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Abstract The purpose of this study was to compare
resistance exercise training (RT) to aerobic exercise train-
ing (AE) on the clinical risk factors for metabolic syndrome
(MetSyn) in physically inactive overweight males (age 27–
48 years). Subjects with at least one risk factor for MetSyn
performed RT (n = 13, age 35.1 § 4.7 years, BMI 31.2 §
2.7 kg/m2) or AE (n = 9, age 37.6 § 4.9 years, BMI,
31.2 § 3.2 kg/m2) for 6 months. Training frequency and
exercise session duration were equal and by 3 months the

subjects exercised 4 day/week for 45 min/session. Blood
lipids and glucose, waist circumference, and mean arterial
blood pressure (MAP) were measured at 0, 3, and
6 months. A MetSyn z score was calculated for each subject
from triglycerides, HDL cholesterol, fasting glucose, waist
circumference, and MAP. Statistical signiWcance was set at
p · 0.05. No signiWcant diVerences existed between RT
and AE groups at 0 month. AE showed a signiWcant reduc-
tion in MetSyn z score from 0 (0.91 § 3.57) to 6 months
(¡1.35 § 2.95), while RT approached signiWcance
(p = 0.07) from 0 (0.09 § 2.62) to 6 months (¡1.30 §
2.22). Triglycerides (mmol/L) signiWcantly decreased in
AE from 0 (1.93 § 0.90) to 6 months (1.41 § 0.70). Waist
circumference (cm) signiWcantly decreased in AE from 0
(106.8 § 7.3) to 6 months (101.2 § 6.5), and in RT from 0
(108.4 § 9.0) to 6 months (105.7 § 7.0). MAP (mmHg)
decreased in RT from 0 (93.8 § 5.8) to 6 months
(87.5 § 6.1) and in AE from 0 (97.6 § 7.0) to 6 months
(91.3 § 6.8). With equal training frequency and exercise
session duration, both RT and AE training, when paired
with energy restriction improve the clinical risk factor pro-
Wle for MetSyn.

Keywords Fitness · Body composition · Blood pressure · 
Cardiorespiratory Wtness · Blood lipids

Introduction

Metabolic syndrome (MetSyn) is a clustering of disease
risk factors including hypertension, decreased HDL choles-
terol, elevated triglycerides, abdominal obesity, and insulin
resistance (Grundy et al. 2005). Approximately 25% of
adults in the United States have metabolic syndrome and
the incidence of metabolic syndrome increases with age so
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that an estimated 43% of adults over 60 years of age have
metabolic syndrome (Ford et al. 2002). MetSyn strongly
predicts the risk of developing Type 2 diabetes, hyperten-
sion and cardiovascular disease (CVD) which remains the
leading cause of death in the United States (Minino et al.
2007). A reduction in modiWable risk factors is thought to
be the most eVective way to prevent the onset of MetSyn
and potentially cardiovascular disease (Grundy et al. 2005).

The National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) proposed a simple set
of diagnostic criteria for metabolic syndrome based on
common clinical measures including waist circumference,
blood pressure, triglycerides, HDL cholesterol, and fasting
blood glucose (Grundy et al. 2005). Participation in aerobic
exercise training can reduce the clinical risk factors associ-
ated with MetSyn including lowering resting blood pres-
sure (Fagard 2006), improving blood lipid proWles (Heath
et al. 2007), improving glucose metabolism (Potteiger et al.
2003), and altering body composition (Donnelly et al.
2003). Participation in resistance exercise training has been
shown to improve the clinical measures of MetSyn includ-
ing resting blood pressure (Fagard 2006; Kelley 1997),
blood lipid proWle (Hurley et al. 1988; Yeater et al. 1996),
body composition (Campbell et al. 1994; Chilibeck et al.
1996, 1998; Kraemer et al. 2001;  Van Etten et al. 1997),
and insulin and glucose metabolism (Ibanez et al. 2005;
Smutok et al. 1993, 1994; Eriksson et al. 1997;  Van Etten
et al. 1997; Chilibeck et al. 1996).

