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OBJECTIVE — There are limited data on the effects of resistance training on the capacity to
perform activities of daily living (ADLs) and quality of life (QoL) for individuals with a high
number of metabolic risk factors (HiMF). In this study, we examined the effect of resistance
training on the capacity to perform ADLs and QoL in individuals with HiMF and compared any
benefits with individuals with a low number of metabolic risk factors (LoMF).

RESEARCH DESIGN AND METHODS — Fifty-five untrained individuals, aged
50.8 � 6.5 years, were randomized to four groups: HiMF training (HiMFT), HiMF control,
LoMF training (LoMFT), and LoMF control. At baseline and after 10 weeks of resistance training,
participants underwent anthropometric measurements and assessments of aerobic power
(VO2peak), muscle strength, capacity to perform ADLs, and a self-perceived QoL questionnaire. A
repeated-measures ANOVA was used to examine the effect of training over time among groups.

RESULTS — Training increased lean body mass in both HiMFT (P � 0.03) and LoMFT (P �
0.03) groups. Total fat content and VO2peak improved in the LoMFT group only. Muscle strength
improved in both training groups (P � 0.01). Time to complete ADLs was reduced by 8.8% in
the LoMFT group (P � 0.01) and 9.7% in the HiMF group (P � 0.01). Only the HiMFT group
reported improvement in QoL.

CONCLUSIONS — Resistance training improved muscle strength and the capacity to per-
form ADLs in individuals with HiMF and LoMF. Resistance training improved QoL for the HiMF
group, and this result was independent of changes in body fat content or aerobic power. Longer
training regimens may be needed to improve QoL in individuals with LoMF.
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Individuals with at least two metabolic
risk factors (high number of metabolic
risk factors [HiMF]) have a high risk for

developing metabolic syndrome and
heart disease (1,2). Low muscle strength,
leading to impaired functional capacities

and quality of life (QoL), is a common
characteristic of patients with HiMF and
type 2 diabetes, and, as such, increases in
muscle strength and mass are important
goals for exercise interventions for these
individuals (3).

Although the benefits of aerobic
training are well documented for individ-
uals with metabolic syndrome and type 2
diabetes, more studies are needed to ex-
amine the effects of resistance (strength)
training for the HiMF population (3,4).
Preservation of muscle strength via resis-
tance training may be an important media-
tor of age- and diabetes-related sarcopenia
and may also have important implications
for functional outcomes (5–7). The im-
provement in the capacity to perform
ADLs is important, as it is thought by
some to be a surrogate for QoL (8). Al-
though some investigators have reported
improvements in QoL of elderly individ-
uals after resistance training (9), others
have reported no improvement in QoL
(10).

To date, there are limited data on the
effects of resistance training as a single
intervention on QoL and the capacity to
perform ADLs for middle-aged individu-
als with HiMF. Also, there are limited data
on the benefits of resistance training for
individuals with HiMF, compared with
those with one or no risk factors (low
number of metabolic risk factors [LoMF]).
Therefore, this study examined the effect
of resistance training on the capacity to
perform ADLs and QoL in individuals
with HiMF compared with those with
LoMF. We hypothesize that individuals
with HiMF will benefit more from resis-
tance training than individuals with
LoMF, on the basis that the former di-
verge further from healthy risk profiles at
baseline.

RESEARCH DESIGN AND
METHODS — Fifty-five untrained men
(n � 28) and women (n � 27) aged
50.8 � 6.5 years (range 40–69 years) vol-
unteered to participate in the study. Each
participant was classified as either HiMF
(greater than or equal to two metabolic
risk factors) or LoMF (less than or equal to
one metabolic risk factor), according to
the number of metabolic risk factors as
published by the International Diabetes
Federation (11). After the initial alloca-
tion into HiMF and LoMF groups, partic-
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ipants were randomly allocated to one of
four groups: HiMF training (HiMFT),
HiMF nonexercise control (HiMFC),
LoMF training (LoMFT), and LoMF non-
exercise control (LoMFC). Participants
were taking a range of medications, in-
cluding �-blockers (n � 2), calcium
channel blockers (n � 2), ACE inhibitors
(n � 4), diuretics (n � 1), statins (n � 2),
metformin (n � 1), and hormone replace-
ment therapy (n � 6). Participants were
included if they had not been involved in
regular aerobic physical activity in the
previous 6 months or resistance training
in the previous 5 years. Participants were
excluded if they had documented cardiac
disease. Each participant received written
and verbal explanations about the nature
of the study before being invited to give
informed consent. The study protocol
was approved by the Human Research
Ethics Committees of both Victoria Uni-
versity and Austin Health.

