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Abstract

The purpose of the present study was to examine the effect of circuit training (CT) on resting heart
rate variability (HRV) and other cardiovascular disease (CVD) risk factors such as blood lipids and
blood glucose and on fitness components. Twenty-four healthy untrained adults (age 26.5 = 5.1
years; height 1.67 + 8.4 m; weight 66.8 + 15.1 kg; 26.3% = 5.2%; maximum oxygen uptake (VO2max)
48.5 + 10.0 ml-kg-1-min-1) were assigned to either CT (n = 12) involving bodyweight exercises, or
control (CON, n = 12) groups. Prior to the start and following the end of the six-week training pe-
riod, time-, frequency-domain and nonlinear measures of resting HRV, arterial blood pressure,
body composition, fasting blood lipids, lipoproteins and glucose, VOzmax, upper body muscular
endurance (UBME) and abdominal and hip flexor (AHFME), back strength (BS) and handgrip were
assessed. None of the resting HRV measures (P > 0.05) were affected by the CT intervention. How-
ever, diastolic blood pressure decreased (P = 0.03), lean body weight (P = 0.03) increased, VOzmax
(P = 0.03), UBME (P < 0.001), AHFME (P = 0.04), and BS (P = 0.03) were significantly higher fol-
lowing CT, whereas the other variables were not influenced by the CT. Six-week of CT involving
bodyweight exercises has no significant impact on resting HRV. However, this type of training
might decrease the risk for development of CVD by reducing arterial blood pressure and by im-
proving body composition, aerobic capacity, muscular endurance and strength.
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1. Introduction

According to the World Health Organization (WHQO), more people die annually from cardiovascular diseases
(CVD) than from any other cause [1]. In particular, an estimated 17.3 million people died from CVD in 2008,
representing 30% of all global deaths. Of these 17.3 million deaths, an estimated 7.3 million were due to coro-
nary heart disease and 6.2 million were due to stroke. Almost 23.6 million people are expected to die from car-
diovascular diseases in 2030, mainly due to heart disease and stroke [1]. One non-invasive clinical predictor of
CVD morbidity and mortality is heart rate variability (HRV) [2]-[4]. HRV is the variation in time between beats
[5] and, in particular, the variation in time of the R-R intervals, which is the distance between two R peaks on
the QRS complex of an electrocardiography (ECG) wave. Originally, HRV was analyzed by the use of linear
methods (time- and frequency-domain) but these means resulted in loss of information on the dynamic patterns
used by cardiovascular regulation systems to adjust heart rate (HR) and blood pressure [6]. Nonlinear methods,
which were developed recently, may provide additional information on cardiovascular autonomic regulation [6].
Loss of HRV has been associated with increased risk of new cardiac events (angina pectoris, myocardial infarc-
tion, or congestive heart failure) [7], coronary heart disease [8] and mortality of all causes [9]. Concomitantly,
increased HRV is linked to improved prognosis and lower CVD mortality [7]. This suggests that HRV could be
a valuable tool in predicting future cardiac events, and that any type of exercise intervention that is proven to
improve HRV might reduce the risk of such events.

Several studies have reported the positive effect of aerobic exercise training on resting HRV measures. De
Meersman [10] found that high-intensity aerobic training increases parasympathetic tone at rest in young ath-
letes. Levy et al. [11] reported the same finding after intensive aerobic training in both healthy older and young
men. Whereas, Melanson and Freedson [12] found that moderate-to-vigorous-intensity endurance training in-
duces increases in most time- and frequency-domain measures of HRV in adult males.

Concerning strength training and HRV, studies have produced conflicting results. Carter et al. [13] reported
that whole body resistance training does not cause a significant change in sympathetic tone in young subjects. In
addition, Van Hoof et al. [14] and Cooke and Carter [15] found that strength training does not affect neural con-
trol of neither HR nor blood pressure, and vagal-cardiac control or cardiovagal baroreflex sensitivity, respec-
tively. However, Heffernan et al. [16] reported a positive effect in nonlinear dynamics of HR complexity apart
from a non-significant effect in spectral measures of HRV after six weeks of resistance training. Tatro et al. [17]
found that lower body resistance training can cause a chronic increase in sensitivity and resetting of carotid-
cardiac baroreflex in healthy males. Taylor et al. [18] also, reported a hypotensive response and a simultaneous
increase in vagal modulation in older adults with hypertension as a result of isometric handgrip training at mod-
erate intensity. To the best of our knowledge, studies investigating the effect of circuit (CT) on all three meas-
ures of resting HRV (time-, frequency-domain and nonlinear) do not exist.

