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In-hospital and 1-year outcomes
of patients without modifiable
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PCI: a Sex-stratified analysis
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Mehdi Mehrani1,2, Mohammad Alidoosti1,2, Ali Vasheghani-
Farahani2 and Kaveh Hosseini1,2*
1Tehran Heart Center, Cardiovascular Diseases Research Institute, Tehran University of Medical
Sciences, Tehran, Iran, 2Cardiac Primary Prevention Research Center, Cardiovascular Diseases Research
Institute, Tehran University of Medical Sciences, Tehran, Iran, 3Faculty of Medicine, Isfahan University of
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Aim: A considerable proportion of patients admitted with acute coronary
syndrome (ACS) have no standard modifiable cardiovascular risk factors
(SMuRFs: hypertension, diabetes mellitus, dyslipidemia, and cigarette smoking).
The outcomes of this population following percutaneous coronary
intervention (PCI) are debated. Further, sex differences within this population
have yet to be established.
Methods: This retrospective cohort study included 7,847 patients with ACS who
underwent PCI. The study outcomes were in-hospital mortality, all-cause
mortality, and major adverse cardio-cerebrovascular events (MACCE). The
association between the absence of SMuRFs (SMuRF-less status) and
outcomes among all the patients and each sex was assessed using logistic and
Cox proportional hazard regressions.
Results: Approximately 11% of the study population had none of the SMuRFs.
During 12.13 [11.99–12.36] months of follow-up, in-hospital mortality
(adjusted-odds ratio (OR):1.51, 95%confidence interval (CI): 0.91–2.65,
P:0.108), all-cause mortality [adjusted-hazard ratio (HR): 1.01, 95%CI: 0.88–
1.46, P: 0.731], and MACCE (adjusted-HR: 0.93, 95%CI:0.81–1.12, P: 0.412) did
not differ between patients with and without SMuRFs. Sex-stratified analyses
recapitulated similar outcomes between SMuRF+ and SMuRF-less men. In
contrast, SMuRF-less women had significantly higher in-hospital (adjusted-OR:
3.28, 95%CI: 1.92–6.21, P < 0.001) and all-cause mortality (adjusted-HR:1.41,
95%CI: 1.02–3.21, P: 0.008) than SMuRF+ women.
Conclusions: Almost one in 10 patients with ACS who underwent PCI had no
SMuRFs. The absence of SMuRFs did not confer any benefit in terms of in-
hospital mortality, one-year mortality, and MACCE. Even worse, SMuRF-less
women paradoxically had an excessive risk of in-hospital and one-year mortality.
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Highlights

• Approximately 11% of patients with ACS undergoing non-

elective PCI have none of the traditional cardiovascular risk

factors.

• The risk of post-PCI in-hospital and one-year outcomes did not

differ between SMuRF+ and SMuRF-less patients with ACS,

indicating that the absence of traditional risk factors did not

confer any additional benefit with respect to adverse outcomes

following PCI.

• SMuRF-less women had higher in-hospital and all-cause

mortality than SMuRF+ women, while this finding was not

applicable to SMuRF-less men.

1. Introduction

The standard modifiable cardiovascular risk factors (SMuRFs:

hypertension, diabetes mellitus, dyslipidemia, and cigarette

smoking) play a role in the pathogenesis of coronary heart disease

(CHD) (1). Although strategies targeted at primary and secondary

prevention against these factors have contributed to a reduced risk

of adverse outcomes in patients with acute coronary syndrome

(ACS) (2), CHD has remained the leading cause of death in almost

all regions of the world (3). The proportion of patients presenting

with ACS and without SMuRFs (SMuRF-less) is increasing (4);

thus, paying attention to this challenging group of patients may

improve the global burden of CHD. While some large registry-

based studies have evaluated the trend and outcomes of SMuRF-

less patients compared with those with at least one SMuRF, the

results are inconsistent (4–6). Moreover, data on SMuRF-less

patients undergoing percutaneous coronary intervention (PCI) are

scarce. Besides the presence or absence of conventional CHD risk

factors, sex differences constitute a significant issue in determining

the prognosis of patients with ACS. Despite the advances in ACS

management, evident disparity exists in clinical outcomes between

men and women. Many studies have assessed the impact of sex on

morbidities and mortality after PCI (7), but only a few have

addressed the potential role of sex in modifying post-PCI outcomes

according to the presence of SMuRFs (5).

