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Exercise Dose Effects on Insulin Resistance Indicators in
Postmenopausal Women: A Randomized Trial

Christine M. Friedenreich® ™ f, Heather K. Neilson?, Qinggang Wang?, Frank Z. Stanczyk®,
Yutaka Yasuid, Darren R. Brenner® ®, Kerry S. Courneya®

Abstract

Background: While > 150 minutes/week of moderate-vigorous
physical activity is recommended for cancer prevention, the optimal
amount for breast cancer prevention is unknown. Insulin resistance
is a candidate biomarker of breast cancer risk. The objective of the
study was to determine if 300 versus 150 minutes/week of moderate-
vigorous aerobic exercise produces stronger improvements in insulin
resistance indicators.

Methods: The Breast Cancer and Exercise Trial in Alberta (BETA)
was a year-long, two-center, two-armed, randomized controlled exer-
cise trial between June 2010 and June 2013. The setting was a volun-
teer sample from Calgary and Edmonton, Canada. Participants were
400 inactive, non-diabetic, postmenopausal women with body mass
index of 22 - 40 kg/m?. Interventions were 5 days/week aerobic ex-
ercise (3 days/week supervised) for 60 minutes/session (high) or 30
minutes/session (moderate) at 65-75% heart rate reserve for > 50% of
each session. The main outcome measures were fasting blood concen-
trations of insulin, glucose, leptin, adiponectin, and resistin measured
at baseline, 6 and 12 months.

Results: Dose effects were evaluated using linear mixed models ad-
justed for baseline biomarker concentrations. High/moderate ratios
of geometric mean biomarker concentrations over 12 months ranged
from 0.93 to 1.00 (all P-values > 0.05), indicating no dose effect.
Among adherent women (n = 137), ratios for insulin, homeostasis
model assessment of insulin resistance (HOMA-IR), and leptin were
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0.77 - 0.89 (P-values < 0.05), indicating more benefit from the high
prescription. There was a significant dose effect (P-value < 0.05) on
resistin and leptin in non-obese and younger women, respectively.

Conclusions: Prescribing 300 versus 150 minutes/week of moderate-
vigorous aerobic exercise to inactive, non-diabetic, postmenopausal
women may not produce stronger changes in insulin resistance in-
dicators. Among exercise-adherers, however, a 300 minutes/week
prescription might provide some additional benefit for breast cancer
prevention.

Keywords: Breast cancer; Prevention; Exercise; Insulin resistance;
Insulin; Adiponectin; Leptin; Resistin; Glucose; HOMA-IR

Introduction

In 2015 in Canada, breast cancer was the most commonly di-
agnosed cancer in females. Of an estimated 25,000 new cases,
more than 80% were age 50 or older [1]. Obesity is a known
risk factor for postmenopausal breast cancer and also a major
risk factor for insulin resistance which may relate causally to
breast cancer [2]. Large epidemiologic studies have related in-
sulin resistance indicators in blood to breast cancer incidence
[3] and mortality [4].

Overall, epidemiologic research suggests a significantly
lower risk of postmenopausal breast cancer in the most versus
the least physically active women [5]. While biologic pathways
are unclear, insulin sensitivity is commonly proposed [6]. We
previously conducted a year-long aerobic exercise trial in non-
diabetic, postmenopausal women comparing a 225 min/week
prescription to no exercise and found significant decreases in
circulating insulin, the homeostasis model assessment of in-
sulin resistance (HOMA-IR) and leptin, but not adiponectin
[7], which are proposed biomarkers of postmenopausal breast
cancer risk [2, 6]. Few trials have studied exercise effects on
resistin [8], which is another candidate biomarker [9].

The optimal amount of physical activity that should be
recommended for breast cancer prevention is unknown. The
American Cancer Society recommends a minimum of 150
min/week of moderate-intensity activity or 75 min/week of
vigorous-intensity activity for cancer prevention overall, with
no mention of particular cancer sites [10]. Randomized con-
trolled trials (RCTs) designed specifically to evaluate dose
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effects would inform cancer prevention guidelines. Such tri-
als have been conducted and measured insulin resistance in-
dicators [11-19]; however, they were limited for informing
postmenopausal breast cancer prevention because they were
small [12-14], tested lower-intensity exercise [14, 15, 19] or
shorter durations of exercise that may be suboptimal for cancer
prevention [15, 16], or they did not focus on postmenopausal
women [11, 13, 17].

In the Breast Cancer and Exercise Trial in Alberta (BETA),
we aimed to determine if a 1-year prescription of 300 versus
150 min/week moderate-vigorous aerobic exercise for inac-
tive, postmenopausal women leads to more favorable changes
in proposed biomarkers for breast cancer. The current report
focuses on insulin resistance indicators, namely circulating
insulin, glucose, HOMA-IR, leptin, adiponectin, and resistin.

Methods

Trial overview

Detailed methods for BETA were published previously [20].
BETA was a two-center, two-armed RCT of aerobic exercise in
Calgary and Edmonton, Canada between June 2010 and June
2013. The primary outcome was body fat change [21]. Chang-
es in insulin resistance indicators were important secondary
outcomes.

