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Introduction
Atrial fibrillation (AF) is the most common supraventricular 

arrhythmia with approximately five million new cases worldwide.1 It 
is growing in prevalence among men and women in both industrialized 
and developing countries and has been shown to increase the risk of 
cardiovascular events, stroke, and death.2,3 Oral anticoagulation (OAC) 

has become a staple in AF management by preventing stroke and 
subsequent morbidity and mortality at the cost of increasing the risk 
of major bleeding. Current literature has identified several modifiable 
(alcohol abuse, uncontrolled hypertension, and concomitant treatment 
with antiplatelets or nonsteroidal anti-inflammatory drugs) and non-
modifiable (increasing age, heart failure, vascular disease, cognitive 
impairment, and frailty4) bleeding risk factors in patients with AF 
taking OAC.5 

In an effort to minimize mortality due to cardiovascular disease 
and stroke, the American Heart Association (AHA) defined ideal 
cardiovascular health based on seven risk factors (smoking status, 
physical activity, weight, diet, blood glucose, cholesterol, and blood 
pressure) termed Life’s Simple 7 (LS7).6 Based on these metrics, 
poorer cardiovascular health has been shown to be associated with 
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Abstract
Background: Stroke prevention with anticoagulation is a mainstay therapy in atrial fibrillation but is associated with increased bleeding. 

Identifying health determinants that contribute to this risk is essential to minimize these adverse events and evaluate the risk benefit of 
anticoagulation in an individual patient. This study examines the association between cardiovascular risk factors and major bleeding in older 
individuals with atrial fibrillation on oral anticoagulation.

Methods: In this multicenter prospective cohort study, we enrolled 1244 patients with atrial fibrillation, 1064 of whom were anticoagulated. 
Patient overall health was determined based on the American Heart Association’s (AHA) Life’s Simple 7 (LS7), or seven risk factors used 
to define cardiovascular health. Each risk factor was stratified into poor, intermediate, or ideal based on the AHA criteria and patients were 
separated into poor, intermediate, or ideal cohorts based on their aggregate score. Cox models were used to assess the relationship between 
cardiovascular risk factors and major bleeding.

Results: Among 1064 patients with atrial fibrillation on oral anticoagulation, major bleeding events were less frequent in the ideal group 
compared to the intermediate and poor groups (2.35% vs 5.35% vs 5.45%, P<0.05). Patients with poor smoking status (HR, 2.78; 95% CI, 
1.29 to 5.98) or physical activity (HR, 1.66; 95% CI, 1.07 to 2.59) were significantly more likely to have a major bleeding event than those in 
the intermediate and ideal categories.

Conclusions: In older adults with atrial fibrillation on oral anticoagulation, more optimal cardiovascular health is associated with a lower 
risk of major bleeding. Risk factor management should focus on smoking cessation and increasing physical activity.
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cardiovascular morbidity and mortality, cancer burden, and other non-
cardiovascular disease.7,8 However, the relationship between the LS7 
and major bleeding has not been explored in older individuals with AF 
on OAC. Moreover, three components of the LS7 are modifiable health 
behaviors and thus serve as fundamental areas for healthcare providers 
to address to improve the cardiovascular health of their patients.9 

Understanding the relationship between cardiovascular health 
and major bleeding is critical in an aging population with AF on oral 
anticoagulation as it can help guide clinical decision-making and 
intervention. This study systematically examines the association between 
AHA-derived LS7 and major bleeding in an older anticoagulated 
AF cohort. These findings may help counsel AF patients regarding 
modifiable bleeding risk factors.

