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4. Rationale;



Pro-brain natriuretic peptide (proBNP) is one of the three natriuretic peptides released by
the heart in response to hemodynamic stress (e.g. increased volume or high blood
pressure)®. Furthermore, BNP is closely associated with left ventricular mass index? and
accurately detects heart failure.®> Moreover, elevated levels of BNP are associated with
an increased risk of mortality and cardiovascular disease (CVD), especially heart failure.’

Diabetes and obesity are associated with increased risk of CVD morbidity and mortality*
> thus people with these conditions would be expected to have higher BNP levels.
Paradoxically, cross-sectional studies have shown lower levels of BNP with increasing
body mass index (BMI) °® and, in some studies, lower NT-proBNP among people with
diabetes and metabolic syndrome®™*2. The reasons for these paradoxical associations are
not fully understood.

Widely known effects of BNP include cardiovascular (vasodilation) and renal
(natriuresis) effects, which confer protection against fluid overload and hypertension®.
However, putative metabolic effects of BNP have recently been observed in animal and
human experimental studies. BNP transgenic mice with overexpression of BNP, had
decreased risk of obesity and insulin resistance after receiving a high-fat diet and, the
mechanisms involved in this protective effect include: increased mitochondrial content
and fat oxidation®. In humans, intravenous administration of BNP was shown to lower
circulating glucose after a glucose tolerance test, without affecting insulin secretion and
tolerance, and the authors hypothesize that the mechanisms by which BNP induces a
decrease in blood glucose is due to increased vasodilatation and increased glucose
distribution throughout the body™.

To our knowledge, the prospective association between BNP levels and the risk of
diabetes in humans has not been fully characterized. Therefore, the objective of this study
is to determine the independent association between BNP levels and risk of diabetes in a
community based sample without diabetes or cardiovascular disease at baseline. We
hypothesized that lower levels of N-terminal (NT)-proBNP, a stable cleavage product of
proBNP, would be associated with an increased risk of diabetes.

5. Main Hypothesis/Study Questions:

Are levels of N-terminal (NT)-proBNP, a more stable cleavage product of proBNP,
associated with the risk of diabetes? We hypothesize that lower levels of NT-proBNP
will be associated with increased risk of diabetes.

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:



- Prospective cohort study with baseline values measured at Visit 4 and annual follow up
via telephone for assessment of physician diagnosis of diabetes or use of medications for
diabetes.

Inclusion criteria:
- Participants in whom a plasma NT-proBNP was measured at Visit 4 who provided
annual follow up (AFU) information on diabetes.

Exclusion criteria:

- Participants with: known coronary artery disease (history, EKG evidence of angina or
myocardial infarction), history of heart failure, diabetes (self-report or undiagnosed) or
with low kidney function (estimated GFR <60 mL/min/1.73 m?).

- Participants missing NT-proBNP .

- Participants with missing data on covariates of interest.

- Participants with race/ethnicity other than black or white.

- Participants who were fasting <8 hours at visit 4

Exposure Variable:

- NT-proBNP measured from stored plasma samples (visit 4, 1996-1998) using an
electrochemiluminescent immunoassay on an automated Cobas e411 analyzer (Roche
Diagnostics) with lower limit of detection <5 pg/mL and coefficient of variation 3.5
4.7%.

- NT-proBNP will be analyzed categorically (quartiles) and continuously (log-
transformed). For the categorical analyses, those with undetectable levels (<5 pg/mL)
will be the included in the lowest quartile. For the continuous analyses, those with
undetectable levels will be assigned a value of 2.5 pg/mL (i.e., half the lower limit of
detection).

Potential Confounders:

-Age, sex, race, cholesterol levels (total, LDL- and HDL-cholesterol), systolic blood
pressure, serum glucose, hypertension medication use, waist to hip ratio, height,
estimated glomerular filtration rate, smoking (current, former, never), hs-C-reactive
protein, alcohol consumption, plasma lactate, family history of diabetes, use of ACE
inhibitors

Potential Effect Modifiers:
- Body mass index, sex, race.

Outcome Variables:
Incident diabetes, defined as self-report physician diagnosis or medication use identified
during AFU phone calls through April 2011 [or most recent datafiles available]

Analysis plan and methods:
To compare baseline characteristics by categories (quartiles) of NT-proBNP we will use
ANOVA or chi-squared tests as appropriate. To estimate the risk of diabetes by




categories (quartiles) of NT-proBNP we will use cox proportional hazards regression
models and we will build models with progressive degrees of adjustment. Model 1:
Sociodemographics, Model 2: Model 1 + BMI, Model 3: Model 2+ height and
cardiovascular risk factors (SBP, DBP, Smoking, LDL, HDL, hs-CRP), Model 4: Model
3 + Fasting glucose and family history of diabetes.

Additionally, Kaplan —Meier survival analysis will be used to assess the unadjusted
association between NT-proBNP quartiles and incidence of diabetes.

NT-proBNP will also be modeled as a continuous variables and we will test the
significance of deviation from linearity by comparing a linear model to spline models
including a spline model with knots at the 33" and 67" percentiles.

Sensitivity analyses:

Sensitivity analyses will be conducted excluding participants who presented the outcome
during the first 5 years of follow-up.

We will also perform analyses for NT-proBNP excluding individuals who develop heart
failure and participants with impaired fasting glucose at baseline.

Limitations

Only single measurements of pro-BNP are available.

The primary outcome is self-reported diabetes.

As with any observational study, the possibility residual confounding cannot be
completely eliminated

Summary/conclusion:

We will prospectively investigate the association of NT-proBNP and incident diabetes
among a group of participants without a history of cardiovascular disease at baseline. If
our hypothesis is correct, the results will extend compelling evidence from animal studies
suggesting a causal role of BNP in the development of diabetes.
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