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Abstracts

Introduction

The purpose of this study was to examine the effect of aerobic
exercise and anti-atherosclerotic diet intervention on visceral adipose
tissue (VAT), subcutaneous adipose tissue (SAT), lipid profiles and
insulin (IN) concentration in overweight adults.

Studies have shown that there is a strong association between
excess abdominal adipose tissue and the presence of metabolic risk
factors [1, 2] which include abdominal obesity, elevated plasma
glucose, dyslipidemia, and hypertension [3,4]. Note that intraabdominal fat includes retroperitoneal and intraperitoneal fat with
the latter also known as visceral adipose tissue (VAT) [5,6]. VAT is
considered an important biomarker of metabolic dysfunctions that
are linked to cardiovascular disease [5-9]. Note that the effect of
abdominal obesity including VAT contributes to insulin resistance
or insulin sensitivity in overweight and obese people and also in
non-obese people of normal weight [5,6]. Researchers have used
computed tomography or magnetic resonance imaging (MRI) to
categorize adipose tissue mass at the abdominal level into intraabdominal fat and subcutaneous fat [10,11,12]. The advantage of
employing MRI scan in assessing abdominal obesity is that it can
accurately quantify VAT distribution and is a safe, non-invasive and
non-radioactive technology that can be used in weight control study
with pre-intervention and repeated follow-up assessments of regional
adipose tissue distribution [10-12].

Method: Thirty-six sedentary overweight adults, age 20 to 25 yr,
volunteered as study subjects. Subjects were randomly assigned
to: 1) exercise training with American Heart Association antiatherosclerotic Step 1 (AHA-S1) diet (E+D, n=12), 2) exercise
training alone (without the AHA-S1 diet) (EX, n=12), and 3) notreatment control (CON, n=12). The E+D trained 45 min a day at 70%
of VO2peak, 3 days/week and consumed the AHA-S1 diet for 12 weeks,
while the EX trained at the identical exercise intensity, duration and
frequency without the AHA-S1 diet for 12 weeks. The CON did not
engage in exercise training and consumed preferred habitual diet for
the same study duration. Study outcome measurements include a
magnetic resonance imaging scan for visceral adipose tissue (VAT)
and subcutaneous adipose tissue (SAT), body weight (BW), VO2peak,
insulin concentration (IN), and fasting lipids.
Results: The E+D showed significant (p<0.05) reduction in VAT,
SAT, WT and IN as well as increase in VO2peak and HDL-cholesterol.
The EX showed significant (p<0.05) reduction in IN and increase in
VO2peak and HDL-Cholesterol.
Conclusion: E+D was effective in lowering SAT, VAT, WT and IN
as well as enhancing VO2peak and HDL-cholesterol, while EX was
effective in lowering IN and enhancing VO2peak and HDL-cholesterol
in sedentary overweight adults.
Keywords: Aerobic exercise, American Heart Association Step-One
diet, MRI, Abdominal and visceral fat, VO2peak, LDL-cholesterol,
HDL-cholesterol,
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Studies have shown that in sedentary overweight adults, training
with aerobic exercise enhanced cardiorespiratory fitness [13-15], and
lowered body weight, VAT [16-20], risk factors for cardiovascular
disease [15, 21], fasting insulin and triglyceride levels [16]. Although
the independent effect of exercise training and weight loss on
metabolic disorders has been investigated, the inter-relationship of
exercise and abdominal obesity, VAT and cardiovascular disease
is unknown [22-26]. It is unclear if exercise training with an antiatherosclerotic diet can induce weight loss, lower VAT distribution and
the risk for the development of metabolic disease in young sedentary
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and overweight adults. The purpose of this study was to examine the
effect of exercise training and anti-atherosclerotic diet intervention
on VAT distribution, subcutaneous adipose tissue (SAT), serum lipid
profiles and insulin (IN) concentration, and cardiorespiratory fitness
in young sedentary overweight adults. We hypothesize that exercise
training with dietary intervention will lower VAT, SAT, serum lipid
profiles and insulin concentration and enhance cardiorespiratory
fitness in young sedentary overweight adults.