CT appears to have multiple benefits on health and fitness, as various studies have shown that it may elicit
significant increases in aerobic capacity muscular strength, muscular endurance, lean body weight, and signi-
ficant decreases in resting diastolic blood pressure and body fat [19]-[26]. The effect of CT on some other CVD
risk factors such as fasting blood glucose, and blood lipids and lipoproteins remain under-investigated.

Since CT has been associated with increases in aerobic capacity and as aerobic training has been shown to in-
crease resting HRV measures, we hypothesized that CT may increase resting HRV measures in healthy un-
trained adults aged 18 - 35 years old. In addition, given that CT has been shown to improve various CVD risk
factors and fitness components, we tested another hypothesis, that CT improves some other CVD risk factors
and fitness components, not yet investigated. The purpose therefore of the present study was to examine the ef-
fect of six weeks of CT on a) resting HRV measures, b) blood metabolites and c) fitness components.

2. Materials and Methods
2.1. Subjects

Based on Cohen’s standard effect size for a “large effect” of 0.8 [27], we estimated a sample size of 24 subjects
required to test our hypothesis (1 — £ = 0.95, a = 0.05). Subjects were recruited following the distribution of a
relevant advertisement leaflets at the University of Nicosia and randomly at two big private health clubs in the
city of Nicosia, Cyprus. The subjects voluntarily accepted to participate in the present study. All participants
gave their written informed consent to take part in the study, which was approved by the Roehampton Universi-
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ty ethics committee. The CT group [n = 12 (10 female, 2 male); age 23.3 + 3.2 years; height 1.67 + 8.4 m;
weight 67.6 + 16.7 kg; body fat 27.6% + 5.1%; maximum oxygen uptake (VO,,., ) 45.1 + 7.71 mlkg “min™]
and the control (CON) group [n = 12 (6 female, 6 male); age 29.8 + 4.5 years; height 1.68 + 8.7 m; weight 66.1
+ 14.1 kg; body fat 25.0% + 5.3%; VO, 51.7 = 11.1 mlkg ““min™"] comprised male and female untrained
healthy subjects. They were classified as untrained if they had no background in regular endurance or resistance
training or competitive sports for the last six months. Thirty-seven (n = 37) subjects initially participated in the
study. However, twelve of them withdrew. Ten withdrew from the CT group; two withdrew right after the pre-
training measurements and the other eight withdrew during the training phase. Subjects within the CT group had
to attend at least 16 out of 18 sessions in total (90%) in order to include their data in the analysis. One of the
thirteen subjects did not complete the minimum number of sessions so that set of data was excluded from the
analysis. The remaining two subjects withdrew from the CON group after the first set of measurements. All
subjects completed a health history questionnaire in order to confirm their healthy status and the fact that they
were normotensive and were not taking any medication, which would alter cardiovascular control [22].

2.2. Circuit Training

An induction session took place just before the start of the six-week intervention training, in order to familiarize
subjects with the testing equipment and the correct technique of all the exercises. Both the induction and the
training sessions were undertaken by a qualified instructor. The subjects were able to train on their own, when-
ever they could not attend the scheduled supervised sessions by the instructor. Based on previous studies
[19]-[26], CT involved a six-week training program, according to which subjects had to train three times per
week. In weeks 1 and 2, 3 and 4, and 5 and 6 they had to complete 1, 2, and 3 circuits per session respectively
[20] [22]. In weeks 1, 3 and 5 and weeks 2, 4 and 6 the objective was to complete 15 and 20 repetitions respec-
tively for each exercise [20] [22]. The subjects performed both the concentric and eccentric contraction phase of
each exercise in 1 second [21]. Rest between exercises (stations) was the minimum time required for subjects to
move from one station to another (<15 seconds), and rest between circuits for weeks 3 - 6 was three minutes of
active recovery [21]-[24].

