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OBJECTIVE

Type 1 diabetes is a risk factor for myocardial infarction (MI). We aimed to evalu-
ate the case fatality in patients with type 1 diabetes after MI.

RESEARCH DESIGN AND METHODS

Consecutive patients experiencing MI with type 1 diabetes (n = 1,935; 41%
female; mean age 62.5 years) and without diabetes (n = 74,671) admitted to 20
hospitals in Finland from 2005 to 2018 were studied using national registries.
The outcome of interest was death within 1 year after MI. Differences between
groups were balanced by multivariable adjustments and propensity score
matching.

RESULTS

Case fatality was higher in patients with type 1 diabetes than in propensity
score–matched controls without diabetes at 30 days (12.8% vs. 8.5%) and at 1
year (24.3% vs. 16.8%) after MI (hazard ratio 1.55; 95% CI 1.32–1.81; P < 0.0001).
Patients with type 1 diabetes had poorer prognosis in subgroups of men and
women and of those with and without ST-elevation MI, with and without revas-
cularization, with and without atrial fibrillation, and with and without heart fail-
ure. The relative fatality risk in type 1 diabetes was highest in younger patients.
Older age, heart failure, peripheral vascular disease, renal failure, and no revas-
cularization were associated with worse prognosis after MI. The case fatality
among patients with type 1 diabetes decreased during the study period, but out-
come differences compared with patients without diabetes remained similar.

CONCLUSIONS

Patients with type 1 diabetes are at higher risk of death after MI than patients
without diabetes. Our findings call for attention to vigorous cardiovascular dis-
ease prevention in patients with type 1 diabetes.

Cardiovascular disease (CVD) is a long-term complication of diabetes and accounts
for a majority of premature deaths among this vulnerable patient population. The
risk of CVD is especially high among patients with type 1 diabetes, among whom
CVD events occur on average 10 to 15 years earlier than among individuals without
diabetes (1). The risk of myocardial infarction (MI) and death resulting from coro-
nary heart disease among patients with type 1 diabetes is, in addition to traditional
CVD risk factors, associated with duration of diabetes, reduced glycemic control,
and renal complications (2,3).

1Rheumatology, Inflammation Center, Helsinki
University Hospital, Helsinki, Finland
2Faculty of Medicine, University of Helsinki,
Helsinki, Finland
3Department of Medicine, University of Turku,
Turku, Finland
4Centre for Rheumatology and Clinical Immunology,
Division of Medicine, Turku University Hospital,
Turku, Finland
5Preventive Cardio-Rheuma Clinic, Division of
Rheumatology and Research, Diakonhjemmet
Hospital, Oslo, Norway
6Department of Public Health, University of
Turku, Turku, Finland
7Turku Clinical Research Center, Turku University
Hospital, Turku, Finland
8Heart Center, Turku University Hospital and
University of Turku, Turku, Finland
9Research Center of Applied and Preventive
Cardiovascular Medicine, University of Turku,
Turku, Finland
10Center for Population Health Research, Turku
University Hospital and University of Turku, Turku,
Finland
11Administrative Center, Hospital District of
Southwest Finland, Turku, Finland
12Department of Public Health, Faculty of
Medicine, University of Helsinki, Helsinki, Finland

Corresponding author: Anne Kerola, anne.kerola@
helsinki.fi

Received 9 January 2022 and accepted 17 April
2022

This article contains supplementary material online
at https://doi.org/10.2337/figshare.19640262.

© 2022 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://www.
diabetesjournals.org/journals/pages/license.

C
A
R
D
IO
V
A
SC

U
LA

R
A
N
D
M
ETA

B
O
LIC

R
ISK

Diabetes Care Volume 45, July 2022 1657

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1657/685229/dc220042.pdf by guest on 19 M
ay 2023

mailto:anne.kerola@helsinki.fi
mailto:anne.kerola@helsinki.fi
https://doi.org/10.2337/figshare.19640262
https://www.diabetesjournals.org/journals/pages/license
https://www.diabetesjournals.org/journals/pages/license
http://crossmark.crossref.org/dialog/?doi=10.2337/dc22-0042&domain=pdf&date_stamp=2022-06-29


Emerging data show that, in addition
to the increased risk of MI in patients
with diabetes, the risk of death following
MI is higher in patients with diabetes
than in individuals without diabetes (4–8).
However, these data derive from cohorts
of patients with diabetes without distinc-
tion of the type of diabetes or from
cohorts exclusively of patients with type 2
diabetes with a lack of data regarding
type 1 diabetes. In addition to longer dis-
ease duration in type 1 diabetes com-
pared with type 2 diabetes, important
differences exist in the underlying patho-
physiology of CVD in the diabetes sub-
types, including different risk factor
profiles and more diffuse and more con-
centric coronary atherosclerosis in type 1
compared with type 2 diabetes (3), which
may affect the prognosis of MI.

