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Abstract

Aim: To examine how the development of cardiovascular and renal disease (CVRD)

translates to hospital healthcare costs in individuals with type 2 diabetes (T2D) ini-

tially free from CVRD.

Methods: Data were obtained from the digital healthcare systems of 12 nations using

a prespecified protocol. A fixed country-specific index date of 1 January was chosen

to secure sufficient cohort disease history and maximal follow-up, varying between

each nation from 2006 to 2017. At index, all individuals were free from any diagno-

ses of CVRD (including heart failure [HF], chronic kidney disease [CKD], coronary

ischaemic disease, stroke, myocardial infarction [MI], or peripheral artery disease

[PAD]). Outcomes during follow-up were hospital visits for CKD, HF, MI, stroke, and

PAD. Hospital healthcare costs obtained from six countries, representing 68% of the

total study population, were cumulatively summarized for CVRD events occurring

during follow-up.

Results: In total, 1.2 million CVRD-free individuals with T2D were identified and

followed for 4.5 years (mean), that is, 4.9 million patient-years. The proportion of

individuals indexed before 2010 was 18% (n = 207 137); 2010-2015, 31%

(361 175); and after 2015, 52% (609 095). Overall, 184 420 (15.7%) developed

CVRD, of which cardiorenal disease was most frequently the first disease to develop

(59.7%), consisting of 23.0% HF and 36.7% CKD, and more common than stroke

(16.9%), MI (13.7%), and PAD (9.7%). The total cumulative cost for CVRD was US$1
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billion, of which 59.0% was attributed to cardiorenal disease, 3-, 5-, and 6-fold times

greater than the costs for stroke, MI, and PAD, respectively.

Conclusion: Across all nations, HF or CKD was the most frequent CVRD manifesta-

tion to develop in a low-risk population with T2D, accounting for the highest propor-

tion of hospital healthcare costs. These novel findings highlight the importance of

cardiorenal awareness when planning healthcare.
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1 | INTRODUCTION

Type 2 diabetes affects almost 540 million individuals worldwide,1

who are known to be burdened with co-morbidities like chronic kid-

ney disease (CKD), heart failure (HF), coronary ischaemic disease,

stroke, and peripheral artery disease (PAD) in addition to diabetes-

related microvascular complications.2,3 The majority (66%-72%) of the

contemporary population with type 2 diabetes does not have a history

of cardiovascular and renal disease (CVRD).2,4,5 However, they are still

considered to be at a high risk of cardiovascular disease according to

guidelines and, therefore, require primary preventive risk manage-

ment.6-8 While atherosclerotic disease prevention is imperative and

successfully managed today, individuals with type 2 diabetes still

experience severe cardiorenal complications including HF and CKD,

suggesting that a residual risk still persists and/or that there is a tem-

poral change in disease burden.2,4,9-11

In order to develop health policy that directs resources to

where the humanistic and societal burdens of such type 2 diabetes-

related complications are greatest, there is a need to understand

what forms of CVRD are most frequently the first to develop in a

previously unaffected, low-risk population and which forms reoccur

most often thereafter. In type 2 diabetes, incident HF and CKD

reflects both an unmet clinical need2 and a primary preventive treat-

ment target for novel glucose-lowering drugs, particularly sodium-

glucose co-transporter-2 inhibitors (SGLT2is). SGLT2is have, in both

clinical trials12-17 and a comparative effectiveness study,18 been

shown to reduce the risks of incident cardiorenal disease, HF, or

CKD in type 2 diabetes and improved outcomes in patients with HF

or CKD with or without type 2 diabetes.19-22 Hence, the holistic car-

diorenal disease definition is important to better understand the

interchangeable relationship between HF and CKD,23,24 improve

treatment strategies,8 and reduce the burden on healthcare

providers.25

The aim of this study was to expand upon that research, detailing

the incidence of CVRD in additional countries across North America,

Europe, and Asia in a contemporary population with type 2 diabetes,

initially free from CVRD. Additionally, in a multinational, real-world,

clinical setting, this study aimed to determine the cost associated with

such CVRD-related healthcare utilization.

2 | MATERIALS AND METHODS

The CArdioREnal and MEtabolic disease (CaReMe) cardiorenal study is a

multinational, observational, descriptive study that utilized the unique

features of available healthcare registries and the corresponding

healthcare systems' secondary data from 12 countries across North

America, Asia, and Europe: Belgium, Canada, England, Germany, Israel,

Italy, Japan, The Netherlands, Norway, Portugal, Spain, and Sweden

(Figure 1; supporting information, pages 4-11). A heat map describing

the coverage of the registries and the availability of data is illustrated in

Figure S1. A single prespecified protocol was used to collect data in

each participating country. Only pseudo-anonymized patient data were

collected, and thus there was not any direct patient or public involve-

ment in the design, conduct, reporting, and dissemination of this study.

