both groups. In-
hospital management was not significantly different between the
two groups, with comparable rates of PCI (49.4% vs. 49.0%; P¼ 0.90)
and CABG (5.8% vs. 6.6%; P¼ 0.61), as well as prescription of aspirin
(93.7% vs. 96.1%; P ¼ 0.06), clopidogrel (92.5% vs. 93.7%; P ¼ 0.42),
BB (76.4% vs. 79.2%; P¼ 0.26), and unfractionated or low-molecular
weight heparin (52.1% vs. 51.5%; P ¼ 0.85) between the two groups.
Thrombolytic therapy was administered less frequently in women
than men (16.2% vs. 25.4%; P < 0.01). Management at discharge was
found to be similar between both groups with comparable pre-
scription rates of aspirin (94.4% vs. 93.9%; P ¼ 0.74), BB (77.3% vs.
80.0%; P¼ 0.28), and statins (86.2% vs. 88.5%; P¼ 0.26) between the
two groups. Clopidogrel prescription at discharge was higher in
males compared with females (87.2% vs. 91.8%; P ¼ 0.01). At 30
days, death (3.0% vs. 1.8%; aOR: 1.40, 95% CI: 0.62e3.16) and com-
bined outcome of death, rehospitalization, or cardiac arrest at 30
days (13.5% vs. 12.5%; aOR: 1.00, 95% CI: 0.67e1.48) were similar in
both groups.

The DEMAT registry was one of the earlier studies that
compared outcomes between men and women presenting with
ACS. The study, however, is limited by its relatively small sample
size and short duration of follow-up.
2.5. North Indian ST-Segment Elevation Myocardial Infarction
(NORIN STEMI) registry

The NORIN STEMI registry is a prospective cohort study based in
two large, largely cost-free tertiary medical centers in New Delhi,
India.20 These institutions are government-funded and allow the
inclusion of an underserved population. The goal of the study is to
study risk factors (such as hypertension, hyperlipidemia, kidney
disease, diabetes mellitus), practice patterns (such as duration from
onset of symptoms to presentation and PCI), and prognosis of pa-
tients presenting with STEMI at these tertiary care hospitals. The
study started enrolling in January 2019 with the goal of enrolling
3500 patients. Data collected from 558 patients were presented in a
recent report that showed the median age of the patients to be
55 years, with 34% of patients younger than 50 years of age. Prev-
alence of hypertension, diabetes mellitus, hyperlipidemia, and
current smoking was 29%, 23%, 5%, and 60%, respectively. Of note,
45% of patients presented to the emergency department more than
1 h after symptom onset. The study stands out for providing
contemporary data, as well as for describing presentation and
practice patterns in two large tertiary care hospitals. While findings
from this registry after complete enrollment are awaited, initial
findings indicate concerning trends.
3. Prevention of atherothrombosis in stable coronary artery
disease

3.1. Prospective observational longitudinal registry of patients with
stable coronary artery disease (CLARIFY)

The CLARIFY registry was conducted across 45 geographical
regions of the world with the objective to gain information on their
demographic characteristics, clinical presentation, and manage-
ment of CAD.21 Patients in the registry had stable CAD, with at least
one of the following: coronary stenosis >50% on coronary angiog-
raphy; documented myocardial infarction (MI > 3 months ago);
chest pain with myocardial ischemia proven using stress electro-
cardiogram, stress echocardiography, or myocardial imaging; his-
tory of CABG or PCI (performed > 3 months ago). One report from
this registry compared clinical characteristics, prevalence, and
control of risk factors for coronary artery disease between partici-
pants in India and the rest of theworld (ROW). The study found that
patients in India were significantly younger than the ROW
(59.6 ± 10.9 years vs. 64.3 ± 10.4 years). Patients from India had a
higher prevalence of diabetes (42.9% vs. 28.8%) compared with
ROW, but a lower prevalence of family history of premature CAD
(21.3% vs. 28.7%), dyslipidemia (63% vs. 75.2%), peripheral artery
disease (4.8% vs. 10%), abdominal aortic aneurysm (0.1% vs. 1.6%),
and carotid disease (1.8% vs 7.7%). At the time of enrollment, Indian
patients were also less likely to be on aspirin (85.6% vs. 87.8%;
P ¼ 0.0443), statins (77.9% vs. 90%, P < 0.001), and BB (69.4% vs.
75.4%; P< 0.001). High LDL cholesterol (LDL cholesterol�70mg/dL)
(41.6% vs. 31.2%) and low HDL cholesterol (41.6% vs. 31.2%) were
more common in Indian patients, while they were also less likely to
be obese (27.2% vs. 48.4%) compared with the ROW.
3.2. Premature coronary artery disease in India: coronary artery
disease in the young (CADY) registry