Methods and Material
Subjects

Thirty-six sedentary overweight adults volunteered for this study.
The inclusion criteria are sedentary adults (men = 19), age 19 – 25
yr, with body mass index (BMI) between 24.0 and 31 kg/m2. The
exclusion criteria include those with a BMI ≥32 kg/m2 and having the
following diseases or health conditions: cardiovascular, pulmonary,
liver, kidney, gastrointestinal disease or cancer, orthopedic disorders
or eating disorders, and use of any tobacco product or alcohol.
“Sedentary” behavior was defined as participation in less than 30 min
per day, 2 or less days per week in aerobic exercise or strength training
for the past 2 years (ACSM’s 2018) and having a VO2peak ≤ 35 ml/
kg/min for men or ≤ 28 ml/kg/min for women. All subjects signed a
written informed consent approved by the Institutional Review Board
of the National Taiwan Normal University and Pingtung Christianity
Hospital to serve as study subjects. The research procedures used
in this study adhere to the principles of the Declaration of Helsinki.

Study Design

The subjects were randomly assigned to 1) exercise with the
American Heart Association anti-atherosclerotic Step 1 (AHA-S1)
diet (E+D, n =12, 5 men and 7 women), 2) exercise without the
AHA-S1 diet (EX, n =12, 6 men and 6 women), and 3) non-treatment
control group (CON, n= 12, 8 men and 4 women). Both E+D and EX
groups exercised 45 min a day at 70%VO2peak, 3 days a week for 12
weeks. All training sessions were closely monitored and supervised.
In addition, subjects were required to 1) maintain regular habitual
activities for daily living, 2) avoid participating in any new physical
activity or exercise, 3) maintain preferred habitual diet, except for the
E+D group, and 4) submit 7-day food-exchange records and weekly
24-hour dietary recall questionnaires for the entire study period.
Satisfactory compliance with the study was defined as attended ≥
85% of all exercise sessions and submitted ≥ 85% of food-exchange
records for the entire study period.
The supervised cycling exercise regimen consisted of 45 min of
indoor stationary cycling at 70% of VO2peak, 3 sessions a week for
12 weeks performed at the Exercise Physiology Laboratory. Prior to
the beginning of the exercise training, a familiarization period was
provided to the exercise groups at the first weeks of the study. This
included 3 sessions of stationary cycling exercise at 70% VO2peak to
ensure that the prescribed exercise intensity was attained and can be
maintained for a 15-20 min period. The purpose was to minimize the
risk of muscle soreness or injury. The duration of cycling exercise
was gradually increased from 15-20 to 40-45 min per session during
the second week at the intensity of 70% VO2peak. At the end of the
familiarization period, the training subjects were able to complete
the exercise regimen at the prescribed exercise intensity, duration and
frequency throughout the remaining weeks of the study. To ensure
that the required exercise intensity of 70% VO2peak was maintained,
the E+D and EX subjects repeated the VO2peak cycling test every four
weeks, and an updated cycling training work rate was calculated and
used. The exercise training compliance rates for the E+D and EX
were near 95%. There were no subject dropouts throughout the entire
12-week of study.

The American Heart Association Step One Diet

Subjects in the E+D group were initially instructed to strictly
follow the AHA-S1 Diet by a registered dietician and thereafter
J Rehab Pract Res
Volume 2. 2021. 126

every four weeks by the same dietician to ensure that they closely
followed with the AHA-S1 diet. During the study period, all meals
were prepared and provided for the E+D group by the study.
Their meals were served at the university’s cafeteria at no cost
to the participants. The AHA-S1 diet meals were prepared by the
university’s cafeteria staff. For the EX and CON, their personally
preferred habitual meals were consumed at the university cafeteria or
off-campus local food stores. The subjects were required to strictly
follow their preferred habitual daily meals (Taiwanese, Chinese or
Western-style foods) throughout the study period. In addition, the
subjects were required to submit a seven-day food exchange record
which was reviewed by the registered dietician to check for dietary
compliance or attrition and omitted information.
The AHA-S1 diet was aimed at preventing risk of cardiovascular
disease (CVD) by lowering low-density lipoprotein cholesterol
(LDL-C), total cholesterol (TC), and triglycerides (TG). The
percentage of total daily calorie intake was <30% from dietary fat,
<10% from saturated fat, 10% from monounsaturated fats, and up to
10% polyunsaturated fat. The total dietary protein and carbohydrate
from the AHA-S1 diet was, respectively, 15% and 55% of total daily
calories. Other dietary modifications in the AHA-S1 diet included
dietary cholesterol < 300 mg per day, sodium < 2,400 mg per day,
and fiber 20 to 30 g per day. The source of protein in the AHA-S1
diet includes plant or lean animal protein, and the source of complex
carbohydrates includes vegetables, fruit and whole grains (https://
www.slideshare.net/heart.step.diet.plan/american-heart-associationstep-1-diet).