2.1 | Study population

All individuals with type 2 diabetes and no record of any CVRD

(Table S1) defined by signs and symptoms defined as HF, CKD (codes

for chronic, acute, unspecified hypertensive, or diabetic kidney dis-

ease), stroke, transitory cerebrovascular ischaemic attack, myocardial

infarction, unstable angina pectoris, angina pectoris, treatment with

nitrates, coronary revascularization, atrial fibrillation, PAD, peripheral

artery revascularization, and intermittent claudication were indexed

(baseline) on 1 January in the year that their respective country of res-

idence was entered into the study, with index years ranging from

2006 to 2017 (Table S2). Each country had its own index year to

adapt to differences in structure between the registries of each partic-

ipating nation; and to ensure, at minimum, 1 year of patient healthcare

history while optimizing the length of follow-up and, subsequently, all-

owing for a sufficient number of CVRD events to occur in those low-

risk individuals.
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2.2 | CVRD outcomes

2.2.1 | Clinical outcomes

The CVRD outcome was defined by the following diseases or events:

HF (including hypertensive HF), kidney disease (including diabetic

nephropathy, acute kidney failure, CKD, unspecified kidney disease,

diabetic kidney disease, and dialysis), stroke (including ischaemic and

haemorrhagic stroke), myocardial infarction, PAD, peripheral artery

revascularization, and intermittent claudication (Table S3).2 In all

countries, the first inpatient or outpatient diagnosis of any of the dis-

eases or events listed above, registered between index (baseline) and

the end of follow-up or death, represented the first CVRD outcome

to occur. The presence of either HF or CKD as a first diagnosis can be

summarized as cardiorenal disease,8 derived from the well-defined

cardiorenal syndrome.23,26,27 Thus cardiorenal disease was described

as a separate entity to the broader CVRD outcome. Additionally, HF

and CKD were described, separately, as their own entities. If the first

hospitalization was because of more than one of the diseases or

events listed above, the diagnosis with the greatest importance was

defined as the first form of CVRD to develop (i.e. the main [primary]

diagnosis was considered more important than any secondary

diagnoses).

2.2.2 | Hospital healthcare costs for CVRD
outcomes

Hospital healthcare costs were extracted from data containing the

actual cost of each individual visit as charged by the healthcare

provider (e.g. the cost reflects the true reimbursement claim to the

local payer). These hospital healthcare costs were cumulatively sum-

marized from index through to the end of follow-up and, importantly,

include costs for all first and all repeated events associated with the

CVRD outcome. Hospital healthcare cost data were available in six of

the 12 participating nations: Canada, Italy, Japan, Portugal, Spain, and

Sweden.

2.3 | Statistical analysis

This study is descriptive and no formal hypothesis was tested

and there were no comparisons between countries. All statistical ana-

lyses were performed in each country separately according to a

prespecified statistical analysis plan. Baseline characteristics were

described using standard statistical measures such as mean and stan-

dard deviation for numerical variables, and frequencies and percent-

ages for categorical variables. The CVRD-free population with type

2 diabetes included in this study is described separately by country

and overall, where the overall summary is weighted according to the

number of individuals from each country.

2.3.1 | Manifestation of clinical outcomes

The first incidence of CVRD among the initially CVRD-free individ-

uals with type 2 diabetes was analysed, accounting for competing

risk of other events and death. Those who did not develop CVRD

during the study period were censored at the end of follow-up, or

when leaving the database. The results are presented separately by

Number of subjects 

Data availability 

Clinical and hospital care cost

Clinical data only

300 000

200 000

100 000

0

F IGURE 1 Countries and distribution of 1.2 million subjects with type 2 diabetes initially free from cardiovascular and renal disease