Methods
Study Population

Our patient population is from the SAGE-AF cohort.10 The 
SAGE-AF cohort enrolled a total of 1244 patients between 2016 
and 2018, 1064 of whom were anticoagulated, from five practice 
sites in Massachusetts and two in central Georgia. Eligibility criteria 
included age of 65 years or older, non-valvular AF (if the arrhythmia 
was present on an electrocardiogram or Holter monitor or if it was 
noted in any clinic note or hospital record), current OAC treatment, 
a CHA2DS2-VASc score (congestive heart failure, hypertension, age 
≥ 75 years, diabetes mellitus, prior TIA/stroke or systemic embolism, 
vascular disease, age 65-74 years, female sex) of 2 or higher, and no 
contraindications to the OAC. Participants were excluded if they had 
an indication for OAC other than non-valvular AF (i.e. mechanical 
heart valve, deep venous thrombosis, or pulmonary embolism), a 
medical record diagnosis of dementia, did not speak English, had a 
planned invasive high bleeding risk procedure, were in prison, or if they 
were unwilling or unable to participate in planned 1- and 2-year follow-
up visits. If our trained staff was concerned about a patient’s ability 
to provide informed consent, a standardized Capacity for Informed 
Consent Instrument that combines capacity assessment questions 
with interviewer observation was used to determine ability to provide 
consent.11

Data Collection
The study is a prospective cohort study. For each SAFE-AF patient, a 

medical history and a physical examination were obtained on the date of 
study enrollment. All participants underwent a 60-minute interviewer-
administered computer-assisted interview with standardized measures 
including assessments of mood, frailty, cognition, social support, and 
other key patient-reported measures. Baseline data are from 2016 to 
2018.10 All study protocols were approved by the UMass Chan Medical 
School, Boston University, and Mercer University institutional review 
boards.

Prescriptions of OACs were extracted from the electronic medical 
record and confirmed by patients during in-person interviews. Other 
information such as demographic, clinical, therapeutic, and laboratory 
characteristics of SAGE-AF participants were acquired from the health 
record by study staff following extensive training with routine quality 
control checks. Data derived from the medical record included age, sex, 
race, insurance, comorbidities relevant to stroke (i.e. smoking status, 
hypertension, diabetes, and hyperlipidemia), bleeding history, and 
cardiovascular treatments (i.e. anticoagulation, ablation, cardioversion, 
and prior implantable cardiac device). Education level and income 
were self-reported. Information regarding pertinent laboratory tests 
including serum levels of creatinine, hemoglobin, and platelets were 
obtained from the medical record. Risk scores (CHA2DS2-VASc 
and HAS-BLED) were calculated based on clinical data in the health 
record.10 

Life’s Simple 7
The LS7 components were determined according to AHA guidelines 

with minor modifications to reflect data available in SAGE-AF. Each 
LS7 measure was categorized as poor, intermediate, or ideal conforming 
to AHA definitions as seen in Table 1. An aggregate LS7 score was 
calculated for each participant by summing all seven components. 
Each metric was graded on a 3-point scale: 0 points (poor), 1 point 
(intermediate), and 2 points (ideal). Smoking status, diet (Starting 

Figure 1: Distribution of individual components of LS7

Table 1: Association between overall cardiovascular health (LS7 score by 
category) and primary outcome.

Hazard ratio (95% CI)

# pts # major 
bleeding 
events

# person-
years 
observation

Crude 
rate 
(CI, 
events 
per 
100 
person-
years)

Unadjusted Model 1 Model 
2

LS7 score

Poor 242 25 458.18 5.46 
(3.69-
8.08)

2.29 (1.13-
4.65)

1.85 
(0.88-
3.88)

1.67 
(0.79-
3.54)

Intermediate 581 59 1103.63 5.35 
(4.14-
6.90)

2.17 (1.14-
4.14)

2.01 
(1.05-
3.87)

1.90 
(0.99-
3.67)

Ideal 241 11 468.53 2.35 
(1.30-
4.24)

Model 1 - adjusted for age, sex, race, and education level; model 2 - adjusted for bleeding history, 
heart failure, coronary artery disease, peripheral vascular disease, anemia, renal disease, chronic 
obstructive lung disease, and prior implantable cardiac device (not adjusted for hypertension or 
diabetes mellitus as these are LS7 criteria).
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the Conversation Questionnaire12), and physical activity (Minnesota 
Leisure Time Physical Activity Questionnaire13) were assessed at the 
baseline visit. Body mass index (BMI), blood pressure, blood glucose, 
and cholesterol were extracted from the medical record using the 
value most proximal to the baseline visit. Diet was scored based on 
available data in SAGE-AF. This was measured using the Starting 
the Conversation Questionnaire, which included intake of fruits, 
vegetables, and sugar-sweetened beverages and omitted fiber, fish, and 
sodium (Supplement C). For study participants whose laboratory data 
was unavailable, cholesterol and blood glucose were estimated using 
a combination of medical history and medication (Supplement D).9 