Several studies have attempted to compare resistance
exercise training and aerobic exercise training on risk factor
reduction for CVD (Banz et al. 2003; Smutok et al. 1993),
as well as control of blood glucose in patients with Type 1
(Ramalho et al. 2006) and Type 2 diabetes (Sigal et al.
2007; Smutok et al. 1994). Collectively, the results of these
studies indicate that both resistance exercise training and
aerobic exercise training can improve the cardiovascular
disease risk factor proWle and certain aspects of metabolic
control. A signiWcant limitation of the previous work has
been whether the treatment groups have performed the
same volume of exercise. It is diYcult to compare the two
forms of exercise due to limitations in measuring and
equating both training intensity and training volume. Intui-
tively, individuals participating in an exercise program will
often perform the exercise sessions based on the amount of
time the individual has available for training. In this inves-
tigation, we matched training frequency and exercise ses-
sion duration in an attempt to compare the eVect of
resistance exercise training and aerobic exercise training,
when paired with energy restriction, on MetSyn risk pro-
Wles and speciWc CVD risk factors in previously sedentary
males. We hypothesized that resistance exercise training
would result in a similar reduction in the risk factors for
both MetSyn and CVD compared to aerobic exercise train-

ing when both forms of exercise are performed for the same
training frequency and exercise session duration and when
paired with energy restriction.

Methods

Design

The study was a 6-month randomized intervention to evalu-
ate the eVects of either resistance exercise training (RT) or
aerobic exercise training (AE) on MetSyn risk factors in
physically inactive males. The training programs were
matched for training frequency and exercise session dura-
tion. Data on body weight and composition, resting blood
pressure, blood chemistry proWle, and cardiorespiratory
Wtness were collected at 0 (baseline), 3, and 6 months.

Subjects

We recruited 35 overweight males for participation in this
study of which 22 completed the 3- and 6-month assess-
ments. The 13 subjects who withdrew from the study cited
having a lack of time available for participation. All labora-
tory measures were obtained after the subject signed an
informed consent and completed a health history question-
naire in accordance with university guidelines on human
experimentation. At the start of the study all subjects were
physically inactive, having not participated in more than
15 min of regular exercise per week for at least previous
3 months. All subjects had an initial body mass index
between 27.1 and 35.9 kg/m2 with each subject having at
least one risk factor for MetSyn. Exclusion criteria were
history of coronary heart disease, bone or joint disease,
inability to perform laboratory tests or the exercise pro-
grams, or any medical condition which would make exer-
cise an unnecessary risk.

Dietary counseling

At the start of the study, subjects Wlled out 3-day dietary
records. The subjects then underwent individualized dietary
counseling in which the counselor emphasized lower por-
tion sizes and lower fat choices to reduce dietary intake by
300–600 kcal. No further dietary counseling occurred from
that point forward. Subjects also completed 3-day dietary
records at 3 and 6 months to determine their total energy
intake.

Intervention programs

The RT group participated in an individualized resistance
training program (Dolezal and Potteiger 1998). Exercises
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were employed that allowed training for all the major mus-
cle groups such as parallel squat, leg press, supine bench
press or dumbbell chest press, military press or dumbbell
shoulder press, lat pull-down, seated rows, leg curls, leg
extensions, calf raises, arm curls, and sit-ups. The training
program followed typical repetition maximum (RM) resis-
tance training principles for progression in the intensity and
volume of exercise in a program. The resistance training
protocol utilized a model, where the training loads were
changed within each week. The subjects varied their train-
ing intensity for the exercises on diVerent days. On the high
intensity days, the subjects completed between 5 and 7 rep-
etitions with 100% of their 5–7 RM. On the moderate inten-
sity days, the subjects completed between 8 and 10
repetitions with 80% of their 8–10 RM. The subjects pro-
gressed from one set per exercise at the beginning of the
study to four sets by the beginning of week 4. Short rest
periods of »1–2 min between sets and exercises were used.

The AE program was designed to elicit a target heart rate
of between 65 and 80% of maximal cardiorespiratory
Wtness as determined from graded exercise testing. Individ-
ual adjustments to training intensity were made after
3 months to account for changes in aerobic Wtness. The pri-
mary mode of exercise was treadmill walking and jogging.
Stationary cycling and stationary stair climbing were avail-
able to the subjects 1 day per week in an eVort to reduce
boredom, decrease the chance for overuse or repetitive inju-
ries, and increase exercise adherence.

The exercise sessions for both training groups increased
in duration from 20 min at the beginning of the study to
45 min by week 5. The RT group increased the number of
sets per exercise in order to meet the required duration of
training. Subjects began training by exercising 3 days per
week, then progressed to 4 days per week by 3 months, and
continued at 4 days per week for the remainder of the study.
An exercise specialist supervised each subject with one-on-
one training during the exercise sessions. All training ses-
sions were conducted in the university exercise facility.