NORHAMMAR ET AL. 3



T
A
B
L
E
1

B
as
el
in
e
ch

ar
ac
te
ri
st
ic
s
o
f
ea

ch
co

ho
rt
w
it
h
ty
pe

2
di
ab

et
es
,i
ni
ti
al
ly

fr
ee

o
f
ca
rd
io
va
sc
ul
ar

an
d
re
na

ld
is
ea

se
,f
ro
m

1
2
co

un
tr
ie
s

A
ll
C
V
R
D
-f
re
e

T
2
D

pa
ti
en

ts
B
el
gi
um

C
an

ad
a

E
ng

la
nd

G
er
m
an

y
Is
ra
el

It
al
y

Ja
pa

n
T
h
e

N
et
h
er
la
n
d
s

N
o
rw

ay
P
o
rt
u
ga

l
Sp

ai
n

Sw
ed

en

In
de

x
ye

ar
n/
a

2
0
0
6

2
0
0
9

2
0
1
0

2
0
1
4

2
0
0
7

2
0
1
7

2
0
1
6

2
0
1
2

2
0
1
0

2
0
1
7

2
0
1
3

2
0
0
7

St
ud

y
du

ra
ti
o
n,

y
n/
a

1
0

9
9

4
1
2

2
3

6
6

3
7

1
0

N
um

be
r
o
f
pa

ti
en

ts
1
1
7
7
4
0
7

3
2
2
4

2
7
1
6
4

6
6
4
1
2

1
3
6
6
3
5

3
9
0
1
1

2
9
5
9
4
0

2
9
9
9
6
5

3
6
9
0
3

9
4
6
8
3

1
3
1
9
0

2
6
5
4
2

1
3
7
7
3
8

T
o
ta
lf
o
llo

w
-u
p
ti
m
e,

pa
ti
en

t-
ye

ar
s

4
8
5
7
1
7
3

2
7
3
0
5

2
5
0
1
7
4

5
1
1
3
7
2

5
1
4
2
1
3

3
8
0
3
9
9

5
7
5
3
1
1

7
6
8
4
3
0

1
6
9
7
5
4

4
7
7
4
4
2

3
1
5
4
5

9
0
2
4
2

1
0
6
0
9
8
6

A
ge

,y
(S
D
)

6
5
(1
3
)

6
1
(1
4
)

5
5
(1
4
)

6
0
(1
3
)

6
6
(1
2
)

5
8
(1
1
)

6
7
(1
2
)

6
8
(1
2
)

6
7
(1
2
)

6
1
(1
5
)

6
4
(N

A
)

6
7
(1
2
)

6
4
(1
2
)

F
em

al
es
,n

(%
)

5
4
3
6
4
5
(4
6
)

1
7
0
0
(5
3
)

1
4
5
3
3
(5
4
)

3
0
9
5
0
(4
7
)

6
1
2
0
3
(4
5
)

1
8
7
1
5
(4
8
)

1
4
4
5
1
7
(4
9
)

1
2
4
3
0
6
(4
1
)

1
8
3
4
0
(5
0
)

4
6
6
2
3
(4
9
)

5
5
6
4
(4
2
)

1
2
6
8
8
(4
8
)

6
4
5
0
6
(4
7
)

C
V
D

pr
ev

en
ti
o
n,

n
(%

)
8
1
6
7
1
1
(6
9
)

1
6
4
3
(5
1
)

1
5
8
6
8
(5
8
)

5
6
1
3
3
(8
5
)

1
1
1
4
9
6
(8
2
)

3
0
7
3
9
(7
9
)

1
8
0
8
5
3
(6
1
)

1
8
2
2
7
5
(6
1
)

3
3
0
0
3
(8
9
)

6
9
0
0
7
(7
3
)

7
4
8
0
(5
7
)

2
1
8
2
2
(8
2
)

1
0
6
3
9
2
(7
7
)

Lo
w
-d
o
se

as
pi
ri
n,

n
(%

)

2
7
7
3
7
6
(2
4
)

7
0
6
(2
2
)

2
4
8
3
(9
)

2
3
5
1
4
(3
5
)

7
7
7
8
(6
)

1
8
0
8
2
(4
6
)

1
1
0
7
3
5
(3
7
)

3
2
1
6
9
(1
1
)

7
5
9
5
(2
1
)

3
0
0
5
0
(3
2
)

1
0
8
5
(8
)

2
4
7
0
(9
)

4
0
7
0
9
(3
0
)

St
at
in
s,
n
(%

)
5
1
4
8
6
0
(4
4
)

1
0
5
2
(3
3
)

8
2
9
1
(3
1
)

4
7
1
7
6
(7
1
)

4
4
4
4
7
(3
3
)

2
4
1
2
1
(6
2
)

1
4
2
1
5
6
(4
8
)

1
0
1
9
2
4
(3
4
)

2
4
7
6
0
(6
7
)

4
5
1
2
3
(4
8
)

5
0
5
7
(3
8
)

1
1
9
6
4
(4
5
)

5
8
7
8
9
(4
3
)

A
nt
ih
yp

er
te
ns
iv
es

(%
)

5
2
5
1
4
9
(4
5
)

1
6
2
2
(5
0
)

1
3
2
0
5
(4
9
)

3
9
1
9
2
(5
9
)

9
4
5
0
1
(6
9
)

2
0
3
5
3
(5
2
)

1
6
8
5
5
(6
)

1
4
9
1
7
3
(5
0
)

2
4
1
0
7
(6
5
)

5
6
5
3
9
(6
0
)

5
8
3
7
(4
4
)

1
7
7
3
8
(6
7
)

8
6
0
2
7
(6
2
)

A
C
E
in
hi
bi
to
rs

(%
)

2
8
0
8
4
9
(2
4
)

8
3
0
(2
6
)

6
4
4
0
(2
4
)

2
7
1
9
6
(4
1
)

5
9
6
4
4
(4
4
)

