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Aims The association between socioeconomic position and cardiovascular disease has not been well studied in patients
with type 2 diabetes. We aimed to examine the association between socioeconomic position and first-time major
adverse cardiovascular events (MACE) in patients with type 2 diabetes.

...................................................................................................................................................................................................
Methods
and results

Through the Danish nationwide registers, we identified all residents with newly diagnosed type 2 diabetes between
2012 and 2017. Based on sex-stratified multivariable cause-specific Cox regression models, we calculated the
standardized absolute 5-year risk of the composite outcome of first-time myocardial infarction, stroke, or
cardiovascular mortality (MACE) according to income quartiles. A total of 57 106 patients with type 2 diabetes
were included. During 155 989 person years, first-time MACE occurred in 2139 patients. Among both men and
women, income was inversely associated with the standardized absolute 5-year risk of MACE. In men, the 5-year
risk of MACE increased from 5.7% [95% confidence interval (CI) 4.9–6.5] in the highest income quartile to
9.3% (CI 8.3–10.2) in the lowest income group, with a risk difference of 3.5% (CI 2.4–4.7). In women, the risk of
MACE increased from 4.2% (CI 3.4–5.0) to 6.1% (CI 5.2–7.0) according to income level, with a risk difference of
1.9% (CI 0.8–2.9).

...................................................................................................................................................................................................
Conclusion Despite free access to medical care in Denmark, low-socioeconomic position was associated with a higher 5-year

risk of first-time MACE in patients with incident type 2 diabetes. Our results suggest prevention strategies could
be developed specifically for patients with low-socioeconomic position.
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Introduction

Patients with type 2 diabetes (T2D) have excess rates of adverse
cardiovascular outcomes and all-cause mortality, two-fold higher
than the general population.1,2 Identification of patients with T2D at
higher risk of these events could help target primary prevention strat-
egies and improve long-term outcomes.

Socioeconomic factors are known to affect health and, thus,
socioeconomic position (i.e. an individual’s social position relative to
other members of a society) may be a good marker of disadvantaged
patients.3 In high-income countries, low-socioeconomic position
has consistently been associated with a higher incidence of T2D,4

myocardial infarction,5 and stroke.6 However, there is a paucity of
studies investigating whether socioeconomic disparities in cardiovas-
cular disease also exist in patients with T2D. Most of the
available evidence suggest an inverse association with socioeconomic
position.7–11 Yet, the evidence is inconsistent.12,13 Further, prior
studies did not systematically account for confounders like
comorbidities,7 individual-level socioeconomic data,7,8 type or dur-
ation of diabetes,7,11,12 or did not examine first-time cardiovascular
events.7–10,12,13 In addition, no large cohort study has investigated the
association between socioeconomic position and cardiovascular
events in a contemporary population of patients with T2D
after implementation of glycated haemoglobin (HbA1c) in the
diagnostic criteria, emphasizing the need for updated research of
this topic.14

In Denmark, the healthcare system offers free, equal, and universal
access for all residents and, thus, provides a setting without the influ-
ence of financial barriers in access to medical care. We aimed to
examine the association between socioeconomic position and first-
time cardiovascular event in a Danish nationwide cohort of patients
with incident T2D.

Methods

Data sources
We conducted a nationwide cohort study using the registers in Denmark
where all residents are provided with a unique and personal civil registra-
tion number that enables individual-level linkage of nationwide registers.
In this study, we combined information from (i) the Danish National
Patients Register that holds information on all admissions to hospitals
since 1977, and outpatient visits since 1995, coded according to the
International Classification of Diseases (ICD)-8 from 1977 to 1993, and
the ICD-10 system since 199415; (ii) the Register of Medicinal Product
Statistics (the national prescription register) that holds information about
all dispensed prescriptions since 1995 according to the anatomical thera-
peutical chemical (ATC) classification system16; (iii) the Danish Civil
Registration System register that holds information on sex, date of birth,
immigration, emigration, cohabitation status, and vital status17; (iv) the
Danish Income Statistics Register with information on income18; (v) the
Danish Student Register with information on highest attained educational
level19; and (vi) the Danish Register of Causes of Death that holds infor-
mation on causes of death from death certificates.