Poor glycemic control among patients
with type 1 diabetes is the strongest
modifiable risk factor for first and subse-
quent CVD events (9). Recent advances
in type 1 diabetes care, including contin-
uous glucose monitoring and more
precise insulin delivery devices, have
improved glucose control for many indi-
viduals with type 1 diabetes. Meticulous
glycemic control reduces the risk of CVD
in type 1 diabetes (10), and rates of mor-
tality and some type 1 diabetes complica-
tions have declined in successive type 1
diabetes cohorts (11). Furthermore, the
management of other CVD risk factors
among patients with diabetes has been
intensified. It remains unknown whether
these health care advances have trans-
lated into improved prognosis of MI
among patients with type 1 diabetes.

Therefore, the main aim of this study
was to investigate the case fatality of MI
and its temporal trends among patients
with type 1 diabetes compared with indi-
viduals without diabetes between 2005
and 2018 by using nationwide registry
data and propensity score matching. In
addition, we explored the associations of
baseline characteristics of patients with
type 1 diabetes with MI case fatality.

RESEARCH DESIGN AND METHODS

Patients and Design
The data for all consecutive patients
experiencing MI admitted to participating
hospitals in Finland between 1 January
2005 and 31 December 2018 were retro-
spectively collected from the Care Regis-
ter for Health Care in Finland (CRHC). All

Finnish hospitals that treat patients
experiencing MI and are equipped with a
coronary catherization laboratory (n = 20,
including five university hospitals with
emergency coronary surgery available)
were included. First-time MI admissions
during the study period to medical
(including cardiology), surgical (including
cardiac surgery), and intensive care wards
were included. The index MI was identi-
fied with ICD-10 code I21 as the primary
discharge diagnosis. Patients treated with
valvular or aortic surgery and patients
lost to follow-up (0.5%) were excluded
(Supplementary Fig. 1). Ward and hospital
transfers after MI admission were com-
bined as a single admission.

Patients with type 1 diabetes were
identified from a combination of national
registry databases. Those who fulfilled all
of the following conditions were identi-
fied as patients with type 1 diabetes:

1. ICD-10 code E10 for insulin-depen-
dent diabetes in the CRHC.

2. Entitlement to special reimbursement
for antidiabetic medications.

3. Insulin purchase within 1 year prior
to MI.

4. No oral antidiabetic medication pur-
chase within 1 year prior to MI.

Of these conditions, the first and last
were used to distinguish between patients
with type 1 and type 2 diabetes. Of note,
two patients were excluded because they
used sodium glucose cotransporter-2
inhibitors and no other oral antidiabetic
medications, which could theoretically
have been prescribed off label for patients
with type 1 diabetes during our study
period.

All prescription medication purchases
in Finland are collected in a national drug
purchase database. Insulin and oral anti-
diabetics are available only with a pre-
scription from a pharmacy, and thus, all
purchases are recorded in the database.
All patients in Finland with appropriately
diagnosed diabetes are entitled to special
reimbursement for their antidiabetic
medications. A treating physician writes a
medical certificate describing the ratio-
nale for the diagnosis of diabetes, and
the certificate is then delivered to the
Social Insurance Institution of Finland for
approval of special reimbursement enti-
tlement. Patients who experienced MI
with no diabetes diagnosis in the CRHC

(ICD-10 code E10, E11, E12, E13, or E14),
no entitlement to special reimbursement
for antidiabetic medications, and no pur-
chases of antidiabetic medications within
1 year prior to MI served as nondiabetic
controls.

The primary outcome of interest was
death within 365 days after MI admission
among patients with type 1 diabetes
compared with patients without diabe-
tes. Secondly, we studied the association
of baseline features of patients with type
1 diabetes with case fatality after MI.
Comorbidities (recognized before or dur-
ing index MI admission), revascularization
(during index MI admission), and index
MI type were detected as previously
described (12,13). Diabetic hypoglycemic
coma was detected with ICD-10 code
E10.0, diabetic ketoacidosis with code
E10.1, diabetic retinopathy or glaucoma
with code E10.3, and diabetic neuropathy
with code E10.4 (recognized before or
during index MI admission).

