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ORIGINAL RESEARCH

In-Hospital Mortality and Treatment in
Patients With Acute Coronary Syndrome
With and Without Standard Modifiable
Cardiovascular Risk Factors: Findings From
the CCC-ACS Project

Wei Gong, MD, PhD*; Yan Yan @, MD*; Jing Liu @, MD, PhD; Xiao Wang @, MD; Wen Zheng &, MD;

Bin Que, MD; Hui Ai, MD; Sidney C. Smith Jr ©©, MD; Gregg C. Fonarow @, MD; Louise Morgan ©©, MSN;
Dong Zhao @, MD, PhD; Changsheng Ma @, MD; Yaling Han @, MD, PhD; Shaoping Nie 2, MD, PhD;
on behalf of the CCC-ACS Investigators

BACKGROUND: Patients with acute coronary syndrome without standard modifiable cardiovascular risk factors (SMuRFs; hy-
pertension, smoking, dyslipidemia, diabetes) have not been well studied, with little known about their characteristics, quality
of care, or outcomes. We sought to systematically analyze patients with ACS without SMuRFs, especially to evaluate the ef-
fectiveness of guideline-directed medical therapy for these patients.

METHODS AND RESULTS: In the CCC-ACS (Improving Care for Cardiovascular Disease in China-Acute Coronary Syndrome)
project (2014-2019), we examined the presence and absence of SMuRFs and features among 89462 patients with initial
acute coronary syndrome. The main outcome was in-hospital all-cause mortality. Among eligible patients, 11.0% had none
of the SMuRFs (SMuRF-less). SMuRF-less patients had higher in-hospital mortality (unadjusted hazard ratio [HR], 1.49 [95%
Cl, 1.19-1.87]). After adjustment for clinical characteristics and treatments, the associations between SMuRF status and in-
hospital mortality persisted (adjusted HR, 1.35 [95% ClI, 1.07-1.70]). Guideline-directed optimal medical therapy (receiving
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, B-blockers, and statins) was not associated with
lower mortality (adjusted HR, 0.98 [95% CI, 0.58-1.67]) in SMuRF-less patients, unlike the association in patients with SMuRFs
(adjusted HR, 0.80 [95% ClI, 0.66-0.98]). Sensitivity analyses were consistent with these results.

CONCLUSIONS: SMuRF-less patients were associated with an increased risk of in-hospital mortality. Guideline-directed medical
therapy was less effective in SMuRF-less patients than in patients with SMuRFs. Dedicated studies are needed to confirm the
optimal therapy for SMuRF-less patients.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCT02306616.
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cardiovascular risk factors
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CLINICAL PERSPECTIVE

What Is New?

e Little is known about the quality of care or clini-
cal outcomes of patients with acute coronary
syndrome without standard modifiable cardio-
vascular risk factors (SMuRFs). In this nation-
wide cohort study of 89462 patients with initial
acute coronary syndrome, >1 in 10 were with-
out SMuRFs, and these patients experienced
an increased risk of in-hospital mortality.

e (Guideline-directed medical therapy was not as-
sociated with lower mortality in patients without
SMuRFs, unlike the association in patients with
at least 1 SMuRF.

What Are the Clinical Implications?

e SMuRF-less patients represent a clinically sig-
nificant special population; the absence of iden-
tified standard risk factors exposure should not
be viewed as being associated with favorable
prognosis.

e Guideline-directed medical therapy was less ef-
fective in SMuRF-less patients than in patients
with SMuRFs; dedicated studies are needed
to narrow SMuRF-related differences in treat-
ments and outcomes.

Nonstandard Abbreviations and Acronyms

CCC-ACS Improving Care for Cardiovascular
Disease in China—Acute Coronary
Syndrome

DAPT dual antiplatelet therapy

IPTW inverse probability of treatment
weighting

OMT optimal medical therapy

SMuRF standard modifiable cardiovascular
risk factor

the leading causes of death worldwide."® The

standard modifiable cardiovascular risk factors
(SMuRFs), including dyslipidemia, hypertension, dia-
betes, and smoking, have been widely recognized at
a population level. They have been the target of high-
efficiency primary and secondary prevention strategies
for ACS and the basis for guideline-directed medical
therapy.*~ However, there is a considerable propor-
tion of patients presenting with ACS in the absence
of SMuRFs (SMuRF-less). These patients are easily

Acute coronary syndrome (ACS) remains one of
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overlooked in current guidelines and clinical studies.®
Conversely, ACS without SMuRFs is not a benign con-
dition.®*"" Recent studies have reported a paradoxical
finding on the effect of SMuRFs on outcomes following
acute myocardial infarction, with mortality rate being
higher in patients without SMuRFs than in patients with
atleast 1 SMuRF.°~"" Nonetheless, little is known about
the quality of care or clinical outcomes of patients with
ACS without SMuRFs. Moreover, data documenting
the effectiveness of guideline-directed medical ther-
apy for patients without SMuRFs are still limited, and
the underlying mechanisms for the increased mortality
rate among this group of patients are not clear. Filling
in these information gaps could help identify the partic-
ularity of SMuRF-less patients, optimize the treatment,
and may improve the outcomes of patients with ACS.

