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Heart failure (HF) is a disorder afflicting 5 million Americans, with over 80% of HF
hospitalizations occurring in elderly people®. If current trends continue, 6 million of Americans
aged >65 years will have HF by 20302 NT-pro brain natriuretic peptide (NT-proBNP) and high
sensitivity troponin T (hsTroponin-T) levels provide important information regarding the
pathogenesis of HF and are soluble risk markers for HF**°. NT-proBNP increases in response to
hemodynamic stress — that is, when the ventricles are dilated, hypertrophic, or subject to
increased wall tension, while hsTroponin-T increases as a consequence of myocardial injury®. It
is widely accepted that higher NT-proBNP and hsTroponin-T levels are associated with an
increased risk of mortality and worse cardiovascular outcomes®’.

Cigarette smoking has been associated with incident HF, even after adjustment for
coronary heart disease®. Some reports have also suggested that smoking might exert effects on
cardiac structure and function. For instance, population-base studies showed that smoking was
related to worse LV function and higher LV mass in individuals without overt coronary heart
disease’®*®*. The mechanisms by which smoking could lead to cardiac dysfunction are not
established but may include neurohormonal changes, oxidative stress, inflammation and
hemodynamic overload®?. Cross-sectional studies showed that current smoking is associated with
higher NT-proBNP and hsTroponin-T levels'®!* in general populations. Nevertheless, the
relationship between environmental tobacco smoke (ETS) and NT-proBNP and hsTroponin-T
levels has not been established yet. In addition, there is currently no information available
regarding to what extent active and passive smoking determine temporal changes of these
biomarkers over time.

5.  Main Hypothesis/Study Questions:

1) Current smoking and exposure to ETS will be associated with higher NT-proBNP levels and
hsTroponin-T levels and there will be a dose-response relationship between these biomarkers and
pack-years of active smoking at Visit 4.

2) Current smoking and exposure to ETS at Visit 4 will be associated with higher increases in
NT-proBNP and hsTroponin-T levels from Visit 4 to Visit 5.

6. Design and analysis (study design, inclusion/exclusion, outcome and other 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 Design and Inclusion/Exclusion Criteria:

To evaluate the first hypothesis, we will perform a cross-sectional analysis between
smoking status (never, former and current smoking and exposure to ETS), pack-years of active
smoking, NT-proBNP and hsTroponin-T levels at Visit 4. For the analysis, those with heart
failure, coronary heart disease, chronic obstructive pulmonary disease, who were neither White
nor African American and with missing smoking, NT-proBNP and troponin data at Visit 4 will
be excluded.

For the second hypothesis, we will evaluate the relationship between smoking status
(never, former and current smoking and exposure to ETS), pack-years of active smoking and the



variation in NT-proBNP and hsTroponin-T levels between Visit 5 and 4. For the analysis, those
with coronary heart disease, chronic obstructive pulmonary disease, who were neither White nor
African American and with missing smoking, NT-proBNP and troponin data at Visit 4 and 5 and
those with heart failure at Visit 4 will be excluded.

Variables to be evaluated
Exposures variables:

1. Categorize participants into 6 groups based on Smoking status at Visit 4:
a. Current smokers exposed to ETS*
b. Current smokers not exposed to ETS
c. Former smokers exposed to ETS
d. Former smokers not exposed to ETS
e. Never smokers exposed to ETS
f. Never smokers not exposed to ETS

*Exposure to ETS was assessed using the following question: "During the past year,
about how many hours per week, on average, were you in close contact with people when they
were smoking?". Subjects will be classified as exposed to ETS if they reported being in close
contact with smokers for more than 1 hour per week.™

2. Quantify smoking intensity and duration measured as a continuous variable (pack-years) using
self-reported data collected from Visit 1 to Visit 4.

Outcome variables:
1. NT-proBNP and hsTroponin-T levels at Visit 4.

2. Differences in NT-proBNP and hsTroponin-T levels between Visit 5 and Visit 4.

Potential covariates:

Demographic characteristics (age, race, sex, body mass index, socioeconomic status),
cardiovascular risk factors (diabetes, arterial hypertension, dislipidemia, family history of heart
failure, alcohol consumption), blood pressure, use of antihypertensive medications or statins,
plasma lipid levels (i.e. HDL and LDL cholesterol, apolipoprotein Al and B, triglycerides),
creatinine clearance and C-reactive Protein levels.

Analytical approach:

Continuous normally distributed data will be displayed as mean and standard deviation and
continuous non-normally distributed data will be displayed as median and interquartile range.
Categorical data will be reported as percent frequencies and compared by chi-squared or Fischer
exact tests. Continuous data will be compared by Wilcoxon rank sum test, t test, Kruskall-Wallis



test and 1-way ANOVA followed by Bonferroni test as appropriate. Associations of smoking
status / pack-years of smoking and cardiac biomarkers variables will be evaluated using linear
regression and ordinal logistic regression analyses adjusting for the significant covariates. NT-
proBNP will be modeled continuously using log transformed values, while hsTroponin-T will be
modeled as an ordinal categorical variable using five categories. The relationship between pack-
years of smoking and cardiac variables will be assessed in the whole sample as well as in current
and former smokers. To evaluate the risk of survival bias at Visit 5, we will also assess the
relationship between smoking status at Visit 4 and incident cases of coronary heart disease, stroke,
heart failure and mortality between Visit 4 and Visit 5. P values<0.05 will be considered
significant.

Limitations:

A limitation of the cross-sectional design will be the inability to make conclusions about
causality. Conversely, smoking status and intensity and duration of smoking are self-reported
variables, which may result in recall bias.
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