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Abstract

Aims To describe clinical characteristics and outcomes for those with STEMI and reduced left ventricular ejection fraction
(LVEF) in low-income and middle-income countries (LMICs).
Methods and results Adults presenting with STEMI to two government-owned tertiary care centres in Delhi, India were
prospectively enrolled in the North India ST-elevation myocardial infarction (NORIN-STEMI) registry. LVEF was evaluated at pre-
sentation and clinical characteristics were compared across LVEF categories. Overall, 3597 patients were included, of whom
468 (13%) had LVEF >50%, 1482 (41%) had mildly reduced LVEF (40–49%), 1357 (38%) had moderately reduced LVEF
(30–39%), and 290 (8%) had severely reduced LVEF (<30%). Presentation delay >24 h, prior MI, and hyperlipidaemia were
associated with decreasing LVEF category. Although most patients with reduced LVEF were discharged on appropriate
guideline-directed therapies, adherence at 1 year was low (ACE inhibitor/ARB 91% to 41%, beta blocker 98% to 78%, aldoste-
rone receptor antagonist 69% to 6%). After multivariable adjustment, a Cox regression model showed moderately reduced
LVEF (HR 1.77, 95% CI 1.20, 2.60) and severely reduced LVEF (HR 3.63, 95% CI 2.41, 5.48) were associated with increased risk
of all-cause mortality compared with LVEF ≥50%.
Conclusions On presentation for STEMI, almost 90% of NORIN-STEMI participants had at least mildly reduced LVEF and
almost half had LVEF <40%. Patients with LVEF <40% had significantly higher risk of mortality at 1 year, and adherence to
guideline-directed therapies at 1 year was poor. Systematic initiatives to improve access to timely revascularization and
guideline-directed therapies are essential in advancing STEMI care in LMICs.
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Introduction

Ischaemic heart disease is the most common cause of heart
failure (HF) worldwide.1–3 ST-segment elevation myocardial
infarction (STEMI) is the most feared presentation of ischae-
mic heart disease and is associated with significant morbidity
and mortality. Over the past two decades, prompt

revascularization strategies and timely administration of
medical therapies have improved outcomes in patients with
STEMI in high income countries.4–7 However, delays in revas-
cularization largely stemming from delayed presentation in
low-income and middle-income countries (LMICs) have
blunted the magnitude of benefit from these treatments.8

Consequently, these delays are associated with significant
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myocardial injury and hence, a large population at high risk
for reduced left-ventricular ejection fraction (LVEF) and
HF.9,10

STEMI remains an important pathway to reduced LVEF, HF,
and poor outcomes in most of the world, including India.
However, contemporary data quantifying reduced LVEF after
STEMI and its association with subsequent clinical outcomes
in LMICs are sparse. We use the prospective North India
ST-elevation Myocardial Infarction registry (NORIN-STEMI)
database to evaluate the distribution of LVEF among those
presenting with STEMI in North India and the impact of re-
duced LVEF on clinical outcomes.

Methods

Study population

The design of NORIN-STEMI has been previously described in
detail.11 Briefly, NORIN-STEMI is a prospective, ongoing
observational registry of all consenting adults (≥18 years of
age) presenting with STEMI at two government-owned,
PCI-capable tertiary care centres in New Delhi, India, from
January 2019 to February 2020. A diagnosis of STEMI was
based on the European Society of Cardiology/American Col-
lege of Cardiology Foundation/American Heart Association/
World Heart Federation Task Force for the fourth Universal
Definition of Myocardial Infarction.12

Determination of left ventricular ejection fraction
and cardiovascular risk factors

All patients underwent transthoracic echocardiography on
presentation. LVEF was determined visually by experienced
cardiologists, per institutional standard, and was categorized
into normal LVEF (>50%), mildly reduced LVEF (40–49%),
moderately reduced LVEF (30–39%), and severely reduced
LVEF (<30%). Patients with a pre-existing diagnosis of HF
were excluded from this analysis. Diabetes mellitus was de-
fined as a chart or self-reported history of diabetes mellitus
or glycated haemoglobin (HbA1c) ≥ 6.5% at presentation. Hy-
perlipidaemia was defined as a chart or self-reported history
of hyperlipidaemia or by National Cholesterol Education Pro-
gram Adult Treatment Panel III (NCEP ATP III) guidelines (total
cholesterol ≥240 mg/dL, calculated low-density lipoprotein
≥160 mg/dL, or high-density lipoprotein <40 mg/dL). Fol-
low-up data on outcomes during the hospital stay as well as
at 30 days and 1 year following the acute event were ob-
tained either from hospital records, outpatient clinic visit re-
cords, or through direct telephone contact with the patient.