Data from the CCC-ACS (Improving Care for
Cardiovascular Disease in China—Acute Coronary
Syndrome) project, a real-word registry across China,
provide an opportunity to explore the impact of being
SMuRF-less on ACS treatment and in-hospital out-
comes. In the present study, we systematically an-
alyzed data from patients with ACS to examine the
clinical characteristics of patients without SMuRFs
and compared outcomes and management with their
counterparts with at least 1 SMuRF.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Design and Patient Selection

Data from the CCC-ACS database were used in
the study. Launched in 2014, the CCC-ACS project
(https://clinicaltrial.gov; NCT 02306616) is a nationwide
registry involving 241 hospitals across China. The reg-
istry is a collaborative program of the American Heart
Association and the Chinese Society of Cardiology, fo-
cusing on quality improvement efforts for ACS care.
Details of the rationale and design of the CCC-ACS
project have been reported previously.™? Briefly, in every
month, the first 20 to 30 consecutive patients with ACS
were recruited in tertiary and 10 to 20 patients in sec-
ondary hospitals. Patient were eligible for enroliment
with a principal discharge diagnosis of ACS, including
ST-segment—elevation myocardial infarction (STEMI)
and non-ST-segment—elevation acute coronary syn-
drome. Institutional review board approval was granted
for this research with a waiver for informed consent
by the ethics committee of Beijing Anzhen Hospital,
Capital Medical University. The protocol was approved
by the ethics committee of Beijing Anzhen Hospital,
Capital Medical University (2014018).


https://clinicaltrial.gov
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Information on participants was compiled by trained
abstractors via an electronic data capture platform and
was collected according to standardized definitions in
the operations manual. To ensure the accuracy and
completeness of the data, several approaches were
adopted, including online automatic checks for invalid
values, face-to-face training workshops, on-site quality
control, monitoring of data completeness, and third-
party audits.

All eligible patients with confirmed ACS diagnosis at
discharge between November 1, 2014 and December
31, 2019 were included in this study. Patients who had
a history of coronary artery disease, including prior
myocardial infarction, prior percutaneous coronary
intervention, or coronary artery bypass grafting were
excluded from the analysis. In addition, this study ex-
cluded patients who died during hospitalization on the
day of or day after arrival, patients with cardiogenic
shock at admission, and patients with contraindication
for guideline-directed medical therapy (angiotensin-
converting enzyme inhibitors [ACEIs]/angiotensin re-
ceptor blockers [ARBS], f-blockers, and statins).

Definitions of SMuRFs and Study
Variables

The exposure variable was defined as having at least
1 of the following SMuRFs: hypertension, diabetes,
dyslipidemia, or current smoker status. Definitions of
SMuRFs were based on electronic medical records
(International Classification of Diseases (ICD-9 and
ICD-10) codes), hospital findings, and patient self-
report on smoking at admission. Hypertension was
defined as having a history of hypertension or receiv-
ing antihypertensive pharmacotherapy, or a new di-
agnosis of hypertension during the index admission.
Diabetes was defined as having a history of diabetes
or receiving glucose-lowering pharmacotherapy, or a
new diagnosis of diabetes during the index admission.
Dyslipidemia was defined as a history of dyslipidemia,
previous or ongoing cholesterol lowering treatment,
low-density lipoprotein cholesterol >3.5mmol/L, or
total cholesterol >5.5mmol/L during the index admis-
sion. A patient was defined as a current smoker if they
had smoked within the preceding 1year before the
index hospitalization. SMuRF-less patients were de-
fined as patients without SMuRFs.

In accordance with the guidelines for the manage-
ment of ACS, we calculated the proportion of acute
treatments and medical therapies for secondary
prevention. Acute treatment measures for patients
with ACS included dual antiplatelet therapy (DAPT),
guideline-directed medical therapy (ACEIs/ARBs, f-
blockers, or statins) within 24hours of arrival, and
acute reperfusion therapy. Guideline-directed opti-
mal medical therapy (OMT) was defined as receiving
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ACEIs/ARBs, B-blockers, and statins within 24 hours
of arrival. For patients with non—-ST-segment—elevation
acute coronary syndrome, acute reperfusion therapy
included timely percutaneous coronary intervention for
eligible patients following guideline recommendation
(within 2, 24, and 72 hours of admission for groups with
very high risk, high risk, and moderate risk, respec-
tively).'®> Medical therapies for secondary prevention
were recorded in discharge medical documents in-
cluding medicine prescriptions of DAPT, ACEIs/ARBSs,
B-blockers, or statins, and smoking cessation and car-
diac rehabilitation counseling.

End Points

The primary end point was in-hospital all-cause mor-
tality. The secondary end point was major adverse
cardiovascular events, defined as any occurrence
of cardiovascular death, myocardial infarction, stent
thrombosis, or stroke during hospitalization. Major
bleeding was defined as any of the following events:
fatal bleeding, intracranial bleeding, retroperitoneal
bleeding, drop in hemoglobin >40g/L during hospi-
talization, transfusion with overt bleeding, or bleeding
requiring surgical intervention. Stent thrombosis was
defined as an acute/subacute thrombotic occlusion of
a coronary stent after the procedure. Myocardial in-
farction as an in-hospital event refers to a reinfarction
during hospitalization for the index myocardial infarc-
tion. Stroke was defined as a new neurologic deficit
during the index event hospitalization. Cardiac arrest
was the sudden cessation of cardiac mechanical ac-
tivity, requiring prompt provision of cardiopulmonary
resuscitation and defibrillation. All end points were re-
ported by clinical doctors and documented in medical
records during hospitalization.

Statistical Analysis

Clinical characteristics of enrolled patients are de-
scribed. Continuous variables are presented as
mean+SD if a normal distribution and as median and
interquartile range if skewed. Categorical variables are
presented as frequency and percentage. The t test or
Kruskal-Wallis test for continuous variables and x? test
for categorical variables were used to test for statisti-
cally significant differences between the SMuRF-less
and SMuRF >1 groups. Kaplan-Meier methods were
used to estimate the 15-day event rates for in-hospital
outcomes. Comparisons between the study groups
were performed using the log-rank test. Censoring
was assumed in patients who had a nonfatal outcome
at the time of a given outcome.