Study Outcome Measurements

Pre- and post-training outcome measurements included:
1.

Visceral adipose tissue (VAT), subcutaneous adipose tissue
(SAT) and total abdominal fat (TAF) were assessed using a
magnetic resonance imaging (MRI, Sigma Advantage, Model 1.5
Tesla Signa Cvi, General Electric Medical System, Milwaukee,
WI, USA). Briefly, subjects were examined in a supine position
and all images were obtained using the radio frequency (RF)
coil. A series of four spin echo T1 weighted transverse sections
were obtained through the abdominal region. The parameters
for the transverse series was: repetition time (TR) =300ms, time
to echo (TE) =12ms, 256×128 matrix, 4 excitations (NEX), field
of view 48 cm, slice thickness 10 mm, and inter-slice gap 10
mm. Calibration of the MRI instrument was performed daily
prior to the study measurements. The MRI instrument and the
phantom interception at the navel alignment in one centimeter
and downward 19 centimeters with every other one centimeter,
respectively, were cut once, altogether 20 slides were obtained
(Figure 1a and 1b). After obtaining the scanned images, MRI
image data files were analyzed separately for calculating
subcutaneous adipose tissue and visceral adipose tissue. The
abdomen subcutaneous fat was estimated using the mean value
of 20 transverse cutting area. A single investigator (WPT) who
was blinded to the subject group assignments performed all
measurements and MRI image analyses.

2.

Blood lipid concentrations including triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and serum insulin
concentration (IN) were measured by the Clinical Reference
Laboratory following the National Clinical Laboratory
Procedures and Standards at the Pingtung Christianity Hospital,
Pingtung, Taiwan.

3.

Body weight was measured using a clinical balance scale to
the nearest 0.1 kg with the subjects dressed in light clothing.
Standing height was measured to the nearest 0.1 cm using a wallmounted stadiometer. Body mass index (BMI) was calculated as
weight/height2 and expressed as kg/m2.
JRPR, an open access journal
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Fig 1a. MRI measurement of total abdominal adipose tissue, SAT and VAT (lateral view)

Fig. 1a and Fig 1b. MRI measures of total abdominal adipose tissue, subcutaneous adipose tissue (SAT) and visceral
adipose tissue (VAT). The subject lies down on the MRI examination table, facing upward in a supine position, and places
both arms above their shoulder near their head. The MRI instrument and the phantom interception at the navel alignment
(Fig 1a, top line) in one centimeter and downward (Fig 1a, middle line) 19 centimeters with every other one centimeter (Fig
1a, bottom line), respectively, were cut once, altogether 20 slides were obtained. After obtaining the scanned images, MRI
image data files were analyzed separately by the operator for calculating subcutaneous adipose tissue and visceral adipose
tissue. The abdomen subcutaneous fat was estimated using the mean value of 20 transverse cutting area (Fig 1b).

4.

5.