Body weight and composition

Body weight was assessed on a calibrated electronic scale
(Toledo Model 8134) with the subjects in shorts and
T-shirts only, having removed all jewelry. The weighing of
subjects occurred at »0600 h after the subject had voided.
Body composition was assessed using Lunar DPX-IQ dual
energy X-ray absorptiometry (DEXA) (Lunar, Inc.,
Madison, WI, USA). This technique provided a measure of
fat mass, fat-free mass, and percent body fat. Subjects were
clothed in shorts and T-shirts and analyzed using the scan-
ning speeds and modes recommended by the manufacturer.
The scanner was calibrated according to the guidelines
speciWed by the manufacturer. Circumference measures of

the waist, at the level of the umbilicus, were taken in tripli-
cate using a spring loaded tape measure (Gulick II), with
the closest two measures averaged for statistical analysis.

Resting blood pressure

After the measurement of body composition, the subjects’
rested for 30 min while resting metabolic rate was mea-
sured (data not reported). Blood pressure was then assessed
using a mercurial sphygmomanometer and stethoscope.
This ensured at least a 30-min period of total inactivity
prior to the blood pressure assessment. The subject was
positioned supine and the same research technician made
the blood pressure measurements. Systolic and diastolic
pressures were recorded using the muZing of sound
(KorotkoV phase 4) as the diastolic reading. Blood pressure
was assessed in duplicate with the values averaged for sta-
tistical analysis. Mean arterial pressure (MAP) at rest was
calculated as [(systolic blood pressure ¡ diastolic blood
pressure) £ 0.33] + diastolic blood pressure.

Blood chemistry proWle

Blood for fasting glucose, insulin, and lipids was obtained
after the measurement of resting blood pressure. Glucose
was measured with a glucose oxidase kit (Sigma, St. Louis,
MO, USA) and insulin was measured by radioimmunoas-
say (DPC, CA, USA). Within run coeYcients of variation
were <2.5 and <3.1 for glucose and insulin, respectively.
Insulin resistance was determined by the homeostatic
model assessment (Matthews et al. 1985). Total cholesterol
and lipoprotein concentrations were measured with an auto-
mated analyzer (Olympus AU5200, Melville, NY, USA)
using standard enzymatic techniques. The VLDL-C and
LCL-C fractions were calculated using the Friedewald for-
mula (Friedewald et al. 1972).

Cardiorespiratory Wtness

Maximal oxygen consumption (VO2max) was measured dur-
ing a graded exercise test on a treadmill ergometer. The
modiWed Bruce protocol was used during testing (American
College of Sports Medicine, 2010). Heart rate using a
radiotelemetry unit (Polar Instruments) and rating of per-
ceived exertion, using the 15-point Borg scale (Borg 1970),
were recorded during the last 30 s of each 3-min stage.
Expired air was measured for oxygen and carbon dioxide
concentrations at 1 min intervals using a Sensormedics
2900 metabolic measurement cart (Sensormedics Corp.,
Yorba Linda, CA). This system was calibrated before each
test according to the manufacturer’s instructions. A test was
considered maximal if the subject achieved any three of the
four following criteria: a plateau in oxygen consumption
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(<2.0 ml/kg/min) with an increase in exercise intensity,
respiratory exchange ratio ¸1.10, a maximal heart rate
within §10 beats per minute of age-predicted values, and
volitional exhaustion (Duncan et al. 1997). All subjects
reached at least three of the four criteria during testing.

Macronutrient intake

Measurements of total energy and macronutrient intake
occurred at 0, 3, and 6 months. Twenty-four hour diet log
books were obtained using 2 weekdays and 1 weekend day
during a 1-week time period. Subjects were instructed in
recording brand name, portion size, and method of prepara-
tion and ingredients and they were encouraged to bring in
labels or packages of foods consumed. Analysis of macro-
nutrient consumption data was completed using the Food
Processor® computer program (esha, Salem Oregon).

Statistical analysis

We used the revised NCEP ATP III criteria for MetSyn: (1)
increased waist circumference (¸102 cm in men); (2)
increased triglycerides (¸150 mg/dl); (3) decreased HDL
cholesterol (<40 mg/dl in men); (4) increased blood pres-
sure (¸130 mmHg systolic or ¸85 mmHg diastolic); and
(5) increased fasting glucose (¸100 mg/dl) (Grundy et al.
2005). To test for the eVects of exercise training on Met-
Syn, we used a continuous z score rather than a series of
dichotomous scores. This concept has been proposed by
others as a way to more accurately represent and detect
overall metabolic changes for several reasons (Johnson
et al. 2007; Wijndaele et al. 2006; Franks et al. 2004). First,
the continuous score would be more sensitive to small and
large changes that do not change the ATP III criteria. For
example, a decrease in triglycerides from 250 to 151 mg/dl
would have no eVect on the ATP III score, but would be
reXected as a non-trivial change in the continuous MetSyn
risk factor index. Second, the continuous score would be
less sensitive to small changes that occur in the vicinity of
the diagnostic criteria for any one variable. For example, a
decrease in triglycerides from 152 to 149 mg/dl would have
a non-trivial eVect on the NCEP ATP III score, but little
eVect on the continuous MetSyn risk factor index (Johnson
et al. 2007).

