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12-Week Behavioral Lifestyle Modification Program Increases Blood
Antioxidant Enzyme Activities in Obese Adults
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Abstract: This study aims to evaluate the outcome of a 12-week behavioral lifestyle modification program focusing on
the blood oxidative stress levels/activities in obese subjects and aims to examine the association between the changes in
blood oxidative stress levels/activities and modifications in serum lipid profile concentrations. An interventional study
was conducted involving thirty-four obese adults, all of whom were recruited from the Obesity Clinic, Hospital Universiti
Sains Malaysia. The subjects participated in the 12-week behavioral lifestyle modification program consisting of diet and
exercise interventions. Blood was obtained from the subjects at baseline (week 0) and after 12 weeks (week 13) for the
determination of oxidative stress levels/activities and lipid profile concentrations. Plasma glutathione peroxidase (GPx)
activity and 4-hydroxynonenal (4-HNE) level increased significantly, and the ratio of reduced glutathione (GSH) to
oxidized glutathione (GSSG) was decreased following 12-week interventions. Other enzymatic antioxidant activities such
as catalase (CAT) and superoxide dismutase (SOD) were increased, but the changes were not statistically significant.
Changes in plasma GPx activity were negatively correlated with changes in serum triglyceride (TG) and
VLDL-cholesterol concentrations. In conclusion, diet and exercise interventions in the 12-week behavioral lifestyle

modification program were effective in increasing antioxidant enzyme activities in obese adults.
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INTRODUCTION

A strong association between systemic oxidative stress
and adiposity has been reported in human beings [1-3].
Furukawa et al. [4] put forward an imperative mechanism of
obesity-related cardiovascular disease through elevated
oxidative stress in accumulated body fat. Abnormal lipid
profiles such as hypercholesterolemia stimulate the production
of superoxide anion radicals from the smooth muscle cells of
vessels, an event that leads to increased oxidation of LDL (ox-
LDL) [5]. The ox-LDL is mostly taken up by macrophage
scavenger receptors, rather than the normal LDL receptor
pathway, thus inducing atherosclerosis [6]. Additionally, the
increased production of reactive oxygen species reduces the
production and consequently the bioavailability of nitric oxide
(NO), leading to vasoconstriction, platelet aggregation and
adhesion of neutrophils to the endothelium [5]. All these
events are known to contribute to the development of
atherosclerosis.

The behavioral lifestyle modification program for weight
loss has beneficial effects regarding the prevention of
cardiovascular disease [7, 8]. Most of the program consists
of either exercise or dietary changes alone or a combination
of both interventions which thus effectively reduce body
weight, body fat and oxidative stress levels after a short
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period of time [9-11]. Exercise training is associated with a
modest but significant reduction in fat mass [12] as well as
oxidative stress [13, 14]. Dietary modification in the weight
loss program was conducted on prepubertal obese subjects
[15] and obese hypertensive adults [16] reduced body mass
index (BMI) and improved oxidative stress. A 21-day
residential rigorous dietary and exercise intervention
program profoundly reduced BMI and increased the
antioxidant-oxidant balance [7, 17]. A recent randomized,
controlled trial conducted on 173 overweight or obese,
postmenopausal, sedentary women were subjected to aerobic
exercise intervention and the outcome revealed a decrease in
oxidative stress with only minimal changes to their body
mass or body composition [18].

Therefore, the present study aims to evaluate the effect of
a 12-week behavioral lifestyle modification program on
blood oxidative stress levels/activities in obese subjects and
to examine the association between the changes in blood
oxidative stress levels/activities and the changes in serum
lipid concentrations. In the present study, only the main
antioxidant enzymes such as catalase (CAT) activity,
glutathione peroxidase (GPx) activity and superoxide
dismutase (SOD) level, and a major product of lipid
peroxidation i.e. 4-hydroxynonenal (4-HNE) were measured.