Data Sources
The CRHC registry data, including the
data for all hospital admissions and major
interventional procedures, prescription
medication purchase data and special
reimbursement entitlement data, and
cancer data in the Finnish Cancer Regis-
try, were obtained from the National
Institute for Health and Welfare of Fin-
land (permission no. THL/164/14.02.00/
2021). Fatality data were obtained from
Statistics Finland (TK-53-484-20). The
included registries are mandated by law
and cover the entire Finnish population
(Supplementary Material).

Because of the study design, ethical
board review and informed consent were
waived, and the participants were not
contacted. The legal bases for the proc-
essing of personal data were public inter-
est and scientific research (European
Union General Data Protection Regula-
tion 2016/679, Article 6[1]I and Article
9[2][j]; Data Protection Act Sections 4
and 6).

Statistical Analysis
Differences between study groups were
analyzed with t and x2 tests (non-
matched groups) or with paired t and
McNemar tests (matched groups). The
effect sizes in the baseline characteristics
between groups were evaluated by stan-
dardized mean differences. Case fatality
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was studied using the Kaplan-Meier
method and Cox regression.
The follow-up time was 1 year and

included a complete follow-up of all
included studied patients. Schoenfeld
residuals were used for confirmation of
proportional hazards assumptions. Cova-
riable adjustment was performed with
multivariable regression and with pro-
pensity score matching. Propensity score,
including age, sex, alcohol abuse, atrial
fibrillation, cerebrovascular disease,
chronic pulmonary disease, dementia,
heart failure, hypertension, liver disease,
malignancy, paralysis, peripheral vascular
disease, prior coronary artery bypass
grafting surgery (CABG), prior MI, psy-
chotic disorder, rheumatic disease, renal
failure, valvular disease, revascularization
by percutaneous coronary intervention
(PCI) or CABG, ST elevation, year of MI
(categorized as 2005–2009, 2010–2014,
or 2015–2018), and treating hospital
(university vs. nonuniversity), was cre-
ated with logistic regression. Variables
were selected based on previous knowl-
edge and clinical judgment. Patients with
type 1 diabetes were matched 1:1 with
controls without any type of diabetes
using the optimal matching method
without replacement with a caliper
set at 0.2 times the SD of the estimated
propensity score. Hospital surviving
patients with type 1 diabetes were
further matched with hospital surviv-
ing controls (Supplementary Material).
Sensitivity analyses were performed
using 1:1 nearest neighbor matching
that included all patients with type 1
diabetes (Supplementary Material). Mul-
tivariable regression models included the
same variables used for propensity score.
The E value for estimating unmeasured

confounding was calculated as previously
described (14). Subgroup analyses were
performed for men and women, patients
age <60 years, 60–79 years, and $80
years, patients with and without ST-ele-
vation MI (STEMI), patients with and
without atrial fibrillation, patients with
and without heart failure, patients with
and without revascularization, and
patients experiencing MI in 2005 to
2009, 2010 to 2014, and 2015 to 2018,
with interaction analyses in univariable
and multivariable models. The results are
given as mean, median, percentage, haz-
ard ratio (HR) with 95% CI, interquartile
range (IQR), or ± SD. Statistical signifi-
cance was defined as a P value <0.05.

Analyses were performed with SAS soft-
ware (version 9.4; SAS Institute, Inc.,
Cary, NC).

RESULTS

Our study population included 1,935
patients with type 1 diabetes and 74,671
patients without diabetes. Patients with
type 1 diabetes tended to be younger,
were more often women, and had a
higher frequency of alcohol abuse, cere-
brovascular and peripheral vascular dis-
ease, heart failure, hypertension, liver
disease, prior CABG, prior MI, and renal
failure than patients without diabetes
who experienced MI in the nonadjusted
cohort (Table 1). MI presented without
ST elevation more often in patients with
type 1 diabetes. Patients with type 1 dia-
betes less frequently underwent revascu-
larization by PCI but had CABG more
often compared with patients without
diabetes (Table 1). Propensity score
matching resulted in 1,787 pairs of
patients with type 1 diabetes and with-
out diabetes but with comparable base-
line features (Table 1). The duration of
hospital stay after MI was longer in
patients with type 1 diabetes (median 7
days; IQR 4–14 days; range 0–718 days)
than in the matched controls (median 5
days; IQR 3–10 days; range 0–295 days;
P < 0.0001).

