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Abstract:
Background: Myocardial infarction (MI) is the most severe form of coronary heart disease and the
prevalence is increasing in the aging society. The aim of this study was to describe lifestyle behaviors in
MI survivors compared to those without a history of MI.
Methods: A cross-sectional analysis of adults aged greater than 45 from the 2017 Behavior Risk Factor
Surveillance System was performed in February 2020. Weighted analysis was performed using
multinomial logistic regression.
Results: The prevalence of MI survivors was 4.26% (CI 4.15-4.38) (n=443,915) with a higher proportion
of males with MI (61.58%; CI 60.25–62.9) compared to females (38.42%; CI 37.1–39.75). Comparing
survivors to individuals with no MI history, differences were identified in male current smokers (ARR
1.27; CI 1.18–1.37), female current smokers (ARR 1.62; CI 1.45–1.82), smoking quit attempt (ARR 0.83;
CI 0.76–0.92), physical inactivity (ARR 1.25; CI 1.2–1.3), binge drinking (ARR 0.73; CI 0.65–0.82), and
heavy drinking (ARR 0.66; CI 0.56–0.78).
Conclusions: MI survivors were statistically more likely to be current smokers and/or physically inactive
while being less likely to binge or heavily drink alcohol. Interventions, particularly in physician
communication and community actions should focus on decreasing cigarette use and increasing physical
activity in MI survivors while investing less time and money in alcohol abuse.
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Introduction
Myocardial infarction (MI) is the most severe form and major contributor to the total morbidity and
mortality of cardiovascular disease.1,2 Although evidence shows a decline in case-fatality rates after MI,
the overall burden of acute myocardial infarction continues to rise with the aging population.3 Studies
have shown patients with a history of MI are at an increased risk for repeat MI or other vascular events
compared to the general population.2 Risk factors for MI include hyperlipidemia, hypertension, metabolic
syndrome, chronic kidney disease, and several others.4 Moreover, survivors of MI with these continued
comorbidities are particularly at high risk for repeat MI occurrence.5
Current evidence shows these risk factors are frequently caused by modifiable lifestyle behaviors
developed over a lifetime.6 These behaviors include tobacco use, poor nutrition, lack of physical activity,
and alcohol use — all linked to the comorbidities that lead to cardiovascular disease and potentially MI
and are amplified by one another.7 Over the past 2 decades, Americans have shown improvements in
cigarette use, however, physical activity has remained steady and diet has worsened, which have all been
linked to myocardial infarction.4,8,9 Poor diet, sedentary activity, alcohol abuse, and poor mental health
days lead to obesity, which data suggests has become a leading cause of preventable death in the US.10–12
Modifying lifestyle behaviors is one method to reduce risk factors for myocardial infarction.8 Clinical
practice guidelines state resumption of lifestyle activities after myocardial infarction differ from the
general population.13 However, no study to date has analyzed the lifestyle behaviors of MI survivors
compared to those without a history of myocardial infarction. Therefore, the primary objective of this
study was to describe and analyze the demographics and lifestyle behaviors in survivors of MI compared
to those without a history of MI. The secondary objective was to determine which lifestyle behaviors need
further attention after myocardial infarction.
Methods
This study was conducted in accordance with the recommendations for the appropriate reporting of
observational studies as described by the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines. The data utilized was publicly available and did not include patient
identifiers and was not subject to IRB approval.
We conducted a cross-sectional analysis of the lifestyle behaviors of U.S. citizens reporting a history of
myocardial infarction and citizens not reporting a history of MI. Data were extracted in February 2020
from the 2017 Behavior Risk Factor Surveillance System (BRFSS), a national and randomized health
survey published by the Centers for Disease Control and Prevention. BRFSS collects data from all 50
states, the District of Columbia, Puerto Rico, and Guam. The BRFSS questionnaire is created by state and
national health departments and composed of validated sociodemographic and health status questions.
Institutionalized, respondents less than age 18, and respondents residing in military barracks were
excluded from the BRFSS dataset. To produce a randomized sample, BRFSS categorized each phone into
two strata based on location and proximity to other area codes which was followed by a computer
automated random sampling technique that has been previously verified.14
Respondents were classified as MI survivors if they responded “yes” to the following question: “Has a