We assessed the associations between the SMuRF-
status and study outcomes using Cox proportional
hazards regression models, with calculation of hazard
ratios (HRs) and 95% Cls, presented in the tables. Six
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models were used to analyze the effects of SMuRF
status on study outcomes: (1) an unadjusted model; (2)
an adjusted model with age, sex, and type of ACS; (3)
a further adjusted model, controlling prespecified vari-
ables with an impact of in-hospital mortality (medical
insurance, previous cerebrovascular disease, medical
history of heart failure, peripheral artery disease, family
history of early coronary artery disease, acute heart
failure at admission, cardiac arrest at admission, heart
rate, systolic blood pressure, renal insufficiency, he-
moglobin at admission, left ventricular ejection fraction
<40%, and hospital level); (4) a further adjusted model,
controlling DAPT at arrival; (5) a further adjusted model,
considering acute reperfusion therapy; and (6) in pa-
tients with ACS, we adjusted for OMT within 24 hours
of arrival. Imputation was performed for variables with
missing data with the sequential regression multiple
imputation method by IVEware software version 0.2
(Survey Research Center, University of Michigan, Ann
Arbor, Ml).

We also did a further analysis assessing the asso-
ciation between the use of OMT and study outcomes
in SMuRF-less patients. To consolidate the findings,
inverse probability of treatment weighting (IPTW)
using the propensity score method was performed to
compare differences between the OMT and no-OMT
groups among the SMuRF-less patients. A logistic re-
gression was performed to estimate propensity score,
adjusting for the following variables: age, sex, previ-
ous disease history (renal failure history, heart failure
history, peripheral artery disease, and previous cere-
brovascular disease), heart rate, and systolic blood
pressure. IPTW was calculated by each individual
based on propensity score. Each case from the OMT
group was given a weight of Pt/propensity score,
and each case from the no-OMT group was given a
weight of (1-Pt)/(1-propensity score), where Pt refers
to the proportion of patients receiving OMT among
the whole cohort. By this means we obtained a stabi-
lized weight for each case of the study cohort, avoid-
ing any extreme values that may result in unreliable
outcomes. Three models were applied to explore the
association between OMT use and each of the end
points: (1) an unadjusted model, (2) an adjusted Cox
proportional hazard model controlling prespecified
variables with impact of in-hospital outcomes (age,
sex, and type of ACS, medical insurance, previous
cerebrovascular disease, medical history of heart fail-
ure, peripheral artery disease, family history of early
coronary artery disease, acute heart failure at ad-
mission, cardiac arrest at admission, heart rate, sys-
tolic blood pressure, renal insufficiency, hemoglobin
at admission, left ventricular ejection fraction <40%,
hospital level, DAPT at arrival, and acute reperfusion
therapy), and (3) an IPTW model. No OMT was used
as the reference in these further analyses.
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All tests were 2-sided, and a P value of <0.05 was
considered to indicate statistical significance. All anal-
yses were performed using SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Patient Characteristics
A total of 113650 patients were enrolled in the CCC-
ACS project up to December 31, 2019. After excluding
patients with a suspected ACS at admission or a his-
tory of coronary artery disease, 98910 patients were
selected (Figure). Based on the medical history, labora-
tory test, concomitant medicine, and discharge diag-
nosis, 10964 patients were identified as SMuRF-less
(Figure). Patients without SMuRFs were more unsta-
ble at admission at a higher rate of cardiogenic shock
(8.2% versus 2.4%, P<0.001) (Table S1). This may af-
fect the acute treatment of patients without SMuRFs.
To avoid the impact of the patient’s clinical status
at admission on treatment and prognosis, we further
excluded patients who died during hospitalization on
the day of or day after arrival, patients with cardiogenic
shock at admission, and patients with contraindication
for guideline-directed medical therapy (ACEIs/ARBS,
B-blockers, or statins), and 89462 patients were in-
cluded for analysis. There were 9852 (11.0%) patients
classified as SMuRF-less (Figure). Patient’s baseline
characteristics at admission are shown in Table 1. More
SMuRF-less patients were women, had a higher rate of
STEMI, on average were older, and were less likely to
have comorbidities. They had lower levels of systolic
blood pressure and lower rate of renal insufficiency.

Differences in Management Between
Groups

Differences in acute management and medical thera-
pies for secondary prevention between groups are
shownin Table 2. Compared with the >1 SMuRF group,
the SMuRF-less group was less frequently treated
with guideline-directed medical therapy (ACEls/
ARBs, B-blockers, statins, or OMT) within 24 hours of
arrival. Among patients with STEMI, patients without
SMuRFs were less likely to receive acute reperfusion
therapy than patients with >1 SMuRF (61.5% versus
64.6%, P<0.001). Additionally, medical therapies for
secondary prevention were described less for the
patients without SMuRFs than those with at least 1
SMuRF (Table 2).

Clinical Outcomes and Association With
SMuRF Status

SMuRF-less patients had significantly higher unad-
justed rates of in-hospital all-cause mortality (89 [0.9%)]
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113 650 Patients enrolled in CCC-ACS registry
from 2014 Nov to 2019 Dec

1287 Suspected ACS on admission
13 453 History of coronary artery disease

98 910 Cohort
|

58 995 Hypertension

25 704 Diabetes

_— 7

38 299 Dyslipidemia

40 109 Current smoker ——
—
A

History/diagnosis/med/lab*

T

y

-

]10 965 SMuRF—Iess] 87 945 SMuRF >1 J

759 Death during hospitalization on
day or day after arrival

r N

2197 Cardiogenic shock at admission |¢

a

776 Contraindication for statin

a

3798 Contraindication for ACEIs/ARBs

-

1918 Contraindication for B-blockers

A

v

79 610 SMuRF =1 ]

N

’ 9852 SMuURF-less

| ! | !

1 2302 OMT ’ 7550 Without OMT] 29 592 OMT ] ’50 018 Without OMT]

e

Figure. Patient selection flowchart.