In light of this information, the present study aimed to evaluate

the association between SMuRF-less status and post-PCI outcomes

among patients with ACS. Further, we sought to determine possible

sex differences in the post-PCI outcomes related to the SMuRF-less

status.
2. Material and methods

2.1. Study design and population

The present cohort study included 8,126 patients admitted with

ACS to Tehran Heart Center (THC) (8) who underwent PCI (April

2015 through December 2019). ACS comprised ST-elevation

myocardial infarction (STEMI), non–ST-elevation myocardial
Frontiers in Cardiovascular Medicine 02
infarction (NSTEMI), and unstable angina. Identification of patients

was based on ICD-10 diagnosis codes and discharge chart reviews.

Patients with inadequate data were excluded, and 7,847 patients

remained for the final analysis. The patients were stratified into two

groups according to their baseline risk factors status (with (SMuRF+)

and without SMuRFs (SMuRF-less)). Data were retrieved from the

THC database, encompassing the baseline characteristics, procedural

details, and clinical outcomes during follow-ups.
2.2. SMuRF definition

SMuRFs were defined as dyslipidemia, hypertension, diabetes

mellitus, and current cigarette smoking (5). SMuRF+ patients

were those with at least one of the abovementioned risk factors.

Dyslipidemia was defined as the presence of a minimum total

cholesterol level of 240 mg/dl, a minimum triglyceride level of

200 mg/dl, a high-density lipoprotein cholesterol level of less

than 40 mg/dl in men and less than 50 mg/dl in women, a

minimum low-density lipoprotein cholesterol level of 160 mg/dl,

or a history of prescribed lipid-lowering medications based on

the National Cholesterol Education Program (NCEP) Adult

Treatment Plan (ATP) III (9, 10). A minimum systolic blood

pressure of 140 mmHg, a minimum diastolic blood pressure of

90 mmHg, or a history of receiving antihypertensive therapy was

described as hypertension (11). Diabetes mellitus was diagnosed

based on the recommendations of the American Diabetes

Association if the patient had a previous history of diabetes, a

minimum fasting plasma glucose level of 126 mg/dl, or a

minimum 2-hour postload glucose level of 200 mg/dl (12).

Current smokers were considered individuals who self-reported

smoking more than 100 cigarettes in their lifetimes and who

currently smoked cigarettes (within the past month).
2.3. ACS management and procedural
technique

When diagnosed with ACS, patients were treated according to

respective guidelines at the time (13, 14). PCI procedures were

performed based on the standard technique. Guideline-based

antiplatelet and anticoagulant therapy was applied (15).

Accordingly, patients received a loading dose of a P2Y12 receptor

inhibitor (300–600 mg clopidogrel, or 60 mg prasugrel, or 180 mg

ticagrelor) in addition to aspirin (81–325 mg according to patient

previous medical history) before the procedure and intravenous

unfractionated heparin (70–100 IU/kg) during PCI. Additionally,

aspirin (81 mg/day) was maintained indefinitely and P2Y12

inhibitors for at least one year (clopidogrel (75 mg, daily), or

prasugrel (10 mg, daily), or ticagrelor (90 mg, twice daily).
2.4. Study Endpoints and Variable Definition

The study endpoints were the occurrence of in-hospital

mortality, one-year all-cause mortality, and one-year major

adverse cardio-cerebrovascular events (MACCE). In-hospital
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mortality was defined as mortality within 30 postoperative days.

MACCE comprised a composite of death, nonfatal ACS, nonfatal

cerebrovascular accident/transient ischemic attack, and repeated

coronary revascularization via PCI/coronary artery bypass graft

surgery. The definition of other variables adhered to the

Catheterization and Percutaneous Coronary Intervention

(CathPCI) Registry (16) and was in line with our previous

studies on this population (17).
2.5. Ethical considerations

The current study was performed in accordance with the

Declaration of Helsinki 2013. The study protocol was approved

by the Ethics Committee of THC (ethics approval number: IR-

THC-13799 on 26 November 2020). The Ethics Committee

waived the need for Informed consent.
2.6. Statistical analysis

Means with standard deviations (SDs) and medians with 25th

and 75th percentiles [interquartile range (IQR) boundaries] were

reported for continuous variables with normal and skewed

distributions, respectively. The normality of the variables was

assessed using histogram charts in addition to central tendency

and dispersion measures. The continuous variables were

compared using the Student t test if they had normal

distributions and the Mann–Whitney U test if they had skewed

distributions. Categorical variables were expressed as frequencies

and percentages and were compared using the Chi-squared test.

