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4. Rationale:

The CHADS:2 and CHA2DS2-VASc scores are two validated risk stratification schemes
for predicting stroke among patients with atrial fibrillation (AF). [1],[2] The CHADS:
score includes congestive heart failure, hypertension, age >75, diabetes mellitus and prior
stroke or transient ischemic attack (TTA). Although the CHADS:2 score allows for simple
risk stratification, it has notable limitations with regards to the classification of patients as
low or intermediate risk. Specifically, one study found that patients with a CHADS2 score
of 0 may have up to a 3.2% annual risk of ischemic stroke. [3] Additionally, the CHADS:
scoring system classifies a large proportion of AF patients (61.9%) in the intermediate
risk category.

The CHA2DS2-VASc score was promulgated to address the limitations of the CHADS:2
score and includes additional risk factors of vascular disease, age between 65 and 74
years, and female sex. In comparison to the CHADS:2 score, CHA2DS2-VASc has been
shown to have better performance at identifying ‘truly low risk’ patients and categorizes
a lower proportion of patients into the intermediate category (15.1%). [4] Despite these
improvements, the CHA2DS2-VASc remains limited by a modest discriminatory power
(C statistic, 0.61). [5]

The metabolic syndrome is a proinflammatory and prothrombotic state, which has been
independently associated with an increased risk of new-onset AF and an increased risk of
ischemic stroke. [6],[7] Current ATP III criteria define the metabolic syndrome as the
presence of any three of the following five traits:

e Abdominal obesity, defined as a waist circumference in men >102 cm (40 in) and in
women >88 cm (35 in)

e Serum triglycerides >150 mg/dL (1.7 mmol/L) or drug treatment for elevated
triglycerides

e Serum high-density lipoprotein (HDL) cholesterol <40 mg/dL (1 mmol/L) in men and
<50

mg/dL (1.3 mmol/L) in women or drug treatment for low HDL cholesterol

eBlood pressure >130/85 mmHg or drug treatment for elevated blood pressure

eFasting plasma glucose (FPG) >100 mg/dL (5.6 mmol/L) or drug treatment for elevated
blood glucose

Previously, in a small cohort of Taiwanese patients (n=721), the risk of stroke in patients
with AF who had metabolic syndrome was assessed. This study demonstrated a graded
association between the increasing number of components of metabolic syndrome and the
risk of thromboembolic events and found that their proposed CHADS2-MS score was
superior to the CHADS: score in predicting thromboembolic risk. [8] Additionally, this
study showed that patients with AF who had a CHADS2 score of 0 or 1 and metabolic
syndrome had a significantly increased risk of thromboembolic events than those who
had a CHADS:z score of 0 or 1 without metabolic syndrome. [8] This finding suggests that
the metabolic syndrome may refine stroke risk stratification, particularly in patients who
would otherwise be classified as low or intermediate risk based on a CHADS: score.
However, it is unknown whether components of the metabolic syndrome would improve
risk prediction of stroke, over and above the CHA2DS2-VASc score in the US population.



Therefore, we aim to assess the association between the metabolic syndrome and the risk
of ischemic stroke in participants with AF in the ARIC study. We also aim to determine
whether the metabolic syndrome would improve risk prediction of stroke, benchmarked
against the CHA2DS>-VASc score.

5. Main Hypothesis/Study Questions:

Aim 1: Identify components of the metabolic syndrome (abdominal obesity, elevated
triglycerides, low HDL) which are associated with increased risk of ischemic stroke,
independent of CHA2DS2-VASc variables, in participants with AF.

Aim 2: Evaluate improvement in model discrimination (as measured by C-statistic) and
risk classification (NRI and IDI) of the CHA2DS2-VASc score for ischemic stroke, from
adding components of the metabolic syndrome.

6. Design and analysis (study design, inclusion/exclusion, outcome
andother variables of interest with specific reference to the time of their
collection, summary of data analysis, and any anticipated methodologic
limitations or challenges if present).