1
5
7
6
4
(4
0
)

8
5
9
2
9
(2
9
)

1
4
7
3
6
(5
)

n/
a

1
7
3
7
7
(1
8
)

2
8
5
7
(2
2
)

8
2
5
2
(3
1
)

4
1
8
2
4
(3
0
)

A
R
B
s,
n
(%

)
3
4
4
6
6
5
(2
9
)

4
0
6
(1
3
)

4
4
6
2
(1
6
)

9
1
6
7
(1
4
)

3
3
2
6
4
(2
4
)

3
4
5
5
(9
)

1
1
9
0
2
2
(4
0
)

1
0
4
4
5
9
(3
5
)

n/
a

3
2
2
2
0
(3
4
)

8
3
8
(6
)

7
8
5
8
(3
0
)

2
9
5
1
4
(2
1
)

B
et
a
bl
o
ck
er
s,
n
(%

)
2
6
2
2
7
4
(2
2
)

1
0
8
9
(3
4
)

2
5
8
1
(1
0
)

8
1
6
1
(1
2
)

5
4
3
1
5
(4
0
)

9
2
6
1
(2
4
)

7
8
5
7
1
(2
7
)

2
7
5
3
6
(9
)

1
3
2
3
1
(3
6
)

2
3
2
8
4
(2
5
)

1
3
0
6
(1
0
)

3
9
9
2
(1
5
)

3
8
9
4
7
(2
8
)

LO
O
P
di
ur
et
ic
s,
n
(%

)
1
2
5
8
5
1
(1
1
)

1
8
3
(6
)

7
3
0
(3
)

3
5
1
4
(5
)

1
4
5
8
7
(1
1
)

6
8
3
(2
)

4
5
9
2
6
(1
6
)

2
5
0
2
0
(8
)

3
8
5
4
(1
0
)

9
0
0
2
(1
0
)

5
3
1
(4
)

4
3
0
0
(1
6
)

1
7
5
2
1
(1
3
)

M
R
A
,n

(%
)

2
2
2
3
9
(2
)

1
1
8
(4
)

1
8
7
(1
)

4
1
8
(1
)

1
9
9
7
(1
)

2
4
8
(1
)

6
5
4
6
(2
)

4
1
2
8
(1
)

1
1
0
9
(3
)

1
3
7
5
(1
)

1
2
1
(1
)

1
3
8
0
(5
)

4
6
1
2
(3
)

M
et
fo
rm

in
,n

(%
)

7
2
5
5
2
6
(6
2
)

1
3
3
3
(4
1
)

1
1
7
7
1
(4
3
)

5
4
1
8
0
(8
2
)

9
8
0
4
6
(7
2
)

2
2
6
3
6
(5
8
)

2
2
0
7
8
7
(7
5
)

8
8
8
4
1
(3
0
)

2
9
0
0
0
(7
9
)

7
0
8
1
3
(7
5
)

6
6
9
5
(5
1
)

1
7
7
7
0
(6
7
)

1
0
3
6
5
4
(7
5
)

Su
lp
ho

ny
lu
re
a,
n
(%

)
3
0
3
6
3
3
(2
6
)

9
1
7
(2
8
)

3
9
4
3
(1
5
)

2
3
5
3
0
(3
5
)

2
4
6
4
8
(1
8
)

1
0
5
8
0
(2
7
)

5
9
1
5
7
(2
0
)

7
5
9
7
0
(2
5
)

1
3
9
5
0
(3
8
)

3
3
5
3
5
(3
5
)

1
5
4
2
(1
2
)

8
5
4
6
(3
2
)

4
7
3
1
5
(3
4
)

D
P
P
-4
i,
n
(%

)
2
1
2
0
4
8
(1
8
)

0
(0
)

6
9
(0
)

2
2
2
9
(3
)

2
9
1
3
0
(2
1
)

0
(0
)

1
4
0
7
6
(5
)

1
5
4
9
3
3
(5
2
)

1
9
1
7
(5
)

1
2
7
9
(1
)

2
3
3
7
(1
8
)

6
0
7
8
(2
3
)

0
(0
)

SG
LT

2
i,
n
(%

)
1
0
3
7
4
(1
)

0
(0
)

0
(0
)

0
(0
)

1
1
2
2
(1
)

0
(0
)

1
8
1
(0
)

8
7
8
6
(3
)

0
(0
)

0
(0
)

2
8
5
(2
)

0
(0
)

0
(0
)

G
LP

-1
R
A
,n

(%
)

1
6
4
6
7
(1
)

0
(0
)

0
(0
)

9
7
7
(1
)

3
0
3
7
(2
)

0
(0
)

5
0
9
8
(2
)

6
0
0
0
(2
)

4
8
5
(1
)

3
6
0
(0
)

1
3
6
(1
)

3
7
4
(1
)

