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Abstract

Background: Metabolic syndrome is considered a risk factor for many chronic diseases, such as type II diabetes and cardiovascu-
lar diseases (CVD). The syndrome is the result of various factors, including poor nutritional diets, sedentary lifestyles, and genetic
predisposition. Physical activity and good nutrition can prevent metabolic syndrome.
Objectives: The aim of the present study was to compare the effects of continuous and discontinuous training on metabolic syn-
drome components in non-athlete, middle-aged woman.
Patients andMethods: Forty-five non-athlete women who met the study criteria voluntarily participated in this study. The partici-
pants were divided randomly into three groups: continuous, discontinuous, and control (n = 15 in each group). Twenty-four hours
before the beginning of the training program, a blood sample was obtained from each participant in the fasting state .The two train-
ing groups participated in sports activities designed to produce a heart rate of 50 - 70 beats/minute for 8 weeks, three times a week,
for 60 - 90 minutes. The continuous training group performed the activities in one session, and the discontinuous training group
performed them in two sessions, for the same time and intensity. Twenty-four hours after the completion of the 8-week program,
all the measurements were performed similar to the pretest phase. The data were analyzed using a one-way analysis of variance
(ANOVA).
Results: The discontinuous training significantly decreased each participant’s weight (P = 0.04) and systolic blood pressure (BP) (P
< 0.01), whereas it significantly increased their triglyceride (TG) (P < 0.01) and high-density lipoprotein cholesterol (HDL-c) levels
(P < 0.01). However, there was no significant change in diastolic BP, low-density lipoprotein cholesterol (LDL-c), or glucose. In the
continuous training group, the TG level decreased significantly (P < 0.01).
Conclusions: This study demonstrated that a regular physical activity program in the form of discontinuous training improved
metabolic syndrome indexes in non-athlete, middle-aged women. Discontinuous training seems to be an efficient, safe, and inex-
pensive way to reduce and prevent metabolic syndrome.
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1. Background

Metabolic syndrome is a cluster of abnormal
metabolic, lipid, and nonlipid variables (1). The national
cholesterol education program adult treatment panel III
(NCEP ATP III) has defined metabolic syndrome as meeting
three of the following risk factors: i, elevated triglycerides
(TGs); ii, low high-density lipoprotein cholesterol (HDL-c);
iii, abdominal obesity; iv, high fasting glucose; and v,
hypertension (2). Individuals with metabolic syndrome
have a threefold increased risk of cardiovascular disease
(CVD)-related mortality (3). To curb the progression of
CVD, it is paramount to find effective treatments to re-
verse metabolic syndrome. Lifestyle interventions are the
initial therapies recommended for the prevention and
treatment of metabolic syndrome (4). One of the most

important lifestyle interventions is exercise. Exercise
programs, especially aerobic exercise, can improve several
components of metabolic syndrome (5, 6) and decrease its
incidence (7). Aerobic exercise training has been shown
to be an effective intervention to improve lipid profiles
and other CVD-related risk factors. However, only a few
studies have examined the impact of exercise alone on
the components of metabolic syndrome, and the results
of those studies are not consistent. Previous studies also
examined the effect of exercise training in populations
with a single metabolic risk factor (hypercholesterolemia,
obesity, or hypertension) (8, 9). A 12-month resistance and
aerobic training program reduced some risk factors for
metabolic syndrome in females older than 65 years (10).
In men and women older than 60 years, a 12-week exercise
program reduced TGs, blood pressure (BP), obesity, and
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insulin resistance (11). In contrast, another study found
no statistically significant metabolic effects of 12-week
exercise training in older women and men compared with
controls (12).

Overall, there is concordance among these studies that
exercise interventions are likely to exert a protective effect
against metabolic syndrome by reducing related risk fac-
tors. However, the results of those studies are contradic-
tory, depending on the different training modes.

2. Objectives

The aim of this study was to investigate the effects
of continuous vs. discontinuous training on metabolic
syndrome-related risk factors and to determine which
training protocol promoted health levels in a sedentary fe-
male population.