MATERIALS AND METHODOLOGY
Study Subjects

Patients attending the Obesity Clinic Hospital Universiti
Sains Malaysia were invited to voluntarily participate in this
behavioral lifestyle modification program which consisted of
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dietary and exercise interventions. A total of 34 eligible
subjects aged between 18-62 years were recruited. Only 29
out of 34 subjects (85%) successfully completed this study.
The reason for subjects dropping out of the study was non-
compliance to the program schedule. All the subjects were
obese with a BMI > 30 kg/m?. Subjects were excluded if
they were pregnant or had the intention of getting pregnant
during the intervention period and if they had enrolled within
the past three months in a formal weight reduction program
or clinical trial or had uncontrolled hypertension, diabetes, or
other serious illnesses during the previous 6 months.

Behavioral Lifestyle Modification Program

The research design was approved by the Research and
Ethics Committee of Universiti Sains Malaysia. The protocol
as well as the potential risks and benefits of participating in
the program were explained to each subject before he/she
gave written consent.

Once enrolled in the program, subjects underwent a
complete medical history and physical examinations to
ensure that they were fit for the exercise intervention. A
diary was given to each subject and they were asked to self-
monitor and record their daily food intake and physical
activities. Fasting blood samples were obtained from all the
subjects for the determination of oxidative stress
levels/activities and lipid and lipoproteins concentrations at
pre-intervention (week 0) and post-intervention (week 13).

About 8 ml of fasting venous blood was obtained from
each subject and the blood was collected into EDTA and
plain containers. The blood in the EDTA container was
transported in ice to prevent blood clotting and centrifuged at
1000g for 10 minutes at 4°C to obtain plasma. The blood in
the plain container was allowed to clot at room temperature
for % an hour, and centrifuged at 2000 g for 15 minutes at
4°C to obtain serum. Both plasma and serum were aliquoted
and stored at - 80°C until assayed.

Subjects were instructed to attend the weekly exercise
program for 12 weeks which consisted of a brisk walk for 2-
4 km (approximately 1 hour), 30 minutes aerobic exercise
and 30 minutes dumbbell (4 kg) resistance exercise. Apart
from the weekly program, subjects were instructed to
perform daily moderate intensity physical activities such as,
brisk walking at home etc. The subjects were requested to
gradually increase the duration and frequency of their
physical activity from 10 to 60 minutes each session, 3 to 5
days per week.

The weekly dietary program consisted of twelve nutrition
education modules presented by nutritionists (second
author). The program is designed to allow the subjects to eat
ad labium without restriction on calorie (kcal/day) or food
compositions. The subjects’ food diary was discussed
individually with the nutritionists. The subjects were advised
to modify the type and/or amount of their usual food intake
and whether the subject’s dietary intake proved either
insufficient or exceeded his/her requirements. If the subject's
weekly weight loss goal was not achieved, they were
instructed to discuss in a small group to devise a plan on how
to achieve the target weight loss for the next visit.
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Determination of Blood Lipid Profile and Oxidative
Stress Biomarkers

Serum triglyceride (TG), VLDL-cholesterol, LDL-
cholesterol and HDL-cholesterol were quantified using a
clinical chemistry analyzer (Abbott Architect c8000).

Plasma CAT, plasma GPx and serum SOD activities,
blood ratio of reduced glutathione (GSH) to oxidized
glutathione (GSSG), and plasma 4-HNE concentration were
determined using commercially available ELISA Kits
(Calbiochem, EMD Biosciences, Inc. for GSH:GSSG ratio,
CAT, GPx and SOD activities; OxiSelect, Cell Biolabs, Inc.
for 4-HNE) according to the manufacturer’s instructions.
Total protein was determined using a commercially available
protein assay (Bio-Rad Laboratories, Inc.).