doctor, nurse, or other health care professional ever told you had a heart attack, also called a myocardial
infarction?” All other respondents were classified as having no history of MI. Data extracted included
socio-demographics and lifestyle behaviors including self-reported current smoking status, smoking quit
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attempt, binge drinking, heavy drinking, physical activity, servings of fruit/vegetable consumption, and
sugar sweetened beverage consumption. Ages 18-44 were excluded from our analyses due to the
extremely low prevalence of myocardial infarction in the dataset. Although we recognized other
preventive techniques contribute to myocardial infarction prevention such as management of
hypercholesterolemia, diabetes, and hypertension, this study was constructed to focus on lifestyle
behaviors specific to MI survivors; therefore, these comorbidities were not included in the analysis.
Statistical analyses were conducted using Stata 16.1 software. Appropriate sampling weights were
provided by the 2017 BRFSS to obtain population level estimates and standard errors. Weighting was
computed using an iterative proportional fitting method, commonly referred to as raking, which permitted
the use of sociodemographic variables and cellphone use. We applied weighted prevalence estimates to
describe sociodemographic characteristics in MI survivors and participants without a history of MI.
Weighted multivariate logistic regression was then utilized to compute adjusted risk ratios (ARR). ARRs
were adjusted for the following variables: age, gender, race, education, and healthcare coverage. All
confidence intervals were reported at 95%.
Results
Sociodemographic Factors
The median BRFSS response rate in 2017 was 45.1%, which provided a sample size of 450,016. After
removing respondents that did not respond to the “history of myocardial infarction” question, the sample
size was 443,915, which provided a population estimate of 252,542,551. Overall, the prevalence of MI
survivors was 4.26 % (95% CI 4.15-4.38). MI survivors were predominantly older with the greatest
proportion being aged 55-64 years (27.72%) followed by 65-74 (24.47%), and 45-54 (19.02%). When
comparing MI survivors to those with no history of MI, MI survivors were more likely to be male
(61.58% versus 48.05%), white, non-Hispanic (70.93% versus 62.35%), and to have healthcare coverage
(92.35% versus 87.77%) (Table 1).
When looking at the education levels of those 45 years and older, 23.21% of MI survivors did not
graduate high school and 16.16% graduated college or technical school. Among those without a history of
MI, 13.39% did not graduate high school and 27.91% graduated college or technical school. Additionally,
MI survivors were more likely to report veteran status (25.54% versus 14.15%) and to have experienced
14 or more days of perceived poor mental health within the past 30 days compared to individuals with no
MI history (17.3% versus 9.97%) (Table 1).
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Table 1: Sociodemographic factors in patients with a history of myocardial infarction and no history
of myocardial infarction (n=443,915). All variables are for age 18+ unless noted otherwise.
MI Survivors
No History of MI
n= 26,004;
n=421646; N=243,454,452
N=10,840,968
% (95% CI)
% (95% CI)
Age (years)
18-24
1.66 (1.31-2.11)
21.68 (21.36-22.01)
25-34
3.16 (2.67-3.72)
18.28 (18-18.56)
35-44
9.34 (8.34-10.45)
15.76 (15.51-16.02)
45-54
19.02 (17.92-20.18)
17.05 (16.81-17.29)
55-64
27.72 (26.54-28.93)
14.51 (14.3-14.72)
65-74
24.47 (23.35-25.62)
8.7 (8.53-8.87)
75+
14.63 (13.75-15.56)
4.03 (3.91-4.15)
Gender
Male
61.58 (60.25-62.9)
48.05 (47.71-48.39)
Female
38.42 (37.1-39.75)
51.95 (51.61-52.29)
Race/Ethnicity White, non-Hispanic
70.93 (69.48-72.35)
62.35 (61.99-62.71)
Black, non-Hispanic
11.17 (10.21-12.2)
11.83 (11.6-12.05)
Hispanic
1.77 (1.5-2.09)
0.97 (0.92-1.02)
American Indian/Alaskan
2.13 (1.55-2.93)
5.57 (5.34-5.8)
Native
Asian, non-Hispanic
0.22 (0.14-0.36)
0.21 (0.18-0.23)
Native Hawaiian/Pacific
0.49 (0.34-0.71)
0.44 (0.4-0.48)
Islander
Other race, non-Hispanic
1.52 (1.28-1.79)
1.41 (1.35-1.47)
Multiracial, non-Hispanic
11.77 (10.69-12.94)
17.23 (16.93-17.54)
Healthcare
Yes
92.35 (91.48-93.14)
87.77 (87.52-88.02)
Coverage
No
7.65 (6.86-8.52)
12.23 (11.98-12.48)
Education*
Did not graduate high
23.21 (21.84-24.65)
13.39 (13.03-13.75)
school
High school graduate
31.21 (30-32.44)
28.41 (28.02-28.8)
Attended college but did
29.42 (28.13-30.74)
30.29 (29.87-30.71)
not graduate
College or technical
16.16 (15.31-17.04)
27.91 (27.56-28.27)
school graduate
Yes
75.42 (74.15-76.64)
69.66 (69.23-70.09)
BMI ≥ 25*
Veteran*
Yes
25.54 (24.42-26.69)
14.15 (13.86-14.44)
Poor Mental
0 days
64.68 (63.27-66.06)
72.92 (72.52-73.31)
Health*
1-13 days
18.03 (16.92-19.19)
17.11 (16.79-17.44)
14+ days
17.3 (16.24-18.4)
9.97 (9.71-10.25)
*Variables limited to age 45+ years of age

