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Background: Diabetes mellitus (DM) is the most common chronic metabolic disorder with an increasing prevalence worldwide. 
According to a previous study, physicians’ treatment patterns or patients’ behaviors change when they become aware of the risk 
for cardiovascular (CV) disease in patients with DM. However, there exist controversial reports from previous studies in the im-
pact of physicians’ behaviors on the patients’ quality of life (QoL) improvements. So we investigate the changes in QoL according 
to physicians and patients’ behavioral changes after the awareness of CV risks in patients with type 2 DM.
Methods: Data were obtained from a prospective, observational study where 799 patients aged ≥40 years with type 2 DM were re-
cruited at 24 tertiary hospitals in Korea. Changes in physicians’ behaviors were defined as changes in the dose/type of antihyperten-
sive, lipid-lowering, and anti-platelet therapies within 6-month after the awareness of CV risks in patients. Changes in patients’ be-
haviors were based on lifestyle modifications. Audit of Diabetes Dependent Quality of Life comprising 19-life-domains was used. 
Results: The weighted impact score change for local or long-distance journey (P=0.0049), holidays (P=0.0364), and physical 
health (P=0.0451) domains significantly differed between the two groups; patients whose physician’s behaviors changed showed 
greater improvement than those whose physician’s behaviors did not change. 
Conclusion: This study demonstrates that changes in physicians’ behaviors, as a result of perceiving CV risks, improve QoL in 
some domains of life in DM patients. Physicians should recognize the importance of understanding CV risks and implement ap-
propriate management. 
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INTRODUCTION

Diabetes mellitus (DM) is the most common chronic metabol-

ic disorder, with an increasing prevalence worldwide [1]. Ac-
cording to the World Health Organization, the number of pa-
tients with DM increased from 108 million (4.7%) in 1980 to 
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420 million (8.5%) in 2014 [2] and the pool of patients with 
DM in 2030 is predicted to double than that in 2000 [3]. The 
International Diabetes Federation (IDF) reports that the prev-
alence of DM in 2017 is 8.8% worldwide and 6.8% in South 
Korea after adjusting for age, sex, and ethnicity [4].

Patients with DM reported a markedly low health-related 
quality of life (QoL) [5], and diabetic complications further 
undermine their QoL [6]. Particularly, the onset of cardiovas-
cular diseases (CVDs), such as angina pectoris, myocardial in-
farction, stroke, and atherosclerosis, are intimately associated 
with DM [7]. In addition, DM patients with CVD show a 
greater reduction in QoL than those without CVD [8]. Health 
Utilities Index Mark 3 (HUI3), which is an indicator of QoL, is 
approximately 10% lower in patients with DM who experi-
enced stroke than those who did not [9], and mortality caused 
by these CVDs accounts for 80% of the total mortality in pa-
tients with DM [10]. 

To prevent CVD in patients with DM, the American Diabe-
tes Association and IDF recommend lifestyle modifications 
(e.g., diet, exercise) or medication care (e.g., blood pressure 
[BP] and lipid control) [11,12]. In addition, the Screening for 
Heart Attack Prevention and Education guideline provided by 
the Association for Eradication of Heart Attack recommends 
classifying patients with a high risk for CVD using an athero-
sclerosis test [13]. The United Kingdom Prospective Diabetes 
Study Risk Engine score [14] can also be computed to detect 
the risk for CVD. 

According to a previous study, physicians’ treatment patterns 
or patients’ behaviors change when they become aware of the 
risk for CVD in patients with DM [15]. However, there exist 
controversial reports from previous studies in the impact of 
physicians’ behaviors on the patients’ QoL improvements. In 
the United Kingdom Prospective Diabetes Study, patients with 
DM under strict BP control showed a lower QoL than those 
under less strict control [16]. On the other hand, a study re-
ported that the QoL can be improved by instilling a belief that 
the health status of DM patients can be managed by physicians 
[17].

To provide further information, we investigated the change 
in QoL, using the Korean version of the Audit of Diabetes De-
pendent Quality of Life (K-ADDQoL), according to the physi-
cians’ behavior change after becoming awareness of cardiovas-
cular (CV) risks in patients with type 2 DM. Also, we explored 
the change in QoL by the patients’ lifestyle modification. 