The subjects were using only their body weight to perform the exercises [26]. The training protocol consisted
of the following exercises:

1. Squats;

. Static lunges;

. Shoulder bridge;

. Standing single leg calf raises;
. Push-ups;

. Incline bench push-ups;

. Tricep dips;

. Crunches;

9. Side crunches;

10. Back raises;

11. Step-ups;

12. Side-to-side jumps over skipping rope.

Female subjects performed push-ups and bench push-ups on their knees, whereas male subjects had to per-
form these exercises on their toes [28] [29]. If subjects could not complete 15 or 20 repetitions continuously they
could rest for a few seconds and then complete the remaining repetitions [28] [29]. During the six-weeks train-
ing period, subjects were instructed to refrain from any other type of exercise; all participants included into the
statistical analysis comply with this particular instruction.

O~NOOTL B WN

2.3. Data Collection and Processing

The whole study period lasted for 16 months. During the data collection process, body composition and fitness
assessment always followed HRV and blood pressure measurements. Blood samples were collected on a sepa-
rate day of the same week. The first set of data was collected during the week right before the training com-
menced and the second set of data was collected during the week right after the end of the training period. All
measurements were taken by one investigator to ensure consistency of measurement. A Hosand HR Monitor
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MCO030 (Hosand Technologies S.r.l., Verbania, Italy), was used to record resting HRV data with the subject sit-
ting quietly for 5 minutes. The HR was detected by using two single-use adhesive electrodes, which were ap-
plied directly on skin, just below the pectoral muscles and fastened to the HR monitor with snaps. Prior to data
collection, subjects rested comfortably in a seated position for 10 minutes.

All measurements were taken in the morning, between the hours of 7 a.m. and 10 a.m., in order to minimize
diurnal effects. Subjects were overnight fasted and refrained from any excessive activity and from any caffeine
consumption in the morning, prior to reporting to the laboratory. Recordings were analysed using a Hosand MC
Software version 1.1.0.25 (Hosand Technologies, Verbania, Italy). Time-, frequency-domain and nonlinear ana-
lyses were used to assess HRV in this study. The time-domain measures recorded were: mean HR, standard
deviation of R-R intervals (SDRR), number of adjacent R-R intervals more than 50 milliseconds (ms) different
(NN50) and proportion of adjacent R-R intervals more than 50ms different (pNN50). The frequency-domain
measures, which were determined by spectral analysis using fast Fourier transform, were: low frequency power
(LF, 0.04 - 0.15 Hz), high frequency power (HF, 0.15 - 0.4 Hz) and low frequency power to high frequency
power ratio (LF/HF). Finally, nonlinear measures were analyzed by using the Poincare plot. The measures rec-
orded were: standard deviation calculated on the vertical axis of the Poincare plot (SD1), standard deviation
calculated on the horizontal axis of the Poincare plot (SD2) and the ratio of SD1 to SD2 (SD1/SD2).

An Omron M6 Digital Automatic Blood Pressure Monitor (Omron Healthcare, Kyoto, Japan) was used to
measure systolic and diastolic blood pressure. The Omron M6 device has been deemed to be in accordance with
the International Protocol criteria and has been recommended for use by adults [30]. Measurements were always
taken from the left upper arm in a seated position.

Body weight was measured using a digital weighing scale accurate to the nearest 0.1 kg and height was
measured using a measuring pole to the nearest 0.1 cm. Percent body fat was assessed by measuring skinfolds to
the nearest 0.5 mm, at four sites of the body using a Harpenden Skinfold Caliper (Baty International, West Sus-
sex, U.K.). The method of skinfolds is considered to be a reasonably accurate tool for measuring subcutaneous
fat [31] [32]. A minimum of two measurements was taken at each site (biceps, triceps, subscapular, suprailiac).
However, if the difference between the two values was greater than 1 mm, the test was repeated and the two
values closer to each other were recorded. The final value recorded was the average of the two values. The body
fat percentage was calculated using the following equations:

Body density(BD) = C—| M (log 10 sum of all four skinfolds) | [31] (1)

The result of the above formula (BD) was used in the Siri equation to calculate body fat percentage.
Body fat(%) = [(4.95/BD) - 4.5] x100 (Siri equation) [31] )

Lean body weight was calculated by subtracting fat weight from total body weight.

