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Abstract
Objectives  To examine trends overtime in the incidence 
and in-hospital outcomes of vascular dementia (VaD) 
hospitalisations in patients aged 70 years or over suffering 
and not suffering from type 2 diabetes mellitus (T2DM) 
between 2004 and 2013 in Spain.
Design  Retrospective study.
Setting  Spain.
Participants  National hospital discharge data were used; 
patients aged ≥70, discharged from a hospital with VaD as 
a primary diagnosis, were selected.
Main outcome measures  Overall incidence, therapeutic 
and diagnostic procedures, comorbidities, infectious 
complications, duration of hospital stays and in-hospital 
mortality (IHM).
Results  In total, 170 607 admissions for VaD (34.3% with 
T2DM) were identified. We found a significant upward 
linear trend in the incidence of VaD for men and women 
with and without diabetes between 2004 and 2013. 
The adjusted incidence was higher among people with 
T2DM over the study period. We found a higher incidence 
in men than women in all years under study. A positive 
association between T2DM and VaD hospitalisation was 
found among both men (IRR 2.14, 95% CI 2.11 to 2.16) 
and women (incidence rate ratio (IRR) 2.22; 95% CI 2.19 
to 2.25). Pneumonia was significantly associated with 
a higher mortality (OR 2.59, 95% CI 2.52 to 2.67). We 
found that percutaneous endoscopic gastrostomy was 
associated with lower IHM (OR 0.37, 95% CI 0.31 to 0.45), 
while parenteral nutrition had the opposite effect (OR 1.29, 
95% CI 1.18 to 1.41). There was no association between 
diabetes and higher IHM (OR 0.99, 95% CI 0.93 to 1.06). 
The time-trend analyses of the entire sample showed a 
significant reduction in mortality in patients with VaD (OR 
0.98, 95% CI 0.97 to 0.99).
Conclusions  Incidence rates for VaD hospitalisations 
were twice as high in patients with diabetes compared 
with those without. Men had significantly higher incidence 
rates than women, regardless of diabetes status. In both 
groups studied, pneumonia and parenteral nutrition were 
associated with mortality while percutaneous endoscopic 
gastrostomy was associated with survival. Having diabetes 

was not associated with higher IHM after hospitalisation 
with VaD.

Introduction
Dementia has become a serious public 
health burden on a global level, accom-
panied by significant financial and social 
implications.1 2 Vascular dementia (VaD) 
and Alzheimer’s disease (AD) are the most 
common forms of dementia, which together 
account for more than 90% of all cases.1

According to several epidemiological 
studies, patients with diabetes are at an 
increased risk for stroke, lacunar infarcts, AD 
and VaD3–5 through amyloid-β/tau-depen-
dent and independent mechanisms.3

On a global scale, over 300 million people 
are affected by type 2 diabetes mellitus 
(T2DM).6 This has been associated with an 
increased risk of macrovascular and micro-
vascular complications, and it also constitutes 
an independent risk factor for vascular 
dementia7 8 and AD.9 Furthermore, recent 
reports suggest that patients with diabetes 
have a 60% higher risk for developing 
dementia.10 Age, smoking, hypertension 
and diabetes, all represent factors linked to 

Strengths and limitations of this study

►► The study strengths include the 10-year follow-
up, a very large sample size and standardised 
methodological approach.

►► A limitation is the lack of information on VaD or type 
2 diabetes mellitus duration, treatments for this last 
condition or sociodemographic characteristic.

►► Another limitation is the lack of specificity of 
clinically defined vascular dementia.
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dementia, therefore it is only to be expected that hospi-
talisation for VaD will increase in the coming years.11 12 
Hence, we identified the need to study the evolution of 
VaD over time and to determine the factors and proce-
dures which could result in a higher in-hospital mortality 
(IHM).

National hospital discharge data were used in this study 
to analyse linear trends in the incidence of VaD among 
hospitalised men and women with and without T2DM 
between 2004 and 2013 in Spain. Specifically, we analysed 
linear trends in the utilisation of therapeutic and diag-
nostic procedures, comorbidities, common infectious 
and medical complications and in-hospital outcomes 
such as length of hospital stay (LOHS), readmission rates 
and IHM.

Methods
This was a retrospective, observational study, conducted 
based on the records of the Spanish National Hospital 
Database (CMBD, Conjunto Minimo Básico de Datos).13 
We included all patients aged ≥70 years hospitalised for 
VaD (International Classification of Diseases, Ninth Revi-
sion,  Clinical Modification (ICD-9-CM) codes: 290.40, 
290.41, 290.42, 290.43) in the first diagnosis position 
between 1 January 2004 and 31 December 2013.

We compared those suffering T2DM (codes: 250.x0; 
250.x2) in any diagnosis position (2 to 14) and those 
without diabetes.

We estimated the adjusted incidence of discharge rates 
after VaD for women and men according to the presence 
of T2DM per 100 000 inhabitants, as described in detail in 
the online supplementary methods.

Clinical variables included comorbidity suffered at the 
time of discharge, which was evaluated using the Charlson 
Comorbidity Index (CCI)14 as described in detail in the 
online supplementary methods.

We specifically analysed the presence of previous stroke 
(ICD-9-CM codes 430.x, 431.x, 433.x1, 434.x1, 435.x, 
436, and 362.3), hypertension (codes: 401, 401.0, 401.1, 
401.9) and atrial fibrillation (code: 427.31) in any diag-
nosis position during vascular dementia hospitalisation. 
We also identified common infectious complications such 
as pneumonia (codes: 480–488, 507.0–507.8) and urinary 
tract infection (codes: 590.0, 590.9, 595.0, 595.9, 597.80, 
599.0). We analysed other medical complications, specif-
ically agitation (code: 307.9) and malnutrition (code: 
263.9).