During the 1-year follow-up after MI,
12,647 patients died (486 in the type 1
diabetes group). Nonadjusted in-hospital
case fatality was 13.2% in the type 1 dia-
betes group versus 9.7% in the group
without diabetes (P < 0.0001), and 30-
day case fatality was 12.7% versus 9.5%,
respectively (P < 0.0001). Thirty-day
case fatality was 12.8% in the matched
type 1 diabetes group and 8.5% in the
matched control group (P < 0.0001). At
1-year follow-up, the nonadjusted case
fatality was 25.1% in patients with type
1 diabetes versus 16.3% in patients with-
out diabetes (HR 1.60; 95% CI 1.47–1.75;
P < 0.0001) (Fig. 1). Multivariable
adjusted HR for death at 1 year after MI
among patients with type 1 diabetes
compared with patients without diabetes
was 2.06 (95% CI 1.86–2.28; P < 0.0001).
The 1-year case fatality in the matched
cohort was 24.3% in the type 1 diabetes
group versus 16.8% in the matched con-
trol group (HR 1.55; 95% CI 1.32–1.81; P
< 0.0001) (Fig. 1). The E value for 1-year
case fatality in the matched cohort was

2.5 (95% CI 2.0–3.0). Results of nearest
neighbor–matched cohort were equal
(Supplementary Material). In matched
hospital surviving patients, the 1-year
case fatality was 12.8% in the type 1 dia-
betes group versus 8.8% in the control
group (HR 1.49; 95% CI 1.19–1.87; P =
0.001).

Increasing age, baseline alcohol abuse,
heart failure, liver disease, peripheral
vascular disease, renal failure, and pres-
ence of ST elevation were associated
with 1-year case fatality in multivariable
analysis of patients with type 1 diabetes
(Table 2). Revascularization was associ-
ated with a significantly better progno-
sis. The 1-year outcome of patients with
type 1 diabetes improved significantly
over the study period in absolute terms
(case fatality 28.5% in 2005–2009, 24.8%
in 2010–2014, and 22.7% in 2015–2018)
and after adjusting for covariates (Table 2).

Patients with type 1 diabetes had
a poorer adjusted prognosis after MI
than controls in subgroups of men
and women, patients with and without
STEMI, patients with and without atrial
fibrillation, patients with and without
heart failure, and patients with and
without revascularization (Table 3).
Excess relative case fatality risk in
patients with type 1 diabetes was atten-
uated by increasing age (Table 3). HR for
1-year death in patients with type 1
diabetes versus patients without dia-
betes after MI did not change during
the study period (Table 3).

CONCLUSIONS

In this nationwide registry study between
2005 and 2018, we showed that case
fatality after MI is 1.6-fold among
patients with type 1 diabetes compared
with patients without diabetes but with
otherwise similar baseline features. A
plethora of partly outdated population-
and hospital-based data has shown that
patients with type 2 diabetes or an
unspecified type of diabetes have worse
short- and long-term prognoses after MI
than those without diabetes (4–8). How-
ever, these results cannot be readily
extrapolated to individuals with type 1
diabetes; therefore, our study provides
new insight into the deleterious effect of
type 1 diabetes on the short-term prog-
nosis of MI. Our findings were consistent
in various subgroups, including men and
women, patients with and without STEMI,
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patients with and without revasculariza-
tion, and patients with and without heart
failure. The relative risk of case fatality
was especially high in patients age <60
years.

Acute treatment of MI, revasculariza-
tion, and secondary CVD prevention strat-
egies have been developed and enhanced
during the last few decades, resulting in
improved MI outcomes in the general
population. Furthermore, more aggressive
treatment of type 1 diabetes itself, includ-
ing the adoption of intensive insulin ther-
apy and increased use of glucose-
monitoring systems, as well as improved
management of CVD risk factors, has
affected the development of atherosclero-
sis and resulted in reductions in all-cause
and CVD mortality among type 1 diabetes
populations over time (11,15,16). Accord-
ing to a Swedish nationwide registry study

from 1998 to 2014, although the rate of
CVD outcomes remained significantly
higher among patients with type 1 diabe-
tes compared with controls during the
study period, the risk of nonfatal CVD out-
comes was reduced to a greater extent
among patients with type 1 diabetes com-
pared with those without type 1 diabetes
(16). Therefore, it may be asked whether
the abovementioned improvements in
care have translated into a reduction in
the survival gap after MI between patients
with type 1 diabetes and controls. We
assessed recent trends in the case fatality
of MI and found that, although MI case
fatality among patients with type 1 diabe-
tes declined between 2005 and 2018, the
multivariable-adjusted HR for 1-year death
after MI compared with that among con-
trols remained similar (�2) during the
study period.

