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Abstract: Objectives: This study aims to compare differences in outcomes between ST -Elevation
Myocardial Infarction (STEMI) patients based on the presence or absence of Standard Modifiable
Cardiovascular Risk Factors (SMuRFs). Materials and Methods: This cross-sectional study was
conducted in the Cardiology Department of a tertiary care hospital in Pakistan. Study participants
were divided into two groups based on STEMI classification: SMuRF vs. SMuRF-less. Patient
characteristics, ECG, angiographic, and echocardiographic data were collected. In-hospital outcomes
and mortality within a 3-day hospital stay were evaluated. Statistical Package for Social Sciences
(SPSS) was used to compare the prognosis of SMuRF vs. SMuRF-less patients. Results: 150 patients
were enrolled, with 113 (75.3%) in the SMuRF group and 37 (24.6%) in the SMuRF-less group.
Younger patients (18-25 years) were more prevalent in the SMuRF-less group (66%). Inferior wall MI
was more commonly associated with four risk factors than anterior wall MI (12.5% vs. 2.7%, p=0.021).
In-hospital outcomes showed no significant differences between SMuRF and SMuRF-less patients,
including heart failure (OR 0.973, 95% CI: 0.447-2.119), mitral regurgitation (OR 1.158, 95% CI: 0.291-
4.613), heart block (OR 0.757, 95% CI: 0.082-6.99), recurrent infarction (OR 0.323, 95% CI: 0.071-1.469),
and renal failure (OR 0.600, 95% CI: 0.068-5.307). No deaths were reported in either group.
Conclusion: Our study highlighted the trend of patients without SMuRF and its association with a
younger age group. IWMI was more commonly associated with four risk factors, and there was no
difference in in-hospital outcomes between SMuRF and SMuREF-less patients.

Keywords: SMuRF; SMuRF-less; Angiographic findings; Cardiovascular Risk Factors; Anterior Wall
Myocardial Infarction; Inferior Wall Myocardial Infarction; STEMI

1. Introduction

Cardiovascular diseases (CVD) are the leading cause of death throughout the world. [1] From
1990 to 2019, the South Asian region witnessed a substantial increase in CVD prevalence, rising by
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49.6% from 3304.2 to 4944.1 cases per 100,000 individuals. CVD mortality also surged by 30.3%,
climbing from 139.8 to 182.1 deaths per 100,000. [2] These trends highlight significant health
challenges, particularly in Pakistan, where CVD affects 17% of the population and constitutes the
leading cause of mortality, contributing to approximately 30% of all recorded fatalities. [3] There are
multiple conventional risk factors for cardiovascular diseases, i.e., smoking, diabetes mellitus,
dyslipidemias, and hypertension. These risk factors are collectively called Standard Modifiable
Cardiovascular Risk Factors (SMuRFs), and patients devoid of these risk factors are called SMuRE-
less. [4] Vernon et al. collected data from the Australian registry and found that there are significant
number of patients presenting without conventional risk factors and this proportion kept on
increasing over time. [5] Later on, studies were conducted in India, the USA, and China, and results
were consistent with a study conducted by Vernon et al. [6]. Advancements in reperfusion therapies
have improved AMI outcomes, but patients with delayed revascularization or large infarcts remain
at risk for severe complications, including structural and arrhythmic complications with increased
mortality. [7] A significant gap exists in the outcomes of SMuRF-less STEMI patients compared to
those with conventional risk factors. This study aims to find the prevalence of SMuRF-less patients
and compare differences in outcomes of ST-elevation myocardial infarction (STEMI) patients with
and without traditional risk factors.

2. Materials and Methods

The data was collected from the cardiology department of a tertiary care hospital from December
2022 to December 2023. The Institutional Review Board approval was obtained under reference
number Ref No. 46/IRB/SZMC/SZH. Out of the 160 patients enrolled, 10 patients' forms were missing
records of complications related to myocardial infarction (MI), such as heart failure and mitral
regurgitation. Therefore, these 10 patients were excluded from the study. Consultant cardiologist
made the diagnosis of myocardial infarction (MI). A cross-sectional descriptive type study was
employed, and data was collected through a non-probability sampling technique.