3. Patients andMethods

This study has been approved by the ethical commit-
tee of Shiraz university. Forty-five non-athlete women be-
tween the ages of 45 and 60 years volunteered to partici-
pate in this study. The subjects were selected first through
convenience and purposive sampling and then divided
into three groups based on random sampling using a ta-
ble of random numbers. None of the subjects had overt
CVDs, and none were taking diabetes or hypertension med-
ication. They were all nonsmokers and had a sedentary
lifestyle for the previous 6 months. Based on clinical iden-
tification, all the subjects were required to have at least
three or more of the components of metabolic syndrome,
as defined by the NCEP ATP III, which states that someone
with metabolic syndrome must have three of the follow-
ing: i, a waist circumference greater than 102 cm in men
and 88 cm in women; ii, a TG level greater than 150 mg/dL;
iii, HDL-c less than 40 mg/dL for men and 50 mg/dL for
women; iv, BP over 130/85 mmHg; and v, fasting glucose
over 100 mg/dL (2). Subjects were ineligible to participate
in the study if they reported uncontrolled hypertension,
adverse cardiac events, chronic inflammatory disease, pe-
ripheral vascular disease, or musculoskeletal conditions
that would make participation in regular exercise difficult
or dangerous and/or make it difficult to perform the exer-
cise protocol.

After receiving information about the exercise proto-
col and procedures, the subjects gave written informed
consents, and they were randomly divided into three
groups: a continuous exercise group, discontinuous ex-
ercise group, and control group, in which the partici-
pants were instructed not to change their daily patterns

of physical activity during the study period. Both train-
ing groups participated in aerobic rhythmic training activ-
ities and were designed to produce a heart rate of 50 - 70
beats/minute for 8 weeks, three times a week, for 60 - 90
minutes. Each training session began with a light warm-
up, followed by a light stretching routine. The continu-
ous training group performed one continuous cardiovas-
cular steady- state training bout per day, and the discontin-
uous training group performed two sessions for the same
time and intensity, with each session lasting 30 - 45 min-
utes. Blood was collected in the morning and 24 hours be-
fore and after the intervention program. Prior to the blood
tests, each subject was asked to maintain a 12-hour fast-
ing period and not to participate in vigorous activity for at
least 24 hours to reduce the possibility of dietary and phys-
ical activity interference.

Body weight and height were measured while wearing
light clothing and shoes off to obtain the best estimate of
the subject’s true height and weight. The body mass index
(BMI) was calculated by dividing the subject’s body weight
in kilograms by their height squared (kg/ms). Waist cir-
cumference was measured to the nearest 0.1 cm using a
plastic tape measure at the narrowest circumference of the
torso. The resting BP was manually taken, using a sphyg-
momanometer and a stethoscope, with the subject in a sit-
ting position.

3.1. Statistical Analyses

A one-way analysis of variance (ANOVA) was used to test
for differences between groups. If significant differences
were observed, Turkey’s post hoc test was used to detect
possible sources of the differences. To compare the pre-
and post-test results in each group, a paired t-test was used.
All the statistical analyses were performed with SPSS soft-
ware (version 19) at a significance level of 0.05.

4. Results

In the baseline evaluation, no significant differences
were observed between the study groups in any of the stud-
ied variables. Table 1 shows the physiological and anthro-
pometric characteristics of the subjects.

The ANOVA revealed no significant differences in the
age, height, weight, BMI, waist circumference, systolic BP,
or diastolic BP at baseline between the groups. As shown
in Table 1, the weights and systolic BP of the groups were
significantly different. The results of Tukey’s post hoc test
showed that the systolic BP decreased significantly in the
discontinuous exercise group compared with that of the
control group and that the weight decreased significantly
in the two exercise groups compared with that of the con-
trol group. The paired t-test results showed that there was
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Table 1. Characteristics of the Subjects Before and After the 8-Week Training Program in the Three Study Groupsa

Variable Continuous Discontinuous Control P Value

Baseline 8Weeks Baseline 8Weeks Baseline 8Weeks

Age, y 50.3 ± 7.9 48.8 ± 5.1 52.5 ± 3.3 0.36

Height, cm 168.2 ± 5.2 176.1 ± 7.6 170.7 ± 4.4 0.47

Weight, kg 72.9 ± 6.3 70.8 ± 7.2 74.1 ± 3.2 70.3 ± 4.1 73.8 ± 4.7 73.1 ± 5.2 At baseline: 0.23, At 8 weeks: 0.04b