Similar findings of little or no secular
improvement in survival disadvantage of
patients with diabetes in somewhat ear-
lier MI cohorts from Finland, Sweden,
Australia, and the Netherlands have been
reported in patients with unspecified dia-
betes and type 2 diabetes (17–21) but
not in those with type 1 diabetes. An
earlier Finnish registry study from 1988
to 2002 concluded that, although case
fatality rates after first acute coronary
syndrome improved similarly in patients
with type 2 diabetes and controls, twice
as high case fatality rates during the first
year after MI persisted in those with
type 2 diabetes compared with those
without diabetes (20).

Lack of improvement in the survival
disparity over time between patients
with and without diabetes who experi-
ence MI also seems to extend to long-

Table 1—Baseline features of MI patients with type 1 diabetes and patients without diabetes

Variable

All patients Matched patients

Type 1 diabetes
(n = 1,935)

No diabetes
(n = 74,671) P |SMD|

Type 1 diabetes
(n = 1,787)

No diabetes
(n = 1,787) P |SMD|

Age (SD), years 62.5 (12.6) 70.3 (13.2) <0.0001 0.602 63.2 (12.6) 63.6 (14.0) 0.241 0.030

Women, % 40.6 36.4 0.0001 0.087 40.2 40.0 0.902 0.003

Comorbidities, %

Alcohol abuse 5.0 3.2 <0.0001 0.091 4.9 5.3 0.641 0.015
Atrial fibrillation 12.1 15.0 0.0004 0.085 12.4 12.4 1.000 <0.001
Cerebrovascular disease 19.5 11.2 <0.0001 0.231 18.2 18.5 0.816 0.007
Chronic pulmonary disease 12.4 13.1 0.350 0.022 12.8 12.2 0.581 0.017
Dementia 4.1 6.0 0.0004 0.088 4.4 4.3 0.933 0.003
Heart failure 37.3 19.6 <0.0001 0.398 34.6 35.2 0.638 0.013
Diabetic retinopathy or glaucoma 40.9 — — — 38.6 — — —

Diabetic hypoglycemic coma 11.8 — — — 11.3 — — —

Diabetic neuropathy 10.8 — — — 10.6 — —

Diabetic ketoacidosis 8.4 — — — 7.7 — —

Hypertension 73.8 45.2 <0.0001 0.609 71.8 70.1 0.109 0.037
Liver disease 3.3 1.0 <0.0001 0.161 2.8 2.9 0.842 0.007
Malignancy 11.5 13.0 0.050 0.046 11.7 12.8 0.250 0.034
Paralysis 1.0 0.4 <0.0001 0.070 1.0 0.8 0.590 0.018
Peripheral vascular disease 29.9 6.4 <0.0001 0.642 25.6 25.8 0.893 0.004
Prior CABG 7.8 2.7 <0.0001 0.232 6.5 7.6 0.197 0.042
Prior MI 22.2 13.3 <0.0001 0.235 20.3 20.5 0.857 0.006
Psychotic disorder 3.4 3.1 0.403 0.019 3.5 3.5 1.000 <0.001
Rheumatic disease 7.1 6.5 0.336 0.022 7.0 8.0 0.245 0.038
Renal failure 27.0 2.6 <0.0001 0.733 21.3 21.6 0.773 0.007
Valvular disease 5.9 5.8 0.812 0.005 6.0 5.2 0.289 0.034

Revascularization, % 54.0 57.4 0.003 0.068 55.2 55.6 0.763 0.008

PCI 43.9 51.2 <0.0001 0.154 45.0 45.2 0.863 0.004
CABG 11.1 6.4 <0.0001 0.163 11.1 11.3 0.852 0.005

STEMI, % 30.4 39.4 <0.0001 0.189 31.5 32.3 0.494 0.018

Anterior MI* 52.7 50.0 0.110 0.054 51.7 49.9 0.356 0.039

University hospital, % 53.9 49.7 0.0002 0.085 53.6 55.3 0.185 0.036

Year of MI <0.0001 0.172 0.988 0.026

Features of all patients and propensity score–matched patients. SMD, standardized mean difference. *Among patients with STEMI.

