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Abstract

We evaluated weight loss response to 16 months of supervised exercise (45 minutes/d, 5 d/wk,
75% heart-rate-reserve) in sedentary, overweight/obese participants without energy restriction in
the Midwest Exercise Trial (MET1). Results indicated men lost weight, women did not. The
gender differences were associated with differences in the energy expenditure of exercise (EEEX)
(men =667 + 116; women = 439 + 88 kcal/session) when exercise was prescribed by frequency,
intensity and duration. MET?2 is a randomized control trial designed and powered to examine
differences in weight loss and gender in response to EEEx for men and women of 400 or 600 kcal/
session, 5d/wk, for 10 months without energy restriction. One hundred forty one participants will
be randomized to 1 of 2 exercise groups or a non-exercise control. EEEx will be verified by
indirect calorimetry monthly during the intervention. This study will evaluate: (1) the weight
change response to two levels of EEEX versus non-exercise control; (2) gender differences in
weight response to two levels of EEEX; (3) potential compensatory changes in energy intake and/
or daily physical activity that may explain the observed weight changes. Results from this study
may impact how exercise is prescribed for weight loss and prevention of weight regain and may
clarify if men and women differ in response to exercise.
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1. Introduction

The prevalence of overweight (BMI > 25.0) and obesity (BMI > 30.0) among US adults is
~68% and 34%, respectively [1]. Overweight and obesity contribute to heart disease,
hypertension, diabetes, and some cancers as well as psychosocial and economic difficulties
[2-5]. The cost of treatment for weight reduction is now estimated to exceed 147 billion
annually [6].

Exercise is recommended by virtually every public health organization for weight loss and
prevention of weight regain [7-13]. However, the role of exercise is generally considered
secondary to energy restriction [14-16]. Indeed, an argument can be made that exercise is
ineffective for weight loss. Wing [17] reviewed the literature on the role of exercise on
weight loss and concluded that exercise alone results in a minimal weight loss of 2 kg
compared to control conditions. The American College of Sports Medicine Position Stand
on “Appropriate Physical Activity Intervention Strategies for Weight loss and Prevention of
Weight Regain for Adults,” suggested that 150-250 minutes/week of moderate intensity
exercise does not result in clinically significant weight loss [12].

The literature on the effects of exercise for weight loss is influenced by the absence of
studies that prescribe exercise with equivalent levels of exercise energy expenditure (EEEX)
across individuals and genders, as well as the lack of verification that the exercise was
competed at the prescribed level of EEEX. Verification of exercise completion is critical as
self-reported exercise is frequently over-estimated [18]. Previously, Donnelly et al. [19]
reported results from the Midwest Exercise Trial (MET1) where exercise was prescribed to
previously sedentary overweight/obese men and women by frequency, intensity and duration
for 16 months without energy restriction. EEEx was measured at three month intervals and
was higher in men (667 + 116 kcal/session) than women (439 + 88 kcal/session), which is
expected due to gender differences in body weight. The gender differences in EEEx (228
kcal/session) resulted in a mean weight loss for men of 5.2 + 4.7 kg and a small weight gain
for women of 0.6 £ 3.8 kg. The gender differences in EEEx diminished our ability to
conclude that differences in the weight response to exercise were due to gender.

The Midwest Exercise Trial 11 (MET?2) study was designed to evaluate gender differences in
weight response to exercise prescribed at the same level of EEEx without diet restriction.
Overweight and obese men and women will be randomly assigned to 10 months of
supervised exercise 5 days/week with a verified EEEx of 400 kcal/session or 600 kcal/
session (2,000 or 3,000 kcal/week) or a non-exercise control group. This study will evaluate:
(1) the weight change response to two levels of EEEX versus non-exercise control; (2)
gender differences in weight response to two levels of EEEX; (3) potential compensatory
changes in energy intake and/or daily physical activity that may explain the observed weight
changes.