0
(0
)

M
eg

lit
in
id
es
,n

(%
)

7
0
6
9
6
(6
)

2
1
7
(7
)

2
0
1
(1
)

4
6
7
(1
)

3
3
5
3
(2
)

1
8
7
1
(5
)

3
6
7
0
7
(1
2
)

1
7
8
0
8
(6
)

3
9
(0
)

2
4
9
(0
)

4
4
(0
)

1
0
8
2
(4
)

8
6
5
8
(6
)

T
hi
az
o
lid

in
ed

io
ne

s,

n
(%

)

5
8
1
3
3
(5
)

1
4
5
(4
)

7
0
7
(3
)

9
1
0
2
(1
4
)

2
1
5
(0
)

2
4
1
6
(6
)

6
4
0
5
(2
)

2
5
5
6
6
(9
)

1
0
3
2
(3
)

4
0
7
4
(4
)

5
5
(0
)

2
2
2
(1
)

8
1
9
4
(6
)

A
ca
rb
o
se
,n

(%
)

7
3
5
2
1
(6
)

3
(0
)

4
6
(0
)

2
0
2
(0
)

1
2
8
8
(1
)

2
1
6
2
(6
)

1
2
3
7
8
(4
)

5
4
3
5
4
(1
8
)

4
5
(0
)

6
4
2
(1
)

9
5
(1
)

3
1
6
(1
)

1
9
9
0
(1
)

In
su
lin

,n
(%

)
2
2
5
7
6
9
(1
9
)

5
7
5
(1
8
)

6
0
7
(2
)

8
3
9
9
(1
3
)

2
9
6
4
8
(2
2
)

3
5
6
1
(9
)

3
1
7
2
4
(1
1
)

8
0
2
6
7
(2
7
)

1
0
2
2
0
(2
8
)

1
4
9
8
6
(1
6
)

7
1
5
(5
)

5
1
5
8
(1
9
)

3
9
9
0
9
(2
9
)

A
ll
nu

m
be

rs
in

pa
re
nt
he

si
s
ar
e
pe

rc
en

ta
ge

if
no

t
st
at
ed

o
th
er
w
is
e.

A
bb

re
vi
at
io
ns
:A

C
E
,a
ng

io
te
ns
in
-c
o
nv

er
ti
ng

en
zy
m
e;

A
R
B
s,
an

gi
o
te
ns
in

re
ce
pt
o
r
bl
o
ck
er
s;
C
V
D
,c
ar
di
o
va
sc
ul
ar

di
se
as
e;

C
V
R
D
,c
ar
di
o
va
sc
ul
ar

an
d
re
n
al
d
is
ea

se
;D

P
P
-4
i,
d
ip
ep

ti
d
yl
-p
ep

ti
d
as
e-
4
in
h
ib
it
o
rs
;G

LP
-

1
R
A
,g
lu
ca
go

n-
lik
e
pe

pt
id
e-
1
re
ce
pt
o
r
ag
o
ni
st
;L

O
O
P
,L
o
o
p
di
ur
et
ic
s;
M
R
A
,M

in
er
al
o
co

rt
ic
o
id

re
ce
pt
o
r
an

ta
go

ni
st
;n

/a
,n

o
t
ap

pl
ic
ab

le
;S

D
,s
ta
nd

ar
d
d
ev

ia
ti
o
n
;S

G
LT

2
i,
so
d
iu
m
-g
lu
co

se
co

-t
ra
n
sp
o
rt
er
-2

in
hi
bi
to
rs
;T

2
D
,t
yp

e
2
di
ab

et
es
.

4 NORHAMMAR ET AL.



F IGURE 2 Cumulative incidence of cardiovascular and renal disease (184 420 [15.7%]) in 1 177 407 individuals with type 2 diabetes, initially
free from any prior cardiovascular and renal disease, from 12 countries. CKD, chronic kidney disease; HF, heart failure

F IGURE 3 Detailed proportions of all incident cardiovascular and renal disease (CVRD) manifestations (184 420 [15.7%]) in 1 177 407
individuals with type 2 diabetes, initially free from any prior CVRD, across 12 countries. CKD, chronic kidney disease; HF, heart failure; MI,
myocardial infarction; PAD, peripheral artery disease
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country in cumulative incidence plots (i.e. the proportion of individ-

uals with a CVRD event over time) and by description of the rela-

tive proportion of event types among individuals who experienced

a CVRD event during follow-up. All analyses of the cumulative inci-

dence are descriptive and formal analyses between countries were

not performed.

