
Exercise Training andQuality of Life in
IndividualsWith Type 2 Diabetes
A randomized controlled trial

VALERIE H. MYERS, PHD

MEGAN A. MCVAY, PHD

MEGHAN M. BRASHEAR, MPH

NEIL M. JOHANNSEN, PHD

DAMON L. SWIFT, PHD

KIMBERLY KRAMER, MPH

MELISSA NAUTA HARRIS, BS

WILLIAM D. JOHNSON, PHD

CONRAD P. EARNEST, PHD

TIMOTHY S. CHURCH, MD, MPH, PHD

OBJECTIVEdTo establishwhether exercise improves quality of life (QOL) in individuals with
type 2 diabetes and which exercise modalities are involved.

RESEARCH DESIGN AND METHODSdHealth Benefits of Aerobic and Resistance
Training in individuals with type 2 Diabetes (HART-D; n = 262) was a 9-month exercise study
comparing the effects of aerobic training, resistance training, or a combination of resistance and
aerobic training versus a nonexercise control group on hemoglobin A1c (HbA1c) in sedentary
individuals with type 2 diabetes. This study is an ancillary analysis that examined changes in
QOL after exercise training using the Short Form-36 Health Survey questionnaire compared
across treatment groups and with U.S. national norms.

RESULTSdThe ancillary sample (n = 173) had high baseline QOL compared with U.S. national
norms. The QOL physical component subscale (PCS) and the general health (GH) subscale were
improved by all three exercise training conditions compared with the control group condition
(resistance: PCS, P = 0.005; GH, P = 0.003; aerobic: PCS, P = 0.001; GH, P = 0.024; combined:
PCS, P = 0.015; GH, P = 0.024). The resistance training group had the most beneficial changes in
bodily pain (P = 0.026), whereas physical functioning was most improved in the aerobic and
combined condition groups (P = 0.025 and P = 0.03, respectively). The changes in the mental
component score did not differ between the control group and any of the exercise groups (all P.
0.05). The combined training condition group had greater gains than the aerobic training condition
group in themental component score (P = 0.004), vitality (P = 0.031), andmental health (P = 0.008)
and greater gains in vitality compared with the control group (P = 0.021).

CONCLUSIONSdExercise improves QOL in individuals with type 2 diabetes. Combined
aerobic/resistance exercise produces greater benefit in some QOL domains.
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Quality of life (QOL) is a compre-
hensive construct that typically in-
cludes physical, emotional, and

social aspects of well-being, such as phys-
ical functioning, role limitations attribut-
able to physical or emotional problems,
bodily pain, and energy level (1). Previous
exercise studies in healthy subjects and
individuals with cardiovascular disease
risk or other medical conditions (i.e., hyper-
tension, chronic obstructive pulmonary

disease [COPD], cancer) have found sig-
nificant improvements in QOL after exer-
cise training (2–6). Although most of
these previous studies were small and
not randomized controlled trials, recent
data have provided more convincing evi-
dence of the beneficial effects of exercise on
QOL. Specifically,Martin et al. (4) in a large
randomized controlled trial (N = 430)
found a significant increase in most QOL
domains in response to three different

amounts of aerobic exercise training in
overweight and obese postmenopausal
women with high blood pressure. In addi-
tion, QOL improved with greater amounts
of exercise training in a dose-dependent
manner (4).

