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ABSTRACT

Westcott W, Colligan A, Puhala, K, Lannutti K, La Rosa Loud R,
Vallier S. Exercise and Nutrition Effects on Body Composition and
Blood Measures in Overweight Adults. JEPonline 2017;20(1):200220. This study compared the effects of an exercise only (EO)
program with an exercise and nutrition (EN) program on body
composition, body contour, and blood measures in overweight
adults. The exercise program included 20 min each of resistance
and aerobic training. The nutrition program required 1,200 to 1,800
kcal and 2 daily protein-rich meal replacement shakes or bars.
Group 1 (n=38) did EO wks 1-12 and EN wks 13-24. Group 2 (n=37)
did EN wks 1-24. During wks 1-12 Group 2 EN attained greater
reductions in body weight, BMI, percent fat, fat weight, waist
circumference, and hip circumference than Group 1 EO. During wks
13-24, Group 1 (EN condition) attained greater reductions in body
weight, BMI, percent fat, fat weight, waist circumference, and hip
circumference than during wks 1-12 (EO condition). During wks 1324, Group 2 EN experienced similar improvements as during wks 112 in most assessments. After 24 wks, both groups improved in
body weight, BMI, percent fat, fat weight, lean weight, waist
circumference, hip circumference waist/hip ratio, systolic blood
pressure, diastolic blood pressure, and HbA1c, but Group 2 attained
greater reductions in percent fat and fat weight. The findings indicate
that EN was more effective than EO for improving body weight, body
composition, and body contours, with concurrent fat weight loss and
lean weight gain.
Key Words: Weight Loss, Fat Loss, Diet, Exercise
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INTRODUCTION
Approximately 70% of Americans are classified as overweight or obese (13), and
approximately 70% of Americans are attempting to lower their body weight by means of
reduced calorie diet plans (39). Excessive body weight is a serious medical condition that is
associated with health risk factors such as elevated plasma cholesterol, plasma glucose, and
resting blood pressure, which are contributing factors to type 2 diabetes and cardiovascular
disease (45). Unfortunately, dieting has been shown to be essentially ineffective for
maintaining long-term weight management (29). After an extensive review of the weight loss
and diet research, Mann and colleagues (29) concluded that dieting does not typically lead to
sustained improvements in body weight or health, and that dieters who maintain their weight
loss are rare exceptions.
In fact, recent research indicates that physical activity has a stronger association with
desirable weight status than diet quality (34). Several studies (14,25,40,43) have shown that
exercise is an effective means for attaining and maintaining a lower body weight. However, a
well-designed study of physical activity in the United States found that less than 4% of adults
and 3% of older adults exercise at the recommended criteria for intensity (3 Mets), duration
(30 min), and frequency (5 d·wk-1) (44).
Aerobic activity is generally recommended for weight reduction due to the relatively high
energy expenditure associated with endurance exercise. However, resistance exercise may
be at least as effective as aerobic activity for weight loss due to the 5% to 9% increase in
daily resting energy expenditure that results from regular strength training (7,15,18,36,45).
Additionally, muscular fitness appears to be inversely related to excessive body fat (20), and
has been shown to reduce metabolic/cardiovascular risk profiles in overweight individuals
(38).
Another reason for adults with undesirable body mass index (BMI) to perform resistance
exercise is the progressive muscle loss that accompanies inactive aging. On average,
sedentary adults lose muscle mass at the rate of 5% per decade before age 50 (12), and up
to 10% per decade after age 50 (30,32). Muscle loss is associated with resting metabolic rate
reduction, which facilitates fat gain (24,50). Dieting exacerbates this problem because
approximately 25% of the weight loss with typical diet plans is lean tissue, which further
reduces resting energy expenditure and increases the likelihood of weight regain (5). In one
study (31), just 2 wks of dieting (60% of normal calorie intake) resulted in a 1.6 kg reduction
in lean body mass. Research has demonstrated that resistance training is effective for
increasing lean weight and resting metabolic rate, as well as for decreasing fat weight
(7,19,36,49). To increase the likelihood of concurrent fat weight loss and lean weight gain,
weight reduction programs should include resistance exercise.
Research indicates that muscle gain and fat loss associated with resistance exercise may be
enhanced by increased daily protein intake (8,9,35,46), as well as by consuming protein in
close time proximity to strength training sessions (3,10,16,22,48). In a recent study by
Jakeman et al., (21), subjects who substituted a protein supplement for breakfast and lunch
(~22 gm of protein for a 68 kg individual) significantly increased lean weight; whereas, control
subjects actually decreased lean weight. Therefore, it would seem advisable for sustainable
weight management programs to feature diet plans that have higher protein content
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(especially leucine) and provide 20 or more gm of protein for breakfast, lunch, and pre/post
workout snacks (21).
Our previous short-term exercise and nutrition study incorporated moderate calorie
restrictions (1,200 to 1,500 kcal·d-1 for women and 1,500 to 1,800 kcal·d-1 for men), which
were well-received by the subjects in the study (46). These calorie ranges, in conjunction with
resistance exercise and higher protein intake, were effective for significantly reducing the
subjects’ body weight, BMI, percent fat, fat weight, waist circumference (WC), systolic blood
pressure (SBP), and diastolic blood pressure (DBP) while maintaining lean weight.
The findings from a meta-analysis of selected weight loss studies led Mann and colleagues
(29) to recommend that future obesity research focus on exercise rather than diets.
However, we decided to conduct a longer-term and more comprehensive study of combined
exercise and nutrition effects on body composition and blood measures. As in our prior shortterm study, this research program required the subjects to perform strength and endurance
training, reduce daily calorie consumption, and increase daily protein intake. The purpose of
this study was to compare between-group and within-group effects of an Exercise-Only (EO)
condition with an Exercise-Nutrition (EN) condition on body composition, body contours, and
blood measures in overweight and obese adults. We hypothesized that the EN condition
would elicit significantly greater improvements than the EO condition in body weight, %fat, fat
weight, body contours, and blood measures, and that both treatments would produce similar
increases in lean weight.
METHODS
Subjects
The present study was approved by the Quincy College Institutional Review Board (IRB) and
was conducted in complete compliance with the IRB guidelines. The original plan for the
study consisted of 100 otherwise healthy overweight or obese men and women who met the
following inclusion criteria: ages between 18 and 75 yrs, BMI between 27 to 40, total blood
cholesterol (TBC), less than 240 mg·dL-1, SBP less than 140 mmHg, DBP less than 90
mmHg, and physically capable of performing standard strength and endurance exercise. The
exclusion criteria encompassed hypertension, cardiovascular disease, cancer, asthma,
glaucoma, thyroid, kidney, liver, and pancreatic disease, statin medications, weight loss
medications, smoking more than one pack of cigarettes a day, consuming more than 1
(women) or 2 (men) alcoholic drinks per day, as well as being pregnant or breastfeeding.
In response to two regional newspaper articles, 185 overweight/obese adults attended the
study orientation meeting. Ninety-five of the potential subjects were eliminated based on the
study exclusion criteria. The 90 remaining men and women were randomized by BMI into two
treatment groups. During the first 12-wk training period, Group 1 followed the EO program
and Group 2 followed the EN program in parallel design. During the second 12-wk period
Group 1 crossed over from the EO condition to the EN condition; whereas, Group 2
continued the EN condition. During the course of the study, 15 subjects (6 from Group 1 and
9 from Group 2) discontinued the program for the following reasons: medical issue not related
to the study - 6; work schedule change - 5; marriage - 1; personal - 1; did not complete
required exercise sessions - 1; did not substitute required meal replacements - 1.
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Seventy-five men and women between the ages of 23 and 73 yrs completed the 24-wk study
and met all of their respective program requirements for exercise (85% of 48 scheduled
training sessions), nutrition (reduced calorie diet plan with 2 daily protein-rich meal
replacements), and assessments (initial, 12-wk, and 24-wk assessments of body weight,
body composition, body contours, resting blood pressure, blood lipids, and HbA1c). Group 1
completers were 34 women and 4 men, 57.1 + 10.3 yrs of age with a mean BMI of 31.9 + 4.3.
Group 2 completers were 26 women and 11 men, 55.9 + 8.8 yrs of age, with a mean BMI of
32.4 + 5.0. Initial physical characteristics for both groups are presented in Table 1.
Table 1. Baseline Physical Characteristics for Group 1 and Group 2 Subjects. (N = 38)a
Characteristic
Age (yrs)