Participation

Eligibility criteria were reported previously [20]. In brief, par-
ticipants were inactive yet able to exercise and demonstrated
acceptable heart and lung function in a sub-maximal treadmill
test; had no history of cancer except non-melanoma skin can-
cer, no major co-morbidities (e.g., diabetes), and no recent ma-
jor reconstructive surgery; were non-users of exogenous hor-
mones, non-smokers, and consumed < 2 drinks of alcohol/day
over the past year. Participants were English-speaking, resided
in Calgary or Edmonton, not intending to be away > 4 weeks
consecutively and 8 weeks total during the year, and not on/
starting a weight loss program. The protocol was approved by
the Alberta Cancer Research Ethics Committee and Conjoint
Health Research Ethics Board, University of Calgary and the
Health Research Ethics Board, University of Alberta. All par-
ticipants provided written informed consent.

Randomization

Four hundred postmenopausal women were randomly as-
signed 1:1 to 12-month aerobic exercise for 300 (high volume)
or 150 (moderate volume) min/week. Randomization was
stratified by study center (Calgary/Edmonton) and body mass
index (BMI) (< 28.8 or > 28.8 kg/m? based on the median BMI
in our previous trial). Within strata, block sizes of four or six
were used to balance the number of participants between arms.
The random allocation sequence was generated using R soft-
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ware (version 2.11, 2010, Vienna) and user-defined functions.
Allocations were concealed in numbered envelopes prepared
by staff unrelated to the study.

Data collection

Data collection methods were described previously [20].
Questionnaires were used to collect demographic and base-
line health information at eligibility screening. Eligible par-
ticipants completed past-year dietary [22] and physical activity
[23] questionnaires at baseline and 12 months. For each self-
reported activity, we derived MET-hours/week/year using the
Compendium of Physical Activities [24]. Sub-maximal fitness
tests were conducted at baseline and 12 months using the same
protocols and equipment in Calgary and Edmonton. Fitness
was assessed using a multistage modified Balke treadmill test
[25] until 85% of age-predicted maximum heart rate or voli-
tional exhaustion. VO, was estimated using the multistage
model and American College of Sports Medicine equations for
maximum oxygen consumption [26].

On the same day as fitness testing, height and weight were
measured by research staff. Full body dual-energy X-ray ab-
sorptiometry scans were taken to measure lean mass and total
fat mass. Percent body fat was derived as 100% x (fat mass/(fat
mass + lean mass)). Computed tomography scans were taken of
four single slices at the umbilicus and used by our study radi-
ologist to measure subcutaneous and intra-abdominal fat [21].

Intervention

The intervention began with a 12-week ramp-up to increase
exercise volume gradually [20]. The goal was to attain 5 days/
week aerobic exercise for 30 (moderate) or 60 min (high) at 65-
75% maximum heart rate reserve (“time in zone”) for at least
half of each session. To monitor intensity, women were provid-
ed Polar® FT4 heart rate monitors (OPolar Electro, Canada) to
wear at all sessions. From week 13 to week 52, sessions were
supervised by exercise trainers 3 days/week at the Westside
Recreation Centre (Calgary) or Behavioural Medicine Fitness
Centre, University of Alberta (Edmonton) and were unsuper-
vised/home-based 2 days/week. Weekly logs were maintained
by the participants to document exercise type, duration, “time
in zone”, average heart rate, and perceived intensity. Trainers
kept logs of the same information plus any missed sessions.
Participants were asked not to change usual diet.

Blood assays

For each participant, a single blood sample was drawn at base-
line, 6, and 12 months after a minimum 10-h fast. The aver-
age time between blood sampling and the last exercise ses-
sion was 2 days. All blood samples were stored at -86 °C in
the Alberta Cancer Research Biorepository in Calgary. Insulin
and glucose were measured in the laboratory of F.Z.S. (Uni-
versity of Southern California, USA). Insulin was measured
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Table 1. Baseline Characteristics? of Randomized Participants in the BETA Trial, Alberta, Canada, 2010 - 2013

Baseline characteristic Moderate High
n (%) n (%)
Number of participants randomized 200 200
Race/ethnicity
White 186 (93%) 172 (86%)
Other 14 (7%) 28 (14%)
Mean + SD Mean + SD
Age (years) 59.5+5.1 59.4+438
Maximal oxygen consumption (mL/kg/min) 26.8+5.0 26.7+5.3
Body mass index (kg/m?) 29.4+44 29.1+44
Percent body fat (%) 40.7+5.9 40.5+5.8
Intra-abdominal fat (cm?) 133.4+493 125.6 £50.8
Lean mass (kg) 43.9+5.7 441+5.5

Total energy intake (kcal/day)
Alcohol intake (g/day)

Fat intake (g/day)

Fiber intake (g/day)
Carbohydrate intake (g/day)
Glycemic load (g/day)

Past year total physical activity (MET-hours/week)

Total activity
Occupational activity
Household activity
Recreational activity
Biomarker concentration
Insulin (uIU/mL)
Glucose (mg/dL)°
HOMA-IR
Leptin (ng/mL)
Adiponectin (ug/mL)°
Resistin (ng/mL)

Median (quartile 1, 3)
1,412 (1,115, 1,785)
2.4(0.7,7.5)
50.5(37.2, 67.5)

17.3 (12.9,22.4)
175.3 (139.8, 227.6)
79.9 (62.2, 102.2)

90.6 (60.6, 121.9)
25.9 (4.5, 55.2)
41.0 (27.0, 60.6)
7.6 (2.3, 13.0)

