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ABSTRACT

Introduction: Individuals with type 2 diabetes
(T2D) are at high risk of experiencing
atherosclerotic cardiovascular disease (ASCVD),
which is associated with morbidity, mortality
and healthcare resource utilisation. Clinical
guidelines recommend the use of glucose-low-
ering medications with cardiovascular benefits
in individuals with T2D and cardiovascular
disease, but there is evidence that this is not
reflected in clinical practice. We used linked
national registry data from Sweden to compare
outcomes in people with T2D and ASCVD
against matched controls with T2D without
ASCVD, over 5 years. Direct costs (inpatient,
outpatient and selected drug costs), indirect
costs resulting from work absence, early retire-
ment, cardiovascular events and mortality were
examined.

Methods: Individuals with T2D who were at
least 16 years old and were alive and resident in
Sweden on 1 January 2012 were identified in an
existing database. In four separate analyses,
individuals with a record indicating ASCVD
according to a broad definition, peripheral
artery disease (PAD), stroke or myocardial
infarction (MI) before 1 January 2012 were
identified using diagnosis and/or procedure
codes and propensity score matched 1:1 to
controls with T2D and without ASCVD, using
covariates for birth, sex and level of education
in 2012. Follow-up continued until death,
migration from Sweden or the end of the study
period in 2016.
Results: In total, 80,305 individuals with
ASCVD, 15,397 individuals with PAD, 17,539
individuals with previous stroke and 25,729
individuals with previous MI were included.
Total mean annual costs per person were
€14,785 for PAD (2.7 9 costs for controls),
€11,397 for previous stroke (2.2 9 controls),
€10,730 for ASCVD (1.9 9 controls) and
€10,342 for previous MI (1.7 9 controls). Indi-
rect costs and costs of inpatient care were the
major cost drivers. ASCVD, PAD, stroke and MI
were all associated with an increased likelihood
of early retirement, cardiovascular events and
mortality.
Conclusions: ASCVD is associated with con-
siderable costs, morbidity and mortality in
individuals with T2D. These results support
structured assessment of ASCVD risk and
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broader implementation of guideline-recom-
mended treatments in T2D healthcare.

Keywords: Atherosclerotic cardiovascular
disease; Cardiovascular events; Healthcare
costs; Indirect costs; Mortality; Myocardial
infarction; Peripheral artery disease; Stroke;
Type 2 diabetes

Key Summary Points

Why carry out this study?

Atherosclerotic cardiovascular disease
(ASCVD) is the leading cause of morbidity
and mortality in diabetes, and is
associated with high healthcare resource
utilisation, but few studies assess the
impact of this on both healthcare systems
and society

We compared direct and indirect costs,
early retirement, cardiovascular events
and mortality for individuals with type 2
diabetes (T2D) and ASCVD, peripheral
artery disease, previous stroke or previous
myocardial infarction, and matched
controls with T2D without ASCVD

What was learned from the study?

Total costs were nearly double in
individuals with ASCVD compared with
matched controls; indirect costs from
work absence and inpatient costs were the
main cost drivers

ASCVD was associated with early
retirement, stroke, myocardial infarction
and mortality

These results support structured
assessment of ASCVD risk and broader
implementation of guideline-
recommended treatments in T2D
healthcare