Adults with diabetes report a lower
QOL than nondiabetic individuals (1,6),
and exercise training may have promise
for improving QOL in individuals with
type 2 diabetes (4). Physical activity inter-
ventions have been shown to improve
glycemic control (7,8). Given that poor
glycemic control is a potential mediator
between diabetes and QOL (9) changes
in hemoglobin A1c (HbA1c) occurring
as a result of an exercise intervention
may lead to improvements in QOL. To
date, limited data exist regarding the ef-
fects of exercise training on QOL in sed-
entary adults with type 2 diabetes.
Although exercise training interventions
generally have shown beneficial effects
on QOL in diabetic populations, many
of these studies used small sample sizes,
short follow-up periods, and self-directed
exercise interventions rather than well-
verified, supervised exercise interven-
tions (10–13). However, two recently
published trials overcame many of these
limitations (14,15). Reid et al. (14) per-
formed an analysis of QOL data from the
Diabetes Aerobic and Resistance Exercise
(DARE) trial, inwhich218 individualswere
randomized to a 22-week intervention
comprising aerobic exercise only, resistance
training only, combined training (aerobic
and resistance), or no-exercise control con-
dition. The authors found that mental
health QOL improvements were greater in
the control group compared with the resis-
tance and the combined training groups. In
addition, physical QOL improved in the re-
sistance training group compared with the
control group. Nicolucci et al. (15) exam-
ined QOL from the Italian Diabetes and
Exercise Study (IDES) in which 606 in-
dividuals received either 150 min/week of
supervised, progressive, mixed (aerobic
and resistance) training plus exercise coun-
seling versus counseling alone.Their results
demonstrated improvedQOLwith increas-
ing exercise volume.
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Thus, past studies have provided evi-
dence for a beneficial effect of exercise
training interventions onQOL innonmedi-
cally ill and in chronically ill populations;
however, the largest trials to date conflict
on whether exercise benefits mental health
QOL in individuals with type 2 diabetes
(14,15). The current study is an ancillary
analysis from theHealth Benefits of Aerobic
and Resistance Training in individuals with
type 2 diabetes (HART-D) trial (16). In this
study, we attempted to further elucidate
QOL outcomes by assessing changes in all
QOL subscales measured on the Short-
Form 36 Health Survey (SF-36) and com-
pared SF-36 scores to U.S. national norms.
Changes in QOL from preintervention to
postintervention were compared across
the four exercise conditions (aerobic only,
resistance only, combined aerobic and re-
sistance, and no-exercise control). We hy-
pothesized that the resistance training
group would demonstrate the greatest im-
provements in physical functioning QOL
subscales, and that there would be no ben-
eficial effects of exercise interventions on
mental health QOL subscales.

RESEARCH DESIGN AND
METHODSdHART-D was a 9-month
exercise study comparing the effects of
aerobic, resistance, or a combination of
both on HbA1c measures in sedentary indi-
viduals with type 2 diabetes. The methods
andmain outcomes for HART-D have been
previously published (16). A total of 262
sedentary adults with HbA1c levels of 6.5–
11.0% were randomized (see Supplemen-
tary Fig. 1). Diabetes diagnosis was
confirmed by a medical history review.
Sedentary status was defined as not partici-
pating in exercise training sessions .20
min/day on$3 days/week and not partici-
pating in resistance training. Exclusion cri-
teria included a BMI .48 kg/m2, younger
than 30 years old or older than 75 years
old, blood pressure $160/100 mmHg,
fasting triglycerides$500 mg/dL, use of an
insulin pump, urine protein .100 mg/dL,
history of stroke, advanced neuropathy, or
retinopathy, or any serious medical condi-
tion that prevented participant adherence
to the study protocol or ability to exercise
safely. The protocol was approved by the
Institutional Review Board at Pennington
Biomedical Research Center, and all partic-
ipants provided written informed consent.

Study design
Participantswere randomized to one of four
groups: aerobic training only; resistance
training only; a combination of resistance

and aerobic training (combination); or a
nonexercise control group. The nonexer-
cise control group participants were
offered a weekly stretching and relaxation
class and were asked to maintain their cur-
rent level of activity during the 9-month
study period. The primary outcome of this
secondary analysis is the change in QOL
measures (evaluated via the SF-36) after
exercise training.

Weight and height
Weight was measured on a GSE 450
electronic scale (GSE Scale Systems;
NOVI), and height was measured using
a standard stadiometer. BMI was calcu-
lated as weight in kilograms divided by
height in meters squared.

Quality of life
Change in QOL was evaluated using the
SF-36 questionnaire (17,18). The SF-36
is a validated, self-administered question-
naire that measures QOL through the
evaluation of physical functioning, role
limitations attributable to physical health
problems, bodily pain, general health, vi-
tality, social functioning, emotional
health, and mental health (17). QOL
measures were administered at baseline
and at the 9-month follow-up. Norm-
based scores were used rather than raw
scores, per the recommendation of the
SF-36 user manual (18).

