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Abstract
Aims/hypothesis Psychological problems are relatively com-
mon in people with type 2 diabetes. It is unclear whether
exercise training exerts an effect on quality of life, symptoms
of depression, symptoms of anxiety and emotional well-being
in people with type 2 diabetes. The aim of this study was to
conduct a systematic review to assess the effects of exercise
training on these outcomes in people with type 2 diabetes.
Methods MEDLINE, PsycINFO, Embase and Clinical-
Trials.gov databases were searched. The review included
randomised controlled trials (RCTs) of at least 4 weeks’
duration in people with type 2 diabetes that evaluated the
effect of exercise training on quality of life, symptoms of
depression, symptoms of anxiety and/or emotional well-
being compared with usual care.
Results Of 1,261 retrieved articles, 20 RCTs were included
with a total of 1,719 participants. Quality of life was
assessed in 16 studies. Between-group comparisons showed
no significant results for aerobic training with the exception
of one study, and mixed results for resistance and combined

training. Symptoms of depression were assessed in four
studies. In only one study did the intervention decrease
symptoms of depression. Emotional well-being was evalu-
ated in four studies, which also showed conflicting results.
Symptoms of anxiety were evaluated in one study, which
showed a significant improvement.
Conclusions/interpretation The effects of exercise training
on psychological outcomes in people with type 2 diabetes
are conflicting. Therefore, there is a need for further high-
quality RCTs in order to gain greater insight into the role of
exercise training in people with type 2 diabetes.

Keywords Anxiety . Depression . Exercise/physical
activity . Quality of life . Systematic review . Type 2
diabetes .Well-being

Abbreviations
CES-D Center for Epidemiologic Depression

Scale
EuroQoL European Quality of Life questionnaire
RCT Randomised controlled trial
SF12 12-item Short-Form Health Survey
SF36 36-item Short-Form Health Survey
SMD Standardised mean difference
WHOQol-BREF World Health Organization

Quality of Life questionnaire
(abbreviated version)

Introduction

Physical inactivity is one of the major risk factors for the
development of type 2 diabetes and its complications [1].
Therefore, an important goal in type 2 diabetes management
is achieving and/or maintaining an appropriate level of
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physical activity [2]. One of the mechanisms responsible for
the positive effect of physical activity is improved glycaemic
control [3]. In addition, appropriate levels of physical activity
are associated with a reduced risk of total and cardiovascular
mortality [4, 5].

Previous systematic reviews and meta-analyses regarding
the effects of physical activity in type 2 diabetes have mainly
focused on biomedical outcomes such as glycaemic control,
body mass and blood pressure [3, 6–8]. Type 2 diabetes is,
however, also associated with psychological problems. For
example, the prevalence of depression is elevated in people
with type 2 diabetes compared with those without diabetes
(18% and 10%, respectively) [9]. People with type 2 diabetes
also have a 24% increased risk of developing depression com-
pared with non-diabetic individuals [10]. Furthermore, com-
pared with the general population, people with diabetes tend to
report poorer quality of life [11] and a higher prevalence of
general anxiety disorder (14%) [12]. In addition, cross-sectional
studies in people with type 2 diabetes have shown that higher
levels of physical activity are associated with fewer symptoms
of depression [13] and improved quality of life [14–16].

Results from systematic reviews of intervention studies in
healthy and clinical samples showed that exercise training can
be used to improve not only biomedical but also psychological
outcomes. For example, a meta-analysis of 56 trials showed
that in both healthy and rehabilitation groups there was a small
but significant improvement in quality of life following exer-
cise training [17]. In two systematic reviews and one meta-
analysis that studied the effects of physical activity interven-
tions on symptoms of depression in elderly people, it was
found that increased levels of physical activity can lower
depression rates and reduce symptoms of depression in the
short term [18–20]. Also, a meta-analysis on the effects of
physical activity interventions in healthy adults showed that
some interventions can decrease symptoms of anxiety [21].

To the best of our knowledge, only one (narrative) review
[22] has been conducted to investigate whether exercise
training has beneficial effects on quality of life and/or
(emotional) well-being in people with type 2 diabetes. The
aim of this study was therefore to conduct a systematic
review of randomised controlled trials (RCTs) in order to
assess the effects of exercise training on quality of life,
symptoms of depression, symptoms of anxiety and emotional
well-being in people with type 2 diabetes.

Methods

Search strategy

MEDLINE (PubMed), PsycINFO, Embase and Clinical-
Trials.gov databases were electronically searched to the end
of March 2012. The search comprised the terms ‘randomised

controlled trial’, ‘type 2 diabetes mellitus’, ‘exercise’, ‘quality
of life’, ‘depression’, ‘well-being’, ‘anxiety’ and related entry
terms (electronic supplementarymaterial [ESM]Methods).We
used a sensitive search strategy for RCTs [23, 24]. In addition,
reference lists of identified articles and related reviews were
searched manually. Two raters (MMPH and FEPD) indepen-
dently reviewed titles, abstracts and entire texts for potentially
relevant articles. Disagreements were resolved by consensus or
by a third rater (FP). Agreement between raters was assessed
using Cohen's kappa (к).

Eligibility criteria

The pre-specified inclusion criteria applied were as follows:
(1) RCTs comparing exercise training with usual care, sham
exercise or a minimal educational intervention (exercise
training was defined as planned, structured and repetitive
bodily movement with the intention to improve or maintain
one or more components of physical fitness [25]); (2) exer-
cise was prescribed for at least 4 weeks; (3) participants
were adults (≥18 years) and classified as having type 2
diabetes; and (4) the study included assessment of quality
of life and/or symptoms of depression and/or symptoms of
anxiety, and/or emotional well-being. There was no lan-
guage restriction or restriction on the year of publication.
However, studies in which exercise training was part of an
intervention with multiple components (e.g. combined with
a diet intervention) were excluded.

Data extraction and analysis

Data on sample characteristics, intervention characteristics
and study results were extracted. Home-based exercise inter-
ventions were considered ‘individual’ interventions. Exercise
training was divided into three modes: aerobic (training to
improve the efficiency of aerobic energy-producing systems
[25]); resistance (training to improve strength, power and
muscle endurance [25]); and a combination of both. One
investigator (MMPH) performed the data extraction, which
was checked by a second investigator (FEPD). If possible,
standardised mean differences (SMDs) were calculated.
SMDs of 0.2 were considered a small effect, 0.5 a moderate
effect and 0.8 a large effect [26]. Positive signs reflect better
outcomes, i.e. better quality of life, fewer symptoms of de-
pression, fewer symptoms of anxiety and greater emotional
well-being in the intervention group compared with the con-
trol group. Because of the heterogeneity of exercise training
and outcome measurements, data pooling was not possible.

Assessment of risk of bias

The risk of bias was assessed in accordance with the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) statement [27]. The assessment
included adequate sequence generation, allocation conceal-
ment, blinding of outcome assessors (related to outcomes
addressed in the current systematic review), description of
losses and exclusions, and use of intention-to-treat analysis.
A study was considered to use intention-to-treat analysis
when participants were analysed in the group to which they
were randomised regardless of the intervention they actually
received and when there were no missing data or when
appropriate imputation of missing data was performed.
Two raters (MMPH and FEPD) independently assessed the
risk of bias. Disagreements were resolved by consensus or
by a third rater (FP).