Group 1
(n = 38)
57.11 ± 10.34

Group 2
(n = 37)
55.88 ± 8.78

Height (in)

65.29 ± 3.22

66.81 ± 3.79

Body Weight (kg)

87.96 ± 13.76

93.37 ± 15.62

BMI

31.90 ± 4.27

32.38 ± 4.96

%Fat (points)

30.40 ± 4.20

29.67 ± 5.25

Fat Weight (kg)

26.89 ± 6.45

27.90 ± 7.81

Lean Weight (kg)

61.07 ± 9.25

65.47 ± 10.78

WC (in)

41.68 ± 4.13

42.47 ± 5.39

HC (in)

44.80 ± 3.75

45.91 ± 5.08

0.93 ± 0.06

0.93 ± 0.09

SBP (mmHg)

127.29 ± 12.92

127.38 ± 11.87

DBP (mmHg)

78.53 ± 8.34

78.62 ± 9.55

TBC (mg·dL-1)

184.34 ± 27.14

185.84 ± 40.06

LDL (mg·dL-1)

106.76 ± 26.98

102.97 ± 34.62

HDL (mg·dL-1)

57.79 ± 10.29

63.60 ± 20.60

TRI (mg·dL-1)

100.13 ± 39.55

96.27 ± 38.14

5.67 ± 0.29

6.01 ± 1.19

W/H Ratio

HbA1c (%)
a

All values given as mean ± SD. BMI = body mass index; WC = waist circumference; HC = hip circumference;
W/H Ratio = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; TBC = total blood
cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol; TRI =
triglycerides; SD = standard deviation
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Procedures
All subjects were instructed and closely supervised in the physical activity classes at the
college fitness research facility, where they performed strength and endurance exercise in
accordance with the American College of Sports Medicine (ACSM) and the American Heart
Association (AHA) recommended protocols (17). Each exercise class consisted of 6 to 8
subjects instructed by two nationally certified fitness professionals. Subjects in the EN
condition received personalized monthly supplies of protein-rich meal replacements (shakes,
meal bars, and snack bars), and had the option to join periodic conference calls regarding the
nutrition program. The EN subjects reported that they consistently substituted the commercial
meal replacements for 2 daily meals (typically breakfast and lunch).
Exercise Program
The exercise program included ~20 min of resistance machine training and ~20 min of
aerobic activity on Monday and Wednesday or Tuesday and Thursday, with make-up days on
Friday and Saturday. As presented in Table 2, the subjects performed 1 set of 3 successive
leg exercises (leg extension, leg curl, and leg press) followed by 6 to 7 min of aerobic activity
(treadmill, cycle, or rower). Then, they would do 1 set of 3 successive upper body exercises
(chest press, lat pull down, and shoulder press) followed by 6 to 7 min of aerobic activity
(treadmill, cycle, or rower), and then 1 set of 3 successive core exercises (abdominal curl,
low-back extension, and torso rotation) followed by 6 to 7 min of aerobic activity (treadmill,
cycle, or rower). Each set of resistance exercise was performed with a weight load that could
be lifted between 8 to 12 repetitions in a controlled manner (about 3 sec for concentric
muscle actions and 3 sec for eccentric muscle actions). Whenever 12 repetitions could be
completed with correct technique, the weight load was increased by approximately 5%. Each
6 to 7 min session of aerobic activity was performed in an interval training protocol with 20sec higher-effort segments alternated with 20-sec lower-effort segments.
Table 2. Exercise Protocol for All Study Subjects (N = 75).
Exercise

Sets x Reps/Duration

Leg Extension
Leg Curl
Leg Press
Aerobic Activity..…………………………….
Chest Press
Lat Pull-Down
Shoulder Press
Aerobic Activity..…………………………….
Abdominal Curl
Low Back Extension
Torso Rotation
Aerobic Activity…..………………………….

1 set x 8-12 repetitions
1 set x 8-12 repetitions
1 set x 8-12 repetitions
6-7 min x 20 sec intervals
1 set x 8-12 repetitions
1 set x 8-12 repetitions
1 set x 8-12 repetitions
6-7 min x 20 sec intervals
1 set x 8-12 repetitions
1 set x 8-12 repetitions
1 set x 8-12 repetitions
6-7 min x 20 sec intervals