Statistical Analysis

The results were analyzed using the PASW Statistics
version 18 software. A paired t test was used to examine
variance in the outcomes between pre- and post-intervention
differences means of numerical variables. The Pearson
correlation analysis was used to examine the association
between changes in blood oxidative stress level/activities
and changes in the plasma lipid profile. A probability values
< 0.05 was considered statistically significant.

RESULTS

Characteristics of all the subjects are shown in Table 1.
After the diet and exercise interventions for 12 weeks, the
body weight (88.7 + 14.5 vs. 82.4 + 12.6 kg), BMI (35.7 +
4.3 vs. 33.2 + 3.6kg/m?) and body fat mass (43.2 + 6.8 vs.
40.5 + 6.9 %) were considerably reduced.

The mean serum lipid and lipoproteins concentrations at
pre- and post-interventions are shown in Table 2. There was
a notable reduction in the mean serum TG and VLDL-
cholesterol concentrations when compared with pre- and
post-interventions. However, there were no significant
differences in the mean concentrations of total cholesterol,
LDL-cholesterol and HDL-cholesterol when compared to
pre- and post-interventions.

Levels/activities of blood oxidative stress biomarkers at
pre- and post-interventions are presented in Table 3. Plasma
GPx activity and 4-HNE level were significantly increased,
and blood GSH/GSSG ratio was radically reduced after only
12 weeks of the intervention program. Other antioxidants
enzymes, plasma CAT activity and serum SOD level were
increased but were not statistically significant.

The scatter plots illustrate significant negative
correlations between the changes in the plasma GPx activity
with the changes in plasma TG (r=-0.430, p<0.05) and
VLDL-cholesterol (r=-0.429, p<0.05) Fig. (1).

DISCUSSION

Most of the published data related to interventional
studies either focusing on dietary, exercise, pharmacological,
surgical or a combination of dietary and exercise
interventions within the obese population measured
biomarkers of oxidative damage such as malondialdehyde
(MDA), ox-LDL, thiobarbituric acid reactive substances
(TBARS), protein carbonyl, 8-hydroxy-2’-deoxyguanosine
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Table 1. Characteristics of the Study Subjects

Characteristics of Subjects N (%0) Mean + SD
Age (years) 42.06 £ 9.63
Sex
Female 25 (86)
Male 4 (14)
Educational level
Primary 2(7)
Secondary 16 (55)
Tertiary 11 (38)
Employment Status
Employed 20 (69)
Unemployed 9(31)
Marital Status
Married 26 (90)
Single 3(10)

Values are frequency counts (%) or means + standard deviation. N, number of subjects.

Table 2. Serum Lipid and Lipoproteins Concentrations at Pre- and Post-Interventions

Pre-Intervention Post-Intervention Changes (A)

TG (mmol/l) 2.05+1.93 153 +1.32* -0.51+£0.87
Total C (mmol/l) 5.94+1.03 5.78 £0.79 -0.16 +£0.87
VLDL-C (mmol/l) 0.93+0.88 0.70 £ 0.60* -0.23+£0.39
LDL-C (mmol/l) 3.69+0.77 3.82+0.80 +0.13+0.72
HDL-C (mmol/l) 1.32+0.32 1.26+0.31 -0.06 £0.19

Values are expressed as means + SD (n= 29 subjects). TG, triglyceride; Total C, total cholesterol; VLDL-C, very low density lipoprotein-cholesterol; LDL-C, low density lipoprotein-
cholesterol; HDL-C, high density lipoprotein-cholesterol.*P <0.05, after (post-intervention) versus before (pre-intervention).