We also analysed therapeutic and diagnostic procedures 
including: MRI (code: 88.91), CT angiography (CAT) 
(code: 87.03), percutaneous endoscopic gastrostomy 
(PEG) (code: 43.11), mechanical ventilation (codes: 96.7; 
96.70; 96.71; 96.72), parenteral nutrition (codes: 99.15) 
and bladder catheterisation (code: 57.94).

The variable readmission includes those patients 
who had been discharged from the same hospital in 
the previous 30 days of admission for VaD (30 day read-
mission). Furthermore, the mean number of days of 

hospitalisation (LOHS) and the number of patients who 
died in the hospital divided by all the discharges (IHM) 
were calculated for each year.

The statistical analysis is described in the online supple-
mentary methods.

Ethics
In accordance with Spanish legislation, confidentiality of 
data was ensured during all stages of the study. Patient 
anonymity was protected by removal of potentially iden-
tifying information before the database was accessed by 
the authors. Thus, it is impossible to identify individual 
patients, either in this paper or in the database. Informed 
consent was deemed unnecessary by the Spanish legis-
lation, because of the anonymous and mandatory 
characteristics of data. The ethics committee of the 
Universidad Rey Juan Carlos approved the study protocol.

Results
In total, 170 607 discharges were identified (78 499 men 
and 92 108 women) of patients suffering VaD as the 
primary diagnosis. T2DM was reported in 34.3% of the 
total. The prevalence of T2DM in men with VaD showed 
a significant increase from 28.94% in 2004 to 34.58% in 
2013 (p<0.01). The prevalence of T2DM in women with 
VaD increased from 34.13% to 35.37% (p<0.01).

The overall adjusted incidence of admissions for VaD 
was higher among the oldest subgroup (≥85 years), both 
in men and women, with or without diabetes. In patients 
with T2DM older than 85 years, we found that incidence 
rates were 1369.63 per 100 000 inhabitants in women and 
1308.71 per 100 000 inhabitants in men. In the non-di-
abetic group, incidence rates for men and women were 
776.52 and 824.15 per 100 000 inhabitants, respectively 
(see online supplementary table).

A significant increase in the adjusted incidence rate of 
admissions for VaD was found in men with T2DM aged 
≥85 years old (1191.79 cases per 100 000 inhabitants in 
2004 to 1393.17 cases in 2013) but not in women (see 
online supplementary table).

As can be seen in table 1, the mean age was 80.72 years 
(SD, 5.65 years) in men with diabetes and 82.4 years (SD, 
5.93 years) in men without diabetes. According to the CCI, 
40.86% of men with T2DM had three or more coexisting 
conditions; in men without this disease it was 39.3%. The 
proportion of men with T2DM with ≥2 coexisting condi-
tions was a little higher than that of men without diabetes 
(81% vs79.71%).

The prevalence of previous stroke among men with 
and without diabetes was similar and near to 50% in all 
years analysed and rose significantly over time (p<0.001) 
from around 46% to 52% in both groups of patients. 
A significantly greater prevalence of hypertension was 
found in men with diabetes compared with men without 
diabetes (49.69% and 37.31%, respectively); however, 

https://dx.doi.org/10.1136/bmjopen-2017-016390
https://dx.doi.org/10.1136/bmjopen-2017-016390
https://dx.doi.org/10.1136/bmjopen-2017-016390
https://dx.doi.org/10.1136/bmjopen-2017-016390
https://dx.doi.org/10.1136/bmjopen-2017-016390
https://dx.doi.org/10.1136/bmjopen-2017-016390


� 3Muñoz-Rivas N, et al. BMJ Open 2017;7:e016390. doi:10.1136/bmjopen-2017-016390

Open Access

Ta
b

le
 1

 
C

ha
ra

ct
er

is
tic

, C
ha

rls
on

 C
om

or
b

id
ity

 In
d

ex
 a

nd
 c

lin
ic

al
 c

on
d

iti
on

s 
am

on
g 

m
en

 w
ith

 a
nd

 w
ith

ou
t 

ty
p

e 
2 

d
ia

b
et

es
 h

os
p

ita
lis

ed
 w

ith
 v

as
cu

la
r 

d
em

en
tia

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

To
ta

l
p

 V
al

ue

N
o 

d
ia

b
et

es

 N
41

85
45

11
46

97
48

89
51

52
53

46
57

05
58

92
58

77
60

83
52

 3
37

<
0.

00
1

 In
ci

d
en

ce
 p

er
 1

00
 0

00
 

in
ha

b
ita

nt
s

25
5.

04
25

6.
93

25
1.

11
26

1.
37

28
0.

32
29

6.
14

31
6.

02
32

5.
64

32
4.

81
33

5.
44

29
0.

47

 A
ge

, m
ea

n 
(S

D
)

81
.2

8 
(6

.0
1)

81
.3

2 
(5

.8
2)

81
.6

4 
(5

.9
2)

82
 (6

.0
6)

81
.9

 (5
.9

5)
82

.6
1 

(5
.9

5)
82

.7
8 

(5
.8

3)
83

.0
1 

(5
.7

1)
83

.1
5 

(5
.8

8)
83

.4
1 

(5
.7

6)
82

.4
 (5

.9
3)

<
0.

00
1

 7
0–

74
 y

ea
rs

 o
ld

, n
 (%

)
62

6 
(1

4.
96

)
61

0 
(1

3.
52

)
57

2 
(1

2.
18

)
59

7 
(1

2.
21

)
63

0 
(1

2.
23

)
50

9 
(9

.5
2)

51
3 

(8
.9

9)
42

6 
(7

.2
3)

49
1 

(8
.3

5)
46

1 
(7

.5
8)

54
35

 (1
0.