8.7(5.9, 12.5)
91 (86, 98)
2.1(1.3,2.9)
39.2(23.1,61.1)
21.1 (13.4, 40.5)
24.9 (20.6, 29.9)

Median (quartile 1, 3)
1,379 (999, 1,797)
3.0(0.9, 6.5)

49.3 (35.5, 70.6)

16.8 (12.3, 22.5)
169.3 (126.9, 217.7)
76.1 (56.2,102.2)

89.0 (62.2, 115.8)
34.2 (2.6, 56.3)
40.4 (28.3, 60.1)
6.9 (2.4, 13.3)

8.3 (5.0, 12.1)
89 (85, 95)

1.8 (1.1,2.7)
38.4 (20.0, 58.6)
26.5(14.2, 50.1)
25.6 (202, 32.2)

HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (ulU/mL)/22.5 [27]. SI
conversions: to convert fasting insulin to pmol/L, multiply by 6.945; glucose to mmol/L, multiply by 0.0555; leptin to pg/L, multiply
by 1.00; adiponectin and resistin Sl units not available. 2Baseline values were missing for biomarker concentration (n = 14). ®There
were no statistically significant differences at baseline between high and moderate groups for these variables except for glucose

and adiponectin, P value = 0.02 and 0.05, respectively.

by a solid-phase chemiluminescent immunometric assay us-
ing the Immulite 2000 analyzer (Siemens Healthcare Diag-
nostics, Deerfield, IL). The assay sensitivity was 2 plU/mL.
The intra-assay coefficients of variation (CVs) were 5.5% and
3.9% at 7.67 and 26.4 plU/mL, respectively; inter-assay CVs
were 4.2% and 2.9% at 10.0 and 47.8 pIU/mL, respectively.
Glucose was measured using a standard procedure on the Vit-
ros Chemistry System. HOMA-IR was calculated as: fasting
glucose (mM) x fasting insulin (uIU/mL)/22.5 [27]. Leptin,
total adiponectin and resistin were measured at Eve Technolo-

gies (Calgary, Canada) using multiplex assays on the Bio-Plex
200 system (Bio-Rad Laboratories Inc., Hercules, CA, USA).
Leptin was assessed using the Milliplex® Human Circulating
Cancer Biomarker Magnetic Bead Panel (sensitivity, 42.8 pg/
mL) and total adiponectin and resistin in the Milliplex® Hu-
man Adipokine Magnetic Bead Panel 1 (sensitivity, 21 pg/
mL and 4.4 pg/mL, respectively) from EMD Millipore (St.
Charles, MO, USA). Intra-assay CVs for leptin, adiponectin
and resistin were 6%, 10% and 7%, respectively; inter-assay
CVs were 12%, 14% and 12%, respectively. For all assays,
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quality control samples were included to monitor assay reli-
ability. Blind duplicates were included in and between batches
to estimate CVs. Research staff ensured that each participant’s
baseline, 6 and 12 months samples were analyzed in the same
batch and each batch included an equal number of moderate
and high samples. Lab personnel were blinded to intervention
assignment.

Statistical analysis

Baseline characteristics were compared between arms using
Chi-squared tests for categorical data, -tests for continuous
data, and Wilcoxon rank-sum tests for continuous data that
appeared non-normally distributed. Subsequent analyses of
biomarker data were performed after logarithmic transforma-
tion. Intention-to-treat analyses compared biomarker changes
between the two arms using linear mixed models adjusted for
baseline biomarker levels. The parameter of interest was “treat-
ment effect ratio”, representing the baseline biomarker-level-
adjusted high/moderate ratio of geometric mean biomarker
levels over the intervention period (i.e., 6 and 12 months).

For effect modification analyses, these models were strati-
fied by baseline BMI (< or > 30 kg/m?) to identify obesity and
baseline age (< or > 60 years) given effect modification in a
previous trial [28]. Interaction tests were performed between
treatment arm and baseline age and BMI, respectively (as con-
tinuous variables) by including cross-products in linear mixed
models. Sensitivity analyses excluded women whose past-year
caloric intake changed > 500 kcal/day from baseline to 12
months.

A per-protocol analysis was performed including only
women who, on average during weeks 13 - 52, were 90-100%
adherent in the moderate group (135 - 150 min/week; n = 57)
or > 90% adherent in the high group (=270 min/week; n = 79)
according to exercise logs.

In separate analyses, we combined intervention arms to
examine biomarker changes by quintile of high-intensity min-
utes/week (“time in zone” from heart rate monitors) averaged
over 52 weeks. We fitted a linear model with E (change in
logarithm of biomarker value (at 12 months from baseline)) =
B, (logarithm of biomarker.value at bageline) + szl{high—imensity
exercise duration = k-th quintiley &5 1tS Systematic part, and derived the
adjusted mean change in logarithm of biomarker value, 3,,, for
each quintile of high-intensity exercise duration, adjusted for
the logarithm of baseline biomarker value and evaluated at its
mean. The percent change in the geometric mean of biomarker
values at 12 months from baseline was estimated by (eP?* - 1)
% 100 (%) for the k-th quintile. In tests for linear trend, the
quintiles were treated as continuous.

All statistical tests were two-sided with a 0.05 level of
significance. Analyses were conducted using SAS version 9.2
(SAS Institute, Cary, NC).

