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ABSTRACT

This study compared the effects of 12 weeks of step aerobic train-
ing with and without handheld weights on cardiorespiratory
fimess, body composition, muscular strength, and incidence of
injury in college women (18-36 yrs). Subjects participated in
either a step aerobic training program with handweights (HW)
or without handweights (NHW) 3 days a week for 30 min, at 75
to 90% HR max. Resistance for the HW group, who used the
handheld weights continuously for 15 min during each 30-min
session, progressively increased. MANOVA indicated signifi-
cant (p < 0.01) improvements for both training groups for VO,
max, treadmill run time, % body fat, fat-free mass, and muscu-
lar strength (peak torque) for shoulder flexion and extension,
shoulder horizontal adduction and abduction, and knee flex-
ion. However, these improvements did not differ significantly
between groups. No upper body injuries were reported for
HW. It is concluded that step aerobic training, with and with-
out HW, has a positive effect on cardiorespiratory fitness,
body composition, and muscular strength in healthy
women—without additional risk of injury.

Key Words: aerobic dance, handheld weights, step aero-
bics, injury

Introduction

Since the late 1980s, step training has become a popular
mode of aerobic exercise training in health and fitness
settings. Participants use a bench ranging from 10.2 to 30.5
cm high (4 to 12 in., respectively) and perform choreo-
graphed movements to cadenced music. They execute
upper body arm movements simultaneously with theleg
stepping patterns. Step exercise is rhythmical and aero-
bic and provides adequate cardiovascular training in
terms of exercise intensity and duration (15, 25).
Exercise intensity is modified by changing bench
height, cadence of exercise routine, or upper body involve-
ment. The latter can be increased by vigorous arm-pump-
ing actions without additional weights or by controlled
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arm movements with handheld weights (HW). Research
has shown that exercising with HW (0.45 to 2.27 kg) in-
creases the energy cost of walking (1, 9, 10, 13, 14), espe-
cially when accompanied by vigorous arm swings (1, 13).
However, use of light HW (0.45 to 0.91 kg) in aerobic dance
energy expenditure trials has produced mixed results in
terms of metabolic demands (5, 6, 22). In fact, similar im-
provements in VO, max, body composition, and upper
body strength have been noted for both aerobic dance
training and step training, with and without light (<0.91
kg) handweights (3, 11, 19).

These findings suggest that perhaps heavier HW are
needed to provide additional training stimulus. However,
the use of heavier HW (>0.91 kg) in step training has been
discouraged because of possible risk of injury and muscle
soreness (8). Olson et al. (15) reported subject complaints
of acute pain and soreness in the shoulder muscles dur-
ing handweighted step exercise trials using a 0.91-kg HW.

Given the little research documenting the immedi-
ate risks and long-term benefits of step training (11), we
compared the effects of step training without HW (NHW)
and with heavier (20.91 kg) HW on cardiorespiratory en-
durance, body composition, and upper body strength, as
well as the incidence and severity of upper body injury.

Methods

The subjects were 44 women, ages 18 to 36, who were
enrolled in two step aerobics classes at the university. They
volunteered for the 12-week training study. All were
screened to ensure they were not currently taking any
medications or undergoing weight loss methods that
might alter responses to the program. Subjects had to be
free of cardiovascular, pulmonary, and orthopedic disor-
ders that could hinder their participation and testing per-
formance. Prior to their participation in the study, they
received explanations of the testing and training proce-
dures and provided written informed consent in accor-
dance with the university’s human research review board.

Testing Procedures

Pretests were administered the week preceding the first
training session; posttests were conducted the week
immediately following the training period. VO, max
was assessed using a graded treadmill protocol devel-



oped and described by Ben-Ezra and Verstraete (2). Expi-
ratory ventilation (VE) gas samples were collected every
30 sec during the treadmill test using an ergo-oxyscreen,
open-circuit gas analysis system (Erich Jaeger, Hoechberg,
Germany). Fractions of oxygen (F;O,) and carbon diox-
ide (F,CO,) in expired gas samples were continuously
analyzed every 30 sec with the Jaeger metabolic cart,
which was calibrated before each test using standard gas
samples.