2.3.2 | Hospital healthcare costs

Hospital healthcare costs were first summarized annually within each

individual as the total cost per year per diagnosis and then summa-

rized further within each country as the mean cost per individual per

year for each participating nation with available cost data. Hospital

Cu
m

ul
a�

ve
 h

os
pi

ta
l h

ea
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Myocardial infarc�onCardiorenal disease (HF or CKD)

Stroke 

Time in study (y)

F IGURE 4 Cumulative hospital healthcare costs including the first and repeated cardiovascular and renal disease (CVRD) in individuals with
type 2 diabetes, initially free from any prior CVRD, from six countries. CKD, chronic kidney disease; HF, heart failure
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healthcare costs were censored from death onwards, whereas individ-

uals leaving the database were not included in the denominator from

the year after they left the database. Results are presented separately

for each country and no formal comparisons between countries were

performed. All diagnoses were analysed independently from other

diagnoses and, thus, hospitalizations because of more than one of the

targeted CVRD diagnoses contribute hospital healthcare costs to each

of the included diagnoses. Therefore, one cannot add the hospital

healthcare costs of two diagnoses to form a combined cost. For the

purpose of currency conversion to US$, US$1 equalled 0.77 Canadian

dollars, 1.13 Euros, 8.56 Swedish krona, and 108.59 Japanese yen. All

analyses were conducted using R statistical software (R version 3.5.0).

3 | RESULTS

In total, 1 177 407 CVRD-free individuals with type 2 diabetes were

identified and followed for an average of 4.5 years, a total of 4.9 mil-

lion patient-years. The proportion of that population indexed before

2010, during 2010-2015, and after 2015 was 18% (207 137 individ-

uals), 31% (361 175), and 52% (609 095), respectively. The mean age

ranged from 55 to 68 years and individuals in Germany, Italy, Japan,

the Netherlands, and Spain were, in general, somewhat older than in

the other countries (Table 1). Use of antidiabetic and cardiovascular

risk-lowering therapies varied slightly between cohorts. The use of

one or more cardiovascular preventive treatments was common, even

in this initially CVRD-free cohort (51% to 89%).

Cardiorenal disease (HF or CKD) was consistently the most fre-

quent disease to develop first, increasing early on during the follow-

up period across all countries (Figures 2 and S2). Of the 1 177 407

CVRD-free individuals with type 2 diabetes, 184 420 (15.7%) devel-

oped CVRD during 4.5 years (mean) of follow-up. Of the potential

CVRD outcomes, cardiorenal disease (59.7%), consisting of HF

(23.0%) and CKD (36.7%), was the most common to develop first;

4-fold more common than stroke (16.9%) and myocardial infarction

(13.7%), and 6-fold more common than PAD (9.7%) (Figure 3). These

findings were similar in countries with a short follow-up (Italy

[2 years], Japan [2.5], and Portugal [3]) and those with a longer fol-

low-up (Sweden [10], England [10], and Israel [12]).

3.1 | Hospital healthcare costs

In 800 539 CVRD-free individuals with type 2 diabetes (68.0% of the

entire study population) from the six countries with available hospital

healthcare cost data (Italy, Canada, Japan, Portugal, Spain, and

Sweden), patterns of initial CVRD development (Figure 2) and propor-

tions of cumulative incident CVRD (Figure 3) were similar to that

across the six countries without available hospital healthcare cost

data. The cumulation of hospital healthcare cost (Figure 4) followed

the same pattern as that of the cumulation of incident CVRD

(Figure 2). Costs for cardiorenal disease (HF or CKD) hospital

healthcare were consistently higher compared with costs related to

atherosclerotic cardiovascular diseases (stroke, myocardial infarction,

Panel 1
Distribu�on of

100 002 CVRD manifesta�on events

Panel 2 
Distribu�on of  

US$1.1 billion CVRD healthcare cost

F IGURE 5 Cardiorenal disease manifestation and associated hospital healthcare costs compared with atherosclerotic cardiovascular disease
during follow-up of 800 539 cardiovascular and renal disease (CVRD)-free individuals with type 2 diabetes in six countries with available hospital
healthcare cost data: Italy, Canada, Japan, Portugal, Spain, and Sweden. Panel 1 shows the distribution of first CVRD event manifestations. Panel
2 shows the distribution of total cumulative healthcare costs for all first and repeated events associated with CVRD hospital events. PAD,
peripheral artery disease
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and PAD; Figure 4). Notably, in countries with a longer follow-up of

7-10 years, such as Canada, Spain, and Sweden, costs for cardiorenal

disease hospital healthcare increased progressively, while the increase

in costs for myocardial infarction, stroke, and PAD were more linear

(Figure 4). The detailed cumulative hospital healthcare costs during

follow-up for the separate components of CVRD are described in

Table S6.

The proportions for the incidence of each form of CVRD

(Figure 5, Panel 1) were similar to the distribution of total hospital

healthcare costs for those diseases (Figure 5, Panel 2). Of the US

$1 090 129 146 in total hospital healthcare cost, 59.0% (US

$643 338 774) was attributed to cardiorenal disease; 3-, 5-, and

6-fold more costly than stroke (US$208 million), myocardial infarction

(US$133 million), and PAD (US$100 million), respectively.