Results

Description of studies

Overall, 1,261 articles were retrieved from electronic data-
bases and manual searches, 161 articles were included based
on review of the title, 33 based on review of the abstract, and
20 [28–47] based on review of the full text article (ESM
Fig. 1). The κ agreement between raters for article selection
was 0.78.

A total of 1,719 people with type 2 diabetes were includ-
ed in the studies. Samples sizes ranged from 18 [30] to 84
[32] participants, with the exception of Reid et al [44]
(n=218) and Nicolucci et al [42] (n=606). The mean age
of the participants ranged from 43 years [30] to 70 years
[46]. The mean BMI ranged from 25 kg/m2 [28] to 40 kg/m2

[31], mean HbA1c ranged from 6.4% (46 mmol/mol) [32] to
9.0% (75 mmol/mol) [37] (Table 1). In none of the studies
was low quality of life or low emotional well-being, or
suffering from symptoms of depression or anxiety, an
inclusion criterion.

Four studies compared two or three modes of exercise
training with a control group [28, 34, 38, 44]. Including
these studies, a total of ten studies examined the effect of
aerobic training [28, 30, 33–35, 38, 39, 41, 44, 45], five the
effect of resistance training [28, 31, 40, 43, 44], and ten the
effect of combined training [29, 32, 34, 36–38, 42, 44, 46,
47]. In studies examining aerobic training, (Nordic) walking
was the most common exercise training [28, 33–35, 45].
Other forms of aerobic training were treadmills and/or bicy-
cle ergometers [44] and circuit training [38]. In three studies,
the specific form of aerobic training was not specified [30,
39, 41]. Studies examining resistance training all followed a
progressive schedule, using pneumatic/weight resistance
training machines [40, 44], multigym apparatus/dumb-bells
[28, 43] or exercise bands [31]. Combined training consisted
of t’ai chi [37, 47] or a combination of aerobic (e.g. walking,
treadmills, outdoor activities) and resistance training (e.g.

circuit training, weight machines) [29, 32, 34, 36, 38, 42,
44, 46]. In one study the aerobic training [33] and in two
studies the combined training [32, 36] was not supervised
(Table 1).

The duration of the training sessions varied from 10 min
[29, 36] to 60 min [35, 37, 39]. The frequency of the training
sessions varied from once a week [34, 37] to (at least) five
times a week [31, 36, 41, 45]. The duration of the total
training period varied from 6 weeks [39] to 12 months [42]
(Table 1).

Adherence rates were reported in 14 studies [29, 31–36,
38, 41–44, 46, 47]. Dropouts were (partially) reported in all
but one study [40]. None of the studies had a dropout rate
>20% (Table 1).

Outcomes

Quality of life Six studies examined the effect of aerobic
training on quality of life [30, 33–35, 38, 44]. Adequate
random sequence generation was performed in four studies
[30, 33, 38, 44], adequate allocation concealment in three
studies [30, 33, 44], and blinding of outcome assessment in
two studies [38, 44]. All studies gave an adequate descrip-
tion of losses and exclusions [30, 33–35, 38, 44]. An
intention-to-treat analysis was performed in four studies
[30, 33, 34, 44] (ESM Table 1).

Three studies used the 36-item Short-Form Health
Survey (SF36) [34, 38, 44], one the abbreviated version of
the World Health Organization Quality of Life questionnaire
(WHOQol-BREF) [30], one the Swedish Health-Related
Quality of Life questionnaire (SWED-QUAL) [33], and
one the Quality of Well-Being scale [35]. Reid et al [44]
did not perform a statistical test to compare the mean scores
on the SF36 mental component scale of the participants who
received supervised aerobic training and those who received
usual care (respectively, baseline 52.4±9.3 and 47.3±9.6,
post intervention 54.5±9.6 and 54.0±9.6; SMD 0.05;
n=103). The same was true for the SF36 physical compo-
nent scale (respectively, baseline 49.7±7.2 and 49.2±7.4,
post intervention 49.9±7.5 and 48.8±7.5; SMD 0.15;
n=103). Four smaller studies (sample sizes between 18
[30] and 44 [34]) reported no significant effects of aerobic
training on quality of life compared with usual care [30, 34,
38] or education [35] immediately post intervention. SMDs
could be computed for two of these studies varying from
−0.68 (‘general health’ SF36 subscale) [38] to 0.69 [30].
Two studies performed an additional follow-up measure-
ment. Gram et al [34] evaluated Nordic walking during
4 months with follow-up after 1 year. Kaplan et al [35] also
evaluated walking during 10 weeks with follow-up after 6,
12 and 18 months. Neither found any significant effects of
exercise. However, Fritz et al [33] also evaluated a 4 month
Nordic walking intervention (n=50) and found significant

1212 Diabetologia (2013) 56:1210–1225



T
ab

le
1

S
am

pl
e
an
d
in
te
rv
en
tio

n
ch
ar
ac
te
ri
st
ic
s

S
ou
rc
e

S
am

pl
e
ch
ar
ac
te
ri
st
ic
s

In
te
rv
en
tio

n
ch
ar
ac
te
ri
st
ic
s

A
dh
er
en
ce
,
dr
op
ou
ts

n
A
ge
,
ye
ar
s

(m
ea
n
±
S
D
)

B
M
I,
kg
/m

2

(m
ea
n
±
S
D
)

H
bA

1
c,
%

(m
ea
n
±
S
D
)

E
xe
rc
is
e

G
ro
up

vs
in
di
vi
du
al
,

su
pe
rv
is
io
n

E
xe
rc
is
e
se
ss
io
n

du
ra
tio

n
(w

ar
m
in
g
up

an
d
co
ol
in
g
do
w
n
no
t

in
cl
ud
ed
),
fr
eq
ue
nc
y

P
ro
gr
am

m
e

du
ra
tio

n

A
er
ob
ic

B
el
lo

et
al

20
11

[3
0]

IG
:
9

IG
:
43

±
6.
7

IG
:
28
.3
±
4.
2

IG
:
8.
2
±
1.
7

In
di
vi
du
al
ly

pr
es
cr
ib
ed

ae
ro
bi
c
tr
ai
ni
ng

N
R

30
m
in

8
w
ee
ks

N
R

C
G
:
9

C
G
:
45

±
11
.8

C
G
:
26
.1
±
3.
5

C
G
:
7.
9
±
2.
5

50
–
75
%

H
R
m
ax

S
up
er
vi
se
d

3×
/w
ee
k

T
G
:
0

F
ri
tz

et
al

20
11

[3
3]

IG
:
20

IG
:
63

(5
9–

64
)

IG
:
30
.5

(2
7.
5–

34
)

IG
:
7.
0
(6
.4
–
7.
7)

N
or
di
c
w
al
ki
ng

In
di
vi
du
al

T
ot
al
:
5
h/
w
ee
k

4
m
on
th
s

50
%

of
pa
rt
ic
ip
an
ts

pe
rf
or
m
ed

≥8
0%

(4
h/
w
ee
k)

of
th
e

pr
es
cr
ib
ed

N
or
di
c

w
al
ki
ng

C
G
:
30

C
G
:
61

(5
8–
64
)

C
G
:
29
.5

(2
8–
34
)

C
G
:
6.
7
(6
.2
–
7.
1)