METHODS

Study design and data collection
This study was part of improving the QoL in the CV risk fac-
tors management in asymptomatic diabetic subjects outcomes 
research (CV risk in DM Outcomes Research), which was a 
prospective, observational study conducted in 24 tertiary hos-
pitals in Korea [15]. The study included patients who were with 
type 2 DM, aged ≥40, and taken first ever carotid artery ultra-
sound (CUS) but excluded patients who had previously under-
gone CUS, who had a history of coronary artery disease, symp-
tomatic congestive heart failure, coronary revascularization, 
cerebrovascular disease, stroke, transient ischemic attack, or 
documented peripheral vascular disease (e.g., peripheral artery 
disease, abdominal aneurysm, or carotid artery stenosis), or 
who were participating in any interventional studies. Calcula-
tion of sample size on basis of statistics is not required since 
this study was an observational study to describe further on 
the patients without any hypothesis. Based on the origin of this 
study, all of the participating investigators made a consensus 
that 40 patients for 3 months considering the inclusion/exclu-
sion criteria, from each participating hospitals are sufficient to 
be representative to the target population and thus finally re-
cruited 799 patients. 

Prior to the patient enrollment, the study protocol was ap-
proved by the Institutional Review Boards of each participat-
ing institution of the study (IRB No. 09-104, Hallym University 
Kangdong Sacred Heart Hospital). Written informed consent 
was obtained from all individual participants included in the 
study.

Ethical approval 
All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the in-
stitutional and/or national research committee and with the 
1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

Physician and patient behavior
Physicians’ and patients’ behavioral changes were observed af-
ter they became aware of the patients’ CV risks through CUS. 
Changes in physicians’ behaviors were observed based on 
changes of treatment pattern (antihypertensive, lipid-lowering, 
and anti-platelet therapy). Changes in physician behaviors 
were defined as any changes in the dose (including increasing 
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or decreasing) or class of prescribed drugs (including adding 
on or reducing drug classes of antihypertensive, lipid lowering, 
and anti-platelet therapy) within the 6-month period.

We defined the changes in patient behaviors based on life-
style modification (smoking, drinking, exercise, stress, nutri-
tion management, and drug compliance). Smoking, drinking, 
exercise, and stress were measured using the corresponding 
items on the Korea National Health and Nutrition Examina-
tion Survey (KNHANES) [18], and nutritional management 
was assessed based on the Customized Visiting Health Man-
agement Project Needs Survey by the Ministry of Health and 
Welfare [19]. Drug compliance was measured using the Kore-
an-translated self-reported questionnaire developed by Morisky 
et al. [20]. Changes in patients’ behaviors were defined as any 
positive changes in smoking, drinking, exercise, stress, nutri-
tional management, or drug compliance scores within the 
6-month period.

K-ADDQoL
The validated K-ADDQoL, a specialized instrument for pa-
tients with DM, was used to ensure high reliability [21]. The 
ADDQoL is widely used to measure QoL of patients with DM, 
because of its higher sensitivity than other general QoL mea-
sures [22]. 

The ADDQoL begins with two global questions. The first 
global question, ‘In general, my present quality of life is,’ aims 
to provide a possible single-item indicator of QoL by assessing 
the participants’ present global QoL. The second global ques-
tion, ‘If I did not have diabetes, my quality of life would be,’ is a 
diabetes-specific item that aims to assess the diabetes-depen-
dent global QoL. 

The subsequent 19 domain-specific items ask the participants 
to rate how particular aspects of their lives would be if they did 
not have DM. For each of these items, participants provide the 
impact (range, –3 [greatest negative impact] through 0 [no im-
pact] to +1 [positive impact]) and importance (range, 0 [not at 
all important] to 3 [very important]) scores. Weighted impact 
(WI) is calculated by multiplying importance and impact rat-
ings, ranging from –9 (negative impact) to +9 (positive impact). 
The products of these two ratings for each domain are summed 
and then divided by the number of applicable domains to pro-
duce the average weighted impact (AWI) score.

 The AWI is the mean WI for each of the 19 domains, rang-
ing from –9 to +9. A lower AWI (closer to –9) reflects that DM 
has a more negative impact on the patient’s life, whereas a 

higher AWI (closer to +9) reflects that DM has a less negative 
impact on the patient’s life (Supplementary Table 1) [23]. 

Statistical analysis
Continuous data were presented as mean±standard deviation, 
and categorical data were presented as frequency and percent-
age. K-ADDQoL results were shown with the mean of impact, 
importance, and WI for each 19-domain and AWI. We com-
pared the changes of WI and AWI in the 6-month period using 
paired t-tests. Changes in WI in relation to physician and pa-
tient behaviors were compared using t-tests. 