Study population
We identified all Danish residents with incident diabetes between
1 January 2012 and 31 December 2017. The date of diagnosis was defined

as the time of first redeemed prescription of an antidiabetic drug (ATC
A10) or as the time of first registered code of diabetes as primary diagno-
sis (ICD-10 codes E10–E14, O24, or H36.0), whichever came first. In the
Danish registers, these two approaches have a positive predictive value
of 95% and 97% and a sensitivity of 72% and 64%, respectively.20

We excluded patients younger than 40 years of age at time of diagnosis
in order to exclude patients with type 1 diabetes and since income is rela-
tively stable after 40 years of age.21 Further exclusion criteria are pre-
sented in the population flowchart (Figure 1). Moreover, we accounted
for polycystic ovary syndrome by only including prescriptions of metfor-
min in women after they had turned 40 years, if they were in metformin
monotherapy and without a code of diabetes. Lastly, patients with gesta-
tional diabetes were not considered initially but were included if they sub-
sequently developed diabetes (definition in Supplementary material
online, Table S1).

Since initial treatment of T2D (antidiabetic, antihypertensive, and lipid-
lowering treatment) is likely to be changed during the first months after
diagnosis and in order to exclude patients with pre-existing, non-clinically
recognized ischaemic heart disease, study entry date was set to 90 days
after date of incident diabetes diagnosis. Thus, all incident T2D patients
without existing ischaemic heart disease, prior stroke, and/or peripheral
artery disease, who were alive at this time were included in the study.

Socioeconomic position
We used equivalized disposable income as the primary proxy for socioe-
conomic position. This was measured as the total disposable income of
the household and divided by the weighted number of individuals living in
the household, using the Organization for Economic Co-operation and
Development (OECD) modified scale where first adult counted as 1, fur-
ther adults as 0.5, and individuals younger than 14 years as 0.3.18 Income
was corrected for inflation to year 2015. In order to minimize the effect
of yearly variations, income was measured as the 5-year mean prior to
the study entry date (90 days after diagnosis of T2D) and was grouped
according sex- and age-group-specific quartiles (40–64, 65–79 years).
Thus, patients were assigned to one of four income groups (lowest, se-
cond lowest, second highest, and highest).

Patients’ highest attained educational level were divided into three
groups according to the International Classification of Education
(ISCED)23; (i) basic education (ISCED level 0–2); (ii) high school or voca-
tional education (ISCED level 3); and (iii) higher education including
short-term higher education, bachelor’s/master’s/doctoral degree or
equivalent (ISCED level 5 or higher).

Baseline medication and comorbidities
Medical treatment at baseline was identified through ATC-codes and
defined as at least one redeemed prescription 180 days prior to baseline
(Supplementary material online, Table S2). Comorbidities were defined
according to hospital ICD-codes from the Danish National Patient
register (10 years before study entry) (Supplementary material online,
Table S1, definitions and ICD-codes). Moreover, dispensation of relevant
pharmacotherapy was also applied for defining hypertension, chronic ob-
structive pulmonary disease/asthma, depression, and bipolar or psychotic
disorders (Supplementary material online, Table S1).

Outcomes
The primary outcome was first-time major adverse cardiovascular event
(MACE), defined as stroke, myocardial infarction, or cardiovascular death
(defined by ICD-10 codes in Supplementary material online, Table S1),
whichever came first. The first occurrence of stroke, myocardial infarc-
tion, cardiovascular mortality, and all-cause mortality was examined as
secondary outcomes. The diagnoses of stroke and myocardial infarction
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..have previously been validated with positive predictive values between
80.5% and 97.0% and 92.4% and 100%, respectively.15,24

Statistics
Baseline characteristics were grouped according to income group and
presented as frequencies and percentages for categorical variables and as
medians with interquartile ranges (IQR) for continuous variables.

All patients were followed from study entry date until event of inter-
est, emigration, death, end of study (MACE, stroke, myocardial infarction,
and cardiovascular death: 31 December 2017; all-cause mortality:
31 December 2018), or a maximum of 5 years, whichever came first. All
analyses were performed separately for men and women.

The Aalen–Johansen method was used to obtain overall 5-year risks of
MACE according to income groups. We used multivariable cause-specific
Cox regression to model the hazard rates of the event of interest
(MACE, stroke, myocardial infarction, and cardiovascular death) and

separately the hazard rate of the competing risk: death without the event
of interest.25 The Cox regression analyses were adjusted for age at base-
line (restricted cubic splines with three knots), calendar year, cohabit-
ation status, baseline comorbidities (heart failure, peripheral vascular
disease, atrial fibrillation, hypertension, chronic obstructive pulmonary
disease, chronic kidney disease, cancer, depression, and bipolar/psychotic
disorders), and medication (statins, antithrombotics, anticoagulants, loop
diuretics, insulin, metformin, and sulfonylurea). Based on the Cox regres-
sion models, we reported the standardized absolute 5-year outcome
risks and differences thereof according to income groups.26 For MACE,
we also reported the relative risk ratios.