Results

Participant recruitment has been described previously [21].

Table 2. High/Moderate Ratio of Geometric Mean Biomarker Levels Over 12 Months, Intention-to-Treat Analysis in the BETA Trial, Alberta, Canada, 2010 - 2013

Between-
group

12-month
percent
change
-8.0
-10.4

1.7

1.0
-10.4
-11.3
-21.4
-23.5

1.1

12-month
geometric
mean

8.0

6.9

90

6-month

Baseline

Treatment

95% CI

0,
95% CI effect ratio

95% CI1

geometric
mean

95% CI

geometric
mean

8.7

7.7

Group?

Biomarker

P-valueP
0.26

0.90 - 1.03

0.96

7.3-8.6
64-175

7.5-8.8
6.7-79
90 - 92

8.1
7.3

8.0-93

Moderate
High

Insulin, pIU/mL

7.1-8.4
91-93

89-91

0.59

0.99 - 1.01

00

I.

89-92
87-90

91

92
90

Moderate
High

Glucose, mg/dL

89
1.8
1.5

88-90
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0.36

0.90 - 1.04

1.6-19 0.97

1.7-2.0
1.5-1.8
26.5-33.2
22.7-29.0
18.5-23.1
20.5-26.0

24.3-26.8

1.8
1.6
29.6

1.8-2.1

2.0
1.6-19

1.7

Moderate
High

HOMA-IR

www.jofem.org

1.4-1.7

93 0.84-1.02 0.13

0.

254-31.8

28.4

32.4-403
30.9 - 38.6

Moderate 36.1

High

Leptin, ng/mL

23.4-29.8
21.0 - 26.1
23.3-29.6
24.1-264

23.2-25.7

25.7 26.4

34.5

0.45

0.92-1.04

0.98

234

20.7

20.7-259

23.1
2

Moderate
High

Adiponectin,
pug/mL

-1.

26.3

23.1

23.8-30.0
23.7-259
24.0 - 26.7

6.7

0.23

0.94 - 1.02

98

0.

25.2 1.6

25.5

24.8

Moderate
High

Resistin, ng/mL

24.5-27.1 244 -3.4

25.8

253

HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (ulU/mL)/22.5. S| conversions: to convert fasting insulin to pmol/L, multiply by

6.945; glucose to mmol/L, multiply by 0.0555; leptin to ug/L, multiply by 1.00; adiponectin and resistin Sl units not available. 2Available sample sizes for moderate/high groups were as

follows: insulin, 188/195; glucose, 190/195; HOMA-IR, 187/195; leptin, 191/192; adiponectin, 190/195; resistin, 191/194. Sample sizes varied between biomarkers due to insufficient

blood volume (n = 1) and exclusion of extreme concentrations at baseline (n = 1 - 3 participants depending on biomarker). PStatistical test for a significant high versus moderate group

difference in biomarker levels over 12 months from the linear mixed model, adjusted for biomarker level at baseline.
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At baseline, all participants were non-diabetic, non-smokers,
and hormone therapy non-users. On average participants were
overweight and borderline insulin-resistant (Table 1).

Median exercise duration (interquartile range) from weeks
13 to 52, after the initial ramp-up period, was 137 (111 - 150)
min/week in the moderate group (n = 191) and 254 (166 - 290)
min/week in the high group (n = 195); nine and five subjects in
the moderate and high groups, respectively, did not complete
the trial. On average between baseline and 12 months, esti-
mated VO, improved significantly more in the high versus
moderate group by 1.1 mL/kg/min as well as total body fat by
-1.0 kg and subcutaneous abdominal fat area by -10.8 cm?;
mean weight loss in the moderate and high group was -1.79 kg
(-2.5%) and -2.52 kg (-3.3%), respectively [21]. On average,
lean mass did not change in the high group whereas the mod-
erate group experienced a -0.3 kg decrease; intra-abdominal
fat area decreased more in the high group by 1.5 cm?; neither
difference was statistically significant [21]. Mean changes in
energy intake, alcohol, dietary carbohydrate, fat, fiber, and gly-
cemic load did not differ significantly between arms (data not
shown).

A number of blood samples were missing or excluded
from analyses. Of 400 participants at baseline: 14 were lost to
follow-up (n = 9 moderate, n = 5 high); two had insufficient
blood volume (n = 1 moderate, glucose/HOMA-IR; n =1 high,
adiponectin/resistin); others were excluded because of extreme
outlying values (n = 3 moderate, insulin/HOMA-IR > 40 plU/
mL; n =3 high, leptin > 200 ng/mL).

In the intention-to-treat analysis, the average 12-month
change in insulin, HOMA-IR, leptin, and resistin was slightly
more favorable in the high versus moderate group. Yet treat-
ment effect ratios indicated no statistically significant dose
effects (Table 2). Average biomarker changes ranged from
< 2% for glucose and adiponectin to -21.4% and -23.5% for
leptin for the moderate and high groups, respectively. Aver-
age changes in HOMA-IR (-10.4%, -11.3%) reflected those of
insulin (-8.0%, -10.4%) rather than glucose (-1.7%, -1.0%).
Excluding women non-compliant with dietary instructions
(caloric intake change > 500 kcal/day) resulted in 163 moder-
ate and 166 high participants and treatment effect ratios (not
shown) similar to Table 2.