Nutrition Program
The nutrition program was based on a reduced-calorie recommendation of 1,200 to 1,800
kcal·d-1 (female subjects typically consumed 1,200 to 1,500 kcal·d-1 while the male subjects
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typically consumed 1,500 to 1,800 kcal·d-1). In order to attain the recommended calorie
consumption with a relatively high protein intake, the subjects substituted 2 protein-rich meal
replacements daily (typically breakfast and lunch). The meal replacement shakes contained
260 kcal, 24 gm protein, 36 gm carbohydrate, 3 gm fat, and 6 gm dietary fiber. The meal
replacement bars contained 260 kcal, 20 gm protein, 32 gm carbohydrate, 6 gm fat, and 6 gm
dietary fiber. The subjects also received a supply of snack bars, (140 kcal, 9 gm protein, 18
gm carbohydrate, 4 gm fat, and 3 gm dietary fiber) and tea options in case they felt hungry
between meal times. The nutritional resources were personalized for protein type (whey, soy,
or non-soy plant-based blend) and flavor preferences.
Assessments
All subjects were assessed for body weight, BMI, percent fat, fat weight, lean weight, WC, hip
circumference (HC), waist/hip ratio (W/H ratio), SBP, DBP, TBC, LDL cholesterol (LDL), HDL
cholesterol (HDL), triglycerides (TRI), and HbA1c at the beginning of the study, after 12 wks
of training, and after 24 wks of training. The following assessments were taken in a separate
fitness testing office by the same experienced and nationally-certified fitness professional:
body weight to the nearest 0.2 pound on an electronic scale (Tanita); body composition
(percent fat, fat weight, and lean weight) by means of computerized ultrasound technology
(Soma-Tech); waist and hip circumference to the nearest 1/16th in; and resting blood
pressure by means of a calibrated sphygmomanometer and stethoscope. All of the blood
samples were drawn at a local medical facility and assessed for lipid profiles and HbA1c at a
local laboratory.
Statistical Analyses
All data are presented as means (m) ± standard deviation (SD). Independent samples t-tests
were applied to determine statistically significant differences in means between Group 1 and
Group 2 in each of the assessment areas. Dependent samples t-tests were performed to
compare the 1-12 wk and 13-24 wk within-group changes in each of the assessment areas
for both Group 1 and Group 2. The alpha level for statistically significant differences was set
as P≤0.05. All data analyses were performed using IBM SPSS Statistics 23 software. Data
from the 4 group comparisons were analysed for changes in the following parameters: body
weight, BMI, percent fat, fat weight, lean weight, WC, HC, W/H ratio, SBP, DBP, TBC, LDL,
HDL, TRI, and HbA1c. Results for between-group changes for Group 1 EO (1-12 wks) vs.
Group 2 EN (1-12 wks) are presented in Table 3. Results for within-group changes for Group
1 EO (1-12 wks) vs. Group 1 EN (13-24 wks) are presented in Table 4. Results for withingroup changes for Group 2 EN (1-12 wks) vs. Group 2 EN (13-24 wks) are presented in
Table 5. Results for between group changes for Group 1 EO/EN (1-24 wks) vs. Group 2
EN/EN (1-24 wks) are presented in Table 6.
RESULTS
Changes in body weight, BMI, percent fat, fat weight, lean weight, WC, HC, W/H ratio, SBP,
DBP, TBC, LDL, HDL, TRI, and HbA1c for the 4 group analyses are presented below and in
Tables 3-6.
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Analysis 1: Group 1 EO (1-12 wks) vs. Group 2 EN (1-12 wks)
Table 3. Changes in Subject Physical Characteristics for Group 1 EO (1-12 Weeks) and
Group 2 EN (1-12 Weeks). (N = 38)a

Characteristic

a

Group 1 EO (1-12 wks)

Group 2 EN (1-12 wks)

(n = 38)

(n = 37)

Body Weight (kg)

- 0.60 ± 2.11

- 2.82 ± 3.33b,c

BMI

- 0.22 ± 0.80

- 0.98 ± 1.11b,c

% Fat (points)

-1.43 ± 0.85b

-2.61 ± 1.38b,c

Fat Weight (kg)

- 1.45 ± 1.26b

- 3.16 ± 1.86b,c

Lean Weight (kg)

+ 0.85 ± 1.47b

+ 0.34 ± 2.10

WC (in)

- 1.13 ± 1.09b

- 1.78 ± 1.58b,c

HC (in)

- 0.63 ± 0.84b

- 1.46 ± 1.19b,c

W/H Ratio

- 0.01 ± 0.03b

- 0.01 ± 0.03b

SBP (mmHg)

- 2.21 ± 6.91

- 3.16 ± 10.29

DBP (mmHg)

- 2.50 ± 5.82b

- 2.35 ± 6.91b

TBC (mg·dL-1)

+ 1.47 ± 18.60

- 5.54 ± 25.13

LDL (mg·dL-1)

+ 2.21 ± 15.72

- 0.51 ± 22.55

HDL (mg·dL-1)

- 1.82 ± 6.36

- 4.49 ± 10.58b

TRI (mg·dL-1)

+ 4.53 ± 29.39

- 2.70 ± 32.49

HbA1c (%)

- 0.08 ± 0.18b

- 0.21 ± 0.62b

b

c

All values given as mean ± SD; Significant change over 12-wk training period (P<0.05); Significant difference
between training conditions (P<0.05); BMI = body mass index; WC = waist circumference; HC = hip
circumference; W/H Ratio = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; TBC
= total blood cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol;
TRI = triglycerides; SD = standard deviation
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The following results were attained for Group 1 EO and Group 2 EN during the 1-12 wk
training period (Table 3). Group 2 EN experienced significantly greater changes than Group 1
EO in body weight (- 2.82 kg vs. - 0.60 kg, P = 0.001), BMI (- 0.98 vs. - 0.22, P = 0.001),
percent fat (- 2.61 pts vs. - 1.43 pts, P = 0.000), fat weight (- 3.16 kg vs. - 1.45 kg, P = 0.000),
WC (-1.78 in vs. -1.13 in, P = 0.041), and HC (- 1.46 in vs. - 0.63 in, P = 0.002). There were
no significant differences between Group 1 EO and Group 2 EN in lean weight, W/H ratio,
SBP, DPB, TBC, LDL, HDL, TRI, or HbA1c (see Table 3). Body composition changes are
illustrated in Figure 1.
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0
-0.5
-1
-1.5
-2
-2.5
-3