Peak oxygen uptake (VO2peak) was measured using a 4-minute
per stage cycle ergometry (Monark model 818) protocol and a
metabolic cart for measuring O2 and CO2 content (SensorMedice
2900, Yorba Linda, CA). VO2peak was determined when subjects
achieved two of the following three conditions: 1) maximal
heart rate reached 90% of age-predicted maximal heart rate
(maximal heart rate =220-age), 2) respiratory exchange ratio
≥ 1.00, and 3) plateau in VO2 (<2.0 ml/kg/min with increased
workload). During the exercise test, maximal heart rate was
determined electrocardiographically every minute.
Cardiorespiratory function parameter. Resting heart rate (RHR)
was obtained with the subject sitting quietly for 15 minutes
and then recorded every 5 minutes using a Polar Vantage heart
rate monitor. The lowest RHR value was recorded and used
for statistical analysis. Following the heart rate measurement,
resting systolic and diastolic pressure were measured using a
mercurial sphygmomanometer (Sanken Model SM-301, Tokyo,
Japan) with the subjects resting in a sitting position. Duplicate
blood pressure measurements were taken, separated by a 2-min
interval. The lowest values of the systolic and diastolic blood
pressure readings were recorded and used for statistical analysis.
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Statistical Procedure
All statistical analyses were performed with the SPSS Statistical
Software (version 16). Initially, group differences in baseline
values were compared using analysis of variance (ANOVA). These
comparisons were done among those who completed the 12-week
study and had follow-up measurement for the MRI data. All variables
tested between groups using the ANOVA were homogenous and
continuously distributed. Analysis of covariance (ANCOVA),
with repeated measures across all factors, was used to examine for
independent group difference in changes from baseline to 12-week
in the primary outcome variables. In addition to the baseline measure
of outcomes being assessed, covariates included in the statistical
analyses were gender (male = 1 and female = 2), VO2peak, and body
weight. When a significant groups difference in any outcome was
present, a repeated measure ANCOVA was performed for that
variable, with the group entered as the between subject factors
and the 2 time points entered as within subject factors. Statistical
significance was set at α < 0.05. Results are presented as means ± SD.

Result

The randomization process balanced all characteristics, with
the exception of VO2peak and body weight. At baseline, VO2peak was
JRPR, an open access journal
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significantly higher in the CON, compared to E+D and EX (p <
0.05, Table 2), and body weight was significantly greater in the
E+D, compared to EX. There were no significant differences in other
baseline cardiorespiratory function parameters, and in anthropometric
and lipid parameters.
Table 1, 2 and 3 compare group differences in changes from baseline
to post-intervention, adjusted for covariates which include gender,
VO2peak, and body weight. The pre-post test results show that the
Variable

Weight (kg)

BMI (kg/m2)

Fat mass (kg)

E+D group exhibited significant decrease (all p < 0.05) in body weight
(4.6%), abdomen transverse cutting area (10.8%), SAT (9.4%), and
VAT (15.6%) (Table 1). These changes were not observed in EX and
CON. The pre-post test results in VO2peak showed improvement (p
< 0.05) in both E+D (11.2%) and EX (7.4%), not the CON (Table 2).
Results also show improvements (p<0.05) in HDL-C (6.5%) and IN
(26.9%) in E+D, and in HDL-C (3.7%) and IN (17%) in EX (Table 3).

Group

Pre-test

Post-test

Adjusted
Means

E+D

82.7 ± 22.6*

78.9 ± 21.8

73.4

EX

73.5 ± 9.7

72.4 ± 10.2

75.9

CON

75.0 ± 78.2

73.6 ± 8.6

77.3

E+D

29.5 ± 6.7

28.2 ± 6.4

25.9

EX

25.8 ± 1.3

25.4 ± 1.4

26.8

CON

25.7 ± 1.1

25.9 ± 1.2

27.4

n
E+D

28.4 ± 14.2

24.6 ± 13.3

EX

20.5 ± 3.8

18.5 ± 2.9

CON

14.7± 4.1

14.9 ± 3.7

E+D

639.3 ± 128.7

611.4± 123.8

569.2

transver cutting

EX

586.2 ± 99.8

576.8 ± 103.8

586.1

area (cm2)

CON

556.8 ± 83.7

558.6 ± 84.3

596.5

TAF (cm )

E+D

329.0 ± 104.6

293.5 ± 102.5

239.8

EX

269.6 ± 91.2

258.9 ± 99.0

262.5

CON

216.5 ± 73.5

214.8 ± 72.9

269.7

E+D

257.8 ± 97.6

233.5 ± 95.7

181.6

EX

200.1 ± 79.7

193.0 ± 79.0

196.6

SAT (cm )
2

VAT (cm2)