Odds ratios (ORs) and Hazard ratios (HRs) with 95% confidence

intervals (CIs) were calculated using binary logistic and Cox

proportional hazard models. A separate landmark analysis with

the landmark (cutoff) set at 30 days after the index procedure

was performed as well. All the models were adjusted for age, sex,

body mass index (BMI), chronic obstructive pulmonary disease,

cerebrovascular accident, previous myocardial infarction,

estimated glomerular filtration rate, number of diseased vessels,

ejection fraction, and left main disease. Binary logistic regression

was also used to assess the association between SMuRF-less

status and in-hospital mortality. The analyses were performed for

the total study cohort and each sex.

The statistical analyses were conducted applying R version 4.0.3

using several packages, including “survival" (18), “survminer" (19),

and “ggplot2” (20). A 2-sided P value of less than 0.05 was

considered to indicate statistical significance.
3. Results

3.1. Study population

A total of 7,847 patients [median follow-up = 12.13 (11.99–

12.36) months] comprised the final study cohort: among whom

853 patients (10.9%) belonged to the SMuRF-less.
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3.2. Baseline characteristics

The study population’s baseline and procedural characteristics

are presented in Table 1. In brief, SMuRf-less women tended to be

younger (63.43 ± 12.62 vs. 66.51 ± 10.06), with a lower prevalence

of BMI > 30 (33.6% vs. 43.9%), while they had a higher

prevalence of chronic obstructive pulmonary disease (6.3% vs.

3.0%), left artery disease (63.0% vs. 49.6%), and single-vessel

disease (52.8% vs. 38.5%) than SMuRF+ women. SMuRF-less

men were more likely to be older (62.88 ± 12.70 vs. 60.70 ±

11.14), have higher rates of left artery disease (53.3% vs. 46.7%),

and single-vessel disease (45.8% vs. 36.5%). In contrast, they

were less likely to have BMI > 30 (18.9% vs. 25.4%), a positive

family history of premature coronary artery disease (12.9% vs.

17.0%), a history of cerebrovascular diseases (1.4% vs. 3.2%), and

exhibit a distribution of three-vessel disease (20.0% vs. 27.4%)

than their SMuRF+ counterparts.
3.3. In-hospital mortality

A total of 125 in-hospital mortalities occurred: 20 (2.3%) in the

SMuRF-less and 105 (1.5%) in the SMuRF+ group. The highest in-

hospital mortality rate was related to SMuRF-less women (3.9%),

followed by SMuRF-less men (2.1%), SMuRF+ women (1.9%),

and SMuRF+ men (1.4%) (Table 2). At the unadjusted level, the

in-hospital mortality rate of SMuRF-less patients did not differ

from that of the SMuRF+ group, either overall (OR: 1.53, 95%CI:

0.95–2.48, P: 0.084) or sex-stratified (women: OR: 2.07, 95%

CI:0.83–5.38, P: 0.084; men: OR: 1.47, 95%CI: 0.84–2.58, P:

0.175) (Figure 1). After adjustments, SMuRF-less women had a

significantly enhanced risk of in-hospital mortality (adjusted-OR:

3.28, 95%CI: 1.92–6.21, P < 0.001), while this did not apply to

SMuRF-less men (adjusted-OR: 1.29, 95%CI: 0.75–3.28, P: 0.211).
3.4. One-year all-cause mortality

In the study population, 308 all-cause mortalities occurred [35

(4.1%) and 273 (3.9%) in the SMuRF-less and SMuRF+ groups,

respectively]. SMuRF-less women experienced the highest all-

cause mortality, followed by SMuRF+ women, SMuRF-less men,

and SMuRF+ men (Table 2). Figure 2 depicts the survival curves

of all-cause mortality. Among the total population and each sex,

early mortality was higher among SMuRF-less patients (especially

evident in women). Nevertheless, the pattern was reversed after

landmark analyses (cutoff: 30 days), indicating that a

considerable mortality rate among SMuRF-less patients were

related to in-hospital events. According to Cox proportional

hazard models (Figure 1), one-year mortality did not differ

between SMuRF+ patients at the unadjusted level, either for the

total population or each sex. After adjustments, mortality risk

was significantly higher by 41% among SMuRF-less women than

among SMuRF+ women (adjusted-HR: 1.41, 95%CI: 1.02–3.31,

P: 0.008). This observation did not apply to male patients

(adjusted-HR: 0.94, 95%CI: 0.61–1.56, P: 0.721) or the overall
frontiersin.org
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TABLE 1 Baseline and procedural characteristics.