*

*

-3.5
% Fat (percent)

*
*
1 EO
2 EN
Fat
weight
(kg)

1 EN Lean Weight (kg)

Figure 1. Body composition changes after 12 weeks of training for Group 1 EO, Group
2 EN, and Group 1 EN. *Significantly different from Group 1 EO (P<0.05)
Analysis 2: Group 1 EO (1-12 wks) vs. Group 1 EN (13-24 wks)
The following results were attained for Group 1 EO during the 1-12 wk training period and
Group 1 EN during the 13-24 wk training period. Group 1 EN experienced significantly
greater changes than Group 1 EO in body weight (- 2.26 kg vs. -0.60 kg, P = 0.001), BMI (0.81 vs. - 0.22, P = 0.001), percent fat (- 2.67 pts vs. - 1.43 pts, P = 0.000), fat weight (- 2.94
kg vs. - 1.45 kg, P = 0.000), WC (- 1.76 in vs. - 1.13 in, P = 0.024), and HC (- 1.15 in vs. 0.63 in, P = 0.007). There were no significant differences between Group 1 EN and Group 1
EO in lean weight, W/H ratio, SBP, DBP, TBC, LDL, HDL, TRI, or HbA1c (see Table 4).
Body composition changes are illustrated in Figure 1.
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Table 4. Changes in Subject Physical Characteristics for Group 1 EO (1-12 Weeks) and
Group 1 EN (13-24 Weeks). (N = 38)a

Characteristic

a

Group 1 EO (1-12 wks)

Group 1 EN (13-24 wks)

(n =38)

(n =38)

Body Weight (kg)

- 0.60 ± 2.11

- 2.26 ± 2.25b,c

BMI

- 0.22 ± 0.80

- 0.81 ± 0.79b,c

% Fat (points)

-1.43 ± 0.85b

-2.67 ± 1.08b,c

Fat Weight (kg)

- 1.45 ± 1.26b

- 2.94 ± 1.58b,c

Lean Weight (kg)

+ 0.85 ± 1.47b

+ 0.68 ± 1.48b

WC (in)

- 1.13 ± 1.09b

- 1.76 ± 1.38b,c

HC (in)

- 0.63 ± 0.84b

- 1.15 ± 0.83b,c

W/H Ratio

- 0.01 ± 0.03b

- 0.02 ± 0.03b

SBP (mmHg)

- 2.21 ± 6.91

- 3.66 ± 6.71

DBP (mmHg)

- 2.50 ± 5.82b

- 3.11 ± 5.13b

TBC (mg·dL-1)

+ 1.47 ± 18.60

- 5.39 ± 20.92

LDL (mg·dL-1)

+ 2.21 ± 15.72

- 5.92 ± 16.89b

HDL (mg·dL-1)

- 1.82 ± 6.36

+ 0.18 ± 6.58

TRI (mg·dL-1)

+ 4.53 ± 29.39

+ 1.66 ± 27.32

HbA1c (%)

- 0.08 ± 0.18b

- 0.01 ± 0.26

All values given as mean + SD; bSignificant change over 12-wk training period (P<0.05); cSignificant difference
between training conditions (P<0.05); BMI = body mass index; WC = waist circumference; HC = hip
circumference; W/H Ratio = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; TBC
= total blood cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol;
TRI = triglycerides; SD = standard deviation
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Analysis 3: Group 2 EN (1-12 wks) vs. Group 2 EN (13-24 wks)
The following results were attained for Group 2 EN during the 1-12-wk training period and
Group 2 EN during the 13-24 wk training period. The Group 2 subjects experienced similar
changes during the first and second 12-wk training periods in body weight, BMI, percent fat,
fat weight, WC, W/H ratio, SBP, DBP, TBC, LDL, TRI, and HbA1c (see Table 5). During the
second 12-wk training period Group 2 subjects experienced significantly greater changes
than during the first 12-wk training period in lean weight (+ 1.33 kg vs. + 0.34 kg, P = 0.002),
and HDL (+ 3.03 mg·dL-1 vs. -4.49 mg·dL-1, P = 0.019), as well as significantly less change in
HC (- 0.76 in vs. - 1.46 in, P = 0.001). Body composition changes are illustrated in Figure 2.
Table 5. Changes in Subject Physical Characteristics for Group 2 EN (1-12 Weeks) and
Group 2 EN (13-24 Weeks). (N = 37)a

Characteristic

Group 2 EN (1-12 wks)
(n =37)

Group 2 EN (13-24 wks)
(n =37)

Body Weight (kg)

- 2.82 ± 3.33b

- 1.90 ± 2.42b

BMI

- 0.98 ± 1.11b

- 0.64 ± 0.78b

% Fat (points)

-2.61 ± 1.38b

-3.14 ± 1.39b

Fat Weight (kg)