U
ns
up
er
vi
se
d

N
R

T
G
:
10

(m
ed
ia
n
25

–
75

pe
rc
en
til
e)

(m
ed
ia
n
25

–
75

pe
rc
en
til
e)

(m
ed
ia
n
25

–
75

pe
rc
en
til
e)

G
ra
m

et
al

20
10

[3
4]

IG
:
22

IG
:
62

±
10

IG
:
31
.4
±
4.
3

IG
:
7.
2
±
1.
0

N
or
di
c
w
al
ki
ng

N
R

≥3
0
m
in

4
m
on
th
s

M
ea
n
at
te
nd
an
ce

ra
te

63
.5
%

C
G
:
22

C
G
:
61

±
10

C
G
:
32
.8
±
4.
0

C
G
:
7.
8
±
1.
3

>
40
%
V� O

2
m
ax

S
up
er
vi
se
d

M
on
th
s
1–

2:
2×

/w
ee
k

IG
:
1

M
on
th
s
3–

4:
1×

/w
ee
k

C
G
:
0

R
ei
d
et

al
20
10

[4
4]

IG
:
51

IG
:
54

±
6.
4

IG
:
34
.3
±
5.
9

IG
:
7.
7
±
0.
9

T
re
ad
m
ill
s
an
d/
or

bi
cy
cl
e
er
go
m
et
er
s

N
R

15
–
45

m
in

6
m
on
th
s

M
ed
ia
n
ex
er
ci
se

tr
ai
ni
ng

at
te
nd
an
ce

80
%

C
G
:
52

C
G
:
55

±
6.
9

C
G
:
33
.2
±
5.
5

C
G
:
7.
7
±
0.
9

P
ro
gr
es
si
ve

60
–
75
%

H
R
m
ax

P
ar
tia
lly

su
pe
rv
is
ed

3×
/w
ee
k

IG
:
5

C
G
:
5
(m

is
si
ng

da
ta
)

S
he
no
y
et

al
20
10

[4
5]

IG
:
20

IG
:
53

±
4.
4

IG
:
27
.6
±
2.
9

IG
:
7.
3
±
1.
0

W
al
ki
ng

us
in
g
a
pe
do
m
et
er

an
d
he
ar
t
ra
te

m
on
ito

r
N
R

U
p
to

35
–
40

m
in

8
w
ee
ks

N
R

C
G
:
20

C
G
:
51

±
5.
4

C
G
:
26
.3
±
1.
5

C
G
:
7.
6
±
0.
9

P
ro
gr
es
si
ve

50
–
70
%

H
R
m
ax

S
up
er
vi
se
d

5×
/w
ee
k

T
G
:
0

A
ro
ra

et
al

20
09

[2
8]

IG
:
10

IG
:
52

±
9.
3

IG
:
26
.2
±
3.
2

IG
:
N
R

W
al
ki
ng

N
R

30
m
in

8
w
ee
ks

N
R

C
G
:
10

C
G
:
58

±
1.
8

C
G
:
25
.0
±
3.
0

C
G
:
N
R

S
up
er
vi
se
d

3×
/w
ee
k

T
G
:
0

L
am

be
rs

et
al

20
08

[3
8]

IG
:
18

IG
:
52

±
8.
3

IG
:
30
.9
±
4.
0

IG
:
7.
4
±
1.
7

C
ir
cu
it
tr
ai
ni
ng
:
tr
ea
dm

ill
w
al
ki
ng

or
jo
gg
in
g,

st
at
io
na
ry

bi
cy
cl
e

cy
cl
in
g
an
d
st
ep
pi
ng

N
R

50
m
in

3
m
on
th
s

A
ll
pa
rt
ic
ip
an
ts
pe
rf
or
m
ed

m
in
im

al
34
,
m
ax
im

al
40
,
tr
ai
ni
ng

se
ss
io
ns

C
G
:
11

C
G
:
58

±
8.
7

C
G
:
30
.4
±
4.
3

C
G
:
6.
7
±
1.
0

P
ro
gr
es
si
ve

60
–
85
%

H
R
m
ax

S
up
er
vi
se
d

3×
/w
ee
k

IG
:
1

C
G
:
5a

,b

M
cK

ay
et

al
20
01

[4
1]

IG
:
38

T
G
:
52

IG
:
N
R

IG
:
N
R

P
er
so
na
lis
ed

in
te
rn
et

PA
pr
og
ra
m
m
e,
ba
se
d
on

a
m
ul
til
ev
el

so
ci
al
-e
co
lo
gi
ca
l

m
od
el

of
di
ab
et
es

se
lf
-

m
an
ag
em

en
t
an
d
fo
llo

w
-u
p

su
pp
or
t
fo
r
be
ha
vi
ou
r

ch
an
ge

In
di
vi
du
al

F
oc
us

on
na
tio

na
l

gu
id
el
in
es
:
30

m
in

8
w
ee
ks

IG
:
1.
1
lo
g-
on
/

pa
rt
ic
ip
an
t/w

ee
k

C
G
:
40

C
G
:
N
R

C
G
:
N
R

F
iv
e-
st
ep

ac
tio

n
pl
an
,

in
cl
ud
in
g
on
lin

e
su
pp
or
t
ar
ea

S
up
er
vi
se
d
(o
nl
in
e)

≥5
×
/w
ee
k

C
G
:
0.
3
lo
g-
on
s/

pa
rt
ic
ip
an
t/w

ee
k

IG
:
3

C
G
:
7c

,d

Diabetologia (2013) 56:1210–1225 1213



T
ab

le
1

(c
on

tin
ue
d)

S
ou
rc
e

S
am

pl
e
ch
ar
ac
te
ri
st
ic
s

In
te
rv
en
tio

n
ch
ar
ac
te
ri
st
ic
s

A
dh
er
en
ce
,
dr
op
ou
ts

n
A
ge
,
ye
ar
s

(m
ea
n
±
S
D
)

B
M
I,
kg
/m

2

(m
ea
n
±
S
D
)

H
bA

1
c,
%

(m
ea
n
±
S
D
)

E
xe
rc
is
e

G
ro
up

vs
in
di
vi
du
al
,

su
pe
rv
is
io
n

E
xe
rc
is
e
se
ss
io
n

du
ra
tio

n
(w

ar
m
in
g
up

an
d
co
ol
in
g
do
w
n
no
t

in
cl
ud
ed
),
fr
eq
ue
nc
y

P
ro
gr
am

m
e

du
ra
tio

n

L
ig
te
nb
er
g

et
al

19
98

[3
9]

IG
:
30

IG
:
64

±
5.
4

IG
:
N
R

IG
:
N
R

A
er
ob
ic

tr
ai
ni
ng

N
R

60
m
in

6
w
ee
ks

N
R

C
G
:
28

C
G
:
62

±
5.
4

C
G
:
N
R

C
G
:
N
R

60
–
80
%
V� O

2
m
ax

S
up
er
vi
se
d

3×
/w
ee
k

T
G
:
7c

,d

K
ap
la
n
et

al
19
87

[3
5]

IG
:
19

IG
:
54

±
8.
0

IG
:
89
.2
±
21
.1

IG
:
8.
2
±
3.
4

W
al
ki
ng

G
ro
up

45
–
60

m
in

10
w
ee
ks

M
ea
n
at
te
nd
an
ce

ra
te

≥8
0%

C
G
:
19

C
G
:
55

±
8.
8

C
G
:
92
.2
±
21
.8

(w
ei
gh
t,
kg
)