An estimated value of VO, was determined after conducting the Queens College step test. Subjects had
to step up and down on a step 16.25-inch high for 3 minutes at a steady pace of 24 steps per minute for male
subjects and 22 steps per minute for female subjects. A Wittner 812 K Metronome (Wittner GmbH, Isny,
Germany) was used to indicate the appropriate pace and a Polar RS400 HR Monitor (Polar Electro Oy, HQ,
Kempele, Finland) was used to record the HR at the end of the 3-minute test. The Queen’s College step test
correlation between recovery HR and VO is r = —0.75, and test retest reliability for recovery HR is r =
0.92 [33].

A Takei TKK 5402 Digital Back Dynamometer (Takei Scientific Instruments, Tokyo, Japan) was used to
measure back strength to the nearest 0.1 kg. Each subject had two attempts and the maximum value was record-
ed [34]. Handgrip strength was measured to the nearest 0.1 kg by using a Takei TKK 5401 Digital Handgrip
Dynamometer (Takei Scientific Instruments, Tokyo, Japan). Measurements were performed twice each with the
left and right hands alternately and the mean value of the highest values of the forces of both hands was record-
ed [34].

The YMCA Push-up Test was conducted to assess upper body (e.g. arm, shoulder muscular endurance. Male
subjects performed the test on their toes, female subjects performed the test on their knees but both kept their
hips and back straight [28] [29].

Abdominal and hip flexor muscular endurance was assessed by using the National Coaching Foundation
(NCF) Abdominal Curl Conditioning Test (Coachwise Ltd., Leeds, UK), which is a progressive sit up test. It has

2max
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been reported that sit-up tests in general have high reliability when measuring abdominal and hip flexor muscu-
lar endurance [29]. Subjects were required to perform as many sit ups as possible, keeping in time to the beeps
emitted from a NCF Abdominal Curl Conditioning Test audio CD. The total number of sit ups completed cor-
rectly and the time from the start of the test until the subject could no longer keep in time with the beeps or when
the sit ups were not performed correctly was recorded. Subjects were encouraged during the fitness tests for
maximum effort.

Venous blood samples (4 ml) were collected in the morning between 7.00 am and 8.30 am after a 14-hour
overnight fast. Following centrifugation, blood samples were analyzed for total cholesterol, HDL, LDL, trigly-
cerides and glucose using an Olympus AU2700 Chemistry Analyzer (Beckman Coulter, Brea, CA, USA) [35].

2.4. Statistical Analysis

A separate repeated measures ANOVA was used to assess the effect of CT on each of the resting HRV measures
and the rest of the variables. The statistical significance was accepted at 5% (P < 0.05). Data were expressed as
means = SD. All data were analyzed using the SPSS Statistical Software Package version 17.0 (SPSS, Inc.,
Chicago, IL, USA).

3. Results

Several HRV parameters were assessed and their P values are reported separately below and/or in Table 1.

HR (F1121 = 20, P= 017), SDRR (F1121 = 21, P= 017), NN50 (F1121 = 08, P= 038), PNN50 (F1121 = 03, P=
0.59), VLF (F1,=2.8,P =0.11), LF (F12 = 0.03, P = 0.87), HF (F15 = 0.7, P = 0.40), LFnu (normalized units)
(F1121 = 08, P = 039), HFnu (F1'21 = 08, pP= 039), LF/HF (F1121 = 17, P= 020), SD1 (F1'21 = 07, P= 040),
SD2 (F1 = 2.2, P = 0.16) and the ratio SD1/SD2 (F;,; = 0.002, P = 0.97) were not affected by training (Table
1). There was a significant group effect in SDRR (Fy» = 7.0, P = 0.02), LF (F1; = 8.4, P = 0.01), SD2 (Fy,; =
7.6, P = 0.01), while there was no significant time effect in any of the measures (P > 0.05; Table 1).

Table 1. Means (£SD) for HRV measures.