Clinical Outcomes
The primary outcome was major bleeding. The secondary outcomes 

were death, clinically relevant non-major bleeding (CRNMB), stroke, 
and composite of death, major bleeding, and stroke. We defined major 
bleeding as: (1) fatal bleeding, (2) symptomatic bleeding in a critical 
area or organ (i.e. intracranial, intraspinal, intraocular, retroperitoneal, 
intraarticular or pericardial, or intramuscular with compartment 
syndrome), or (3) bleeding causing a fall in hemoglobin of 2 g/dL or 
more, or leading to transfusion of two or more units of whole blood 
or red cells.14 For CRNMB, we used the same criteria employed in 
prior AF studies: any sign or symptom of hemorrhage (including 
bleeding detected by imaging alone) that does not fit the criteria for 
the International Society on Thrombosis and Hemostasis (ISTH) 
definition of major bleeding, but does meet at least one of the following 
criteria: (a) requiring medical intervention by a healthcare professional, 
(b) leading to hospitalization or increased level of care, or (c) prompting 
an in-person evaluation.14 Data were collected via in-person interviews 
(at baseline and at 6, 12, 18, and 24 months) and medical records were 
extracted from all clinic visits, hospitalizations, procedures, surgeries, 
and emergency department (ED) visits. 

Statistical Analysis
Study participants in SAGE-AF were categorized into one of three 

groups – poor (0 points), intermediate (1 point), or ideal (2 points) – 
for each of the AHA-derived LS7 metrics (smoking status, physical 
activity, weight, diet, blood glucose, cholesterol, and blood pressure). 
Total LS7 scores, representing overall cardiovascular health, were 
similarly divided into three categories: poor (0-6 points), intermediate 
(7-9 points), and ideal (10-14 points). 

Table 2:
Hazard ratio of poor and intermediate category of individual LS7 
components compared to the ideal category for major bleeding 
(primary outcome).

Unadjusted hazard ratio (95% CI)

Major bleeding

Poor Intermediate

LS7 component

Smoking status 2.78 (1.29-5.98) 1.31 (0.78-2.18) 

Physical activity 1.66 (1.07-2.59) 1.09 (0.59-2.01) 

BMI 0.84 (0.49-1.45) 1.05 (0.61-1.82) 

Diet 1.38 (0.71-2.67) 1.37 (0.82-2.28) 

Blood glucose 1.04 (0.62-1.74) 1.01 (0.63-1.62) 

Cholesterol 1.27 (0.44-3.65) 1.83 (0.97-3.43) 

Blood pressure 0.78 (0.30-1.98) 0.96 (0.42-2.20)

We used Cox models to estimate hazard ratios and 95% confidence 
intervals for individual and combined LS7 components. Model 1 was 
adjusted for age, sex, race, and education level; model 2 was adjusted 
for bleeding history, heart failure, coronary artery disease, peripheral 
vascular disease, anemia, renal disease, chronic obstructive lung disease, 
and prior implantable cardiac device. Variables were chosen based on 
their biological plausibility combined with statistical association as in 
Table 1.9 Kaplan-Meier curve for major bleeding was generated using 
LS7 criteria.