38
)

0.
00

0

 7
5–

79
 y

ea
rs

 o
ld

, n
 (%

)
10

53
 (2

5.
16

)
11

54
 (2

5.
58

)
11

73
 (2

4.
97

)
11

32
 (2

3.
15

)
12

15
 (2

3.
58

)
11

67
 (2

1.
83

)
11

62
 (2

0.
37

)
12

23
 (2

0.
76

)
10

71
 (1

8.
22

)
10

75
 (1

7.
67

)
11

 4
25

 (2
1.

83
)

 8
0–

84
 y

ea
rs

 o
ld

, n
 (%

)
12

47
 (2

9.
8)

14
13

 (3
1.

32
)

14
93

 (3
1.

79
)

14
90

 (3
0.

48
)

15
41

 (2
9.

91
)

15
56

 (2
9.

11
)

17
60

 (3
0.

85
)

18
39

 (3
1.

21
)

18
08

 (3
0.

76
)

18
78

 (3
0.

87
)

16
 0

25
 (3

0.
62

)

 ≥
85

 y
ea

rs
 o

ld
, n

(%
)

12
59

 (3
0.

08
)

13
34

 (2
9.

57
)

14
59

 (3
1.

06
)

16
70

 (3
4.

16
)

17
66

 (3
4.

28
)

21
14

 (3
9.

54
)

22
70

 (3
9.

79
)

24
04

 (4
0.

8)
25

07
 (4

2.
66

)
26

69
 (4

3.
88

)
19

 4
52

 (3
7.

17
)

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 1
, n

 (%
)

93
4 

(2
2.

32
)

96
2 

(2
1.

33
)

10
19

 (2
1.

69
)

10
15

 (2
0.

76
)

11
19

 (2
1.

72
)

11
24

 (2
1.

03
)

11
19

 (1
9.

61
)

11
13

 (1
8.

89
)

10
91

 (1
8.

56
)

11
26

 (1
8.

51
)

10
 6

22
 (2

0.
3)

0.
00

0

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 2
, n

 (%
)

17
48

 (4
1.

77
)

19
68

 (4
3.

63
)

19
27

 (4
1.

03
)

20
48

 (4
1.

89
)

20
72

 (4
0.

22
)

21
95

 (4
1.

06
)

22
81

 (3
9.

98
)

23
30

 (3
9.

55
)

22
19

 (3
7.

76
)

23
59

 (3
8.

78
)

21
 1

47
 (4

0.
41

)

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 ≥
3,

 n
 (%

)
15

03
 (3

5.
91

)
15

81
 (3

5.
05

)
17

51
 (3

7.
28

)
18

26
 (3

7.
35

)
19

61
 (3

8.
06

)
20

27
 (3

7.
92

)
23

05
 (4

0.
4)

24
49

 (4
1.

56
)

25
67

 (4
3.

68
)

25
98

 (4
2.

71
)

20
 5

68
 (3

9.
3)

 P
re

vi
ou

s 
st

ro
ke

19
63

 (4
6.

91
)

21
14

 (4
6.

86
)

23
20

 (4
9.

39
)

23
05

 (4
7.

15
)

25
28

 (4
9.

07
)

26
49

 (4
9.

55
)

29
49

 (5
1.

69
)

29
76

 (5
0.

51
)

30
59

 (5
2.

05
)

31
48

 (5
1.

75
)

26
 0

11
 (4

9.
70

)
<

0.
00

1

 A
tr

ia
l fi

b
ril

la
tio

n,
 n

 (%
)

83
0 

(1
9.

83
)

90
7 

(2
0.

11
)

10
30

 (2
1.

93
)

10
95

 (2
2.

4)
11

55
 (2

2.
42

)
12

70
 (2

3.
76

)
13

97
 (2

4.
49

)
14

52
 (2

4.
64

)
14

88
 (2

5.
32

)
14

93
 (2

4.
54

)
12

 1
17

 (2
3.

15
)

<
0.

00
1

 H
yp

er
te

ns
io

n,
 n

 (%
)

13
98

 (3
3.

41
)

15
37

 (3
4.

07
)

17
07

 (3
6.

34
)

17
45

 (3
5.

69
)

18
83

 (3
6.

55
)

20
04

 (3
7.

49
)

21
96

 (3
8.

49
)

22
88

 (3
8.

83
)

23
49

 (3
9.

97
)

24
20

 (3
9.

78
)

19
 5

27
 (3

7.
31

)
<

0.
00

1

 M
al

nu
tr

iti
on

, n
 (%

)
10

4 
(2

.4
9)

17
7 

(3
.9

2)
18

5 
(3

.9
4)

23
1 

(4
.7

2)
24

3 
(4

.7
2)

27
4 

(5
.1

3)
25

1 
(4

.4
)

30
8 

(5
.2

3)
28

0 
(4

.7
6)

33
9 

(5
.5

7)
23

92
 (4

.5
7)

<
0.

00
1

 P
ne

um
on

ia
, n

 (%
)

10
28

 (2
4.

56
)

11
80

 (2
6.

16
)

11
36

 (2
4.

19
)

12
60

 (2
5.

77
)

13
03

 (2
5.

29
)

14
48

 (2
7.

09
)

15
26

 (2
6.

75
)

15
94

 (2
7.

05
)

16
03

 (2
7.

28
)

16
38

 (2
6.

93
)

13
 7

16
 (2

6.
21

)
<

0.
00

1

 U
rin

ar
y 

tr
ac

t 
in

fe
ct

io
n,

 
n 

(%
)

68
2 

(1
6.

