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Short-Term Changes in Cardiorespiratory Fitness in Response to
Exercise Training and the Association with Long-Term
Cardiorespiratory Fitness Decline: The STRRIDE Reunion Study

Ambarish Pandey, MD, MSCS; Johanna L. Johnson, MS; Cris A. Slentz, PhD; Leanna M. Ross, PhD; Vijay Agusala, BS; Jarett D. Berry, MD,
MS; William E. Kraus, MD

Background—Substantial heterogeneity exists in the cardiorespiratory fitness (CRF) change in response to exercise training, and
its long-term prognostic implication is not well understood. We evaluated the association between the short-term supervised
training-related changes in CRF and CRF levels 10 years later.

Methods and Results—STRRIDE (Studies of a Targeted Risk Reduction Intervention Through Defined Exercise) trial participants
who were originally randomized to exercise training for 8 months and participated in the 10-year follow-up visit were included. CRF
levels were measured at baseline, after training (8 months), and at 10-year follow-up as peak oxygen uptake (Vo,, mL/kg per min)
using the maximal treadmill test. Participants were stratified into low, moderate, and high CRF response groups according to the
training regimen—specific tertiles of CRF change. The study included 80 participants (age: 52 years; 35% female). At 10-year follow-
up, the high-response CRF group had the least decline in CRF compared with the moderate- and low-response CRF groups (—0.35
versus —2.20 and —4.25 mL/kg per minute, respectively; P=0.02). This result was largely related to the differential age-related
changes in peak oxygen pulse across the 3 groups (0.58, —0.23, and —0.86 mL/beat, respectively; P=0.03) with no difference in
the peak heart rate change. In adjusted linear regression analysis, high response was significantly associated with greater CRF at
follow-up independent of other baseline characteristics (high versus low [reference] CRF response: standard =0.25; P=0.004).

Conclusions—Greater CRF improvement in response to short-term training is associated with higher CRF levels 10 years later.
Lack of CRF improvements in response to short-term training may identify individuals at risk for exaggerated CRF decline with
aging. (/ Am Heart Assoc. 2019;8:e¢012876. DOI: 10.1161/JAHA.119.012876.)
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with prior studies demonstrating a greater rate of decline in
older age.” An accelerated decline in CRF is associated with
greater burden of functional disability and comorbidities.'® '
Thus, low fitness and fitness decline are potentially modifiable
targets to prevent disability and lower morbidity burden in
older age.

Supervised exercise training is one of the well-established
strategies to improve CRF. Several randomized controlled
trials have demonstrated that short-term supervised exercise

ow cardiorespiratory fitness (CRF) in midlife is associ-
L ated with greater risk of adverse cardiovascular events—
heart failure, myocardial infarction, stroke, and death—in
older age."® CRF declines with aging in a nonlinear fashion,
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training is associated with significant improvement in CRF
levels, cardiometabolic risk profile, and quality of life.'* '8
However, there is substantial heterogeneity in CRF response
to short-term training; a proportion of participants experience
no improvement in CRF levels with training.'®?® The prog-
nostic implications of CRF response to short-term training for
CRF decline and cardiometabolic health over long-term follow-
up are not well established. In this study, we aimed to
determine the association of CRF changes in response to
short-term supervised exercise training with CRF and
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Clinical Perspective

What Is New?

» The prognostic implications of fitness change in response to
short-term exercise training for age-related fitness decline
over 10-year follow-up are not known.

What Are the Clinical Implications?

Our study findings suggest that lack of fitness improvement
in response to short-term exercise training may identify
individuals at risk for exaggerated fitness decline with aging,
associated functional disabilities, and incidence of cardio-
vascular disease.

cardiometabolic risk profiles a decade later among partici-
pants of the STRRIDE (Studies of a Targeted Risk Reduction
Intervention Through Defined Exercise) trial.?* We hypothe-
sized that greater CRF response to short-term training would
be associated with greater CRF and more favorable car-
diometabolic risk profiles a decade later.