The inclusion criteria for the study comprised adult patients (=18 years) who were diagnosed
with STEMI, presented within 12 hours of symptom onset with their first episode of STEMI, and
underwent primary percutaneous coronary intervention (PCI). Exclusion criteria included non-ST-
elevation myocardial infarction (NSTEMI) patients, those under 18 years of age, and individuals with
terminal conditions such as end-stage liver disease and renal disease or congestive heart failure.
Patients diagnosed with STEMI at the cardiology ward were enrolled in the study if they met the
inclusion/exclusion criteria and provided informed written consent. The subjects were categorized
into STEMI with SMuRF and SMuRF-less STEMI. Patients with any of the following risk factors—
diabetes mellitus, hypertension, smoking, and dyslipidemia—were classified as STEMI with
Standard Modifiable Cardiovascular Risk Factors (SMuRF). Those lacking these risk factors were
categorized as SMuRF-less STEMI.

Data collection involved recording patient biodata, ECG findings, angiographic and
echocardiographic results, and assessing complications and mortality during a 3-day hospital stay.
The in-hospital outcomes included mortality, heart failure, renal failure, heart blocks, mitral
regurgitation, and recurrent infarction. Statistical analysis was conducted using SPSS version 23,
presenting qualitative variables such as age and gender in terms of frequency and percentages. Age,
sex, SMuRF, and SMuREF-less categories were controlled through stratification, and post-stratification
Chi-Square tests were applied with a significance level set at p<0.05. We used logistic regression to
control for confounders such as age and gender, adjusting for SMuRF status to predict in-hospital
outcomes. Odds ratios and 95% confidence intervals were calculated for each outcome, and p-values
were used to assess statistical significance. Risk factors were also categorized into 1-4 and compared
with the type of MI, angiographic findings, and left ventricular ejection fraction.

3. Results
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The study compared STEMI patients with SMuRF and those without SMuRF (SMuRF-less). The
SMuRF-less group comprised 37 (24.6%) of the total sample 150. The age distribution of the two
groups showed that the SMuRF-less group had a higher proportion of younger patients (18-25 years)
than the SMuRF group (66% vs 33%). The SMuRF group had a higher proportion of middle-aged
patients (46-60 years) than the SMuRF-less group (n=68, 87.17% vs n=10, 12.82%, p<0.05). These
findings are depicted in Figure 1.

B sMurFless B svurr

18-25 26-35 36-45 8 60+

Figure 1. Distribution of SMuRF and SMuRF-less among different age groups.

The gender distribution revealed a higher proportion of male patients in the SMuRF group
(72.41%) compared to the SMuRF-less group (27.58%), with a more asymmetrical distribution of
female patients between the two groups (SMuRF-less=14.7% and SMuRF=85.3%) resulting in an
overall sample of 77.33% male and 22.66% female. The prevalence of risk factors in the SMuRF group
included smoking (50.44%), dyslipidemia (38.94%), diabetes mellitus (38.05%), and hypertension
(55.75%). Family history was found in 16.21% of the SMuRF-less group and 24.13% of the SMuRF
group. Table 1 and Figure 2 illustrate the distribution of individuals based on the number of risk
factors they possess. Most (38%) have one risk factor, followed by 25% with no risk factors. Smaller
percentages are seen for those with 2, 3, or 4 risk factors.
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Figure 2. Distribution of Multiple Risk Factors.
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Table 1. SMuRF and SMuRF-less status in different age groups, sex and risk factors

Variables SMuRF-less SMuRF (N=113)  Total (N=150) p-value
(N=37)

Age 0.007

18-25 2 (66.6%) 1 (33.3%) 3 (100%)

26-35 5 (41.66%) 7 (58.33%) 12 (100%)