2. Materials and methods

2.1. Eligibility/recruitment/randomization

Participant recruitment and randomization for MET2 has been completed. Participants were
recruited from Lawrence, KS and surrounding communities and will be compensated for
their participation. Approval for this study was obtained from the Human Subjects
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Committee at the University of Kansas-Lawrence. The following inclusion/exclusion criteria
were used: age = 18-30 yrs., BMI = 25.0 to 39.9 kg/m?, sedentary defined as < 500 kcal/
week in planned exercise as assessed by questionnaire [20]. Participants with a history of
chronic disease (i.e., diabetes, heart disease, etc.), elevated blood pressure (= 140/90), lipids
(cholesterol > 6.72 mmol/L; triglycerides > 5.65 mmol/L), or fasting glucose (> 7.8 mmol/
L) were excluded. Additionally, smokers, those taking medications that affect physical
performance (i.e., beta blockers) or metabolism (i.e., thyroid, steroids), or those lacking the
ability to perform laboratory tests or participate in moderate-to-vigorous intensity exercise
were excluded. Participants were randomized at a 2:2:1 ratio (~65% to the exercise groups
and ~35% to the control group), stratified by gender under the supervision of the project
statistician. The blinding of participants to group assignment is not possible with an exercise
intervention. Investigators will be blinded at the level of outcome assessments, data entry
and data analysis. A consort diagram describing recruitment and randomization is presented
in Figure 1.

One hundred forty one participants were recruited, consented, and randomized into the 400
or 600 kcal/session exercise groups or non-exercise control. This slightly exceeded our
targeted enrollment of 136 participants needed to meet power requirements. The sample is
comprised of 55.3% women and 14.8% minorities. Sample baseline demographics by
gender and group are presented in Table 1.

2.2. Exercise groups

Exercise will consist primarily of walking/jogging on motor-driven treadmills; however,
alternate activities such as stationary biking, walking/jogging outside, or walking on
stationary elliptical trainers will be allowed for 20% of the total exercise sessions (1 session/
week). Exercise prescriptions will progress from 150 kcal/session at intervention onset to
reach the target EEEx (400 or 600 kcal/session) at the end of month 4 and remain at target
over the final six months of the study (Table 2). These levels for EEEx were selected based
on recommendations from The American College of Sports Medicine Position Stand
“Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention of
Weight Regain for Adults,” [21]. These levels of EEEX are also consistent with the
recommendations for weight loss provided by Health and Human Services “2008 Physical
Activity Guidelines for Americans” [22] and were associated with no weight change (~400
kcal/session) or clinically significant weight loss (>600 kcal/session) in MET1.

2.3. Energy expenditure of exercise

Changes in both body weight and aerobic fitness influence EEEx when performed at the
same intensity. Therefore, EEEX will be assessed at baseline and monthly during the
intervention to determine the duration of treadmill exercise required to achieve the EEEx
goals (Table 2). EEEx will be assessed by indirect calorimetry (ParvoMedics TrueOne 2400
System, ParvoMedics Inc, Sandy, UT) at one minute intervals. The Weir equation [23] will
be used to calculate EEEx from measured oxygen consumption and carbon dioxide
production. Prior to each EEEXx assessment participants will perform a brief warm-up (~ 2
minute, 3-4 mph, 0% grade). At the baseline assessment, treadmill speed/grade will begin at
3 mph/0% grade and will be adjusted by increments of 0.5 mph/1% grade until the
participant reaches 70% HR max + 4 beats/minute. At the end of months 1 to 3, EEEx will
be calculated at both 70% and 80% of heart rate (HR) maximum to accommodate personal
preferences for walking or running. EEEx will be assessed at both 70% (15 minutes) and
80% HR max (15 minutes) with a 2 minute interval between assessments to allow
participants to remove the mouthpiece and obtain water if desired. Either speed or grade will
be adjusted depending on participant preference. The average EEEx over a 15 minute
interval (kcal/minute) will be used determine the duration of exercise sessions performed
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during the first month. For example: EEEx = 9.2 kcal/minute, prescribed exercise = 400
kcal/session, exercise duration = 400/9.2 = 44 minutes/session. All subsequent EEEx
assessments will begin at the participant’s current treadmill speed and grade with
adjustments made as described for the baseline assessment. At the end of months 4-10
EEEx will also be assessed in 15 minute blocks; however, the number of blocks will be
selected (maximum 3 blocks) to approximate the current duration of exercise training
sessions (nearest 15 minutes). This procedure was designed to adjust EEEx during exercise
training sessions over the course of the 10 month trial.