Methods

Patient Population

Because of the sensitive nature of the data collected for this
study, requests to access the data set from qualified
researchers trained in human subject confidentiality protocols
may be sent to author William E. Kraus at Duke University
School of Medicine. STRRIDE was a randomized controlled
trial conducted from 1999 to 2003 that examined the effects
of short-term exercise training on various cardiovascular risk
factors. The study design and the inclusion and exclusion
criteria for STRRIDE were published previously.?* Participants
in the trial were middle-aged (40-65 years old), were
overweight to obese (body mass index 25-35), and had low
fitness with peak oxygen uptake (peak VO,) <35 mL/kg per
min and blood pressure <160/90 mm Hg.?* Men and women
were equally represented, and 30% of participants were black.
Participants with overt coronary artery disease, metabolic or
musculoskeletal disorders, or active engagement in a dieting
regimen were excluded. Study participants were randomized
to an inactive control arm with no exercise training or to 1 of
3 exercise training arms: (1) low amount/moderate intensity
(caloric equivalent of ~12 miles/week at 40-55% peak VO,);
(2) low amount/vigorous intensity (caloric equivalent of
~12 miles/week at 65-80% peak VO,); and (3) high
amount/vigorous intensity (caloric equivalent of ~20 miles/
week at 65% to 80% peak VO,).'®?* The amount and intensity
of exercise training was uptitrated over the first 2 to

3 months, followed by 6 months of supervised training at
the appropriate exercise prescription.

A subset of the STRRIDE participants who enrolled at the
Duke site and graduated from the intervention program
(n=161 [n=145 in exercise training arms], 1999-2003) and
were within 10 years (+6 months) of trial completion (n=153)
were invited to return for a follow-up assessment as part of
the STRRIDE-Reunion study.z‘r"26 Of these, 28 were lost to
follow-up (5 deceased, 1 in another exercise study, 7
relocated, 15 could not be contacted), and 21 refused to
participate. A total of 104 participants were enrolled in the
STRRIDE-Reunion study after informed consent at the 10-year
visit. CRF was measured in 89 of these participants. For the
present analysis, we included all participants of the STRRIDE
trial who had measures of CRF levels at baseline, at the end of
the exercise intervention, and at the 10-year follow-up visit
(N=80). The baseline characteristics of all exercise training
graduates from the Duke site of the primary trial (n=145),
participants included in the present study (n=80), and
participants not included in this study (n=65) are shown in
Table S1. Both the primary STRRIDE trial and the STRRIDE-
Reunion study were approved by the Duke University
institutional review boards.

CRF Assessment

All CRF testing was performed using graded maximal treadmill
exercise with a 12-lead ECG, and maximal oxygen consump-
tion was measured with a TrueMax Parvomedics metabolic
cart.”” CRF was assessed as both relative peak VO, (mL/kg
per min) and absolute peak VO, (L/min). Peak oxygen pulse, a
measure of the cross-product of stroke volume and peripheral
oxygen extraction, was calculated as the ratio of peak VO,
and peak exercise heart rate.

Covariate Assessments

For the baseline STRRIDE study, participant characteristics
such as age, sex, ethnicity, and smoking status were self-
reported. Blood pressure was measured in a seated position
before the treadmill test. Height and weight were measured
for each participant using a standard scale and stadiometer
without shoes. Blood samples were obtained following an
overnight fast. Plasma HDL (high-density lipoprotein) choles-
terol, and triglyceride concentrations were measured via
nuclear magnetic resonance spectroscopy (LipoScience).
During the original STRRIDE study, plasma glucose was
determined with a YSI analyzer. Plasma insulin levels were
determined by immunoassay (Access Immunoassay System;
Beckman Coulter).

For the 10-year follow-up visit, plasma glucose was
analyzed with a Beckman Coulter CxC600 clinical analyzer,
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and plasma insulin was measured by electrochemilumines-
cent plate assay (Mesoscale Discovery). Exercise frequency at
10-year follow-up was determined based on self-report.