We calculated a MetSyn z score that reXects a contin-
uous score of the Wve MetSyn risk factors. The MetSyn z
score was calculated from individual subject data,
NCEP ATP III criteria, and standard deviations
using data from the entire subject cohort at baseline. The
equation used was: z score = ([40 ¡ HDL cholesterol]/
SD)+([triglycerides ¡ 150]/SD)+([fasting plasma glucose ¡
100]/SD)+([waist circumference ¡ 102]/SD)+([mean arte-
rial pressure ¡ 100]/SD) (Johnson et al. 2007; Wijndaele

et al. 2006; Franks et al. 2004). A frequency count of Met-
Syn risk factors was also performed at each time point with
the average number of MetSyn risk factors determined for
each training group.

Descriptive statistics (mean and standard deviations)
were calculated for each variable at each of the time points
(0, 3, 6 months) in the study. Mixed eVects repeated mea-
sures analysis of variance (ANOVA) models were Wt to
assess the eVect of treatment group (resistance training, aer-
obic training) and time (0, 3, 6 months) on mean responses
for the measured dependent variables. Statistical signiWcant
was accepted with p < 0.05. Planned contrasts were con-
structed to compare the eVects of treatment within time
periods and to compare the eVect of time within a treatment
condition. All contrast comparisons used Bonferroni-
adjusted signiWcance levels, maintaining a family-wise
error rate of � = 0.05.

Results

Subjects

There were no injuries reported as a result of performing
either training program. Of the subjects who completed the
study, 13 were in the RT group and 9 were in the AE group.
Subjects in the RT group completed 96% of the exercise
sessions, while subjects in the AE group completed 93% of
the exercise sessions. There were no signiWcant diVerences
in any of the dependent measures between groups prior to
beginning of the training programs. Subjects in the RT
group were 35.1 § 4.7 years of age with a height of
182.0 § 7.0 cm, while those in the AE group were
37.6 § 4.9 years of age with a height of 181.0 § 9.0 cm.

Dietary intake

The AE group reported a caloric intake of 2,950 § 686 kcal
at 0 months, 1,880 § 511 kcal at 3 months, and 1,990 §
493 kcal at 6 months. The RT group reported a caloric
intake of 2,869 § 795 kcal at 0 month, 2,139 § 524 kcal at
3 months, and 2,150 § 545 kcal at 6 months. The self-
reported total energy intake was signiWcantly lower at 3 and
6 months compared to baseline in both groups. There were
no signiWcant diVerences between the two groups at any
measurement time.

Metabolic syndrome risk factors

The MetSyn z scores and variables that comprise the z score
are shown in Table 1. The MetSyn z score decreased in
both RT and AE with the 6-month value signiWcantly diVer-
ent from baseline in AE and approaching signiWcance in RT
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(p · 0.07). There were no signiWcant diVerences between
the two training groups at any time point. The average
number of MetSyn risk factors was not signiWcantly diVer-
ent between groups at any time point and there was no
change in either group in response to the training program.
HDL cholesterol signiWcantly decreased in RT from 0 to
3 months and then was unchanged at 6 months; there were
no changes in the AE group. There was a signiWcant
decrease in triglycerides from 3 to 6 months in RT and at 3
and 6 months compared to 0 month for the AE training
group. There was no change in fasting blood glucose after
AE or RT. Waist circumference was signiWcantly reduced
at 3 and 6 months compared to 0 month in RT. Waist cir-
cumference signiWcantly decreased throughout the
6 months of training in AE with 3 months signiWcantly
diVerent from 0 month and 6 months signiWcantly diVerent
from both 0 and 3 months. MAP was signiWcantly reduced
from 0 months at both 3 and 6 months in RT. For AE, MAP
was signiWcantly lower at 6 months compared to 0 and
3 months. There was a signiWcant diVerence between the
RT and AE training groups in MAP at 3 months of training.

No other signiWcant between group diVerences were
observed.