Study protocol
Participants underwent an initial assess-
ment to determine the number of meta-
bolic risk factors. At baseline and after 10
weeks of resistance training, participants
completed a 3-day dietary log and under-
went a series of anthropometric measure-
ments, assessment of their aerobic power
(VO2peak) and muscle strength, a series of
tests that together assessed functional ca-
pacity, and a self-perceived QoL ques-
tionnaire. For all measurements that were
affected by tester technique, the same in-
vestigator took the measurements at base-
line and at the end point.
Overnight fasting blood test. A blood
sample was collected after a 12-h fast.
Blood was analyzed (SYNCHRON LX
System/Lxi725; Beckman Coulter, Fuller-
ton, CA) for triglyceride, HDL, glucose,
and insulin levels.
Blood pressure. Blood pressure was
measured using a mercury sphygmoma-
nometer after the participant had rested in
a seated position for 15 min. Systolic and
diastolic blood pressures were recorded
to the nearest 2 mmHg.
Three-day dietary logs. Participants re-
ceived a kitchen scale (model KCHC-009;
NingBo Leilei Group Co., NingBo, China)
and were requested to record dietary in-
takes for 2 consecutive weekdays and ei-
ther a Saturday or Sunday. The logs were
analyzed by FoodWorks Professional
software (Edition 2006; Xyris Software,
Highgate Hill, Queensland, Australia).
Participants were encouraged not to al-
ter their diet during the study.

Anthropometric measurements. Weight
was measured without clothes using a
scale (August Sauter, Albstadt, Germany)
to the nearest 0.05 kg. Waist circumfer-
ence was measured with a steel tape and
taken as the smallest circumference be-
tween the iliac crest and the lower border
of the ribs. Three measurements were
taken, and the mean of the two closest
measures was recorded.

Dual-energy X-ray absorptiometry (GE
Lunar Prodigy, software version 9.1; GE
Healthcare, Madison, WI) was used to as-
sess total body fat, total body fat percentage,
and lean body mass (LBM). Dual-energy X-
ray absorptiometry measurements were
performed at the Bone Density Unit at Aus-
tin Health.
Aerobic fitness. Aerobic power (VO2peak)
was assessed during a symptom-limited
graded exercise test on a Cybex MET 100
exercise cycle (Cybex Metabolic Systems,
Ronkonkoma, NY). The protocol con-
sisted of an initial intensity of 25 W, with
increments of 20 W/min for men and 10
W/min for women. The tests were termi-
nated when participants’ ratings of per-
ceived exertion reached “very hard” (Borg
scale � 17) (12) or on the appearance of
clinical signs or symptoms. VO2 for each
15-s interval was measured by gas analy-
sis (Cardio2 and CPX/D System with
Breezeex Software, 142090-001; Med-
graphics, Revia, MN) that was calibrated
before each test.
Physical Performance Test. The Physi-
cal Performance Test (PPT) was based on
the method of Reuben and Siu (13), with
modifications by Brandon et al. (7) and
Nichols et al. (14). The protocol included
four functional mobility tasks consisting
of a 15-m rapid walking test, an up-
and-go test, and stair climbing and stair
descending. All tests were scored as time
(seconds). In the 15-m rapid walking test,
participants were instructed to walk at a
fast but safe pace. In the up-and-go test
the participant was asked to rise from a
standard chair, walk 3 m, and return to a
seated position on the chair. The stair
tests consisted of a rapid ascent and de-
scent of 22 stairs while the participant was
wearing a vest with weights evenly dis-
tributed around the torso corresponding
to 15% of body mass. Participants rested
between the ascent and descent for 45 s.
Participants underwent four attempts on
each task with 40-s rest intervals, and the
best time for each test was reported. The
PPT score was the sum of the fastest times
for each of the four tests.