Medication adherence

Historical medications were recorded for each patient based
on oral and written patient history. Medications administered
at the hospital or prescribed upon discharge were recorded
as in the medical record. Adherence to medications at follow

Figure 1 Left ventricular ejection fraction at presentation in NORIN-STEMI participants.
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up time points were ascertained via direct telephone commu-
nication with patients or by medical record at follow-up visits.

Statistical analyses

Distributions of continuous variables and proportions of cate-
gorical variables were examined. Categorical variables were

evaluated with χ2 or Fisher’s exact test and continuous vari-
ables were compared with Kruskal–Wallis or Mann–Whitney
U test, as appropriate. Multivariable Cox proportional hazards
models evaluated the association of LVEF categories with
all-cause mortality to 1 year. Cox regression models were
adjusted for age, sex, diabetes mellitus, hyperlipidaemia,
tobacco use, obesity, prior myocardial infarction, prior
cerebrovascular accident, and revascularization. Finally, the

Table 1 Baseline and clinical characteristics of NORIN-STEMI participants, stratified by left ventricular ejection fraction at presentation

LVEF ≥50%
(N = 468, 13%)

LVEF 40–49%
(N = 1482, 41%)

LVEF 30–39%
(N = 1357, 38%)

LVEF <30%
(N = 290, 8%)

Age, median (IQR) 55 (46–61) 54 (45–60) 55 (45–62) 58 (48–65)
Women, n (%) 74 (16%) 219 (15%) 231 (17%) 49 (17%)
Literacy

Illiterate 206 (44%) 726 (49%) 741 (55%) 157 (54%)
High school graduate 67 (14%) 254 (17%) 197 (15%) 35 (12%)

Socioeconomic status
Upper 12 (3%) 34 (2%) 40 (3%) 13 (4%)
Middle 342 (73%) 1088 (73%) 900 (66%) 203 (70%)
Lower 114 (24%) 360 (24%) 417 (31%) 74 (26%)

Insurance
CGHS 4 (1%) 12 (1%) 17 (1%) 0 (0%)
Private 5 (1%) 9 (1%) 7 (1%) 3 (1%)
Self-pay 459 (98%) 1461 (99%) 1333 (98%) 287 (99%)

Medical history, n (%)
Diabetes mellitus (on history or presentation) 152 (32%) 450 (30%) 460 (34%) 113 (39%)
Hypertension 138 (30%) 377 (25%) 408 (30%) 95 (33%)
Atrial fibrillation 11 (2%) 17 (1%) 34 (3%) 8 (3%)
Hyperlipidaemia (on history or presentation) 239 (51%) 815 (55%) 745 (55%) 179 (62%)
Prior cerebrovascular accident 4 (1%) 22 (2%) 13 (1%) 3 (1%)
Prior myocardial infarction 43 (9%) 140 (9%) 197 (15%) 52 (18%)
Tobacco use 280 (60%) 844 (57%) 710 (52%) 156 (54%)
Obesity 52 (11%) 164 (11%) 168 (12%) 28 (10%)

In-hospital characteristics, n (%)
MI type on ECG
Anterior MI 194 (42%) 688 (46%) 882 (65%) 194 (67%)
Anteroinferior MI 3 (1%) 4 (<1%) 9 (1%) 2 (1%)
Anterolateral MI 2 (<1%) 8 (1%) 9 (1%) 0 (0%)
Inferior MI 255 (55%) 751 (51%) 437 (32%) 89 (31%)
Inferolateral MI 1 (<1%) 2 (<1%) 4 (<1%) 0 (0%)
Inferior and posterior MI 3 (1%) 2 (<1%) 2 (<1%) 1 (<1%)
Lateral MI 6 (1%) 22 (2%) 8 (1%) 3 (1%)
Posterior MI 4 (1%) 5 (<1%) 6 (<1%) 1 (<1%)