3)
74

3 
(1

6.
47

)
79

0 
(1

6.
82

)
80

8 
(1

6.
53

)
88

1 
(1

7.
1)

96
3 

(1
8.

01
)

99
2 

(1
7.

39
)

10
79

 (1
8.

31
)

11
08

 (1
8.

85
)

11
50

 (1
8.

91
)

91
96

 (1
7.

57
)

0.
00

1

 A
gi

ta
tio

n,
 n

 (%
)

16
 (0

.3
8)

16
 (0

.3
5)

16
 (0

.3
4)

24
 (0

.4
9)

22
 (0

.4
3)

31
 (0

.5
8)

36
 (0

.6
3)

34
 (0

.5
8)

32
 (0

.5
4)

39
 (0

.6
4)

26
6 

(0
.5

1)
0.

22
5

D
ia

b
et

es

 N
17

03
20

00
22

97
23

76
25

78
27

35
28

87
30

57
33

13
32

16
26

 1
62

<
0.

00
1

 In
ci

d
en

ce
45

0.
73

50
1.

91
54

8.
05

56
6.

9
57

8.
82

57
9.

89
61

2.
11

59
1.

26
64

0.
77

57
1.

82
56

8.
77

 A
ge

, m
ea

n 
(S

D
)

79
.6

 (5
.5

9)
79

.7
4 

(5
.5

8)
79

.8
4 

(5
.5

7)
80

.2
 (5

.6
)

80
.4

3 
(5

.6
)

80
.5

1 
(5

.6
5)

81
.0

1 
(5

.4
6)

81
.3

7 
(5

.6
2)

81
.4

9 
(5

.6
5)

81
.7

1 
(5

.6
6)

80
.7

2 
(5

.6
5)

<
0.

00
1

 7
0–

74
 y

ea
rs

 o
ld

, n
 (%

)
34

2 
(2

0.
08

)
39

3 
(1

9.
65

)
43

8 
(1

9.
07

)
40

0 
(1

6.
84

)
41

3 
(1

6.
02

)
42

6 
(1

5.
58

)
37

6 
(1

3.
02

)
38

8 
(1

2.
69

)
39

2 
(1

1.
83

)
35

2 
(1

0.
95

)
39

20
 (1

4.
98

)
0.

00
0

 7
5–

79
 y

ea
rs

 o
ld

, n
 (%

)
54

0 
(3

1.
71

)
62

1 
(3

1.
05

)
68

3 
(2

9.
73

)
75

2 
(3

1.
65

)
76

7 
(2

9.
75

)
79

1 
(2

8.
92

)
75

9 
(2

6.
29

)
78

9 
(2

5.
81

)
85

5 
(2

5.
81

)
81

1 
(2

5.
22

)
73

68
 (2

8.
16

)

 8
0–

84
 y

ea
rs

 o
ld

, n
 (%

)
48

7 
(2

8.
6)

59
9 

(2
9.

95
)

72
8 

(3
1.

69
)

66
9 

(2
8.

16
)

78
6 

(3
0.

49
)

85
5 

(3
1.

26
)

95
9 

(3
3.

22
)

93
9 

(3
0.

72
)

10
48

 (3
1.

63
)

10
19

 (3
1.

69
)

80
89

 (3
0.

92
)

 ≥
85

 y
ea

rs
 o

ld
, n

 (%
)

33
4 

(1
9.

61
)

38
7 

(1
9.

35
)

44
8 

(1
9.

5)
55

5 
(2

3.
36

)
61

2 
(2

3.
74

)
66

3 
(2

4.
24

)
79

3 
(2

7.
47

)
94

1 
(3

0.
78

)
10

18
 (3

0.
73

)
10

34
 (3

2.
15

)
67

85
 (2

5.
93

)

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 1
, n

 (%
)

34
8 

(2
0.

43
)

39
8 

(1
9.

9)
49

0 
(2

1.
33

)
50

8 
(2

1.
38

)
50

9 
(1

9.
74

)
49

4 
(1

8.
06

)
51

3 
(1

7.
77

)
55

8 
(1

8.
25

)
59

4 
(1

7.
93

)
55

9 
(1

7.
38

)
49

71
(1

9)
0.

00
0

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 2
, n

 (%
)

71
0 

(4
1.

69
)

78
4 

(3
9.

2)
92

5 
(4

0.
27

)
94

2 
(3

9.
65

)
10

79
 (4

1.
85

)
10

95
 (4

0.
04

)
11

91
 (4

1.
25

)
12

00
 (3

9.
25

)
13

41
 (4

0.
48

)
12

34
 (3

8.
37

)
10

 5
01

 (4
0.

14
)

 C
ha

rls
on

 C
om

or
b

id
ity

 
In

d
ex

 ≥
3,

 n
 (%

)
64

5 
(3

7.
87

)
81

8 
(4

0.
9)

88
2 

(3
8.

4)
92

6 
(3

8.
97

)
99

0 
(3

8.
4)

11
46

 (4
1.

9)
11

83
 (4

0.
98

)
12

99
 (4

2.
49

)
13

78
 (4

1.
59

)
14

23
 (4

4.
25

)
10

 6
90

 (4
0.

86
)

 P
re

vi
ou

s 
st

ro
ke

79
1 

(4
6.

45
)

99
2 

(4
9.

6)
10

71
 (4

6.
63

)
10

99
 (4

6.
25

)
12

67
 (4

9.
15

)
14

37
 (5

2.
54

)
14

76
 (5

1.
13

)
15

17
 (4

9.
62

)
16

60
 (5

0.
11

)
16

95
 (5

2.
71

)
13

 0
05

 (4
9.