Muscle strength. Total body muscle
strength was evaluated using the one rep-
etition maximum (1RM) method for
seven different resistance exercises. The
exercises consisted of chest press, leg
press, lateral pulldown, triceps push-
down, knee extension, seated row, and
biceps curl. 1RM was defined as the
heaviest weight a participant could lift
just once with a proper lifting technique,
without compensatory movements. The
protocol consisted of one session of famil-
iarization followed by two 1RM tests sep-
arated by �1 week. The best result for
each exercise from the two tests was con-
sidered as the 1RM. Total body muscle
strength was calculated as the sum of the
seven exercises.
Short Form-36. The Short Form-36 (SF-
36) is a widely used instrument for self-
perceived physical and mental QoL
(15,16) and was completed before the
PPT.

Resistance training protocol
The resistance training program was per-
formed 3 days per week for 10 weeks,
with a 48-h recovery between sessions.
Training consisted of the seven exercises
that were used in the 1RM strength tests.
In addition, participants performed one
abdominal exercise (abdominal curl).
Each training session included a 3-min
warm-up and 50–60 min of resistance
exercise. The training exercises were
based on the recommendations of the
American College of Sports Medicine for
individuals with insulin resistance and
type 2 diabetes (17). During week 1, par-
ticipants performed two sets of 15–20
repetitions at intensities that corre-
sponded to 40–50% 1RM. During week
2, participants performed three sets of
15–20 repetitions at intensity corre-
sponding to 50–60% of 1RM. Between
weeks 3 and 6, the number of repetitions
was reduced to 12–15 while intensity in-
creased to 60–75% of 1RM. In the final 4
weeks of training, the number of repeti-
tions was 8 –12, with intensity corre-
sponding to 75–85% of 1RM. For each
session, weights were adjusted according
to the current capacity of the individual,
with weights being increased if the partic-
ipant was able to achieve the maximum
number of prescribed repetitions for that
week and decreased if the participant was
unable to achieve the minimum number
of repetitions. All training sessions were
supervised by an exercise physiologist.

Resistance training and quality of life
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Statistics
Multivariate ANOVA was used to exam-
ine the differences of the metabolic risk
factors between the HiMF group and the
LoMF group before individuals in each
group were randomly assigned to a train-
ing group or nonexercise control group.
In addition, multivariate ANOVA was
used to examine the characteristics of the
groups at baseline after randomization
(i.e., HiMFT versus HiMFC and LoMFT
versus LoMFC). The training data were
analyzed by the repeated-measures
ANOVA model, which was constructed to
analyze the effect of primary interest by
time (before and after) for each group. Re-
peated-measures ANOVA was also used
to examine the effect of training over time
between each two metabolic risk groups
(i.e., LoMFT versus LoMFC and between
HiMFC and HiMFT, referred as “P value
group � time”) and between the two
training groups (i.e., LoMFT versus
HiMFT, referred as the “P value group �
time between the two training groups”).
Spearman row correlation was per-
formed to assess the correlation be-
tween change in muscle strength and
QoL and change in muscle strength and
the capacity to perform ADLs. All data
are reported as means � SD, and all
statistical analyses were conducted at
the 95% level of significance.

RESULTS

Metabolic differences between HiMF
and LoMF groups
The HiMF group had higher waist cir-
cumference (101.5 � 10.6 vs. 81.1 � 8.5

cm, P � 0.01), systolic (133.3 � 13.3 vs.
116.7 � 11.7 mmHg, P � 0.01) and di-
astolic 87.6 � 8.8 vs. 77.0 � 6.8 mmHg,
P � 0.01) blood pressure, and triglycer-
ides (1.5 � 0.6 vs. 0.7 � 0.4 mmol/l, P �
0.01) and lower HDL (1.5 � 0.5 vs. 1.8 �
0.6 mmol/l, P � 0.02) compared with the
LoMF group. In addition, the HiMF
group had higher fasting glucose (5.8 �
0.8 vs. 5.0 � 0.3 mmol/l, P � 0.01) and
insulin (55.9 � 33.7 vs. 27.6 � 21.8
pmol/l), P � 0.01). There were no signif-
icant differences between the LoMFC and
LoMFT groups or between the HiMFC
and HiMFT groups for sex, age, weight,
height, total body fat percentages, and to-
tal LBM (Table 1).