2.4. Exercise compliance

MET2 is an efficacy study designed to evaluate the effects of a verified dose of exercise
(400 and 600 kcal/session) on weight change; therefore, compliance with the exercise
protocol is critical. We will define compliance as successfully completing > 90% of
scheduled exercise sessions. Successful completion of an exercise session will be defined as
maintaining target HR + 4 beats/minute for the prescribed exercise duration. Participants
falling below this requirement during any 3 month interval (months 0-3, 3-6, 6-9) or during
the final month of the study (month 10) will be non-compliant with the exercise protocol and
will be dismissed from the study. The compliance requirement during month 10 will assure
that participants complete a minimum of 90% of scheduled exercise sessions during the
assessment of energy balance (energy intake and energy expenditure).

2.5. Exercise supervision

Research assistants will be responsible for documenting compliance to the prescribed
exercise protocol. The duration and intensity of each exercise session will be verified by a
downloadable heart rate monitor (RS 400; Polar Electro Inc., Woodbury, NY) set to collect
HR in 1-minute epochs. After completing a short warm-up on the treadmill the speed and
grade will be increased to achieve the desired target HR. Additionally, the level of perceived
exertion, treadmill speed and grade and HR will be recorded by the research assistant at 10
minute intervals during each exercise session. This procedure assures interaction between
study staff and participants which may help to maintain compliance, as well as providing a
detailed description of each exercise session.

2.6. Control group

Participants assigned to the non-exercise control group will be instructed to continue their
typical patterns for physical activity and dietary intake over the duration of the 10 month
study. With the exception of assessment of EEEX, the same outcome assessments will be
completed with the control and exercise groups.

2.7. Outcome Assessments

All outcome assessments will be completed in the Energy Balance Laboratory at The
University of Kansas. The schedule for outcome assessments is presented in Table 3

2.7.1. Anthropometrics (Weight/height/body composition/ waist
circumference)—Body weight will be measured between the hours of 7 a.m. and 9 a.m.
using a digital scale accurate to + 0.1 kg. Participants will be weighed prior to breakfast and
after attempting to void and will wear a standardized hospital gown at the time of weighing.
Dual energy x-ray absorptiometry (DXA) will be used to determine fat-free mass, fat mass,
and percent body fat (Lunar DPX-1Q). Women will undergo pregnancy testing prior to each
DXA test. Waist circumference will be assessed using the procedures described by Lohman
et al. [24].
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2.7.2. Resting metabolic rate (RMR)—RMR will be determined by indirect calorimetry
(ParvoMedics TrueOne 2400 System, ParvoMedics Inc., Sandy, UT) between 6 a.m. and 10
a.m. after a 12 hour fast and 48 hour abstention from exercise [25]. Following 15 minutes of
supine rest in an isolated temperature controlled (21-24°C) room; participants will be placed
under a ventilated hood for a minimum of 35 minutes. Criteria for a valid RMR assessment
will be a minimum of 30 minutes of steady state defined as less than 10% fluctuation in
minute ventilation, oxygen consumption and respiratory quotient. RMR (kcal/day) will be
calculated using the Weir equations [23].

2.7.3. Aerobic capacity—Maximal aerobic capacity will be assessed on a motor-driven
treadmill using a modified Balke protocol [26]. Expired gases will be collected in 20-second
epochs (Parvo Medics TrueOne 2400) and HR will be monitored continually using a three
lead electrocardiogram (Marquette Electronics, Milwaukee, W1, USA). Maximal aerobic
capacity tests will be valid if participants meet three of the following four criteria: (1) heart
rate + 10 beats min-1 of the age-predicted maximal HR (220 — age), (2) rating of perceived
exertion greater than 17, (3) respiratory exchange ratio greater than 1.10, and (4) oxygen
consumption plateau (i.e., no increase in oxygen consumption with increased workload.