Analyses of all-cause mortality were performed in the same way based
on a Cox regression model for the hazard rate of all-cause death.
We repeated all analyses in subgroups according to sex and age-groups
(40–64, 65–79 years). Lastly, in sensitivity analyses for MACE, we
replaced income groups with educational level.

Figure 1 CONSORT study flow diagram. CABG, coronary artery bypass graft surgery; PAD, peripheral artery disease; PCI, percutaneous coron-
ary intervention.

Socioeconomic position and risk of cardiovascular event in patients with type 2 diabetes 1821
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.
All analyses were performed in R, version 4.0.3.27 The level of statistic-

al significance was set at 5%, and the 95% confidence intervals (CIs) were
reported for all the outcomes of interest.

Ethics
Retrospective register-based studies do not need ethical approval in
Denmark. Permission to use data from the Danish national registries for
research has been granted by the Knowledge Center on Data Protection
Compliance—The Capital Region of Denmark (approval number:
P-2019-348).

Results

Study cohort and baseline characteristics
Diabetes was diagnosed in 126 025 patients in Denmark between
2012 and 2017. After applying the exclusion criteria (Figure 1), 57 106
patients were included in the final study cohort. The median age
was 60 years (IQR, 52–68 years) among men and 61 years (IQR,
52–69 years) among women. Baseline characteristics varied by in-
come (Table 1). In both men and women, patients in the lowest in-
come group were less educated, more likely to live alone, had a
higher comorbidity-burden, and were more likely to be treated with
cardiovascular medications. Yet, among men, the use of statins and
renin-angiotensin system (RAS) inhibitors increased with increasing
income level.

Major adverse cardiovascular events
During 155 989 person years, first-time MACE occurred in 2139
patients. Among both men and women, the crude, unadjusted 5-year
risk of MACE increased with lower income group: among men, from
5.1% (CI 4.4–5.9) in the highest income group to 10.6% (CI 9.6–11.6)
in lowest income group; among women, from 3.9% (CI 3.1–4.6) to
7.6% (CI 6.6–8.6). After standardization, income remained inversely
associated with the risk of MACE (Figure 2). In men, the standardized
5-year risk of MACE increased from 5.7% (CI 4.9–6.5) in the highest
income group to 9.3% (CI 8.3–10.2) in the lowest income group. In
women, the standardized 5-year risk of MACE increased from 4.2%
(CI 3.4–5.0) to 6.1% (CI 5.2–7.0). When comparing the lowest and
highest income groups, we observed an absolute risk difference of
3.5% (CI 2.4–4.7) among men and 1.9% (CI 0.8–2.9) among women
(Figure 3). When looking at relative measures, we observed 5-year
risk ratios of MACE of 1.6 (CI 1.4–1.9; highest vs. lowest income
group) among men and of 1.5 (CI 1.1–1.8; highest vs. lowest income
group) among women. In age-subgroups, the inverse association be-
tween income and MACE was consistent (Figure 3). Yet, among the
youngest (40–64 years) women, the association was borderline sig-
nificant. Further, risk differences of MACE increased with male sex
and with older age.

Secondary outcomes
Overall, stroke occurred in 1058 patients, myocardial infarction in
708 patients, cardiovascular death in 1021, and all-cause mortality in
4158 patients. Among men, low income was associated with an
increased risk of all secondary outcomes: stroke, myocardial infarc-
tion, cardiovascular death, and all-cause mortality (Figure 4). In sub-
group analyses, this pattern was observed in both age-groups for all

secondary outcomes (Supplementary material online, Figures S1–S4).
Among women, an inverse significant association by income group
was observed for the specific secondary outcomes of stroke and
cardiovascular death (Figure 4). However, we did not observe a
significant inverse association by income group with myocardial
infarction or all-cause mortality. In subgroup-analyses among the
youngest female patients (40–64 years), income reached borderline
statistical significance for cardiovascular mortality and all-cause
mortality, whereas statistically significance was reached only for
stroke among the oldest patients (65–79 years) (Supplementary ma-
terial online, Figures S1–S4).

Educational level
In general, educational level was associated with baseline characteris-
tics in a pattern similar to income levels (Supplementary material
online, Table S3). Among both men and women, attained educational
level was also inversely associated with MACE (Supplementary
material online, Figure S5). Among men, patients with lowest educa-
tional level had a 1.4% (CI 0.4–2.5) higher 5-year risk of MACE
than patients in the highest educational level (Supplementary material
online, Figure S5). The risk difference among women was 1.9%
(CI 0.9–2.8). In women, this inverse relation was evident in both age
groups (Supplementary material online, Figure S5). Among men, the
inverse relation between educational level and MACE was significant
for youngest patients (40–64 years) but not significant for the oldest
patients (65–79 years).