Stratifying by BMI or age revealed dose effects. There
was a significant dose effect on resistin (P = 0.04) in non-obese
women, with the high group experiencing an average -5.5%
decrease in resistin and the moderate group a 3.6% increase
(Table 3). A borderline-significant dose effect (P = 0.09) was
found for leptin in obese women, such that the high group on
average experienced a larger decrease (-25.0% versus -16.4%;
Table 3). A statistically significant dose effect was found for
leptin in younger women (-27.8% versus -8.7% high versus
moderate, P = 0.01; Table 4).

Table 5 shows per-protocol analysis results (n = 137 total).
Significant dose effects were found for insulin (P = 0.03), glu-
cose (P=0.03), HOMA-IR (P = 0.02), and leptin (P = 0.002),
but not adiponectin or resistin. Average 12-month changes in
insulin, HOMA-IR and leptin were 8.5%, 8.5% and 12.0%
greater, respectively, for high and moderate adherent groups.

Significant linear dose-response trends related “time in
zone” quintiles to changes in insulin (P-trend = 0.0009), HO-
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MA-IR (P-trend = 0.002), leptin (P-trend < 0.0001), and adi-
ponectin (P-trend = 0.02) but not glucose or resistin. In Figure
1, percent changes in insulin, glucose, HOMA-IR, and leptin
were favorable (decreased) for women with average “time in
zone” > 57 min/week, whereas for adiponectin and resistin,
more “time in zone” was needed for favorable change, i.e., >
111 min/week (adiponectin) or > 143 min/week (resistin).

Discussion

Prescribing 300 min/week of moderate-vigorous aerobic ex-
ercise over 12 months to inactive, non-diabetic, postmeno-
pausal women did not improve insulin resistance biomarker
concentrations more than prescribing 150 min/week. Both led
to average decreases of 8-11% in insulin and HOMA-IR, 21-
23% decreases in leptin, and approximately 1-3% changes in
glucose, adiponectin, and resistin. When limited to adherent
women, however, there were significant dose effects on insu-
lin, HOMA-IR, and leptin concentrations, with 8-12% greater
changes occurring with the 300 min/week prescription, on av-
erage. There was a borderline-significant dose effect in obese
women (BMI > 30 kg/m?) with respect to leptin and a signifi-
cant dose effect for resistin in non-obese women (BMI < 30
kg/m?) and leptin in younger women (age < 60 years). There
were favorable dose-response trends relating minutes/week of
vigorous-intensity exercise to changes in insulin, HOMA-IR,
leptin, and adiponectin.

Thus far, nine intervention trials in non-diabetic popula-
tions were designed to compare weekly durations of exercise
and assessed changes in insulin resistance indicators [11-14,
16-19, 29]. However, for reasons described above, these tri-
als were limited for informing postmenopausal breast cancer
prevention. Their results overall did not support dose effects
on fasting insulin [13, 17-19, 29] or fasting glucose [13, 14,
16, 18, 19], although some findings were suggestive [12, 16,
29]. Only one trial [13] tested an exercise volume as high as
BETA. In Project Four-IN-onE (FINE), 11 weeks of aerobic
exercise was prescribed to young, overweight men for 7 days/
week at 300 kcal/day (n = 18) or 600 kcal/day (n = 18) ver-
sus no-exercise controls (n = 17); intensity 3 days/week was
>70% VO,,,.. and 4 days/week was recommended at 50-70%
VO, ... While HOMA-IR decreased by 17-18% on average
in both exercise groups, peripheral insulin sensitivity (deter-
mined using the hyperinsulinemic isoglycemic clamp tech-
nique) improved more with the high versus moderate prescrip-
tion (by 36% versus 28%). Adherence was reported as about
2,000 kcal/week and about 3,800 kcal/week, respectively [13].
Project FINE also included glucose tolerance tests, as did two
other RCTs [11, 13, 19]. With these tests, dose effects were ob-
served in FINE [13] and in a four-armed, 24-week trial of men
and women by Ross et al [11] in which the highest dose group,
averaging 168 min/week aerobic exercise (40.0 min/session x
4.2 days/week) at 75% VO,, . experienced the greatest reduc-
tion in 2-h glucose. The third RCT (with no dose effect) was a
walking intervention [19].

The magnitude of biomarker changes we observed in
BETA is comparable to a previous RCT we conducted using
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Table 3. Intention-to-Treat Analysis Stratified by Categories of Baseline Body Mass Index, BETA Trial, Alberta, Canada, 2010 - 2013

Treatment effect?