To identify the factors affecting AWI, we performed a uni-
variate analysis with the participants’ demographic and clinical 
characteristics. Student’s t-test or analysis of variance (ANO-
VA) was performed for categorical variables, and correlation 
analysis was performed for continuous variables. Significant 
variables in the univariate analysis (P>0.1) and clinically 
meaningful variables were included in a multivariate linear re-
gression. Statistical significance was considered when the two-
tailed P value less than 5%. All statistical analyses were per-
formed using the SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA). 

RESULTS

Demographic and clinical characteristics
A total of 799 patients with type 2 DM were enrolled in this 
study. The mean age was 60.17 years, and 49.56% of the partici-
pants were women. The mean duration of DM was 8.12 years 
and a total of 74.34% of patients had comorbidities. At base-
line, the mean fasting glucose level was 145.78 mg/dL and gly-
cosylated hemoglobin (HbA1c) was 7.64%. Mean of BP and 
laboratory figures were within normal level both at baseline 
and follow-up and not much differed in subgroups. After per-
ceiving CV risks, 43.2% of physicians changed their behaviors, 
and 88.7% patients altered their own lifestyles (Table 1). 

K-ADDQoL 
In global questions of ADDQoL, the score of present QoL 
(“My present quality of life”) and QoL without DM (“If I did 
not have diabetes”) between baseline and after 6 months were 
not significantly different, respectively; score of present QoL 
was 0.49±0.92 at baseline vs. 0.47±0.86 after 6 months (P= 
0.613); score of QoL without DM were –1.48±0.98 at baseline 
and –1.47±0.91 after 6 months (P=0.6723).



Kim YJ, et al.

94 Diabetes Metab J 2020;44:91-102  https://e-dmj.org

Ta
bl

e 1
. B

as
eli

ne
 ch

ar
ac

te
ris

tic
s o

f p
at

ie
nt

s w
ith

 ty
pe

 2
 d

ia
be

te
s m

ell
itu

s

C
ha

ra
ct

er
ist

ic
To

ta
l (

n=
79

9)
C

ha
ng

e i
n 

ph
ys

ic
ia

n’s
 b

eh
av

io
ra

C
ha

ng
e i

n 
pa

tie
nt

’s 
be

ha
vi

or

Ye
s (

n=
29

4)
N

o 
(n

=
38

7)
Ye

s (
n=

70
8)

N
o 

(n
=

90
)

Ba
se

lin
e

Fo
llo

w
-u

p
Ba

se
lin

e
Fo

llo
w

-u
p

Ba
se

lin
e

Fo
llo

w
-u

p
Ba

se
lin

e
Fo

llo
w

-u
p

Ba
se

lin
e

Fo
llo

w
-u

p

A
ge

b , y
r

60
.1

7±
9.

51
-

62
.0

5±
9.

50
-

59
.7

7±
9.

19
-

60
.4

3±
9.

43
-

57
.8

8±
9.

78
-

Fe
m

al
e s

ex
39

6 
(4

9.
56

)
-

15
2 

(5
1.

70
)

-
19

0 
(4

9.
10

)
-

34
8 

(4
9.

15
)

-
48

 (5
3.

33
)

-
BM

I, 
kg

/m
2

25
.1

3±
3.

20
25

.1
7±

3.
08

25
.3

0±
3.

25
25

.3
5±

3.
20

25
.2

2±
3.

17
25

.1
7±

3.
06

25
.1

5±
3.

22
25

.1
9±

3.
09

24
.9

8±
2.

94
24

.9
3±

3.
03

W
ai

st 
ci

rc
um

fe
re

nc
e, 

cm
87

.1
6±

8.
19

86
.9

1±
8.

30
87

.5
1±

8.
49

86
.9

0±
8.

62
87

.2
0±

8.
05

87
.2

0±
8.

20
87

.2
6±

8.
22

86
.9

6±
8.

30
86

.3
1±

7.
79

86
.5

3±
8.

38
SB

P, 
m

m
 H

g
12

5.
38

±
14

.5
1

12
5.

99
±

13
.9

6
12

7.
33

±
14

.4
0

12
6.

59
±

13
.8

8
12

4.
02

±
14

.1
3

12
5.

18
±

14
.2

5
12

5.
79

±
14

.4
6

12
6.

37
±

13
.9

8
12

2.
48

±
14

.4
2

12
2.

82
±

13
.4

9
D

BP
, m

m
 H

g
75

.3
6±

10
.0

9
75

.6
3±

9.
53

75
.9

1±
10

.4
9

75
.4

4±
9.