2.7.4. Energy intake/macronutrient composition—Energy intake and macronutrient
composition will be assessed over a 1 week period 4 times over the course of the study
during ad libitum eating in a University of Kansas cafeteria. Digital photographs will be
obtained before and after consumption (Figure 2). The type and amount of foods and
beverages consumed will be quantified by research staff that has been trained in this
technique. Food consumed outside the cafeteria (i.e., snacks) will be assessed using multiple
pass 24-hour recall procedures using food models and standardized, neutral probing
questions [27]. We have previously demonstrated our ability to measure energy intake using
picture-plate-waste combined with 24-hour recalls within 3% of that measured by traditional
weigh and measure [28] and have demonstrated that 7 days of dietary data adequately
characterize usual energy and macronutrient intake [29]. Results from the digital
photographs will be entered into the current version of Nutrition Data System for Research
(University of Minnesota, Minneapolis, MN) for determination of total energy intake, and
energy intake from fat, protein and carbohydrate.

In addition to outcome measures of diet and macronutrient content in the cafeteria, we will
use 3-day diet records (2 weekdays, 1 weekend day) at 2, 5, 8, and 9 mos. These records will
be used during the 10 month intervention to provide diet counseling should participants
change from their normal diet to a diet consistent with volitional weight loss (i.e. 500 to
1,000 kcal below estimated weight maintenance values). Participants will be asked to
complete food records and bring them to a designated exercise session where they will be
reviewed by a registered dietitian and clarification will be obtained if necessary. To facilitate
recording of diet intake participants will receive verbal instructions from a registered
dietitian as well as a pamphlet titled “How to record your food record.” Food record data
will be entered into the current version of Nutrient Data System for Research (University of
Minnesota, Minneapolis, MN) for energy and macronutrient analysis.

2.7.5. Energy expenditure by doubly labeled water (DLW)—DLW will be used to
assess average total daily energy expenditure (TDEE) over a 14 day period at baseline and
10 months using the procedures described by Coward et al [30]. Participants will report to
the Energy Balance Laboratory between 8 a.m. and 9 a.m. after an over-night fast of at least
12 hours. A baseline urine sample will be collected prior to oral dosing with a mixed
solution of approximately 0.10g/kg body weight of 2H,0 and 0.15g/kg of H,180 followed
by a rinse solution of 100ml of tap water. A weighed 1:400 dilution of each dose and a
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sample of the tap water will be stored at —70°C for later analysis. Additional urine samples,
collected at least 3 hours apart, will be collected on days 1 and 14. All urine samples will be
stored in sealed containers at =70°C for later analysis. Samples will be analyzed in duplicate
for 2H,0 and H,180 by isotope ratio mass spectrometry as previously described by Herd et
al. [31]. TDEE will be estimated using the equation of Elia [32]:

TDEE (MJ/day)=(15.48/RQ+5.55) x rCO2 (L/day)

Physical activity energy expenditure (PAEE) will be estimated from TDEE and RMR [33]:

PAEE=(TDEE*0.9)-RMR

This approach assumes that the thermic effect of food represents 10% of TDEE [34]. Energy
expenditure from physical activity outside the exercise program will be calculated as
(PAEE- EEEX).

2.7.6. Physical activity (PA)—An ActiGraph Model GT1M (Actigraph, LLC, Pensacola,
FL) portable accelerometer will be used to determine day-to-day and within day variation in
PA (i.e., compare exercise to non-exercise days, exercise time vs. non-exercise time), as
well as to estimate the time spent in a range of PA intensity levels (moderate, vigorous).
Participants will wear the ActiGraph on a belt over the non-dominant hip for 7 consecutive
days in conjunction picture-plate waste assessments at baseline, 3, 6, and 10 months. The
data collection interval will be set at one min with a minimum of 12 hours constituting a
valid monitored day. We will apply the intensity cut-points used in the National Health and
Nutrition Examination Survey as described by Troiano et al [35]; moderate (> 3 METS:
>2020 to 5999 counts/minute), vigorous (> 6 METS: >5999 counts/minute). ActiGraph
analysis will be completed with a custom SAS program.