The rate of oxygen uptake (VO,) and carbon dioxide
production (VCO,) were automatically calculated from
V., F.0, and F,CO,. VO, max was the highest VO, reached
after two of the following criteria were achieved: (a) HR
within 10 bpm of age-predicted max (HR max); (b) RER
above 1.0; () a plateau or decrease in VO, in relation to
an increasing workload. During the graded exercise test,
HR was monitored continuously with an electrocardio-
gram unit integrated with the Jaeger metabolic cart. HR
max was the highest HR reached during the treadmill test.
Treadmill run time was recorded at the point of volun-
tary exhaustion.

Body density (Db) was estimated from body volume
calculated from underwater weight with corrections for
measured residual lung volume (RV) and estimated gas-
trointestinal (GI) tract volume. Three trials of RV were
made with the subject seated out of water, using a helium
dilution method (Warren E. Collins, Braintree, MA). The
two closest readings within 100 ml were averaged, and
together with a constant of 100 ml for GI volume (24),
were used to correct total body volume estimated from
underwater weight.

Subjects were underwater-weighed at RV using a 9-
kg Chatillon hydrostatic scale. While seated in a chair sus-
pended from the scale, they were given as many trials as
needed to obtain 3 readings within 100 g. The average of
the 3 trials within 100 g was used as the underwater weight
for calculating body volume, which in turn was used to
estimate Db. Db was converted to %BF using the Lohman
(12) equation: %BF = (5.03/Db —4.59) X 100. Fat-free mass
(FEM) was calculated by subtracting fat mass from body
weight (BW).

Subjects were also asked whether they tended to re-
tain water or gain weight during their menstrual cycles.
The start date of the last menses was recorded for each
subject, and posttesting was scheduled to closely match
the pretesting menstrual cycle stage in order to control
for variability in BW due to water retention.

Muscular strength was assessed with an Omni-tron
total body machine (Hydrafitness, Belton, TX). Subjects
sat on the Omni-tron bench with thighs and hips stabi-
lized by velcro straps. The distal end of a lever arm was
strapped to the subject’s dominant leg just proximal to
the malleoli of the ankle. Chair incline was adjusted and
settings were recorded to facilitate the optimal line of
force application for each subject during the upper body
strength tests. These same settings were used for
posttesting. For the knee extension and flexion test, the
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dynamometer’s axis of rotation was aligned with the
subject’s anatomical axis of rotation at the knee joint.
Each subject was given 2 warm-up trials, after which 5
strength trials for each muscle group were recorded.
Peak torque values (N - m) for shoulder flexion and ex-
tension, shoulder horizontal abduction and adduction,
and knee flexion and extension of the dominant leg
were measured.

Training Program

Step training consisted of 3 nonconsecutive training ses-
sions a week for 12 weeks; the same instructor taught both
step aerobic classes, HW and NHW. Each session lasted
45 min and began with 3 min of daily instructions, a 6-
min warm-up, then 30 min of step training. A 3-min
abdominal workout followed the 30-min step training
period, and each session ended with a 3-min cooldown.
The subjects used a 15.2-cm step for the first 2 weeks
and chose either the same or a 20.3-cm step for Weeks
3-12. The steps used in this study were 35.6-cm wide (front
to back) and 121.9-cm long (STEP Co., Atlanta).

A variety of common steps were employed in the
choreography. Step combinations consisted of conven-
tional “up, up, down, down” stepping patterns; alternat-
ing step knee-lift sequences; traveling across the top of
the step; alternating leg “up, up, down, down” patterns
facing and turning away from the step; and lateral lunge
propulsion steps. Stepping cadence during the 30 min of
step training ranged from 120 to 126 bpm.

The treatment, HW vs. NHW, was randomly as-
signed to the intact groups. Those in the HW group (n =
22) did not use HW during the first week of the study
when step routines were being introduced. Thereafter, the
HW group trained with a 0.91-kg HW in each hand for
Weeks 24, a 1.36-kg HW for Weeks 5-8, and a 1.81-kg
HW for Weeks 9-12. Arm movements were concurrent
with leg movements and consisted of elbow flexion and
extension, shoulder flexion and extension, arm abduction
(to shoulder height) and adduction, shoulder elevation,
and flexed-arm shoulder horizontal adduction and ab-
duction. Total length of time using HW per session was
12-15 min. The NHW group (n = 22) performed similar
arm and leg stepping patterns. Both groups trained to the
same music, which was changed regularly throughout
the study.