Discussion

This nationwide study is the first large cohort study investigating the
association between socioeconomic position and the risk of first-
time cardiovascular outcomes in a contemporary population of
patients with incidence T2D. Low-socioeconomic position was asso-
ciated with higher absolute risks of adverse cardiovascular events, in-
dependently of comorbidities, among both men and women in
patients with T2D. This was observed despite a strong Danish social
welfare system, with free access to medical care and education and
socioeconomic differences minimized by state, regions, and munici-
palities. Differences in outcome by socioeconomic position are likely
to be more prominent in countries without the strong social safety
net found in Scandinavia. Moreover, despite being implemented as a
risk modifier in the 2016 European guidelines on cardiovascular
disease prevention in clinical practice,28 socioeconomic position is
neither included in systematic cardiovascular risk stratification nor as
a risk modifier in the 2019 European guidelines on diabetes, pre-dia-
betes, and cardiovascular disease.2 In this context, our findings under-
score the importance of considering socioeconomic position in
primary preventive strategies for cardiovascular disease among
patients with T2D.

Some prior cohort studies have investigated the rates of cardiovas-
cular outcomes according to socioeconomic differences in patients
with T2D before the new definition of diabetes.7–13 Moreover, these
studies differed from our study by either using
area-based socioeconomic position as a proxy for individual-level
socioeconomic position,7,8 not adjusting for comorbidities or
medication,7,12 using educational levels as primary exposure,9,13 or by

1822 A.C. Falkentoft et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/28/16/1819/6283885 by M
edicinsk Bibliotek, Aalborg Sygehus SYD

 user on 11 February 2022

https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwab065#supplementary-data


..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

T
ab

le
1

B
a
se

li
n

e
c
h

a
ra

c
te

ri
st

ic
s

o
f
th

e
5
7

1
0
6

p
a
ti

e
n

ts
w

it
h

ty
p

e
2

d
ia

b
e
te

s
a
c
c
o

rd
in

g
to

q
u

a
rt

il
e
s

o
f
in

c
o

m
e

a
n

d
se

x

V
a
ri

a
b

le
s

M
a
le

F
e
m

a
le

In
c
o

m
e

g
ro

u
p

In
c
o

m
e

g
ro

u
p

L
o

w
e
st

S
e
c
o

n
d

lo
w

e
st

S
e
c
o

n
d

h
ig

h
e
st

H
ig

h
e
st

L
o

w
e
st

S
e
c
o

n
d

lo
w

e
st

S
e
c
o

n
d

h
ig

h
e
st

H
ig

h
e
st

(n
5

7
8
7
9
)

(n
5

7
8
7
7
)

(n
5

7
8
7
7
)

(n
5

7
8
7
7
)

(n
5

6
3
9
9
)

(n
5

6
3
9
9
)

(n
5

6
3
9
9
)

(n
5

6
3
9
9
)

A
ge

59
(5

0–
70

)
59

(5
0–

68
)

60
(5

3–
67

)
61

(5
5–

67
)

60
(5

0–
71

)
61

(5
0–

70
)

61
(5

2–
68

)
61

(5
4–

67
)

In
co

m
e

ad
ju

st
ed

to
20

15

le
ve

ls
in

Eu
ro

s

20
93

5
(1

8
67

4–
22

61
2)

27
75

5
(2

5
94

7–
30

28
0)

35
51

5
(3

3
33

2–
38

13
1)

48
72

5
(4

4
11

4–
57

51
4)

20
45

7
(1

8
79

8–
22

44
5)

26
44

6
(2

3
25

3–
29

10
0)

33
03

8
(2

8
85

9–
36

36
5)

45
20

7
(4

0
92

4–
52

44
2)

Ed
uc

at
io

na
ll

ev
el

Ba
si

c
ed

uc
at

io
n

38
29

(5
0.

0)
30

33
(3

9.
2)

21
52

(2
7.

7)
12

15
(1

5.
6)

37
13

(5
9.

2)
29

12
(4

6.
1)

20
23

(3
1.

9)
12

34
(1

9.
4)

H
ig

h
sc

ho
ol

/v
oc

at
io

na
l

32
52

(4
2.

5)
39

55
(5

1.
1)

41
71

(5
3.

6)
35

82
(4

5.
9)

20
48

(3
2.

6)
25

64
(4

0.
6)

28
84

(4
5.

4)
26

75
(4

2.
1)

H
ig

he
r

ed
uc

at
io

n
57

6
(7

.5
)

74
7

(9
.7

)
14

57
(1

8.
7)

30
03

(3
8.