Adherence to training
Three participants from the training
groups (one from the LoMFT and two
from the HiMFT groups) did not com-
plete the study, and their baseline data
were excluded. Adherence to training for
the HiMFT group was 88% and for the
LoMFT group was 96%. At baseline, one
participant from the LoMFT group, three
from the HiMFC group, and one from the
HiMFT group did not complete the 1RM
test for the leg extension exercise because
each possessed strength exceeding the
available loads on the machine. The
strength test for leg extension was not
conducted at the end point for these indi-
viduals. One other participant from the
HiMFT group was not tested for leg ex-
tension because of an unrelated injury to
the knee.

Diet comparison
No changes in total energy intake were
observed during the course of the study
within each group (P � 0.20), and there
were no significant interactions between
the LoMFC and LoMFT (P � 0.65)
groups or between the HiMFC and
HiMFT (P � 0.76) groups. No significant
differences were observed between the
two training groups (P � 0.50). No
change was observed in the energy ma-
cronutrient composition of the diet
within or between groups, with fat con-
tributing �24%, protein �22%, and car-
bohydrate �54% of total energy intake.

Effect of training on body
composition
For both the HiMFT and LoMFT groups,
training had no effect on body mass (P �
0.05). In the LoMFT group, training had
positive effects on waist circumference,
total fat percentage, and total fat (in kilo-
grams). For both the LoMFT and HiMFT
groups, training significantly increased
LBM compared with the corresponding
control groups (2.6 and 2.1%, respec-
tively, P � 0.03) (Table 2) with no differ-
ence between the two training groups
(P � 0.94).

Effect of training on aerobic power,
muscle strength, and the capacity to
perform ADLs
In the LoMFT group, training had a pos-
itive effect on both absolute and relative
VO2peak (Table 3). Muscle strength im-
proved for all seven exercises for both
training groups compared with their con-
trol groups, with mean improvement of

Table 1—Characteristics of the groups at baseline

Variable LoMFC LoMFT P value HiMFC HiMFT P value

n 13 12 15 15
Sex (male/female) 4/9 4/8 — 10/5 10/5 —
Postmenopausal women 1 1 1 3
Age (years) 48.5 � 7.7 50.6 � 5.1 0.43 52.3 � 5.8 51.6 � 7.1 0.78
Height (cm) 166.4 � 8.3 167.4 � 10.2 0.80 170.9 � 8.8 169.7 � 11.1 0.75
Mass (kg) 67.8 � 12.6 66.8 � 10.6 0.84 88.3 � 14.8 90.6 � 13.4 0.64
Waist (cm) 81.3 � 8.5 80.9 � 8.9 0.90 99.0 � 10.6 104.1 � 10.4 0.20
BMI (kg/m2) 24.3 � 3.4 23.8 � 3.1 0.70 30.0 � 3.7 31.6 � 4.4 0.28
Total fat (%) 34.6 � 8.0 34.6 � 10.4 0.99 36.3 � 8.9 39.3 � 8.7 0.36
Total LBM (kg) 42.6 � 10.2 42.4 � 10.7 0.95 54.3 � 11.4 53.1 � 10.7 0.76
Number of risk factors

Obesity 4 5 — 14 15 —
Dyslipidemia 0 0 — 9 7 —
Hypertension 2 1 — 12 11 —
Impaired fasting glucose 0 0 — 8 8 —
Type 1 diabetes 0 0 — 1 1 —

Data are means � SD.
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25 and 23.7% (HiMFT and LoMFT
groups, respectively) (Table 3). The mean
improvement of muscle strength was
higher for the HiMFT group than for the
LoMFT group (P � 0.03).