INTRODUCTION

There is evidence that nearly one-third of indi-
viduals with type 2 diabetes (T2D) have estab-
lished cardiovascular disease (CVD) [1], and a
similar proportion have atherosclerotic cardio-
vascular disease (ASCVD) [2], which manifests
as sometimes fatal cardiovascular conditions
and events, including transient ischaemic
attacks, stroke, myocardial infarction (MI) and
peripheral artery disease (PAD) [3]. People with
T2D are more likely to experience ASCVD
events than those without T2D [4, 5], and these
events are likely to happen earlier in life and to
be more severe [6, 7]. Despite improvements in
cardiovascular risk factor control and reduc-
tions in diabetes-related mortality over the past
decades, excess all-cause and CVD mortality in
diabetes persist [8], and ASCVD is the leading
cause of both morbidity and mortality in dia-
betes [9]. Clinical guidelines for the manage-
ment of diabetes and cardiovascular disease
[10, 11], including the 2022 consensus report by
the American Diabetes Association and the
European Association for the Study of Diabetes
[12], recommend the use of a glucagon-like
peptide 1 receptor agonist (GLP-1 RA) or a
sodium-glucose-like cotransporter 2 inhibitor
(SGLT2i) in people with T2D and CVD or high
CVD risk. However, data from the CAPTURE
study, which included nearly 10,000 adults with
T2D treated in primary or specialist care in 13
countries, indicate that these medications are
prescribed with equal frequency in individuals
with and without CVD, suggesting that T2D is
often not managed according to guidelines [13].
The 2021 annual report from the Swedish
national quality registry SWEDEHEART showed
that only 43% of people with T2D who experi-
enced an acute MI had been prescribed a GLP-1
RA and/or an SGLT2i in the 6–10 weeks fol-
lowing this event, with considerable variation
between treatment centres [14].

The clinical impact of ASCVD in T2D is
highlighted by its link to healthcare resource
utilisation. US data from 2015 showed that
ASCVD in individuals with T2D is associated
with an increased likelihood of inpatient
admissions, outpatient visits and emergency
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room visits, alongside increased healthcare
costs [15]. ASCVD is associated both with high
direct healthcare costs, owing to the need for
acute treatment and long-term medical man-
agement, and high indirect costs, resulting from
work absence and lost productivity [16–18].
However, relatively few studies of CVD in T2D
report indirect costs [19].

Population-based, longitudinal, linked
national health registries from Nordic countries
are widely used in such analyses examining the
disease course of chronic conditions, owing to
the breadth of data available. Recent Danish
studies have investigated the risk of PAD in
individuals with T2D and coronary artery dis-
ease [20, 21], and the costs of T2D-related
complications [22]. Pooled registry data from
Sweden and Norway have also been used to
compare morbidity in type 1 diabetes and T2D
[23], and a database linking Swedish national
administrative registers has been used to assess
the impact of complications of T2D on pro-
ductivity [24] and the costs of hospital-based
care [25].

In this study, we used the national longitu-
dinal data from earlier publications [24, 25] to
assess the effects of ASCVD on direct and indi-
rect costs, early retirement, work absence, car-
diovascular events and mortality in individuals
with T2D, over a 5-year period. We compared
these outcomes for cases against matched con-
trols with T2D without ASCVD, and also asses-
sed the trajectory of direct costs before and after
the occurrence of ASCVD. In addition to iden-
tifying individuals with ASCVD according to a
broad definition, we conducted analyses in
subgroups of individuals with PAD, previous
stroke and previous MI.

METHODS

Study Design and Data Sources

This observational, retrospective, closed-cohort
study used data from an existing database at the
Swedish Institute for Health Economics. The
database, full details of which have been
reported by Persson et al. [24], cross-links indi-
vidual patient data from the National Board of

Health and Welfare in Sweden, Statistics Swe-
den and Försäkringskassan (the Swedish Social
Insurance Agency), spanning the period
1997–2017. Together, these data sources con-
tain information on healthcare resource utili-
sation, demographic and socioeconomic data,
and work absence (Table S1 in the Supplemen-
tary Material).

Study Population

Individuals with T2D who were at least 16 years
old and alive and resident in Sweden on 1 Jan-
uary 2012 (index date) were eligible for inclu-
sion in the study. T2D was identified as
described in the Methods in the Supplementary
Material. Individuals with a record of ASCVD,
PAD, stroke or MI in the National Patient
Register before the index date (1997–2011) were
then identified according to the presence of
relevant International Classification of Diseases,
tenth revision (ICD-10) codes and procedure
codes (Table 1).

