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Data Analysis Plan

The primary outcome for Aim 1 is the change in CTX (ACTX) from before exercise to the peak value observed
during 4 h of recovery, measured during the 13, 81", and 16" exercise sessions. The primary hypothesis is that
there will be a significant ACTX for all three exercise sessions. The changes will be tested based on a
repeated measures model to test the statistical hypotheses HO: ACTX;=0 vs H1: ACTX#0, where j denotes the
exercise session. A single test will be conducted based on ACTX;, and differences and dependency across
measures will be accounted for using an unstructured covariance matrix. This will enable testing of a single
hypothesis to make decisions regarding ACTX.

Power (Aim 1): Attrition in our previous studies has been minimal (<10%), we have accounted for 20%
attrition. The plan to enroll 30 participants (based on Aim 2) will ensure >99% power to address the hypothesis
for Aim 1 in the full cohort and will also support secondary analyses of the sex specificity of the response.
Based on our previous studies of older adults, ACTX is expected to be 0.15 ng/mL and the standard deviation
(SD) is expected to be 0.12 ng/mL, which corresponds to a standardized effect size of 1.25 (Cohen’s d=1.25).
With statistical significance defined as p<0.05, a sample size of 24 for a paired t-test will provide >99% power.
Alternatively, with 90% power, we will be able to detect an effect size of 0.69. In addition, because the test will
utilize a repeated measured model, it will have higher power than the paired t-test. The goal is to enroll 15
women and 15 men and expanding the age range to include Veterans aged 25 to 45 y will enhance the
recruitment of women Veterans. We have not observed sex differences in the CTX response to exercise in
previous studies, so an imbalance in sex should not influence the results. Our expectation is that the increase
in serum CTX that we'” and others®'? have observed in response to 1 or 2 exercise session in participants
across a wide range of fitness (young, older, normally active, highly trained) will occur during the 1st, 8", and
16t exercise sessions. A single test across all three time points will provide more power than multiple paired t-
tests to evaluate the change in CTX at these time points. A significant test will be interpreted as evidence that
exercise has an acute catabolic effect on bone that persists with exercise training.

The main outcome for Aim 2 is the change in pre-exercise serum P1NP (AP1NPpge) from the 15t to the 16"
exercise session. If the exercise-induced increase in PTH is anabolic, the pre-exercise PANP values are
expected to increase over the 16 exercise bouts, just as basal P1NP increases in response to PTH analog
therapy (Fig 12-14). The observed change will be tested using a 2-sided paired t-test to test the statistical
hypotheses HO: AP1NPpre=0 vs H1: AP1NPpre#0. This test will be conducted only if the test for Aim 1 is
significant. The relative increase in PANP after 4 wk of teriparatide or abaloparatide therapy ranged from 80%
to 138% in several studies, and estimated effect sizes ranged from 1.3 to 2.6."3-'9 We will take a conservative
approach to finding an anabolic signal with exercise and use an effect size that is 53% smaller than the
smallest effect size for change in P1NP in response to teriparatide or abaloparatide (0.69). Under these
conditions, a sample size of 24 will enable us to detect a change in AP1NPpre from the 15t to the 16™ exercise
session with 90% power. We will enroll 30 Veterans to allow for 20% attrition.

We considered correcting the significance level (alpha) for multiple tests because we are conducting two tests
in the POC study (CTX, P1NP). However, because the second hypothesis test of PINP will be conducted only
if the first hypothesis test of ACTX is significant and a hierarchy of tests has been defined a priori, we chose to
not correct the significance level.

The distributions of the outcome measures will be evaluated. All analyses will be performed using SAS 9.4
software (SAS Institute Inc., Cary, NC). If there are severe departures from a normal distribution,
transformations (e.g., natural logarithm) will be applied as appropriate to achieve an endpoint that seems
normally distributed. To minimize missing data, all participants will be informed of the importance of complete
follow-up and encouraged to complete the study per the protocol. We will make substantial efforts to prevent
missed exercise tests and samples. Monthly reports will be generated that summarize recruitment, accrual,
and completeness of follow-up to allow research assistants to proactively follow-up with participants in a timely
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manner. Prior to beginning analyses described below to address study hypotheses, we will examine the data
carefully to assess whether patterns of missing seem ignorable (MAR=missing at random) or non-ignorable
(MNAR= missing not at random).2%-22 |f the former, we will employ likelihood—based methods that utilize all
available data, adjusting for covariates that are associated with missingness. If missingness seems non-
ignorable we will consider, as data permit, pattern mixture models.?'2® Sensitivity analyses may be carried out
using multiple imputation approaches.?'

The primary analyses for Aims 1 and 2 utilize only a portion of the data that will be collected. Secondary
analyses will take advantage of the rich data set generated during the POC phase and can be used to help
guide decision-making for the RCT. A linear mixed model based on maximum likelihood with all available data
will be conducted to evaluate changes in CTX, P1NP, and other secondary outcomes (iCa, tCa, PTH, PO4,
Hct, urinary Ca excretion) during exercise and recovery and how responses change from the 15t to the 8" to
the 16™ exercise session. Secondary analyses will also be conducted to investigate, for example, whether
responses are influenced by age, sex, bone turnover marker level at baseline, or absolute exercise intensity.
Interaction terms of treatment variable and variable of interest will be included to test for heterogeneity of
treatment effect.
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