49
74

.5
7±

9.
63

75
.2

8±
9.

45
75

.4
1±

9.
89

75
.8

7±
9.

34
75

.0
1±

11
.5

9
73

.9
3±

10
.8

3
D

M
 d

ur
at

io
n,

 yr
8.

12
±

7.
12

-
8.

66
±

7.
11

-
8.

20
±

7.
18

-
8.

31
±

7.
10

-
6.

67
±

7.
11

-
   <

5 
29

4 
(3

7.
98

)
-

99
 (3

3.
90

)
-

13
8 

(3
7.

50
)

-
25

3 
(3

6.
77

)
-

40
 (4

7.
06

)
-

   5
–9

19
0 

(2
4.

55
)

-
68

 (2
3.

29
)

-
95

 (2
5.

82
)

-
16

8 
(2

4.
42

)
-

22
 (2

5.
88

)
-

   1
0–

14
15

7 
(2

0.
28

)
-

70
 (2

3.
97

)
-

74
 (2

0.
11

)
-

14
5 

(2
1.

08
)

-
12

 (1
4.

12
)

-
   

≥1
4

13
3 

(1
7.

18
)

-
55

 (1
8.

84
)

-
61

 (1
6.

58
)

-
12

2 
(1

7.
73

)
-

11
 (1

2.
94

)
-

C
om

or
bi

di
ty

b

   Y
es

59
4 

(7
4.

34
)

-
23

4 
(7

9.
59

)
-

30
3 

(7
8.

29
)

-
53

4 
(7

5.
42

)
-

59
 (6

5.
56

)
-

   N
o

20
5 

(2
5.

66
)

-
60

 (2
0.

41
)

-
84

 (2
1.

71
)

-
17

4 
(2

4.
58

)
-

31
 (3

4.
44

)
-

Tr
ig

ly
ce

rid
es

, m
g/

dL
14

6.
70

±
98

.8
3

13
7.

94
±

78
.1

9
14

9.
57

±
96

.6
1

14
0.

25
±

79
.5

5
14

9.
33

±
10

4.
49

14
2.

17
±

81
.1

8
14

5.
54

±
99

.0
4

13
8.

35
±

79
.8

8
15

6.
19

±
97

.5
8

13
4.

57
±

62
.8

9
LD

L-
C,

 m
g/

dL
99

.2
8±

33
.3

3
88

.7
6±

29
.4

9
10

1.
37

±
32

.6
2

91
.0

6±
29

.1
8

97
.3

5±
34

.0
0

86
.9

6±
29

.1
3

99
.6

5±
34

.1
3

88
.5

4±
29

.4
2

96
.9

1±
27

.6
5

91
.8

5±
30

.8
4

H
D

L-
C,

 m
g/

dL
48

.2
6±

13
.8

0
49

.6
9±

13
.6

1
47

.0
2±

12
.4

2
49

.6
6±

13
.8

0
48

.8
1±

14
.0

0
49

.1
9±

12
.2

4
48

.0
5±

13
.8

9
49

.7
0±

13
.7

6
49

.8
4±

13
.1

9
49

.6
0±

12
.4

6
To

ta
l c

ho
les

te
ro

l, m
g/

dL
17

1.
84

±
38

.9
8

16
2.

03
±

36
.8

0
17

2.
58

±
40

.7
0

16
2.

81
±

42
.8

5
17

1.
36

±
39

.5
2

16
0.

24
±

31
.7

3
17

1.
08

±
39

.6
0

16
1.

60
±

37
.2

0
17

8.
06

±
33

.5
4

16
5.

89
±

33
.5

4
G

lu
co

se
, m

g/
dL

14
5.

78
±

50
.6

1
-

14
9.

37
±

53
.0

2
-

14
1.

49
±

46
.3

7
-

14
8.

19
±

51
.8

5
-

12
4.

78
±

31
.2

1
-

H
bA

1c
, %

7.
64

±
1.

68
-

7.
68

±
1.

66
-

7.
58

±
1.

65
-

7.
70

±
1.

72
-

7.
27

±
1.

30
-

   
≥7

43
8 

(5
8.

40
)

-
17

4 
(6

1.
27

)
-

20
3 

(5
7.

34
)

-
39

3 
(5

9.
46

)
-

45
 (5

1.
14

)
-

   <
7

31
2 

(4
1.

60
)

-
11

0 
(3

8.
73

)
-

15
1 

(4
2.