5)
51

5
(8

.2
)

83
9

(1
3.

3)
14

39
(2

2.
7)

24
48

(3
8.

5)

M
is

si
ng

22
2

14
2

97
77

12
3

84
53

42

Li
vi

ng
al

on
e

48
39

(6
1.

4)
30

02
(3

8.
1)

18
63

(2
3.

7)
14

05
(1

7.
8)

40
99

(6
4.

1)
29

95
(4

6.
8)

18
78

(2
9.

3)
11

66
(1

8.
2)

C
om

or
bi

di
tie

s,
(%

)

H
ea

rt
fa

ilu
re

34
4

(4
.4

)
27

6
(3

.5
)

22
1

(2
.8

)
16

6
(2

.1
)

17
4

(2
.7

)
14

8
(2

.3
)

12
6

(2
.0

)
89

(1
.4

)

A
tr

ia
lfi

br
ill

at
io

n
52

2
(6

.6
)

52
5

(6
.7

)
43

8
(5

.6
)

46
6

(5
.9

)
29

3
(4

.6
)

27
8

(4
.3

)
26

7
(4

.2
)

21
3

(3
.3

)

H
yp

er
te

ns
io

n
33

01
(4

1.
9)

34
44

(4
3.

7)
33

60
(4

2.
7)

33
48

(4
2.

5)
28

85
(4

5.
1)

29
64

(4
6.

3)
29

17
(4

5.
6)

27
69

(4
3.

3)

C
O

PD
/a

st
hm

a
11

84
(1

5.
0)

10
46

(1
3.

3)
74

5
(9

.5
)

62
1

(7
.9

)
12

05
(1

8.
8)

11
30

(1
7.

7)
92

3
(1

4.
4)

75
7

(1
1.

8)

C
hr

on
ic

ki
dn

ey
di

se
as

e
20

6
(2

.6
)

21
8

(2
.8

)
19

1
(2

.4
)

16
3

(2
.1

)
15

4
(2

.4
)

13
3

(2
.1

)
14

0
(2

.2
)

97
(1

.5
)

C
an

ce
r

62
7

(8
.0

)
71

1
(9

.0
)

74
6

(9
.5

)
78

6
(1

0.
0)

57
1

(8
.9

)
64

3
(1

0.
0)

69
8

(1
0.

9)
78

9
(1

2.
3)

D
ep

re
ss

io
n

11
67

(1
4.

8)
86

6
(1

1.
0)

67
7

(8
.6

)
46

9
(6

.0
)

17
37

(2
7.

1)
14

77
(2

3.
1)

11
18

(1
7.

5)
82

6
(1

2.
9)

Bi
po

la
r/

ps
yc

ho
tic

di
so

rd
er

s
65

0
(8

.2
)

46
5

(5
.9

)
15

6
(2

.0
)

91
(1

.2
)

66
7

(1
0.

4)
55

7
(8

.7
)

29
8

(4
.7

)
16

3
(2

.5
)

Ph
ar

m
ac

ot
he

ra
py

,(
%

)

St
at

in
s

35
51

(4
5.

1)
37

67
(4

7.
8)

38
45

(4
8.

8)
39

00
(4

9.
5)

30
66

(4
7.

9)
31

14
(4

8.
7)

30
47

(4
7.

6)
30

06
(4

7.
0)

R
A

Si
36

30
(4

6.
1)

39
61

(5
0.

3)
39

82
(5

0.
6)

40
26

(5
1.

1)
28

39
(4

4.
4)

29
95

(4
6.

8)
29

31
(4

5.
8)

28
59

(4
4.

7)

A
nt

ith
ro

m
bo

tic
s

10
66

(1
3.

5)
10

58
(1

3.
4)

99
3

(1
2.

6)
10

13
(1

2.
9)

80
4

(1
2.

6)
72

8
(1

1.
4)

69
5

(1
0.

9)
63

7
(1

0.
0)

A
nt

ic
oa

gu
la

nt
s

57
0

(7
.2

)
58

2
(7

.4
)

48
7

(6
.2

)
47

2
(6

.0
)

32
7

(5
.1

)
29

6
(4

.6
)

29
6

(4
.6

)
25

5
(4

.0
)

Be
ta

bl
oc

ke
rs

13
63

(1
7.

3)
13

74
(1

7.
4)

11
99

(1
5.

2)
11

39
(1

4.
5)

11
97

(1
8.

7)
12

06
(1

8.
8)

11
46

(1
7.

9)
10

13
(1

5.
8)

Lo
op

di
ur

et
ic

s
91

0
(1

1.
5)

74
9

(9
.5

)
51

9
(6

.6
)

38
8

(4
.9

)
86

8
(1

3.
6)

74
0

(1
1.