All patients (7,847) Female (1,876, 23.9%) Male (5,971, 76.1%)

SMuRF-less
(853,
10.9%)

SMuRF+
(6,994,
89.1%)

P-value SMuRF-less
(127, 6.8%)

SMuRF+
(1,749,
93.2%)

P-value SMuRF-less
(726,
12.2%)

SMuRF+
(5,245,
87.8%)

P-value

Age, years 63.10 ± 8.91 62.53 ± 10.91 0.213 63.43 ± 12.62 66.51 ± 10.06 0.008 62.88 ± 12.70 60.70 ± 11.14 <0.001

BMI > 30 Kg/m2 178 (21.1%) 2,085 (30.0%) <0.001 42 (33.6%) 762 (43.9%) 0.024 136 (18.9%) 1,323 (25.4%) <0.001

Dyslipidemia NA 4,493 (64.43%) – – 1,305 (74.6%) NA – 3,188 (60.8%) NA

Hypertension NA 3,911 (55.9%) – – 1,392 (79.6%) NA – 2,519 (48.0%) NA

Diabetes mellitus NA 2,952 (42.2%) – – 993 (56.8%) NA – 1,959 (37.3%) NA

Current cigarette smoking NA 2,549 (36.4%) – – 111 (6.3%) NA – 2,438 (46.5%) NA

Positive family history 115 (13.5%) 1,238 (17.7%) 0.002 21 (16.5%) 348 (19.9%) 0.357 94 (12.9%) 890 (17.0%) 0.006

Opium use Current 40 (4.7%) 836 (12.0%) <0.001 0 (0.0%) 35 (2.0%) 0.245 40 (5.5%) 801 (15.3%) <0.001

Former 28 (3.3%) 365 (5.2%) 0 (0.0%) 3 (0.2%) 28 (3.9%) 362 (6.9%)

Heart failure 28 (3.3%) 190 (2.7%) 0.342 5 (3.9%) 47 (2.7%) 0.407 23 (3.2%) 143 (2.7%) 0.498

Cerebrovascular disease 14 (1.6%) 254 (3.6%) 0.013 4 (3.1%) 87 (5.0%) 0.355 10 (1.4%) 167 (3.2%) 0.007

COPD 21 (2.5%) 145 (2.1%) 0.449 8 (6.3%) 53 (3.0%) 0.045 13 (1.8%) 92 (1.8%) 0.944

eGFR, ml/min/1.73m2 0.412 0.093 0.097

<60 131 (15.8%) 1,142 (16.5%) 25 (20.3%) 451 (26.0%) 106 (15.0%) 691 (13.3%)

60–90 284 (34.3%) 2,311 (33.3%) 42 (34.1%) 656 (37.9%) 242 (34.3%) 1,655 (31.8%)

>90 413 (49.9%) 3,483 (50.2%) 56 (45.5%) 625 (36.1%) 357 (50.6%) 2,858 (54.9%)

LM lesion 46 (5.4%) 468 (6.7%) 0.148 5 (3.9%) 103 (5.9%) 0.362 41 (5.6%) 365 (7.0%) 0.188

Treated vessel LAD 467 (56.4%) 3,316 (47.4%) <0.001 80 (63.0%) 867 (49.6%) 0.062 387 (53.3%) 2,449 (46.7%) 0.021

RCA 233 (27.3%) 1,911 (27.3%) 26 (20.5%) 453 (25.9%) 207 (28.5%) 1,458 (27.8%)

LCX 118 (13.8%) 1,362 (19.5%) 19 (15.0%) 341 (19.5%) 99 (13.6%) 1,021 (19.5%)

SVG 23 (2.7%) 306 (4.4%) 1 (0.8%) 61 (3.5%) 22 (3.0%) 245 (4.7%)

Ramus 9 (1.1%) 59 (0.8%) 1 (0.8%) 13 (0.7%) 8 (1.1%) 46 (0.9%)

LM 3 (0.4%) 40 (0.6%) 0 14 (0.8%) 3 (0.4%) 26 (0.5%)

Preprocedural
TIMI flow

0 301 (35.3%) 2,285 (32.7%) 0.496 42 (33.1%) 498 (28.5%) 0.268 259 (35.7%) 1,787 (34.1%) 0.818