Subjects in both groups were instructed to rate their
perceived exertion (RPE) (4) and take pulse readings in
order to monitor their exercise intensity during the step
training. They trained at 75 to 90% of HR max. Every sub-
ject trained with a Polar Favor™ HR monitor (Polar USA,
Stamford, CT) at least once a week to make sure exercise
HR was within the assigned training limits. All subjects
kept training records of exercise HR and RPE. In the event
of injury or upper body soreness, a graded scale rating
the severity of the discomfort (17) was used to classify
the episode. Anyone missing more than 3 training ses-
sions, unexcused, was excluded from the study.
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Statistical Analysis

Three MANOVAS (2 X 2) with repeated measures were
used to assess the overall differences between training
groups over time in (a) cardiorespiratory fitness (abso-
lute VO mayx, relative VO max, and treadmill run time);
(b) body composition (%BF and FFM); and (c) muscular
strength (shoulder flexion/extension, shoulder horizon-
tal abduction/adduction, and knee flexion/extension).
Significant discriminant functions were interpreted by
comparing standardized discriminant function coeffi-
cients and univariate F-tests. The experimentwise error
rate was set at a = 0.15 to improve power (20).

Given that separate MANOVAs were used to test 3
different constructs, the type I error rate was controlled
by adjusting the alpha level using the Bonferroni method
(0.15/3 = 0.05). Also, within each MANOVA the alpha
level was adjusted for testing significance of univariate
ANOVAs. Statistical power was set at 0.80. With this
power level, in combination with o = 0.05 and effect sizes
for each dependent variable, estimated from pilot data, a

required sample size of 22 subjects per group was calcu-
lated (20).

Results

The descriptive characteristics of the subjects (M + SD),
HW vs. NHW, were as follows:

* Age (yrs) —22.8+4.9vs.23.0£ 3.6

¢ Height (cm) —164.0+ 5.1 vs. 161.7 £ 8.2

* Body mass index (kg/m?) —229+3.0vs.21.6+ 1.6

* Phys. activity index — 34.4 + 21.7 vs. 43.0 + 21.2

¢ Ethnicity — white, 14 vs. 13; black, 0 vs. 1; Hispanic,
8 vs. 6.

There were no significant differences (p > 0.05) be-
tween groups in height, body mass index, or physical ac-
tivity level, as measured by the physical activity index
(18). All subjects were premenopausal and none were on

any special diet during this study. Compliance to train-
ing (total no. of sessions attended / total no. of sessions
possible) was 94% for both groups. Two subjects were
dropped from the NHW group; one withdrew because of
a job conflict and the other missed more than 3 training
sessions in the first 3 weeks.

Cardiorespiratory Fitness Variables
Pre- and posttraining cardiorespiratory fithess data and
combined data for both groups are presented in Table 1.
MANOVA results indicated a significant main effect for
training (pre vs. post) [Wilks” A = 0.38, F(3,37) =194, p <
0.01], demonstrating an improvement in cardiorespiratory
fitness over time. However, there was no significant group
effect [Wilks” A = 0.90, F(3, 37) = 1.3, p > 0.05] or group X
training interaction [Wilks” A = 0.97, F(3, 37) = 043, p >
0.05]. The main effect of training accounted for 61% of the
variance in the discriminant function which combined ab-
solute V02 mayx, treadmill time, and relative \'/O2 max.
Univariate ANOVAs indicated that training pro-
duced significant changes in absolute V02 max [F(1,39) =
36.8, p < 0.01], treadmill time [F(1, 39) = 42.1, p < 0.01], and
relative VO max [F(1, 39) = 32.7, p < 0.01]. The main effect
of training accounted for 48, 52, and 46% of the variance in
absolute VO max, treadmill time, and relative VO max,
respectively. The standardized discriminant functlon coef-
ficients demonstrated that absolute VO max (L-min?)and
treadmill run time (min) were relahvely more important
than relative VO2 max (ml - kg - min™) in characterizing
changes in cardiorespiratory fitness from step aerobics.