71
)

<
0.

00
1

 A
tr

ia
l fi

b
ril

la
tio

n,
 n

 (%
)

31
9 

(1
8.

73
)

40
9 

(2
0.

45
)

44
3 

(1
9.

29
)

45
4 

(1
9.

11
)

52
1 

(2
0.

21
)

57
4 

(2
0.

99
)

59
1 

(2
0.

47
)

63
9 

(2
0.

9)
70

0 
(2

1.
13

)
67

8 
(2

1.
08

)
53

28
 (2

0.
37

)
0.

33
1

C
on

tin
ue

d



4 Muñoz-Rivas N, et al. BMJ Open 2017;7:e016390. doi:10.1136/bmjopen-2017-016390

Open Access�

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

To
ta

l
p

 V
al

ue

 H
yp

er
te

ns
io

n,
 n

 (%
)

78
0 

(4
5.

8)
94

5 
(4

7.
25

)
10

87
 (4

7.
32

)
12

01
 (5

0.
55

)
13

03
 (5

0.
54

)
14

10
 (5

1.
55

)
14

56
 (5

0.
43

)
15

17
 (4

9.
62

)
16

53
 (4

9.
89

)
16

47
 (5

1.
21

)
12

 9
99

 (4
9.

69
)

0.
00

1

 M
al

nu
tr

iti
on

, n
 (%

)
41

 (2
.4

1)
58

 (2
.9

)
85

 (3
.7

)
73

 (3
.0

7)
81

 (3
.1

4)
11

0 
(4

.0
2)

12
7 

(4
.4

)
12

1 
(3

.9
6)

12
7 

(3
.8

3)
11

7 
(3

.6
4)

94
0 

(3
.5

9)
0.

01
0

 P
ne

um
on

ia
, n

 (%
)

39
0 

(2
2.

9)
43

1 
(2

1.
55

)
49

0 
(2

1.
33

)
53

6 
(2

2.
56

)
59

9 
(2

3.
24

)
65

1 
(2

3.
8)

70
6 

(2
4.

45
)

76
8 

(2
5.

12
)

80
4 

(2
4.

27
)

76
3 

(2
3.

73
)

61
38

 (2
3.

46
)

0.
02

4

 U
rin

ar
y 

tr
ac

t 
in

fe
ct

io
n,

 
n 

(%
)

29
9 

(1
7.

56
)

33
5 

(1
6.

75
)

35
1 

(1
5.

28
)

39
2 

(1
6.

5)
44

9 
(1

7.
42

)
50

0 
(1

8.
28

)
52

0 
(1

8.
01

)
57

8 
(1

8.
91

)
58

0 
(1

7.
51

)
57

3 
(1

7.
82

)
45

77
 (1

7.
49

)
0.

05
9

 A
gi

ta
tio

n,
 n

 (%
)

6 
(0

.3
5)

6 
(0

.3
)

6 
(0

.2
6)

4 
(0

.1
7)

10
 (0

.3
9)

14
 (0

.5
1)

13
 (0

.4
5)

13
 (0

.4
3)

20
 (0

.6
)

19
 (0

.5
9)

11
1 

(0
.4

2)
0.

25
4

A
na

ly
si

s 
of

 t
he

 S
p

an
is

h 
N

at
io

na
l H

os
p

ita
l D

is
ch

ar
ge

 D
at

ab
as

e 
fr

om
 2

00
4 

to
 2

01
3.

C
ha

rls
on

 C
om

or
b

id
ity

 In
d

ex
, e

xc
lu

d
in

g 
d

em
en

tia
 a

nd
 d

ia
b

et
es

. 
p

 V
al

ue
 fo

r 
co

m
p

ar
is

on
 b

y 
ye

ar
.

P
oi

ss
on

 r
eg

re
ss

io
n 

m
od

el
 t

o 
as

se
ss

 t
re

nd
s 

in
 in

ci
d

en
ce

 r
at

es
, a

na
ly

si
s 

of
 v

ar
ia

nc
e 

an
d

 P
ea

rs
on

’s
 χ

2  fo
r 

m
ea

ns
 a

nd
 p

ro
p

or
tio

ns
, r

es
p

ec
tiv

el
y.

N
, n

um
b

er
 o

f d
is

ch
ar

ge
s.

Ta
b

le
 1

 
C

on
tin

ue
d

 

atrial fibrillation, malnutrition, pneumonia and agita-
tion were more frequent in men without diabetes 
(table 1).

From 2004 to 2014, the estimated adjusted incidence 
of discharges due to VaD raised significantly from 450.73 
cases to 571.82 among men with diabetes and from 255.04 
cases to 335.44 cases among men without diabetes. The 
rates were higher among men with diabetes than men 
without in all the years analysed (table 1).

Table  1 shows a significant increase in age, CCI and 
hypertension prevalence, observed over the study period, 
in both groups.

We found that the proportion of patients with malnu-
trition has significantly increased over time, ranging from 
2.49% in 2004 to 5.57% in 2013 in men without T2DM, 
and from 2.41% to 3.64% in those with diabetes over the 
study period (p<0.05). In both men with and without 
diabetes, we found that pneumonia increased signifi-
cantly over time. In men without diabetes, urinary tract 
infections increased from 16.3% to 18.91% (p<00.5); 
however, in men with diabetes, this infectious compli-
cation remained stable. Agitation has not changed over 
time in any group (table 1).

Over the study period, 54% of all VaD hospitalisations 
were women. Women with T2DM were significantly 
younger than women without diabetes (83.17 years vs 
85.01 years) and had higher CCI values (29.21% and 
26.8% with ≥3 coexisting conditions) (table 2).