6)
60

7
(9

.5
)

44
0

(6
.9

)

T
hi

az
id

e
92

3
(1

1.
7)

87
5

(1
1.

1)
77

2
(9

.8
)

74
9

(9
.5

)
11

87
(1

8.
5)

12
35

(1
9.

3)
12

08
(1

8.
9)

11
08

(1
7.

3)

C
a

ch
an

ne
lb

lo
ck

er
s

16
74

(2
1.

2)
18

44
(2

3.
4)

17
42

(2
2.

1)
17

08
(2

1.
7)

12
76

(1
9.

9)
12

59
(1

9.
7)

11
90

(1
8.

6)
11

19
(1

7.
5)

In
su

lin
66

5
(8

.4
)

59
3

(7
.5

)
58

3
(7

.4
)

52
6

(6
.7

)
39

6
(6

.2
)

34
0

(5
.3

)
34

8
(5

.4
)

38
0

(5
.9

)

M
et

fo
rm

in
71

75
(9

1.
1)

71
62

(9
0.

9)
71

37
(9

0.
6)

70
92

(9
0.

0)
57

54
(8

9.
9)

57
75

(9
0.

2)
56

96
(8

9.
0)

55
03

(8
6.

0)

Su
lfo

ny
lu

re
a

25
4

(3
.2

)
21

4
(2

.7
)

19
1

(2
.4

)
16

2
(2

.1
)

18
1

(2
.8

)
15

0
(2

.3
)

16
1

(2
.5

)
14

6
(2

.3
)

D
PP

-4
in

hi
bi

to
rs

21
0

(2
.7

)
19

6
(2

.5
)

19
2

(2
.4

)
20

4
(2

.6
)

17
0

(2
.7

)
16

2
(2

.5
)

17
0

(2
.7

)
13

6
(2

.1
)

G
LP

-1
re

ce
pt

or
ag

on
is

ts
10

0
(1

.3
)

10
0

(1
.3

)
13

3
(1

.7
)

17
9

(2
.3

)
14

0
(2

.2
)

15
4

(2
.4

)
21

8
(3

.4
)

36
1

(5
.6

)

SG
LT

-2
in

hi
bi

to
rs

55
(0

.7
)

34
(0

.4
)

52
(0

.7
)

61
(0

.8
)

35
(0

.5
)

31
(0

.5
)

40
(0

.6
)

36
(0

.6
)

D
at

a
ar

e
pr

es
en

te
d

as
m

ed
ia

n
va

lu
es

[in
te

rq
ua

rt
ile

ra
ng

es
(IQ

R
)]

fo
r

co
nt

in
uo

us
va

ri
ab

le
s

an
d

as
nu

m
be

rs
(p

er
ce

nt
ag

es
)

fo
r

ca
te

go
ri

ca
lv

ar
ia

bl
es

.
C

O
PD

,c
hr

on
ic

ob
st

ru
ct

iv
e

pu
lm

on
ar

y
di

se
as

e;
D

PP
-4

,d
ip

ep
tid

yl
pe

pt
id

as
e

4;
G

LP
-1

,g
lu

ca
go

n-
lik

e
pe

pt
id

e
1;

R
A

S,
re

ni
n-

an
gi

ot
en

si
n

sy
st

em
;S

G
LT

-2
,s

od
iu

m
gl

uc
os

e
co

-t
ra

ns
po

rt
er

2.

Socioeconomic position and risk of cardiovascular event in patients with type 2 diabetes 1823
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/28/16/1819/6283885 by M
edicinsk Bibliotek, Aalborg Sygehus SYD

 user on 11 February 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..not excluding patients with prevalent cardiovascular disease.7–10,12,13

Moreover, they all differed from our study by reporting rates and not
absolute risks, and not investigating patients with T2D after the im-
plementation of the new diagnostic criteria.7–13 Our findings were
consistent with most of the studies,7–11 yet, inconsistent with a
few.12,13

One Scottish cohort study examined socioeconomic position,
based on an area score, and found a strong inverse association
with age-adjusted rates of ischaemic heart mortality and cerebro-
vascular mortality.7 These results were observed, despite using
area-based socioeconomic position, which is likely to underesti-
mate the true individual-level effect due to non-differential mis-
classification.29 Furthermore, they did not adjust for comorbidities
nor medication and did not investigated first-time cardiovascular
events.