Statistical Analysis

For this analysis, the primary exposure variable of interest
was the categorical change in CRF (relative peak VO,) from
baseline to the end of the exercise training intervention in the
STRRIDE trial (Apeak VO,, mL/kg per min). To account for the
differences in exercise training dose and intensity across the
3 training arms, we stratified the study participants into 3
ordinal groups based on the training arm—specific Apeak VO,:
low CRF response (lowest tertile of Apeak VO, in each
training arm), moderate CRF response (middle tertile of Apeak
VO, in each training arm), and high CRF response (highest
tertile of Apeak VO, in each training arm). The primary
outcome of interest was CRF (peak VO,) measured at the 10-
year follow-up visit. Other outcomes of interest were systolic
blood pressure, minimal waist circumference (measured as
the smallest horizontal circumference between the umbilicus
and xiphoid process), and insulin resistance at the 10-year
visit.?® Participant characteristics were reported for the 3 CRF
response categories as median (interquartile range) for
continuous variables and percentages for categorical vari-
ables and compared across categories using the Kruskal—
Wallis test (for continuous variables) or y? tests (for
categorical variables). The paired changes in continuous
variables from baseline to 10-year follow-up were compared
using the Wilcoxon rank sum test. The association between
CRF response to short-term training and CRF at 10 years was
assessed using multivariable linear regression models includ-
ing the following covariates measured at the baseline visit:
age, sex, ethnicity, exercise training group, baseline CRF, body
mass index, mean arterial blood pressure, smoking status,
and insulin resistance. The covariates were selected a priori
based on the existing literature on the potential biological
factors that may be associated with CRF levels and CRF
response to training. Separate models were constructed using
categorical (low [referent], moderate, high) and continuous
(Apeak VO,) measures of CRF response to short-term
training. Association between continuous measures of CRF
change in response to short-term training and peak oxygen
pulse and maximum exercise heart rate at 10-year follow-up
was evaluated using multivariable adjusted models with same
covariates as described. Association between CRF response
with short-term training and other outcomes such as waist
circumference, systolic blood pressure, and insulin resistance
at 10 years was also assessed using multivariable adjusted
models with adjustment for confounders. The statistical
analysis was performed using JMP Pro v13.0. All statistical

tests performed in the study were 2-sided; P<0.05 was
considered statistically significant.

Results

Baseline Characteristics of the Study Participants

This study included 80 participants who underwent super-
vised exercise training in the STRRIDE trial and had follow-up
CRF assessment 10 years later. The mean changes in CRF
from baseline to the end of training in the low, moderate, and
high CRF response groups were 0.9 mL/kg per minute (3%
increase), 3 mL/kg per minute (10.7% increase), and 5.9 mL/
kg per minute (19.7% increase), respectively (Figure). The
baseline characteristics of the study participants stratified by
CRF response to training are shown in Table 1. The propor-
tions of female and black participants were significantly lower
in the high-response CRF group compared with the moderate-
and low-response CRF groups. Baseline CRF and body mass
index were not different across the CRF response groups.
Similarly, adherence to the exercise training program, as
determined based on direct observation or downloadable
Polar heart rate monitor data, was not different across the 3
CRF response groups.

Participant Characteristics Across CRF Response
Groups at 10-Year Follow-Up

The characteristics of study participants across the 3 CRF
response groups at 10 years are shown in Table 2. No
significant differences were noted in the follow-up body mass
index, waist circumference, blood pressure levels, and insulin
resistance across the 3 groups. Furthermore, exercise
frequency at 10-year follow-up was not different across the
3 groups at follow-up. In contrast, CRF at 10 years was
significantly greater among participants who had the greatest
CRF response to short-term training in STRRIDE.

Table 3 compares the changes in different exercise test
parameters from baseline to 10 years follow-up across the
CRF response groups. A significant decline in CRF with aging
was noted in the low- and moderate-response CRF groups but
not in the high-response group (respective changes in peak
VO,: —4.25 mL/kg per min [interquartile range: 5.29 mL/kg
per min], P<0.0001; —2.20 mL/kg per min [interquartile
range: 2.45 mL/kg per min], P<0.0005; and —0.35 mL/kg
per min [interquartile range: 7.8 mL/kg per min]; P=0.99;
Figure, Table 3). Among other exercise test characteristics,
there was a significant decrease in the peak oxygen pulse
from baseline to 10 years in the low-response CRF group but
not in the other 2 groups (—0.86 mL/beat [interquartile
range: 1.6 mL/beat], P=0.01). The peak exercise heart rate
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Figure. Peak oxygen uptake at baseline, end of training, and 10-year follow-up (f/u) across the 3

cardiorespiratory fitness response groups.

declined significantly across all 3 groups with no significant
between-group differences (Table 3).