Exercise training
The exercise intervention was designed to
have similar time requirements among
the three exercise groups. The exercise
prescription for each participant was
standardized to body weight, and it was
estimated that ;10–12 kcal/kg of body
weight is equivalent to 150 min of mod-
erate intensity exercise per week. The der-
ivation of these calculations was based on
the consensus physical activity recom-
mendations (19). The exercise intensity
for the aerobic exercise training was 50–
80% of maximal oxygen consumption.
The selected dose of exercise for the aer-
obic group was 12 kcal/kg per week and
10 kcal/kg for the combination exercise
group. American College of Sports Medi-
cine equations were used to estimate ca-
loric expenditure rate and time required
for each session (20). Participants were
weighed weekly to calculate their person-
alized energy expenditure target. During
weeks 12 and 24 only, the exercise dose
was reduced by one-third to provide a re-
cuperation week. Each session had 5-min
warm-up and cool-down periods.

Participants in the resistance training
group exercised 3 days/week, with each
session consisting of two sets of four
upper body exercises (bench press, seated
row, shoulder press, and lateral pull-
down), three sets of three leg exercises
(leg press, extension, and flexion), and
two sets of each abdominal crunches and
back extensions. The combination exer-
cise group had two resistance sessions per
week, with each session consisting of one
set of each of the aforementioned nine
exercises. For the combination and re-
sistance training groups, each set consis-
ted of 10 to 12 repetitions. Once the
participant was able to complete 12 rep-
etitions for each set of exercises during
two consecutive exercise sessions, the
prescribed resistance (weight) was in-
creased.

All exercise interventions were con-
ducted at our on-site fitness center under
the supervision of trained exercise inter-
ventionists. Instructionwas provided on a
one-on-one basis; however, participants
often exercised with other study partic-
ipants present because of the open envi-
ronment of the fitness center. Resistance
training was based on a circuit protocol,
and aerobic exercise was performed pri-
marily using the treadmill.

The stretching and relaxation condi-
tioning was developed specifically for this
trial (e.g., control group) and has not be
validated. It included 45-min weekly
sessions focused on increasing flexibility
and reducing stress. The control group
intervention was optional and was de-
signed to be light-intensity stretching and
relaxation exercises. The program was
not intended to produce physiological
or psychological benefits that may be
observed in higher-intensity yoga exer-
cise specifically designed to improve
overall well-being. Rather, the intent of
the nonexercise control condition was to
provide a comparison control group that
also provided a structured participation
experience, thus promoting participant
retention, and reduced the potential of
any exposure bias between conditions (e.g.,
amount of time spent with study staff).
Participant time spent participating in the
exercise interventions was a critical com-
ponent of the study design (i.e., exercise
prescriptions were designed to have sim-
ilar time requirements standardized to
body weight); therefore, the addition of
an optional stretching and relaxation class
to the three exercise condition groups
could have introduced study bias. Partic-
ipants in the stretching and relaxation
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condition group were encouraged to main-
tain their prerandomization level of physical
activity; participantswho chose to engage in
an exercise program outside of the study
were neither encouraged nor discouraged
to continue with those efforts.

Blinding
Separate intervention and assessment
teams were used, and all assessment staff
members were blinded to randomized
assignment of participants to intervention
groups. The clinical testing and exercise
training laboratories were in separate

buildings, and participants were re-
minded frequently to not disclose their
group assignment to assessment staff.

Statistical analysis
All data were analyzed using SAS 9.2 (SAS
Institute, Cary, NC). Because HART-D
was designed as an efficacy study, “per-
protocol” analyses limited to a subgroup
of participants composed of all control
participants and only the exercise group
participants who met the criteria of at
least 70% adherence to their exercise pre-
scription for at least 6 months were

performed. The current study modeled
this “per-protocol” study approach and,
as such, chose to only include those par-
ticipants who met a minimum criteria of
70% attendance to their exercise prescrip-
tion for at least 6 months and had SF-36
data at baseline and follow-up (n = 173).
Simple linear regression was imple-
mented to test for trend across sample
characteristics at baseline. Bonferonni
correction was applied when testing mul-
tiple comparisons. A linear mixed-effects
model for repeated measures over time
was used to determine the effect of the

Table 1dBaseline characteristics of participants

Exercise training type

Characteristics
All participants

(N = 173)
Control
(n = 28)

Resistance
(n = 52)

Aerobic
(n = 44)

Combination
(n = 49)