C
G
:
8.
2
±
1.
5

60
–
70
%
V� O

2
m
ax

S
up
er
vi
se
d

E
xe
rc
is
e
se
ss
io
ns
:

1×
/w
ee
k

T
G
:
2a

,b

H
om

e-
ba
se
d:

2×
/w
ee
k

R
es
is
ta
nc
e

L
in
co
ln

et
al

20
11

[4
0]

IG
:
29

IG
:
66

±
7.
9

IG
:
30
.9
±
5.
7

IG
:
N
R

E
xe
rc
is
es

on
fi
ve

pn
eu
m
at
ic

re
si
st
an
ce

tr
ai
ni
ng

m
ac
hi
ne
s

N
R

3
×
8
re
p/
ex
er
ci
se
,
35

m
in

16
w
ee
ks

N
R

C
G
:
29

C
G
:
67

±
7.
4

C
G
:
31
.2
±
5.
9

C
G
:
N
R

P
ro
gr
es
si
ve

60
–
80
%

1R
M

S
up
er
vi
se
d

3×
/w
ee
k

N
R

P
lo
tn
ik
of
f
et

al
20
10

[4
3]

IG
:
27

C
G
:
21

IG
:
55

±
12

C
G
:
54

±
12

IG
:
35

±
8

C
G
:
36

±
5

IG
:
6.
9
±
1.
5

C
G
:
6.
8
±
0.
8

H
om

e-
ba
se
d:

ei
gh
t
ex
er
ci
se
s

In
di
vi
du
al

2×
10

–
12

to
3×

8–
10

re
p/
ex
er
ci
se
+

2
re
co
ve
ry

w
ee
ks

w
ith

2×
8–

10
re
p/
ex
er
ci
se

16
w
ee
ks

M
ea
n
ad
he
re
nc
e
ra
te

71
%

U
se

of
m
ul
tig

ym
ap
pa
ra
tu
s

an
d
du
m
b-
be
lls

P
ar
tia
lly

su
pe
rv
is
ed

3×
/w
ee
k

IG
:
4

P
ro
gr
es
si
ve

50
–
85
%

1R
M

C
G
:
3

R
ei
d
et

al
20
10

[4
4]

IG
:
58

IG
:
55

±
7.
6

IG
:
32
.9
±
5.
6

IG
:
7.
7
±
0.
9

E
ig
ht

di
ff
er
en
t
ex
er
ci
se
s

on
w
ei
gh
t
m
ac
hi
ne
s

N
R

2/
3×

8
re
p/
ex
er
ci
se

6
m
on
th
s

M
ed
ia
n
at
te
nd
an
ce

ra
te

85
%

C
G
:
52

C
G
:
55

±
6.
9

C
G
:
33
.2
±
5.
5

C
G
:
7.
7
±
0.
9

P
ro
gr
es
si
ve

P
ar
tia
lly

su
pe
rv
is
ed

3×
/w
ee
k

IG
:
6

C
G
:
5
(m

is
si
ng

da
ta
)

A
ro
ra

et
al

20
09

[2
8]

IG
:
10

IG
:
50

±
5.
2

IG
:
27
.0
±
4.
1

IG
:
N
R

S
ev
en

ex
er
ci
se
s

fo
r
m
aj
or

m
us
cl
e
gr
ou
ps

N
R

3×
10

re
p/
ex
er
ci
se

8
w
ee
ks

N
R

C
G
:
10

C
G
:
58

±
1.
8

C
G
:
25
.0
±
3

C
G
:
N
R

U
se

of
du
m
b-
be
lls
,

pu
lle
ys
,
la
te
ra
l
pu
ll

do
w
n
an
d
qu
ad
ri
ce
ps

ta
bl
e

S
up
er
vi
se
d

2×
/w
ee
k

IG
:
1

P
ro
gr
es
si
ve

60
–
10
0%

1R
M

C
G
:
0b

C
he
un
g
et

al
20
09

[3
1]

IG
:
20

IG
:
59

±
8.
7

IG
:
39
.7
±
9.
0

IG
:
7.
2
±
1.
6

E
xe
rc
is
e
se
ss
io
ns

an
d

ho
m
e-
ba
se
d:

fo
ur

up
pe
r-
bo
dy

an
d

th
re
e
lo
w
er
-b
od
y

ex
er
ci
se
s

S
up
er
vi
se
d
se
ss
io
ns
:

gr
ou
p

2×
12

re
p/
ex
er
ci
se
,

30
m
in

4
m
on
th
s

S
ub
je
ct
s
ac
hi
ev
ed

90
%

of
pr
es
cr
ib
ed

tr
ai
ni
ng

C
G
:
17

C
G
:
62

±
6.
7

C
G
:
37
.7
±
9.
2

C
G
:
7.
4
±
1.
0

U
se

of
ex
er
ci
se

ba
nd
s

H
om

e-
ba
se
d:

in
di
vi
du
al

S
up
er
vi
se
d
se
ss
io
ns
:

fo
rt
ni
gh
tly

in
fi
rs
t

m
on
th

an
d
m
on
th
ly

fo
r

re
m
ai
nd
er

of
th
e
st
ud
y

IG
:
1

P
ro
gr
es
si
ve
,
in
cr
ea
si
ng

te
ns
io
n
of

th
e
ba
nd

P
ar
tia
lly

su
pe
rv
is
ed

H
om

e-
ba
se
d:

5×
/w
ee
k

C
G
:
2a

,b

1214 Diabetologia (2013) 56:1210–1225



T
ab

le
1

(c
on

tin
ue
d)

S
ou
rc
e

S
am

pl
e
ch
ar
ac
te
ri
st
ic
s

In
te
rv
en
tio

n
ch
ar
ac
te
ri
st
ic
s

A
dh
er
en
ce
,
dr
op
ou
ts

n
A
ge
,
ye
ar
s

(m
ea
n
±
S
D
)

B
M
I,
kg
/m

2

(m
ea
n
±
S
D
)

H
bA

1
c,
%

(m
ea
n
±
S
D
)

E
xe
rc
is
e

G
ro
up

vs
in
di
vi
du
al
,

su
pe
rv
is
io
n

E
xe
rc
is
e
se
ss
io
n

du
ra
tio

n
(w

ar
m
in
g
up

an
d
co
ol
in
g
do
w
n
no
t

in
cl
ud
ed
),
fr
eq
ue
nc
y

P
ro
gr
am

m
e

du
ra
tio

n

C
om

bi
ne
d

F
er
re
r-
G
ar
ci
a

et
al

20
11

[3
2]

IG
:
44

IG
:
66

±
7.
6

IG
:
31
.3
±
6.
2

IG
:
6.
4
±
1.
5

A
er
ob
ic
:
di
ff
er
en
t
ty
pe
s

of
ac
tiv

iti
es
,
ou
td
oo
r

an
d
in
do
or

In
di
vi
du
al

N
R

24
w
ee
ks

PA
3.
71

±
2.
32

da
ys
/w
ee
k,

43
.8
1
±
14
.7
0
m
in
/d
ay

C
G
:
40

C
G
:
68

±
8.
4

C
G
:
32
.2
±
6.
4

C
G
:
6.
5
±
0.
8

R
es
is
ta
nc
e:

ci
rc
ui
ts
,

m
aj
or

m
us
cl
e
gr
ou
ps

U
ns
up
er
vi
se
d

A
er
ob
ic
:
≥1

×
/w
ee
k

IG
:
4

P
ro
gr
es
si
ve

75
–
95
%

of
m
ax
im

um
re
pe
tit
io
ns

in
40

s

R
es
is
ta
nc
e:

≥2
×
/w
ee
k

C
G
:
6d

G
ra
m

et
al

20
10

[3
4]

IG
:
24

IG
:
59

±
10

IG
:
32
.4
±
4.
1

IG
:
7.
2
±
0.
9

In
di
vi
du
al
ly

ta
ilo

re
d

N
R

≥
30

m
in

4
m
on
th
s

M
ea
n
at
te
nd
an
ce

ra
te

64
.6
%

C
G
:
22

C
G
:
61

±
10

C
G
:
32
.8
±
4.
0

C
G
:
7.
8
±
1.
3

A
cc
es
s
to

er
go
m
et
er

cy
cl
es
,
ro
w
in
g

m
ac
hi
ne
s,
st
ep

m
ac
hi
ne
s
an
d
st
re
ng
th

tr
ai
ni
ng

m
ac
hi
ne
s

S
up
er
vi
se
d

M
on
th
s
1–

2:
2×

/w
ee
k

T
G
:
0

>
40
%
V� O

2
m
ax

M
on
th
s
3–

4:
1×

/w
ee
k

N
ic
ol
uc
ci

et
al

20
11

[4
2]

IG
:
30
3

IG
:
59

±
8.
6

IG
:
31
.2
±
4.
6

IG
:
7.
1
±
1.
4

A
er
ob
ic
:
tr
ea
dm

ill
,
st
ep
,

el
lip

tic
al
,
ar
m

or
cy
cl
e

er
go
m
et
er

N
R

T
ot
al

15
0
m
in
/w
ee
k

12
m
on
th
s

M
ed
ia
n
at
te
nd
an
ce

ra
te

80
.3
%

C
G
:
30
3

C
G
:
59

±
8.
5

C
G
:
31
.9
±
4.
6

C
G
:
7.
2
±
1.
4

R
es
is
ta
nc
e:

fo
ur

ex
er
ci
se
s
an
d
th
re
e

st
re
tc
hi
ng

ex
er
ci
se
s

S
up
er
vi
se
d

2×
/w
ee
k

IG
:
15

P
ro
gr
es
si
ve

C
G
:
28

a,
b

C
om

pl
et
e
da
ta

on
26
0

(I
G
)
an
d
27
8
(C
G
)

pa
rt
ic
ip
an
ts
us
ed

fo
r

S
F
36

an
al
ys
es

R
ei
d
et

al
20
10

[4
4]

IG
:
57

IG
:
53

±
7.
2

IG
:
33
.7
±
6.
1

IG
:
7.
7
±
0.
9

A
er
ob
ic
:
tr
ea
dm

ill
s
an
d/
or

bi
cy
cl
e
er
go
m
et
er
s

N
R

A
er
ob
ic
:
15

–
45

m
in

6
m
on
th
s

M
ed
ia
n
ex
er
ci
se

tr
ai
ni
ng

at
te
nd
an
ce

86
%

C
G
:
52

C
G
:
55

±
6.
9

C
G
:
33
.2
±
5.
5

C
G
:
7.
7
±
0.
9

P
ro
gr
es
si
ve

60
–
75
%

H
R
m
ax

P
ar
tia
lly

su
pe
rv
is
ed

R
es
is
ta
nc
e:

2/
3×

8
re
p/
ex
er
ci
se

IG
:
6

R
es
is
ta
nc
e:

ei
gh
t

di
ff
er
en
t
ex
er
ci
se
s

on
w
ei
gh
t
m
ac
hi
ne
s

3×
/w
ee
k

C
G
:
5
(m

is
si
ng

da
ta
)

P
ro
gr
es
si
ve

A
yl
in

et
al

20
09

[2
9]

IG
:
18

IG
:
51

±
2.
0

IG
:
28
.5
±
1.
0

IG
:
7.
7
±
0.
4

A
er
ob
ic
:
ho
m
e-
ba
se
d

w
al
ki
ng

A
er
ob
ic
:
in
di
vi
du
al

A
er
ob
ic
:
10

–
40

m
in

8
w
ee
ks

M
ea
n
at
te
nd
an
ce

ra
te

96
%

C
G
:
18

C
G
:
56

±
1.
5

C
G
:
31
.3
±
1.
1

C
G
:
6.
8
±
0.
3

60
–
79
%

H
R
m
ax

R
es
is
ta
nc
e:

gr
ou
p

R
es
is
ta
nc
e:

2×
8–

10
re
p/

ex
er
ci
se
,
30

–
45

m
in

IG
:
1

R
es
is
ta
nc
e:

ei
gh
t
ex
er
ci
se
s

us
in
g
fr
ee

w
ei
gh
ts

A
er
ob
ic
:

un
su
pe
rv
is
ed

A
er
ob
ic
:
≥2

×
/w
ee
k

C
G
:
1a

,b

50
–
60
%

1R
M

R
es
is
ta
nc
e:

su
pe
rv
is
ed

R
es
is
ta
nc
e:

2×
/w
ee
k

Diabetologia (2013) 56:1210–1225 1215



T
ab

le
1

(c
on

tin
ue
d)

S
ou
rc
e

S
am

pl
e
ch
ar
ac
te
ri
st
ic
s

In
te
rv
en
tio

n
ch
ar
ac
te
ri
st
ic
s

A
dh
er
en
ce
,
dr
op
ou
ts

n
A
ge
,
ye
ar
s

(m
ea
n
±
S
D
)

B
M
I,
kg
/m

2

(m
ea
n
±
S
D
)

H
bA

1
c,
%

(m
ea
n
±
S
D
)

E
xe
rc
is
e

G
ro
up

vs
in
di
vi
du
al
,

su
pe
rv
is
io
n

E
xe
rc
is
e
se
ss
io
n

du
ra
tio

n
(w

ar
m
in
g
up

an
d
co
ol
in
g
do
w
n
no
t

in
cl
ud
ed
),
fr
eq
ue
nc
y

P
ro
gr
am

m
e

du
ra
tio

n

K
ro
us
el
-W

oo
d

et
al

20
08

[3
6]

IG
:
37

T
G
:
57

±
9.
6

IG
:
38
.2
±
8.
2

IG
:
7.
4
±
1.
5

H
om

e-
ba
se
d,

vi
de
o-
ta
pe
d

ex
er
ci
se

in
st
ru
ct
io
n,

us
in
g

ch
ai
r
an
d
ha
nd

w
ei
gh
ts

In
di
vi
du
al

10
–
30

m
in

3
m
on
th
s

U
se

of
vi
de
ot
ap
e:

ap
pr
ox
im

at
el
y
4×

/w
ee
k

fo
r
an

av
er
ag
e
of

85
m
in
/w
ee
k

C
G
:
39

C
G
:
37
.0
±
7.
1

C
G
:
8.
0
±
1.
5

P
ro
gr
es
si
ve

3–
6
M
E
T
s

U
ns
up
er
vi
se
d

U
p
to

5×
/w
ee
k

IG
:
8

C
G
:
10

a,
b

L
am

et
al

20
08

[3
7]