BMI, kg/m2 24.7 ± 2.1 24.1 ± 3.7 25.8 ± 3.6 24.5 ± 3.8 25.6 ± 2.4 25.5 ± 2.1 At baseline: 0.37, At 8 weeks: 0.41

Waist circumference, cm 94.1 ± 7.5 93.4 ± 8.1 96.3 ± 5.1 91.1 ± 6.2 95.2 ± 8.3 94.6 ± 7.8 At baseline: 0.71, At 8 weeks: 0.59

Systolic BP,mmHg 138 ± 12 131 ± 13 140 ± 17 128 ± 15 142 ± 11 140 ± 9 At baseline: 0.78, At 8 weeks: 0.01b

Diastolic BP,mmHg 87 ± 8 82 ± 7 85 ± 7 82 ± 6 88 ± 7 83 ± 6 At baseline: 0.25, At 8 weeks: 0.32

aValues are expressed as mean ± SD.
bSignificantly different between the groups: P ≤ 0.05.

a significant improvement in the waist circumference (P =
0.001) and weight (P = 0.001) compared to baseline values
in the discontinuous exercise group. Although the waist
circumference and diastolic BP of the continuous exercise
group improved after the 8 weeks, the improvements were
not significant compared to the baseline values (P > 0.05).

The ANOVA revealed no significant between-group dif-
ferences in any of the study variables at baseline. As shown
in Table 2, the post hoc test showed that the TG level de-
creased in both exercise groups compared with that of the
control group. HDL-c also increased in the discontinuous
exercise group compared with that of the control group.
The paired t-test revealed that the levels of TG significantly
decreased after 8 weeks in the discontinuous (P = 0.001)
and continuous (P = 0.001) exercise groups compared with
the baseline. The blood glucose and total cholesterol levels
of both groups improved after 8 weeks, but the improve-
ments were not significant compared with the baseline val-
ues (P > 0.05).

5. Discussion

This study found statistically significant improve-
ments in the HDL-c, TG, weight, and systolic BP of the dis-
continuous exercise group compared with these param-
eters in the control group following 8 weeks of exercise
training. The continuous exercise group also showed de-
creased TG levels and systolic BP compared with those of
the control group.

The results of the present study are in line with those of
an earlier study, which demonstrated that exercise train-
ing reduced the risk of metabolic syndrome in elderly fe-
males (10). However, in a recent randomized controlled
study of elderly men and women, 12 weeks of aerobic exer-
cise did not significantly change a composite of metabolic

risk factors (12).

The results of this study revealed some improvements
in the lipid profiles of the exercise training groups, espe-
cially those of the discontinuous exercise group. The blood
HDL-c increased in the discontinuous training group com-
pared to that of the control group. In common with the
findings of this study, most research has reported signif-
icant changes in HDL-c after exercise training (13). To in-
crease the HDL-c concentration by exercise, many enzymes
should be considered. Increased lipoprotein lipase (LPL)
activity hydrolyzes TGs from LDL and transfers excess sur-
face cholesterol to HDL particles. This process aids the for-
mation of HDL-c, therefore, increasing the plasma HDL-c
concentration (14).

In the current study, the TG levels of the subjects in the
two exercise groups fell compared with those of the con-
trol group. An increase in energy expenditure might ex-
plain the reductions in the concentrations of these lipids.
During exercises lasting for 1 - 2 hours, intramuscular TGs
are consumed, and lipolysis is activated in fatty tissue
that supplies carbon skeletons for physical exercises. TGs
stored within skeletal muscle cells are considered a poten-
tially large energy source. It has been estimated that dur-
ing exercises, intramuscular TG could provide as much as
20% - 25% of the energy for muscles to work. Enhanced
epinephrine and glucagon during exercise activate adeny-
late cycles, thereby increasing cyclic adenosine monophos-
phate (cAMP) (15). Increased cAMP phosphorylates acti-
vates hormone-sensitive LPL, which hydrolyzes intracellu-
lar TGs in skeletal muscle and the myocardium, as well as in
adipose tissue, during exercise, to provide free fatty acids
as an energy source. After exercise, endogenous TGs that
were oxidized needs to be replenished from exogenous TGs
(16). This may cause rapid uptake of free fatty acids from
the circulation, thus increasing the clearance rate of TGs
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Table 2. Blood Parameters in the Groups Before and After the 8-Week Training Programa