Demographics
Age, years, mean (SD) 57.1 (8.2) 58.1 (8.3) 58.3 (8.9) 55.1 (7.5) 56.9 (7.9)
Women, n (%) 103 (59.5) 19 (67.9) 29 (55.8) 27 (61.4) 28 (57.1)
Race/ethnicity, n (%)
White 101 (58.4) 15 (53.6) 31 (59.6) 25 (56.8) 30 (61.2)
African American 66 (38.2) 12 (42.9) 21 (40.4) 19 (43.2) 14 (28.6)
Other 6 (3.5) 1 (3.6) 0 (0.0) 0 (0.0) 5 (10.2)

Married, n (%) 112 (64.7) 14 (50.0) 38 (73.1) 29 (65.9) 31 (63.3)
Smoking history, n (%)
Current 8 (4.6) 1 (3.6) 3 (5.8) 1 (2.3) 3 (6.1)
Former 50 (28.9) 9 (32.1) 15 (28.9) 12 (27.3) 14 (28.6)

History of depression, n (%) 36 (20.8) 3 (10.7) 13 (25.0) 11 (25.0) 9 (18.4)
History of anxiety, n (%) 21 (12.1) 2 (7.1) 6 (11.5) 5 (11.4) 8 (16.3)
Antidepressant
medication use, n (%) 32 (18.5) 6 (21.4) 11 (21.2) 7 (15.9) 8 (16.3)

QOL (SF-36 score)
Physical

Physical functioning 51.6 (6.0) 51.1 (5.7) 51.4 (6.1) 51.5 (6.5) 52.1 (5.7)
Role limitations 53.6 (6.3) 53.2 (7.3) 53.5 (6.3) 53.8 (5.3) 53.6 (6.9)
Bodily pain 54.7 (7.3) 55.8 (6.7) 52.9 (7.9) 55.6 (5.7) 55.1 (8.1)
General health 50.2 (7.7) 51.2 (6.3) 49.7 (8.3) 49.8 (7.7) 50.6 (7.9)
Component score 51.8 (5.8) 51.2 (5.9) 50.9 (5.9) 52.0 (5.0) 52.7 (6.3)

Mental
Social functioning 54.3 (6.0) 54.2 (5.6) 54.9 (4.3) 54.4 (5.7) 53.6 (7.9)
Role limitations 53.1 (5.9) 54.6 (2.8) 52.9 (7.1) 53.4 (4.1) 52.1 (6.9)
Vitality 52.9 (8.5) 53.7 (8.0) 52.6 (8.7) 54.3 (8.9) 51.5 (8.4)
Mental health 55.3 (6.3) 57.6 (4.2) 55.6 (5.7) 55.0 (6.9) 53.7 (7.0)
Component score 54.5 (6.4) 56.5 (4.5) 54.9 (6.2) 54.8 (5.9) 52.6 (7.5)

Biometric data
HbA1c, % 7.6 (1.0) 8.0 (1.5) 7.6 (0.9) 7.4 (0.9) 7.5 (0.9)
Fasting glucose, mg/dL 150.6 (36.6) 163.0 (45.5) 154.3 (38.8) 142.1 (29.3) 148.9 (34.5)
Weight, kg 98.3 (19.3) 96.9 (20.4) 99.0 (16.8) 95.7 (18.7) 100.5 (21.8)
BMI 34.7 (6.0) 34.5 (6.3) 34.8 (5.6) 33.7 (5.8) 35.6 (6.5)
Waist circumference, cm
Men 116.2 (14.8) 115.3 (16.9) 114.3 (13.0) 115.4 (14.9) 119.4 (15.7)
Women 109.7 (12.7) 108.4 (12.9) 108.6 (11.2) 108.8 (13.3) 112.4 (13.3)

Data presented as mean (SD) unless otherwise stated. BMI was calculated as weight in kilograms divided by height in meters squared. To convert fasting glucose to
mmol/L, multiply by 0.0555. No significant differences in demographic characteristics at baseline were revealed across the different treatment conditions.
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intervention on QOL. Covariates included
in themodelwere for age,weight, ethnicity,
antidepressant use, and marital status. Re-
sults are presented as adjusted least squares
means with 95% CIs. In addition, we used
z-scores to compare QOL measures in our
study sample to U.S. normative SF-36 data
in individuals with type 2 diabetes (21).
Statistical significance was set at P # 0.05
(two-tailed) throughout.