4 | DISCUSSION

In this large population-based study including approximately 1.2 mil-

lion individuals with type 2 diabetes from 12 countries and different

ethnic populations across North America, Asia, and Europe, cardio-

renal disease (i.e. HF or CKD) was consistently the most frequent

form of CVRD (60%) to develop first in this initially CVRD-free popu-

lation. Relative to other forms of CVRD, cardiorenal disease was asso-

ciated with the highest hospital healthcare costs (59%), with 3-, 5-,

and 6-fold higher costs than those resulting from stroke, myocardial

infarction, and PAD, respectively. These findings were remarkably

similar between countries with a short follow-up (2-4 years) and those

with a longer follow-up (10-12 years), showing a robustness in the

data with its consistency throughout different time periods and

changes in guidelines, treatment strategies, and healthcare structures.

In similar research that covered half of the countries included in

this study,2 cardiorenal disease was also consistently the most fre-

quent disease to first develop in a population with type 2 diabetes ini-

tially free of CVRD. This prominence in cardiorenal disease could

partly be explained by the role of type 2 diabetes as a central risk fac-

tor for both HF and kidney disease.28,29 Importantly, this study builds

upon previous research by, to the best of our knowledge, detailing for

the first time in a contemporary setting that cardiorenal disease is

associated with higher hospital healthcare costs over time compared

with atherosclerotic cardiovascular diseases. These results emphasize

the importance of conducting clinical cardiorenal risk assessment,

in addition to microvascular and atherosclerotic cardiovascular risk

management (prevention of microvascular and macrovascular dis-

eases), to prevent the costly and burdensome complications of type

2 diabetes.8,30

In a large study, Rawshani et al. reported that sufficient risk factor

management could significantly reduce or even eliminate the excess

risk of atherosclerotic cardiovascular disease.31 However, the sub-

stantial excess risk associated with HF was not completely eliminated

with traditional risk factor management. This excess risk might

account for the increased incidence of HF in the present study, given

that, with a mix of aetiologies in diabetes, the risk of HF is less

impacted by traditional risk management (e.g. statins, low-dose aspi-

rin, and antihypertensives) than that of myocardial infarction, for

example. Ischaemic cardiomyopathy is generally considered to be the

most common cause of HF in diabetes. However, in our uniquely

‘low-risk’ population, no such studies on aetiology have been

reported. Hence, compared with the general hospitalized HF patient

largely burdened with prior coronary ischaemic diagnoses, one could

speculate if the importance of other co-morbidities, such as hyperten-

sive and renal involvement, or a pure diabetic cardiomyopathy, might

be greater in our low-risk population with type 2 diabetes. The

increased incidence in HF could also be explained by a comparatively

recent increase in the awareness of HF with preserved systolic func-

tion, which is especially associated with co-morbidities commonly

seen in diabetes, such as hypertension, atrial fibrillation, obesity, and

renal disease. Whatever the mechanisms behind the excess risk of HF

despite effective, preventive treatment of lipids, hypertension, glu-

cose control, and albuminuria, there is indeed an unmet preventive

clinical need in individuals with type 2 diabetes.31 Because the major-

ity of individuals with type 2 diabetes are free of CVRD,2 improved

prevention of HF and CKD is of critical importance and can be

expected to have a significant impact on future healthcare

utilization.8,25,31

Recent evidence detailing the association between cardiorenal

disease and mortality supports the findings from this study,2 stressing

an urgent need for improved preventive treatment strategies. Further-

more, episodes of HF have been shown to increase the risk of CKD

progression by up to 3-fold. Declining kidney function also leads to

worse HF, suggesting a strong interplay between these complications.

This highlights that any interventions should be designed to elicit ben-

efits for both components of cardiorenal disease, rather than one or

the other. It has been reported that novel glucose-lowering drugs like

SGLT2is have strong and consistent effects, reducing cardiorenal risk

in individuals with type 2 diabetes without established CVRD.15,18

Subsequently, SGLT2is may contribute to an improved primary pre-

ventive strategy and clinical practice, complementing important, tradi-

tional atherosclerotic cardiovascular disease risk factor management

in type 2 diabetes.8

4.1 | Strengths and limitations

To the best of our knowledge, this study is the first to report clinical

cardiorenal disease development and subsequent hospital healthcare

costs in individuals with type 2 diabetes across several continents and

ethnicities. Using available diagnoses (including signs and symptoms)

and treatments that indicate ischaemic coronary diseases, cerebral

ischaemia, diagnoses of peripheral ischaemic symptoms, HF, atrial

fibrillation (representing a risk of incident HF), and a wide diagnostic

selection of CKD, this study was able to include a CVRD-free popula-

tion that is representative of the majority of individuals with type

2 diabetes.2,4 Remarkably, findings were consistent across all partici-

pating nations, despite differences in ethnicity and the structure of

healthcare systems, variations in the index dates for each country, and
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changes in treatment guidelines, showing the robust nature of the