Variable Continuous Discontinuous Control P Value

Baseline 8Weeks Baseline 8Weeks Baseline 8weeks

TG,mg/dL 216.7 ± 9.5 192.3 ± 8.4 212.3 ± 10.1 190.7 ± 12.6 213.9 ± 9.9 209.2 ± 14.3 At baseline: 0.44 At, 8 weeks: 0.01b

TC,mg/dL 201.6 ± 14.2 195.5 ± 12.7 195.7 ± 7.7 191.4 ± 9.6 190.2 ± 11.6 193.7 ± 10.4 At baseline: 0.21, At 8 weeks: 0.87

HDL-c,mg/dL 46.8 ± 4.4 47.4 ± 3.7 45.9 ± 7.1 49.8 ± 8.3 42.4 ± 5.4 43.1 ± 6.6 At baseline: 0.16, At 8 weeks: 0.01b

Glucose,mg/dL 105 ± 7.2 100 ± 6.4 114 ± 12.3 107 ± 9.5 108 ± 10.1 104 ± 8.1 At baseline: 0.51 At 8 weeks:0.55

aValues are expressed as mean ± SD.
bSignificantly different between the groups: P ≤ 0.05.

from the circulation. The elevated LPL activity in muscle af-
ter exercise may play an important role in increasing con-
centrations of TGs (14).

During discontinuous exercise, there might be an in-
crease in energy expenditure and basal metabolism due
to the frequent exposure to muscular contraction which
is developed by this type of training. Several studies have
suggested that exercise improved the lipid profiles of men
and female.

Exercise is considered vital in the prevention and man-
agement of hypertension (17). The results of the present
study showed that 8 weeks of discontinuous exercise train-
ing significantly decreased systolic BP but did not have an
impact on diastolic BP. Potential explanations for this find-
ing are increased endothelial nitric oxide synthase activ-
ity and increased insulin sensitivity (18). Epidemiological
studies indicated that greater physical activity was associ-
ated with a lower BP, and an interventional study showed
that chronic dynamic aerobic endurance training reduced
BP (17). Other studies demonstrated that exercise had an
antihypertensive effect in humans (19) and that regular
exercise training reduced the heart rate, improving the
sensitivity of aortic baroreceptors, thereby contributing to
more efficient regulation of BP (20). Research also sug-
gested that the beneficial BP lowering effects of exercise
were due to decreased activity of both the sympathetic ner-
vous system and rennin-angiotensin system. Other mech-
anisms responsible for the antihypertensive effect of train-
ing include a decrease in peripheral arterial resistance
caused by vasodilatation (21).

In summary, metabolic syndrome is a constellation
of elevated metabolic, lipid, and nonlipid factors, which
tend to cluster in an individual. The exact mechanisms re-
sponsible for the pathogenesis of this syndrome remain
unknown, and the mechanisms by which increased ex-
ercise reduces metabolic syndrome are also largely un-
known. Early perspectives on the mechanisms involved
in metabolic syndrome included insulin resistance (22)
and obesity (23). Recent studies of metabolic syndrome

have implicated chronic inflammation, gene-environment
interactions, sympatho-adrenal irregularities, endothelial
dysfunction, and lifestyle (24). It has been hypothesized
that exercise reduces metabolic syndrome by inducing
changes in individual components of the syndrome, such
as TGs, HDL-c, BP, glucose, and abdominal obesity. The
present study showed that exercise training, especially dis-
continuous training, appeared to be beneficial in prevent-
ing and improving the risk factors of metabolic syndrome
relative to any other current interventions. This finding
may have important implications for exercise training in
rehabilitation programs for middle-aged women. Exercise
is inexpensive and has relatively few negative side effects
when performed properly. If exercise programs were effec-
tively implemented among the metabolic syndrome popu-
lation, there would most likely be improvements in health,
as well as reductions in health care costs associated with
the disease.
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