Study population

We will include all individuals with incident AF in the ARIC cohort through the end of
2014. Incident AF was determined by resting ECGs obtained during 5 study
examinations and hospital discharge records. We will exclude participants on
anticoagulants within one year of AF diagnosis, missing metabolic syndrome data points,
missing covariates, and race/ethnicity other than white or black.

Exposure measurement

Components of the metabolic syndrome not included in the CHA2DS2-VASc score
including abdominal obesity, elevated triglycerides and low HDL. Abdominal obesity is
defined as a waist circumference in men >102 c¢m (40 in) and in women >88 cm (35 in).
Elevated triglycerides is defined as >150 mg/dL (1.7 mmol/L) or drug treatment for
elevated triglycerides. Low high-density lipoprotein (HDL) cholesterol is defined as <40
mg/dL (1 mmol/L) in men and <50 mg/dL (1.3 mmol/L) in women or drug treatment for
low HDL cholesterol. We will measure components of the metabolic syndrome based on
the visit prior to the development of AF.

Outcome measurement

Ischemic stroke: Potential cases of stroke were identified from review of hospital records
and death certificates. Further classification of stroke was then adjudicated by a panel of
physicians with assistance of a computerized algorithm utilizing validated criteria from
the National Survey of Stroke by the National Institute of Neurological Disorders. [9]
Strokes were classified as definite or probable thrombotic stroke, definite or probable
cardioembolic stroke, definite or probable subarachnoid hemorrhage, definite or probable
brain hemorrhage, and possible stroke of undetermined type. All definite thrombotic
strokes were further sub-typed as definite thrombotic lacunar and definite thrombotic
non-lacunar strokes.

The primary endpoint in our study will be definite ischemic stroke. Ischemic stroke will
include all definite thrombotic strokes and all definite cardioembolic strokes. Further



details on stroke identification and specific classification criteria in the ARIC study have
been previously described. [10],[11]

Covariates

Age at time of AF ascertainment, sex, race, heart failure (HF), systolic blood pressure,
diastolic blood pressure, use of anti-hypertensive medications, previous stroke or TIA,
coronary heart disease (CAD), previous MI, peripheral arterial disease (PAD), diabetes
mellitus, fasting blood glucose, aspirin use and warfarin use. Covariate data will be
obtained from visit or annual phone follow-up prior to the development of AF.

Statistical analyses

We will estimate the association of abdominal obesity, elevated triglycerides and low
HDL (all modeled as dichotomous variables based on definitions above) with incident
ischemic stroke using Cox proportional hazard models adjusted for age, sex, race, study
center (Model 1), and additionally CHA2DS2-VASc variables (HF, hypertension,
diabetes, CAD, previous MI and PAD, history of stroke or TIA)(Model2).

We will test whether adding abdominal obesity, elevated triglycerides and low HDL to
the CHA2DS2-VASc score will improve risk prediction of 1-year ischemic stroke risk and
5-year ischemic stroke risk. The components of metabolic syndrome will be modeled as
dichotomous variables, using the definitions previously described. To assess model
discrimination, we will compute the C-statistic using methods that account for censoring.
To test model calibration, “goodness-of-fit” of the observed and expected number of
events within estimated risk decile groups will be compared using the Grennesby-Borgan
statistic. Finally, to assess improvement in risk classification, categorical and continuous
net reclassification improvement (NRI) and relative integrated discrimination
improvement (IDI) for 1-year and 5-year risk prediction will be calculated. For
categorical NRI, we will use the following categories for 1-year stroke risk: <1%, 1-<2%,
and >2%.

Additionally, we will test whether the risk of AF-related ischemic stroke is stronger in
individuals with components of metabolic syndrome than those without by testing for
interaction. We will also evaluate whether the risk of ischemic stroke increases with
increasing number of components of metabolic syndrome.

A preliminary analysis indicates that we have approximately 2,734 incident AF cases
after baseline through 2014. Of these, 159 had incident stroke following AF.
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