The CADY registry is a multi-centric, prospective, observational
study that was designed to determine risk factors of premature CAD
(men age < 55 years and women age < 65 years) in the Indian
population.22 CAD was defined by a positive stress test or a definite
imaging technique, or history of prior PCI or CABG. The study was
conducted across 22 centers in India and enrolled 997 patients that
had amean age of 49.1 ± 8 years (46.7 ± 7 years in men and 55.1 ± 7
years in women). Around 680 (68%) patients presented with ACS
(51% STEMI, 49% NSTEMI). Family history of CAD, hypertension,
dyslipidemia, tobacco use, diabetes mellitus, and BMI�23 were
present in 49.4%, 11.4%, 38.6%, 44.2%, and 56.4% of the population,
respectively. Diabetes mellitus (62.2% vs. 37.1%) and hypertension
(72.1% vs. 40.3%; P < 0.0001 for all) were more prevalent in females
with premature CAD compared with males, while tobacco use
(52.7% vs. 3.2%; P < 0.001) was more common in males. The study
also found that compared with patients without ACS, BB (54.6% vs.
38.7%) and statins (80.8% vs. 63.5%) were more frequently pre-
scribed in patients with ACS. Antiplatelet agents (80.5% vs. 91.8%)
and ACEi/ARBs (35.9% vs. 53.3%) were less frequently prescribed in
patients with ACS compared with patients without ACS.

The CADY registry was an important initiative that identified
risk factors for premature CAD in the Indian population. The study
also identified a greater potential for prevention in females given a
higher rate of comorbidities. The study was limited by a lack of
information on genetic risk factors, that are major contributors to
CAD in this specific population.



Fig. 1. Potential framework for collaboration between academia, ministry of health and public/private hospitals.
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4. Improving outcomes in patients with heart failure and
atrial fibrillation)

4.1. Indian Heart Rhythm Society-Atrial Fibrillation (IHRS-AF)
registry

The IHRS-AF was created with the aim of capturing epidemio-
logical data on atrial fibrillation (AF) in India.23 The study pro-
spectively enrolled 1537 patients with AF from 24 inpatient or
outpatient settings across 12 cities in India. Data collected included
patient demographics, their presentation, associated comorbidities,
treatment practices, and 1-year follow-up outcomes. Mean age of
the participants was 54.7 ± 15.9 years, 51.5% of whomwere female.
This was much lower than the age of AF patients in the United
States, where median age was 75 years.24 In addition, 47.6% of the
participants had rheumatic heart disease. Hypertension, heart
failure, and coronary artery disease were present in 31.4%, 18.7%,
and 16.2% patients, respectively. At baseline visit, 20.4% patients
were diagnosed with paroxysmal AF while 33.0% and 35.1% had
persistent and permanent AF, respectively. At one-year follow-up,
45.6% patients were in permanent AF, while only 10.5% and 20.3%
continued to have paroxysmal and persistent AF, respectively.
Approximately 22.6% patients had no AF at 1 year. Rate control
strategy was the mainstay of treatment for 75.3% of patients at
baseline visit, and the proportion increased to 79% at 1 year.
Approximately 66% patients were successfully rate controlled
(heart rate < 90 beats per minute) at 1 year. At 1 year, 1.03% (n¼ 16)
patients had stroke, of which 8 were ischemic (mean INR ¼ 1.85 in
these patients), 4 were hemorrhagic, and 2 were undetermined. Of
the 100 patients who died at 1 year, the most common cause of
death was heart failure (35%), followed by myocardial infarction
(14%), sudden cardiac death (12%), and stroke (4%).