RESULTS

Participant characteristics
A total of 2,421 adults were screened for
possible participation in the study and
262 participants were randomized. The
main trial was completed by 243 partic-
ipants. The QOL assessment materials
were added to the protocol soon after
the study was initiated because of a delay
in obtaining copyright permissions, thus
resulting in QOL data for 173 partici-
pants.

Baseline characteristics of the analytic
sample are presented in Table 1. The
mean age of participants was 57.1 (SD
8.2) years. The majority of participants
were female (59.5%), white (58.4%),
and married (64.7%). Few current smok-
ers participated in the trial (4.6%). Anti-
depressant medication was used by
18.5% of the participants, and a history
of depression and anxiety was reported by
20.8% and 12.1% of participants, respec-
tively. Mean BMI at study entry was 34.7
(SD 6.0) kg/m2 and the mean HbA1c was
7.6% (SD 1.0%). These characteristics
were similar to those of the main study
cohort, and no significant differences in
demographic characteristics at baseline
were revealed across the different treat-
ment conditions.

United States population norms for
individuals with type 2 diabetes and
baseline means for the current study
sample on SF-36 subscales, matched by
age, gender, and age by gender, were

compared using z-scores. The HART-D
sample had higher mean SF-36 QOL
scores on all subscales.

Baseline HART-D SF-36 mental com-
ponent and physical component sum-
mary scores are presented for different
subgroups in Table 2. Individuals with
BMI.40 kg/m2 had lower physical com-
ponent scores than those with BMI be-
tween 25 and 35 kg/m2 (all P , 0.05).
Individuals who were not married had
lower mental component summary
scores, as did individuals using antide-
pressants (P, 0.05). Unexpectedly, indi-
viduals with lower HbA1c reported worse
functioning on mental component sub-
scales (P , 0.05).

SF-36 change: physical health QOL
component score and subscales
Figure 1 shows change from pre-exercise
to postexercise intervention for the SF-36
physical health QOL component score
and subscales. All three exercise condi-
tion groups had greater improvements
than the control group (resistance P =
0.005, aerobic P = 0.001, combined P =
0.015). In addition to all three exercise
condition groups having greater improve-
ments than the control group on the
physical component score; the general
health subscale also improved more for
all three exercise conditions compared
with the control condition (resistance
P = 0.003, aerobic P = 0.024, combined
P = 0.024). On the physical functioning
subscale, the aerobic training condition
group and the combined training condition
group had greater improvements than
the control condition group (P = 0.025
and P = 0.03, respectively). The bodily
pain subscale was higher postintervention
in all condition groups; however, the re-
sistance training group reported a
smaller increase in bodily pain com-
pared with the control condition group
(P = 0.026).

SF-36 change: mental health QOL
component score and subscales
Changes from preintervention to postin-
tervention for the SF-36 mental health
QOL component score and subscales are
shown in Fig. 2. The changes in the men-
tal component summary score did not
differ between the control group and
any of the exercise groups (all P .
0.05). However, greater improvements
in the mental component summary score
were found in the combined training con-
dition group relative to the aerobic train-
ing condition group (P = 0.004).

Table 2dQuality of life by subgroup

Baseline category N
Physical component
score, mean (SD)

Mental component
score, mean (SD)

Ethnicity
White 101 52.0 (5.9) 53.7 (6.8)
African American 66 51.0 (5.8) 55.5 (5.8)
Other 6 55.4 (1.7) 55.6 (4.6)

Age, years
35–54 63 51.6 (5.7) 54.0 (5.9)
55–64 80 52.2 (5.9) 54.5 (6.5)
65+ 30 51.1 (5.9) 55.5 (7.1)

BMI range
18.5 to ,25 9 54.6 (5.5) 55.0 (6.0)
25 to ,30 31 53.2 (4.7)x 53.5 (6.2)
30 to ,35 50 52.8 (5.4)x 55.1 (6.1)
35 to ,40 45 51.2 (5.0) 54.5 (6.1)
40 or more 38 49.3 (7.1)x 54.2 (7.6)

Smoking status
Never 115 51.3 (6.3) 54.4 (6.4)
Former 50 52.9 (4.6) 54.4 (6.9)
Current 8 52.1 (3.8) 55.7 (3.9)