Among women, the overall prevalence of previous 
stroke was significantly higher for those with and without 
diabetes (49.12% vs 47.71%). Only among women without 
diabetes a significant increase was found from 2004 to 
2013. Women with diabetes were more prone to hyper-
tension compared with women without T2DM (57.07% 
vs 46.05%). However, the prevalence of atrial fibrillation 
was higher in women without diabetes than in women 
with diabetes (27.67% vs 26.75%) (table 2).

The incidence rate of hospitalisation among women 
with T2DM rose significantly over the study period from 
410.63 cases per 100 000 women with diabetes to 477.63, 
as shown in table 2. Incidence rates increased from 192.92 
cases to 266.76 cases (p<0.05) among women without 
diabetes. Rates were higher in women with diabetes in all 
years analysed.

Beside diabetes status age, comorbidity and the prev-
alence hypertension and atrial fibrillation increased 
significantly from 2004 to 2013. We found an increase in 
the prevalence of malnutrition, pneumonia and urinary 
tract infections during hospitalisation in both groups 
(table 2).

The comparison between men and women with 
diabetes reveals that men have a higher adjusted inci-
dence rate than women, in all years covered by this study. 
Men with diabetes are significantly younger (80.72 vs 
83.17 years) and have a CCI ≥3, (40.86% vs 29.21%) more 
frequently than women. Women with diabetes suffered 
more atrial fibrillation (26.75% vs 20.37%) and hyperten-
sion (57.07% vs 49.69%) than men without.
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The IHM among men with or without T2DM did not 
show a significant variation of the study, ranging from 
16.62% to 14.49% and from 17.08% to 16.29%, respec-
tively (table 3).

The mean LOHS decreased from 9 days in 2004 to 
7 days in 2013 in men without diabetes and from eight 
to 7 days in men with diabetes (p<0.05). Readmissions 
remained stable approximately 17% for patients with 
diabetes, while they slightly increased in men without 
diabetes ranging from 14.07% in 2004 to 14.65% in 2013 
(p<0.05).

Table 3 shows a significant increase in bladder cathe-
terisation in men with diabetes, raising from 2.82% in 
2004 to 5.69% in 2013, and from 3.46% to 5.56% in the 
same period among those without the disease. The use of 
PEG has remained stable at approximately 1% of hospi-
talizations due to VaD, both in diabetic and non-diabetic 
patients. However, there has been a significant increase in 
the use of mechanical ventilation in diabetic and non-di-
abetic men, ranging from 0.41% and 0.76% in 2004 to 
1.24% and 1.73% in 2013, respectively.

The most commonly used diagnostic procedure was 
CAT (22.9% in non-diabetic men and 23.93% in diabetic 
ones) followed by magnetic resonance (3.25% and 3.74%, 
respectively). The use of CAT in non-diabetic men has 
significantly decreased, while it has remained stable in 
diabetic men over the study period.

The IHM among women with diabetes who had a VaD 
discharge did not vary significantly over the study period 
(table  4). However, in women without diabetes the 
IHM was significantly higher in 2004 (16.08%) than in 
2013 (14.42%). Over the decade analysed, the LOHS in 
women of both groups decreased significantly (p<0.05). 
We found that readmissions significantly increased in 
women without diabetes, ranging from 11.63% in 2004 to 
13.64% in 2013, while it remained stable over time in the 
case of women with diabetes.

Akin to our findings in men, we found a significant 
increase in the utilisation of mechanical ventilation, from 
0.39% to 1.05% in women suffering T2DM and from 
0.67% to 1.35% in those without diabetes with VaD over 
the period of study. The most used diagnostic procedure 
was CAT for both female groups. Furthermore, it was 
more frequently used among women with rather than 
without diabetes every year analysed. In diabetic women, 
the use of MRI has increased over time.

The comparison of hospitalisation outcomes between 
men and women with diabetes revealed higher crude 
IHM among men (15.3%) than women (14.35%) in 
the whole sample, in all the years studied. Readmission 
rates were also significantly higher among men than 
women (17.22% vs 15.52%). In men with diabetes, MRI 
was significantly more used that in women with diabetes 
(3.74% vs 2.55%), and PEG was more frequently used 
among women with diabetes (0.94% vs 0.78%).

The Poisson regression models yielded an IRR for men 
with T2DM of 2.14 (95% CI 2.11 to 2.16). This means that 
the incidence of VaD hospitalisations among men with 
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Table 5  Factors associated to in hospital mortality among men and women with and without type 2 diabetes hospitalised 
with vascular dementia

Men Woman Both

OR (95 CI%) OR (95 CI%) OR (95 CI%)

Sex Men NA NA 1.01 (0.98 to 1.04)

Age group 70–74 years 1 1 1

75–79 years 1.07 (0.99 to 1.15) 1.11 (1.01 to 1.23) 1.08 (1.052 to 1.15)

80–84 years 1.24 (1.15 to 1.33) 1.24 (1.13 to 1.37) 1.24 (1.17 to 1.31)

≥85 years 1.48 (1.38 to 1.59) 1.54 (1.40 to 1.69) 1.51 (1.42 to 1.60)

Charlson Comorbidity 
Index

1 1 1 1

2 1.11 (1.05 to 1.17) 1.23 (1.17 to 1.29) 1.18 (1.13 to 1.22)

3+ 1.35 (1.27 to 1.42) 1.62 (1.54 to 1.70) 1.49 (1.43 to 1.54)

Atrial fibrillation 1.15 (1.09 to 1.20) 1.21 (1.16 to 1.26) 1.18 (1.15 to 1.22)