Bion i 6-month percent 12-month Ratio Between-
Group N change from percent ch?nge of high/ 95% CI group PP P-interaction®
baseline from baseline moderate
Insulin
BMI <30 kg/m®> Moderate 114 -5.9 -8.8 0.96 0.89-1.04 0.35 0.98
High 121 4.1 93
BMI >30 kg/m> Moderate 74 -6.8 -6.7 0.96 0.86-1.06 0.40
High 74 -9.4 -12.1
Glucose
BMI<30kg/m> Moderate 115 -1.3 -2.0 1.00 098-1.02 097 0.41
High 121 0.1 -0.7
BMI >30 kg/m*> Moderate 75 0.3 -1.1 0.99 0.97-1.01 0.33
High 74 -1.3 -1.5
HOMA-IR
BMI <30 kg/m*> Moderate 113  -7.6 -10.9 0.97 0.89-1.06 0.52 0.89
High 121 -39 -9.9
BMI >30 kg/m> Moderate 74 -6.6 -9.4 0.95 0.85-1.07 041
High 74 -10.6 -13.5
Leptin
BMI <30 kg/m®> Moderate 116  -20.8 -24.2 0.98 0.87-1.09 0.66 0.50
High 121 -25.1 -22.6
BMI >30 kg/m> Moderate 75 -13.3 -16.4 0.87 0.73-1.03  0.09
High 71 -27.0 -25.0
Adiponectin
BMI <30 kg/m*> Moderate 116 -11.5 1.6 0.98 091-1.05 0.53 0.67
High 121 -14.2 -2.0
BMI > 30 kg/m> Moderate 75 -9.2 0.4 0.98 0.90-1.07 0.67
High 73 -12.1 -1.0
Resistin
BMI <30 kg/m*> Moderate 116 3.7 3.6 0.95 0.90-1.00 0.04 0.12
High 121 -0.8 -5.5
BMI > 30 kg/m> Moderate 75 1.1 -1.4 1.03 0.96-1.09 043
High 73 6.4 0.3

HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (ulU/mL)/22.5. @High/moderate ratio of
geometric means for biomarker levels over 12 months adjusted for biomarker level at baseline. PStatistical test for a significant high versus moderate
group difference in biomarker level over 12 months from the linear mixed model, adjusted for biomarker level at baseline. cStatistical test for a signifi-
cant cross-product term: (group assignment x baseline BMI as continuous variable) in a linear mixed model, adjusted for biomarker level at baseline.

similar methods. In that trial, prescribing aerobic exercise for
225 min/week (adherence was 178 min/week [30] targeting
70-80% heart rate reserve) over 12 months to 160 postmeno-
pausal women resulted in average changes of -10.3% in insu-
lin, -11.4% in HOMA-IR, -18.9% in leptin and, as in BETA,
no change in glucose or adiponectin [7]. The dose-response to
exercise in postmenopausal women (DREW) trial is also note-
worthy because it included a large number of postmenopausal
women (n = 464). Participants were randomized to a no-exer-

40 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

cise control group or to 4, 8, or 12 kcal/kg/week aerobic exer-
cise, 3 - 4 days/week at 50% VO, . for 6 months. Adherence
was about 72, 136, and 192 min/week, respectively. On aver-
age, fasting insulin and glucose decreased < 2% in each exer-
cise group (derived from [29]) while adiponectin levels pooled
across exercise groups, on average, did not change [15]. We
are unaware of previous long-term (> 4 weeks) dose-response
exercise RCTs that measured leptin or resistin, although exer-
cise RCTs have demonstrated larger leptin decreases for post-
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Table 4. Intention-to-Treat Analysis Stratified by Categories of Baseline Age, BETA Trial, Alberta, Canada, 2010 - 2013

Treatment effect?

Bion i 6-month per- 12-month Ratio Between-
Group N cent chang'e percent ch?nge of high/ 95% CI group PP P-interaction®
from baseline from baseline  moderate
Insulin
Age <60 years Moderate 106  -3.9 -6.5 0.95 0.87-1.04 0.25 0.61
High 121 52 -10.5
Age > 60 years Moderate 82 -9.3 -9.9 0.98 0.89-1.08 0.68
High 74 -7.2 -10.1
Glucose
Age < 60 years Moderate 108  -0.3 -1.3 0.99 0.97-1.00 0.14 0.79
High 121 -04 -1.5
Age > 60 years Moderate 82 -1.3 -2.3 1.01 0.99-1.03 0.36
High 74 -0.3 -0.0
HOMA-IR
Age < 60 years Moderate 106  -4.0 -7.2 0.94 0.86-1.04 0.21 0.77
High 121 -5.6 -11.9
Age > 60 years Moderate 81 -11.2 -14.4 1.00 0.90-1.12 0.95
High 74 -7.5 -10.1
Leptin
Age <60 years Moderate 108  -13.6 -8.7 0.84 0.74-096  0.01 0.03
High 120 -25.1 -27.8
Age > 60 years Moderate 83 =233 -35.5 1.07 0.92-125 0.38
High 72 -26.5 -15.6
Adiponectin
Age < 60 years Moderate 108  -12.1 3.7 0.98 091-1.06 0.58 0.68
High 121 -13.0 2.3
Age > 60 years Moderate 83 -8.7 -2.1 0.98 0.89-1.07 0.62
High 73 -14.4 -0.5
Resistin
Age < 60 years Moderate 108 1.7 2.5 0.99 0.94-1.05 0.82 0.85
High 121 24 -2.9
Age > 60 years Moderate 83 4.0 0.5 0.95 0.89-1.02 0.14
High 73 1.1 -4.2

HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (ulU/mL)/22.5. @2High/moderate ratio of geo-
metric mean biomarker level over 12 months, adjusted for biomarker level at baseline. Statistical test for a significant high versus moderate group
difference in biomarker level over 12 months from the linear mixed model, adjusted for biomarker level at baseline. Statistical test for a significant
cross-product term: (group assignment x baseline age as continuous variable) in a linear mixed model, adjusted for biomarker level at baseline.

menopausal women with higher adherence (e.g., -12% with >
190 min/week, n = 28 [31]; -29.6% with > 225 min/week, n =
47 [7]). We are aware of two walking intervention trials that
studied resistin in postmenopausal women. One trial (n = 34)
demonstrated an average decrease in resistin concentrations
[8]; whereas the other, in type 2 diabetics, showed no change
with exercise alone (n = 11) [32].