Total time to complete the PPT was
significantly reduced by 8.8% in the
LoMFT group and by 9.7% in the HiMFT
group compared with the control subjects
(both P � 0.01), with no difference be-
tween the two training groups (P � 0.78)
(Table 3). In addition, training signifi-
cantly improved most of the individual
components of the PPT (P � 0.05) for
both training groups, with the exception
of the up-and-go test in the HiMFT group
compared with the HiMFC group (P �
0.14). No significant differences were ob-
served between the two training groups
for any components of the PPT.

The change of muscle strength was
negatively correlated with time to com-
plete the PPT for both the HiMF group
(pooled HiMFT and HiMFC groups, r �
0.53, P � 0.01) and the LoMF group
(pooled LoMFT and LoMFC groups, r �
0.47, P � 0.02). However, changes in
muscle strength in the pooled HiMF
group correlated with changes in self-
reported physical and mental health (r �
0.59, P � 0.01 and 0.45 and P � 0.02,

respectively). This was not evident in the
pooled LoMF group data.

Effect of training on QoL
Resistance training had no effect on any of
the SF-36 subscales and physical and
mental health dimensions for the LoMFT
group (all P � 0.05). In contrast, for the
HiMFT group, training increased the per-
ception of both physical and mental
health (12.9 and 8.3%, respectively) com-
pared with the HiMFC group (Table 3). In
addition, training improved the scores of
the subscales of the SF-36 for the HiMFT
including physical function (7.9%), gen-
eral health (13.5%), and social function
(9.8%). Role of physical scale tended to
improve in the HiMFT group compared
with the HiMFC group (14 and �11.8%,
respectively, P � 0.08). Training had con-
trasting influences on the perception of
bodily pain between the two training
groups. The bodily pain score for the
LoMFT group decreased (�8.9%, indi-
cating more perception of bodily pain) af-
ter training, whereas the bodily pain
score for the HiMFT group increased
(improved) by 14.4% (P � 0.04). Sim-
ilarly, training had more positive effects
on the self-perceived physical health di-
mension of the HiMFT group compared

with that of the LoMFT group (	12.9
and 	0.5%, respectively, P � 0.06).

CONCLUSIONS — The main find-
ing of the current study was that resis-
tance training improved LBM, muscle
strength, and the capacity to perform
ADLs to a similar extent in the HiMFT and
LoMFT groups. This was associated with
improved QoL for the HiMFT but not the
LoMFT group. Resistance training did not
reduce whole body fat content or improve
aerobic power (VO2peak) for the HiMFT
group but did improve QoL. In contrast,
there was a reduction in whole body fat
and improved aerobic power for the
LoMFT group in the absence of improve-
ments in QoL.

Muscle weakness is a common find-
ing in adult clinical populations (3,18)
and is also a consequence of normal aging
(19,20). Resistance training is the pre-
ferred training regimen to increase the
muscle strength and mass that are impor-
tant for the performance of ADLs in many
populations including young and elderly
individuals and those who suffer from
chronic diseases (21–23). It is well doc-
umented that an increase in muscle
strength can improve the capacity to
perform ADLs and reduce disability in
elderly people (7,8,24). This study
showed that improvements in muscle
strength in both HiMFT and LoMFT
groups were correlated with improve-
ments in the capacity to perform ADLs.

Although both groups improved their
capacity to perform ADLs, an increase in
QoL was observed only in the HiMF
group. It is possible that training had a
positive influence on QoL for HiMF, as
overweight individuals with and without
chronic diseases have lower QoL scores
compared with lean individuals or those
with less morbidity (25,26). In the
present study, the HiMFT group exhib-
ited small positive changes in QoL,
whereas the HiMFC group exhibited a
small decline. For the LoMF arm of the
study, the QoL of the control group did
not decline, and the group difference
(control versus training) was not signifi-
cant. It may be that QoL declines for
individuals with HiMF who are not in-
volved in regular physical activity, and
this decline is not as apparent for individ-
uals with LoMF. An alternative explana-
tion for the lack of change in QoL in the
LoMFT group may relate to these individ-
uals having less qualitative dysfunction at
baseline. It is possible that in relatively
healthy middle-aged and elderly individ-

Table 2—The effect of resistance training on body composition of individuals with LoMF and
HiMF