*Definitions of SMuRFs were based on medical history, diagnosis, medication, or laboratory data. ACEIs/ARBs indicates angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers; ACS, acute coronary syndrome; CCC-ACS, Improving Care for
Cardiovascular Disease in China—Acute Coronary Syndrome; OMT, optimal medical therapy; and SMuRF, standard modifiable
cardiovascular risk factor.
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Table 1. Baseline Characteristics
SMuRF-less |21 SMuRF
Characteristics (n=9852) (n=79610) P value
Sociodemographic
Age, y 64.3+12.8 62.4+12.3 <0.001
Age >65y 4959 (50.3) 34639 (43.5) | <0.001
Women 3190 (32.4) 20461 (25.7) | <0.001
ACS type
STEMI 6179 (62.7) 47497 (59.7) | <0.001
NSTE-ACS 3673 (37.3) 32113 (40.3) | <0.001
Medical insurance
Urban insurance 4847 (49.2) 43234 (54.3) | <0.001
Rural insurance 2880 (29.2) 18591 (23.4)
Other insurance 950 (9.6) 7830 (9.8)
Self-paid 1175 (11.9) 9955 (12.5)
SMuRF reported at admission
Hypertension 0 (0) 46058 (57.9) | <0.001
Dyslipidemia 0(0) 5860 (7.4) <0.001
Diabetes 0(0) 18321 (23.0) | <0.001
Current smoker 00 36890 (46.3) | <0.001
Medical history
Heart failure history 71(0.7) 859 (1.1) <0.001
Peripheral artery disease | 48 (0.5) 579 (0.7) 0.007
Hemorrhagic stroke 31(0.3) 597 (0.7) <0.001
Ischemic stroke 361 (3.7) 5925 (7.4) <0.001
Family history of early CAD | 19 (0.2) 407 (0.5) <0.001
Clinical status at admission
Heart failure 363 (3.7) 3339 (4.2) 0.0166
Cardiac arrest 68 (0.7) 512 (0.6) 0.58
Heart rate, bpm 76.7+15.5 77.5+15.3 <0.001
Systolic blood pressure, 124.2+19.6 132.8+23.1 <0.001
mmHg
Laboratory and echocardiogram variables
Hemoglobin, g/L 133.4+20.4 137.61+20.0 | <0.001
Renal insufficiency 1076 (10.9) 10200 (12.8) | <0.001
Glucose, mmol/L 6.1+2.0 6.9+3.0 <0.001
LDL-C, mmol/L 2.4+0.6 2.8+1.0 <0.001
TC, mmol/L 4.0+0.8 4.6+1.3 <0.001
LVEF, % 55.8+10.0 56.2+26.3 0.14
Duration of hospitalization, d 9 (7-12) 9 (7-12) 0.55

Values are presented as mean+SD, median (interquartile rang), or number
(percentage). Percentages may not sum to100 due to rounding. ACS
indicates acute coronary syndrome; CAD, coronary artery disease; LDL-C,
low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction;
NSTE-ACS, non-ST-segment—elevation acute coronary syndrome; STEMI,
ST-segment—elevation myocardial infarction; SMuRF, standard modifiable
cardiovascular risk factor; and TC, total cholesterol.

patients versus 488 [0.6%)] patients, P<0.001), cardio-
vascular death (87 [0.9%] patients versus 480 [0.6%]
patients, P<0.001), cardiogenic shock (107 [1.1%] pa-
tients versus 603 [0.8%] patients, P<0.001), cardiac
arrest (103 [1.1%)] patients versus 538 [0.7%] patients,
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P<0.001), and combined major adverse cardiovascular
events (153 [1.6%)] patients versus 984 [1.2%)] patients,
P=0.01) (Table 3). There was no difference between
the 2 groups in major bleeding (168 [1.7%)] versus 1547
[1.9%], P=0.1) (Table 3).

After adjustment for age, sex, type of ACS, and
other clinical characteristics, SMuRF-less patients
were associated with an increased risk of in-hospital
mortality (adjusted HR, 1.38 [95% CI, 1.10-1.75))
(Table 3). To evaluate whether the SMuRF status
difference in mortality could be explained by dis-
parities in the acute management of ACS, we fur-
ther adjusted for the use of DAPT, acute reperfusion
therapy, and guideline-directed OMT within 24 hours
of arrival. After additional adjustment for acute treat-
ments, the associations between SMuRF-status and
in-hospital mortality remained statistically significant
in patients with ACS (adjusted HR, 1.35 [95% CI,
1.07-1.70]) (Table 3). Sensitivity analyses, excluding
patients who did not have urban insurance, pro-
duced consistent results for in-hospital mortality
(Table S2).

Table 2. Differences in Acute Management and Medical
Therapies for Secondary Prevention

SMuRF-less | >1 SMuRF
Characteristics (n=9852) (n=79610) P value
Acute treatment
DAPT at arrival 8709 (89.1) 73684 (93.2) | <0.001
ACEIs/ARBs 3225 (32.7) 41063 (51.6) | <0.001
B-Blockers 5015 (50.9) 47364 (59.5) | <0.001
Statins 8867 (90.0) 75364 (94.7) | <0.001
OoMT 2302 (23.4) 29592 (37.2) | <0.001
Acute reperfusion therapy | 3803 (61.5) 30684 (64.6) | <0.001
for STEMI
Primary PCI 3354 (54.3) 27008 (56.9) | <0.001
Fibrinolysis 348 (5.6) 2712 (56.7)
Fibrinolysis + PClI 101 (1.6) 964 (2.0)
DTB within 90 min for 1656 (79.9) 13235 (80.4) | 0.59
primary PCI
Timely PClI for eligible 514 (27.0) 5322 (27.9) 0.41
NSTE-ACS
Medical therapies for secondary prevention
DAPT at discharge 8166 (82.9) 69885 (87.8) | <0.001
ACEIs/ARBs at discharge | 3695 (37.5) 44312 (65.7) | <0.001
-Blockers at discharge 5821 (59.1) 53633 (67.4) | <0.001
Statins at discharge 8726 (88.6) 73894 (92.8) | <0.001
Cardiac rehabilitation 3282 (33.9) 27643 (34.7) | 0.006
counseling