Individuals with T2D with a record of
ASCVD, PAD, stroke or MI were propensity
score matched [26, 27] 1:1 to controls with T2D
but no record of ASCVD before 1 January 2012,
using logistic regression with nearest neighbour
matching, with covariates for birth, sex and
level of education in 2012. Level of education
was considered to be a proxy for socioeconomic
status. Individuals could be included in more
than one of the ASCVD, PAD, stroke and MI
groups.

Outcomes

Outcomes during 2012–2016 (the study period)
were compared between individuals with T2D
and each condition and their matched controls.
Follow-up for each individual was until the end
of the study period in 2016, death or migration,
whichever was earliest. Direct costs, comprising
inpatient costs, outpatient costs and the costs of
selected drugs, and indirect costs, resulting from
work absence, were estimated as described in
the Methods in the Supplementary Material and
summed to give total mean annual costs. Any
indirect costs for individuals aged 66 years or

Diabetes Ther (2023) 14:1357–1372 1359



Table 1 Criteria for identification of ASCVD

ASCVD 

broad 

definition 

Subgroups Condition ICD-10 

codes 

Procedure codes 

ASCVD - Cerebrovascular 
disease 

I61, I63, 
I64, I67 

NA 

- Ischaemic heart 
disease 

I20–I25 Codes related to percutaneous coronary 
intervention:  
PCI: FNG0, FNG00, FNG02, FNG05, 
FNG06, FNG10, FNG30, FNG96 

Codes related to coronary artery bypass 
graft: CABG: FNA0, FNA00, FNA10, 
FNA20, FNA96, FNB00, FNB20, 
FNB96, FNC10, FNC20, FNC30, 
FNC40, FNC50, FNC60, FNC96, 
FND10, FND20, FND96, FNE00, 
FNE10, FNE20, FNE96, FNF00, FNF10, 
FNF20, FNF30, FNF96 

PAD Peripheral artery 
disease 

I70.2, 
I73.9, 
173.1, 
179.2, 
E11.5, 
E14.5 

Codes related to amputation:  
NEQ19, NEQ99, NFQ09, NFQ19, 
NFQ99, NGQ09, NGQ19, NGQ99, 
NHQ09, NHQ11, NHQ12, NHQ13, 
NHQ14, NHQ16, NHQ17, NHQ99 

- Stroke Strokea I61, I63, 
I64 

NA 

- MI MIa I21–I22 NA 

aNarrow definition using diagnostic codes as main diagnosis at inpatient stay. Stroke is a subset of cerebrovascular disease.
MI is a subset of ischaemic heart disease
ASCVD atherosclerotic cardiovascular disease, ICD-10 International Classification of Diseases, tenth revision, MI
myocardial infarction, NA not applicable, PAD peripheral artery disease
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older were not accounted for. Codes for hospi-
tal-based care and drug costs are shown in
Tables S2 and S3 in the Supplementary Material.
Both mean annual costs per person and 5-year
cumulative costs per person are presented.
Mean cumulative costs were calculated among
individuals alive in each separate year. All costs
in Swedish krona were converted to euros using
the average exchange rate for 2016. The num-
bers of days absent from work per year were also
compared in working age individuals, who were
defined as individuals aged younger than
66 years.

The risks of entering full-time early retire-
ment (365 days of sickness and activity com-
pensation in the year from Försäkringskassan
before the age of 66 years), or experiencing
stroke, MI or death during the study period were
compared between groups, using Cox propor-
tional regression adjusted for year of birth, sex,
history of comorbidities, level of education and
marital status, as described in the Methods in
the Supplementary Material. Stroke or MI as
outcome variables during the study period were
defined as the first inpatient admission with the
condition as main diagnosis.

Continuous variables are reported as mean
and standard error of the mean (SEM), and
categorical variables are reported as actual
numbers and proportions (%).