Hypertension 0.83 (0.80 to 0.87) 0.87 (0.84 to 0.90) 0.85 (0.83 to 0.87)

Malnutrition 0.91 (0.83 to 1.00) 0.91 (0.83 to 0.99) 0.91 (0.85 to 0.97)

Pneumonia 2.55 (2.44 to 2.65) 2.64 (2.53 to 2.75) 2.59 (2.52 to 2.67)

Urinary tract infection 0.85 (0.81 to 0.90) 0.79 (0.75 to 0.83) 0.82 (0.79 to 0.85)

LOHS (days) 0.98 (0.97 to 0.99) 0.98 (0.97 to 0.99) 0.98 (0.97 to 0.99)

Readmission 1.45 (1.38 to 1.52) 1.38 (1.31 to 1.44) 1.41 (1.36 to 1.46)

CAT 0.69 (0.66 to 0.73) 0.67 (0.64 to 0.71) 0.68 (0.66 to 0.71)

MRI 0.37 (0.31 to 0.45) 0.25 (0.20 to 0.32) 0.32 (0.27 to 0.37)

PEG 0.44 (0.34 to 0.57) 0.32 (0.24 to 0.42) 0.37 (0.31 to 0.45)

Parenteral nutrition 1.45 (1.27 to 1.66) 1.17 (1.03 to 1.32) 1.29 (1.18 to 1.41)

Mechanical ventilation 2.98 (2.59 to 3.43) 2.67 (2.29 to 3.11) 2.83 (2.55 to 3.14)

Type 2 diabetes 0.99 (0.95 to 1.04) 1.01 (0.97 to 1.05) 1.00 (0.98 to 1.03)

Year 0.97 (0.96 to 0.98) 0.97 (0.96 to 0.98) 0.97 (0.96 to 0.98)

Analysis of the Spanish National Hospital Discharge Database from 2004 to 2013.
CAT, CT angiography; LOHS, length of hospital stay; PEG, percutaneous endoscopic gastrostomy

diabetes was two times higher than among men without, 
when all other possible confounding variables were 
controlled. The corresponding figure for women was 2.22 
(95% CI 2.19 to 2.25).

As can be seen in table 5, for both gender, the IHM was 
higher in older subjects (OR 1.54; 95% CI 1.40 to 1.69 
and OR 1.48; 95% CI 1.38 to 1.59 in ≥85 aged group in 
comparison with 70–74 years that was used as the refer-
ence category). The IHM was significantly higher in 
subjects with diabetes suffering more comorbidities (OR 
1.35; 95% CI, 1.27 to 1.42 and OR 1.62; 95% CI, 1.54 to 
1.70 for those men and women with ≥3 comorbidities).

IHM was associated with pneumonia (OR 2.5; 95% CI 
2.44 to 2.65 in men and OR 2.64; 95% CI 2.53 to 2.75 
in women) and in atrial fibrillation sufferers (OR 1.15; 
95% CI 1.09 to 1.20 in men and OR 1.21; 95% CI 1.16 to 
1.26 in women).

The men and women with diabetes who required 
mechanical ventilation showed higher probabilities of 
dying (2.98-fold and 2.67-fold, respectively) compared 
with patients who did not require this procedure. The 
use of PEG was associated with a reduced IHM among 

both men and women with diabetes and admitted for VaD 
(OR 0.44; 95% CI 0.34 to 0.45 and OR 0.32; 95% CI 0.24 
to 0.42, respectively). In contrast, patients who received 
parenteral nutrition were more likely to die during their 
stay (OR 1.45; 95% CI 1.27 to 1.66 and OR 1.17; 95% CI 
1.03 to 1.32, respectively).

The time-trend analysis revealed a significant reduction 
in IHM between 2004 and 2013 in patients with diabetes 
(OR 0.97; 95% CI 0.96 to 0.98). The analysis of the whole 
database, and after multivariable adjustment, revealed 
that suffering from diabetes was not a predictor of IHM 
in any gender (OR 0.99; 95% CI 0.95 to 1.04 in men and 
OR 1.01; 95% CI 0.97 to 1.05 in women).

Discussion
In this study of more than 170 000 admissions for VaD, 
we found that the prevalence of T2DM among men 
and women hospitalised has increased over time in all 
age groups. This finding is not surprising because the 
prevalence of diabetes and dementia are both rapidly 
increasing.2 6
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A number of epidemiological studies to date have 
focused on the association between diabetes and the risk 
of dementia. Ohara et al15 reported an increase in the 
prevalence of all-cause dementia in the Japanese popu-
lation, and diabetes was also identified as a significant 
risk factor. Growing evidence supporting a biological 
relationship between diabetes and VaD suggests a multi-
factorial pathogenesis that involves vascular changes, 
hyperglycaemic toxicity, insulin metabolism and chronic 
inflammation.16 17 Diabetes represents a well-established 
risk factor for macrovascular and microvascular compli-
cations such as stroke18; this suggests that there is a robust 
association between diabetes and VaD, that is, one that is 
not a consequence of confounding. In our study, age was 
the most strongly associated factor for VaD, and patients 
with diabetes were significantly younger than those 
without. Previous research has shown that patients with 
both VaD and T2DM have a significantly earlier onset of 
VaD, a faster rate of cognitive decline and a greater prev-
alence of neuropsychiatric symptoms than patients with 
VaD alone.19 In our study we found, as expected, a higher 
prevalence of hypertension among patients with diabetes 
compared with those without. It has been reported that 
arterial stiffness and small vessel disease can predict 
future cognitive decline in elderly people with T2DM.20 
Over time, we found that subjects admitted to the hospital 
with VaD were progressively older, with increasing 
comorbid conditions and more hospital readmissions, 
which highlight the increasing frailty of these patients. 
A link between comorbidity and the risk of dementia in 
patients with diabetes has also been published.21 It seems 
necessary that to reduce the medical and social financial 
burden associated with dementia, the focus should be on 
chronic disease prevention.

