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Abstract

Obesity has historically been thought to simply be related to an imbalance between energy
intake and expenditure. Weight loss recommendations have traditionally focused on reducing
energy intake, maintaining either a high-carbohydrate low-fat diet or vice versa, and
increasing physical activity typically through low to moderate intensity exercise. More
recently, genetic, physiological, and behavioral factors have also been found to play a
significant role in the etiology of obesity. For this reason, the prevention and management of
obesity through implementation of different types of exercise and diet intervention programs,
behavioral interventions, and/or medical interventions are at the forefront of obesity
research. As a result, we are beginning to see a paradigm shift from traditional weight loss
and management approaches to personalized diet and exercise strategies. This purpose of
this narrative review was to overview: 1.) the effects of physical activity on weight loss; 2.) the
effects of diet and cardiovascular exercise on weight loss; 3.) the effects of high protein diet
with resistance-exercise on weight loss; and, 4.) behavioral factors that contribute weight loss
and maintenance.
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1. Introduction

Obesity is considered the leading cause of preventable death world-wide and is associated with
a myriad of medical co-morbidities including arthritis, cataracts, certain types of cancer, diabetes,
pulmonary abnormalities, and urinary incontinence [1-4]. The prevalence of obesity has been
increasing at all age levels. For example, Ogden and associates [5] reported that the incidence of
obesity in the United States among adolescents aged 12 to 19 years has increased from 10.5%
between 1988-1994 to 20.6% in 2013-2014. Additionally, extreme obesity among children aged 6
to 11 years increased from 3.6% to 4.3% while extreme obesity increased from 2.6% to 9.1% in
adolescents aged 12 to 19 years during this time period. The age-standardized prevalence of obesity
in United States adults also increased from 15% in 1976-1980 to 38% in 2013-2014 [6, 7]. Finally,
according to the Center for Disease Control (CDC)’s 2007-2010 National Health and Nutrition
Examination Survey, 41% of individuals in the United States aged 65 - 74 years old and 28% of those
above age 75 were obese [8]. Consequently, obesity and associated morbidities are increasing in
prevalence and identifying strategies to promote healthy and effective weight loss and maintenance
continues to be a significant worldwide health challenge [1].

Historically, weight loss recommendations have focused on reducing energy intake; maintaining
a high carbohydrate, low glycemic, and low fat diet; and, increasing physical activity (e.g., walking).
While these approaches are effective, there is considerable variability in the magnitude of weight
loss among participants following the same diet and/or exercise program [9, 10]. Additionally, many
individuals regain the amount of weight lost within a year or so after dieting [11, 12]. More recently,
there has been interest in determining the effects of genetics and behavioral factors on the etiology
of obesity [1, 11, 12]. This interest has led to the study of whether different types of diet, exercise,
and/or behavioral interventions may be more effective in promoting weight loss and maintenance
than traditional programs [1]. Additionally, there has been interest in understanding whether
genotype plays a role in promoting effective weight loss and maintenance [10, 13-19]. For example,
there has been a considerable amount of research that has evaluated whether consuming higher
protein and low fat diets promote more beneficial changes in body composition during exercise
and/or diet interventions [20-22]. As a result, we are beginning to see a paradigm shift from
traditional weight loss and management approaches to more personalized diet and exercise
interventions [1, 13, 23, 24]. The purpose of this paper is to overview: 1.) the effects of physical
activity on weight loss; 2.) the effects of diet and cardiovascular exercise on weight loss; 3.) the
effects of a high protein diet with resistance-exercise on weight loss; and, 4.) behavioral factors that
contribute weight loss and maintenance.
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2. Effects of Physical Activity on Weight Loss
2.1 Cardiovascular Exercise

Cardiovascular or “aerobic” exercise (e.g., 150-250 min/week of moderate intensity exercise) has
been recommended to help obese individuals maintain weight loss and/or promote weight loss
while dieting [25]. Moreover, weight loss success has been reported to be improved while
participating in >250 min/week of moderate intensity exercise [25]. A recent review by Chin [26]
summarized some of the more recent literature related to the impact of physical activity on weight
loss and body composition (see Table 1). For example, Irwin et al. [27] evaluated the effects of a
one-year of aerobic exercise (225 min/week at 60-75% max heart rate) on weight loss in 168 post-
menopausal women. The researchers reported that exercisers lost -1.3 kg of weight and -1.2% of
fat compared to 0.1 kg and -0.2% body fat in controls. Nishijima and coworkers [28] reported that
men and women participating in a 6-month exercise program (80-160 min/week at 70% of VOzpeak)
promoted a -1.88 kg reduction in body mass compared to -0.28 kg in controls. Alves et al. [29]
evaluated the effects of performing cardiovascular exercise (3 x 50-min sessions per week at 40-60%
of heart rate reserve) for 6-months on weight loss in 156 obese women. The researchers reported
the women lost an average of -1.26 kg in body mass compared to 0.4 kg in the control group. Musto
and assistants [30] evaluated the effects of progressively increasing daily step count to 10,000
steps/day on weight loss in 77 overweight women. Results revealed that women in the walking
program lost -0.8 kg compared to gaining 0.2 kg in the control group. David and colleagues [31]
evaluated the effects of following a 3-month walking intervention program using a mobile phone
application on weight loss in 71 post-menopausal women. The researchers found that the women
following the walking program lost -0.93 kg during the intervention. Willis and colleagues [32]
evaluated the effects of walking/running approximately 12 miles/week at 65% to 80% of VO2peak for
8 months on changes in body mass and composition in 38 overweight or obese adults. Participants
lost -1.76 kg and -1.01% body fat. Finally, Donnelly and associates [33] evaluated the effects of
adherence to an exercise program designed to expend either 400 or 600 kcals/session at 70% - 80%
of maximal heart rate for 10 months in 141 overweight and obese men and women. The researchers
reported that individuals on the 400 kcal/session program lost -3.9 kg compared to -5.2 kg in the
600 kcal/session group and 0.5 kg in the control group. This was associated with a -2.9%, -4.3%, and
-0.6% loss in percent body fat, respectively. Results of these studies suggest that overweight and/or
obese individuals participating in a 3 to 12 month, moderate intensity, cardiovascular exercise
program primarily consisting of walking promoted an average of 0.32 + 0.13 kg/month of weight
loss and -0.17+0.18 % body fat/month.