2.7.7 Blood Pressure and Blood Chemistry—Blood pressure will be obtained with a
Dinamap automated sphygmomanometer (Pro Care 100, GE HealthCare, Madison, WI)
between 8 a.m. and 10 a.m., subsequent to the measurement of height, weight, and waist
circumference. The participant will be seated with the arm bared, supported, and positioned
at the heart level. Measurement will begin after 5 minutes of quiet rest. The appropriate size
cuff will be used such that the rubber bladder encircles at least 2/3 of the arm. Two measures
will be averaged and additional measures will be obtained if those measures differ by more
than 5 mmHG [36, 37].

Fasting blood samples (12 hour overnight) will be obtained by a certified phlebotomist
subsequent to the measurement of blood pressure, for the assessment of blood lipids,
glucose, and insulin. Following collection, blood samples will be separated by centrifugation
for 15 min at 2000g. The separated plasma will be transferred to cryogenic vials and stored
at —70° C for later analysis. Total serum cholesterol and triglyceride concentrations will be
measured using an automated analyzer (Du Pont Co), using standard enzymatic techniques.
HDL will be measured after removal of VLDL and LDL by precipitation with
phosphotungstate [38]. Glucose will be measured using an autoanalyzer (Beckman) and
insulin will be measured using a double-label antibody technique [39].

2.8. Sample size and analysis plan

2.8.1. Sample size—This study will evaluate: (1) the weight change response to two
levels of EEEX versus non-exercise control; (2) gender differences in weight response to two
levels of EEEX; (3) potential compensatory changes in energy intake and/or daily physical
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activity that may explain the observed weight changes. Sample size was determined to
provide adequate statistical power for the analysis of aims 1 and 2. Aim 1 will compare
weight change (10 months- baseline) across the three groups. From our previous work
(DK49181) we expect participants randomized to the control arm to gain weight (~ 5%), the
400 kcal/session group to remain weight stable, and participants in the 600 kcal/session
group to lose weight (~5%). In our previous studies the 5% gain and 5% loss were
equivalent to an average change of approximately 0.5 standard deviations. Given these
assumptions, and a conservative rate of attrition of 33%, 136 participants will be randomized
to the 400 kcal/session and 600 kcal/session groups and a control group in a 2:2:1 ratio to
insure a total sample of 90. A sample of 90 completers will provide 88% power to detect the
hypothesized difference across the groups using a one-way analysis of variance with a type |
error rate of 5%. Aim 2 will determine if the change in weight (10 months- baseline) is
equivalent between males and females for both the 400 and 600 kcal/session groups,
respectively. Equivalence will be defined as a ratio of the average weight change in males
versus females between 0.85 and 1.15. Our previous data indicates that the coefficient of
variation (standard deviation/mean) is 0.10 for change in weight at 10 months. Given these
assumptions, 18 males and 18 females will allow us to determine if the ratio of the means is
equivalent with 95% power assuming a type | error rate of 0.025. Each statistical test will be
conducted at two levels of exercise, therefore we will use a type I error rate of 0.025 for
each test.

2.8.2. Analysis plan-Aim 1: Compare weight change across the 3 randomized
groups—Weight change (10 months-baseline) for each group will be described using
means and standard deviations and compared using a one-way analysis of variance. Body
weight assessments will be completed monthly. Therefore, we will perform an exploratory
analysis using mixed linear models to longitudinally compare weights among the three
groups both unadjusted and adjusted for baseline measures and demographic characteristics.
Similar analyses will be performed on other body composition measures including fat-free
mass, fat mass, percent body fat, and BMI as well as maximal aerobic capacity.