Association Between CRF Response to Training
and CRF at 10 Years of Follow-Up

In adjusted linear regression analysis, high CRF response to
short-term training was significantly associated with greater
CRF levels at 10 years (standard f=0.25, P=0.004; reference
group: low CRF response; Table 4). In contrast, moderate CRF
response to short-term training was not associated with CRF at
follow-up (standard f=—0.01, P=0.95; reference group: low
CRF response). When CRF change in response to short-term
training was modeled as a continuous variable, 1-SD increase in
CRF was associated with 0.24 SD greater CRF at 10 years. CRF
change in response to short-term training was also significantly
associated with peak oxygen pulse (standard $=0.23, P=0.005)
but not maximum exercise heart rate (standard p=-—0.05,
P=0.69) at 10-year follow-up in adjusted analysis.

Among other cardiometabolic outcomes, there was no
consistent dose-dependent association between CRF response
to short-term training and waist circumference on follow-up.
Participants with moderate CRF response to training had
modestly higher waist circumference on follow-up. However,
high CRF response was not associated with waist circumfer-
ence at 10-year follow-up. Furthermore, CRF response to

short-term training was not associated with systolic blood
pressure and insulin resistance at 10 years in adjusted
analysis (Table S2).

Discussion

In this analysis of participants from the STRRIDE trial who
underwent supervised exercise training and had repeated CRF
assessment a decade later, we observed that greater improve-
ment in CRF with short-term training was associated with
greater CRF 10 years later. Furthermore, CRF changes with
short-term training were significantly associated with peak
oxygen pulse, a measure of exercise stroke volume, but not
peak exercise heart rate at 10-year follow-up. This suggests that
the differences in CRF levels at 10 years across the short-term
training response groups were driven by differences in peak
oxygen pulse, a measure of exercise stroke volume, and not
peak exercise heart rate. Finally, CRF response to short-term
training was not associated with other cardiometabolic param-
eters such as blood pressure and insulin resistance at 10 years.
Taken together, our study findings highlight the potential legacy
effect of CRFimprovement in response to short-term training on
long-term CRF decline with aging.

While short-term exercise training is a well-established
strategy to improve CRF levels, significant heterogeneity has
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Table 1. Baseline Characteristics of Study Participants Across Categories of CRF Change in Response to Short-Term Exercise

Training

Low CRF Response (n=24) Moderate CRF Response (n=28) High CRF Response (n=28) | P Value
Increase in VO, from baseline with training 3% 10.7% 19.6%
Age, y 51.5 (9.0) 54.0 (7) 50.0 (10.5) 0.23
Female, % 41.7% 60.7% 28.5% 0.02
Black, % 12.5% 28.5% 7.1% 0.04
Body weight, kg 84.9 (19.3) 88.3 (24.6) 89.4 (21.5) 0.48
BMI, kg/m? 29.0 (3.6) 29.5 (4.8) 28.6 (3.4) 0.83
SBP, mm Hg 127 (16) 122 (15) 123 (13) 0.26
DBP, mm Hg 81.2 (6.4) 78.5 (5.4) 80.6 (7.4) 0.004
WC, cm 95.5 (17.1) 95.9 (18.7) 96.6 (12.5) 0.24
Pretraining VOzpeak retatives ML/kg/min 27.6(12.4) 26.5 (8.1) 30.5 (8.8) 0.43
Pretraining VOapeak absolutes L/Min 2.3(1.6) 22(1.2) 2.8 (1.0 0.24
Posttraining VOzpeak relative; ML/Kg/Min 28.8 (13.4) 30.0 (8.9) 36.8 (10.4) <0.05
Cholesterol, mg/dL 211 (45) 196 (26.1) 195 (44.8) 0.06
HDL, mg/dL 47.5 (19.2) 46.1 (17.8) 37.0 (10.6) 0.005
HOMA-IR insulin resistance 1.52 (1.27) 1.77 (1.65) 1.57 (1.04) 0.79
Proportional adherence to exercise training program 0.92 (0.13) 0.94 (0.14) 0.91 (0.15) 0.81
Fasting glucose, mg/dL 95.4 (13.4) 90.8 (9.3) 92.4 (12.0) 0.13