Table 1 Changes in body mass and composition from cardiovascular exercise.

. Duration . A Body Fat

Reference Population Intervention A BM (kg)

(mo.) (%)
Irwin 87 F (225 BMI, 60-75% max HR, 225 -1.3 -1.2

12 .
et al. [27] 50-75 yrs.) min/week [-2.0,-0.5]* [-1.6,-0.8]*

-1.88

Nishijima et 281 M & F (230 70%  VOgzpeak, 80-160 [2.14
al. [28] BMI, 40-89 yrs.) min/week 1 6.2]*'
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Alves 78 F (= 25 BMI, 6 40-60% HRR, 150 :12768'
et al. [29] 20-60 yrs.) min/week 0.81]*
Walking, steps ™ 08
Musto et al 43 F (30.4 BMI, 3 10%/week until [_1'.35 )
[30] 46 yrs.) 10,000/week, 0 04]*'
M 3%/week thereafter ’
David et al. 71 F (25-40 BMI, 3 Walking 10,000 .0.93 i
[31] <75yrs.) steps/day '
Willis et al. 38 overweight ~12 miles/week at 65-
8 -1.76 -1.01
[32] or obese adults 80% VO2peak
Donnelley et 19 M (25-40 10 600 kcal/session, 70-80% -5.9 -4.5
al. [33] BMI, 18-30 yrs.) max HR, 5/week [-9.1,-2.71* [-6.9,-2.2]*
18 M (25-40 10 400 kcal/session, 70-80% -3.8 -2.7
BMI, 18-30 yrs.) max HR, 5/week [-6.6,-0.9]* [-4.9,-0.4]*
18 F (25-40 BMI, 10 600 kcal/session, 70-80% -4.4 -4.1
18-30 yrs.) max HR, 5/week [-6.5,-2.3]* [-6.1,-2.1]*
18 F (25-40 BMI, 10 400 kcal/session, 70-80% -4.1 -3.2
18-30 yrs.) max HR, 5/week [-6.1,-2.0]* [-4.9,-1.6]*

Adapted from Chin et al. [26]. Data are reported mean changes from baseline [95% confidence
interval] (if available). A=change from baseline, BM=body mass, BMI=body mass index, F=female,
HR=heart rate, HHR=heart rate reserve, kcal=kilocalories, max=maximal, min=minutes,
mo.=months, M=male, VOzak= peak oxygen uptake, yrs.=years. * P < 0.05 compared with

changes over-time in control group.
2.2 Resistance Exercise

There have also been several studies that have evaluated the effects of resistance-exercise alone
on weight loss and/or body composition (see Table 2). Kirk et al. [34] evaluated the effects of a 6-
month resistance-exercise program intervention (1 set, 3 days/week, 3-6 repetitions, 9 exercises) in
sedentary and overweight adults. The researchers reported that those involved in resistance-
exercise gained 2.5 kg in body mass, 1.5 kg of fat free mass, 0.9 kg in fat mass, and 0.3% body fat
compared to 2.4 kg, -0.3 kg, 2.3 kg, and 2.1% in the control group respectively. Kerksick and
associates [35] found that participation in an 8-week, split-body, linear periodized heavy resistance
training program increased body mass by 0.7 kg, fat free mass by 0.9 kg, fat mass by 0.5 kg, and
percent body fat by 0.4 % in college-aged men while middle-aged men experienced a 0.5 kg increase
in body mass, a 1.1 kg increase in fat free mass, a -0.5 kg reduction in fat mass, and a -0.7% reduction
in percent body fat. Willis and coworkers [32] evaluated the effects of resistance exercise training
(3 sets/day, 8-12 repetitions/set, 3 days/week, for 8 months) on changes in body mass and body
composition in 44 overweight or obese men and women. Resistance training promoted a -0.8 kg
loss in body mass, a 1.1 kg increase in fat free mass, and a -0.7% reduction in body fat percent.
Moghadasi and coworkers [36] compared the effects of resistance or endurance training on weight
loss and body composition. Young sedentary men (n=29) served as controls or participated in
resistance training (2-4 sets, 65% - 80% of 1 repetition maximum, 8 exercises, 3 days/week) or
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endurance training (20 - 34 min/day, 60% - 80% of maximal heart rate, 3 days/week) for two months.
The researchers found that resistance training promoted a 0.4 kg increase in body mass and 0.2%
reduction in body fat percentage compared to -1.3 kg and -2.4% with endurance training and 0.1 kg
and -0.04% in the control group. Finally, Roberts et al. [37] evaluated the effects of 3 months of
resistance training (2 weeks of 12-15 repetitions, 5 weeks of 8-12 repetitions, 5 weeks of 6-8
repetitions in a split upper and lower body program consisting of 15 exercises) on changes in body
mass and composition. Resistance training increased body mass by 1.8 kg and lean mass by 2.7 kg
while decreasing fat mass by -1.0 kg compared to 0.02 kg, -0.45 kg, and -0.82 kg, respectively, in the
control group. The average change observed in these studies was in 0.27£0.25 kg/month in body
mass, 0.42+0.31 kg/month of fat-free mass, and -0.06+0.18 %/month of body fat.