**E+D < EX, CON

**E+D < EX, CON

NS

Abdominal

2

ANCOVA
Main effect

CON

149.2 ± 67.0

148.8 ± 64.5

201.8

n
E+D

71.1 ± 15.8

60.0 ± 14.4

58.4

EX

69.3 ± 23.8

65.9 ± 18.7

65.9

CON

67.3 ± 21.3

66.0 ± 24.0

67.7

**E+D < CON

**E+D < EX, CON

**E+D < EX, CON

**E+D < EX, CON

Values are mean ± SD.
*p<0.05 compared to EX and CON; **P < 0.05. Abbreviation: E+D, exercise and diet; EX, exercise training;
CON; non-intervention control; BMI, body mass index; TAF, total abdominal fat; SAT, subcutaneous
adipose tissue; VAT, visceral adipose tissue; NS, not significance
Table 1. Comparison of anthropometric, total abdominal fat, subcutaneous adipose tissue and visceral adipose tissue
before and after training of the subjects (n = 36)

Variable

Group

Pre-test

Post-test

Adjusted
Means

ANCOVA
Main effect

Resting HR
(beat/min)

E+D

73.6 ± 5.2

68.2 ± 6.3

65.7

**E+D < EX, CON

EX

73.5 ± 11.1

73.6 ± 5.2

71.2

CON

65.5 ± 7.9

73.6 ± 8.6

74.3

VO2peak

E+D

28.5 ± 5.8

31.7 ± 6.0

36.0

(ml/kg/min)

EX

30.9 ± 3.9

33.2 ± 5.5

35.7

CON

36.9 ± 5.2*

33.1 ± 6.3

28.7

**E+D, EX > CON

Table 2. to be cont...
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SBP (mmHg)

DBP (mmHg)

E+D

119.4 ± 17.9

114.0 ± 16.0

114.8

EX

122.3 ± 11.5

121.3 ± 10.0

119.8

CON

118.7 ± 9.3

121.3 ± 9.5

122.7

E+D

80.5 ± 12.8

73.8 ± 8.7

72.0

EX

76.1 ± 11.5

75.4 ± 8.1

76.4

CON

76.6 ± 9.5

74.1 ± 9.7

74.9

**E+D < EX, CON

**E+D < EX

Values are mean ± SD.
*p< 0.05, compared to E+D; **P < 0.05. Abbreviation: HR, heart rate; E+D, Exercise and diet; EX, exercise
training; CON, non-intervention control; VO2peak, peak oxygen uptake; SBP, systolic blood pressure; DBP,
diastole blood pressure.
Table 2. Comparison of cardiorespiratory function before and after training (n = 36)

Variable

Group

Pre-test

Post-test

Adjusted
Means

TC (mg · dl-1)

E+D

173.0±26.8

167.7±25.0

NS

EX

165.3±21.9

159.7±17.0

CON

170.8±41.9

143.0±49.7

E+D

43.4±11.1

46.2±12.3

47.7

EX

44.5±8.8

46.0±8.2

46.6

HDL-C(mg · dl )
-1

LDL-C(mg ۬· dl-1)

TG (mg · dl-1)

Insulin (µUI · ml )
-1

CON

47.2±10.9

44.6±12.4

42.4

E+D

102.1±21.1

99.5±22.9

NS

EX

101.2±17.8

97.8±17.4

CON

102.5±36.0

91.1±29.1

E+D

80.7±26.7

78.2±43.4

EX

75.3±32.2

62.5±18.3

CON

78.5±31.0

87.0±40.5

E+D

11.5±7.7

8.4±5.2

7.0

EX

8.8±3.4

7.3±2.8

7.2

CON

5.8±2.8

9.7±6.0

11.4

ANCOVA
Main effect

*E+D,
CON

EX

<

*E+D,
CON

EX

<

NS

*p < 0.05
Abbreviation: E+D, exercise and diet; EX, exercise training; CON, non-intervention control; NS, not significance;
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
Table 3. Comparison of serum lipids and insulin level before and after training (n = 36)

The compliance rate of the E+D with the AHA S1diet was 94%.
Note that two E+D subjects failed to follow through with the AHA-S1
diet and their results were excluded from the study. One EX subject
missed two food-exchange records throughout the 12-week study
period and their data were included for the final analysis. All CON
subjects fully complied with the food-exchange records. The overall
subjects’ compliance rate for the entire study was >90% which was
considered highly satisfactory.