Body Composition Variables

Pre- and posttraining body composition data are also pre-
sented in Table 1. MANOVA indicated a significant main
effect for training [Wilks” A = 0.60, F(2,38) =12.5,p <0.01],
demonstrating a decrease in %BF and an increase in FFM
over time. However, there was no significant group effect

Table 1

Pre- and Posttesting

Measurements

HW (n=21) NHW (n =20) Both (n =41)°
Pre Post Pre Post Pre Post
M  £SD M £SD A%) M  1SD M £SD A%) M £SD M SD A AN%)

Cardiorespiratory Fitness

\:/'O2 (ml-kg!-min?)  38.1 62 405 59 63 369 52 404 45 95 375 57 405 53 3.0% 80

VO, (L - min™) 233 041 247 037 60 209 036 230 032 98 222 041 239 036 0.17* 7.6

Treadmill time (min) 102 15 108 15 59 101 13 107 10 59 102 15 108 13 06* 60

HR max (bpm) 1987 9.0 1980 108 03 1967 7.0 1983 69 08 1978 81 1982 9.1 04 00

V (L - min™) 94.9 139 986 157 38 909 140 927 167 19 93.0 139 958 162 28 3.0

RER (at VO. ,Max) 1.14 0.0 1.16 008 17 118 007 117 0.06 08 1.16 0.09 116 0.07 00 0.0
Body Composmon

BW (kg) 610 86 610 87 00 566 55 567 57 00 589 75 589 76 00 00

%BF (%) 271 42 261 43 -37 244 41 228 36 -65 257 43 245 43 -1.2*¥ 47

FFM (kg) 443 55 447 54 09 427 43 437 42 23 435 50 442 48 07* 16

M (kg) 167 43 162 44 -29 139 29 130 27 -65 153 40 146 40 07 45

*One univariate outlier removed; ®Combined data for HW and NHW groups; ‘Absolute difference between pretest and posttest means;

*Pretest signif. diff. from posttest, p < 0.01.



[Wilks” A = 0.85, F(2, 38) = 3.3, p > 0.05] or group X train-
ing interaction [Wilks” A = 0.93, F(2, 38) = 1.3, p > 0.05]}.
The main effect of training accounted for 39% of the vari-
ance in the discriminant function which combined %BF
and FFM. The standardized discriminant function coeffi-
cients showed that %BF and FFM were equally impor-
tant, but weighted in opposite directions, in the discrimi-
nant function. Univariate ANOVAs denoted a significant
main effect of training on %BF [F(1, 39) = 15.9, p < 0.01]
and FFM [F(1, 39) = 12.9, p < 0.01], sharing 29 and 25% of
the variance, respectively. These results suggest that %BF
and FFM are equally important in characterizing changes
in body composition resulting from step aerobics.

Muscular Strength Variables

Pre- and posttraining muscular strength data are pre-
sented in Table 2. MANOVA results showed a significant
main effect for training [Wilks’ A = 0.28, F(6, 35) = 14.5, p
< 0.01], demonstrating an improvement in overall mus-
cular strength over time. However, there was no signifi-
cant group effect [Wilks” A = 0.82, F(6, 35) = 1.2, p > 0.05]
or group X training interaction [Wilks” A =0.87, F(6, 35) =
0.85, p > 0.05]. Thus, changes in muscular strength were
similar for both groups. The main effect of training ac-
counted for 71% of the variance in the discriminant func-
tion which combined the strength of the shoulder flexors
and extensors, shoulder horizontal abductors and adduc-
tors, and knee flexors and extensors of the dominant leg.

The standardized discriminant function coefficients
denoted that shoulder extension and horizontal abduc-
tion strength were most important in the discriminant
function, with shoulder flexion and leg flexion strength
being moderately important. Univariate ANOVAs de-
noted a significant effect of training for shoulder flexion
[F(1, 40) = 19.8, p < 0.01], shoulder extension [F(1, 40) =
66.9, p <0.01], leg flexion [F(1, 40) = 38.9, p < 0.01], shoul-
der horizontal adduction [F(1, 40) = 31.2, p < 0.01], and
shoulder horizontal abduction [F(1, 40) =47.4, p < 0.01].
There was no significant change in leg extension
strength over time [F(1, 40) = 2.2, p > 0.05].
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The shared variance between training and each
strength measure was as follows: shoulder flexion, 33%;
shoulder extension, 62%; leg extension, 5.2%; leg flexion,
49%; horizontal shoulder adduction, 44%; and horizontal
shoulder abduction, 54%. In short, it appears that upper
body strength, especially strength of the shoulder exten-
sors and horizontal abductors, is relatively more impor-
tant than lower body strength for characterizing changes
in strength due to step training.