Ventricular fibrillation 3 (1%) 5 (<1%) 9 (1%) 7 (2%)
Regional wall motion abnormality 190 (41%) 1181 (80%) 1239 (91%) 243 (84%)
Mitral regurgitation

None 434 (93%) 1112 (75%) 823 (61%) 145 (50%)
Mild 27 (6%) 295 (20%) 477 (35%) 90 (31%)
Moderate 6 (1%) 73 (5%) 53 (4%) 50 (17%)
Severe 1 (<1%) 2 (<1%) 4 (<1%) 5 (2%)

In-hospital interventions, n (%)
Symptom onset to presentation time
<1 h 298 (64%) 971 (66%) 848 (62%) 169 (58%)
<3 h 371 (79%) 1199 (81%) 1020 (75%) 210 (72%)
<12 h 421 (90%) 1331 (90%) 1170 (86%) 237 (82%)
<24 h 439 (94%) 1394 (94%) 1224 (90%) 251 (87%)
<72 h 455 (97%) 1420 (96%) 1265 (93%) 258 (89%)
≥72 h 13 (3%) 62 (4%) 92 (7%) 32 (11%)

Coronary angiography 335 (72%) 1104 (75%) 1015 (75%) 129 (45%)
Site of access (missing = 31)

Radial 13 (4%) 15 (1%) 26 (3%) 7 (6%)
Femoral 320 (96%) 1084 (99%) 967 (97%) 120 (96%)

Percutaneous coronary intervention 304 (65%) 1038 (70%) 915 (67%) 109 (38%)
Thrombolysis 67 (14%) 216 (15%) 159 (12%) 28 (10%)
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association of baseline and presenting characteristics with
decreasing EF category was evaluated with ordinal logistic
regression. Adjusted odds ratios (OR) and 95% confidence
intervals (95% CI) represent the log odds of decreasing the
EF category by 1 (e.g. ≥50% to 40–49%, 40–49% to 30–39%,
etc.). All analyses were performed using SAS 9.4 (SAS Inc,
Cary, NC).

Results

A total of 3635 consecutive patients presenting with STEMI
were enrolled in the registry; 38 (1%) had a history of HF
and 3597 were included in the present study. Median age
was 55 years (IQR 46–62) and 16% were women.

On presentation, 468 (13%) patients had LVEF >50%, 1482
(41%) had mildly reduced LVEF (40–49%), 1357 (38%) had
moderately reduced LVEF (30–39%), and 290 (8%) had se-
verely reduced LVEF (<30%). Coronary angiography was per-
formed in 45% of patients with severely reduced LVEF com-
pared with over 70% in all other EF categories (P < 0.001
for each). PCI was performed in 38% of patients with severely
reduced LVEF compared with 65% or higher for each of the

other EF categories (P < 0.001 for each), Figure 1. Thrombol-
ysis was utilized in 10% of those with severely reduced LVEF,
12% of those with moderately reduced LVEF, 15% with mildly
reduced LVEF, and 14% with normal LVEF, Table 1.

Compared with those with normal or mildly reduced LVEF
(≥40%), those with at least moderately reduced LVEF (<40%)
were more likely to have diabetes mellitus, hypertension, and
prior MI. Although most presented within 1 h, those with
moderate/severely reduced LVEF had longer symptom onset
to presentation time (75% within 3 h) compared with those
with LVEF ≥40% (81%, P < 0.001), Figure 2. Compared with
the same population, patients with moderate/severely re-
duced EF were more likely to have an anterior wall MI (65%
vs. 45%, P < 0.001), Table 1.

Almost all patients with LVEF <40% were discharged on an
ACE inhibitor/angiotensin receptor blocker (ACE/ARB; 91%)
and beta blocker (98%). Most (69%) also received an aldoste-
rone receptor antagonist upon discharge. Of those surviving
to 1 year (missing = 310, 10%), 78% remained adherent to
beta-blocker therapy, 43% were adherent to ACE/ARB, 6%
reported taking aldosterone receptor antagonists, and 3%
reported taking sacubitril/valsartan, Table 2, Figures S1–S3.