36-45 10 (37.03%) 17 (62.96%) 27 (100%)

46-60 10 (12.82%) 68 (87.17%) 78 (100%)

Above 60 10 (33.33%) 20 (66.66%) 30 (100%)

Sex 0.125

Male 32 (27.58%) 84 (72.41%) 116 (100%)

Female 5 (14.70%) 29 (85.29%) 34 (100%)

Risk Factors

Smoking 0 57 (100%) 57 (100%)

Dyslipidemias 0 44 (100%) 44 (100%)

Diabetes 0 43 (100%) 43 (100%)

Mellitus

Hypertension 0 63 (100%) 63 (100%)

Family History 6 (17.65%) 28 (82.35%) 34 (100%)

AWMI in the SMuRF group was 71.56%, compared to 28.43% in the SMuRF-less group, while
IWMI in the SMuRF group was 83.33%, compared to 16.67% in the SMuRF-less group. The research
investigated the distribution of coronary artery disease across three categories: SVCAD (SMuRF =
76.29%, SMuRF-less = 23.70%), 2VCAD (SMuRF = 55.55%, SMuRF-less = 44.44%), 3VCAD (SMuRF =
83.33%, SMuRF-less = 16.67%). We explored the distribution of patients across various ejection
fraction ranges, including 51-60, 41-50, 31-40, and below 30. Most patients were in the 31-40 range;
nine (23.07%) were SMuRF-less, and 30 (76.92%) were from the SMuRF group as shown in Table 2.

Table 2. Type of MI, Angiographic findings, and Ejection Fraction in SMuRF and SMuRF-less.

Variables SMuRF-less SMuRF Total p-value
Type of MI 0.119
IWMI 8 (16.67%) 40 (83.33%) 48 (100%)

AWMI 29 (28.43%) 73 (71.56%) 102 (100%)

Angiographic 0.338
Findings

SVCAD 32 (23.70) 103 (76.29%) 135 (100%)
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2VCAD 4 (44.44%) 5 (55.55%) 9 (100%)

3VCAD 1 (16.67%) 5 (83.33%) 6 (100%)

Ejection Fraction 0.814
51-60% 11 (32.35%) 23 (67.64%) 34 (100%)

41-50% 8 (24.24%) 25 (75.75%) 33 (100%)

31-40 9 (23.07%) 30 (76.92%) 39 (100%)

Below 30 6 (25%) 18 (75%) 24 (100%)

Table 3 shows that SCVAD was most commonly associated with one risk factor, 52 (50.98%).
MVCAD is predominantly exhibited by four risk factors, 40% vs 4.9% SVCAD, with a significant
association of p<0.05. Among patients with one risk factor, 39.13% had an ejection fraction in the 51-
60% range, while 50% had an ejection fraction below 30%. In contrast, among patients with four risk
factors, 13% had an ejection fraction in the 51-60% range, and 5.5% had an ejection fraction below

30%.

Table 3. Association of Type of MI, Angiographic Findings and Ejection Fraction with Multiple Risk Factors.

Variable 1 2 3 4 Total p-value
Risk Risk Risk Risk
Factors Factors Factors Factors
Angiographic 0.05
Findings
SVCAD 52 (50.4%) 24 22 5 (4.8%) 103
(23.30%) (21.35%)
2VCAD 3 (60%) 1 (20%) 1 (20%) 0
3VCAD 1(20%) 2 (40%) 0 2 (40%)
Ejection 0.870
Fraction
51-60% 9(39.13%) 6(26.1%) 5(21.7%)  3(13.0%) 23
41-50% 14 (56%) 6 (24%) 5 (20%) 0 25
31-40 14 (46.6%) 8 (26.6%)  5(16.67%) 3 (10%) 30
Below 30 9 (50%) 4(22.2%)  4(22.2%) 1(5.5%) 18
Type of MI 0.021
AWMI 35(47.9%) 23 (31.5%) 13 (17.8%) 2(2.7%) 73
IWMI 21 (52.5%) 4 (10%) 10 (25%) 5(12.5%) 40