Variable and
group Before After

P group �
time interaction

Waist (cm)
LoMFC 81.3 � 8.5 82.9 � 8.5* 0.05
LoMFT 79.9 � 8.7 79.6 � 9.1
HiMFC 99.0 � 10.6 99.3 � 11.3 0.11
HiMFT 102.3 � 9.9 100.8 � 9.8

Total fat (%)
LoMFC 34.6 � 8.0 34.9 � 8.2 0.02
LoMFT 35.0 � 10.8 33.5 � 10.5*
HiMFC 36.3 � 8.9 36.2 � 8.3 0.46
HiMFT 39.8 � 9.2 39.2 � 9.3

Total fat (kg)
LoMFC 22.6 � 7.1 23.0 � 7.2 0.08
LoMFT 22.2 � 7.1 21.5 � 7.2
HiMFC 31.1 � 9.1 30.9 � 9.1 0.91
HiMFT 33.9 � 9.1 33.5 � 8.6

Total LBM (kg)
LoMFC 42.6 � 10.2 42.7 � 10.3 0.03
LoMFT 41.8 � 11.1 42.9 � 10.9*
HiMFC 54.3 � 11.4 54.0 � 11.1 0.03
HiMFT 51.3 � 10.3 52.4 � 11.0*

Data are means � SD. P group � time interactions represent changes between before and after intervention
levels for the training groups compared with the control groups, for each group, HiMF and LoMF, analyzed
separately. *P � 0.05 between before and after within each group.
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uals, longer periods of training should be
performed to improve QoL (10). It has
been suggested that the capacity to per-
form ADLs may be used as a surrogate for
QoL in elderly individuals (8) and those
with chronic diseases (27). The current
study suggests that there are associations
between muscle strength, ADLs, and QoL
for individuals with HiMF. Most ADLs do
not require high levels of endurance ca-
pacity but are better classified as needing
short bursts of effort (such as rising from a
chair, climbing stairs, dressing, and car-
rying groceries). Therefore, improve-
ments in muscle strength may be more
appropriate, compared with endurance-
type training regimens, to improve the ca-
pacity to perform ADLs and QoL.

Resistance training had a positive ef-
fect on LBM for both training groups. This
finding is concordant with other studies

that examined the effect of resistance
training for individuals with metabolic
disorders, such as type 2 diabetes (28,29).
In the present study, it appears that train-
ing had more favorable effects on total fat
content for the LoMFT group. In the
LoMFT group, waist circumference did
not change, but it increased in the LoMFC
group. Resistance training reduced total
fat and fat percentages for the LoMFT
group compared with the LoMFC group.
In contrast, resistance training had no ef-
fect on any of the fat measurements in the
HiMF groups (training and control).
There are at least two factors that may
limit fat loss after resistance training in
overweight individuals and those with
other metabolic risk factors, including in-
sulin resistance. First, the HiMF groups
had higher fasting insulin levels com-
pared with the LoMF groups. It has been

reported that an increase in insulin levels
may reduce lipolysis and promote fat stor-
age by inhibiting lipase activity (30).
Second, although obesity and hyperin-
sulinemia may lead to chronic activation
of the sympathetic nervous system
(31,32), the responsiveness of adipose tis-
sue to sympathetic stimulation is re-
duced, resulting in an inhibition of fat loss
in these individuals (30). An important
finding of the current study was that self-
perceived QoL for individuals with HiMF
appears to be related to muscle strength
and the capacity to perform ADLs rather
than to body fat levels. A potential limita-
tion of the study is the possibility for sex
bias between HiMF (male-to-female ratio
20:10) versus LoMF (male-to-female ratio
8:17) groups.

In summary, resistance training in-
creased muscle strength and the capacity
to perform ADLs in individuals with
HiMF and LoMF for the metabolic syn-
drome. QoL improved for individuals
with HiMF, and this was independent of
changes to body fat content or aerobic
power. In contrast, there were improve-
ments in whole-body fat and aerobic
power for the LoMFT group, in the ab-
sence of improvements to QoL. Longer
resistance training regimens or switching
to aerobic training might increase this
measure in individuals with LoMF.
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