Of those surviving to discharge, HF readmission within
30 days occurred in 6 (1%) patients with LVEF >50%, 23

Figure 2 Time from symptom onset to healthcare presentation in NORIN-STEMI participants, stratified by left ventricular ejection fraction at
presentation.
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(2%) with mildly reduced LVEF, 92 (7%) with moderately
reduced LVEF, and 83 (38%) with severely reduced LVEF,
Table 3, Figure S4. One year mortality occurred in 31 (7%)
patients with normal LVEF at presentation, 120 (8%) with
mildly reduced LVEF, 154 (11%) with moderately reduced
LVEF, and 95 (33%) with severely reduced LVEF. After multi-
variable adjustment, mildly reduced LVEF had similar mortal-
ity to that of LVEF ≥50% (HR 1.27, 95% CI 0.85, 1.88);
moderately reduced LVEF (HR 1.77, 95% CI 1.20, 2.60) and
severely reduced LVEF (HR 3.62, 95% CI 2.41, 5.48) were
associated with significantly increased risk of all-cause
mortality compared with LVEF ≥50%, Figure 3.

In a multivariable ordinal logistic regression model, delay
in presentation longer than 24 h (OR 1.69, 95% CI 1.34,

2.13), prior MI (OR 1.57, 95% CI 1.30, 1.90), hyperlipidaemia
(OR 1.15, 95% CI 1.02, 1.30), and increasing age decile (OR
1.06, 95% CI 1.00, 1.11) were associated with significant
odds of decreasing EF category; current tobacco use was
associated with decreased odds (OR 0.87, 95% CI 0.76,
0.99), Figure 4.

Discussion

In this analysis of the prospective NORIN-STEMI registry, we
found that almost 90% of patients presenting with STEMI to
participating hospitals in North India had at least mildly
reduced LVEF (<50%), and about half had at least

Table 2 Medication history, administration during index hospitalization, and adherence at 1 year among NORIN-STEMI participants by
left ventricular ejection fraction at presentation

LVEF ≥50%
(N = 468, 13%)

LVEF 40–49%
(N = 1482, 41%)

LVEF 30–39%
(N = 1357, 38%)

LVEF <30%
(N = 290, 8%)

Historical medications
Aspirin 46 (10%) 127 (9%) 156 (12%) 42 (15%)
Statin 45 (10%) 126 (9%) 153 (11%) 44 (15%)
Beta-blocker 48 (10%) 159 (11%) 193 (14%) 51 (18%)
ACE inhibitor/ARB 45 (10%) 147 (9%) 188 (14%) 54 (19%)
Aldosterone receptor antagonist 1 (<1%) 9 (1%) 5 (<1%) 3 (1%)

Medications on arrival
Aspirin 466 (>99%) 1476 (>99%) 1353 (>99%) 288 (99.3%)
Statin 466 (>99%) 1476 (>99%) 1352 (>99%) 287 (99%)
P2Y12 inhibitor 468 (100%) 1474 (>99%) 1352 (>99%) 288 (99%)
Beta-blocker 115 (25%) 294 (20%) 235 (17%) 25 (9%)
Anticoagulant 305 (65%) 1038 (70%) 914 (67%) 110 (38%)

Discharge medications, n (%)1

Aspirin 455 (100%) 1432 (>99%) 1275 (>99%) 221 (100%)
Statin 453 (>99%) 1429 (>99%) 1266 (99%) 221 (100%)
P2Y12 inhibitor 452 (99%) 1426 (>99%) 1273 (>99%) 217 (98%)
Beta-blocker 444 (98%) 1417 (99%) 1252 (98%) 216 (98%)
ACE inhibitor/ARB 363 (80%) 1164 (81%) 1250 (98%) 215 (97%)
Aldosterone receptor antagonist 97 (21%) 359 (25%) 883 (69%) 146 (68%)

Guideline-directed medical therapies at 1 year (missing = 310, 10%), n (%)2

Aspirin 334 (85%) 1076 (87%) 917 (85%) 156 (87%)
P2Y12 inhibitor 282 (72%) 805 (65%) 774 (72%) 118 (66%)
Statin 308 (79%) 991 (80%) 868 (80%) 149 (83%)
Beta-blocker 309 (79%) 989 (80%) 843 (78%) 142 (79%)
ACE inhibitor/ARB 183 (47%) 570 (46%) 451 (42%) 91 (51%)
Aldosterone receptor antagonist 19 (5%) 65 (5%) 61 (6%) 10 (6%)
Sacubitril/valsartan 15 (4%) 42 (3%) 35 (3%) 6 (3%)

1Of those surviving to discharge.
2Of those surviving to 1 year.