Understanding how exercise improves insulin sensitivity
may help interpret these findings. Exercise can reduce oxida-
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tive stress, inflammatory mediators, and the accumulation of
lipid intermediates in skeletal muscle, all of which impair in-
sulin signaling [33]. Furthermore contracting skeletal muscle
induces GLUT-4 translocation and depletes skeletal muscle
glycogen stores, which increase glucose uptake [33]. Exercise
can improve pancreatic B-cell function [34]. Exercise effects
on body fat are noteworthy since over one-third of BETA par-
ticipants were obese (BMI > 30 kg/m?) [21]. Obesity is char-
acterized as a chronic, low-level inflammatory state in which
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adipose tissue is infiltrated with macrophages that release pro-
inflammatory cytokines which, in turn, disrupt insulin signaling
[35]. White adipose tissue displays endocrine activity produc-
ing adipokines such as resistin, leptin, and adiponectin. In hu-
mans, resistin is produced mainly by macrophages and mono-
cytes in response to pro-inflammatory cytokines, and itself is
pro-inflammatory [35] although in some studies [9, 36] resistin
concentrations do not correlate with total body fat. Leptin is
an adipocyte-derived hormone involved in energy regulation
and is insulin-sensitizing [37]. Leptin concentrations correlate
positively with total fat [36] and higher levels are believed to
reflect leptin resistance. Leptin production is regulated by in-
sulin and glucose metabolism in adipocytes [37] and activity
is enhanced with hyperinsulinemia [2]. Adiponectin is broadly
insulin-sensitizing and anti-inflammatory [37] and thus, higher
concentrations are desirable. Its production by adipocytes is
inhibited by pro-inflammatory factors (e.g., TNF-a, IL-6), hy-
poxia, and oxidative stress [35]. Low adiponectin concentra-
tions are associated with visceral fatness, which is a risk factor
for insulin resistance [36, 38].

There are several possible reasons why we did not observe
dose effects in intention-to-treat analyses. First, our per-proto-
col analyses (Table 5) suggested that the lack of dose effect for
insulin, HOMA-IR and leptin was due partly to modest adher-
ence in the high group. The exception was glucose, for which a
significant dose effect (treatment effect ratio = 0.98, P = 0.02;
Table 5) probably resulted from imbalanced baseline concen-
trations between arms. Second, fat loss in BETA may have been
too low. For instance, the negligible difference in intra-abdomi-
nal fat change between groups (mean difference in change, -1.5
cm? [21]) could explain the lack of dose effect on adiponec-
tin, in particular. The dose-response trend between adiponectin
change and “time in zone” (Fig. 1) might reflect visceral fat
changes that are only possible with high-intensity exercise, or
when weight loss is sufficiently high [39]. The stronger dose ef-
fect we observed for leptin in obese women (Table 3) is consist-
ent with this hypothesis since obese women had more fat (and
leptin) to lose. Similarly, in women > 60 years, the moderate
group had higher baseline leptin concentrations than other sub-
groups (mean: 40 ng/mL versus 32 - 36 ng/mL) which probably
explains the larger decrease (-35.5%; Table 4). Third, Figure 1
suggests the exercise intensity tested in BETA may have been
too low to modify resistin levels. Similarly in Table 3, in the
high group, average “time in zone” was greater for non-obese
versus obese women (131.5 versus 107.3 min/week) which
might explain the associated decrease in resistin (-5.5%).

Relative to previous dose-response exercise trials,
strengths of BETA include its large sample size, long inter-
vention, close supervision, and excellent retention. BETA was
the first RCT designed to compare exercise doses for cancer
prevention. There were also limitations. For instance, we did
not measure high-molecular weight adiponectin which may be
more etiologically relevant than total adiponectin [40]. Fur-
thermore, the timing of blood sampling relative to the last
exercise session was not standardized, which could explain
some between-subject variability in the biomarker changes
we observed; although only 20 participants had blood draws
within 24 h of exercise (at baseline, 6, or 12 months) and these
participants were represented equally between groups (n = 11

Between-
group
P-value®
0.03

0.03

0.02
0.002
0.11

0.78

95% CI

0.80 - 0.99
0.96 - 1.00
0.78 - 0.98
0.65 - 0.90
0.84-1.02
0.92-1.06

Treatment
2
99

effect
ratio
0.89
0.98
0.87
0.77

0
0.
2 for insulin, HOMA-IR and leptin). cStatistical test

12-month
percent
change
-10.6
-19.1
-1.73
-1.67
-11.9
-20.4
-22.4
-34.4

2
3.2
-1.8
-7.5

95% CI
6.7-9.2
54-7.0
88-92
85-88
1.5-2.1
1.1-1.5
21.4-324
16.8 - 24.5
19.9 - 18.5
22.6-329
22.7-26.8
21.6 - 26.1

12-month
geometric
mean

7.8

6.1

90

86

1.7

1.3

26.3

20.3

23.8

24.7

1.6-22
18.0-26.2 272
22.3-26.8
23.6-282 23.7

1.2-1.6
16.1-23.8

95% CI
7.3-9.5
58-75
90 - 94

86 - 89
24.5-35.7
17.4-24.38

geometric
mean
8.3

6-month
6.6

92
87
1.9
1.4
29.6
19.6
20.8
21.7
24.4
25.8

7.6 -10.1

6.6 - 8.6
18.4-26.2

95% CI
89-94

86 -89
1.7-23
14-19
27.5-41.8
26.0 - 36.7
22.1-31.6
232-272
23.5-28.0

Baseline
geometric
mean
8.8

7.5

92

88

2.0

1.6

33.9
30.9
22.0
26.4
25.1
25.7

Group®
Moderate
High
Moderate
High
Moderate
High
Moderate
High
Moderate
High
Moderate
High