Marital status
Not married 52 51.7 (6.3) 52.8 (7.7)*
Married 112 51.9 (5.4) 55.2 (5.6)

Antidepressant use
No 141 52.2 (5.5) 55.5 (5.0)†
Yes 32 50.0 (6.7) 49.9 (9.5)

HbA1c,% category
,7.0 58 51.3 (6.3) 52.7 (7.9)‡
$7.0 115 52.0 (5.5) 55.4 (5.3)

*Individuals who were not married had lower mental component summary scores than those who were
married (P, 0.05). †Individuals using antidepressants had lower mental component summary scores than
those not using antidepressants (P, 0.05). ‡Individuals with HbA1c,7.0% had a significantly lower mental
component score than those with HbA1c .7.0% (P, 0.05). xIndividuals with BMI.40 kg/m2 had a lower
physical component score than those with BMI between 25 and 35 kg/m2 (P , 0.05).
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The combined training also was associ-
ated with gains relative to the aerobic
training on the vitality (P = 0.031) and
mental health (P = 0.008) subscales. The
only mental health QOL subscale for
which an exercise group benefited relative
to the control group was the vitality sub-
scale. Specifically, the combined training
group had greater gains in vitality than the
control group (P = 0.021).

CONCLUSIONSdThe primary find-
ing of the current study is that exercise
training interventions improved physical
health QOL in individuals with type 2
diabetes mellitus regardless of training mo-
dality (aerobic, resistance, or combined).
In addition, although the effects of the

exercise training on mental health QOL
were limited, the improvements in mental
QOL often favored combined aerobic and
resistance training. Overall, our data sug-
gest that exercise training has a beneficial
effect on QOL in individuals with type 2
diabetes, who generally report reduced
QOL compared with individuals without
diabetes.

In the current study, all exercise
groups reported greater improvements
in overall physical health QOL (i.e., phys-
ical component summary) compared
with the control group. These results
can be contrasted to the DARE trial (14)
and IDES study (15), which previously
have investigated the effect of different
exercise training modalities in a

randomized control trial of comparable
size and design as HART-D (16). In the
DARE trial, Reid et al. (14) found im-
provements in physical QOL with resis-
tance training but not with aerobic or
combined aerobic and resistance training.
Differences in study design between these
two studies may have contributed to the
discrepancy. For example, the training in-
tervention used by Reid et al. lasted five
and one-half months, compared with 9
months for the current study, suggesting
that it may require a greater amount of
time of exercise training before improve-
ments in QOL become apparent. This hy-
pothesis is supported by the IDES study
(15), which found a beneficial effect on
physical QOL during a 12-month inter-
vention. Additionally, in the study by
Reid et al., the combined exercise inter-
vention group spent twice as long exercis-
ing per week as the aerobic or resistance
intervention condition group, whereas in
the current study the amount of time ex-
ercising was held constant across condi-
tion groups. In the IDES study (15), the
authors noted that significant improve-
ment in physical QOL occurred only
when exercise volume increased .17.5
metabolic equivalents z h21 z week21.
We did not measure dose response for
our intervention but similarly found
benefits in physical QOL regardless of
treatment modality. The findings of the
current study are supported by data
from large randomized trials of indi-
viduals without diabetes (2–5) and trials
of individuals with type 2 diabetes
showing improvements in QOL after
an exercise training intervention
(6,10–13,15,22).

There are other notable results re-
garding physical health QOL from the
current study. Reported bodily pain was
higher postintervention compared with
preintervention in all condition groups,
including the control condition group. It
is possible that increases in bodily pain in
the exercise condition groups were re-
lated to muscle soreness caused by the
exercise training. Of note, resistance
training, but not aerobic or combined
training, appeared tomitigate the increase
in pain that participants experienced over
the course of the study. In contrast,
aerobic and combined training had the
most beneficial effect regarding the phys-
ical functioning subscale, whichmeasures
participants’ functioning in physical ac-
tivities required for daily living.