Table 3 Clinical outcomes among NORIN-STEMI participants, stratified by left ventricular ejection fraction at presentation

LVEF ≥50%
(N = 468, 13%)

LVEF 40–49%
(N = 1482, 41%)

LVEF 30–39%
(N = 1357, 38%)

LVEF <30%
(N = 290, 8%)

In-hospital mortality 13 (3%) 49 (3%) 81 (6%) 69 (24%)
30 day all-cause mortality 18 (4%) 80 (6%) 109 (9%) 80 (29%)
30 day all-cause readmission 8 (2%) 34 (3%) 102 (9%) 93 (49%)
30 day heart failure readmission 3 (1%) 23 (2%) 92 (7%) 83 (38%)
1 year all-cause mortality 31 (7%) 120 (8%) 154 (11%) 95 (33%)

30 day and 1 year outcomes are calculated as days from discharge.
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moderately reduced LVEF (<40%). Consistent with studies
from different populations,3,6 moderate and severely
reduced LVEF were associated with significantly increased
risk of mortality to 1 year. Significant delay in presentation
>24 h, prior MI, and hyperlipidaemia were the most
important risk factors for progressive reduction in LVEF.
Almost all patients with reduced LVEF were discharged on a
beta blocker plus ACE/ARB and a majority also received an
aldosterone receptor antagonist; however, adherence at
1 year was poor. Overall, these data highlight that a large
proportion of those having STEMI in India have reduced LVEF,
likely related to delays in presentation and subsequently, lon-
ger symptom to balloon time. Further quality initiatives and
studies are warranted as this population is at significant risk
of progression to heart failure with reduced ejection fraction
(HFrEF) and higher morbidity/mortality.

Health infrastructure innovations that have dramatically
improved availability and timing of revascularization in
high-income countries have not yet materialized in LMICs.
Ischaemic heart disease and STEMI remain the most impor-
tant pathway to HF in the Indian population, and we found

a staggering proportion of those with STEMI presented with
reduced LVEF. Readmission for HF at 30 days (indicating inci-
dent HF) occurred in 7% and 39% of patients with moderate
and severely reduced LVEF, respectively. LV dysfunction may
develop at the onset of STEMI due to extensive myocardial
necrosis or later in the course of disease process due to ven-
tricular remodelling.3 Delay in presentation is well docu-
mented in India and may contribute to either of these mech-
anisms. While median symptom to door time in our registry
was shorter than 4.5 h reported from a prospective registry
of acute coronary syndrome admissions in Kerala,13

one-fourth of our population presented after a delay of over
3 h, and almost 10% after over 24 h. Those presenting with
such a delay are more likely to have substantial myocardial
necrosis and LVSD in the setting of completed STEMI, and
only 38% of those with LVEF<30% were able to undergo
PCI. Low rates of revascularization observed in the present
study are concerning and likely related to a variety of factors.
First, over 10% of patients with severely reduced LVEF
presented beyond the time window for primary PCI. Second,
access to mechanical circulatory support in participating

Figure 3 Survival of adults by left ventricular ejection fraction at presentation in NORIN-STEMI participants.
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hospitals is limited to a finite number of intra-aortic balloon
pumps. Thus, operators may be hesitant to offer revasculari-
zation in patients who present in clinical shock (which we
were limited in discerning in the present study). Third, 98%
of patients were self-pay; while medical therapies are gener-
ally cost-free, there is a nominal cost incurred for procedures
at participating centres and patients often refuse interven-
tion due to the financial burden. Finally, patients may refuse
the procedure for other personal reasons. Minimizing bar-
riers to presentation to PCI-capable hospitals for emergency
care is of particular importance in improving future outcomes
in this population.