Biomarker

Insulin, pIU/mL
Glucose, mg/dL
HOMA-IR

Leptin, ng/mL
Adiponectin, pg/mL
Resistin, ng/mL

min/week (moderate) or =2 270 min/week (high). PAvailable sample sizes for moderate/high groups were as follows: insulin, 57/80; glucose, 58/80; HOMA-IR, 57/80; leptin, 58/79; adi-

6.945; glucose to mmol/L, multiply by 0.0555; leptin to pg/L, multiply by 1.00; adiponectin and resistin S| units not available. 2Average exercise time over weeks 13 - 52 was 135 - 150
ponectin, 58/80; resistin, 58/80. Sample sizes varied between biomarkers due to exclusion of extreme concentrations at baseline (n

HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (ulU/mL)/22.5. S| conversions: to convert fasting insulin to pmol/L, multiply by

Table 5. High/Moderate Ratio of Geometric Mean Biomarker Levels Over 12 Months, Per-Protocol Analysis? in the BETA Trial, Alberta, Canada, 2010 - 2013

for a significant high versus moderate group difference in biomarker levels over 12 months from the linear mixed model, adjusted for biomarker level at baseline.

42 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ www.jofem.org



Friedenreich et al

J Endocrinol Metab. 2016;6(2):35-45

Insulin Glucose HOMA-IR
101 2 0.1 4.8
0" - —_ — - - -
-10 19 25 -1.2 [ |
-10- . -5.8 l l L. 2,;5 -7.3 .
20 —1?7 —1?.3-1?,1 -13.7 _18_1—15:.8
-30 -
o 404
o P for trend = 0.0009 P for trend = 0.13 P for trend = 0.002
3
5 Leptin Adiponectin Resistin
= ‘
10+
S ] _ 8 mm 06 12 _ 08
o M 5 2 1 L
-104 -6.2 -6.0
-20 -15.7
304 268 276
=48 P for trend < 0.0001 _33'8 P for trend = 0.02 P for trend = 0.12
I S X P23 4 SI 393 483 30
LIPS NN P\ NP NN P SN

Time in Zone (minutes/week)

Figure 1. Change in biomarker concentrations across five levels of “time in zone” averaged over 52 weeks, BETA Trial, Alberta,
Canada, 2010 - 2013, treatment arms combined. Sample sizes were: n = 77, n =78, n =76, n = 77, n = 78 for quintiles 1 to
5, respectively. HOMA-IR: homeostasis model assessment of insulin resistance = fasting glucose (mM) x fasting insulin (plU/
mL)/22.5; “time in zone”: time spent exercising at an intensity of 65-75% maximum heart rate reserve. Statistical testing: *P < 0.05
comparing the least-squares mean biomarker change at that “time in zone” to < 57 min/week, adjusted for baseline biomarker
level. P for trend reflects the statistical significance of a linear trend with quintiles of “time in zone” treated as a continuous vari-

able, adjusted for baseline biomarker level.

high, n = 9 moderate). Moreover, we did not measure periph-
eral insulin resistance in muscle or fat, which may be relevant
to breast cancer etiology. HOMA-IR reflects hepatic insulin
sensitivity and pancreatic -cell function under basal condi-
tions [27]. While there is good correlation between HOMA-IR
and “gold standard” clamp methods for assessing whole-body
insulin sensitivity [27], Project FINE [13] demonstrated that
dose effects can be found using dynamic measures of insulin
resistance, but not fasting blood glucose and insulin.

Conclusions

For inactive, postmenopausal women, prescribing 300 versus
150 min/week of moderate-vigorous aerobic exercise did not
lead to stronger changes in circulating insulin resistance in-
dicators. However, there may be dose effects among women
who adhere to these exercise prescriptions leading possibly
to greater decreases in breast cancer risk. Furthermore, longer
durations of vigorous-intensity exercise - perhaps up to twice
the amount recommended by the American Cancer Society
(75 min/week) - may be necessary to improve adiponectin
and resistin concentrations. Yet the associated magnitude of
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breast cancer risk reduction is unclear, particularly for resistin
which is a newly hypothesized biomarker. The 8.5% difference
in insulin change between groups in our per-protocol analysis
might provide only modest benefit for breast cancer risk, or
perhaps more benefit if maintained over many years. For effec-
tive disease prevention, this evidence must be weighed care-
fully against the risk of exercise non-adherence. Future studies
could examine the efficacy of resistance exercise or high-in-
tensity aerobic interval training on insulin resistance indicators
relative to the higher duration aerobic prescription in BETA.
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