Incident Analyses

To assess the impact of ASCVD, PAD, stroke or
MI in the year that it occurred, subsets of indi-
viduals with their first documented occurrence
of each condition in 2011 were identified.
Direct costs for each year from 2007 to 2016
were compared between these individuals and
the controls with no record of ASCVD before
1 January 2012. Data were also summarised to
show observed events during the study period
with transitions between four selected states: no
(new) events, observed stroke in study year,
observed MI in study year, both MI and stroke
in study year, and death in study year. New
events were defined as events occurring for the
first time during the study period. Recurrent
stroke and MI events occurring during the study

period (i.e. the second occurrence of stroke or
MI between 2012 and 2016) were not consid-
ered in these analyses, but individuals who had
experienced these events before the study per-
iod were included. Transitions are shown in a
Sankey diagram developed using the online tool
SankeyMATIC (https://sankeymatic.com/).

Compliance with Ethics Guidelines

The linkage of individual-level data from mul-
tiple national registers was approved by the
Ethical Review Board, Lund (dnr 2018-349) and
the Swedish Ethical Review Authority (dnr
2019-01260). Informed consent is not required
for secondary use of register data.

RESULTS

Baseline Characteristics

Baseline characteristics for each subgroup and
their matched controls are shown in Table 2.
After matching, 80,305 individuals with ASCVD
and 80,305 controls were included. In total,
15,397 individuals with PAD, 17,539 individu-
als with previous stroke and 25,729 individuals
with previous MI were included, with the same
number of matched controls for each subgroup.
Mean baseline age was 67–68 years. In the MI
subgroup and matched controls, 26% of indi-
viduals were women; in the other subgroups
and control groups, 32–34% of individuals were
women. Individuals with ASCVD, PAD, previ-
ous stroke or previous MI were more likely to
have baseline comorbidities, including heart
failure and renal disease, than matched con-
trols. Individuals with MI had the largest dis-
parity between cases and controls in terms of
baseline heart failure (previous MI, 14.6%;
controls, 2.3%), whereas the subgroup with
PAD had the highest proportion of individuals
with baseline renal disease (PAD, 38% had kid-
ney disease at baseline and 5% had end-stage
renal disease; controls, 12% had kidney disease
at baseline and 0.8% had end-stage renal
disease).
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Total Costs

In all groups, the presence of a cardiovascular
condition in addition to T2D was associated
with increased costs. The largest disparity
between cases and controls was observed in the
PAD analyses: total mean annual costs per per-
son were €14,785 (SEM 89) for PAD and €5526
(SEM 48) for controls. Total costs were €11,397
(SEM 68) for individuals with previous stroke
and €5294 (SEM 43) for controls; €10,730 (SEM
31) for individuals with ASCVD and €5797 (SEM
22) for controls; and €10,342 (SEM 55) for
individuals with previous MI and €5930 (SEM
39) for controls.

Direct Costs

In individuals with PAD, direct costs accounted
for the largest proportion of mean annual total
costs (54%), whereas in all other subgroups and
control groups, direct costs contributed nearly
half (40–47%) of total costs. Direct costs for
individuals with ASCVD or in each subgroup
were higher than for their matched controls
(Fig. 1). Notably, mean annual per-person direct
costs for individuals with T2D and PAD were
more than threefold higher than for matched
controls with T2D and no PAD.

The composition of direct costs was rela-
tively similar across all groups. Inpatient costs
contributed 71–75% of direct costs in cases and
68–70% in controls; outpatient costs con-
tributed 14–20% in cases and 14–15% in con-
trols; and drug costs contributed 9–13% in cases
and 17–18% in controls. Outpatient costs made
a larger contribution to direct costs in individ-
uals with PAD than in other groups (20% of
direct costs) and inpatient costs made a larger
contribution in individuals with previous stroke
(75%).