Values are presented as number (percentage). ACEIs/ARBs indicates
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers;
DAPT, dual antiplatelet therapy; DTB, door-to-balloon time; NSTE-ACS,
non-ST-segment-elevation acute coronary syndrome; OMT, optimal
medical therapy; PCI, percutaneous coronary intervention; SMuRF, standard
modifiable cardiovascular risk factor; and STEMI, ST-segment—elevation
myocardial infarction.
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Impact of Early Guideline-Directed OMT
on In-Hospital Outcomes of SMuRF-Less
Patients

To evaluate whether the SMuRF status difference in
mortality could be associated with differences in the
use of guideline-directed medical therapy at the acute
phase, we further analyzed the association between
guideline-directed OMT and SMuRF status (Table 4
and Table S3). For patients without SMuRFs, the
rate of all-cause death was 18 (0.78%) for 2302 indi-
viduals with OMT and 71 (0.94%) for 7550 individuals
treated without OMT (unadjusted HR, 0.83 [95% CI,
0.50-1.39]). For patients with at least 1 SMuRF, the
rate of all-cause death was 144 (0.49%) for 29592
individuals with OMT and 344 (0.69%) for 50018 in-
dividuals without OMT (unadjusted HR, 0.71 [95% CI,
0.58-0.86)) (Table 4). After adjusting for potential con-
founders of baseline characteristic, DAPT at arrival,
and acute reperfusion therapy, no significant associa-
tion remained between the OMT status and mortality
for patients without SMuRFs (adjusted HR, 0.98 [95%
Cl, 0.58-1.67]), but with significance for those with at
least 1 SMuRF (adjusted HR, 0.80 [95% Cl, 0.66—-0.98])
(Table 4 and Figure S1). Similar results were also found
in the Cox model based on IPTW population (Table 4
and Table S4).

To consolidate the findings, we conducted a sensi-
tivity analysis by excluding SMuRF-less patients who
had not received DAPT or acute reperfusion therapy. In
total, we identified 3769 SMuRF-less patients, of whom
1012 were classified as receiving OMT (Figure S2).
Patients receiving OMT were on average younger,
fewer women, with higher heart rate and systolic blood
pressure. After adjustment using the IPTW methods,
baseline characteristics were well balanced (Table S5).
In-hospital mortality before discharge was not different
in patients with OMT compared with no OMT, with an
adjusted HR of 0.57 (95% Cl, 0.22—-1.50). Similar results
were found in the IPTW population (adjusted HR, 0.60
[95% CI, 0.24-1.50]) (Table S6).

DISCUSSION

This large-scale national study emphasized the par-
ticularity and importance of patients with ACS without
SMuRFs. Among nearly 90000 patients with ACS in
the CCC-ACS registry who were analyzed in this study,
not having SMuRFs was associated with increased in-
hospital mortality. After adjustment for clinical char-
acteristics and treatments, the associations between
SMuRF status and in-hospital mortality persisted.
Furthermore, this study showed that guideline-directed
medical therapy was not associated with lower mortal-
ity in patients without SMuRFs, unlike the association
in patients with at least 1 SMuRF.
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Several previous studies have consistently observed
a significant proportion of patients with acute myocardial
infarction without SMuRFs.>"! The National Registry of
Myocardial Infarction for 542008 patients reported that
14.4% of patients with acute myocardial infarction had
no SMuRFs, a proportion similar to the 14.9% that was
reported by The Swedish Web-system for Enhancement
and Development of Evidence-based care in Heart dis-
ease Evaluated According to Recommended Therapies
(SWEDEHEART) registry.®'0 However, these studies were
limited to acute myocardial infarction and therefore may
not be generalizable to the overall ACS population. To our
knowledge, this analysis represents the largest study to
date examining the relationship of SMuRFs and mortal-
ity after initial ACS in contemporary practice. Our study
found that 11.0% of patients with ACS had no SMuRFs.
Another study reported that the proportion of SMuRF-
less patients was increasing.!” There may be several
potential explanations for this increase. One potential rea-
son may be that successful management of SMuRFs in
primary care effectively increases the relative proportion
of patients with other risk factors that have not been well
recognized. Another potential explanation that is plausi-
ble is that some unknown factors, such as heavy metal
exposure levels, obstructive sleep apnea, drug taking,
and air particulate matter, may be leading to atheroscle-
rotic events or nonatherosclerotic coronary events (such
as spontaneous coronary artery dissection or coronary
artery spasm) in SMuRF-less patients."*~'® The increas-
ing proportion of patients who are SMuRF-less highlights
the importance of establishing evidence for them.

The association of SMuRF-less status with in-
creased mortality suggests that these patients are a
special population of ACS requiring a call to action. The
SWEDEHEART registry reported that SMuRF-less pa-
tients with STEMI have an almost 50% higher 30-day
mortality rate than their counterparts with SMuRFs.?
In this study, we observed that SMuRF-less patients
were associated with an increased risk of in-hospital
mortality. The paradox of SMuRFs has given promi-
nence to the particularity of SMuRF-less patients and
the necessity of studying the internal causes.