Table 3. Levels/Activities of Blood Oxidative Stress Biomarkers at Pre- and Post-Interventions

Markers Pre-Intervention Post-Intervention P Value

Blood GSH/GSSG ratio 24.85 +26.49 10.08 +£13.91 0.032 *
Plasma GPx (nmol/min/ml) 106.71 + 26.48 128.51 +35.14 0.015*
Plasma HNE (ug/ml) 3.98 +2.90 5.71+3.38 0.016*
Serum SOD (U/ml) 0.09 +0.04 0.11+£0.04 0.231
Plasma CAT (nmol/min/ml) 56.76 + 23.97 58.90 + 15.28 0.698

Values are expressed as mean + SD (n= 29 subjects). GSH/GSSG, ratio of reduced to oxidized glutathione; GPx, glutathione peroxidase; 4-HNE, 4-hydroxynonenal; CAT, catalase;

SOD, superoxide dismutase. *P < 0.05, after (post-intervention) versus before (pre-intervention).
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Fig. (1). Scatter plots illustrate correlations between the changes in plasma GPx activity and the changes in (A) TG and (B) VVLDL-cholesterol
(n= 29 subjects).
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(8-OhDG) and 8-epi-prostaglandin F,, (8-epi-PGF,,) levels
[19-22]. So far, a very limited number of studies measure the
effect of these interventional studies on main antioxidant
enzymes such as SOD, GPx and CAT or use more reliable
oxidative damage markers to lipids such as 4-HNE and F,-
isoprostanes. Skrha et al. [23] measured SOD levels
following dietary intervention in obese diabetic and non-
diabetic subjects. They found that one week consisting of a
very low calorie diet administration, decreased oxidative
stress in obese non-diabetic subjects but only partly in
diabetic persons [23]. Another study found that there were
no favorable changes in the levels of SOD, CAT and total
anti-oxidative capacity following a 16-week internet-
delivered lifestyle physical activity intervention [Active
Living Every Day-Internet (ALED-1)] in overweight adults
[24]. The present study is the first evidence of behavioral
lifestyle program involving a combination of diet and
exercise interventions measuring the main oxidative stress
biomarkers in obese adults.

The major limitation of this study was the relatively
small sample size because of the need to run the 12-week
intervention program in a small group of 12-15 participants
due to close supervision. Dropout in the middle of the
program was due to non compliance to weekly activities and
this also contributed to the small sample size. As a result, the
findings of this study needs to be interpreted cautiously and
are not easily applicable to the entire obese population of
obese adults. Nevertheless, this intervention study allows
direct comparison of the levels/activities of oxidative
stresses biomarkers between pre- (served as control) and
post-interventions.

The increased trend in the levels/activities of antioxidant
enzymes following diet and exercise interventions was noted
in this study. However, only GPx level was increased
significantly and this could be explained by the small sample
size. It is not clear from this study whether exercise, diet or a
combination of both interventions had a significant
contribution to the increased antioxidant defense.

The challenge of studying free radical systems in vivo is
the short half-life and low concentrations [25]. Thus, in this
study, the blood GSH:GSSG assay was utilized to determine
the oxidative stress status among subjects following the
interventions. The blood GSH:GSSG ratio was considerably
reduced and reflected an increased oxidative stress following
the behavioral lifestyle program. The result was further
confirmed by increased oxidative damage to lipids as shown
by increased plasma 4-HNE level after intervention. The
increased oxidative stress could be induced by the obese
state [19], exercise [26, 27] or both.

The present study also demonstrated significant negative
correlations between changes in plasma GPx activity and
changes in plasma TG and VLDL-cholesterol
concentrations. This finding suggests that the participants
who had greater reduction in their plasma TG and VLDL-
cholesterol concentrations were associated with increased
plasma GPx activity.

The increased oxidative stress or oxidative damage may
serve as an essential “signal” for the up regulation in
antioxidant defenses as seen in this study, thereby providing
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protection against subsequent exposure to pro-oxidant (free
radicals) environments within susceptible individuals [28].

In conclusions, this study has proved that the 12-week
behavioral lifestyle program improves antioxidant defense
probably as a result of exercise-induced reactive oxygen and
nitrogen species production. It is safe to speculate that long-
term adherence to lifestyle modifications among obese
subjects will reduce the risk of cardiovascular disease
through an improvement in lipid profile and antioxidant
defense.
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