1 37 (4.3%) 316 (4.5%) 4 (3.1%) 70 (4.0%) 33 (4.5%) 246 (4.7%)

2 133 (15.6%) 984 (14.1%) 27 (21.3%) 231 (13.2%) 106 (14.6%) 753 (14.4%)

3 382 (44.8%) 3,409 (48.7%) 54 (42.5%) 950 (54.3%) 328 (45.2%) 2,459 (46.9%)

Door to needle, min 55 [51–61] 54 [52–55] 0.938 51 [45, 71] 57 [55, 60] 0.307 55 [50, 60] 53 [51, 55] 0.649

ACC/AHA A 1 (0.1%) 12 (0.2%) 0.541 0 2 (0.1%) 0.470 1 (0.1%) 10 (0.2%) 0.724

B1 138 (16.2%) 1,217 (17.4%) 26 (20.5%) 343 (19.6%) 112 (15.5%) 874 (16.7%)

B2 127 (14.9%) 927 (13.3%) 23 (18.1%) 236 (13.5%) 104 (14.3%) 691 (13.2%)

C 587 (68.8%) 4,838 (69.2%) 78 (61.4%) 1,168 (66.8%) 509 (70.1%) 3,670 (70.0%)

Number of
diseased vessels

2VD 289 (33.9%) 2,466 (35.3%) <0.001 41 (32.3%) 572 (32.7%) 0.003 248 (34.2%) 1,894 (36.1%) <0.001

3VD 164 (19.2%) 1,939 (27.7%) 19 (15.0%) 503 (28.8%) 145 (20.0%) 1,436 (27.4%)

SVD 400 (46.9%) 2,589 (37.0%) 67 (52.8%) 674 (38.5%) 333 (45.8%) 1,916 (36.5%)

EF < 40% 277 (32.5%) 2,086 (29.8%) 0.114 35 (27.6%) 518 (29.6%) 0.687 242 (33.3%) 1,568 (29.9%) 0.064

BMI, body mass index; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; LM, left stenosis; LAD, left anterior descending artery;

RCA, right coronary artery; LCX, left circumflex artery; SVG, saphenous vein grafts; TIMI, thrombolysis in myocardial infarction; 2VD, two-vessel disease; 3VD, three-

vessel disease; SVD, single-vessel disease; EF, ejection fraction.
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population (adjusted-HR: 1.01, 95%CI: 0.88–1.46, P: 0.731).

Following landmark analyses, the significant association among

female patients disappeared, implying that the significance of all-

cause mortality stemmed from higher in-hospital mortality

among SMuRF-less women (as stated above).
3.5. One-year MACCE

Totally, 997 MACCE events occurred: 99 (11.6%) in SMuRF-less

and 898 (12.8%) in SMuRF+ patients, with SMuRF+ women having

the most and SMuRF-less men the fewest events (Table 2).

According to survival curves and in line with mortality curves

(Figure 3), early MACCE events afflicted SMuRF-less patients
Frontiers in Cardiovascular Medicine 04
more frequently. However, following landmark analyses, the

SMuRF+ group experienced more events. The unadjusted Cox

proportional hazard model recapitulated these findings, reporting

comparable MACCE risks between SMuRF+ and SMuRF-less

patients, overall and by sex (overall: HR: 0.94, 95%CI: 0.77–1.11, P:

0.582; female: HR: 0.99, 95%CI: 0.59–1.64, P:0.960; male: HR: 0.94,

95%CI: 0.75–1.18, P: 0.599). Likewise, the adjusted MACCE risk

did not differ between the two groups, whether for the total

population (adjusted-HR: 0.93, 95%CI: 0.81–1.12, P: 0.412), women

(adjusted-HR: 1.18, 95%CI: 0.71–2.10, P: 0.410), or men (adjusted-

HR: 0.91, 95%CI: 0.68–1.35, P:0.912). Albeit nonsignificant, the

hazards were considerably attenuated, even reversed for women,

after landmark analyses, suggesting that a considerable proportion

of MACCEs were related to the first 30-day death.
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TABLE 2 The number of events according to the presence of SMuRF, overall and by sex.