2.8.3 Analysis plan-Aim 2: Evaluate gender differences in the weight response
to 2 levels of EEEx—The equivalence for weight change (10 months-baseline) between
males and females for both the 400 kcal/session and 600 kcal/session groups will be tested
using the method described in Hauschke et al [40]. The hypotheses to be tested will be:

Ho:pey, /1:<0.85 or p, /p>1.15 versus Hy:0.85<,, /u.<1.15

Weight change between males and females is considered equivalent if Hg is rejected. Similar
analysis will be performed on fat mass, fat-free mass, percent body fat, and BMI. If
equivalence is not demonstrated, we will examine the effect of gender on change in weight
in conjunction with treatment using a two-factor ANOVA with interaction.

2.8.4. Analysis plan-Aim 3: Potential compensatory changes in energy intake
and total daily energy expenditure—We will examine the effects of changes in energy
intake, physical activity, and TDEE as well as treatment on weight over time for participants
randomized to the 400 kcal/session and 600 kcal/session groups. Mixed linear models will
be utilized to examine if the energy intake, physical activity, and TDEE explain variance in
weight change above that explained by exercise group. Both weight loss and weight gain
might be a function of changes in energy intake, physical activity and/or TDEE or a
combination of the three.
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We are conducting an efficacy study, thus our primary analyses will be conducted only on
participants who comply with the study protocol and complete all outcome assessments for
the analysis of our primary and secondary outcomes (Aims 1 and 2).

2.9. Data management

Data will be categorized and entered in separate tables in a relational Access data base. For
example, body weight/composition will be in one table, energy intake in another table, with
all tables linked by participant ID number. At logical time points, data will be checked for
outliers and normalcy. Questionable data (i.e., > 3 standard deviations from the mean) will
be checked and re-entered if necessary. All data will be archived daily on a secure server.

3.0. Discussion

MET2 is designed and adequately powered to evaluate the level of EEEXx associated with
weight loss and potential gender differences in the weight change response to exercise in
previously sedentary overweight men and women. Unique aspects of this study include: long
duration exercise training program; supervised exercise with strict compliance requirements
(90% of scheduled sessions); precise control of the level of EEEx (400 and 600 kcal/session)
achieved by the assessment of EEEx by indirect calorimetry at regular intervals over the
course of the intervention; assessments of energy intake and energy expenditure using state-
of-the-art techniques to evaluate the potential for compensatory changes in these variables
which may impact both the weight loss response to exercise in general, or differentially by
gender. The results of MET2 will provide a more complete understanding of the weight
change response to exercise in both men and women and will provide preliminary
information regarding compensatory changes in energy intake and daily energy expenditure
that may affect this response. This information will be important for the design of more
effective and perhaps targeted strategies for the use of exercise for weight management in
men and women.
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Excluded after IEQ

Total Consented =225

Not meeting inclusion criteria =2023
Declined or no contact = 90

Excluded after Screening

l

Total Randomized =141

Females Randomized = 78

Not meeting inclusion criteria = 41
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Males Randomized = 63

600=32

400=31

CON=15

600=30

400=22 CON=11

Figure 1.

Recruitment and randomization diagram or participants randomized to 400 or 600 kcal/

session and control groups.
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Figure 2.

Picture-plate waste illustration. Pictures are taken before and after meal consumption from
two angles (A, B) to aide in portion measurement by providing an overhead view and a view
at ~45 degrees for depth perception
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Table 2

Ten month exercise progression by kcal/session and intensity.

Month 400 kcal/session 600 kcal/session  Heart rate (% max) daysiwesk”

1 150-175
3 200-225
3 250-325
4 350-400
5-10 400

150-250 70% (5)
275-375 70% (4) / 80% (1)
400-500 70% (3) / 80% (2)
525-600 70% (0-2) / 80% (3-5)
600 70% (0-1) 80% (4-5)

Page 15

*
Days per week exercise sessions were completed at either 70 or 80% max HR. For example, in week three, 4 exercise sessions were completed at
70% and 1 session at 80% max HR
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