To document any upper body injuries, a severity level
of discomfort grading scale (17) was used. However, no
such injuries were reported during the entire study.

Discussion

The results clearly demonstrate that 12 weeks of step train-
ing yields significant improvements in cardiovascular en-
durance, body composition, and upper body strength. The
average improvement in relative VO, max for HW (6.3%)
and NHW (9.5%) was within the range of 4 to 15% repor-
ted in aerobic dance training and step training studies,
with and without handweights, for women with similar
initial VO, max values (3, 11, 19, 23).

The failure of HW to show a significantly greater
improvement in aerobic capacity compared to NHW may
be related to the HW training regimen. Typically, pump-
ing the arms energetically during aerobic exercise results
in elevated HR (3, 16). Although step training with HW
(0.91 kg) increases the energy cost of the activity (15), the
average training HR per exercise session of the HW (177
+ 2bpm) was lower than that of the NHW (183 + 2 bpm).

This suggests that either the intensity of the HW ex-
ercises was not enough to tax the cardiovascular system
more than for the NHW group, or the HW subjects main-
tained their training HR by decreasing leg activity. In this
study the HW exercises were controlled, full-range move-
ments instead of vigorous, dynamic arm pumping actions
as used in other studies (1). Apparently, these controlled
arm movements were not vigorous enough to increase
energy expenditure or relative intensity of the aerobic
training.

Table 2
Pre- and Posttraining Muscular Strength (N - m) of Training Groups

HW (n=22) NHW (n=20) Both (n = 42)
Pre Post Pre Post Pre Post
M D M £SD A(%) M £SD M +SD A%) M +£SD M +SD A A(%)

Shoulder

Horizontal adductors 139.0 307 147.7 316 6.2 1338 219 1433 243 7.1 1365 26.7 1456 282 9.1* 6.7

Horizontal abductors 1172 213 128.1 251 93 1173 159 1275 184 8.6 117.3 187 127.8 219 10.5* 9.0

Extensors 1029 235 1122 206 9.0 956 19.6 1088 19.1 13.8 995 21.8 110.6 19.7 11.1*11.1

Flexors 72.0 182 7568 17,5 51 674 153 735 159 9.0 69.8 168 746 166 4.8* 6.9
Knee

Flexors 64.0 14.1 68.1 125 64 594 125 66.6 127 12.1 61.8 134 674 124 56* 9.1

Extensors 85.6 20.7 86.1 196 00 79.0 18.6 814 154 3.0 825 198 839 177 14 17

*Combined data for HW and NHW groups;
p<0.01.

PAbsolute difference between pretest and posttest means; *Pretest signif. diff. from postttest,
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On average, the overall improvement in treadmill
run time due to training was 0.6 min. Although the aver-
age treadmill run time increased significantly, the rela-
tive improvement (6.0%) was less than values of 12 to
14.5% reported for aerobic dance training with and with-
out HW (19), and step aerobic training (23). Lack of stan-
dardized treadmill protocols, differences in initial cardio-
respiratory fitness levels, and variations in training regi-
mens may account for the disparity in the reported im-
provements for treadmill run performance.

Interestingly, improvement in cardiorespiratory fit-
ness due to step aerobic training with and without HW
was best characterized by changes in treadmill run time
and absolute VO, max (L - min™). This may be explained
by examining the degree of multicollinearity among the
3 variables included in this construct. Variables that are
highly related (r > 0.70) share a large amount of overlap-
ping variance and therefore are statistically redundant
(21). In the present study, treadmill run time was highly
related to relative \7(_)z max (r = 0.82) but only moderately
related to absolute VO, max (r = 0.51). Therefore, tread-
mill run time and absolute VO, max were statistically se-
lected as the most representative variables for character-
izing improvements in cardiorespiratory fitness due to
step training.

Results from this investigation indicated that changes
in body composition were similar for both groups. Over-
all, there was a small but significant reduction in %BF
(—4.7%) due to training. But overall absolute changes were
quite small (-1.2% BF and 0.7 kg FFM) and well within
the measurement error (+1 to 2% BF) associated with hy-
drostatic weighing (12). Thus, step aerobic training for 12
weeks, with or without handweights, is not likely to evoke
significant changes in body composition.