- 3.16 ± 1.86b

- 3.23 ± 1.73b

Lean Weight (kg)

+ 0.34 ± 2.11

+ 1.33 ± 1.68b,c

WC (in)

- 1.78 ± 1.58b

- 1.51 ± 1.30b

HC (in)

- 1.46 ± 1.19b

- 0.76 ± 0.63b,c

W/H Ratio

- 0.01 ± 0.03b

- 0.02 ± 0.03b

SBP (mmHg)

- 3.16 ± 10.29

- 3.81 ± 9.61b

DBP (mmHg)

- 2.35 ± 6.91b

- 2.32 ± 6.33b

TBC (mg·dL-1)

- 5.54 ± 25.13

- 0.81 ± 18.91

LDL (mg·dL-1)

- 0.51 ± 22.55

- 4.03 ± 16.71

HDL (mg·dL-1)

- 4.49 ± 10.59b

+ 3.03 ± 10.36c

TRI (mg·dL-1)

- 2.70 ± 32.49

+ 0.86 ± 43.94

HbA1c (%)

- 0.21 ± 0.62b

- 0.04 ± 0.23b
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a

All values given as mean ± SD; bSignificant change over 12-wk training period (P<0.05); cSignificant difference
between training conditions (P<0.05); BMI = body mass index; WC = waist circumference; HC = hip
circumference; W/H Ratio = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; TBC
= total blood cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol;
TRI = triglycerides; SD = standard deviation

* Significantly different from weeks 1-12 (P <0.05)
Figure 2. Body Composition Changes during Weeks 1-12 and Weeks 13-24 for Group 2
EN/EN.
Analysis 4: Group 1 EO (1-12 wks) + EN (13 -24 wks) vs. Group 2 EN (1-24 wks)
The following results were attained for Group 1 EO/EN and Group 2 EN/EN over the 24-wk
training period. As presented in Table 6, both groups experienced significant changes in body
weight, BMI, percent fat, fat weight, lean weight, WC, HC, W/H ratio, SBP, DBP, and HbA1c,
and non-significant changes in TBC, LDL, HDL and TRI. Group 2 EN/EN experienced
significantly greater improvements than Group 1 EO/EN in percent body fat (- 5.75 pts vs. 4.10 pts, P = 0.000) and fat weight (- 6.38 kg vs. - 4.39 kg, P = 0.002). Body composition
changes are illustrated in Figure 3.
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Table 6. Changes in Subject Physical Characteristics for Group 1 EO + EN and Group 2
EN Over 24 Weeks. (N = 75)a
Characteristic

a

Group 1 EO + EN (24 wks)

Group 2 EN (24 wks)

(n =38)

(n =37)

Body Weight (kg)

- 2.86 ± 3.30b

- 4.72 ± 4.82b

BMI

- 1.02 ± 1.20b

- 1.62 ± 1.56b

% Fat (points)

-4.10 ± 1.64b

-5.75 ± 2.17b,c

Fat Weight (kg)

- 4.39 ± 2.43b

- 6.38 ± 2.82b,c

Lean Weight (kg)

+1.53 ± 2.34b

+ 1.66 ± 3.34b

WC (in)

- 2.88 ± 1.85b

- 3.29 ± 2.21b

HC (in)

- 1.78 ± 1.24b

- 2.23 ± 1.50b

W/H Ratio

- 0.03 ± 0.04b

- 0.03 ± 0.03b

SBP (mmHg)

- 5.87 ± 9.27b

- 6.97 ± 11.60b

DBP (mmHg)

- 5.61 ± 7.00b

- 4.68 ± 5.86b

TBC (mg·dL-1)

+ 3.92 ± 20.06

- 6.35 ± 24.21

LDL (mg·dL-1)

+ 3.71 ± 17.67

- 4.54 ± 19.86

HDL (mg·dL-1)

- 1.63 ± 5.93

- 1.46 ± 9.67

TRI (mg·dL-1)

+ 6.18 ± 33.97

- 1.84 ± 40.26

HbA1c (%)