Policy Level Variables
Among MI survivors, 43.34% reported being referred to outpatient rehab following their MI diagnosis.
Compared to those with no history of MI, MI survivors were more likely to be unable to afford a doctor
visit (13.61% versus 9.43%), almost twice as likely to have been unable to afford medications (15.21%
versus 7.9%), more likely to have unpaid health bills (26.74% versus 15.94%), and less likely to have
been screened for alcohol use by their doctor (68.24% versus 72.65%) (Table 2). Considering respondents
who reported having a doctor visit within the previous year, MI survivors were significantly higher at
86.47% (CI 85.41 - 87.47) compared to those without a history of MI at 80.03% (CI 79.66 - 80.39).
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Tobacco Use
MI survivors were significantly more likely to report current cigarette use (20.86%; CI 19.63 - 22.14)
compared to respondents without a history of MI (13.54%; CI 13.24 - 13.84). Additionally, gender
interaction existed in current cigarette use with a computed ARR of 1.27 (CI 1.18 - 1.37) in males versus
ARR 1.62 (CI 1.45 - 1.82) in females. The prevalence of those with a smoking quit attempt within the
past 12 months was also higher among MI survivors (61.15% versus 54.65%) with an ARR of 0.83 (CI
0.76-0.92) (Tables 3 and 4).
Alcohol Use
The prevalence of binge drinking was significantly lower in the MI survivor cohort with MI survivors
representing a prevalence of 6.81% and those without a history of MI representing 9.94% (ARR 0.73; CI
0.65 - 0.82). Similarly, heavy alcohol use in MI survivors was significantly lower at 3.53% compared to
respondents without a history of MI at 5.56% (ARR 0.66; CI 0.56 - 0.78).
Physical Activity and Fruit/Vegetable Consumption
Finally, the rate of physical inactivity was higher in MI survivors compared to individuals without a
history of MI (41.84% versus 29.71%) with an ARR of 1.25 (CI 1.2 - 1.3). No significant difference
existed in the prevalence of MI survivors and those without a history of MI consuming greater than or
equal to 5 servings of fruits and vegetables daily (27.04% versus 27.74%) with an ARR of 1.0 (CI 0.95 1.05). Likewise, the prevalence of MI survivors consuming sugar sweetened beverages was 97.04% and
nearly equal to that of respondents without MI at 96.93% (ARR 0.99; CI 0.98 - 1.01), a non-statistically
significant difference.