Table 2 Changes in body mass and composition from resistance exercise.

Reference Population Duration Intervention ABM AFFM A Body Fat
(mo.) (kg) (kg) (%)
22 M F i
Kirk & Supervised, 3 25 15 0.3
et al. [34] (27.7BMI,21 6 days/week, 1 set x 9 (1534] [0.5, 24] [0.5,1.2]*
' yrs.) exercises at 85-90% 1RM ' 7 o R
24 CA men
' 2 x upper and 2 x lower 0.7 0.9 0.4
Kerksick (18-22 yrs.) 5 workouts/week; 3-6 sets
et al. [35] 25 MA men at a 10-RM weeks 1-4, 8- 05 11 0.7
(35-50yrs.) RM for weeks 5-8. ’ ' '
. 44 M &F (25-
Willis 8-12 reps/set, three
35 BMI, 18- 8 0.8 1.1 -0.7
et al. [32] sets/day, 3 days/week
70 yrs.)
.10 M (235 8-12 reps of 65-80% 1-
Moghadasi o) ™ 5129 3 RM, 50-60 min/day, 3 0.2
et al. [36] ’ ’ Y2 1.2,2.0] [-1.8, 1.4]
yrs.) days/week
28 M (> 27 Increasing intensity to
Roberts 1.8 2.7 -1.0
BMI, 18-35 3 reach 6-8 reps/set,
et al. [37] _ [0.0,3.0] [2.0,3.4] [-2.9,-0.4]
yrs.) 1h/session, 3 days/week

Adapted from Chin et al. [26] Data are reported mean changes from baseline [95% confidence

interval] (if available). A=change from baseline, BM=body mass, BMI=body mass index,

CA=college age, F=female, FFM=fat-free mass, h=hour, M=male, MA=middle age, min=minutes,

mo.=month, reps=repetitions, RM=repetition maximum, yrs.=years. * P < 0.05 compared with

changes over-time in control group.

3. Effects of Diet and Cardiovascular Exercise on Weight Loss

As the above discussion notes, exercise alone provides a modest reduction in body mass and fat

mass. The combination of dieting with exercise intervention provides a much greater impact (see
Table 3). For example, Goodpaster et al. [38] evaluated the efficacy of diet intervention (1,200-2,100
kcals/day) with and without exercise (60 min of moderate intensity walking, 5 days/week) on weight
loss efficacy in 101 African American participants. One group was randomized to diet and physical
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activity for the entire 12 months while another group dieted for 6-months prior to initiating exercise
training. Results revealed that participants who dieted and exercise for the entire year lost -12.1 |bs.
and -2.9% body fat with the majority of the weight (10.9 Ibs. or 90%) and percent body fat (2.9% or
83%) observed during the initial 6 months of dieting and exercise. Conversely, those who dieted
only during the first 6 months prior to initiating exercise lost 9.9 |bs. and 2.7% body fat with most of
the weight (-8.2 Ibs. or 83%) and body fat (-1.7% or 76%) observed during the first 6 months when
participants only dieted. Similarly, Foster-Schubert and associates [39] conducted a year-long study
in 439 overweight post-menopausal women to determine the effects of diet, exercise, and the
combination on weight loss. Participants either made no lifestyle change (control group), followed
a low-fat diet (1,200-2,000 kcals/day, <30% fat), a moderate-intensity cardiovascular exercise
program (245 min of moderate-to-vigorous intensity exercise [e.g., walking, cycling, cardiovascular
machines], 5 days/week), or the combination of both diet and exercise interventions. Results
revealed that participants in the control group lost -0.7 kg (-0.8%) of body mass, -0.4 kg (-1.0%) of
fat mass, -0.1 kg (-0.1%) of fat-free mass, and -0.2% (-0.3%) body fat percentage. Those who
exercised only lost -2.0 kg (-2.4%) of body mass, -2.1 kg (-5.3%) of fat mass, and -1.6% (-3.3%) of
body fat percentage while gaining 0.3 kg (0.7%) fat-free mass. Those who dieted only lost -7.1 kg (-
8.5%) of body mass, -6.1 kg (-15.6%) of fat mass, -0.8 kg (-1.9%) fat-free mass, and -1.2% (-8.9%) of
body fat percentage. Finally, those who dieted and exercised lost -8.9 kg (-10.8%) of body mass, -
8.2 kg (-20.8%) of fat mass, -0.4 kg (-1.1%) fat-free mass, and 5.9% (-12.4%) in body fat percentage.
The average change in body composition for these studies was -0.94+0.7 kg/month in body mass, -
0.76+0.5 kg/month in fat mass, 0.17+0.2 kg/month in fat-free mass, and -0.30+0.2 %/month in body
fat. Collectively, these studies indicate that the majority of weight and fat loss observed occurs with
dieting rather than exercise but that the best results are observed when combining diet and exercise.
Additionally, individuals who perform cardiovascular exercise during a diet and weight loss
intervention typically observe a reduction in fat-free mass.

Table 3 Changes in body mass and body composition from diet + exercise interventions.