India and other LMICs have demonstrated higher rates
of acute coronary syndrome and cardiovascular mortality
despite lower baseline cardiovascular risk profiles compared
with high-income countries.14 This is likely attributable to
poor access to outpatient care, missed screening opportuni-
ties, and presentation in later stages of disease. A prior
population study demonstrated 80% of those with prior MI
or stroke in India did not take any form of secondary pre-
vention, and therefore these patients are at exceedingly
high risk for advanced atherosclerotic disease and extensive
myocardial necrosis during subsequent events.15 Indeed,
prior MI was the most important risk factor for progressive
reduced LVEF in our registry. Hyperlipidaemia was another
risk factor for reduced LVEF and, despite over half of
patients in our study presenting with lipids diagnostic
for hyperlipidaemia, only 10% reported statin use at
baseline.16 Almost all patients with reduced LVEF in our
registry were appropriately discharged on a beta blocker
and ACE/ARB; however, less than half were adherent at
1 year. Aldosterone receptor antagonists, another important
component of guideline-directed medical therapy (GDMT) in
patients with post-MI LV dysfunction,17 had extremely poor

adherence at 1 year (6%). This is consistent with a study
from Kerala demonstrating consistently low adherence to
GDMT in those with existing HF.18 Access to post-MI
GDMT remains an important barrier to optimal post-MI
care in North India. Further studies and initiatives are
warranted to improve access and adherence to both primary
and secondary prevention as well as GDMT in this
population.

Moderate to severely reduced LVEF during index STEMI
hospitalization incurs worsening disability life years, increases
longitudinal healthcare costs, and is associated with at least
double the risk of 1 year mortality in the North Indian
population. Collectively, our data call for sustainable
initiatives that target timely presentation and revasculariza-
tion, risk factor screening and management, and access to
primary/secondary prevention and GDMT to ameliorate risk
of LV dysfunction post-STEMI and thus improve long-term
health outcomes.

Our study has some limitations. First, LVEF was deter-
mined visually by cardiologists and not by bi-plane Simpson’s
method, as is the institutional standard at participating
centres. History of clinical HF was able to be ascertained
via medical record review and questionnaire; however,
history of reduced LVEF without HF was unable to be reliably
obtained; thus, it is probable some patients had baseline
reduced LVEF without clinical HF and estimates of reduced
LVEF due to STEMI are likely overestimated. Second,
advanced laboratory data and clinical signs of HF such as
volume overload, need for diuretics or inotropes, and
follow-up LVEF were unavailable. While we can presume in-
cident HF in those readmitted for HF at 30 days, we were un-
able to differentiate transient reduced LVEF after STEMI from
incipient HF after STEMI in those who were not readmitted.
Third, given previously documented lack of screening and

Figure 4 Adjusted odds ratios and 95% confidence intervals of decreasing left ventricular ejection fraction category for baseline characteristics in
NORIN-STEMI participants.
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access to healthcare for many adults in North India, it is
possible that some patients had reduced LVEF at baseline.
Similarly, many baseline characteristics, including HF, and
medications were collected via self-report and thus are sub-
ject to recall bias. Fourth, medication data at discharge were
recorded via the medical record and at follow-up were re-
corded primarily by telephonic communication, which may
partially explain some differences. Also, follow-up medica-
tion data at interim time intervals prior to 1 year were not
collected. Lastly, enrolment in NORIN-STEMI is restricted to
two government-owned hospitals in Delhi, and therefore
results may not be generalizable to larger populations in
question.

Conclusions

On presentation for STEMI, almost 90% of NORIN-STEMI par-
ticipants had at least mildly reduced LVEF <50%, and almost
half had LVEF <40%. Patients with LVEF <40% had poor ad-
herence to GDMT and significantly increased risk of mortality
at 1 year. Prior MI and hyperlipidaemia were the most impor-
tant risk factors for reduced LVEF at presentation. Ischaemic
heart disease remains an important pathway to HFrEF and
poor outcomes in adults in North India. Stepwise initiatives
that emphasize access to timely revascularization, risk factor
screening, primary/secondary prevention, and GDMT are
essential to improve outcomes in this population Figure 5.

Figure 5 Central Illustration: Prevalence and prognostic significance of reduced left ventricular ejection fraction among patients with STEMI in North India.
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