Body mass and composition

Data for body mass and composition measurements are
shown in Table 2. A signiWcant reduction in body mass was
observed throughout the 6 months of training for AE with
3 months lower than 0 and 6 months lower than both 0 and
3 months. There were no signiWcant changes in body mass
in the RT group. Both groups demonstrated a signiWcant
reduction in body fat % in response to the training program,
with the values observed at 6 months of training signiW-
cantly lower than those recorded at 0 and 3 months. Fat-
free mass increased in the RT with 0 months signiWcantly
diVerent from 3 and 6 months. There was no change in fat-
free mass in the AE group and there were no diVerences
between the groups. Fat mass was signiWcantly lower at
6 months compared to 0 months in the RT group. For the
AE group, fat mass was signiWcantly decreased after 3 and
6 months.

Cardiorespiratory Wtness and blood pressure

Data for cardiorespiratory Wtness and blood pressure are
shown in Table 3. Maximal oxygen consumption (L/min)
increased during training for the AE group approaching sta-
tistical signiWcance (p = 0.07). There were no signiWcant

Table 1 NCEP ATP III criteria for MetSyn for resistance exercise and
aerobic exercise groups participating in 6 months of supervised train-
ing (mean § SD)

# SigniWcant diVerences between groups at 3 months (p < 0.05) for
mean arterial pressure. SigniWcant diVerences within each group
(p · 0.05); means with same letter are not signiWcantly diVerent
(p > 0.05)

Baseline 3 months 6 months

Average risk factors per subject

Resistance exercise 1.32 § 1.32 1.27 § 1.24 1.14 § 1.25

Aerobic exercise 1.92 § 1.85 1.54 § 1.39 1.31 § 1.32

MetSyn z score

Resistance exercise 0.09 § 2.62 –0.49 § 2.81 ¡1.30 § 2.22

Aerobic exercise 0.91 § 3.57a 0.06 § 4.19ab ¡1.35 § 2.95b

HDL cholesterol (mmol/L)

Resistance exercise 1.02 § 0.14a 0.94 § 0.16b 0.94 § 0.14ab

Aerobic exercise 1.11 § 0.24 1.06 § 0.17 1.01 § 0.14

Triglycerides (mmol/L)

Resistance exercise 1.54 § 0.70ac 1.75 § 0.79a 1.55 § 0.63bc

Aerobic exercise 1.93 § 0.90a 1.57 § 0.71b 1.41 § 0.70b

Fasting glucose (mmol/L)

Resistance exercise 5.89 § 1.0 5.87 § 1.2 5.27 § 1.1

Aerobic exercise 6.35 § 1.3 6.46 § 1.1 5.78 § 1.2

Waist circumference (cm)

Resistance exercise 108.4 § 9.0a 105.8 § 6.9b 105.7 § 7.0b

Aerobic exercise 106.8 § 7.3a 103.5 § 7.6b 101.2 § 6.5c

Mean arterial pressure (mmHg)

Resistance exercise 93.8 § 5.8a 88.4 § 6.1b 87.5 § 6.1b

Aerobic exercise 97.6 § 7.0a 95.3 § 6.2ab# 91.3 § 6.8b

Table 2 Body mass and composition measures for resistance exercise
and aerobic exercise groups participating in 6 months of supervised
training (mean § SD)

No signiWcant diVerences between groups at any measurement time
(p > 0.05). SigniWcant diVerences within each group (p · 0.05); means
with same letter are not signiWcantly diVerent (p > 0.05)

Baseline 3 months 6 months

Body mass index

Resistance exercise 31.2 § 2.7 31.1 § 2.6 31.0 § 2.8

Aerobic exercise 31.2 § 3.2a 30.4 § 2.8b 29.4 § 2.5c

Body mass (kg)

Resistance exercise 101.3 § 11.4 101.4 § 11.8 101.3 § 11.2

Aerobic exercise 102.0 § 9.1a 99.3 § 7.2b 96.1 § 6.1c

Body fat (%)

Resistance exercise 35.0 § 5.9a 34.1 § 5.7a 33.2 § 6.4b

Aerobic exercise 34.2 § 5.6a 33.5 § 6.0a 30.7 § 6.0b

Fat-free mass (kg)

Resistance exercise 65.6 § 6.7a 66.8 § 7.2b 67.2 § 6.6b

Aerobic exercise 66.8 § 5.7 65.9 § 6.6 66.5 § 6.4

Fat mass (kg)

Resistance exercise 36.2 § 8.8a 35.1 § 8.3ab 34.2 § 8.7b

Aerobic exercise 35.2 § 8.3a 33.4 § 7.3b 29.6 § 6.5c
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changes in VO2max for the RT training group. SigniWcant
reductions in systolic blood pressure were observed follow-
ing training in both groups. For the RT group, there was
approximately a 3.7% decrease in systolic blood pressure
from 0 month. Systolic blood pressure was signiWcantly
lower after 3 (4.5% decrease) and 6 months (7.1%
decrease) of training in the AE group. Diastolic blood pres-
sure was signiWcantly reduced in the RT group from 0 to
3 months (7.1% decrease) with the 6 months value (8.5%
decrease) also signiWcantly diVerent from 0 month. Dia-
stolic blood pressure did not signiWcantly change in the AE
group.