A
. A A A
. Duration . Body
Reference Population Intervention BM FM FFM
(mo.) ka) (ke) (ke) Fat
4 8 8 (%)
63 AAM & F .
Goodpaster Diet (1,200-2,100
(35-40 BMI, 6 -82 -59 -21 -1.7
et al. [38] kcals/day)
30-55 yrs.)
Diet  (1,200-2,100
67 AAM & F kcals/day) + AE
(35-40 BMI, 6 it A% 109 87 24 29
30-55 yrs.) (moderate intensity,
' 300 min/week)
i Diet  (1,200-2,000
Foster- 118 Asian-A F )
kcal/day, until
Schubert et (=23 BMI, 50- 12 . . -71 -61 -08 -1.2
achieved 10% WL in
al. [39] 75 yrs.)

6 months
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117 Asian-A F
(> 23 BMI, 50- 12 AE (70-85% max HR - ) 51 03 .16
- ’ 225 min/week) ' ' '

75 yrs.)

116 Asian-A F

(= 23 BMI, 50- 12 Diet + AE -89 -82 -04 -59
75 yrs.)

87 Asian-AF (>

23 BMI, 50-75 12 No Diet or Exercise -0.7 -04 -01 -0.2
yrs.)

Adapted from Chin et al. [26] Data are reported mean changes from baseline. AA=African-
American, Asian-A=Asian-American, BM=body mass, BMI=body mass index, mo=month,
A=change from baseline, FM=fat mass, FFM=fat-free mass, M=male, F=female, yrs.=years,
AE=Aerobic Exercise, WL=Weight Loss, HR=heart rate, min=minute.

4. Effects of High Protein Diet with Resistance-Exercise on Weight Loss
4.1 Rationale

As noted above, the majority of weight lost initially during an exercise and/or diet intervention
is primarily due to diet intervention rather than exercise. The reason for this is that overweight and
obese individuals typically have low exercise capacity so they generally can only expend 200 to 300
kcals per 30 - 40 min exercise session. Therefore, most of the negative energy balance comes from
diet until individuals become fit enough to be able to increase exercise energy expenditure [1, 12].
However, if individuals reduce energy intake excessively and/or only participate in low to moderate
intensity cardiovascular exercise training, they often lose muscle mass and/or experience a
reduction in resting energy expenditure [1, 13, 21, 40-45]. Reductions in fat-free mass and/or resting
energy expenditure as a result of dieting has been suggested to be a factor in weight regain [11, 12,
25, 46-48]. For this reason, it’s generally recommended that individuals lose no more than 0.5-1 kg
per week (<1% of body mass per week) during a diet and/or exercise intervention [49]. However,
the goal for effective weight loss should be to promote fat loss while maintaining muscle mass
during a diet intervention rather than focusing on loss of total body mass [1, 21, 40-42, 44, 50].
Replacing some dietary carbohydrate and/or fat with protein while on a hypo-energetic diet has
been recommended as a way to preserve muscle mass during weight loss [20, 21, 41-43, 51, 52].
Additionally, while low to moderate intensity cardiovascular exercise (e.g., walking) has generally
been recommended, there has been interest in determining whether intermittent high intensity
exercise [53-57] and/or resistance-exercise training during weight loss interventions may help
preserve muscle mass in individuals attempting to lose weight [12, 21, 41-43, 58-60].

4.2 Diet Intervention Studies

Our research group has conducted a number of studies as part of the Curves Women’s Health &
Fitness Initiative to determine whether increasing the proportion of protein consumed during a
hypo-energetic diet intervention with circuit-style resistance training affects weight loss outcomes
[13, 21, 40-45, 61]. In our first study, Kerksick and colleagues [41] evaluated the effects
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macronutrient variation on weight loss success in 161 sedentary, obese, and pre-menopausal
women. Participants were assigned to either a no exercise + no diet control group, a no diet +
exercise group, or one of four diet + exercise groups. Diet assignments included a high energy, high
carbohydrate, low protein diet (HED: 2,600 kcals; 55:15:30% [carbohydrate:protein:fat] for 14-
weeks) for women presenting with low resting energy expenditure. Women with normal resting
energy expenditure were assigned a hypo-energetic diet for 10-weeks (1,200 kcals/day for 2-weeks
followed by 1,600 kcals/day for 8-weeks). Hypo-energetic diet interventions included a very low
carbohydrate, high protein diet (VLCHP: 7:30:63%), a low carbohydrate, moderate protein diet
(LCMP: 50:20:30%), or a standard high carbohydrate, low protein diet (HCLP: 55:15:30%). After the
10-week weight loss intervention, all diet groups followed a maintenance diet for 4-weeks (2,600
kcals/day; 55:15:30% with intermittent reductions in energy intake to 1,200 kcals/day for 2-days
during the maintenance period. Participants in the exercise groups performed a pneumatic
resistance-based, circuit training program under supervision three times per week. Results revealed
that those following the VLCHP, LCHP and LPHC diets experienced similar but significant reductions
in body mass when compared to other groups. Fat loss expressed as mean [95% Confidence
Intervals] changes from baseline revealed that fat loss was significantly greater in VLCHP (-4.2 kg [-
5.2, -3.2], p<0.005), LCMP (-2.9 kg [-4.0, -1.9], p<0.001) and HPLC (-2.0 kg [-3.8, -2.1], p<0.001)
groups. Reductions in percent body fat were also significantly greater in VLCHP, LCMP and HCLP
groups. The initial 2-weeks of dieting (1,200 kcals/day) decreased relative resting energy
expenditure similarly in all hypo-energetic diet groups but was increased to near baseline values
when consuming 1,600 kcals/day. Favorable but non-significant mean changes occurred in lipid
panels, glucose and homeostatic insulin resistance (HOMAR). Leptin levels significantly decreased
in all groups except controls after 2-weeks of dieting (1,200 kcals/day) and remained lower
throughout the 14-week program. These findings suggest that the exercise alone appears to have
minimal impact on measured outcomes with positive outcomes apparent when exercise is
combined with a hypo-energetic diet. Moreover, that greater improvements in body composition
occurred when carbohydrate was replaced in the diet with protein.