Mean cumulative direct costs over the entire
study period amounted to €40,013 for individ-
uals with PAD, €26,736 for individuals with
previous stroke, €26,153 for individuals with
ASCVD and €25,446 for individuals with previ-
ous MI (Fig. 2). The equivalent costs in each
control group were approximately €14,000.
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Indirect Costs and Work Absence

The numbers of individuals in each group aged
less than 66 years, for whom indirect costs were
estimated, are shown in Table S4 in the Sup-
plementary Material. Mean annual per-person
indirect costs were higher for individuals with
ASCVD or in each subgroup than for matched
controls. The greatest disparities were observed
for PAD and previous stroke, for which costs for
cases were double those for controls, whereas
there were more moderate differences between
cases and controls for ASCVD and previous MI.

Mean cumulative indirect costs over the
study period were highest for individuals with
PAD (€29,064 vs. €12,143 for controls) and

individuals with previous stroke (€28,457 vs.
€11,009 for controls; Fig. 2).

Across the entire study period, individuals
with ASCVD, PAD, previous stroke or previous
MI spent more days absent from work than
matched controls (Table S4 in the Supplemen-
tary Material). Overall, 22% of working age
individuals with ASCVD had 360 or more days
absent from work per year, compared with 12%
of controls. The equivalent proportions were
26% and 11% for PAD; 33% and 12% for pre-
vious stroke; and 18% and 12% for previous MI.

Fig. 1 Mean direct (a) and indirect (b) costs per person
per year during the study period in individuals with T2D
and ASCVD, PAD, previous stroke or previous MI and
matched controls without ASCVD. Direct costs were
calculated among all individuals. Indirect costs were

assumed to be zero for individuals aged 66 years or older.
In panel a, constituent costs and percentages do not sum
exactly to totals due to rounding. ASCVD atherosclerotic
cardiovascular disease, MI myocardial infarction, PAD
peripheral artery disease, T2D type 2 diabetes
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Direct Costs Following the First Observed
Occurrence of ASCVD

Available cost data throughout the study period
were compared between cases with a first
occurrence of ASCVD in 2011 and matched
controls (Fig. S1 and Table S5 in the Supple-
mentary Material). Before 2011, direct costs
were slightly higher for cases than controls,
except in the MI analyses in which costs were
similar. Direct costs increased sharply upon the
occurrence of ASCVD (n = 6387 with the first
occurrence in 2011), PAD (n = 1090), stroke
(n = 1300) or MI (n = 1587; Table S5 in the
Supplementary Material), and remained well
above baseline for the remainder of the study
period, whereas costs in each control group
increased only gradually over the study period.
For ASCVD overall, costs increased from €2051
in 2010 to €14,158 in 2011, and were €5454 in
2012. There were particularly large cost increa-
ses immediately following the occurrence of
stroke (2010, €1972; 2011, €18,132; 2012,
€4564) and MI (2010, €1218; 2011, €17,506;
2012, €4677). In contrast, PAD had a lower cost
impact on first occurrence, but was associated
with higher costs in the years preceding the first
occurrence, and greater cost elevations for a
longer period of time (2010, €2974; 2011,
€11,471; 2012, €8225; 2016, €6798).

Mortality and Cardiovascular Events

All conditions were associated with increased
risks for mortality. Overall, 23% of individuals
with ASCVD, but only 12% of controls, died
during the study period. These proportions were
the same for previous MI versus controls. For
PAD and previous stroke, the disparities
between cases and controls were greater (36%
vs. 13% and 30% vs. 13%, respectively; Table S6
in the Supplementary Material).

All conditions were associated with increased
risks for stroke or MI during the study period
(Fig. 3). Individuals who had experienced pre-
vious stroke had a threefold higher chance of
experiencing stroke during the study period
than controls, and individuals with PAD or
previous MI had more than threefold higher

chances of experiencing MI during the study
period than controls. The increased risks for
occurrence of these cardiovascular conditions
are likely to explain increases in both direct and
indirect costs. Each year, 1–2% of individuals
had a new MI and 0.8–1.4% had a new stroke,
transitioning from a state with no events during
the study period (Fig. 4). Mortality increased
from 4.5% to 4.8%, with nearly 23% of indi-
viduals deceased by the end of the study period
(Fig. 4).