- 0.08 ± 0.22b

-0.26 ± 0.70b

All values given as mean + SD; bSignificant change over 24-wk training period (P<0.05); cSignificant difference
between training conditions (P<0.05); BMI = body mass index; WC = waist circumference; HC = hip
circumference; W/H Ratio = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; TBC
= total blood cholesterol; LDL = low density lipoprotein cholesterol; HDL = high density lipoprotein cholesterol;
TRI = triglycerides; SD = standard deviation
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*Significantly different from Group 1 EO/EN (P<0.05)
Figure 3. Body Composition Changes over 24 wks of Training for Group 1 EO/EN and
Group 2 EN/EN.
DISCUSSION
Our between-group and within-group analyses demonstrated that the 12-wk EN program was
more effective than the 12-wk EO program for improving body composition and body
contours in overweight/obese adults. These results were consistent with the findings of our
previous 10-wk study (46), in which the EN condition elicited significantly greater reductions
in body weight, BMI, percent fat, fat weight, and WC than the EO condition. The results of our
10-wk and 12-wk studies also revealed that lean weight gains were statistically similar for
both the EN and EO conditions, indicating that weight loss and fat loss may be attained
without a concomitant reduction in lean weight.
Our third analysis demonstrated that in all assessment areas, except for HC, the rates of
improvement during the first 12 wks of the EN condition were maintained or increased during
the second 12 wks of the EN condition. This finding indicates that the results attained in our
previous 10-wk study (46) were not limited to a short-term program of diet and exercise. The
previous study subjects experienced a mean weekly fat weight loss of 0.32 kg and a mean
weekly lean weight gain of 0.08 kg over a 10-wk training period. The present study subjects
experienced a mean weekly fat weight loss of 0.27 kg and a mean weekly lean weight gain of
0.07 kg over a 24-wk training period.