The provided data outlined the distribution of MI types, categorized as AWMI and IWMI, across
different risk factor categories. INMI was predominantly associated with four risk factors as
compared to AWMI (12.5% vs. 2.7%) with a statistical significance (p=0.021). Table 4 illustrates in-
hospital outcomes among patients categorized as SMuRF and SMuRF-less. These outcomes include
heart failure, mitral regurgitation, heart block, recurrent infarction, renal failure, and death. No
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deaths were reported among the patient cohort during the observation period. While there were
variations in the incidence of specific complications between the SMuRF and SMuRF-less groups, the
differences observed were not statistically significant for most outcomes.

Table 4. Comparison of in-hospital outcomes among SMuRF and SMuRF-less patients.

In-Hospital Total SMuRF SMuRF-less p-value Odds ratio
Outcomes N=113 N=37 (24.6%) (95% CI)
(75.33%0
Heart Failure 98 (100%) 74 (75.5%) 24 (24.6%) 0.945 0.973 (95% CI:
0.447-2.119)
Mitral 11 (100%) 8 (72.7%) 3(27.27%) 0.835 1.158 (95% CI:
Regurgitation 0.291-4.613)
Heart Block 5 (100%) 4 (80%) 1 (20%) 0.806 0.757 (95% CI:
0.082-6.99)
Recurrent 19 (100%) 17 (89.5%) 2 (10.5%) 0.144 0.323 (95% ClI:
Infarction 0.071-1.469)
Renal Failure 6 (100%) 5(83.3%) 1(16.7%) 0.646 0.600 (95% CI:
0.068-5.307)
Death 0 0 0 0 0

4. Discussion

The study found that the SMuRF-less group had a higher proportion of younger patients, while
the SMuRF group had more middle-aged patients. Inferior wall myocardial infarction (IWMI) and
multi-vessel coronary artery disease (MVCAD) were more common in the SMuRF-less group. In-
hospital outcomes were similar between the groups, with no deaths reported.

The present study compared the SMuRF and SMuRF-less proportion (75.33% vs 24.6%), which
is consistent with other studies conducted in India (25.4%), USA (26.6%), and Australia (19%). [6-8]
Another study in Pakistan reported that 15% of patients without SMuRFs had a greater mortality
rate. [9] The presence of SMuRF-less STEMI patients underscores the necessity of identifying new
biomarkers and pathophysiology of atherosclerosis beyond traditional risk factors. This study
showed no significant gender difference between SMuRF and SMuRF-less groups. Studies showed
that more males were SMuRF-less than females, consistent with various studies and another study
by Paul et al. SMuRF-less status is more common in females (27.1%). [10-12] These contrasting results
suggest that the prevalence of SMuRF-less status may vary between different populations or study
cohorts. Understanding these differences can help develop targeted interventions and strategies for
preventing and managing cardiovascular diseases in specific populations. SMuRF-less status is more
common in the younger age group, which varies with other studies. [11,13] The incidence of STEMI
is generally low in younger age groups. However, the absence of traditional risk factors for STEMI in
younger individuals may be attributed to genetic predisposition. Therefore, genetic testing should be
considered for high-risk individuals in this age group.

Among the SMuRF group, Hypertension was the most prevalent risk factor, preceded by
diabetes mellitus, dyslipidemias, and smoking. [6,11,12] It is important to note, however, that there
may be a risk of patients underreporting their actual smoking habits, which could result in an
exaggerated number of patients classified as former smokers, as well as cases of undiagnosed
hypertension. The SMuRF group had a higher proportion of AWMI than the SMuRF-less group,
consistent with a study conducted in India. [6] Research is needed to fully understand the underlying
reasons for the observed differences in AWMI between the SMuRF and SMuRF-less groups. SVCAD
was most prevalent among the SMuRF group, while 2VCAD and 3VCAD were also found
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predominantly in the SMuRF group. [13] This suggests that individuals within the SMuRF group
may have a higher propensity or risk for coronary artery diseases compared to the SMuRF-less group.
Environmental factors such as exposure to pollution, socioeconomic status, access to healthcare, and
quality of healthcare can influence the development and progression of coronary artery disease. The
SMuRF group may be more susceptible to certain environmental factors that contribute to the
development of these conditions.