Step training significantly improved muscular
strength in both groups. MANOVA indicated that changes
in upper body strength, particularly the shoulder exten-
sors and horizontal abductors, were relatively more im-
portant than those in lower body strength for character-
izing the effect of step training on overall body strength,
regardless of whether handweights were used. The arm
choreography in both groups during step aerobics in-
volved shoulder extension and horizontal abduction quite
regularly, thereby eliciting a training effect for the upper
and lower back muscles. There were no significant differ-
ences in average strength gains for the knee extensors and
knee flexors of either group. Since the leg choreography
was virtually the same for both groups, this result was
expected.

However, the lack of significant differences in
strength gains in the upper body musculature of both
groups was unexpected. Although the use of HW during
aerobic activity has been advocated for increasing upper
body strength (1), the degree of strength improvement in
the horizontal adductors (6 to 7%), horizontal abductors
(8 to 9%), extensors (9 to 14%), and flexors (5 to 9%) of the
shoulder joint was similar for both groups. The resistance

training stimulus for the HW group progressed from 0.91
kg for Weeks 24 to 1.36 kg for Weeks 5-8, and to 1.81 kg
for Weeks 9-12. This HW resistance was greater than that
used in a previous step training study (0.23-0.68 kg),
which also reported similar strength gains for both HW
and NHW (11).

The lack of a significant difference in strength gains
between groups may be due in part to specificity of train-
ing and testing. Even though the same muscles may be
involved, the transfer of new strength to other movements
is not fully substantiated (7). The strength tests in this
study involved maximal, isokinetic contractions and
therefore may not accurately reflect the effects of low in-
tensity resistance training on muscular function. In ad-
dition, although the progression of HW (0.91-1.81 kg)
was challenging to the subjects during the step training
exercise, the HW stimulus may not have been enough
to elicit large strength gains. Perhaps the benefits from
the HW regimen would have been better reflected by
assessing changes in muscular endurance instead of
muscular strength.

This study was the first to systematically document
the incidence of upper body injury during step aerobic
training with HW. After each training session, subjects
reported their level of discomfort. In the course of 12
weeks, training 3 days a week for 30 continuous minutes
each session, no upper body injuries were reported for
either group.

The use of HW in step training has been discour-
aged because of the risk of upper body injury and muscle
soreness (8). Some subjects have complained of acute pain
and soreness in the shoulder muscles during HW energy
trials (15) and in initial sessions of aerobic dance with HW
(3). Unlike the pumping and swinging movements of the
arms used in walking and jogging studies with HW (1),
the arm movements in the present study were steady,
controlled, and performed in a manner similar to upper
body resistance exercise.

This investigation demonstrated that step aerobic
training with HW may be effective and safe for healthy
women of varying fitness levels. One important concern
we addressed was the carefully planned progressive over-
load of the resistance stimulus, from 0.91 to 1.36 to 1.81
kg. The risk of injury might be increased if an inappropri-
ate progression of HW resistance were prescribed or if
heavier loads were used. The fact that all training ses-
sions were closely supervised perhaps also contributed
to the lack of injuries. Participants in unsupervised activ-
ity would not be afforded this advantage and therefore
could be at greater risk of injury. Further study of the risks
and benefits of step training with HW is warranted to
substantiate the findings of this study.

Based on our observations, we conclude that 12
weeks of step aerobic training, with or without HW, has a
positive effect on cardiorespiratory fitness, body compo-
sition, and overall muscular strength in healthy women.
Also, step training with HW (0.91 to 1.81 kg) does not



appear to increase the risk of injury, provided that the
upper body exercises are performed in a steady and con-
trolled manner.

Practical Application

Step aerobic training with handweights that do not ex-
ceed 2 kg per hand may be effective and safe for healthy
women of varying fitness levels. The resistance stimulus
should be progressively applied using correct exercise
techniques. Slow and controlled arm movements are rec-
ommended, minimizing any pumping and swinging
motions.

The results of this study reveal that the physiologi-
cal benefits from step training with handweights com-
pared to without handweights were similar. However,
there were no deleterious effects associated with the use
of handweights. Therefore, exercise leaders should con-
sider the periodic use of handweights in step training
programs to add variety. This may enhance the partici-
pants” adherence to an exercise program.
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