Results
Our analysis includes 1064 patients enrolled in SAGE-AF and on 

OAC. The average age was 75.5 ± 7.1 years old, 51% were male, and 
85% were white (Supplement A). The cohort with ideal cumulative 
LS7 scores was younger, more likely to be female, non-Hispanic white, 
college-educated, and from Massachusetts than the intermediate and 
poor cohorts (P<0.01). The ideal group was less likely to have former 
smoking use, hypertension, diabetes, hyperlipidemia, kidney disease 
or heart failure (P<0.01). There was no difference in frequency of prior 
bleeds (major, intracranial, or gastrointestinal), aspirin use, or type of 
OAC (warfarin vs direct-acting oral anticoagulant) among the three 
groups. While the poor group was more likely to be on both dual 
antiplatelet therapy and OAC than the intermediate and ideal groups, 
the magnitude of the difference was small (3% vs 1% vs <1%, P<0.01). 
The distribution of the individual LS7 components amongst the three 
groups varied significantly (Figure 1). Smoking (80%), cholesterol 
(74%) and BMI (45%) had the highest percentages belonging to the 
ideal, intermediate, and poor group respectively. 

There was a total of 95 major bleeding events, 8.93% of patients who 
had a major bleed, and a crude rate of 4.68 major bleeding events per 
100 person-years. There was a statistically significant difference in the 
risk of major bleeding between the three groups (Table 1). Both the 
poor (HR, 2.29; 95% CI, 1.13 to 4.65) and intermediate groups (HR, 
2.17; 95% CI, 1.14 to 4.64) were at higher risk for a major bleeding 
event when compared to the ideal group in the unadjusted model. 
However, there was no significant difference between the groups and 
risk of any of our secondary outcomes including death, CRNMB, 
stroke, or the composite outcome (97/1064 patients died during the 
2-year “study period).”

Of the seven individual components of the LS7 group, only smoking 
status and physical activity had statistically significant associations 
with risk of major bleeding, our primary outcome (Table 2). Patients 
in the poor smoking category (33/1064, 3.10%) had a higher risk of 
major bleeding compared to the ideal category (851/1064, 79.98%) 
(HR, 2.78; 95% CI, 1.29 to 5.98). Similarly, patients with poor physical 
activity (334/1064, 31.39%) had a higher risk of major bleeding than 
the ideal category (559/1064, 52.54%) (HR, 1.66; 95% CI, 1.07 to 
2.59). There was no difference in the intermediate smoking category 
(180/1064, 16.92%) or physical activity (171/1064, 16.07%) compared 
to the ideal.

When examining the effect of the individual components of the 
LS7 group on our secondary outcomes, only diet had a statistically 
significant association (Supplement B). Specifically, study participants 
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thromboembolism found that a high physical activity level was 
significantly associated with a lower risk of major bleeding.21 Our 
study adds to the literature in that our population was on OAC for 
a different indication (AF). There are a few mechanisms to explain 
how physical activity decreases bleeding risk: (1) low levels of fitness 
are associated with increased falls, (2) physical activity may have a 
stabilizing effect on the response to vitamin K antagonists, and (3) low 
levels of physical activity could reflect patients’ comorbid burden (an 
independent predictor of serious bleeding).22-26 Our results suggest that 
frail and physically inactive patients could benefit from more intensive 
surveillance, anticoagulation monitoring, and even exercise programs.21 
Interestingly, this difference did not extend to CRNMB. Individuals 
with higher physical activity levels may experience fewer severe falls, 
which may decrease rate of major bleeds, but not affect the rate of 
CRNMB.21 This explanation may also extend to why our study found 
that the overall LS7 score was associated only with increased risk of 
major bleeds and not CRNMB. The association between the LS7 score 
may be driven significantly by its component of physical activity, which 
has not been shown to affect CRNMB.21 However, this hypothesis is 
speculative and requires further research to be validated. 

Upon analyzing the different components, and their associations with 
bleeding, we also found that some of the component’s distributions 
were more uneven than others. Smoking and physical activity, the 
two components that had significant associations with bleeding rate, 
also had the two highest rates of ideal distribution at 80% and 53% 
respectively. However, this is similar to other LS7 studies, including 
Ogunmoroti et al, which looked at 6506 participants and found that 
smoking (85.9%) and physical activity (59.8%) had the two highest 
rates of ideal status as well8. While uneven distributions can skew 
results, other components with similar or more uneven distributions 
(blood pressure and cholesterol had single cohorts representing 
greater than 70% of the distribution) were not found to be statistically 
significant. While we found significant bleeding associations with 
both smoking and physical activity, we cannot exclude the possibility 
of an interaction between these two components. Some studies have 
suggested that smokers have lower levels of physical activity, which may 
justify why they were both significant.27-29 