While these results were positive, we observed a greater than desired reduction in resting energy
expenditure during Phase | of the diet and continued to observe weight loss during the maintenance
phase. Therefore, we conducted a similar follow-up study [42] with the exception that participants
only followed Phase | of the diet (1,200 kcals/day) for 1-week and reduced energy intake to 1,200
kcals/day for 2-days only if they gained 3 Ibs. during the Phase Ill maintenance phase. In this study,
141 sedentary, obese women were randomized to either no diet + no exercise control group, a no
diet + exercise only group, or one of four diet + exercise groups (high-energy diet [HED; 55:15:30%],
very low carbohydrate, high protein diet [VLCHP: 7:63:30%], low carbohydrate, moderate protein
diet [LCMP: 20:50:30%], or high carbohydrate, low protein diet group [HCLP: 55:15:30%]) while
participating in a supervised circuit-based resistance-exercise training program (3 days/week).
Participants on the hypo-energetic diets consumed 1,200 kcals/day for 1-week (Phase 1), 1,600
kcals/day for 9 weeks (Phase 1), and 2,600 kcals/day (Phase Ill) with intermittent reductions in
energy intake (1,200 kcals/day) only if they experienced a 3 Ibs. increase in body mass. Results
revealed that participants following a hypo-energetic diet and exercise program observe
significantly greater waist circumference, body mass, and body composition changes. For example,
after 10-weeks of following the program, weight loss was greater in the diet groups (VLCHP: -4.7+3.2
kg; p<0.001; LCMP: -3.6+2.9 kg; p<0.001; HCLP: -3.9+4.5 kg; p<0.001). After 14-weeks, changes in
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body mass were greater among diet groups (VLCHP: -5.0%4,2 kg; p<0.001; LCMP: -3.743.3 kg; p<0.01;
HCLP: -3.6%£3.8 kg; p<0.01) compared to controls (0.5+2.9 kg). Moreover, after 10-weeks,
participants dieting experienced reductions in fat mass (VLCHP: -3.6+2.1 kg; p<0.001; LCMP: -
3.0£2.6 kg; p<0.001; and, HCLP: -2.7+2.6 kg; p<0.001) which were maintained after 14-weeks
(VLCHP: -3.7 2.9 kg; p<0.001; LCMP: -3.5+4.7 kg; p<0.001; and HCLP: -2.9+2.9 kg; p<0.001). Fat-free
mass was well-maintained and while energy restriction initially reduced energy expenditure, it
returned to baseline values after 10-weeks of diet and exercise. Serum leptin decreased in all energy
restriction + exercise groups after 14-weeks while insulin and HOMA values decreased in the
VLCHP group. It was concluded that macronutrient distribution may impact circulating levels of
insulin and overall ability to improve body composition and strength in obese women who follow
regular exercise. These findings have served as the hypothesis generator for next studies that not
only have shown similar results but also have evaluated other dietary interventions and hormones
controlling appetite or energy expenditure in overweight/obese individuals [62-66].

We then sought to determine if increasing protein intake with resistance-training would promote
greater fat loss while preserving fat-free mass and resting energy expenditure in older women [21].
In this study, 54 overweight, obese, and older females were randomly assigned to an exercise-only
group (E), an exercise plus hypo-energetic higher carbohydrate (HC) diet, or a higher protein hypo-
energetic diet with exercise (HP). Participants followed their respective diet plans (1,200 kcals/day
for 1-week, 1,600 kcals/d for 9-weeks, and 2,100 kcals/d for 4-weeks) and performed a supervised
circuit-style resistance exercise program 3 days/week. Results revealed that after 14-weeks,
participants in the HP group experienced significantly greater reductions in weight (E -1.3+2.3,[-2.4,
-0.2]; HC -3.0+£3.1 [-4.5, -1.5]; HP -4.843.2, [-6.4, -3.1] %, p=0.003), fat mass (E -2.7£3.8, [-4.6,
-0.9]; HC -5.9+4.2 [-8.0, -3.9]; HP -10.245.8 [-13.2, -7.2] %, p<0.001), and body fat percentage (E
-2.0£3.5 [-3.7, -0.3]; HC -4.3%£3.2 [-5.9, -2.8]; HP -6.3+3.5 [-8.1, -4.5] %, p=0.002) with no
significant reductions in fat-free mass or resting energy expenditure over time or among groups.
Significant differences were also observed in leptin (E -1.8+34 [-18, 14]; HC 43.8+55 [CI 16, 71]; HP
-26.5+70 [-63, -9.6] ng/mL, p=0.001) and adiponectin (E 43.1+76.2 [6.3, 79.8]; HC -27.9+33.4
[-44.5, -11.3]; HP 52.3+79 [11.9, 92.8] pg/mL, p=0.001) once again showing that this diet and
exercise intervention positively affected appetite-related hormone levels. These findings indicated
that a higher protein diet while participating in a resistance-based exercise program promoted more
favorable changes in body composition compared to a higher carbohydrate diet in older women.