Infections, diabetes or their complications have been 
highlighted as common reasons for hospital admission 
in patients with dementia.22 In our study, pneumonia 
and urinary tract infections significantly increased over 
the study period. The use of bladder catheterisation has 
significantly increased over time, which can contribute 
to the higher observed prevalence of urinary tract infec-
tions, but they are not associated with higher mortality. 
However, pneumonia is one of the infectious complica-
tions that has significantly increased over the study period 
and is also associated with a worse prognosis. The use of 
mechanical ventilation has also significantly increased, 
and it is also associated with higher IHM. This finding is 
relevant because it seems to be a bidirectional relation-
ship: hospitalisation with pneumonia has been associated 
with dementia and persistent cognitive dysfunction with 
severe infections.23 On the other hand, dysphagia occurs 
frequently in patients with dementia and is related to 
aspiration pneumonia. Interestingly, we have found 
lower mortality in patients fed by PEG. This protective 
effect could be associated with a better nutritional and 
hydration status and potentially lower rates of aspiration 
pneumonia, but this is only a hypothesis because our 
study design is not appropriate to assess the association 

between PEG and pneumonia. Furthermore, there is 
controversial evidence on this issue. A study by Finucane 
et al was unable to find data suggesting that tube feeding 
of subjects with advanced dementia was useful to prevent 
aspiration pneumonia, lengthened survival or provided 
palliation,24 while Nakajoh et al compared incidence of 
pneumonia in stroke subjects who also suffered dysphagia 
finding lower rates in those with tube feeding than in 
those orally fed (13.2% vs 54.3, p<0.001).25

As has been described previously for ischaemic and 
haemorrhagic stroke, we did not find an increased IHM 
due to VaD in patients with diabetes compared with those 
without the disease.18 26 Although obesity is accepted to 
be a major risk factor for the development of cardiovas-
cular diseases and diabetes, a higher BMI may be related 
to a lower mortality and improved outcome in a number 
of chronic diseases.27–29 Over the past decade, many 
research has shown that individuals, especially those of 
older ages, who have several comorbid chronic diseases 
and a high body mass index (BMI) may have lower figures 
of all-cause and cardiovascular mortality compared with 
normal-weight subjects.27 This observation has been 
referred to as ‘the obesity paradox’.28 29 Possibly, the 
protective effect of the nutritional status in older indi-
viduals who are overweight and obese and the negative 
health effects of undernutrition in non-overweight indi-
viduals are partly responsible for this paradox. Although 
unfortunately in our study the BMI of patients admitted 
for VaD was not registered, this could be a possible expla-
nation. This hypothesis concerning a better nutritional 
status is consistent with the better outcomes described 
above in those patients undergoing PEG.

Our study has several strengths, including the large 
sample, the 10-year follow-up and use of standardised 
methods.30 However, this study is not exempt from 
limitations. In the first place, the CMBD includes admin-
istrative discharge data and is based on data that the 
physician recorded in the discharge report. Therefore, 
we lack information on relevant variables that may act 
as confounders, such as VaD or T2DM duration or treat-
ments for this last condition, among others. Calculation 
of incidence on the basis of a database without any access 
to sociodemographic variables is another limitation.

A further important limitation is the lack of specificity 
of clinically defined VaD. The cognitive impairment 
observed in VaD and AD plus atherosclerosis might 
overlap extensively. Thus, it would be advisable to consider 
other databases, such as mortality registries, in addition to 
discharge data, to help detect patients with VaD who die 
outside of hospital, especially at nursing homes. Unfor-
tunately, such resources are currently unavailable for us 
in Spain.

Finally, as we state in the ethics section, patient identi-
fiers were removed prior to our accessing the database, 
for the purpose of protecting patient anonymity, thus it 
is impossible to identify individual patients, either in this 
paper or in the database. Therefore, it is impossible for us 
to select a sample of study participant and to identify their 
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medical records to validate the VaD and T2DM diagnosis 
because we do not know in which hospital the participant 
was admitted.

Van de Vorst et al compared the ICD-9-CM codes for 
VaD with medical records in the Dutch Hospital Discharge 
Register and concluded that the validity is high. For VaD 
the positive predictive Value (PPV) was of 91.3% (95% 
CI 72.0% to 98.8%), and no significant differences were 
found in PPV according to age, sex, the diagnostic setting 
and comorbid conditions.31

Regarding the validity of the diabetes diagnosis, a 
recent review and meta-analysis based on the reports of 
six studies found that a common administrative database 
definition for diabetes had a pooled specificity of 97.9% 
and a sensitivity of 82.3%.32

In Canada, Kokotailo et al found that, among patients 
with stroke, when compared with hospital medical record, 
the ICD-9-CM diagnosis of DM in the discharge report 
had a sensitivity of 94% (95% CI 69% to 99%) and a spec-
ificity of 98% (95% CI 91% to 99%).33

Conclusions
Our findings reveal a significant increase of the incidence 
of suffering from VaD during the study period. Men and 
women with T2DM display more than double the risk of 
VaD admissions after adjustment for other risk factors. 
Patients admitted with VaD were progressively older and 
had multiple comorbidities. Pneumonia was associated 
with poorer prognosis, and the use of PEG was associ-
ated with reduced mortality. Diabetes was not associated 
with IHM, and the time trends show that mortality is 
decreasing over time.
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