Discussing the ejection fraction and its comparison with SMuRF vs. SMuRF-less groups, most
SMuRF group patients lie in the 31-40% ejection fraction group. In contrast, the number of SMuRF-
less group patients potentially decreases from higher to lower ejection fraction, which shows that
SMuRF-less group patients experience less severe consequences than the SMuRF group, consistent
with other studies. [9] However, a study conducted in India shows that the SMuRF-less group
experiences decreased ejection fraction compared to the SMuRF group. Still, none of the studies
showed this relation to be significantly associated (p<0.05). [6]

SCVAD is most frequently associated with a single risk factor, whereas MVCAD is primarily
observed in patients with four risk factors. These findings are consistent with those reported by Li S
etal. in their study. [14] In clinical practice, understanding the association between several risk factors
and the type of coronary artery disease can help in risk assessment, prevention strategies, and
treatment planning. Preserved ejection fraction is most commonly associated with one risk factor,
while in 4 risk factors, this proportion consistently decreased. [15,16] In the present study, AWMI was
most dominantly present, while INMI showed an increased incidence in patients with four risk
factors with a statistical significance of p<0.05. [17] Understanding these patterns can inform clinical
practice risk assessment, treatment strategies, and preventive measures. Further analysis may be
warranted to explore these findings' underlying mechanisms and implications.

We didn’t observe any hospital mortality in either of the study groups (SMuRF vs SMuRF-less).
Our findings align with those of GJ Paul et al., while Vernon et al. reported higher mortality in the
SMuRF-less group. [5,6] Vernon et al. suggested that the increased mortality could be attributed to
the heart muscles' inability to tolerate ischemia or biological variations. In our study, the lack of
difference in mortality between the two groups may be due to focusing solely on in-hospital
mortality. However, Figtree et al. examined 30-day and 1-year mortality rates in both groups and
found similar results. The debate on mortality differences between the groups has been ongoing, and
further research is needed to investigate the underlying mechanisms. We couldn’t find any
statistically significant difference between both groups while comparing hospital outcomes,
including Heart Failure, Mitral Regurgitation, Heart Block, re-infarct (Recurrent Infarction), and
Renal Failure. Research has shown that non-modifiable factors, such as age, genetics, and the extent
of coronary artery disease at presentation, can independently affect outcomes regardless of the
SMuREF status. [18] In the acute setting, factors such as the severity of infarction, timely medical
response, and patient adherence to treatment can play a more critical role in determining in-hospital
outcomes than the mere presence or absence of conventional risk factors.

5. Conclusions

The study's findings underscored that a significant number of patients (25%) present without
SMuREF, particularly in the younger age group. In addition, inferior wall myocardial infarction was
predominantly associated with the presence of four risk factors. Interestingly, the study revealed no
discernible difference in in-hospital outcomes between patients with SMuRF and those without,
suggesting that the SMuRF-less status does not necessarily correlate with worse outcomes during
hospitalization.

6. Limitations

The study acknowledges several limitations. Firstly, the sample size of 150 patients was
relatively small, which may limit the generalizability of the findings. Additionally, the exclusive focus
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on in-hospital outcomes limits the ability to assess long-term differences between both groups.
Moreover, excluding NSTEMI patients may have omitted potentially significant findings that could
apply to a broader range of acute coronary syndromes. Future research should aim to explore the
long-term outcomes of SMuRF-less patients and examine potential genetic or environmental factors
that may contribute to their risk profiles. Such studies would provide more robust data to accurately
evaluate and compare outcomes between SMuRF and SMuRF-less patients, offering valuable insights
into cardiovascular risk assessment and management strategies.
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