The IHRS-AF brings to light that patients with AF in India are
younger compared with the West. It also showed a high prevalence
of rheumatic heart disease in this population. A major limitation of
this study was the selection bias, as a result of patient recruitment
from tertiary care centers only. Thus, this may not be a true
reflection of the actual incidence and etiology of AF in the
community.

4.2. Trivandrum Heart Failure Registry (THFR)

The THFR was designed to evaluate the presentation, clinical
management, and outcomes of patients with heart failure in
Trivandrum, an urban district in Kerala, India.25 All 18 hospitals in
the district were enrolled. Datawere collected on patients admitted
with heart failure at these hospitals through questionnaires, and
these patients were followed at 90 days either through outpatient
visits or phone. Of the 1209 patients who were enrolled in the
registry, 834 (69%) were male. Most common etiology of heart
failure was ischemic heart disease (72%), followed by dilated car-
diomyopathy (13%) and rheumatic heart disease (8%). Mean dura-
tion of hospital stay was 6 days (IQR 4e9 days), and nearly all
patients (94%) received diuretics. BB, ACEi/ARBs and aldosterone
antagonists were prescribed to 54%, 46%, and 44% patients,
respectively. Only 19% patients with left ventricular systolic
dysfunction (defined by investigators as EF<45%) were on
guideline-directed medical therapy (combination of BB, ACEi or
ARB, and aldosterone receptor blockers) during hospital stay, while
25% were prescribed guideline-directed medical therapy at
discharge. At 30 and 90 days, mortality was 12.5% and 18.1%,
respectively. Compared with patients who did not receive
guideline-directed medical therapy, patients who received
guideline-directed medical therapy had lower mortality rates
(HR:0.28, 95% CI: 0.14e0.53; P < 0.001). Older age (age>55) (hazard
ratio [HR]: 1.50, 95% CI: 1.05e2.15), New York Heart Association
Class IV symptoms (HR: 1.60, 95% CI: 1.18e2.16), less than primary
education (HR: 1.82; 95% CI: 1.04e3.17), and decreased renal
function (HR: 1.22, 95% CI: 0.82e1.52; P < 0.05 for all) were asso-
ciated with higher mortality rates at 90 days.

The study highlights low prescription rates of guideline-
directed medical therapy in this population. The study also iden-
tified younger age, male sex, and ischemic heart disease to be
associated with heart failure. It is, however, limited by a lack of
information on medication dosages, and the inability to infer cau-
sality due to the observational nature of the study. Moreover, as this
was a hospital-based study, many cases who did not present in an
inpatient setting, would have been excluded.

In summary, data suggest that patients presenting with CVD in
India are younger, and have a higher burden of CVD risk factors. In
addition, there is a suboptimal rate of guideline recommended
management. Recommendations from local health professional
societies should emphasize on a greater push for primary preven-
tion, perhaps at younger ages, given the higher risk of premature
CAD. Efforts also need to be made to identify deficiencies in prac-
tices and to drive system-level interventions to provide better pa-
tient care. These objectives require collaborative efforts between
health professionals in government, private and academic settings
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that use these data to drive policy-making. We propose one such
model in Fig. 1 where we assign the Health Ministry to provide a
framework for interventions to public/private hospitals, which in
return are responsible for implementation of these initiatives as
well providing financial support for these interventions. Similarly,
academia is responsible for providing quality improvement
frameworks, and monitoring progress of health interventions in
exchange for data and financial support from hospitals and the
Health Ministry.

5. Conclusion

The CVD epidemic in India requires urgent attention. Review of
data suggests that patients presenting for secondary prevention in
India are younger and have a higher burden of CVD risk factors.
There is a need for collaborative efforts between health pro-
fessionals in government, private and academic settings to assess
gaps in knowledge and use these data to drive policy-making.
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