No differences were found in the
mental health QOL summary score for

Figure 1dSF-36 physical health component and subscale change scores for aerobic, resistance,
combined, and no-exercise control groups.Mean change (least squares means6 95%CI) in SF-36
scores for the control and exercise groups. Differences in scores across groups were tested using
mixed models with adjustment for age, weight, ethnicity, antidepressant use, and marital status.
*P , 0.05 when compared to the control group.
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any of the exercise groups compared with
the control group. These results are dif-
ferent from those found by Reid et al.
(14), who unexpectedly found that men-
tal QOL improved most in the nonexer-
cise control group relative to the three
exercise intervention groups. These re-
sults also differ from those of Nicolucci
et al. (15), who found benefits in mental
health QOL with exercise. In the current
study, vitality was the only mental health
QOL subscale for which any exercise
group showed improvements relative to
the control condition group, with the
combined aerobic and resistance training
condition resulting in increased vitality

ratings compared with the control condi-
tion. The lack of improvements in mental
QOL for the exercise groups compared
with the control group on all subscales
except vitality is notable and contrasts
with studies of nondiabetic populations
showing more widespread mental QOL
gains with exercise. It is possible that the
baseline level of mental QOL impacted
our results. The mental health QOL for
our study sample was higher than average
on initiation of the program, and it is pos-
sible that individuals with lower baseline
mental QOL receive more benefit from
exercise. Additionally, it may be that lon-
ger exercise programs are necessary to

improve mental QOL. It is notable that
of the two comparable studies discussed
(14,15), the shorter study, which was 5.5
months (14), found mental QOL de-
creases with exercise whereas the longer
study, which was 12 months (15) reported
mental health QOL gains. Our study, of
intermediate length (9 months), found
minimal mental health QOL changes.

These results have significant clinical
implications. For a number of QOL mea-
sures, the combined exercise training con-
dition appeared to have more beneficial
effects on mental QOL compared with the
aerobic condition. For example, the com-
bined group had greater increases in the
mental component summary and the
mental health subscale compared with
the aerobic group. Given that the com-
bined exercise condition was the only
condition to significantly improve HbA1c

in the main outcomes study (16), and
given that all conditions were similarly ef-
fective in improving physical health QOL,
these disparate effects of exercise modality
on mental health QOL support recom-
mendations for individuals with type 2 di-
abetes to adopt exercise programs with
combined aerobic and resistance training.
At the same time, these results demon-
strate that regardless of the exercise
modality, a moderately intensive exercise
program consistent with public health rec-
ommendations in sedentary individuals
with diabetes is likely to result in im-
proved QOL, and that exercise inter-
ventions should be further integrated
into standard care for individuals with
diabetes.

This study has certain limitations.
The participants in the current study
had higher baseline QOL compared with
normative U.S. samples of individuals
with diabetes. In general, the diabetes in
HART-D participants was relatively well
controlled, with average HbA1c levels of
7.6%. Therefore, it is possible that an ex-
ercise intervention could have a more
substantial impact on QOL in individuals
with lower baseline QOL and more
poorly controlled diabetes.

A potential concern is that the control
condition (e.g., stretching and relaxation
group) could have biased the outcomes
by providing a therapeutic effect on QOL.
The control condition was designed to be
light in intensity, thus not reaching any
therapeutic level to trigger improvements
in physiological or emotional health out-
comes. Because of low attendance in the
stretching and relaxation class (22.7%), it
is reasonable to assume that this condition

Figure 2dSF-36 mental health component and subscale change scores for aerobic, resistance,
combined, and no-exercise control groups. Mean change (least squares means695%CI) in SF-36
scores for the control and exercise groups. Differences in scores across groups were tested using
mixed models with adjustment for age, weight, ethnicity, antidepressant use, and marital status.
*P, 0.05 when compared to the control group. ^P, 0.05 when compared to the combined group.
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did not have any significant effect on QOL
as a group.

This study also has notable strengths.
We studied a large sample that included
substantial African American representa-
tion, and we used a carefully controlled,
randomized study design. In addition, the
exercise intervention was controlled for
exercise dose, and all exercise groups
participated in a similar amount of training.

In conclusion, the current study pro-
vides evidence that adults with type 2
diabetes mellitus are likely to benefit from
adopting an exercise training regimen
regardless of exercise training modality
(aerobic, resistance, or a combination of
both). Given the overall beneficial effects
of combined training on many aspects of
QOL and the previously reported benefits
of combined training on glycemic
control, a combined aerobic and resis-
tance approach is particularly worthy of
further study.
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