Early Retirement

For ASCVD, PAD, previous stroke or previous
MI, cases were more likely than controls to be in
full-time early retirement at baseline (Table 2),
and all conditions were associated with a higher
likelihood of entering full-time early retirement
during the study period, compared with con-
trols (Fig. 3). Notably, individuals with previous
stroke were more than three times more likely
to enter full-time early retirement between 2012
and 2016 than controls.

DISCUSSION

In these comprehensive analyses, we assessed
the effects of ASCVD, PAD, stroke and MI in a
large population of individuals with T2D. By
including a wide range of outcomes, we
demonstrated the impact of these conditions on
individuals, healthcare systems and society.

Total costs were nearly double for individu-
als with T2D and ASCVD than for controls, and
the impacts of PAD and stroke on total costs
were each greater than the impact of ASCVD
more broadly. The disparity between the cost
impact of PAD and the impacts of ASCVD,
stroke or MI was largely driven by higher direct
healthcare costs for PAD. Although inpatient
costs were the largest contributor to direct costs
in all subgroups and controls, outpatient costs
contributed a larger proportion of direct costs in
individuals with PAD (20%) than in the other
groups. PAD had a lower direct cost impact in
the year that it occurred, but resulted in a more
prolonged elevation of direct costs, relative to
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the other conditions. Individuals with PAD also
had relatively higher mortality.

Indirect costs were broadly similar across the
group with ASCVD and the subgroups, and were
higher for cases than for controls. In all groups,
apart from individuals with PAD, indirect costs
accounted for more than half of total costs. Of
the conditions assessed, stroke had the largest
impact on work absence. It should be noted that

mean indirect costs were calculated for the full
populations in our analyses, but in people aged
66 years or older these costs were not accounted
for. Therefore, the impact of ASCVD on indirect
costs in individuals of working age is even
higher than the estimates presented here.

The impact of ASCVD on both direct and
indirect costs in T2D in these analyses is partly
attributable to the associated higher risks for
stroke and MI, compared with T2D alone. As
well as requiring both acute and long-term
treatment, resulting in direct healthcare costs,
stroke and MI impact affected individuals’
ability to return to work. A proportion of the
higher costs in T2D with ASCVD observed in
this study can therefore be attributed to a
higher prevalence of concomitant conditions,
such as renal disease, compared with controls.
The study design limited the matching variables
to year of birth, sex and educational level;

bFig. 2 Mean cumulative direct, indirect and total costs per
person during the study period in individuals with T2D
and a ASCVD, b PAD, c previous stroke or d previous MI
and matched controls without ASCVD. Data are mean
cumulative costs in each year during the study period
(2012–2016) among individuals alive in each year. Indirect
costs for individuals aged 66 years or older were not
accounted for. ASCVD atherosclerotic cardiovascular
disease, MI myocardial infarction, PAD peripheral artery
disease, T2D type 2 diabetes

Fig. 3 Hazard ratios for all-cause mortality, cardiovascular
events and full-time early retirement in individuals with
T2D and ASCVD, PAD, previous stroke or previous MI
and matched controls without ASCVD. Hazard ratios for
early retirement were calculated in the subset of the study

sample who were aged less than 66 years and not already in
full-time retirement. ASCVD atherosclerotic cardiovascular
disease, CI confidence interval, HR hazard ratio, MI
myocardial infarction, PAD peripheral artery disease, T2D
type 2 diabetes
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consequently, the observed differences in base-
line comorbidities were expected.