After conducting these and other studies, we observed that while mean changes in body
composition were impressive, there was significant variation in individual response to similar diet
and exercise interventions. Over the last 10-15 years, there has been interest in determining
whether variations in fat-related gene phenotype could explain some of the variability in weight loss
success and whether alignment of diet type to gene phenotype may lead to greater weight loss
success [9, 10, 14, 15, 24, 67]. To examine that issue, we had fat-related genotype (FABP2rs1799883,
PPARG2rs1801282, ADRB3rs4994C3, ADRB2rs1042713,rs1042714) determined in 63 sedentary and
obese women using a direct-to-consumer genetic screening kit purported to promote greater
weight-loss success through dietary recommendations based on these genes [13]. Participants were
randomly assigned to follow a moderate-carbohydrate (MC: 30:45:25%) or lower-carbohydrate (LC:
20:45:35%) hypo-energetic diets (1,400 kcals/day for 1 -week and 1,500 kcals/day for 23-weeks)
that aligned (A) or did not align (NA) with genotype while participating in a resistance-training (4
days/week) and walking program (10,000 steps/day on non-resistance-training days). Results
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revealed that participants in the LC group experienced greater improvements in percent changes in
body composition (weight: MC-3.32 [-1.4,-5.2], LC-5.82 [-4.1, -7.6]; fat mass: MC -7.25 [-3.2,-11.2],
LC -10.93 [-7.3, -14.5]; fat-free mass: MC -0.32 [1.4, -2.0], LC -1.48 [0.7, -3.0]; body fat percentage:
MC -4.19 [-1.6, -6.8], LC -5.60 [-3.3, -7.9] %). However, no significant differences were observed
between genotype groups (weight: A -5.00 [-3.3, -6.7], NA -4.14 [-2.2, -6.1]; fat mass: A-10.15 [-7.0,
-13.6], NA-8.02 [-4.0, -12.0]; fat-free mass: A-1.23 [0.3,-2.8], NA-0.56 [1.12, -2.3]; body fat: A-5.28
[-3.0, -7.6], NA -4.51 [-1.9, -7.1] %). We concluded that adherence to this exercise and weight-loss
program promoted improvements in body composition and health outcomes. Additionally, while
individuals following the LC diet experienced greater benefits, alignment of these diets to this
specific genetic profile did not promote greater health outcomes. Interestingly, a recent study
showed that the rs1052700 polymorphism of the perilipin 1 gene was associated with a differential
response to fat mass reduction after a 12-week diet + exercise intervention in overweight/obese
adult women [68]. However, the research in this field is in its infancy and additional work is needed
to determine if these or other genes may help predict weight loss success with different types of
diets and exercise programs before conclusions can be drawn.

4.3 Comparison Effectiveness Studies

Based on these findings, we decided to compare the effects of following the HCLP diet while
participating in a structured resistance-based exercise program to a high carbohydrate / low protein
meal replacement diet with exercise recommendations [44]. In this study, 77 sedentary, obese
women were randomly assigned to follow a structured diet and resistance-based exercise and
walking program or an exercise recommended program. The structure program diet consisted of
consuming 1,200 kcals/day for 1-week, 1,600 kcals/day for 9-weeks, and 2,100 kcals/day for 14-
weeks of a 55:15:30% diet. The non-structured diet intervention involved replacing breakfasts and
snacks with cereal or food bars with exercise encouragement for 24-weeks. Results revealed that
during the 10-week weight loss phase, moderate and vigorous physical activity levels were
significantly higher in the structured diet and exercise group with no differences observed between
groups in daily energy intake. The structured diet and exercise group lost more weight (-3.1+3.7 vs
-1.6%2.5 kg; p=0.03); fat mass (-2.3+3.5 vs -0.9+1.6 kg; p=0.02); centimeters from the hips (-4.6+7
vs —0.2+6 cm; p=0.002) and waist (-2.9+6 vs -0.6+5 cm; p=0.05); and, experienced a greater increase
in peak aerobic capacity than participants in the meal replacement diet group with encouragement
to exercise. Moreover, during the 24-week maintenance phase, participants in the structured diet
and exercise group maintained greater moderate and vigorous physical activity levels, weight loss,
fat loss, and saw greater improvement in maximal aerobic capacity and strength. We concluded that
a structured diet and exercise program appears to be more efficacious in promoting and maintaining
weight loss and improvements in markers of health and fitness compared to a meal replacement
diet program with encouragement to increase physical activity.