213

Our fourth analysis showed that both Group 1 (12 wks EO and 12 wks EN) and Group 2 (24
wks EN) achieved similar and significant improvements in body weight, BMI, percent fat, fat
weight, lean weight, WC, HC, WC/HC ratio, SBP, DBP, and HbA1c. However, Group 2
attained significantly greater reductions in percent fat and fat weight than Group 1, indicating
that the full-term combination of exercise and nutrition was more effective for improving these
important health factors in overweight/obese adults.
A major finding from our study was the Group 2 subjects’ relatively large improvement in
percent body fat (29.51% to 23.75%), which was attained through concurrent fat weight loss
(-6.38 kg) and lean weight gain (+1.66 kg). Although consistent with our previous 10-wk study
(46), the significant increase in lean weight is atypical for most weight loss programs. Even
brief periods of caloric restriction have been shown to significantly reduce lean weight (31).
The concurrent fat weight decrease and lean weight increase observed during this calorierestricted weight loss program was most likely due to resistance training and higher daily
protein intake. As in our study, Longland et al. (28) found significant fat weight decrease and
lean weight increase with a hypo-energetic diet combined with resistance exercise and higher
daily protein intake. Although endurance exercise has been shown to attenuate lean weight
loss during dieting (1), it appears that strength training and increased protein intake are key
factors for increasing muscle mass under conditions of calorie restriction (26,37).
Our study included both resistance exercise and aerobic activity, performed in a 40-min
circuit-training protocol. According to the American College of Sports Medicine’s position
paper on weight loss and regain (2), combined resistance and aerobic training is superior to
either exercise modality alone with respect to concurrent fat weight loss and lean weight gain
(4,33). Based on our subjects’ significant improvements in body composition, the combined
training approach appears to be an effective intervention for overweight/obese adults. It is
noted that only 1 subject was eliminated from our study for failure to complete the required
training sessions.
Several studies have shown that higher protein intake enhances the effects of diet and
exercise for reducing fat weight and increasing lean weight (4,11,28,33,46). Some studies
have demonstrated these effects with post-exercise protein supplementation (10,11,16,22,
47), while other research has shown similar effects with higher non-specific daily protein
intake (27,28,46). In our study, subjects substituted relatively high-protein shakes (24 gm
protein) and meal bars (20 gm protein) for breakfast and lunch, thereby spreading their
protein intake more evenly throughout the day. Research indicates that more equal protein
consumption at breakfast, lunch, and dinner may enhance lean weight gain (21).
Our present 24-wk study employed the same recommendation for reduced daily caloric
intake as our previous 10-wk study, approximately 1,200-1,500 kcal·d-1 for women, and
1,500-1,800 kcal·d-1 for men. As noted above, the mean weekly fat weight loss and lean
weight gain were comparable in both studies. This finding indicates that these dietary
guidelines may be effectively maintained by overweight/obese adults over the course of a 6month exercise and nutrition program, as only 1 subject was eliminated from the study for
failure to maintain dietary compliance.
Group 2 subjects performed the EN protocol for the full 24-wk training period. Their mean fat
weight loss was similar during the first 12-wk session (-3.16 kg) and the second 12-wk
session (-3.23 kg). However, they gained significantly more lean weight during wks 13-24
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(+1.33 kg) than during wks 1-12 (+0.34 kg). A possible explanation for the smaller lean
weight gain over wks 1-12 may be that this group of overweight/obese adults needed more
time for optimal physiological adaption to concurrent lifestyle changes of reduced calorie
intake and regular strength/endurance exercise.
Both Group 1 and Group 2 experienced significant reductions in SBP and DBP over the 24wk training period, and these findings were consistent with those in our previous exercise and
nutrition studies (46,48). With respect to blood lipids, neither group had significant changes in
TBC, LDL, HDL, or TRI levels between wks 1 and 24. These findings are in agreement with
those reported in a 2016 study that examined the effects of resistance training on metabolic
syndrome (41). However, our results differed from a research review by Kelley and Kelley
that found resistance exercise was associated with modest improvements in blood lipids,
except for HDL (23). A possible explanation for our non-significant blood lipid changes may
be that both training groups began the study with excellent blood lipid profiles.
One of the most serious medical issues associated with obesity is type 2 diabetes, which is
predicted to affect 1 in 3 adults by 2050 (6). Although our subjects were randomized by BMI,