There were several potential explanations for the
increased mortality rate in SMuRF-less patients. First,
some studies hypothesized that this finding may be ex-
plained by residual confounding caused by age, sex,
and other clinical features in patients without SMuRFs,
and the association persisted after multivariate adjust-
ment.'®"” Second, perceived low risk in ACS cases might
have decreased prescriptions of guideline-directed
treatments. The SWEDEHEART registry indicated that
the increased mortality among patients with STEMI
without SMuRFs could be explained by the subopti-
mal prescription rates of guideline-directed treatments.®
Most recently, the China Acute Myocardial Infarction
registry reported that the increased crude mortality
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risk among SMuRF-less patients was caused by con-
founding factors related to unfavorable clinical charac-
teristics and poor management. Even after multivariate
adjustment, it has been concluded that a higher SMuRF
risk is associated with poor prognosis in patients with
STEML'® A meta-analysis also highlights the impact of
early guideline-directed treatments on poor prognosis in
SMuRF-less patients.'® However, these studies ignored
the impact of the patient’s clinical status at admission
on treatment and prognosis. SMuRF-less patients had a
higher likelihood of presenting with cardiogenic shock at
admission than patients with SMuRFs.'® Our study also
found that patients without SMuRFs were more unstable
at admission at a higher rate of cardiogenic shock (3.2%
versus 2.4%, P<0.001). In this study, to avoid the impact
of the patient’s clinical status at admission on treatment
and prognosis, we excluded patients who died during
hospitalization on the day of or day after arrival, patients
with cardiogenic shock at admission, and patients with
contraindication for guideline-directed medical therapy.
We found that the associations between SMuRF status
and in-hospital mortality remained significant, even after
adjustment for clinical characteristics and guideline-
directed treatments. Interestingly, we observed that
guideline-directed medical therapy was not associated
with favorable prognosis in patients without SMuRFs,
unlike the association in patients with at least 1 SMuRF.
This study suggested that suboptimal prescription rates
of guidelines-directed treatments may not explain the
increased mortality rate in SMuRF-less patients. On the
other hand, current guideline-directed treatments may
not fully apply to SMuRF-less patients. It indicates the
need for dedicated studies to explore and determine the
optimal therapy for this specific patient subgroup.

The higher in-hospital mortality rate of SMuRF-less
patients may reflect differing underlying pathophysiol-
ogy. SMuRFs may be the tip of the iceberg of risk fac-
tors for ACS. Several previous large-scale genome-wide
association studies have showed that the majority of ge-
netic loci associated with coronary artery disease were
not associated with identified standard risk factors.?9-22
Deloukas et al found that >66% of loci associated with
coronary artery disease are not associated with identi-
fied standard risk factors. These data, highlighting the
dramatic difference between high-risk patient identifica-
tion and targeted prevention would suggest the need for
more widely accessible novel risk factors for coronary
artery disease, particularly relevant for these individu-
als. Advances in new technologies and data science,
such as omics, multiomics, and single-cell analysis,
have made it possible to identify unknown biological
processes and networks.?*2* Although it is absolutely
necessary that we continue to identify and address the
burden of standard risk factor for atherosclerosis in pri-
mary prevention, parallel efforts also should continue
to reveal the potential mechanisms underlying disease
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in SMuRF-less patients. Targeted quality improvement
programs are required to address SMuRF-related dis-
parities in quality of care for patients with ACS.

The study has several strengths, including the use
of a national registry, a large sample size, and compre-
hensive data collection. However, there are also limita-
tions that need to be acknowledged. First, as with all
observational studies, there is the potential for bias. To
mitigate this, we included most confounding factors in
the multivariate analysis. However, there may still be
unmeasured or residual confounding that could have
influenced our findings. Second, the group of SMuRF-
less patients likely includes individuals with missed risk
factors or multiple subthreshold risk factors, as well
as those with increased susceptibility to atheroscle-
rotic drivers. We addressed this concern by defining
SMuRFs based on various criteria and conducting ex-
tensive adjusted analyses. Third, it is important to in-
terpret the association between SMuRF-less patients
and higher in-hospital mortality with caution, despite
implementing multiple adjustments. Several potential
factors could influence the results, including the pa-
tient’s clinical status at admission (such as cardiogenic
shock) and medical insurance coverage. To mitigate
the impact of the patient’s clinical status at admission
on treatment and prognosis, our study excluded pa-
tients who died during hospitalization on the day of or
day after arrival, those with cardiogenic shock at ad-
mission, and those with contraindication for guideline-
directed medical therapy. Additionally, to account for
any potential confounding effect of medical insurance,
we conducted sensitivity analysis by excluding patients
who did not have urban insurance. The results showed
consistently that SMuRF-less patients were associ-
ated with an increased risk of in-hospital mortality in
patients with urban insurance. Fourth, our study could
not ascertain precisely the doctors’ rationale for their
treatment decisions, and there was a lack of long-term
follow-up data. Improved visibility of SMuRF-less pa-
tients in future studies, especially those studies exam-
ining new risk factors. Despite all this, we believe that
our main finding of association of SMuRF-less status
with increased mortality on initial ACS is robust.

CONCLUSIONS

Among patients with ACS, >1 in 10 were without
SMuRFs, and these patients experienced an increased
risk of in-hospital mortality. The absence of identified
standard risk factors exposure should not be viewed as
being associated with favorable prognosis. Guideline-
directed medical therapy was not associated with lower
mortality in patients without SMuRFs, unlike the associ-
ation in patients with at least 1 SMuRF. SMuRF-less pa-
tients represent a clinically significant special population,
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requiring dedicated studies to narrow SMuRF-related
differences in treatments and outcomes.

ARTICLE INFORMATION

Received December 21, 2022; accepted June 28, 2024.

Affiliations

Center for Coronary Artery Disease, Division of Cardiology, Beijing Anzhen
Hospital, Capital Medical University, Beijing, China (W.G., Y.Y., XW., W.Z.,
B.Q., H.A., S.N.); National Clinical Research Center for Cardiovascular
Diseases, Beijing, China (W.G., Y.Y.,, XW.,, W.Z,, B.Q., H.A,, C.M., S.N.);
Beijing Institute of Heart (W.G., Y.Y., XW., W.Z,, B.Q., H.A., C.M., S.N.), and
Department of Epidemiology, Beijing Anzhen Hospital, Capital Medical
University, Beijing Institute of Heart (J.L., D.Z), Lung, and Blood Vessel
Diseases, Beijing, China; Division of Cardiology, University of North Carolina,
Chapel Hill, NC (S.C.S.); Division of Cardiology, Geffen School of Medicine
at University of California, Los Angeles, CA (G.C.F); International Quality
Improvement Department, American Heart Association, Dallas, TX (L.M.);
and Department of Cardiology, General Hospital of Northern Theater
Command, Shenyang, China (Y.H.).