Discussion

The purpose of this study was to assess the effect of exercise training
with the AHA S1 diet intervention on visceral and central adipose
tissue distribution, serum lipid profile, and cardiorespiratory fitness in
young sedentary overweight adults. Our results support the hypothesis
that 12 weeks of exercise training with the AHA-S1 diet intervention
resulted in significant reductions in weight, TAF, SAT, VAT,
J Rehab Pract Res
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and IN as well as increase in HDL-C and VO2peak (All p < 0.05). The
findings suggest that the combination of aerobic exercise training
and AHA-S1 diet intervention were effective for reduction of body
weight, VAT, SAT, and TAF, and improvement of HDL-C and IN in
young sedentary overweight adults.
Our study results supported other studies using MRI scanner that
showed exercise in combination with diet intervention lowered
VAT, SAT and TAF [27, 28]. Kamel et al. [28] observed changes in
intra-abdominal adipose tissue volume during weight loss in obese
men and women and reported high correlations between MRI and
anthropometric measurements. Specifically, Kamel et al. [28] reported
that a reduction in endo-abdominal fat distribution is correlated with
SAT and TAF. Marks [27] using MRI to study metabolic effects of
exercise training on VAT distribution in abdominally obese men and
found that 12 weeks of exercise intervention lowered VAT by 21.0%
JRPR, an open access journal
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and BMI by 5.8% (Both p<0.05), not SAT and fat mass. Another
study by Giannopoulou et al. [29] found in women with type 2
diabetes that moderate weight loss (4.5 kg) resulted in TAF and
VAT loss, suggesting that exercise training was the contributing
factor for the reduction of VAT. Results obtained from the present
study support the contention that AHA-S1 diet and aerobic exercise
training decrease VAT, SAT, TAF, and insulin concentration as well
as increase HDL-cholesterol and cardiorespiratory fitness.

Acknowledgements: We would like to acknowledge our
graduate students for their assistance in the project, and the
participants for their time, effort and commitment in completing the
study.

Note that a 12-week of aerobic training regimen using stationary
cycling exercise at intensity of 70% VO2peak exhibits significant
increase in VO2peak and HDL-cholesterol as well as decrease in insulin
concentration. The results suggest that health benefits of aerobic
exercise in sedentary young overweight adults include lowering
of cardiovascular and metabolic disease risk factors. As far as we
know, this is one of the few studies that employed MRI technology
to document changes in VAT and SAT distribution from AHA-S1 diet
and exercise training. The employment of the MRI technology for
assessing visceral and subcutaneous adipose tissue on the subjects
might have had an influence on subjects’ behavior for maintaining
high compliance rates with the diet and exercise training, i.e., both
were >90%.
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was an effective means for weight control. Therefore, it is unclear
as to the independent effects of diet- or exercise-induced weight
loss in overweight and obese individuals especially as they relate
to cardiovascular disease risk and comorbidity. Our study has
limitations that must be addressed. First, this cross-sectional study is
limited for drawing any conclusion on causal relationships. Second,
a lack of existing research in the area of abdominal obesity and MRI
study with cycling exercise limiting our findings to be generalized to
sedentary abdominal obesity adults.
We conclude that for young sedentary overweight adults, exercise
training with the AHA-S1 diet is effective for inducing significant
reductions in VAT, SAT, body weight and insulin concentration,
and increase in VO2peak and HDL-cholesterol. In addition, aerobic
exercise training is effective for improving VO2peak and HDL-C as
well as lowering insulin concentration. Further study is warranted
to examine the independent effects of diet- or exercise-induced
weight loss in sedentary overweight and obese adults as they relate to
cardiovascular disease risk and comorbidity.
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