data. Hospital healthcare costs also include the costs of the first and

all repeated CVRD events requiring hospitalization during follow-up

(e.g. healthcare costs for all HF admissions and readmissions were

added in the cumulative calculation). The diagnoses used for CKD in

this study have previously been validated, showing a high positive

predictive value for diagnoses set in hospital visits (outpatient and

inpatient visits), outpatient visits, and primary care visits (Figures S4,

S5, and S6, respectively).2,18

Despite the large size of the study, its findings should be inter-

preted within the context of several potential limitations. Data

sources vary in terms of treatment-level coverage (primary or hospital

care) and the proportions of the population covered might have, sub-

sequently, resulted in an insufficient amount of information to confirm

that individuals with type 2 diabetes are truly free of CVRD at index.

The remarkable robustness of CVRD manifestation and its associated

trends in hospital healthcare cost are, however, supported by observa-

tion in a diversity of registry properties and healthcare systems across

the participating nations (Figure S1). Examples of significant differ-

ences in registry properties are access to primary and hospital

healthcare (Belgium, Canada, Germany, Israel, Italy, The Netherlands,

Portugal, Spain, and the England) versus hospital-only healthcare

(Japan, Norway, and Sweden), full population data (Norway and Swe-

den), representative population data (all countries) and, finally, differ-

ent ethnicities (American, Asian, and European). Only outcomes

requiring hospital care were used, which might have underestimated

less severe conditions (e.g. those that are managed in primary care).

Given that costs for primary care health were not accounted for, the

estimated healthcare costs may also be underestimated. However,

prior studies have shown that the majority (75%) of healthcare costs

are attributed to hospital care, while only 25% may be attributable to

primary care.32 Validation of HF diagnoses from hospital care has

been evaluated in previous research, but not in a CVRD-free type

2 diabetes population, such as that in the present study. The registries

lack numerous variables, which might have influenced the results

(e.g. diabetes duration, hypertension duration, body mass index, labo-

ratory records, proteinuria measurements, measurements of cardiac

function, smoking status, alcohol intake, diet, physical activity, stress,

and environmental factors). Given that CKD is generally symptom free

in its early phases and that a diagnosis relies on having measured albu-

minuria or estimated glomerular filtration rate, the incidence of CKD

might be underestimated. Type of kidney disease was not available in

all countries and, for example, patients with full recovery after an

acute kidney injury might have contributed to the CKD manifestation

findings. However, acute kidney injury and CKD are closely inter-

connected syndromes where CKD is a risk factor for acute kidney

injury, acute kidney injury a risk factor for development of CKD, and

both CKD and acute kidney injury are risk factors for cardiovascular

disease.33 Hence, the likelihood of acute kidney injury leading to an

overestimation of CKD manifestation in this population is probably

low. Hospital healthcare costs could only be obtained in six of the

12 countries. However, these cohorts could be judged representative

of the wider population, still covering 68% of the total CVRD-free

population with type 2 diabetes (800 539 of 1 177 407 individuals)

across North America, Asia, and Europe, each with similar characteris-

tics and incidences of CVRD to those of the entire study cohort.

Although the majority of healthcare costs are attributed to hospital

care that is registered for claim purposes, other related costs for car-

diovascular/antidiabetic drugs, indirect disease burden (e.g. sick leave),

and primary care costs were not addressed in the present study.

Therefore, it is expected that the cost of healthcare utilization has

been underestimated. In some countries (Portugal and Spain), com-

plete coverage of all patient-related hospital care costs for procedures

like dialysis or peripheral amputations was lacking, whereas coverage

was complete in other registries that are nationwide (Sweden), state-

wide (Canada), and full population (Japan and England).

Future research on cardiorenal manifestation in this large group

of younger and comparatively low-risk individuals with type 2 diabetes

is encouraged to address questions not assessed in the present study

(e.g. the impact of the duration of diabetes and/or hypertension, and

the influence of classic risk factors [systolic blood pressure, choles-

terol levels, and smoking]).

In conclusion, this large multinational study showed that cardio-

renal disease was consistently the most frequent form of CVRD to

develop first in an initially CVRD-free population of 1.2 million indi-

viduals with type 2 diabetes. Additionally, cardiorenal disease was

associated with higher hospital healthcare costs than those for ath-

erosclerotic cardiovascular diseases. These results further emphasize

the existence of an unmet clinical need, a need to implement modern,

evidence-based preventive strategies that reduce the incidence of

cardiorenal disease and ease the substantial burden that these com-

plications of type 2 diabetes impose at a humanistic and societal

level.
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