66
)

-
26

8 
(4

0.
54

)
-

43
 (4

8.
86

)
-

In
su

lin
 th

er
ap

y
   Y

es
14

7 
(1

8.
40

)
14

1 
(1

7.
65

)
65

 (2
2.

11
)

63
 (2

1.
43

)
61

 (1
5.

76
)

57
 (1

4.
73

)
13

9 
(1

9.
63

)
13

3 
(1

8.
79

)
8 

(8
.8

9)
8 

(8
.8

9)
   N

o
65

2 
(8

1.
60

)
65

8 
(8

2.
35

)
22

9 
(7

7.
89

)
23

1 
(7

8.
57

)
32

6 
(8

4.
24

)
33

0 
(8

5.
27

)
56

9 
(8

0.
37

)
57

5 
(8

1.
21

)
82

 (9
1.

11
)

82
 (9

1.
11

)

Va
lu

es
 ar

e p
re

se
nt

ed
 as

 m
ea

n±
sta

nd
ar

d 
de

vi
at

io
n 

or
 n

um
be

r (
%

). 
BM

I, 
bo

dy
 m

as
s i

nd
ex

; S
BP

, s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e; 

D
BP

, d
ia

sto
lic

 b
lo

od
 p

re
ss

ur
e; 

D
M

, d
ia

be
te

s m
ell

itu
s; 

LD
L-

C,
 lo

w
 d

en
sit

y l
ip

op
ro

te
in

 ch
ol

es
te

ro
l; H

D
L-

C,
 h

ig
h 

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; H
bA

1c
, g

ly
co

sy
lat

ed
 h

em
og

lo
bi

n.
a Ph

ys
ic

ia
n 

be
ha

vi
or

 c
ha

ng
e 

m
ea

ns
 tr

ea
tm

en
t c

ha
ng

e. 
Pa

tie
nt

’s 
be

ha
vi

or
 c

ha
ng

e 
m

ea
ns

 a
ny

 c
ha

ng
e 

of
 sm

ok
in

g,
 d

rin
ki

ng
, e

xe
rc

ise
, s

tre
ss

 m
an

ag
em

en
t a

nd
 a

dh
er

en
ce

, b C
om

or
bi

di
ty

 
“y

es
” m

ea
ns

 an
y 

on
e o

f h
yp

er
te

ns
io

n,
 d

ys
lip

id
em

ia
, a

tr
ia

l fi
br

ill
at

io
n,

 fa
tty

 li
ve

r, 
di

ab
et

ic
 n

eu
ro

pa
th

y, 
th

yr
ot

ox
ic

os
is,

 h
yp

ot
hy

ro
id

ism
, a

sth
m

a, 
ch

ro
ni

c o
bs

tr
uc

tio
n 

pu
lm

on
ar

y 
di

se
as

e, 
an

d 
et

c.



Changes in the QoL in patients with type 2 DM according to physician and patient behaviors

95Diabetes Metab J 2020;44:91-102 https://e-dmj.org

Fig. 1. Korean version of the Audit of Diabetes Dependent 
Quality of Life (K-ADDQoL) score at baseline and follow-up. 
(A) Impact score at baseline and follow-up. Impact score range 
is –3 to +3 (–3: more impact, +3: less impact). (B) Importance 
score at baseline and follow-up. Importance score range is +3 to 
0 (+3: more importance, 0: less importance). (C) Weighted im-
pact score at baseline and follow-up. Weighted impact score 
range is –9 to +3 (–9: more impact, +3: less impact). AWI, aver-
age weighted impact. aP value are less than 0.05 (P<0.05). 

A

C

B

The impact ratings at baseline for the 19 domains for K-AD-
DQoL ranged from –1.76 to –0.69, which were changed to 
–1.89 and –0.70 after 6 months. DM had the greatest impact 
on the freedom to eat domain, with scores significantly rising 
from –1.76±0.93 at baseline to –1.89±0.90 at 6 months (P= 
0.003). The domain with the least impact was people’s reaction 
(–0.69±0.88 at baseline and –0.70±0.88 at 6 months). The im-
pacts on holidays (P=0.038) and family life (P=0.004) signifi-
cantly decreased at 6 months from the baseline scores. The im-
pact score of friendship and social life domain decreased at 6 
months from the baseline scores in statistically boarder-line 
(P=0.0550) (Fig. 1A).