We then decided to compare this exercise and diet intervention approach to other popular diet
intervention programs. In the first comparative effectiveness study [69], 51 sedentary women were
randomized to participate in the Curves® (C) or Weight Watchers® (W) weight loss programs for 16-
weeks. Participants in the C program followed a 1,200 kcal/day diet for 1-week and 1,500 kcal/day
diet for 3-weeks (30:45:25%). The participants then ingested 2,000 kcals/d for 2-weeks (45:30:25%)
and repeated this diet while participating in the Curves with Zumba® resistance-based exercise
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program 3 days/week. Remaining participants followed the W point-based diet program, received
weekly counseling, and were encouraged to exercise. Body composition and resting energy
expenditure measurements were obtained at 0, 4, 10, & 16 weeks. Data are presented as changes
from baseline for the C and W groups, respectively, after 4, 10, and 16 weeks. Results revealed that
women in both groups lost a similar amount of weight (C -2.4+2.1, -4.4+3.6, -4.9+4.0; W -2.7£1.3, -
5.3+2.4, -6.2+4.1 kg, p=0.31). However, fat mass loss (C -3.945.5, -4.6+5.3, -6.4+5.9; W -0.445.7, -
2.146.7, -2.9+7.8 kg, p=0.09) and reductions in percent body fat (C -3.3+5.2, -3.2+4.6, -4.74£5.4; W
0.616.7,-0.618.3, -1.4+8.1 %, p=0.054) tended to be greater in the C group while fat free mass was
increased in the C while decreasing in the W group (C 1.5+4.3,0.5+3.7, 1.3%4.0; W -1.8+5.4, -2.4+5.8,
-2.515.1 kg, p=0.01). Resting energy expenditure values increased over time in both groups and
were non-significantly higher in the Cgroup (C0.9+2.2,1.4+2.3,1.3+1.9; W 0.6+2.0, 0.7+£2.0, 0.6+2.3
kcals/kg/d, p=0.19). Results indicated that 16-weeks of participation in the C program that involved
a more structured meal plan based diet and supervised exercise program promoted more favorable
changes in body composition than participation in the W program that involved adherence to a
point based diet, weekly counseling, and encouragement to increase physical activity.

We then sought to compare the effects of the Curves Complete® 90-day challenge diet (CC) and
exercise program to other commercially available and popular diet programs [40]. The goal of this
study was to compare the CC program, which incorporates exercising and diet, to programs
advocating exercise with either diet counseling (Weight Watchers Points Plus (W), or meal-provided
diets with exercise recommendations (Jenny Craig” At Home [JC] and Nutrisystem® Advance Select
[NS] programs compared to controls. In this study, 133 sedentary, overweight women were
randomized into treatment groups for 12 weeks. Results revealed a significant weight loss for all
groups except the control group (CC -4.32 kg [-5.75, -2.88]; WW -4.31 kg [-5.82, -2.96]; JC -5.34 kg
[-6.86, -3.90]; NS -5.03 kg [-6.49, -3.56]; and control 0.16 kg [-1.56, 1.89]). Reduced metabolic
syndrome prevalence was observed at follow-up for CC (35% vs. 14%1) but not WW (31% vs. 28%),
JC (37% vs. 42%), NS (39% vs. 50%), or control (45% vs. 55%). While all groups improved relative
fitness because of weight loss, only the CC group improved absolute fitness (L/min). It was
concluded that commercial programs offering concurrent diet and exercise programming appear to
offer greater improvements in metabolic syndrome prevalence and cardiovascular function after
12-weeks of intervention.

4.4 Impact on Markers of Health Risk

Given we have conducted a number of similar studies; we began evaluating combined data sets
to determine if additional insights could be gained. In our first analysis [43], we examined whether
women with insulin resistance responded more favorably to a carbohydrate restricted diet while
participating in a circuit-based resistance-training program. Sedentary and overweight or obese
women (n=221) who were 46.5+12 years; 90.3+16 kg; and had a BMI of 33.8+5 kg/m? participated
in a 10-week supervised exercise and weight loss program. The fitness program involved circuit-
style resistance training performed 3 days per week. Subjects were prescribed low-fat (30%) iso-
energetic diets that consisted of 1,200 kcals/day for 1-week (Phase 1) and 1,600 kcals/day for 9-
weeks (Phase Il) with higher proportions of carbohydrate (HC) or protein (HP). Participants were
retrospectively stratified into lower (LH) or higher (HH) than 3.5 HOMA groups. Results revealed
that baseline HOMAR levels in the LH group were significantly lower than those in the HH group (LH,
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0.6+0.7; HH, 6.3+3.4; p=0.001). Diet and training significantly decreased body mass (-3.5%3 kg), fat
mass (-2.7+3 kg), blood glucose (-3%), total cholesterol (-4.5%), low-density lipoproteins (-5%),
triglycerides (-5.9%), systolic blood pressure (-2.6%), and waist circumference (-3.7%), while
increasing peak aerobic capacity (7.3%). Subjects in the HP group experienced greater weight loss (-
4.4+3.6 kg vs -2.612.9 kg), fat loss (-3.4£2.7 kg vs -1.7+2.0 kg), reductions in serum glucose (3% vs
2%), and decreases in serum leptin levels (-30.8% vs -10.8%) than those in the HC group. Participants
in the HH (-14.1%) and HP-HH (-21.6%) groups observed the greatest reduction in serum blood
glucose. It was concluded that a carbohydrate-restricted diet promoted more favorable changes in
weight loss, fat loss, and markers of health in obese women who initiated an exercise program
compared with a diet higher in carbohydrate. Additionally, obese women who initiated training and
dieting with higher HOMA levels experienced greater reductions in blood glucose following an HP
diet.