IG
:
28

IG
:
63

±
8.
6

IG
:
32
.4
±
6.
7

IG
:
8.
5
±
1.
2

Ty
pe

2
di
ab
et
es
-s
pe
ci
fi
c

G
ro
up

1
h

6
m
on
th
s

N
R

C
G
:
25

C
G
:
61

±
12
.2

C
G
:
32
.0
±
6.
3

C
G
:
9.
0
±
1.
4

T
’a
i
ch
i

S
up
er
vi
se
d

M
on
th
s
1–

3:
2×

/w
ee
k

IG
:
7

M
on
th
s
4–

6:
1×

/w
ee
k

C
G
:
3
(7

of
w
hi
ch

ar
e
no
t
in
cl
ud
ed

in
fi
na
l
an
al
ys
is
)

L
am

be
rs

et
al

20
08

[3
8]

IG
:
17

IG
:
56

±
9.
7

IG
:
28
.9
±
2.
8

IG
:
7.
4
±
1.
5

C
ir
cu
it
tr
ai
ni
ng
:
tr
ea
dm

ill
w
al
ki
ng

or
jo
gg
in
g,

el
bo
w

fl
ex
io
n
an
d
ex
te
ns
io
n,

st
at
io
na
ry

bi
cy
cl
e
cy
cl
in
g,

kn
ee

fl
ex
io
n
an
d
ex
te
ns
io
n,

an
d
st
ep
pi
ng

N
R

A
er
ob
ic
:
30

m
in

3
m
on
th
s

A
ll
pa
rt
ic
ip
an
ts

pe
rf
or
m
ed

m
in
im

al
34
,
m
ax
im

al
40

tr
ai
ni
ng

se
ss
io
ns

C
G
:
11

C
G
:
58

±
8.
7

C
G
:
30
.4
±
4.
3

C
G
:
6.
7
±
1.
0

P
ro
gr
es
si
ve

S
up
er
vi
se
d

R
es
is
ta
nc
e:

3×
10

–
15

re
p/
ex
er
ci
se
,
20

m
in

3×
/w
ee
k

IG
:
2

A
er
ob
ic
:
60
–
85
%

H
R
m
ax

C
G
:
5a

,b

R
es
is
ta
nc
e:

60
–
85
%

1R
M

Ts
an
g
et

al
20
07

[4
7]

IG
:
18

IG
:
66

±
8

IG
:
33
.7
±
5.
0

IG
:
7.
1
±
0.
9

Ty
pe

2
di
ab
et
es
-s
pe
ci
fi
c

G
ro
up

45
m
in

16
w
ee
ks

M
ed
ia
n
at
te
nd
an
ce

ra
te

10
0%

C
G
:
20

C
G
:
65

±
8

C
G
:
30
.9
±
7.
2

C
G
:
6.
9
±
0.
9

T
’a
i
ch
i

S
up
er
vi
se
d

2×
/w
ee
k

IG
:
1

C
G
:
0

Te
ss
ie
r
et

al
20
00

[4
6]

IG
:
19

IG
:
69

±
4.
2

IG
:
30
.7
±
5.
4

IG
:
7.
5
±
1.
2

A
er
ob
ic
:
ra
pi
d
w
al
ki
ng

N
R

A
er
ob
ic
:
20

m
in

16
w
ee
ks

>
90
%

of
pa
rt
ic
ip
an
ts

pr
es
en
t
at

ea
ch

ex
er
ci
se

se
ss
io
n

C
G
:
20

C
G
:
70

±
5.
1

C
G
:
29
.4
±
3.
7

C
G
:
7.
3
±
1.
7

R
es
is
ta
nc
e:

ex
er
ci
se
s
of

m
aj
or

m
us
cl
e
gr
ou
ps

S
up
er
vi
se
d

R
es
is
ta
nc
e:

2×
20

re
p/

ex
er
ci
se
,
20

m
in

IG
:
5

P
ro
gr
es
si
ve

35
–
59
%

to
60

–
79
%

H
R
m
ax

3×
/w
ee
k

C
G
:
1a

,b

a
D
ro
po

ut
s
no

t
in
cl
ud

ed
in

ba
se
lin

e
st
at
is
tic
s

b
D
ro
po

ut
s
no

t
in
cl
ud

ed
in

an
al
ys
is

c
U
nc
le
ar

w
he
th
er

dr
op

ou
ts
ar
e
in
cl
ud

ed
in

ba
se
lin

e
st
at
is
tic
s

d
U
nc
le
ar

w
he
th
er

dr
op

ou
ts
ar
e
in
cl
ud

ed
in

an
al
ys
es

T
o
co
nv

er
t
va
lu
es

fo
r
H
bA

1
c
in

%
in
to

m
m
ol
/m

ol
,
su
bt
ra
ct

2.
15

an
d
m
ul
tip

ly
by

10
.9
29

C
G
,c
on

tr
ol

gr
ou

p;
H
R
m
ax
,m

ax
im

um
he
ar
tr
at
e;
IG

,i
nt
er
ve
nt
io
n
gr
ou

p;
M
E
T,

m
et
ab
ol
ic
eq
ui
va
le
nt
,w

hi
ch

ex
pr
es
se
s
th
e
co
st
of

en
er
gy

fr
om

ph
ys
ic
al
ac
tiv

iti
es

as
a
m
ul
tip

le
of

th
e
re
st
in
g
m
et
ab
ol
ic

ra
te
,
w
hi
ch

is
ob

ta
in
ed

du
ri
ng

qu
ie
t
si
tti
ng

;
N
R
,
no

t
re
po

rt
ed
;
PA

,
ph

ys
ic
al

ac
tiv

ity
;
re
p,

re
pe
tit
io
n;

1R
M
,
1
re
pe
tit
io
n
m
ax
im

um
;
T
G
,
in
te
rv
en
tio

n
an
d
co
nt
ro
l
gr
ou

p
to
ge
th
er
;
V�
O

2
m
ax
,
m
ax
im

al
ox

yg
en

up
ta
ke

1216 Diabetologia (2013) 56:1210–1225



positive effects compared with usual care on two of 13
subscales, i.e. ‘satisfaction with physical health’ (p=0.03,
reported effect size 0.7) and ‘sleep’ (p=0.03, reported effect
size 0.5) (Table 2).

Four studies examined the effect of resistance training on
quality of life [31, 40, 43, 44]. Adequate random sequence
generation, allocation concealment, blinding of outcome
assessment and intention-to-treat analysis were performed
in two studies [43, 44]. Three studies gave an adequate
description of losses and exclusions [31, 43, 44] (ESM
Table 1). Three studies used the SF36 [31, 40, 44] and one
used the 12-item Short-Form Health Survey (SF12) [43], all
immediately post intervention. Results were mixed for the
mental component scale of the SF36/SF12. Lincoln et al
[40] examined the effect of 16 weeks’ training and found a
significant positive effect of resistance training compared
with usual care (p<0.001; SMD 1.15; n=58). However,
Reid et al [44] reported a significant positive effect
favouring usual care (p<0.001; SMD −0.38; n=110) com-
pared with 6 months’ training on exercise machines.
Plotnikoff et al [43] found no significant effect of their
home-based training (SMD 0.58; n=48). Results on the
physical component scale of the SF36/SF12 were also
mixed. Reid et al [44] found no significant effect on the
physical component scale (SMD 0.32; n=110), which is in
line with the finding of Plotnikoff et al [43] (SMD 0.12;
n=48). Cheung et al [31] found a significant positive effect
of home-based training with exercise bands compared with
usual care in their sample with the highest mean BMI
(intervention group 39.7 kg/m2), on the subscale ‘general
health’ (p=0.02; SMD of change scores 0.87; n=37)
(Table 2).