Acknowledgments

The authors acknowledge all participating hospitals for their contributions to
the project. The authors thank Dr Liu, Dr Yang, and Dr Hao (Department of
Epidemiology, Beijing Anzhen Hospital, Capital Medical University, Beijing
Institute of Heart, Lung and Blood Vessel Diseases, Beijing, China) for their
technical assistance in data cleaning and statistical support.

Author contributions: W.G., Y.Y., Y.H., and S.N. contributed to the article
draft and analysis. W.G., Y.Y.,, XW., W.Z., HA,, B.Q., CM,, Y.H., and S.N.
contributed to the article development. S.C.S., G.C.F,, LM,, J.L., and D.Z.
were responsible for overseeing and monitoring the implementation of the
CCC-ACS registry. All authors critically reviewed the article and approved
the final version.

Sources of Funding

The CCC-ACS project was supported by a collaborative program of the
American Heart Association and the Chinese Society of Cardiology. The
American Heart Association received funding from Pfizer through an inde-
pendent grant for learning and change and AstraZeneca as a quality improve-
ment initiative. This work was also supported by the National Natural Science
Foundation of China (81970292, 82100260, 82270258) and National Key
Research and Development Program of China (2020YFC2004800).

Disclosures
None.

Supplemental Material
Data S1

Tables S1-S6

Figures S1-S2

REFERENCES

1. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treatment of acute
coronary syndromes: a review. JAMA. 2022;327:662-675. doi: 10.1001/
jama.2022.0358

2. Price S, Katz J, Kaufmann CC, Huber K. The year in cardiovascular
medicine 2021: acute cardiovascular care and ischaemic heart disease.
Eur Heart J. 2022;43:800-806. doi: 10.1093/eurheartj/ehab908

3. Ran P, Yang JQ, Li J, Li G, Wang Y, Qiu J, Zhong Q, Wang Y, Wei XB,
Huang JL, et al. A risk score to predict in-hospital mortality in pa-
tients with acute coronary syndrome at early medical contact: results
from the Improving Care for Cardiovascular Disease in China-Acute
Coronary Syndrome (CCC-ACS) Project. Ann Transl Med. 2021;9:167.
doi: 10.21037/atm-21-31

4. Corbett SJ, Ftouh S, Lewis S, Lovibond K; Guideline Committee. Acute
coronary syndromes: summary of updated NICE guidance. BMJ.
2021;372:m4760. doi: 10.1136/bmj.m4760

J Am Heart Assoc. 2024;13:029252. DOI: 10.1161/JAHA.122.029252

Treatment in Patients With ACS Without SMuRFs

Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL,
Dendale P, Dorobantu M, Edvardsen T, Folliguet T, et al. 2020 ESC
guidelines for the management of acute coronary syndromes in pa-
tients presenting without persistent ST-segment elevation. Eur Heart J.
2021;42:1289-1367. doi: 10.1093/eurheartj/ehaa575

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno
H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, et al. 2017
ESC guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: the task force for the
management of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology (ESC). Eur
Heart J. 2018;39:119-177. doi: 10.1093/eurheartj/ehx393

O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de
Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA, et al. 2013
ACCF/AHA guideline for the management of ST-elevation myocardial
infarction: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines.
Circulation. 2013;127:e362-e425. doi: 10.1161/CIR.0b013e3182742cf6
Avis SR, Vernon ST, Hagstrom E, Figtree GA. Coronary artery disease
in the absence of traditional risk factors: a call for action. Eur Heart J.
2021;42:3822-3824. doi: 10.1093/eurheartj/ehab474

Figtree GA, Vernon ST, Hadziosmanovic N, Sundstrém J, Alfredsson
J, Arott C, Delatour V, Ledsdottir M, Hagstrdm E. Mortality in STEMI
patients without standard modifiable risk factors: a sex-disaggregated
analysis of SWEDEHEART registry data. Lancet. 2021;397:1085-1094.
doi: 10.1016/S0140-6736(21)00272-5

Canto JG, Kiefe Cl, Rogers WJ, Peterson ED, Frederick PD, French
WJ, Gibson CM, Pollack CV Jr, Ornato JP, Zalenski RJ, et al. Number
of coronary heart disease risk factors and mortality in patients with
first myocardial infarction. JAMA. 2011;306:2120-2127. doi: 10.1001/
jama.2011.1654

Vernon ST, Coffey S, Bhindi R, Soo Hoo SY, Nelson GI, Ward MR,
Hansen PS, Asrress KN, Chow CK, Celermajer DS, et al. Increasing
proportion of ST elevation myocardial infarction patients with coronary
atherosclerosis poorly explained by standard modifiable risk factors. Eur
J Prev Cardiol. 2017;24:1824-1830. doi: 10.1177/2047487317720287
Hao Y, Liu J, Liu J, Smith SC Jr, Huo Y, Fonarow GC, Ma C, Ge J,
Taubert KA, Morgan L, et al. Rationale and design of the Improving Care
for Cardiovascular Disease in China (CCC) project: a national effort to
prompt quality enhancement for acute coronary syndrome. Am Heart J.
2016;179:107-115. doi: 10.1016/j.ahj.2016.06.005

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax
JJ, Borger MA, Brotons C, Chew DP, et al. 2015 ESC guidelines for the
management of acute coronary syndromes in patients presenting with-
out persistent ST-segment elevation: task force for the Management of
Acute Coronary Syndromes in Patients Presenting without Persistent
ST-Segment Elevation of the European Society of Cardiology (ESC). Eur
Heart J. 2016;37:267-315. doi: 10.1093/eurheartj/ehv320

DefFilippis EM, Bajaj NS, Singh A, Malloy R, Givertz MM, Blankstein
R, Bhatt DL, Vaduganathan M. Marijuana use in patients with cardio-
vascular disease: JACC review topic of the week. J Am Coll Cardiol.
2020;75:320-332. doi: 10.1016/j.jacc.2019.11.025