Socioeconomic position may determine health. However, health
may also determine patients’ current socioeconomic position, gener-
ating social selection.30 Therefore, to take this limitation into account,
we aimed to reduce the risk of reverse causation between income,
T2D, and MACE by excluding patients with prevalent cardiovascular
disease and by investigating patients with incident T2D. Moreover,
we accounted for baseline comorbidities by standardization and also
examined attained educational level in which reverse causation is less
like as it is usually determined in the young adulthood before the
onset of T2D and cardiovascular disease.

One Swedish cohort study,9 one Italian cohort study,12 and one
large sub-study of a multinational, randomized controlled study,13

investigated differences in educational attainment among patients
with T2D without excluding patients with prior cardiovascular
events. The Swedish study found only minor socioeconomic differ-
ences on major cardiovascular events.9 Inconsistent with our find-
ings, the large clinical sub-study reported no significant
socioeconomic differences in the rates of major cardiovascular
events in subgroup analysis of patients from countries with estab-
lished market economies.13 Likewise, the Italian cohort study did
not find any socioeconomic differences in incidence rates of car-
diovascular mortality, stroke, and myocardial infarction in overall
analysis of a mixed population of patients with type 1 diabetes and
T2D.12 Yet, in sub-group analysis, they found significant differences
in patients aged 20–64 years.

Despite being more robust against reverse causality, educational
level may not be optimal in an elderly population and may result in
non-differential misclassification towards no effect.3 Thus, for patients
in the active professional life and during the first years of retirement,
income and wealth are suggested as the most proper indicators of
socioeconomic position.3 Further, crude dichotomized categoriza-
tions of educational level and not accounting for differences in educa-
tional systems across countries, may also have explained the lack of
significant findings in the large multinational sub-study.13 Lastly, due
to cultural and regional differences in markers of socioeconomic

Figure 2 Average standardized absolute risk of first-time MACE according to income group and sex, among patients with incident type 2 diabetes.
Time zero indicates 90 days after diagnosis of type 2 diabetes. Standardized to the distribution of residual age, calendar year, cohabitation status, base-
line comorbidities, and medication according to income group. MACE, major adverse cardiovascular event.
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..position and differences in the composition of society and healthcare,
results from other countries may not translate into a Danish setting.

Thus, one of the strengths of our study is that we used equivalized
disposable income as indicator of socioeconomic position in our
population. Further, we accounted for yearly variations and mini-
mized the risk of a potential bias due to acute illness by examining the
5-year mean income prior to inclusion.29 Thus, examining income in
our study yielded clear and apparent results among both men and
women. Although not directly comparable, disparities in educational
attainment for men were not as evident. Among women, the dispar-
ities in educational attainment were almost similar as income, and
may indicate that the beneficial effects of having high educational at-
tainment, including enhanced health literacy, could be more pro-
nounced for women than men.

In a large Swedish cohort study, low 1-year gross income and
low educational level conferred higher rates of cardiovascular

mortality as compared with the less deprived patients with T2D.10

These disparities were most pronounced for income and was
observed independently of HbA1c, smoking, body mass index, and
estimated glomerular filtration rate. Yet, they did not account for
yearly variations of income, did not investigate the household in-
come, had higher risk of reverse causation as patients with prior
cardiovascular events were not excluded, did not investigate myo-
cardial infarction or stroke, did not investigate absolute risks, and
did not investigate patients after the implementation of the new
diagnostic criteria.10

We chose to report the socioeconomic differences in cardiovas-
cular outcomes separately for men and women, as it is commonly
accepted that men in general have significantly higher absolute risks
of cardiovascular outcomes than comparable women.28 As expected,
this approach yielded higher absolute risk differences between in-
come groups among men, than among women. Yet, when looking at

Figure 3 Forest plot depicting standardized absolute 5-year risk differences of MACE according to income group stratified by sex and age
group, among patients with incident type 2 diabetes. Standardized to the distribution of residual age, calendar year, cohabitation status, baseline
comorbidities, and medication according to income group. CI, confidence interval; MACE, major adverse cardiovascular event; RD, risk difference.
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..the relative risk differences in MACE by income group, the risk ratios
were similar among men and women. Despite observing crude, un-
adjusted income inequalities (data not shown) of all-cause mortality
in the oldest female patients (65–79 years), we did not observe
inequalities after standardization. This indicate that a differential base-
line comorbidity-burden across income group seem to be an influen-
tial driver for socioeconomic disparities in 5-year survival for older
female patients. However, we might have observed significant
inequalities with longer follow-up time with less influence of baseline
comorbidities.