The importance ratings at baseline for the 19 domains ranged 
from 1.54 to 2.27 and 1.55 to 2.19 at 6 months. Family life was 
perceived as the most important (2.27±0.66, 2.19±0.68), while 
local or long-distance journey were perceived as relatively less 

important (1.54±0.81, 1.55±0.75) both at baseline and 6 
months. The importance of physical health (P=0.022) and 
family life (P=0.001) decreased after 6 months from the base-
line (Fig. 1B).

WI at baseline ranged from –4.07 to –1.42 and from –4.33 to 
–1.43 after 6 months. DM had the highest negative impact on 
freedom to eat (–4.07±2.87 at baseline and –4.33±2.83 at 6 
months), and the negative impact significantly increased after 
6 months compared to that at baseline (P=0.049). DM had rel-
atively less negative impact on people’s reaction (–1.42±2.11 at 
baseline and –1.43±2.11 at 6 months) compared with other 
domains. WI on the family life (P=0.001) and friendship and 
social life (P=0.027) domains changed significantly less nega-
tively over 6 months. AWI score was –2.51±1.36 at baseline and 
–2.50±1.29 after 6 months. AWI changed insignificantly over 
6 months (0.02±1.43) (Fig. 1C).
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Changes of QoL by physician and patient behavior
We compared changes of K-ADDQoL scores in relation to 
changes of physicians’ treatment pattern over 6 months. The 
impact scores for local or long-distance journey (P=0.001), 
holidays (P=0.008), physical health (P=0.008) and friendship 
and social life (P=0.040) were significantly different between 
patients whose physician’s behaviors remained the same and 
those whose physician’s behaviors changed. Compared to the 
former group, the latter group had less negative impact on 
these domains after 6 months (Fig. 2A). The importance rating 
for local or long-distance journey (P=0.042) also significantly 
differed between the two groups, and the group of patients 
whose physician behavior changed perceived the domain to be 
less important after 6 months while perceiving their feelings 
about the future (P=0.0671) to be more important after 6 
months (Fig. 2B). The positive changes of WI score in the most 

domains were bigger in the group of patients whose physician 
behavior changed than the other group. In particular, the WI 
score for the local or long-distance journey (P=0.005), physical 
health (P=0.045), and holiday (P=0.036) domains significantly 
differed between the two groups (Fig. 2C). However, changes 
in several domains such as freedom to eat, freedom to drink, 
sex life, and feelings about the future showed opposite trends, 
in which the negative changes were bigger in the group whose 
physician changed treatments than the other group. Changes 
of AWI was not significantly differed between groups (Fig. 2C).

Fig. 3 shows the changes of K-ADDQoL scores in relation to 
patient behaviors for a 6-month period. The changes of the im-
pact rating for sex life (P=0.028) significantly differed between 
the group of patients who changed their behaviors and those 
who did not, where the former group had less negative impact 
on sex life after 6 months (Fig. 3A). With regard to importance 

Fig. 2. Change of Korean version of the Audit of Diabetes De-
pendent Quality of Life (K-ADDQoL) by physician behavior 
change. (A) Change of impact score by physician behavior 
change. Change of impact score is from follow-up to baseline. 
(B) Change of importance score by physician behavior change. 
Change of importance score is from follow-up to baseline. (C) 
Change of weighted impact (WI) score by physician behavior 
change. Change of WI score is from follow-up to baseline. AWI, 
average weighted impact. aP value by t-test are less than 0.05 
(P<0.05).

A

C

B
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Fig. 3. Change of Korean version of the Audit of Diabetes De-
pendent Quality of Life (K-ADDQoL) by patients behavior 
change. (A) Change of Impact score by patients behavior 
change. Change of impact score is from follow-up to baseline. 
(B) Change of Importance score by patients behavior change. 
Change of importance score is from follow-up to baseline. (C) 
Change of weighted impact (WI) score by patients behavior 
change. Change of WI score is from follow-up to baseline. AWI, 
average weighted impact. aP value by t-test are less than 0.05 
(P<0.05).

A

C

B

ratings, local or long-distance journey (P=0.002) and friend-
ship and social life (P=0.015) domains significantly differed 
between the two groups, wherein the group whose patients’ be-
haviors had changed perceived these domains to be less impor-
tant, whereas the other group (no change of patient behaviors) 
perceived these domains to be more important after 6 months 
(Fig. 3B). Significant differences were not observed in the 
changes in WI in any of the domains over 6 months (Fig. 3C).