We also found that the overall LS7 score did not correlate with 
the risk of death even though individual factors - including physical 
activity, BMI, smoking status, and blood glucose - did. This is in line 
with how these factors are associated with increased risk of death 
in the general population.17,20,30-33 While hypertension, diet, and 
cholesterol significantly correlate with risk of death in the general 
population, they do not appear to be as important in SAGE-AF.34-42 
Interestingly though, the overall LS7 scores do not have the same 
statistical significance and this suggests that the composite LS7 score 
may not fully capture a patient’s risk for death. One of the flaws with 
the LS7 criteria is that all seven risk factors have equal influence on 
outcomes when this is likely not true. Indeed, our study found that 
BMI, smoking status, and physical activity contributed to risk of 
death, while cholesterol, blood pressure, and diet did not. Han et al. 
discovered that revised LS7 metrics with modified criteria for weight, 
blood pressure, and diet provided more information about factors 
associated with cancer mortality than the original AHA LS7 metrics 
and we would expect this to extend to our study as well.7 

in the poor and intermediate diet groups had a higher risk of death and 
composite of death, major bleeding, CRNMB, and stroke compared to 
the ideal group. The components of cholesterol and blood pressure did 
not have statistically significant differences in cardiovascular outcomes 
among groups.

Discussion
In this prospective multicenter cohort study, we characterized 

cardiovascular health using the AHA’s LS7 and examined its association 
with cardiovascular outcomes in a population with AF on OAC. We 
found that patients with poor and intermediate cardiovascular health 
were at higher risk of major bleeding compared to those with ideal 
cardiovascular health. A potential confounding factor for this finding 
is that the poor and intermediate cohorts had higher rates of triple 
therapy use than the ideal cohort. While this could have potentially 
affected the results, we believe the contribution to be small, if any. 
First, the overall rates of triple therapy were extremely small (<3% 
for the poor cohort), and so while the difference may be statistically 
significant, it represents a small proportion of our population. Second, 
while the difference in triple therapy use between the three cohorts was 
significant, the difference in triple therapy use between the intermediate 
and ideal cohort was not significant (p=0.21). Yet, there was still a 
significant difference in bleeding rates between the intermediate and 
ideal cohorts, suggesting that the difference in bleeding rates is not 
entirely attributable to differences in triple therapy use. 

Additionally, we found that two important risk factors for major 
bleeding were smoking status and physical activity. Although we 
have tools to assess an individual’s bleeding risk (i.e. HAS-BLED, 
HEMORRHAGES, ATRIA) in an AF population, these calculators 
rely on non-modifiable risk factors (i.e. age, renal disease, liver disease). 
Our findings are important because both smoking status and physical 
activity are modifiable health behaviors that individuals can modify to 
reduce their risk of bleeding.  

While smoking has been associated with increased risk of thrombosis, 
its association with major bleeding is much less explored and likely 
why it has not yet been included in most bleeding risk calculators. 
There have been multiple mechanisms proposed in the literature to 
explain a potential link. Although endothelial dysfunction is one 
of the components of Virchow’s triad and thrombosis, many of the 
mechanisms proposed center on this idea as well. Both nicotine and the 
abundance of other toxins found in cigarettes are capable of damaging 
the arterial wall and causing endothelial dysfunction that may lead to 
fragile vessels that are more prone to rupture and bleeding.15-17 Smoking 
has also been shown to impair nitric oxide release in the endothelium, 
which can lead to less flexibility in the vessel wall and ultimate lead to 
endothelial wall damage.17,18 While there are a few studies that have 
demonstrated an association between smoking and major bleeding, 
none of them have exclusively examined a population on OAC, a group 
which is at substantially higher risk of major bleeding.15,19,20 

Additionally, we could only find one study that examined the 
association between physical activity or exercise and risk of major 
bleeding. A prospective multicenter cohort study of 988 patients 
aged greater than 65 years on oral anticoagulation for venous 
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