Previous studies have also demonstrated the
impact of cardiovascular conditions on direct
healthcare costs in populations with T2D. A
systematic review published in 2018 found that
at a country level, CVD, heart failure or MI
contributed 20–49% of the total direct costs of
treating T2D and at the individual level, median
annual per-person costs were 59–322% higher
for individuals with T2D and CVD, coronary
artery disease, heart failure or stroke, compared
with those for individuals with T2D without
CVD [19]. A more recent systematic review of
data from Spain reported that direct costs in
hospitalised individuals with T2D were more
than 50% higher in individuals with CVD (in-
cluding coronary heart disease, stroke, PAD and
heart failure) than in those without CVD [28].
Very few studies, however, have examined the
impact of ASCVD on indirect costs, owing in
part to limitations in data availability. This
highlights the need for comprehensive studies
such as ours, in which we showed that lost
productivity and direct healthcare costs are
equally important contributors to the overall
cost impact of ASCVD in T2D.

The prevalence of T2D is increasing in many
countries [29], as improved diabetes manage-
ment and new treatments have reduced the
detrimental effects of the condition and
improved survival [30]. Globally, ageing popu-
lations and changing living conditions con-
tribute to the growing prevalence of T2D [31]
and increasing numbers of people living with
CVD [32]. The results of the present study sup-
port continued and increased early prevention
of ASCVD in the management of T2D. In addi-
tion to the guideline-recommended prescrip-
tion of GLP-1 RAs or SGLT2is for individuals
with T2D and CVD or high CVD risk [10–12],
treatments that can lower LDL cholesterol (LDL-
C) also reduce the risk of ASCVD in individuals
with or without T2D. Statins are the first line of
LDL-C-lowering therapy [33], and proprotein
convertase subtilisin/kexin type 9 (PCSK9)
inhibitors are a therapeutic option for individ-
uals who do not respond to statins [34]. Quan-
tification of the precise benefits that could be
gained by optimal cardiovascular risk manage-
ment in people with T2D was outside the scope
of our study, but a post hoc analysis of data
from the CAPTURE study has attempted to
address this question by estimating the life years

Fig. 4 Transitions during 2012–2016 to four alternative
states or remaining in a state with no new events, for
individuals with T2D and ASCVD. The sample size

decreased each year owing to emigration and loss to follow-
up. ASCVD atherosclerotic cardiovascular disease, MI
myocardial infarction, T2D type 2 diabetes
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that could be gained via the use of appropriate
medications [35]. The societal impact of ASCVD
demonstrated in our analyses suggests that
public health initiatives aimed at limiting
modifiable risk factors associated with CVD and
T2D should also be a key health policy priority.

Access to a large national sample allowed us
to perform propensity score matching and
identify controls with the same age, sex and
level of education but without ASCVD. There-
fore, we have been able to obtain accurate esti-
mates of multiple impacts of ASCVD in T2D,
including in subgroups with specific conditions.
However, additional research is needed to assess
the disease courses of these conditions. The
study design and data source meant that people
in early disease stages without an ASCVD event
in a hospital setting were not included, and the
elderly population were underrepresented in
the study sample. Some relevant factors were
not considered in the analyses, such as T2D
medication, clinical endpoints such as glycated
haemoglobin levels or blood pressure, and
socioeconomic factors such as occupation. Not
all of these data were available in a structured
form in our database; however, future studies
using alternative data sources to examine these
contributors to the disease course of T2D and
ASCVD would be valuable. Furthermore,
although the findings of our study hint at the
wider humanistic burden of ASCVD in T2D, a
full exploration of the impacts on the quality of
life of affected individuals and caregivers is
warranted.

CONCLUSIONS

This study demonstrates that ASCVD is associ-
ated with considerable additional costs, mor-
bidity and mortality in individuals with T2D,
compared with T2D alone. Work absence and
hospitalisation were the major contributors to
economic costs, and PAD was the most costly
manifestation of ASCVD examined in the anal-
yses. Considerable economic impacts could be
avoided by timely management of cardiovas-
cular risk in T2D, and future initiatives focusing
on both treatment and prevention should be
implemented.
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