Data presented as percentage or median (interquartile range). BMI indicates body mass index; CRF, cardiorespiratory fitness; DBP, diastolic blood pressure; HDL, high-density lipoprotein;
HOMA-IR, homeostatic model assessment—insulin resistance; SBP, systolic blood pressure; VO,, peak exercise oxygen uptake; WC, waist circumference.

been reported in the CRF response to exercise training.
Recent analysis from the DREW (Dose Response to Exercise in
Women) and HART-D (Health Benefits of Aerobic and
Resistance Training in Individuals with Type 2 Diabetes) trials
demonstrated that 30% to 43% of participants undergoing
supervised exercise training did not have any improvement in
CRF.2"?* The prognostic value of the CRF response to short-
term training is not well established. Some studies have
demonstrated that a blunted improvement in CRF with
exercise training among patients with known cardiovascular
disease is associated with greater risk of adverse outcomes.?’
In contrast, other studies have demonstrated consistent
improvements in cardiometabolic parameters such as hemo-
globin A1c among all training participants, regardless of the
changes in CRF levels.?' Findings from the present study add
to the existing literature by evaluating the long-term associ-
ations of CRF response to short-term training with CRF and
other cardiometabolic parameters at 10 years of follow-up.
We observed that greater improvements in CRF with short-
term training were associated with significantly greater CRF at
10 years.

Several factors may underlie the observed associations.
First, short-term training may have a legacy effect on the
trajectory of CRF decline.?® Thus, the initial CRF improvement
in response to training could reset the baseline such that the

subsequent decline over 10 years leaves one with greater
CREF levels over that period. Second, it is possible that greater
CRF improvement with exercise may identify a subset of
participants with more favorable adaptations in cardiac
structure and function to training, which also may be
associated with attenuated age-related CRF decline.**' The
finding of a significant association between CRF change in
response to short-term training and peak exercise oxygen
pulse (stroke volume) but not peak exercise heart rate 10
years later supports this supposition. Recent studies have
identified distinct subclinical cardiac phenotypes associated
with both blunted fitness response to training and exagger-
ated decline in CRF with aging.®" Specifically, abnormal left
ventricular remodeling patterns are associated with blunted
CRF response among exercise training participants and with
greater age-related decline in CRF among young adults.®%*’

In contrast to CRF, we did not observe a consistent
association between CRF response to short-term training and
other cardiometabolic parameters, particularly insulin resis-
tance and systolic blood pressure, at 10-year follow-up. These
findings are consistent with prior observations of no signif-
icant associations between CRF change with training and
improvements in hemoglobin A1c.?"*? It is plausible that the
cardiometabolic benefits of exercise are related to pleotropic
effects of exercise on multiple downstream targets and are

DOI: 10.1161/JAHA.119.012876

Journal of the American Heart Association 5

HDOYVIASHY TVYNIDIYO



Training Response and Long-Term Fitness Decline Pandey et al

Table 2. Ten-Year Follow-Up Characteristics of Study Participants Across Categories of CRF Change in Response to Short-Term

Exercise Training

Low CRF Response (n=24) Moderate CRF Response (n=28) High CRF Response (n=28) P Value
Age, y 62 (8.5) 65 (7) 61 (10.5) 0.17
Body weight, kg 82.2 (17.8) 87.6 (27.6) 86.2 (20.6) 0.76
BMI, kg/m? 28.9 (3.9 29.3 (7.1) 28.7 (6.0) 0.50
SBP, mm Hg 122 (16) 118.5 (12.5) 122.5 (12.5) 0.33
DBP, mm Hg 80.5 (15) 75.5 (14) 77 (6.5) 0.66
WC, cm 95.4 (14.2) 96.0 (20.2) 95.8 (14.1) 0.62
10-year follow-up VOzpeak reiatives ML/KG/min 25.7 (8.8) 239 (9.2 28.7 9.2 0.003
10-year follow-up VOppeak absoluter L/Min 1.94 (1.04) 2.06 (1.18) 2.64 (0.84) 0.02
Exercise frequency (sessions/wk) 1(3) 32 23 0.57
Cholesterol, mg/dL 211 (64) 211.5 (47) 181 (41.5) 0.12
HDL, mg/dL 50.8 (17.9) 45.8 (15.1) 43.6 (11.2) 0.13
HOMA-IR 1.34 (1.18) 1.45 (1.26) 1.56 (2.06) 0.74
Fasting glucose, mg/dL 104 (15.5) 101.5 (11.5) 103.5 (12.5) 0.70
Diabetes mellitus, % 8.3 10.7 10.7 0.14
Antihypertensive use on follow-up, % 25 32 43 0.09