CT (n=12) CON (n=12) P value

\ariable Pre Post Pre Post Time effect Group effect I_nteraction

time-group
HR (bpm) 74.4(7.9) 75.5 (5.9) 73.6 (6.7) 79.1 (7.7) 0.05 0.59 0.17
SDRR (ms) 62.9 (18.5) 67.0 (16.3) 53.0 (15.3) 46.7 (14.9) 0.77 0.02" 0.17
NN50 53.9 (54.6) 56.0 (36.5) 32.3(35.4) 22.8(34.2) 0.57 0.10 0.38
PNN50 (%) 18.1 (20.6) 17.5(13.1) 9.9 (10.3) 6.9 (10.6) 0.40 0.10 0.59
VLF (ms?/Hz) 610 (297) 936 (448) 639 (597) 501 (393) 0.50 0.13 0.11
LF (ms¥Hz) 661 (457) 572 (393) 322 (274) 213 (79) 0.14 0.01* 0.87
HF (ms%/Hz) 370 (502) 258 (280) 151 (116) 115 (120) 0.11 0.13 0.40
LFnu 72.8 (15.9) 69.4 (12.2) 66.2 (16.5) 70.6 (15.5) 0.91 0.55 0.39
HFnu 27.2 (15.9) 30.6 (12.2) 33.8 (16.5) 29.4 (15.5) 091 0.55 0.39
LF/HF 42 (3.9) 2.8 (1.9) 2.7(2.1) 35(2.3) 0.69 0.54 0.20
SD1 (ms) 28.8 (19.0) 27.9 (11.6) 215(6.3) 17.7 (7.8) 0.20 0.08 0.40
SD2 (ms) 83.5(21.1) 90.4 (20.8) 71.6 (21.6) 63.3 (20.7) 0.90 0.01" 0.16
SD1/SD2 0.32 (0.13) 0.31 (0.06) 0.31 (0.09) 0.29 (0.10) 0.44 0.71 0.97

*Significantly different (P < 0.05). Pre, pre-training; Post, post-training; HR, heart rate; SDRR, standard deviation of R-R intervals; NN50, number of
adjacent R-R intervals more than 50 ms different; PNN50 (%), proportion of adjacent R-R intervals more than 50 ms different; VLF, very low fre-
quency power; LF, low frequency power; HF, high frequency power; nu, normalized units; SD1, standard deviation calculated on the vertical axis of
the Poincare plot; SD2, standard deviation calculated on the horizontal axis of the Poincare plot.
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Diastolic blood pressure (F; 2, = 5.5, P = 0.03) and lean body weight (F; 2 = 5.2, P = 0.03) were significantly
improved in the CT group compared to the CON group, whereas the rest of the variables did not change after
training (Table 2). In addition, there was a significant time effect in body fat (Fy,, = 4.7, P = 0.04) but there was
no significant group effect in any of the variables (P > 0.05).

None of the fasting blood variables changed significantly in the CT group after training, compared to the
CON group (P > 0.05; Table 3). However, triglycerides (F;», = 8.3, P = 0.01), and LDL (Fy 19 = 5.4, P = 0.03)
were significantly different between groups, while the variables between pre- and post-training measurements
did not change (Table 3).

There was a main interaction (time x group) effect in \'/OZrnax (F122=5.2, P =0.03), UBME (Fy5 =101.3,P
< 0.001), AHFME (F1, = 5.0, P = 0.04), BS (Fy 2 = 5.5, P = 0.03) which all increased significantly with train-
ing. However, HS (Fy,, = 0.2, P = 0.65) was not different following the training period (Table 4). UBME sig-
nificantly also increased over-time comparing between pre- and post-training period in the CT group, (Fi2 =
80.5, P <0.001). There was no significant group effect in any of the components.

4. Discussion

The primary finding of the present study was that CT, involving bodyweight exercises, significantly reduced di-
astolic blood pressure, increased lean body weight, aerobic capacity, and upper body, abdominal and hip flexor
muscular endurance and back strength. However, CT did not influence resting HRV.

4.1. HRV

To our knowledge, this is the first study to investigate the effect of CT on all resting HRV measures: time-, fre-
quency-domain and nonlinear measures. The non-significant effect on resting HRV is consistent with the find-

Table 2. Means (£SD) for body weight (BW), body fat % (BF%), lean body weight (LBW), systolic blood pressure (SBP)
and diastolic BP (DBP).

CT (n=12) CON (n=12) P value
variable Pre Post Pre Post Time effect ~ Group effect :Pr;irgigsg
BW (kg) 67.6 (17) 67.9 (17) 66.1 (14) 65.6 (13) 0.77 0.77 0.29
BF% 27.6 (5) 26.6 (4) 25.0 (5) 24.7 (5) 0.04" 0.27 0.24
LBW (kg) 48.9 (12) 49.7 (12) 49.6 (11) 49.4 (10) 0.13 0.98 0.03"
SBP (mmHg) 115.8 (11) 110.6 (8) 110.2 (9) 1103 (7) 0.14 0.39 0.13
DBP (mmHg) 719 (5) 67.8 (5) 67.5 (7) 68.8 (4) 0.24 0.43 0.03"

“Significantly different (P < 0.05). Pre, pre-training; Post, post-training.