All patients Female Male

SMuRF-less
(n = 853)

SMuRF+
(n = 6,994)

SMuRF-less
(n = 127)

SMuRF+
(n = 1,749)

SMuRF-less
(n = 726)

SMuRF+
(n = 5,245)

All-cause mortality Total 35 (4.1%) 273 (3.9%) 9 (7.1%) 90 (5.1%) 26 (3.6%) 183 (3.5%)

Landmarka 13 (1.5%) 150 (2.3%) 4 (3.3%) 50 (3.0%) 9 (1.3%) 100 (2.0%)

MACCE (first events) Total 99 (11.6%) 898 (12.8%) 16 (12.6%) 226 (12.9%) 83 (11.4%) 672 (12.8%)

Landmarka 42 (4.9%) 488 (7.0%) 4 (3.5%) 122 (7.5%) 38 (5.7%) 366 (7.5%)

Death Total 34 (4.0%) 264 (3.8%) 8 (6.3%) 90 (5.1%) 26 (3.6%) 174 (3.3%)

ACS Total 16 (1.9%) 241 (3.4%) 1 (0.8%) 42 (2.4%) 15 (2.1%) 199 (3.8%)

CVA/TIA Total 0 5 (0.1%) 0 1 (0.1%) 0 4 (0.1%)

Repeated revascularization Total 49 (5.7%) 389 (5.6%) 7 (5.5%) 94 (5.4%) 42 (5.8%) 295 (5.6%)

In-hospital mortality NA (total) 20 (2.3%) 105 (1.5%) 5 (3.9%) 34 (1.9%) 15 (2.1%) 71 (1.4%)

MACCE, major adverse cardio-cerebrovascular events; ACS, acute coronary syndrome; CVA, cerebrovascular accidents; TIA, transient ischemic attack.
aPatient who were deceased within 30 post-operative days were excluded from the denominator in the landmark analyses.
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4. Discussion

In the present study, we highlighted the importance of SMuRF-

less patients as an overlooked group. Figure 4 depicts a summary

of study design and main findings. We found that despite

traditional beliefs, post-PCI mortality and MACCE were not

lower in SMuRF-less patients than in SMuRF+ patients. In

SMuRF-less women, the risk of in-hospital and one-year

mortality was even higher than that in SMuRF+ women. We

observed a 10.9% prevalence of SMuRF-less status among

patients with ACS who underwent PCI. This frequency is

strongly supported by the largest original studies on this group

(5) and the most recent meta-analysis on more than one million

patients with ACS (21).

Despite the traditionally-held belief that a lower baseline

cardiovascular risk equates to a lower risk of adverse

cardiovascular outcomes, according to our results and previous

studies (4–6), patients without SMuRFs did not have a reduced

risk of adverse events. An enhanced risk and a not-reduced risk

in SMuRF-less patients do not contradict each other since they

both imply that the risk of adverse events in this group is, if not

higher, as high as that in SMuRF+ patients. Various studies have

indicated higher in-hospital/early mortality for SMuRF-less

patients presenting with ACS, STEMI, or NSTEMI (5, 6, 22),

among which is the most recent meta-analysis reporting a 57%

excess risk of in-hospital mortality (21) in the ACS cohort of

SMuRF-less patients. Studies with longer follow-ups are scarcer

and more inconsistent, some of which have reported similar one-

year mortality (23) and six-month MACCE (6), while others

have indicated lower long-term (up to 12 years) mortality and

MACCE among SMuRF-less patients (24). Future studies on the

long-term outcomes of this group seem imperative.

Understanding the underlying pathophysiological pathways

and factors contributing to the heightened susceptibility of

SMuRF-less individuals to worse outcomes of coronary diseases

remains an area of ongoing investigation (23). Various factors

might be responsible for this notion. Our SMuRF-less

individuals, consistent with previous studies (5, 23, 25), were

more likely to have left anterior descending coronary artery
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involvement as the culprit vessel than their SMuRF+ counterparts,

implying less favorable outcomes due to a larger myocardial

territory at risk. Furthermore, SMuRF+ patients may benefit from

the presence of coronary collaterals, particularly in cases of silent

myocardial ischemia associated with established cardiovascular

disease risk factors, leading to potentially lower mortality rates (26,

27). Factors such as embryologic origin (28) and biomechanical

forces (29) are also potential areas of focus for better

comprehending of these differences. For instance, there might exist

some disparities between SMuRF-less patients and their

counterpart regarding the angle between left-main and left

anterior descending coronary arteries which is assumed to affect

CAD progression (29). Unraveling these mechanisms will provide

valuable insights into the pathogenesis of coronary atherosclerosis

in SMuRF-less patients and facilitate the development of more

targeted risk assessment and management strategies.