Trzepizur W, Blanchard M, Ganem T, Balusson F, Feuilloy M, Girault
JM, Meslier N, Oger E, Paris A, Pigeanne T, et al. Sleep apnea-specific
hypoxic burden, symptom subtypes, and risk of cardiovascular events
and all-cause mortality. Am J Respir Crit Care Med. 2022;205:108-117.
doi: 10.1164/rccm.202105-12740C

Patel SR. Obstructive sleep apnea. Ann Intern Med. 2019;171:ITC81—
ITC96. doi: 10.7326/AITC201912030

Mori H, Suzuki H, Nishihira K, Honda S, Kojima S, Takegami M,
Takahashi J, Itoh T, Watanabe T, Takenaka T, et al. In-hospital morality
associated with acute myocardial infarction was inversely related with
the number of coronary risk factors in patients from a Japanese nation-
wide real-world database. Int J Cardiol Hypertens. 2020;6:100039. doi:
10.1016/j.ijchy.2020.100039

Li S, Gao X, Yang J, Xu H, Wang Y, Zhao Y, Yin L, Wu C, Wang Y,
Zheng Y, et al. Number of standard modifiable risk factors and mortality
in patients with first-presentation ST-segment elevation myocardial in-
farction: insights from China Acute Myocardial Infarction registry. BMC
Med. 2022;20:217. doi: 10.1186/s12916-022-02418-w

Kong G, Chin YH, Chong B, Goh RSJ, Lim OZH, Ng CH, Muthiah M,
Foo R, Vernon ST, Loh PH, et al. Higher mortality in acute coronary syn-
drome patients without standard modifiable risk factors: results from a

10


https://doi.org//10.1001/jama.2022.0358
https://doi.org//10.1001/jama.2022.0358
https://doi.org//10.1093/eurheartj/ehab908
https://doi.org//10.21037/atm-21-31
https://doi.org//10.1136/bmj.m4760
https://doi.org//10.1093/eurheartj/ehaa575
https://doi.org//10.1093/eurheartj/ehx393
https://doi.org//10.1161/CIR.0b013e3182742cf6
https://doi.org//10.1093/eurheartj/ehab474
https://doi.org//10.1016/S0140-6736(21)00272-5
https://doi.org//10.1001/jama.2011.1654
https://doi.org//10.1001/jama.2011.1654
https://doi.org//10.1177/2047487317720287
https://doi.org//10.1016/j.ahj.2016.06.005
https://doi.org//10.1093/eurheartj/ehv320
https://doi.org//10.1016/j.jacc.2019.11.025
https://doi.org//10.1164/rccm.202105-1274OC
https://doi.org//10.7326/AITC201912030
https://doi.org//10.1016/j.ijchy.2020.100039
https://doi.org//10.1186/s12916-022-02418-w

Gong et al

20.

21.

22.

J Am Heart Assoc. 2024;13:029252. DOI: 10.1161/JAHA.122.029252

global meta-analysis of 1,285,722 patients. Int J Cardiol. 2023;371:432—
440. doi: 10.1016/j.ijicard.2022.09.062

CARDIoGRAMplusC4D Consortium, Deloukas P, Kanoni S, Willenborg C,
Farrall M, Assimes TL, Thompson JR, Ingelsson E, Saleheen D, Erdmann
J, etal. Large-scale association analysis identifies new risk loci for coronary
artery disease. Nat Genet. 2013;45:25-33. doi: 10.1038/ng.2480

Lu X, Liu Z, Cui Q, Liu F, Li J, Niu X, Shen C, Hu D, Huang K, Chen J,
et al. A polygenic risk score improves risk stratification of coronary ar-
tery disease: a large-scale prospective Chinese cohort study. Eur Heart
J. 2022;43:1702-1711. doi: 10.1093/eurheartj/ehac093

Aragam KG, Dobbyn A, Judy R, Chaffin M, Chaudhary K, Hindy
G, Cagan A, Finneran P, Weng LC, Loos RJF, et al. Limitations of

23.

24,

Treatment in Patients With ACS Without SMuRFs

contemporary guidelines for managing patients at high genetic risk of
coronary artery disease. J Am Coll Cardiol. 2020;75:2769-2780. doi:
10.1016/j.jacc.2020.04.027

Mimitou EP, Lareau CA, Chen KY, Zorzetto-Fernandes AL, Hao Y,
Takeshima Y, Luo W, Huang TS, Yeung BZ, Papalexi E, et al. Scalable,
multimodal profiling of chromatin accessibility, gene expression and
protein levels in single cells. Nat Biotechnol. 2021;39:1246-1258. doi:
10.1038/s41587-021-00927-2

Buenrostro JD, Wu B, Litzenburger UM, Ruff D, Gonzales ML, Snyder
MP, Chang HY, Greenleaf WJ. Single-cell chromatin accessibility re-
veals principles of regulatory variation. Nature. 2015;523:486-490. doi:
10.1038/nature14590

11


https://doi.org//10.1016/j.ijcard.2022.09.062
https://doi.org//10.1038/ng.2480
https://doi.org//10.1093/eurheartj/ehac093
https://doi.org//10.1016/j.jacc.2020.04.027
https://doi.org//10.1038/s41587-021-00927-2
https://doi.org//10.1038/nature14590

	In-­Hospital Mortality and Treatment in Patients With Acute Coronary Syndrome With and Without Standard Modifiable Cardiovascular Risk Factors: Findings From the CCC-­ACS Project
	Methods
	Study Design and Patient Selection
	Definitions of SMuRFs and Study Variables
	End Points
	Statistical Analysis

	Results
	Patient Characteristics
	Differences in Management Between Groups
	Clinical Outcomes and Association With SMuRF Status
	Impact of Early Guideline-­Directed OMT on In-­Hospital Outcomes of SMuRF-­Less Patients

	Discussion
	Conclusions
	Acknowledgments
	Sources of Funding
	Disclosures
	References