immediately following the initial blood analyses 2 subjects with high HbA1c readings were
moved from Group 1 to Group 2 at the request of the study medical doctor and with approval
from their personal physicians. Both training groups experienced significant reductions in
HbA1c. HbA1c decreased from 5.67% to 5.59% in Group 1, with almost all of the change
occurring during wks 1-12. HbA1c decreased from 6.01% to 5.75% in Group 2, with almost all
of the change occurring during wks 1-12. These findings were consistent with a 2009 metaanalysis conclusion that resistance exercise reduces HbA1c in people with abnormal glucose
metabolism (42). Our data suggest that the majority of HbA1c improvement related to
exercise and nutrition interventions may occur during the first several wks of the training
program. A future study that examines HbA1c response in pre-diabetic or type 2 populations
may be warranted.
A possible limitation of our study may have been the preponderance of female participants
(60 women and 15 men). This 4:1 female/male ratio was between the gender ratios in our
previous weight loss study (about 5:1) (46) and our previous body composition study (about
3:1) (49), in which the male subjects experienced significantly greater increases in lean
weight and significantly greater decreases in fat weight than the female subjects. Therefore, it
would seem unlikely for a more even gender distribution of the subjects to result in less body
composition improvement.
Another possible limitation of the present study may have been the relatively high mean age
of the subjects. The mean age of the subjects was 56.5 yrs, which was between the mean
age in our previous weight loss study (59.7 yrs) (46) and our previous body composition
study (53.8 yrs) (49). Our research has found no significant differences in lean weight gains
among younger, middle-aged, and older adult categories between 20 and 80 yrs of age (49).
However, we have not examined fat weight loss across age ranges, and it is possible that
younger adults may respond differently than older adults.
An additional limitation may have been the inclusion of overweight as well as obese study
subjects, which placed the mean baseline BMI at the low end of the obese range. Although
this may affect generalizability of our results, individuals who begin an exercise and nutrition
program with a higher BMI, more fat weight, and less lean weight would typically be expected
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to make more body composition improvement than those with a lower BMI, less fat weight,
and more lean weight.
CONCLUSIONS
A 12-wk program of strength and endurance exercise was effective for improving percent fat,
fat weight, lean weight, WC, HC, W/H ratio, DBP, and HbA1c in overweight/obese adults.
However, the addition of a lower calorie and higher protein nutrition plan resulted in
significantly greater reductions in body weight, BMI, percent fat, fat weight, WC, and HC over
the same training period.
Significant changes in body weight, BMI, percent fat, fat weight, WC, W/H ratio, DBP, and
HbA1c attained during the first 12 wks of the EN condition improved at similar rates during
the second 12 wks of the EN condition, indicating that the EN program may be applied for at
least 24 wks without reduced training effects.
A 24-wk program of strength and endurance exercise that included 12 wks of lower calorie
and higher protein nutrition elicited significant improvements in body weight, BMI, percent fat,
fat weight, lean weight, WC, HC, W/H ratio, SBP, DBP, and HbA1c. However, 24 wks of EN
was more effective than 12 wks of EO and 12 wks of EN for reducing percent fat and fat
weight, which are important program outcomes for overweight/obese individuals.
A reduced calorie diet plan in conjunction with resistance exercise and higher protein intake
can concurrently decrease fat weight and increase lean weight. Unlike most weight loss
studies that show a decrease in lean weight, our program participants experienced both
significant fat weight loss and lean weight gain.
Significant improvements in HbA1c were attained during the first 12 wks of all the EO and EN
programs. This was particularly impressive in the Group 2 EN subjects who reduced their
mean HbA1c reading from 6.01% to 5.79% during their initial training period.
Based on the results of this study, medically approved overweight/obese adults who perform
a 12 to 24-wk program of strength and endurance exercise, eat approximately 1,200 to 1,500
kcal·d-1 for women or 1,500 to 1,800 kcal·d-1 for men, and substitute protein-rich shakes and
bars for breakfast and lunch should attain significant improvements in body weight, body
composition, body contours, blood pressure, and HbA1c. Therefore, it is suggested that
overweight/obese patients and clients may experience more successful and sustainable
weight management by following a moderate calorie diet plan that includes high protein meal
replacements, and by performing a basic exercise program that includes resistance and
aerobic training.
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