Recommended risk score models [such as the Framingham risk

score and other validated algorithms centering around traditional

risk factors (30, 31)] fail to truly identify these high-risk patients,

thereby underestimating the risk in SMuRF-less patients. Hence,

primary and secondary prevention strategies for such patients are

still challenging and lacking enough evidence, necessitating new

risk score models considering genetic markers and novel

biomarkers. This notion is consistent with the hypothesis that

new undiscovered mechanisms are involved in atherosclerosis.

Genome-wide associated studies have indicated that several

genetic loci linked with CHD are not related to the presence of

SMuRFs and act independently in the atherosclerosis process

(32). One of the other proposed reasons behind the increased/

not decreased risk in this group is based on the pre-PCI

Thrombolysis in myocardial infarction (TIMI) score, as SMuRF-

less patients have been shown to unexpectedly have higher rates

of TIMI 0/1 flow (23). Nevertheless, this was not the case with

our study population.

Furthermore, SMuRF-less patients might comprise a group

with missed diagnosis of traditional risk factors or those having

continuous values of SMuRFs just below the usual thresholds

(for example pre-diabetic patients). This group might also

encompass patients with atypical or other risk factors, such as
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FIGURE 1

The association between the sMuRF-less status and (A) in-hospital mortality, (B) all-cause mortality, and (C) MACCE, overall and by sex. MACCE, Major
adverse cardio-cerebrovascular events.
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FIGURE 2

Cumulative hazard function curves of all-cause mortality for (A) all the patients, (B) women, and (C) men.
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FIGURE 3

Cumulative hazard function curves of MACCE for (A) all the patients, (B) women, and (C) men. MACCE, Major adverse cardio-cerebrovascular events.
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FIGURE 4

Summary of study design and findings.

Sheikhy et al. 10.3389/fcvm.2023.1235667
cancer, liver, autoimmune, or inflammatory diseases (22, 33). It is

also worth mentioning that despite having no traditional risk

factors, SMuRF-less patients had experienced the ACS episode,

implying that these patients possess a highly susceptible

atherosclerotic substrate independent of the central

atherosclerosis risk factors. This pathway might involve
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autonomic dysfunction, oxidative stress, or inflammatory

mechanisms (34).

Interestingly, environmental factors, such as air pollution, can

play a role in this regard, as it has been shown to associate with

systemic inflammation and oxidative stress (35). Therefore, the

interplay between air pollution, systemic inflammation, and the

susceptible atherosclerotic substrate in SMuRF-less patients may

contribute to their increased risk of adverse cardiovascular

events. However, further research is needed to elucidate the

precise mechanisms through which air pollution influences

coronary health in this population.

Notably, the association between the SMuRF-less status and

considerable early mortality might be mediated through increased

in-hospital complications, such as increased cardiogenic shock (21)

and acute kidney injury (36). Different ACS presentations in the

SMuRF-less population can also justify their not-reduced risk of

adverse events as they are more likely to present with STEMI than

patients with conventional risk factors (37).

Last but not least, SMuRF-less patients are less inclined to

receive guideline-directed medical therapy after ACS, including

statins, beta-blockers, angiotensin-converting enzyme inhibitors/

angiotensin receptor blockers, and P2Y12 inhibitors (21, 38).

These medications are demonstrated to have cardioprotective

effects, regardless of the presence of conventional risk factors

(39, 40). Therefore, they should be equally considered in the

post-ACS management in SMuRF-less patients as well.

Our variable definition, based on the Catheterization and

Percutaneous Coronary Intervention (CathPCI) Registry form

(16), did not allow differentiation between non-atherosclerotic

conditions such as myocardial infarction with nonobstructive

coronary arteries (MINOCA) or spontaneous coronary artery

dissection (SCAD) and atherosclerotic ACS.

MINOCA and SCAD have a low prevalence among an older

population, like ours (with a mean age of approximately 62) (41),

predominantly affecting women (42–44). Furthermore, they exhibit

fewer conventional cardiovascular risk factors, aligning them

predominantly with the SMuRF-less women subgroup. Previous

studies show comparable outcomes between SCAD-ACS and

atherosclerotic-ACS patients, and a better outcome of MINOCA-

ACS compared to atherosclerotic-ACS patients (45, 46). We believe

that the exclusion of these patients, would not have affected our

findings, due to their possibly low prevalence in our population

and their similar outcomes with atherosclerotic-ACS patients.