Data presented as percentage or median (interquartile range). BMI indicates body mass index; CRF, cardiorespiratory fitness; DBP, diastolic blood pressure; HDL, high density lipoprotein;
HOMA-IR, Homeostatic model assessment—insulin resistance; SBP, systolic blood pressure; VO,, peak exercise oxygen uptake; WC, waist circumference.

not strongly related to CRF improvements.®*** These findings
also suggest that the potential legacy effect of CRF improve-
ment with short-term training may be unique to age-related
CRF decline.

Our study findings have important clinical implications for
healthy aging. Physical inactivity, low CRF, and greater decline
in CRF have been associated with greater functional disability
and chronic cardiac and noncardiac comorbidities with older
age.'>?®3% Although the benefits of short-term exercise
training in improving CRF levels are well known, the findings

from the present study highlight the potential long-term
implications of short-term training. These findings suggest
that CRF gains with short-term exercise regimens may help
attenuate CRF decline with aging and lower the burden of low
CRF and perhaps associated comorbidities with older age.
This is particularly relevant considering the challenges
associated with long-term maintenance of exercise training
programs in the population.

Several limitations to our study are noteworthy. First, our
study included participants who underwent exercise training

Table 3. Comparison of Changes Across in Exercise Test and Cardiometabolic Parameters From Baseline to 10-Year Follow-Up
Across Categories of CRF Change in Response to Short-Term Exercise Training

Median Change Low Response (n=24) Moderate Response (n=28) High Response (n=28) P Value
VOapeak refatives ML/kg/min —4.25 (5.29)* —2.20 (2.45)* —0.35 (7.8) 0.02
Oxygen pulse —0.86 (1.6)* —-0.23 (1.8) 0.58 (2.0) 0.03
Maximal exercise HR —14 (13)* —14 (12.5)* —11.5 (17.5)* 0.57
BMI 0.03 (2.00) 0.80 (0.66) —0.25 (2.89) 0.32
SBP —4.4 (22.5) —3.2(9.8) —1.6 (14.8) 0.88
DBP —4.0 9.1)* —2.0 (8.6) -3.1 (6.9* 0.64
WC 0.30 (7.9) 3.2 (8.85) —0.97 (9.1) 0.16
HOMA-IR —0.36 (1.01)* —0.09 (1.56) 0.14 (1.25) 0.13

Data presented as median (interquartile range, Q3—Q1) of the change in parameters across all participants. BMI indicates body mass index; CRF, cardiorespiratory fitness; DBP, diastolic
blood pressure; HOMA-IR, homeostatic model assessment—insulin resistance; HR, heart rate; SBP, systolic blood pressure; VO,, peak exercise oxygen uptake; WC, waist circumference.
*Significant within-group change from baseline to 10-year follow-up using the Wilcoxon rank sum test.
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Table 4. Adjusted Association Between CRF Change in
Response to Short-Term Exercise Training and Fitness Levels
at 10-Year Follow-Up

| Std. B | P Value
Categorical measure of CRF response
Moderate-fitness responder —0.01 0.93
(vs low-fitness responder)
High-fitness responder 0.25 0.004
(vs low-fitness responder)
Continuous measure of CRF response
Per 1-SD greater increase in peak VO, | 0.24 | 0.01

Separate models were created for the categorical and continuous measures of the CRF
response to short-term training with adjustment for baseline measures of age, sex,
ethnicity, body mass index, baseline peak VO, (before STRRIDE [Studies of a Targeted
Risk Reduction Intervention Through Defined Exercise]), exercise group, mean arterial
blood pressure, smoking status, and insulin resistance. CRF indicates cardiorespiratory
fitness; VO,, peak exercise oxygen uptake.