In a larger retrospective study on 661 women (4611 yrs.), we examined whether adherence to
higher carbohydrate (HC) or higher protein (HP) diets while participating in this exercise program
affected markers of metabolic syndrome [45]. Results revealed that both groups experienced
significant weight loss, improvements in fitness, and reductions in metabolic syndrome (MetS)
prevalence from baseline to follow-up (HP: 49% to 42%, HC: 42% to 36%, both p<0.01) (PRO: 49%
to 42%, CHO: 42% to 36%, both P < 0.01). MetS z-score improvement (approximately 66.5%) was
similar for both groups with no significant differences between diets in waist circumference (-
0.28+0.02 vs. -0.28+0.025 cm), glucose (-0.07+0.03 vs. -0.08+0.04 mM), triglycerides (-0.16+0.04 vs.
-0.09+0.04 mM), high-density lipoprotein cholesterol (-0.21+0.03 vs. -0.1940.04 mM), and systolic
blood pressure (-0.16+0.4 vs. -0.24+0.05 mmHg). Diastolic blood pressure showed a minor
advantage for the HP group (-0.14%0.05 vs. -0.30£0.05 mmHg, p=0.02). When stratified by BMI,
those with morbid obesity did not show a significant improvement in MetS while following a HP
focused diet. However, caution is warranted given the exploratory nature of this analysis. We
concluded that that a low-moderate calorie diet partitioned for carbohydrate and protein
preference is equally effective when combined with a structured exercise program for reducing the
prevalence of MetS prevalence in overweight and obese women.

Finally, we conducted a retrospective analysis of how relative protein intake affected weight loss
in 661 women who participated in this research [70]. Data were examined relative to tertiles of
protein ingestion (Low, <0.8 g/kg/d; Moderate; >0.8-1.2 g/kg/d; High >1.2 g/kg/d). The Primary
outcome was clinically significant weight loss (CSWL, 5%). Secondary outcomes included
anthropometry and measures of cardiovascular health. Results revealed that protein ingestion was:
Low (n=278; 0.65 g/kg/d + 0.12; range 0.24-0.80), Moderate (n=225; 0.98 g/kg/d + 0.12; range
0.891-1.19) and High (142 (n=142; 1.66 g/kg/d + 0.42; range 1.20-3.28). Weight change was: Gained
weight (12%; 1.01 kg [0.24, 1.78]), exhibited non-CSWL (50%; -1.81 kg, [-2.04, -1.59]) and achieved
CSWL (39%,; -7.17 kg [-7.42, -6.92]). Post-hoc assessment showed that women in the high protein
tertile did not gain a significant amount of weight (0.70 kg [-0.42, 1.81]) while those in the Low (0.97
kg [0.30, 1.64]) and Moderate protein tertiles (1.36 kg [0.84, 1.89]) gained weight. No other
significant differences were observed for weight loss or lean body mass relative to protein tertiles.
Interestingly, 57% of those consuming higher protein (1.66 + 0.42 g/kg/d) achieved CSWL vs. ~33%
in low (0.65 g/kg/d) and moderate protein (0.98 g/kg/d *+ 0.12) groups (p=0.001). Further
comparison demonstrated that Low protein consumers were significantly unlikely to achieve CSWL
while those ingesting high protein were significantly more likely to achieve CSWL. We concluded
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that despite the lack of difference for magnitude of weight loss between protein groups, high
protein consumers were significantly more likely to achieve CSWL during a short exercise
intervention consisting of resistance and cardiovascular training. Equally, higher protein
consumption may offset the magnitude of weight gain vs. lower protein intakes if weight loss is not
achieved.

5. Behavioral Factors that Contribute Weight Loss and Maintenance

In addition to considering the impact of physical activity and diet on weight loss and maintenance,
it is important consider behavioral factors that may affect weight loss success. Varkevisser et al. [47]
recently published a meta-analysis on behavior factors that affect weight loss and maintenance.
They found that 100% of studies reporting successful weight loss included not eating fast food or at
restaurants; 87% involved cutting unhealthy food from the diet; 83% involved increasing fruit &
vegetables in the diet; 80% incorporated weekly data reports that involve monitoring weight, not
using meal replacements during weight loss and maintenance, reduction of energy intake and
consumption of energy dense foods in the diet, or reducing sugar-sweetened beverages; 76%
involved increasing physical activity; and, 75% involved self-monitoring of eating; portion control,
or reducing fat intake. Our work supports these findings in that we have found that developing
training and diet relationships and partners; increasing vegetables and fruits in the diet; spacing
meals throughout the day; and, adding weekly counseling sessions, online diet and activity
monitoring, and coaching feedback enhanced compliance and improved results [71, 72]. Thus, as
one counsel’s individuals about effective weight loss strategies, the practitioner should attempt to
incorporate some of these behavioral interventions [73, 74].

6. Conclusions

Low to moderate intensity exercise provides significant health benefit but marginally affects
weight loss in sedentary individuals initiating training. Diet intervention serves as the primary means
of initially promoting weight loss in sedentary overweight or obese individuals but greater and more
sustained effects are observed when combining diet and exercise [75]. Low to moderate intensity
cardiovascular exercise has been the most common form of physical activity in weight loss studies.
However, incorporating resistance-exercise during a weight loss intervention can be an effective
way to promote fat loss without loss in fat-free mass or resting energy expenditure, particularly
when adhering to a higher protein and low fat diet. This approach is likely safe and effective for
healthy men and women, individuals at higher risk for chronic disease, elderly, and individuals with
controlled medical conditions. Individuals initiating a diet and exercise program with metabolic
syndrome or insulin resistance may experience greater benefit particularly in terms of reducing
triglycerides and managing blood glucose. Additionally, maintaining a higher protein diet may help
individuals achieve clinically significant weight loss and be more resistant to gaining weight.
Maintaining physical activity after weight loss is a primary factor in preventing weight regain.
Incorporating behavioral factors associated with weight loss or maintenance can improve outcomes.
Finally, more work is needed to understand how genetics and/or gene expression influences
outcomes as more personalize approaches are developed. These recommendations are consistent
with the recently published International Society of Sports Nutrition position stand on diets and
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body composition [76]. It is recommended that individuals interested in optimizing body
composition through training refer to this excellent review.
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