Table 2: Prevalence of policy level healthcare issues in patients age 45 and over with a history of myocardial
infarction and no history of myocardial infarction.
(n; N)
MI Survivors
No History of MI
% (95% CI)
% (95% CI)
Referred to Outpatient Rehab after MI
43.34 (40.07-46.66)
diagnosis (1,971; 987,905)
Unable to afford doctor visit
13.61 (12.63-14.65)
9.43 (9.16-9.71)
(24,071; 9,287,613)
Unable to afford medications
15.21 (12.25-18.74)
7.9 (7.22-8.65)
(2,490; 1,097,247)
Have unpaid health bills
26.74 (22.85-31.03)
15.94 (15.02–16.9)
(2,499; 1,106,155)
Had doctor visit within previous year
86.47 (85.41-87.47)
80.03 (79.66-80.39)
(24,142; 9,311,063)
Doctor screened for alcohol use
68.24 (64.26-71.97)
72.65 (71.37-73.88)
(2,701; 1,283,746)
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Table 3: Prevalence of lifestyle behaviors in individuals age 45 and over with a history of myocardial infarction
and no history of myocardial infarction (n= 293,041; N=118,763,702)
MI Survivors
No History of MI
n=24173, N=9,319,150
n= 268,868; N=109,444,552
% (95% CI)
% (95% CI)
Current Smoker
20.86 (19.63-22.14)
13.54 (13.24-13.84)
Smoking quit attempt in past 12 months
61.15 (57.67-64.53)
54.65 (53.48-55.83)
Binge Drinking (men having 5+ drinks and
6.81 (6.13-7.56)
9.94 (9.66-10.22)
women having 4+ drinks on one occasion)
Heavy Drinking (men having >14 drinks and
3.53 (3.00-4.15)
5.56 (5.36-5.77)
women having >7 drinks per week)
No Physical Activity
41.84 (40.41-43.29)
29.71 (29.29-30.14)
27.04 (25.79-28.32)
27.74 (27.34-28.14)
≥5 daily servings of fruit/vegetables
Consumes sugar-sweetened beverage
97.04 (96.66-97.38)
96.93 (96.83-97.03)