Table 3. Means (+SD) for fasting blood triglycerides (TGL), cholesterol (CHL), high density lipoprotein (HDL), low density
lipoprotein (LDL) and glucose.

CT (n=12) CON (n=12) P value
variable Pre Post Pre Post Time effect ~ Group effect i::gg?gsg
TGL (mg/dL) 60.8 (22) 66.7 (32) 108 (55) 111.7 (49) 0.44 0.01" 0.81
Total CHL (mg/dL)  164.8 (30) 166.6 (28) 197 (39) 184 (30) 0.22 0.06 0.11
HDL (mg/dL) 48.1(12) 49.7 (13) 52.3(19) 49.3 (17) 0.64 0.78 0.13
LDL (mg/dL) 95 (29) 96.0 (29) 123 (31) 112.3 (19) 0.34 0.03" 0.25
Glucose (mg/dL) 83.8(8) 86.8 (6) 88.2 (9) 89.2 (9) 0.30 0.26 0.61

“Significantly different (P < 0.05). Pre, pre-training; Post, post-training.
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Table 4. Means (+SD) for maximum oxygen uptake ( VO, , ml-kg *:min), upper body (UBME) and abdominal and hip
flexor muscular endurance (AHFME), back strength (BS) and handgrip strength (HS).

CT (n=12) CON (n=12) P value
variable Pre Post Pre Post Time effect  Group effect i::gg?gsg
Vo, 45.1(7) 465 (7) 51.7 (11) 50.3 (10) 0.99 0.18 0.03"
UBME (rep.) 11.3(9) 21.4(9) 9.7 (9) 9.1(9) 0.001" 0.08 0.001"
AHFME (rep.) 27.7(17) 35.4(29) 26.9 (12) 24.6 (13) 0.25 0.45 0.04"
BS (kg) 98.8 (54) 108.7 (53) 100.8 (35) 99.8 (34) 0.07 0.85 0.03"
HS (kg) 33.4(14) 33.8 (13) 31.8(9) 31.7 (10 0.74 0.71 0.65

“Significantly different (P < 0.05). Pre, pre-training; Post, post-training. UBME increased over-time comparing between pre- and post-training period
in the CT group.

ings reported by previous studies [13]-[16], with reference to the effect of strength training on the spectral
measures of HRV. However, Heffernan et al. [16] also found that the intervention increased HR complexity—a
nonlinear method of assessing HR, not used in the present study—and the researchers postulated that this could
be because of increased parasympathetic and/or reduced sympathetic cardiac autonomic control. Previous stu-
dies have reported that greater reductions in overall HRV and greater elevations in HR after a single bout of
acute resistance exercise versus acute endurance exercise may be attributed to greater reductions in cardiac pa-
rasympathetic tone [36]. In addition, a reduction in HF spectral power of HRV after an acute resistance exercise
bout was found to be related to reduce HR complexity [37]. Despite these findings, Heffernan et al. [16] post-
ulated that these potentially negative acute responses do not appear to transpose to a state of permanence and
could lead to positive adaptations after repeated exposure. In addition, Tatro et al. [17] reported a chronic in-
crease in sensitivity and resetting of carotid-cardiac baroreflex in healthy males (32 + 3 years old) as a result of
lower body resistance training. Specifically, the researchers observed an increase in resting HRV that paralleled
the increased responsiveness of the vagally mediated carotid-cardiac baroreflex. However, Tatro et al. [17]
could not provide a clear interpretation for the increase in parasympathetic cardiac control since they found no
significant change in baseline R-R interval (resting HR).

