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4. Rationale:

Physical activity (PA) is a well-studied lifestyle behavior associated with lower risks of
adverse cardiometabolic outcomes including obesity and type 2 diabetes (T2D) [1, 2]. PA
triggers dozens of biological phenomena, and both intervention studies and experimental models
have identified some of the likely mediators of the metabolic health benefits of PA. Among
these, increased expression and translocation of the glucose transporter GLUTA4 [3], increased
activity levels of multiple antioxidant enzymes [4, 5], lower levels of inflammatory cytokines
associated with insulin resistance [6, 7], and lower leptin levels [7, 8] have been shown to be
associated with, or directly result from, PA. These, in turn, are known to contribute to greater
insulin sensitivity, lower oxidative burden, and suppression of adipogenesis [9-12]. Yet, our
current understanding of PA and its benefits likely remains in its developmental stages, and
many of the pathways and protein architecture through which PA affects metabolic health remain
unknown.

To date, proteomics-based analyses have identified numerous proteins associated with
PA. Higher antioxidant enzyme levels as well as lower inflammatory cytokines and leptin have
been confirmed [13, 14], and novel associations have also been identified. Cross-sectional
analyses have shown that PA levels are related to dozens of proteins including creatine kinases,
endothelial adhesion molecules, tumor necrosis factor and receptors, insulin growth factor and
fatty acid binding proteins [13]. Further, an intervention trial of 650 sedentary individuals
showed that PA resulted in differential protein expression of 100 targets, 21 of which were found
to be associated with all-cause mortality [15]. Finally, biological pathways related to PA have
also been revealed by proteomics studies. Compared to inactive individuals, those who engage in
aerobic PA were found to have plasma proteomic signatures corresponding to pathways involved
in wound healing, apoptosis regulation, glucose-insulin signaling, and cellular stress signaling
[16]. Collectively, these studies have identified numerous protein and pathway targets. However,
most were limited in sample size and/or numbers of measured proteins, and it remains unclear
which proteins may serve to protect against metabolic dysfunction and T2D.

The present proposal aims to extend the above proteomics findings in the ARIC cohort,
which has over 4600 unique protein measurements in over 11,000 participants. Using a data-
driven approach, we propose to identify proteomic signatures associated with PA—which is
expected to confirm the above mechanisms and also elucidate additional plasma proteins related
to PA. ldentified proteins will be subjected to pathway analysis and also be tested for their
associations with the risk of T2D. Proteins associated with T2D will be further interrogated using
Mendelian randomization analysis to determine whether they may have causal roles in T2D
development.

5. Main Hypothesis/Study Questions:

Can we identify unique plasma proteomic signatures associated with PA? Are any of these
proteins causally related to lower risk of T2D?



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).

Design: cross-sectional. Proteomic data were measured in plasma samples using the modified
aptamer-based platform SOMAscan v 4.0. This platform measured levels of 4,870 proteins from
Visit 3 plasma samples. The substantial protein coverage of SOMAscan v 4.0 in over 11,000
ARIC participants with available data provide the opportunity to identify proteomic signatures
associated with PA. Visit 3 was selected since it is the first visit with PA self-report variables.
Visit 5 data will be used in replication analysis to confirm proteins identified from Visit 3.
Following the primary analysis, secondary analyses will be conducted in which identified
proteins will be interrogated for their: (1) cross-sectional associations with T2D at Visit 3; and
(2) prospective associations with T2D using Visit 3 as the baseline. Finally, for proteins found to
be related to T2D, Mendelian randomization analysis will be conducted to determine whether
these proteins may be causally related to T2D development.

Inclusion/Exclusion: We will exclude participants who do not have SOMAscan data, failed
proteomic quality control, self-reported PA, or estimated glomerular filtration rate (eGFR) data
at Visit 3. In the prospective secondary analysis, those with T2D at baseline will be excluded.

Exposure: The sport and exercise index of PA will serve as the exposure variable. Change in PA
was initially considered as an exposure of interest; however, the measurement errors would
likely be compounded using this approach and skew results toward the null, presuming a non-
differential classification bias.

Outcomes: Natural log2-transformed SomaScan protein levels will serve as the primary outcome
variables, and ARIC analytic recommendations for the SomaScan data will be followed. The
proteins were assessed using a Slow Off-rate Modified Aptamer (SOMAmer)-based capture
array (SomalLogic, Inc, Boulder, Colorado). Non-human proteins and proteins with unacceptable
QC will be removed [e.g., have large CVs (e.g. > 20%), poor reproducibility between the blind
duplicate pairs, or show non-specific binding].

In a secondary analysis, we will examine whether proteins identified in the primary analysis are
associated with T2D as defined by physician diagnosis, glucose-lowering medication use, an
HbA1c level >6.5%, or a fasting glucose level >126 mg/dL.

Data analysis: In the primary analysis, multiple linear regression will be conducted. PA will
serve as the independent variable and protein levels measured at Visit 3 will serve as the
dependent variables. Statistical adjustments will be made for age at Visit 3, sex, race-field center,



education status, smoking status, self-reported alcohol intake, and eGFR. PA will be examined as
both a continuous and categorical variable (i.e., top vs bottom decile). Bonferroni correction for
multiple comparisons will be applied—4,955 proteins stipulate a significance threshold of
p<1.0x107. As a replication step, proteins associated with PA at Visit 3 will be examined at Visit
5.

Secondary analyses will examine whether proteins identified and replicated in the primary
analysis are associated with risk of T2D. Logistic regression will be conducted to estimate odds
of T2D with levels of identified proteins at Visit 3. Relative risk regression will additionally be
conducted in which identified proteins will serve as the exposures and incident T2D over
subsequent follow up years will serve as the outcome. Statistical adjustments will be made for
age, sex, field center-race, cigarette smoking status, and estimated glomerular filtration rate at
Visit 3. BMI is a likely mediator of the association between PA and T2D and will be included in
a separate model to examine this possibility. In addition, a stratified analysis will be conducted
across strata of BMI category to examine whether it may modify PA-protein associations.

To aid in the interpretation of the results of the primary analysis, we will use Ingenuity Pathway
Analysis to identify the most relevant signaling and metabolic pathways, molecular networks,
and biological functions associated with PA-related proteins.

Finally, to examine whether the proteins may be causally related to T2D, two-sample
Mendelian randomization will be conducted using the MR-base platform. Instrument
variables or protein quantitative trait loci will be identified by performing genome-wide
association analyses for proteins found to be related to prevalent and incident T2D with
adjustment for age, sex, field center, and ten principal components of ancestry. Summary
statistics for these instrument variables will be uploaded to MR-base. The T2D outcome
summary statistics for instrument variables will be provided by a previous GWAS [17],
available through the MR-base platform. Where only single instrument variables are
available for protein exposures, Wald ratios will be generated. Where multiple instrument
variables are available, random effects inverse variance weighted estimates will be
generated and MR-Egger will test for horizontal pleiotropy as a sensitivity analysis.

Limitations: Self-reported PA is well-documented for measurement error. [18]. For the
primary outcome, aptamer-based protein measurements have been found to have
inconsistent correlations with their corresponding protein when levels are determined by
mass-spectrometry or immuno-based assay methods. Caution will be exercised in
interpreting results; where available, aptamer-based measurements will be compared to
other assays to evaluate their accuracy.
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