Blood chemistry proWle

The results for the additional blood chemistry measure-
ments are illustrated in Table 4. There were signiWcant
reductions in fasting insulin concentration with the
6 months values lower than 0 months for both RT and AE.
There was a signiWcant improvement in insulin sensitivity
as measured by HOMA at 6 months compared to 0 month
and 3 months for both the RT and AE training groups.
There were no diVerences between groups for fasting insu-
lin HOMA at any measurement time. No signiWcant
between groups or within group time eVects were observed
in the blood lipid measures of total cholesterol, LDL, and
VLDL.

Discussion

The major Wndings of this investigation indicate that
6 months of RT or AE training performed at similar daily
exercise durations and weekly training frequencies, when

paired with dietary energy restriction, can improve the Met-
Syn and CVD risk proWle in sedentary overweight middle
aged men. SpeciWcally, we demonstrated that (1) both RT
and AE training reduced the risk for MetSyn as determined
through a cumulative z score; (2) both training methods
altered waist circumference, MAP, body composition and
insulin sensitivity; and (3) only AE improved cardiovascu-
lar Wtness and triglyceride levels.

Several investigations have attempted to compare RT
and AE on MetSyn and CVD risk factors such as resting
blood pressure, blood lipid proWles, insulin sensitivity, car-
diorespiratory Wtness, and body composition (Ramalho
et al. 2006; Banz et al. 2003; Sigal et al. 2007; Smutok
et al. 1993, 1994; Johnson et al. 2007). However, rarely
have the two training modes been equal in the total amount
of work performed (Ramalho et al. 2006). This is likely due
to the diYculties in equating training intensity and volume
and the total amount of work performed between the two
forms of exercise. With this in mind, we attempted to com-
pare RT and AE by matching weekly training frequency
and daily exercise session duration for the two groups over
a 6-month period. While this method does not minimize the
limitations of comparing the two types of exercise with
respect to exercise intensity and training volume, it does
provide practical information to anyone using exercise to
reduce MetSyn risk factors and CVD. Overall, the data
from this study indicate that MetSyn and CVD risk reduc-
tion can be achieved by combining dietary energy restric-
tion with either high intensity RT or AE. The remainder of

Table 3 Maximal oxygen consumption (VO2max) and resting systolic
and diastolic blood pressure (BP) for resistance exercise and aerobic
exercise groups participating in 6 months of supervised training
(mean § SD)

No signiWcant diVerences between groups at any measurement time
(p > 0.05). SigniWcant diVerences within each group (p · 0.05); means
with same letter are not signiWcantly diVerent (p > 0.05)

Baseline 3 months 6 months

VO2max (L/min)

Resistance exercise 3.49 § 0.59 3.51 § 0.59 3.47 § 0.37

Aerobic exercise 3.33 § 0.43 3.59 § 0.46 3.71 § 0.48

Systolic BP (mmHg)

Resistance exercise 122.2 § 5.9a 117.8 § 7.0b 117.3 § 8.0b

Aerobic exercise 130.0 § 10.0a 124.1 § 9.8b 120.8 § 10.4b

Diastolic BP (mmHg)

Resistance exercise 81.6 § 6.8a 75.8 § 7.5b 74.7 § 6.7b

Aerobic exercise 83.3 § 7.3 82.4 § 5.8 79.0 § 6.0

Table 4 Blood chemistry proWles for resistance exercise and aerobic
exercise groups participating in 6 months of supervised training
(mean § SD)

No signiWcant diVerences between groups at any measurement time
(p > 0.05). SigniWcant diVerences within each group (p · 0.05); means
with same letter are not signiWcantly diVerent (p > 0.05)

Baseline 3 months 6 months

Fasting insulin (�mol/L)

Resistance exercise 14.2 § 6.3a 12.9 § 5.0a 10.0 § 3.8b

Aerobic exercise 11.2 § 2.7a 9.9 § 3.1a 7.9 § 2.7b

Insulin resistance (HOMA)