Table 4. Adjusted risk ratios of lifestyle behaviors in individuals aged 45 and over with a history of myocardial
infarction and no history of myocardial infarction.
No interaction

ARR (95% CI)
Current Smoker
Smoking quit attempt in past 12 months

0.83 (0.76, 0.92)

Binge Drinking (men having 5+ drinks and
women having 4+ drinks on one occasion)

0.73 (0.65, 0.82)

Heavy Drinking (men having >14 drinks and
women having >7 drinks per week)

0.66 (.56, 0.78)

Sedentary (No physical activity in past 30 days)

1.25 (1.20, 1.30)

≥5 daily servings of fruit/vegetables

1.00 (0.95, 1.05)

Consumes sugar-sweetened beverage

0.99 (0.98-1.01)

Gender Interaction Present
Male

Female

ARR (95% CI)

ARR (95% CI)

1.27 (1.18-1.37)

1.62 (1.45, 1.82
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Discussion
Compared to individuals with no history of MI, our study found that smoking tobacco and physical
inactivity were more prevalent among MI survivors, while the prevalence of heavy alcohol use was lower.
Respondents were significantly more likely to be MI survivors if they were greater than 45 years, male,
white, and veterans. Among these individuals was a higher prevalence of poor mental health days, lower
education, inability to afford doctor visits, inability to afford medications, and having unpaid health bills.
Evidence shows that poor mental health days decreased with Affordable Care Act’s Medicaid expansion,
yet, nearly 10 million (4.2%) of U.S. adults continue to suffer from debilitating mental illness.15,16
Furthermore, the effects of financial barriers are significant, with studies finding self-reported financial
barrier associations with higher rates of cardiac related hospitalization and mortality.17 Due to increasing
costs of healthcare related directly and indirectly to obesity,18 we posit that increasing lifestyle behavior
changes to decrease obesity and reduce comorbid conditions would be efficacious towards decreasing
costs.
We also found statistically significant differences between MI survivors and respondents without a
history of MI in the proportion of current smokers, smoking quit attempts, and physical inactivity. MI
survivors were more likely to be current smokers and to have a quit attempt in the past 12 months. Female
current smokers had 62% greater chance while males had 27% greater likelihood of being an MI survivor.
This may be attributed to the greater risk for cardiovascular disease in female smokers compared to male
smokers, as one meta-analysis found.19 Fortunately, having a quit attempt decreased the likelihood of
being an MI survivor by 17%. This presents a key area for improvement in the care of MI survivors, as
cigarette use has long been considered an independent risk factor for cardiovascular disease.4 Evidence
suggests the prevalence of current tobacco users is decreasing,20 however, our analysis showed that much
work still remains in further decreasing the prevalence of tobacco use in MI survivors. Current efforts in
smoking cessation, as recommended by the ACC/AHA clinical practice guidelines, include advising
patients to quit, avoiding secondhand smoke, and using a combination of pharmacotherapy and behavioral
counseling.21 However, interventions should not be limited to office based practices. Several studies have
shown community based smoking cessation programs have been highly efficacious in smoking
cessation.22,23 Considering these findings, we recommend using a combination of clinic based practices as
well as making community and policy level changes to influence smoking patterns.
Physical inactivity was the final lifestyle behavior strongly associated with MI survivors. Like tobacco
use, physical inactivity has long been recognized as a significant contributor to cardiovascular disease and
MI.4 Furthermore, the prevalence of adults meeting physical activity recommendations decreased from
over 40% to under 30% between 1998 and 2016 while physical inactivity decreased in the same time
period.20,24 This suggests that Americans are exercising more, but, not to the degree that is recommended
for cardiovascular protection. The current study corroborated this in finding physically inactive adults
were 25% more likely to be an MI survivor. Considering this, it is particularly concerning that 42% of MI
survivors reported physical inactivity compared to less than 30% in respondents without a history of MI.
Cardiac rehabilitation programs have shown promise in improving cardiovascular and overall health after
myocardial infarction.25 Our results cause concern due to the findings that less than half of MI survivors
reported referral to outpatient rehabilitation services. Furthermore, a recent study found that only one
third of overweight or obese patients were encouraged to lose weight in an office visit.26 Behaviors
should, therefore, be addressed using cognitive behavioral therapy as well as office based self-efficacy
and social support building through motivational interviewing techniques, which have been shown to be
efficacious in improving weight loss.27,28
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Current epidemiologic evidence suggests individuals with hypertension, cancer, and many others would
benefit from a diet high in fruits and vegetables and low in sugar sweetened beverages.29,30 This is
particularly true in cardiovascular disease patients where adherence to diets such as the Mediterranean
diet, vegetarian diet, and DASH diet, which recommend high fruit and vegetable intake and low sugar
sweetened beverage intake, prevent cardiovascular disease or even reverse it in the case of
vegetarianism.31–33 Although this study did not find a statistically significant difference between MI
survivors and those without a history of MI among meeting fruit and vegetable consumption guidelines
nor sugar-sweetened beverage intake, it is important to note that the nutritional value of most Americans
is severely lacking. Only 12% and 9% of Americans meet the daily fruit and vegetable intake
recommendations, respectively.34 One study found that less than 30% of patients being evaluated in a
cardiology clinic were even familiar with a heart healthy diet.35 Therefore, we believe the cardioprotective
effects of heart healthy diets should be advised to all patients, regardless of cardiovascular disease status.
Alcohol consumption is of particular interest in cardiovascular health due to low-moderate amounts being
correlated with a reduction in acute MI while large amounts of alcohol have the inverse relationship.36
Thus, the findings of a meta-analysis composed of over 7 million people showed binge drinking and
heavy alcohol use prevalence has increased significantly over the past 15 years is concerning.37
Fortunately, the results of this study showed the prevalence of binge drinking and heavy drinking were
significantly lower in MI survivors. These findings support the current efforts physicians are taking to
reduce alcohol abuse in MI survivors.
The American College of Cardiology and American Heart Association (ACC/AHA) have taken a stance
for the use of lifestyle behaviors in the reduction of cardiovascular disease in their 2019 clinical practice
guidelines.38 They recommended increasing physical activity, consuming a heart healthy diet, smoking
cessation, improving medication adherence, and management of comorbid conditions like hypertension,
diabetes, and hypercholesterolemia. Furthermore, the ACC/AHA has recognized and endorsed the needs
for improvements in policy level health care as a means to reduce economic pressures related to
healthcare costs and other social and financial factors that influence patient care.39
Moving forward, physicians should make an emphasis to advise and educate their patients about proper
lifestyle changes, especially after a serious health event such as a myocardial infarction. Because the
patient entrusts the physician to make the best medical decision, physicians should assume accountability
and provide as much information as possible to avoid future adverse outcomes. At times, patients do not
truly understand the harmful effects of modifiable risk factors such as smoking, physical inactivity, and
poor diet until they experience an acute illness, which is why it is important for physicians to also focus
on preventative health. Even though physicians play a big role in managing a patient’s health, many also
need assistance with financial, social and emotional barriers to healthcare. By utilizing a multidisciplinary
approach that includes members such as physical therapists, care managers, pharmacists, psychologists,
and nurses, physicians can help formulate a plan that will best optimize the patient’s overall health.
There were several strengths and limitations in this study. First, BRFSS only asked the respondents
whether they had a myocardial infarction or not. The difference of type of myocardial infarctions was not
explicitly requested and, so, patients with type 2 non-ST segment elevation myocardial infarction may
have confounded the results as the management and recommendations differ from those of ischemic heart
disease related MI’s.40 Second, the response bias may have impacted the results as BRFSS is based on
self-reported measures alone and respondents may have felt as though they should answer questions about
lifestyle falsely. Conversely, strengths of this study were the large sample size and the thoroughness of
BRFSS data collection procedures.
In conclusion, this study identified prevalence estimates for several lifestyle behaviors and found
significant differences between myocardial infarction survivors and the general population without a
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history of myocardial infarction, a previously unstudied analysis. Principally, current smokers and
physical inactivity were significantly more prevalent while alcohol abuse was less prevalent in MI
survivors compared to the general population. These novel findings represent a new baseline for where
further research, funding, and interventions should align. Thus, opportunities exist for improving
outcomes in myocardial infarction survivors by focusing efforts on smoking cessation and improving
physical inactivity.
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