4.2. Arterial Blood Pressure

The most important finding of this study was the decrease in resting diastolic blood pressure following CT
training period. These results are in agreement with several previous studies [19] [23] [38] which reported a sig-
nificant decline in resting diastolic blood pressure but no change in resting systolic blood pressure, as a result of
CT intervention. In Hurley et al. [38] study, the resistive training program used was classified as high intensity,
however it could be considered as a CT program due to the short rest intervals (<15 seconds) between each ex-
ercise. Our findings are strongly supported by the meta-analysis study by Fagard [39]. In his review, Fagard [39]
mentions that aerobic power increased by 10.5% in six resistance training study groups in which it was meas-
ured, which suggests that the types of resistance exercise used in most protocols comprised an aerobic compo-
nent to some extent. The circuit format of resistance training used in our study with minimal rest between sta-
tions (<15 seconds) could be considered as an aerobic component, which is further supported by the training-
induced significant increase in VO, (P = 0.03). It is important to note that Carter et al. [13] and Ray and
Carrasco [40] reported that the reduction in both systolic and diastolic was not coupled to resistance and isome-
tric handgrip respectively, exercise-induced decreases of sympathetic neural activity. This finding is consistent
with the current results, given that there was not a significant change in low frequency power.

Contrary to the above results, the study by Reid et al. [41] showed no effect of resistance training on resting
arterial blood pressure. In this study the rest period between stations in all groups was approximately 10 seconds,
which was almost similar to the rest period used in our intervention. Moreover, the researchers observed a sig-
nificant increase in VO, in two of the groups (endurance and strength 2), something also found in the CT
group of out study. Although, there was no significant change in resting arterial blood pressure after the training,
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there was a trend towards an increase in diastolic blood pressure in all four groups. Reid et al. [41] speculated
that this was due to the continual use of the Valsavamanoeuvre (expiring against a closed glottis results in an in-
crease in intrathoracic pressure which causes an increase in both systolic and diastolic pressure) which was often
observed in subjects of all groups despite admonition. In the current study, subjects were instructed in advance
to breathe properly and it was made certain throughout the sessions that they were not using the Valsavama-
noeuvre.

Aerobic endurance training decreases arterial blood pressure through a reduction of systemic vascular resis-
tance, in which the sympathetic nervous system and the renin-angiotensin system appear to be involved [39].
According to the review by Fagard [39] some studies have addressed the underlying mechanisms responsible for
the decrease in blood pressure in response to resistance training, but failed to bring these mechanisms to light. In
our study there was no significant change in high and low frequency power, thus no change in cardiac autonom-
ic activity. More research is needed to address the blood pressure-lowering mechanism of resistance training.

4.3. Body Composition

The significant increase in lean body weight and the no change in body fat observed in the current study are in
agreement with several previous reports [19] [20] [23] [24] [37] [41] respectively. However, Wilmore et al. [19]
and Gettman et al. [20] [22] reported significant reductions in body fat as a result of circuit weight training.
Pollock [42] has suggested that exercise programs of duration less than 8 to 10 weeks cause insignificant
changes in body composition. The training period in the studies by Wilmore et al. [19] and Gettmanet al. [20]
[22] was 10, 12 and 20 weeks respectively. However, in the case of Harris & Holly [23], Harber et al. [24],
Hurley et al. [38], Reid et al. [41] and the current study the corresponding duration of the training period was 9,
10, 16, 8 and 6 weeks respectively. In the studies by Harber et al. [24] and Hurley et al. [38], there would be a
significant decrease in body fat since the training period was 10 and 16 weeks respectively. However, the sub-
jects in the study by Harber et al. [24] performed on average two sets for each exercise over the 10 weeks of the
program and the subjects in the study by Hurley et al. [38] performed only one set per exercise over the 16-week
training period. In contrast, the subjects in the studies by Wilmore et al. [19] and Gettman et al. [20] performed
3 circuits and in the study by Gettman et al. [22] even though the subjects performed 2 circuits, the duration of
this study was the longest of all (20 weeks). Consequently, the lower training volume of the studies by Harber et
al. [24] and Hurley et al. [38] compared to the studies by Wilmore et al. [19] and Gettman et al. [20] [22] may
explain why body fat did not change significantly in those studies.

The non-significant decrease in body fat observed in the current study may be partially explained by the rela-
tively small amounts of total energy expended in exercise over these shorter training periods (<8 - 10 weeks).
Wilmore et al. [43] estimated a caloric expenditure of 9.0 kcal-min* during a 10-station circuit weight program.
Based on these estimates, our subjects expended approximately 90 kcal-session® in the first week (total 270
keal); 110 kcal-session in the second week (total 330 kcal); 205 kcal-session * in the third week (total 615 kcal);
225 kcal-session * in the fourth week (total 675 kcal); 325 kcal-session* in the fifth week (total 975 kcal); 385
kcal-session * in the sixth week (total 1155 kcal); or 4000 kcal for the whole 6-week training period. This
amount of kcal represents the equivalent loss of approximately 0.520 kg of fat, which is very close to the actual
loss of 0.600 kg in body fat mass observed in our study.