Resistance exercise 3.9 § 1.8a 3.4 § 1.7a 2.4 § 0.9b

Aerobic exercise 3.2 § 1.1a 2.9 § 1.2a 2.1 § 0.9b

Total cholesterol (mmol/L)

Resistance exercise 5.14 § 1.07 5.10 § 1.34 4.90 § 1.06

Aerobic exercise 4.81 § 1.02 4.69 § 1.03 4.33 § 1.21

VLDL cholesterol (mmol/L)

Resistance exercise 0.84 § 0.51 0.92 § 0.54 0.82 § 0.50

Aerobic exercise 1.04 § 0.62 0.85 § 0.51 0.75 § 0.42

LDL cholesterol (mmol/L)

Resistance exercise 3.28 §0.80 3.20 §0.94 3.17 § 0.81

Aerobic exercise 2.89 §0.61 3.00 § 0.79 2.77 § 0.96
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this discussion is designed to provide support for both RT
and AE having a positive inXuence on the speciWc variables
related to MetSyn and CVD.

Metabolic syndrome

The use of the z score to evaluate exercise changes in the
risk for MetSyn provides an increased level of sensitivity
for reasons described previously (Johnson et al. 2007;
Wijndaele et al. 2007). For example, in the current study
there was no statistically signiWcant change in the average
number of risk factors per subject (Table 1) yet there were
statistically signiWcant reductions in several of the individ-
ual risk factors for both the RT and AE groups. Collec-
tively, these positive changes resulted in a signiWcant
reduction in the risk for MetSyn in the AE group. It could
be argued that the reduction in the MetSyn z score for the
RT while not statistically signiWcant at the p · 0.05 level is
meaningful given the signiWcant decrease in waist circum-
ference and MAP. When this information is viewed in con-
junction with the changes in other CVD risk factors, such
as a reduction in fat mass and improvement in insulin sensi-
tivity, one can conclude that both RT and AE, when com-
bined with dietary energy restriction, improve the risk
factor proWle for MetSyn and CVD. The lowering of the z
score risk proWle for MetSyn by AE is similar to what oth-
ers have found in at risk patients (Johnson et al. 2007). In
addition, we found that AE signiWcantly reduced individual
risk factors as others have found previously. These include
reducing triglycerides levels (Halbert et al. 1999), waist cir-
cumference (Sigal et al. 2007), and MAP (Whelton et al.
2002).

Body mass and composition measures

Excess body fat has been linked to a variety of medical dis-
orders including hypertension, hyperlipidemia, coronary
artery disease, insulin resistance, and diabetes mellitus
(Barret-Connor, 1985; Blair and Brodney, 1999; Bonora
et al. 1997; Faloia et al. 2000; Gillum et al. 1998; Goran
and Gower, 1998). Furthermore, abdominal obesity has
been speciWcally linked to the development of Type 2 dia-
betes mellitus (Bjorntorp, 1988; Després, 1993; Pouliot
et al. 1992), elevated blood lipid levels (DiPietro et al.
1999; Pouliot et al. 1992) and heart disease (Lamarche
1998).

The data from the current study indicate that both RT
and AE when paired with dietary energy restriction can
positively aVect body composition by causing signiWcant
reductions in body fat % and total fat mass (Table 2). When
viewed in conjunction with the waist circumference data,
these changes are important for reducing the negative
health outcomes associated with increases in intra-abdomi-

nal obesity. Previous research comparing RT to AE has
provided mixed results regarding changes in body composi-
tion. Some studies show reductions in body fat % with AE
(Smutok et al. 1993) and RT (Banz et al. 2003) as well as
reductions in subcutaneous fat with both modes of exercise
(Sigal et al. 2007), including AE paired with energy restric-
tion (Shinkai et al. 1994). Conversely, other investigations
showed no change in several body composition measures
with either AE or RT (Smutok et al.  1993, 1994; Banz
et al. 2003). The lack of diVerences between the two modes
of exercise training in the current study suggest that RT and
AE may help lower the risk of MetSyn and CVD by reduc-
ing overall levels of body fat and speciWcally waist circum-
ference levels.

Cardiovascular Wtness and resting blood pressure

Low cardiovascular Wtness is a more powerful predictor of
mortality among men than any other established risk factors
(Myers et al. 2002; Kokkinos et al. 2008) and also is a
strong predictor of increased risk for CVD (Blair et al.
1996). Therefore, positive changes in VO2max should result
in a reduction of risk for both CVD and early mortality
(Blair et al. 1996). In the current study improvements in
VO2max were observed for the AE group (11.4%), with no
change in the RT group. This response is consistent with
the previous research when comparing AE and RT on car-
diovascular Wtness (Smutok et al. 1993, 1994). These
results were expected and were likely inXuenced by a com-
bination of relatively high initial levels of VO2max and an
insuYcient aerobic training stimulus during the RT ses-
sions.