All ten studies examining the effect of combined training
assessed quality of life [29, 32, 34, 36–38, 42, 44, 46, 47].
Adequate random sequence generation was performed in
five studies [37, 38, 42, 44, 47], adequate allocation con-
cealment in four studies [37, 42, 44, 47], and blinding of
outcome assessment in three studies [37, 38, 44]. All studies
gave an adequate description of losses and exclusions [29,
32, 34, 36–38, 42, 44, 46, 47]. An intention-to-treat analysis
was performed in three studies [34, 44, 47] (ESM Table 1).
Eight studies used the SF36 [29, 34, 36–38, 42, 44, 47], one
the European Quality of Life questionnaire (EuroQoL) [32],
and one a combination of the Diabetes Quality of Life–
Diabetes Control and Complications Trial (DCCT)
Research Group questionnaire and the Modified Quality of
Life Measure for Youths [46]. Results were mixed. Five
studies with sample sizes between 28 [38] and 76 [36]
participants found no significant effects of combined train-
ing on quality of life compared with usual care [34, 36–38,
46]. SMDs could be computed for four of these studies
varying from −0.63 (‘social function’ SF36 subscale) [38]
to 0.43 [36]. However, Nicolucci et al [42], who studied the

largest sample (n=606) and had the intervention with the
longest duration (12 months), found positive effects of in-
tensive combined training on all subscales of the SF36
(SMDs between 0.67 for ‘physical functioning’ and 0.94
for ‘general health’). Aylin et al [29] found significant
positive effects of resistance training combined with home-
based walking compared with usual care on three of seven
subscales of the SF36, i.e. ‘emotional role’ (p=0.03; SMD
0.24), ‘mental health’ (p=0.02; SMD 0.17) and ‘vitality’
(p<0.001; SMD 0.33), in their sample of 36 participants.
Furthermore, Tsang et al [47] found a significant positive
effect of 16 weeks of t’ai chi training compared with sham
exercise on the only SF36 subscale ('social function') they
assessed (p=0.04; SMD 0.13; n=38). After correction for
percentage of body fat, however, there was no longer a
significant effect. Reid et al [44] also found no significant
effect on the physical component scale of the SF36 (SMD
0.12; n=109). They did, however, find a positive significant
effect on the mental component scale favouring usual care
(p<0.001; SMD −0.17) compared with combined training.
Ferrer-Garcia et al [32] only tested for within-subject effects
of combined training on quality of life in the sample with the
best glycaemic control (intervention group, HbA1c

6.4%/46 mmol/mol) in the included studies. They found
significant improvements in the combined training group
but not in the usual care group (SMD EuroQol 0.49, SMD
EuroQol visual analogue scale 0.71; n=84). Gram et al [34]
were the only group to assess quality of life 8 months post
intervention (n=44). They found no significant effect of
individually tailored combined training on quality of life
compared with usual care (Table 2).

Both Fritz et al [33] and Reid et al [44] noted that
baseline quality of life scores of the intervention participants
did not differ from those of people without type 2 diabetes.
Plotnikoff et al [43] also remarked that quality of life scores
were relatively high at baseline compared with those of the
general adult population in their province. This phenome-
non of the ‘healthy volunteer’ was also addressed by Tessier
et al [46].

Symptoms of depression Four studies examined the effects
of exercise training on symptoms of depression [29, 39–41].
Adequate random sequence generation and adequate alloca-
tion concealment was performed in one study [41]. It was
unclear in all studies whether blinding of outcome assess-
ment was performed [29, 39–41]. One study did not have an
adequate description of losses and exclusions [40], and in
none of the studies was an intention-to-treat analysis
performed or it was unclear whether one was done [29,
39–41] (ESM Table 1).

Two studies tested whether aerobic training affected symp-
toms of depression [39, 41]. McKay et al [41] assessed the
effects of an 8 week internet physical activity intervention on
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symptoms of depression, using the ten-item Center for
Epidemiologic Depression Scale (CES-D), and found no sig-
nificant effect (SMD 0.37; n=78). Similarly, Ligtenberg et al
[39] found no significant positive effect on the ‘depression’
subscale of the General Well-Being Questionnaire of their
6 weeks’ training programme in 58 participants. Lincoln et
al [40] examined the effects of training with pneumatic resis-
tance machines on symptoms of depression. They found that
the intervention decreased symptoms of depression (p<0.001;
SMD 1.51; n=58), assessed with the Geriatric Depression
Scale immediately post intervention, compared with usual
care. Aylin et al [29] found no significant effect of home-
based walking combined with resistance training compared
with usual care, assessed with the CES-D immediately post
intervention (SMD 0.21; n=36) (Table 3).

Lincoln et al [40] were the only investigators who
reported the number of participants with elevated levels of
depressive symptoms: 52% of their participants had levels
of symptoms of depression that were likely to indicate
clinically relevant distress at baseline.

Symptoms of anxiety Ligtenberg et al [39] examined the
effect of 6 weeks’ aerobic training on symptoms of anxiety.
They gave an adequate description of losses and exclusions,
but for the other domains it was unclear whether there was a
high or a low risk of bias (ESM Table 1). These researchers
found that aerobic training significantly reduced symptoms
of anxiety compared with education (p=0.007; SMD 0.66;
n=58), assessed using a subscale of the Well-Being
Questionnaire immediately post intervention (Table 4).

Emotional well-being Of the four studies that examined the
effects of exercise training on emotional well-being [28, 39,
44, 45], two performed an adequate random sequence gen-
eration and an intention-to-treat analysis [44, 45]. Adequate
allocation concealment and blinding of outcome assessment

were performed in one study [44]. All studies gave an
adequate description of losses and exclusions [28, 39, 44,
45] (ESM Table 1).

All four studies used (different versions of) the General
Well-Being Questionnaire, immediately post intervention,
and addressed the effects of aerobic training on emotional
well-being [28, 39, 44, 45]. Two studies found significant
positive effects of aerobic training on emotional well-being
[39, 45]: Shenoy et al [45] evaluated the effect of 8 weeks of
walking using a pedometer compared with usual care
(p<0.001; SMD 2.26; n=40); and Ligtenberg et al [39]
evaluated 6 weeks of aerobic training compared with edu-
cation (p=0.023; SMD 0.69; n=58). However, Arora et al
[28] found no significant effect of walking compared with
usual care (SMD 0.39; n=20). Reid et al [44] did not
perform a statistical test to compare the mean scores on
the Well-Being Questionnaire of the participants who re-
ceived aerobic training with those who received usual care
(respectively, baseline 25.6±5.2 and 24.6±5.3, post inter-
vention 27.3±5.3 and 25.9±5.4; SMD 0.26; n=103). Two
studies addressed the effects of resistance training on emo-
tional well-being compared with usual care, immediately
post intervention [28, 44]. Reid et al [44] found no signif-
icant effect (SMD 0.31; n=110), while Arora et al [28]
found a significant positive effect despite a considerably
smaller sample size (SMD 1.33; n=20). Reid et al [44] also
evaluated the effects of combined training compared with usual
care on emotional well-being, finding no significant effect
(SMD 0.13; n=109) immediately post intervention (Table 4).