4.4. Maximum Oxygen Uptake

The significant increase in \'/OZmax is concordant with the findings of several studies [19]-[21] [23]. Harris &
Holly [23] noted that short rest intervals and adequate training stimulus appear to be keys to eliciting changes in
aerobic capacity. Rest intervals between sets in our study were less than 15 seconds. Considering the training
stimulus, we did not record the HR at any point during the sessions, so we do not have any information about
this parameter. Nevertheless, it appears that the volume of training (number of repetitions, sets, and workload)
provided adequate training stimulus to eliciting a significant improvement in aerobic capacity of the untrained
subjects.

4.5. UBME, AHFME, BS and HS
The current results indicate that CT may increase UBME and AHFME confirming the particular tested hypo-
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theses. The present findings are consistent with the positive effect of CT on muscular endurance observed by
Wilmore et al. [19] and Kaikkonen et al. [21]. In addition, the present results are confirmed by several previous
studies (e.g. [20]-[24] [26]), which were found that a circuit regime is an ideal methods for muscular endurance
training. According to Rose and Rothstein [44] muscular endurance training (either aerobic endurance or low re-
sistance weight training with several repetitions) was found to improve the oxidative capacity of the muscle.

The back strength improvements are consistent with whole body strength improvements found in other circuit
weight programs [19] [20] [22]-[24]. Consequently, the hypothesis that CT would have a positive effect on back
strength was confirmed. The circuit training-induced improvement in back strength could be explained by an in-
crease in myofibrillar proteins, resulting in enlarged or hypertrophic muscle fibers [44]. The training-induced
muscle hypertrophy can be supported by the fact that there was a significant increase in lean body weight.

Contrary to our findings regarding HS, two studies by Taniguchi [47] and Saito et al. [48] found increases in
maximal handgrip force after resistance training. It should be noted, however, that the training interventions in
these studies consisted of isometric handgrip training. In our study there was no handgrip exercise training in-
volved so most probably that was the reason why this variable did not change.

4.6. Fasting Blood Variables

A review study by Hurley [45] reported that most longitudinal studies investigating the effect of resistive train-
ing on lipid profiles have showed that lipid profiles, especially HDL and LDL, are improved as a result of this
intervention. Regarding fasting blood glucose, there is very little data examining this dose-response relationship
between resistance exercise and this variable in healthy subjects. Williams et al. [46] found that community
based resistance training significantly decreased fasting blood glucose levels in healthy older individuals. Our
results on fasting blood variables are in disagreement with these findings; hence the hypotheses about these va-
riables were not confirmed. Nevertheless, due to methodological limitations and design flaws from many of the
studies involving resistive training there is not enough information to determine whether this type of exercise is
effective for risk factor intervention [45].

5. Conclusion

In conclusion, the present study suggests that CT involving bodyweight exercises, as opposed to aerobic endur-
ance training has no significant impact on resting HRV time-, frequency-domain and nonlinear measures. How-
ever, the fact that this type of training caused a significant reduction in arterial blood pressure, suggested that it
might prevent the development of CVD through other mechanisms. This means that aerobic endurance and CT,
or resistance training in general, should complement each other, as they seem to prevent the development of
CVD through different mechanisms. Increases in aerobic capacity, lean body weight, muscular endurance and
strength indicate additional benefits.

6. Study Limitations

Some limitations should be taken into consideration when interpreting the results of the current study. A) The
present findings may not be applicable to older adults or clinical populations, due to the fact that age and cardi-
ovascular diseases appear to be interrelated to resting HRV [7] [8] [49]; B) In most of the studies investigating
the effect of resistance training on resting HRV measures, data was collected with the subjects resting in supine
position. However in the current study, data was collected in seated position. This could partially influence the
results. A study by Ribeiro et al. [50] however, showed no significant differences in HRV indexes in the supine
or seated position in both young and postmenopausal women. C) In the present study, breathing patterns were
not controlled during the HRV measurements since we aimed at obtaining data from a condition as close to real
life as possible. However, a study by Bloomfield et al. [51] showed that when collecting HRV data in both
healthy subjects and/or patients with heart disease, there is no need to control breathing.
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