Our findings show that socioeconomic disparities persist in
patients with T2D who, per se, have an elevated risk of cardiovascular
outcomes, as compared with the general population. This was evi-
dent after just 5 years of follow-up. Thus, since duration of T2D is a
significant risk factor, longer follow-up may have resulted in more
prominent disparities.2 Moreover, these results add evidence to prior
studies investigating socioeconomic position as a negatively marker
for a range of chronic lifestyle diseases.31 As previously noted, we
observed socioeconomic disparities in spite of free access to medical
care. Therefore, other mechanisms than unequal access to medical

Figure 4 Forest plot depicting standardized absolute 5-year risk differences of all secondary outcomes according to income groups and sex, among
patients with incident type 2 diabetes. Standardized to the distribution of residual age, calendar year, cohabitation status, baseline comorbidities, and
medication according to income group. CI, confidence interval; MACE, major adverse cardiovascular event; RD, risk difference.
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.
care may explain the link between socioeconomic disparities and ad-
verse cardiovascular outcomes in Denmark in patients with T2D.
Such mechanisms may include differences in individual health behav-
iour (smoking, exercise, adherence to diets, medications, and annual
diabetes check-ups), factors that influence health behaviour (health
literacy, stress, mental health, and social network) and in part have
direct effects (stress), quality of care, and biological cardiovascular
risk factors (lipids, HbA1C, or blood pressure).5,32,33 As we aimed to
investigate patients’ current socioeconomic position in newly diag-
nosed patients with T2D, we tried to capture some of these effects
prior to diagnosis of T2D by adjusting for baseline comorbidities and
medication. Therefore, these mechanisms may be particularly evident
after diagnosis of T2D in our study and might reflect areas for
intervention.

Clinical implications
From a clinical perspective, multiple interventions may be required in
order to reduce the disparities observed in this study. First, incorpor-
ation of socioeconomic position in cardiovascular risk assessment
might be beneficial. Second, patient-centred interventions, including
education, empowerment, and self-management strategies may be
particularly important for these patients in order to modify undesir-
able health behaviour. Third, these patients may benefit from early
risk screening for cardiovascular disease, more frequent follow-up,
and aggressively targeting biological cardiovascular risk factors (lipids,
glucose-levels, blood pressure, and albuminuria) that have associa-
tions with low-socioeconomic position.34,35 However, since socioe-
conomic disparities may be a result of accumulative exposure
throughout life, it is unknown whether these strategies can level out
the social gradient for cardiovascular events after diagnosis with
T2D.21 Randomized clinical trials focusing on this subject are needed
in order to gain further insight.

Strengths and limitations
The major strengths of our study is the large sample size with minimal
loss to follow-up, minimal risk of selection bias, and detailed individ-
ual-level data ensured by the Danish nationwide registers. Moreover,
due to the prospective data collection in the registers, we had no re-
call bias and minimal differential drop-out bias.

However, our study has some limitations that we have to address.
First, our cohort relies on redeemed prescriptions for antidiabetic
drugs and discharge diagnoses of diabetes with high positive predict-
ive values but a sensitivity of 72% and 64%, respectively.20 Therefore,
although the combined sensitivity is most likely higher, we may have
excluded some patients with untreated T2D.

Second, outcomes relied on discharge codes. Yet, discharge diag-
noses of myocardial infarction, and stroke have been validated with
high positive predictive values.15,24

Third, we cannot completely rule out that some of the observed
socioeconomic disparities in MACE were attributable to social
selection. Thus, despite introducing a blanking period of 90 days after
diagnosis of T2D, some patients might have had undetected cardio-
vascular disease at study entry which may have led to a reduction in
working capacity and, hence, income. Moreover, some of the
observed disparities may have been attributable to residual con-
founding, as we did not have access to information on behavioural

(alcohol consumption, smoking status, diet, exercise, body mass
index), biological (lipids, HbA1C, or blood pressure), or psychologic-
al (such as stress or health literacy) cardiovascular risk factors at
study entry. However, we did account for those risk factors that had
caused comorbidities or initiation of medication prior to 90 days after
diagnosis of T2D.

Fourth, we had a potential detection bias underestimating the
observed socioeconomic disparities, since the lowest socioeconomic
group may be underdiagnosed with myocardial infarction and stroke.
However, we also investigated fatal events from death certificates.

Lastly, as our study is observational, it represents associations, and
no causal conclusions can be drawn.

Conclusions

In patients with incident T2D, low-socioeconomic position was asso-
ciated with a significantly higher 5-year risk of first-time MACE among
both men and women. This excess risk was independent of comor-
bidities and occurred despite of a universal health care system with
free access to medical care. Our results indicate the importance of
primary preventive strategies targeting patients with low-socioeco-
nomic position. Future research investigating mediating pathways and
intervention studies targeting patients with low-socioeconomic pos-
ition are needed to improve outcomes in disadvantaged patients.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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