Factors associated with AWI at follow-up 
In univariate analysis, duration of DM (P=0.062), glucose (P= 
0.022), HbA1c (P=0.009), insulin therapy (P=0.032), and 
changes in patient behaviors (P=0.012) showed a statistical 
significance. Patients who had their treatment altered by physi-
cians showed less negative AWI score compared to those who 
have no treatment changes although there was no statistical 

significance. Among the factors indicating a statistical signifi-
cance in the univariate analysis, we excluded glucose from the 
multivariate regression model in consideration of its correla-
tion with HbA1c. Table 2 shows the results of multivariate 
analysis after adjusting for age and gender. The higher HbA1c 
level (P=0.012) and the longer duration of DM (P=0.044) 
were associated with the lower AWI. Patients who changed 
their behaviors showed negative AWI score compared to those 
who didn’t change their behaviors although there was no sta-
tistical significance (P=0.085) (Table 2).

DISCUSSION	

This investigated changes of QoL for 6 months according to 
changes in physicians’ and patients’ behaviors after perceiving 
CV risks in patients with type 2 DM aged ≥40 years. 
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Table 2. Univariate and multivariate analyses of average weighted impact score at follow-up

Variable Mean±SD
Univariate Multivariatea

Coeff. P value Coeff. P valueb

Age, yr 0.030 0.399c 0.043 0.306

Gender 0.572 0.567d

   Male –2.51±1.24 0.016 0.693

   Female –2.48±1.33 Reference

BMI 0.001 0.984c

Waist circumference 0.012 0.772c

SBP 0.051 0.156c

DBP 0.018 0.613c

DM duration, yr –0.067 0.062c –0.087 0.044

   <5 –2.43±1.29 3.080 0.380e

   5–9 –2.42±1.28

   10–14 –2.50±1.10

   ≥15 –2.65±1.41

Comorbidity –1.485 0.138d

   Yes –2.46±1.26

   No –2.61±1.36

Triglycerides 0.030 0.431c

LDL-C 0.005 0.902c

HDL-C 0.022 0.569c

Total cholesterol 0.001 0.979c

Glucose –0.093 0.022c

HbA1c –0.095 0.009c –0.110 0.012

Insulin therapy –2.144 0.032d

   Yes –2.68±1.30 –0.016 0.721

   No –2.45±1.28 Reference

Physician behavior change 0.584 0.559d

   Yes –2.45±1.29 0.040 0.326

   No –2.52±1.31 Reference

Patients behavior change 2.501 0.012d

   Yes –2.54±1.28 –0.070 0.085

   No –2.19±1.22 Reference

SD, standard deviation; Coeff., coefficient; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mel-
litus; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin.
aAdjusted by age and gender, bP value by multivariate linear regression, cP value by Spearman correlation analysis, dP value by Mann-Whitney U 
test, eP value by Kruskal-Wallis test.

Patients included in this study showed a baseline AWI of 
–2.51, which was similar to that reported by previous studies 
in Korea (–2.93 and –2.73, respectively) [24,25]. The AWI re-
ported in a Singaporean study [26] was also similar, at –2.5, 

suggesting that QoL of patients with DM is similar across 
Asian countries. 

With regard to WI scores for each of 19 domains that com-
pose the K-ADDQoL, the scores were the lowest for the free-
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dom to eat and freedom to drink domains, indicating that DM 
has the greatest negative impact on these domains of life. On 
the other hand, WI scores were relatively high for the people’s 
reaction and dependence on others, indicating that DM has a 
relatively less negative impact on these domains of life. These 
findings were similar to those of a previous Korean study [24]. 
Further, as with our findings, the freedom to eat domain was 
the most negatively impacted domain in studies conducted in 
other Asian, European, and South American countries (Singa-
pore, UK, Malaysia, Argentina, Taiwan, Greece, and Slovakia) 
[26-32]. Many countries, including Asian countries, enforce 
dietary management for patients with DM to prevent CV com-
plications, and subsequently, DM had the greatest negative im-
pact on dietary domains. 

Although the QoL of patients with DM has been extensively 
studied in the literature, data on changes of their QoL over 
time in usual practice have not yet been reported sufficiently. 
In this context, we investigated changes in QoL over a 6-month 
period from the enrollment in the study. After 6 months, the 
AWI score was –2.50±1.29, which was not significantly differ-
ent from that at the baseline. The WI score for the freedom to 
eat domain, which was the greatest negative impact at the 
baseline, showed worse score at 6 months. Patients with DM 
are recommended to reduce salt intake in their diets to prevent 
complications. “Salt intake from soups” is high and accounts 
for approximately 11% of Koreans’ total salt intake [33]; how-
ever, recommendations to reduce soup intake poses a consid-
erable restriction on patients’ food intake, possibly contribut-
ing to a low QoL related to the freedom to eat in patients with 
DM. On the other hand, the WI scores for the family life and 
friendship and social life domains improved after 6 months. 