When chronically elevated as in hypertension, blood
pressure is an independent risk factor for coronary artery
disease and is associated with many other cardiovascular
disorders (Matthews et al. 1990). Several recent meta-anal-
yses have shown that resting blood pressure is reduced in
both RT (Kelley 1997; Kelley and Kelley 2000) and AE
(Whelton et al. 2002) studies that were short term in nature.
The reductions in blood pressure observed in both the RT
and AE groups from the current study are consistent with
changes observed in other RT and AE studies (Kelley 1997;
Kelley and Kelley 2000). This is signiWcant because modest
reductions in resting diastolic blood pressure have been
associated with reduced risk of stroke and development of
coronary heart disease (Collins et al. 1990; MacMahon
et al. 1990).

Blood chemistry proWle

Abnormal glucose metabolism is associated with an
increased risk of many diseases including Type 2 diabetes,
coronary artery disease, and stroke (Wing et al. 2007),
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while improvements in glucose metabolism have been
shown to decrease the risk for a variety of disease condi-
tions (Praet and Van Loon 2007). In studies comparing
diVerent exercise modes both AE and RT training have
been shown to improve glucose metabolism (Smutok et al.
1994; Smutok et al. 1993; Sigal et al. 2007; Eriksson et al.
1998). In the current study, the signiWcant decrease in fast-
ing insulin and insulin resistance for both AE and RT are
consistent with prior research and support an improvement
in the CVD risk factor proWle.

Hyperlipidemia is associated with increased risk for
CVD, atherosclerosis, and diabetes mellitus. AE improves
blood lipid and lipoprotein levels (Halbert et al. 1999),
but the eVect of RT on blood lipids is less clear (Halbert
et al. 1999). The results from the current study, which
employed an exercise protocol combined with dietary
restriction, follow closely those of past research with AE
and RT causing no changes in total cholesterol, LDL cho-
lesterol, and VLDL cholesterol (Table 4) (Smutok et al.
1993; Banz et al. 2003; Ramalho et al. 2006; Sigal et al.
2007). There were two exceptions, however, in the AE
group there was a signiWcant decrease in triglyceride lev-
els and in the RT group there was a signiWcant decrease in
the HDL cholesterol levels. Factors such as subject age,
initial level of blood lipids, dietary intake, and training
intensity and frequency can inXuence whether AE or RT
have a positive impact on blood lipid levels (Halbert et al.
1999).

A potential limitation in this study is the inability to
compare the RT and AE groups to determine if training
intensity or training volume is equal between the two
modes of exercise. Many of the variables assessed in the
current study have been shown to be more or less respon-
sive to the intensity and volume of individual training pro-
grams and thus there is no way to be sure that both groups
worked at the same intensity and completed the same total
training volume. We acknowledge this potential limitation
but would like to point out the importance of the practical
application of the results that individuals at risk for MetSyn
can have some Xexibility in the choice of exercise activities
selected to improve health. A second potential limitation
could be the lack of an experimental control group. Numer-
ous investigators have argued that a control group is not
always necessary in experimental research, particularly if
health could be adversely aVected by not participating in a
treatment group. We believe that the results from a control
group would demonstrate what has occurred in many other
investigations; there is no positive change in health related
measures if individuals remain sedentary (Smutok et al.
1994, 1993). A Wnal limitation is the lack of a dietary
restriction group only that would allow for the determina-
tion of the inXuence of caloric restriction alone on the
dependent variables.

Conclusions

When matched for training frequency and exercise session
duration, and when paired with dietary energy restriction,
both RT and AE improve individual risk factors of the met-
abolic syndrome with AE signiWcantly improving the Met-
Syn z score risk proWle. Both forms of exercise improved
the risk proWle for CVD with AE changing triglyceride lev-
els, waist circumference, MAP, body mass, body fat %, fat
mass, cardiorespiratory Wtness, fasting insulin, and insulin
resistance. RT improved the risk proWle for CVD by posi-
tively aVecting waist circumference, mean arterial blood
pressure, body fat %, fat mass, fasting insulin, and insulin
resistance. Future research should examine diVerent combi-
nations of RE and AE to determine if an optimal AE or RT
program that results in an improved risk proWle for previ-
ously sedentary and overweight individuals could be devel-
oped that could lower the amount of time need to improve
the risk factor proWle.
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