Based on the results of the present study, SMuRF-less women

had a higher risk of in-hospital and one-year all-cause mortality

and similar MACCE risk than SMuRF+ women. According to

our landmark analyses, their higher one-year mortality possibly

originated from higher early mortality. The risk of in-hospital

mortality, one-year mortality, and MACCE did not differ

between SMuRF-less and SMuRF+ men.

Given the known higher risk of post-PCI adverse events and

recurrent cerebrovascular events in women (47), clinicians have

focused on mitigating their conventional risk factors to reduce

the risk of CHD development during the past decades (48).

Moreover, women usually present with atypical symptoms, which

may delay appropriate invasive diagnostic and therapeutic
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1235667
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Sheikhy et al. 10.3389/fcvm.2023.1235667
measures (49). The diagnosis of CHD in SMuRF-less women is

further delayed due to gender bias in clinical decision-making

(50) and the fact that their symptoms might not be taken as

seriously, especially when they do not have traditional risk factors.

Several factors, in addition to SMuRFs, are known to be

associated with the increased risk of CHD and probably worse

outcomes in women, including reproductive and pregnancy-related

factors such as early menarche, early menopause, earlier age at

first birth, hysterectomy (51), preeclampsia (52), and gestational

diabetes mellitus (53). However, we had no access to these risk

factors and could not assess their effect in our analyses. Further

studies are warranted to evaluate how such risk factors may affect

the outcomes in women with and without SMuRFs.

In conclusion, it does not seem reasonable only to consider

coronary risk factors for cardiovascular outcome evaluation,

especially among women. This practice can lead to the

underdiagnosis and undertreatment of a considerable proportion

of SMuRF-less women. Moreover, special attention should be

paid to the inequities in the secondary prevention and medical

management of SMuRF-less women. An equally close risk factor

management and follow-ups should be enacted strictly after PCI,

irrespective of sex and the SMuRF status (54).
5. Strengths and limitations

Although our total sample size was large, the number of SMuRF-

less patients was relatively low, which might have underpowered the

study to detect some statistically significant associations. Further, the

follow-up period was limited; therefore, our findings cannot derive

the long-term outcomes of SMuRF-less patients. Additionally, our

analyses were based on the baseline presence of SMuRFs; thereby,

we could not assess the impact of SMuRFs that developed during

follow-ups. Albeit not evaluated in our study, the well-established

importance of other modifiable risk factors, such as psychosocial

factors, dietary habits, and regular physical activity should be noted

when evaluating baseline risk status of the SMuRF-less population.

Therefore, there is a possibility of residual risk which we could not

adjust for. Furthermore, we were not able to take into account the

impacts of different ACS presentation and medication use on

patient outcomes. However, despite the fact that we did not

include ASC treatment in our models, both SMuRF+ and SMuRF-

less patients received guideline-directed medical therapy for ACS;

therefore, the group are most probably comparable in this regard.

We failed to collect data on several reproductive factors in women

associated with cardiovascular events. Finally, we could not

differentiate between patients with atherosclerotic ACS and those

with less prevalent causes of ASC, such as SCAD or MINOCA.

These conditions would have a low prevalence among an older

population like ours, and patients with these two conditions would

most probably belong to SMuRF-less women. Considering that

their prognosis is comparable to (for SCAD patients) or better

than (for MINOCA patients) atherosclerotic patients, excluding

them from our study would probably not change the conclusions.

Despite these limitations, our study presented a novel and

debatable matter, about which few studies exist. Furthermore, we
Frontiers in Cardiovascular Medicine 10
comprehensively evaluated sex differences across most important

outcomes in the cardiovascular literature. Finally, we performed a

landmark analysis to better understand the importance of events

occurring to the SMuRF-less population in the early postoperative

period.
6. Conclusion

Almost one in 10 patients with ACS undergoing non-elective

PCI had none of the traditional SMuRFs. Among this

presumably lower-risk group, the absence of SMuRFs did not

confer any benefit regarding in-hospital and one-year outcomes

following PCI. Notably, SMuRF-less women had even

paradoxically higher in-hospital and all-cause mortality. These

findings indicate the following:

(A) the significance of the evidence-based treatment and

secondary prevention of post-PCI ACS patients regardless of

their perceived baseline lower risk and sex, (B) the need for

utilizing newer markers for risk stratification among SMuRF-less

patients, (C) the necessity of looking for the impact of female-

specific conditions on their cardiovascular risks, and (D) the

need to identify the possible disparities in medical management

between men and women with ACS.
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