In our previous study [15], treatment patterns and patient 
behaviors changed when physicians and patients perceived the 
risks of CVDs. In this study, we further analyzed the changes 
in QoL scores in relation to changes of physicians and patients’ 
behaviors. Those patients who had a treatment change showed 
an improvement in impact scores related to local or long-dis-
tance journey, holidays, physical health, and friendship and 
social life domains, suggesting a less negative impact on these 
domains. When treatment is altered, patients with DM may 
feel that they are receiving intensive care by physicians and that 
the QoL is improved in the certain domains because patients 
feel that DM is improving.

The impact rating for sex life improved in the group of pa-
tients who changed their behaviors, indicating a less negative 

impact on sex life after 6 months compared to that at the base-
line. DM is one of the risk factors for sexual dysfunction, and 
most female patients with type 2 DM express problems with 
their sex lives [34]. We believe that patients who feel uncom-
fortable with their sex life due to the disease may think their 
health condition is better after changing their lifestyle and have 
less negative influence on their sex life. 

The WI scores of QoL which reflect the importance domains 
in life and the impact of DM on patients’ life improved in the 
most domains when physicians’ behavior changed. However, 
since worsening of the score in some domains (freedom to eat, 
freedom to drink, etc.) were shown in groups where the behav-
ior of physician changed, AWI score was not finally differed 
between groups. We assume that the worsening in those do-
mains may be derived as patients were restricted in their daily 
life for better disease management with intensive treatment. 

The AWI measured after 6 months from the baseline was as-
sociated with the duration of DM and Hb1Ac levels. The high-
er the Hb1Ac levels, the lower the AWI score. High Hb1AC 
levels are known to increase the risk of CVD [24], and aggres-
sive dietary and intensive care by the physician to maintain 
Hb1Ac at normal ranges intensify the inconvenience in a pa-
tient’s life, thereby impairing the QoL. The longer the duration 
of DM, the lower the AWI score, and the greater the negative 
impact of DM on a patient’s life. The longer duration of the di-
etary regimen for DM management has a negative impact on a 
patient’s freedom to eat, which is consistent with the results in 
a Singaporean study [26]. Furthermore, patients’ behavioral 
changes were more negatively associated with AWI compared 
to no change of patients’ behaviors with statistically marginal 
significance. Patients who changed their behaviors showed 
worse score of WI than patients who did not change their be-
haviors in the domains of feeling about the future, leisure ac-
tivities, motivation, people’s reaction, and freedom to drink. 
Most of those domains are linked to social life, thus their social 
life may be restricted while the patients made efforts in modifi-
cation in their life style due to DM. 

This study has a few limitations. First, this was conducted 
only on patients with DM aged ≥40 years. Previous studies 
showed the higher AWI score among patients with DM young-
er than 40 years (–3.75) [24], suggesting that a patients’ per-
ceived QoL may differ across age groups. Although the fact 
that observing changes in a patient’s QoL over a 6-month peri-
od may be one of our study’s strengths since no study has in-
vestigated the changes of AWI, the observation period of 6 
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months would be insufficient to explore the QoL changes 
among the patients having the DM for mean 8.12 years. Fur-
ther, in this study, we assumed that the changes in behaviors of 
physicians and patients during the follow-up were related to 
the awareness of CV risks after CUS. However, physicians of-
ten change the treatments when the patients’ glycemic control 
or BP worsened or the patients’ conditions changed. Therefore, 
we suggest a further study, including the proper control group 
matching to patients who do not aware of their CV risks and 
for longer observational periods.

DM had negative impacts majorly on food-related life do-
mains and the longer duration of DM showed the greater and 
the negative impact on their life due to the loss of freedom to 
eat for the disease control. Changes in physicians’ behaviors, as 
a result of perceiving CVD risks, could improve the quality of 
some domains of life in patients with DM, which would be re-
sulted by instilling a belief into patients regarding physicians’ 
utmost efforts for provision of personalized management of 
the disease. Therefore, physicians should recognize the impor-
tance of understanding CVD risks associated with DM and 
implement appropriate management to improve the QoL and 
reduce CV complications in patients.  
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