during the initial STRRIDE trial and subsequently had a
follow-up CRF assessment 10 years later. A significant
proportion of participants who underwent exercise training
during the initial STRRIDE trial could not participate in the
10-year follow-up visit, limiting the generalizability of our
study findings. However, the loss to follow-up in our study
seems random, with no significant difference between
baseline characteristics and CRF response to training among
the participants with versus without a 10-year follow-up visit.
Second, we do not have data on exercise and physical
activity patterns among study participants over the inter-
vening 10 years that might have influenced the follow-up
CRF assessments. However, the reported exercise frequency
3 months before the 10-year CRF assessments did not differ
across the CRF response groups. Third, we do not have
detailed anthropometric assessment such as lean body
mass, percentage of body fat, and regional adiposity
measurements available at the 10-year follow-up Vvisit.
Therefore, we cannot assess the contribution of changes
in these anthropometric parameters toward long-term CRF
changes. Finally, there is a possibility of residual confound-
ing in the observed associations owing to the observational
nature of the analysis.

In conclusion, greater improvements in CRF in response to
short-term supervised exercise training were significantly
associated with greater CRF on long-term follow-up. Such
legacy effects were not related to legacy effects on other
cardiometabolic risk factors. Future studies are needed to
determine whether this legacy effect of CRF improvement
with a short-term training intervention may be harnessed to
modify the trajectory of CRF decline in middle-age and to
lower the burden of functional disability and comorbidities in
older age.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline characteristics of STRRIDE exercise trial participants that

were vs. were not included in the STRRIDE Re follow up study.

All Exercise Training

Not participated in

Participated in

Participant | participants from Primary | oo ine painion | STRRIDE Reunion |P-value
Characteristics | STRRIDE Training Study (N = 65) (N = 80)
(N =145) - -
Change in VO2
from baseline with 3.0 (3.8) 3.30 (3.92) 2.90 (3.55) 0.35
tralnlng,
(ml/kg/min)
Age (years) 53.0 (8.0) 53.0 (9.0) 51.5 (8.0) 0.32
Women (%) 44.1 44.6 43.7 0.95
African Americans 15.9 15.4 16.2 0.94
(%)
Body weight (kg) 87.2 (20.0) 86.4 (21.5) 88.3 (20.3) 0.15
BMI (kg/m?) 29.8 (3.8) 30.3 (3.4) 28.9 (4.0) 0.18
Waist
circumference 95.7 (14.5) 95.1 (15.1) 95.8 (15.2) 0.43
(cm)
Pre-training
VOZpeak relative 28.0 (93) 27.3 (83) 28.9 (92) 0.22
(mL/kg/min)
Cholesterol
(mg/dL) 197.5 (41.9) 194.5 (48.2) 199.0 (36.4) 0.77
HDL (mg/dL) 43.2 (19.2) 44.0 (19.1) 42.1 (18.9) 0.90
Proportional
adherence to 0.92 (0.15) 0.91 (0.18) 0.92 (0.14) 0.46

exercise training
program

VVO2: peak relative oxygen uptake (ml/kg/min), BMI: Body mass index; HDL: high density
lipoprotein. P-value for comparison are derived from the analysis of variance for specific
variables (dependent) with participation in the 10-year follow up visit (STRRIDE Reunion) as
the independent variable




Table S2. Cardiorespiratory fitness change in response to short-term exercise
training and other measures of cardiometabolic parameters at 10-year follow-up
(mean arterial BP, waist circumference, Insulin resistance)

Systolic BP Waist Circumference | Insulin Resistance
Std. Beta | P-value | Std. Beta P-value | Std. Beta | P-value
Moderate fitness 0.06 0.58 0.15 0.03 0.06 0.60
responder (vs.
low fitness
responder)
High fitness 0.01 0.86 -0.006 0.94 0.19 0.11
responder (vs.
low fitness
responder)

Separate models were constructed for systolic blood pressure, waist circumference, and
insulin resistance as outcome variables with adjustment for age, sex, ethnicity, fitness
response, baseline BMI (except in WC model), baseline peak VO2, exercise category,
and baseline measure of the outcome variable