Discussion

This is the first systematic review focusing on the effects of
exercise training on quality of life, symptoms of depression,

Table 3 Symptoms of depression: results

Source Interval Evaluation test Results SMD

Aerobic

McKay et al 2001 [41] 8 weeks CES-D No significant between-group difference,
adjusted for sex

0.37

Ligtenberg et al 1998 [39] 6 weeks General Well-Being Questionnaire
(22 items), including depression
subscale

No significant between-group difference NATC

Resistance

Lincoln et al 2011 [40] 16 weeks Geriatric Depression Scale Significant between-group difference (p<0.001),
adjusted for insulin and oral hypoglycaemic
therapies

1.51

Combined

Aylin et al 2009 [29] 8 weeks CES-D No significant between-group difference 0.21

NATC, not able to compute
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symptoms of anxiety and emotional well-being in people
with type 2 diabetes (n=1,719). The 20 included studies
were rather heterogeneous in terms of type of intervention,
target population, instruments used to measure the outcomes
and risk of bias. This heterogeneity was reflected in the
mixed results that were found. Aerobic training did not seem
to have positive effects on quality of life or symptoms of
depression, but a positive effect was found on anxiety
(although this was measured in only one study), and effects on
emotional well-being were mixed. The effects of resistance
training on quality of life and well-being were also mixed.
Resistance training reduced symptoms of depression, yet this
was assessed in only one study. Studies evaluating combined
training found mixed effects on quality of life and no effects
on symptoms of depression or emotional well-being. Because
of the small number of studies, especially concerning symp-
toms of anxiety, symptoms of depression and well-being,
these results should be interpreted with caution.

A positive effect of exercise training on quality of life in
people with type 2 diabetes was expected. In this review,
however, the effects of exercise training on quality of life
were mixed and were almost absent for aerobic training.
There are several explanations for these mixed results. Apart
from the heterogeneity of exercise training and participants,
there are also different operationalisations of the concept of
quality of life. This is reflected in the variety of quality of
life subscales that were used in the studies included in the
current review. Also, diabetes-specific quality of life might
have a stronger association with exercise training than
health-related/general quality of life. For example, it was
found that a decrease in HbA1c, which is related to physical
activity [3], was not associated with improved health-related
quality of life but was associated with improved diabetes-
specific quality of life [48]. However, only one study in-
cluded in the current review partially assessed diabetes-
specific quality of life [46].

In addition, studies included in this review predominantly
measured outcomes immediately post intervention. Quality
of life is, however, adversely associated with complications
of diabetes [49, 50] but is not associated with short-term
diabetic control [50], both of which are related to physical
activity [1, 3]. Therefore, the expected positive effect of
exercise training on quality of life might be more prominent
in the long term. It should, however, be mentioned that the
required long-term compliance with exercise is still of major
concern [51].

One study that was included in the current review, with
52% of the participants having clinically relevant levels of
depressive symptoms, found positive effects of exercise
training [40]. This is in line with earlier reported positive
effects of exercise training in depressed elderly people [20]
and depressed adults [52]. However, three studies in the
current review that did not report on the number of

participants with clinical depression, nor had it as an inclusion
criterion, found no positive effect. This might suggest that
exercise training could have a positive effect on clinical depres-
sion and clinically meaningful levels of depressive symptoms,
but not on subclinical levels of depression. The mechanisms
that might link exercise to improvements in (symptoms of)
depression are still uncertain. A few of the proposed mecha-
nisms for the relationship between exercise and depression are
via improvement of mood as a result of improved fitness [52],
enhanced self-efficacy and the release of endorphins [53].

As anxiety can influence daily life to a large extent, it is
important to investigate possible treatment modalities.
However, symptoms of anxiety were assessed and reported
in only one of the included studies [39]. Although the
positive results of that study are in line with results of a
review on the effects of physical activity in healthy people
with symptoms of anxiety [21], no conclusion can be drawn
based on only one study.

Four of five studies that assessed emotional well-being
showed positive effects of exercise training. Because of the
limited number of studies addressing emotional well-being,
this finding should be interpreted with caution. In addition,
people with type 2 diabetes face specific diabetes-related
problems that might influence their well-being. The use of a
diabetes-specific well-being questionnaire might lead to dif-
ferent results. However, no study using such a questionnaire
was included.

Floor and ceiling effects can occur when there is little
room for improvement due to very low or very high scores
at baseline. This might be a partial explanation for the lack
of clear effects of exercise training on psychological out-
comes in this review. In none of the studies was it an
inclusion criterion to have low quality of life or emotional
well-being, or to suffer from symptoms of depression or
anxiety. In addition, ‘the healthy volunteer’ [46] might be
more willingly to participate in an exercise intervention. For
example, having symptoms of depression predicts subse-
quent non-adherence to self-care, such as exercise, in pa-
tients with type 2 diabetes [54]. In several of the included
studies this issue was addressed as an explanation for a lack
of positive effects [33, 43, 44, 46]. Lincoln et al [40] were
the only investigators to find a positive effect on symptoms
of depression, but they were also the only ones who reported
that 52% of their participants had levels of clinically rele-
vant symptoms of depression at baseline.

There are several limitations that restricted us in drawing
conclusions. We were not able to retrieve a sufficient num-
ber of homogenous studies, as a consequence of which it
was decided that statistical pooling by means of a meta-
analysis was not feasible. However, in order to make some
comparisons, we divided the studies into three modes of
exercise: aerobic, resistance and combined exercise.
Furthermore, only a few studies addressed symptoms of
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depression, symptoms of anxiety or emotional well-being.
Although there appears to be increasing attention to the
psychological effects of physical activity in type 2 diabetes,
as reflected by the fact that the majority of the included
studies were published in the past 5 years, still the main
focus of research in type 2 diabetes and physical activity is
on biomedical outcomes [3, 6–8]. Also, a substantial num-
ber of the studies had a relatively small sample size,
resulting in a possible lack of power to detect significant
changes in outcomes. Moreover, as is the case with all
systematic reviews, there is a risk of publication bias.

The inconclusive results in this study underline the need
for future research into the effects of exercise training on
psychological outcomes in people with type 2 diabetes. It is
unclear which elements of exercise training might have
contributed to positive effects in some of the studies. For
example, in this review no answer is given to the question
whether physical activity itself or the attention of caregivers
and contact with peers might have led to some of the
positive findings. This requires more well-described, high-
quality RCTs (with sufficient power) that also evaluate the
level of physical activity; this was done in approximately
only half of the included studies. More research on this topic
would also enable the performance of a meta-analysis and
an assessment of the effects of different modes, intensities
and durations of exercise training.

We conclude that this first systematic review of the
literature showed that the effects of exercise training on
quality of life, symptoms of depression, symptoms of anx-
iety and emotional well-being in people with type 2 diabetes
are conflicting; therefore, more research is warranted.
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