1660 Type 1 Diabetes and Myocardial Infarction Diabetes Care Volume 45, July 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1657/685229/dc220042.pdf by guest on 19 M
ay 2023



term mortality after MI. The Northern
Sweden MONICA study, involving 6,776
patients, showed that the difference in
mortality in patients with and without
diabetes after first MI did not change
between 1989 and 2006 (median follow-
up 6.8 years), with an age-adjusted HR
for mortality of 1.56 (95% CI 1.39–1.79)
for men with diabetes compared with
those without diabetes and 1.97 (95% CI
1.62–2.39) for women with diabetes com-
pared with women without diabetes (18).

The risks of all-cause mortality and
CVD mortality in type 1 diabetes may be
up to three- to fivefold compared with
the general population (22), with up to a
30-fold increased risk of serious CVD out-
comes in young patients with early-onset
type 1 diabetes (23). Relative to this
background, our observed HRs for 1-year
mortality after MI in type 1 diabetes may
seem modest (multivariable-adjusted HR
2.06; 95% CI 1.86–2.28 and propensity
score–matched cohorts HR 1.55; 95% CI

1.32–1.81). However, these relative risk
estimates are comparable to or slightly
higher than those reported in previous
studies that assessed mortality after MI
in unspecified diabetes or type 2 diabe-
tes cohorts (mortality risk elevated by a
factor of 1.3 to 2) (6,8,18–20). It should
be noted that the patients with type 1
diabetes experiencing MI and their con-
trols were older (mean age 64 years) in
our analyses than in several other type 1
diabetes mortality studies and had a high
prevalence of comorbidities that may
have affected the outcome of MI (heart
failure in 36% and cerebrovascular dis-
ease, prior MI, and renal failure in
almost 20%). These factors may explain
why the relative impact of type 1 diabe-
tes on survival may be of less signifi-
cance among patients experiencing MI
compared with unspecified type 1 dia-
betes cohorts.

The natural history and pathophysiol-
ogy of MI may differ between patients
with type 1 diabetes compared with
patients with type 2 diabetes or without
diabetes (3) and contribute to the
observed higher MI case fatality among
those with type 1 diabetes. Coronary ath-
erosclerosis in type 1 diabetes may be
more severe and extensive and of the
distal type compared with in patients
without diabetes (24). Factors such as
diabetic cardiomyopathy and hypoglyce-
mia may also expose patients with type
1 diabetes to worse outcomes compared
with patients without diabetes (25,26).
Some researchers have suggested that a
post-MI autoimmune syndrome, charac-
terized by cardiac autoantibodies and
myocardial inflammation, could explain
worse MI outcomes in type 1 diabetes
(27). Despite these differences, tradi-
tional CVD risk factors are key determi-
nants of CVD outcomes in both the
general population and in those with type
1 diabetes; the strongest predictors of
CVD and death among patients with type
1 diabetes include age, renal function,
duration of type 1 diabetes, glycemic con-
trol as measured by HbA1c, LDL choles-
terol, and systolic blood pressure, with
the latter three having almost linear asso-
ciations with CVD outcome (28).

Treatment differences have been sug-
gested to contribute to the observed sur-
vival gap between patients with diabetes
and controls after MI (19,29). In the
1990s, patients with diabetes experienc-
ing MI may have received less active

Figure 1—Case fatality in patients with type 1 diabetes and patients without diabetes after
MI in all nonadjusted (A) and propensity score–matched (B) cohorts. Dashed lines represent
95% CIs.
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evidence-based treatment, including lipid-
lowering therapy, reperfusion therapy,
and revascularization, than patients with-
out diabetes, which may partly explain
the excess mortality after MI among
patients with diabetes during earlier dec-
ades (29,30). However, this gap in quality
of MI care seems to have closed during
the 2000s (30). Nonetheless, patients
with diabetes have longer prehospital
delays during MI than patients without
diabetes (31), which contributes to worse
prognosis. Optimal revascularization strat-
egy differs between patients with type 1
diabetes and patients without diabetes.
Because of the more favorable outcomes
in patients with diabetes in need of mul-
tivessel revascularization, CABG is

preferred over PCI. Specifically, observa-
tional data on patients with type 1 diabe-
tes support this finding (32).

In our multivariable-adjusted analysis,
the excess case fatality among patients
with type 1 diabetes persisted in both
the revascularization and nonrevasculari-
zation subgroups. When comparing
patients with type 1 diabetes and the
matched controls, propensity score
matching balanced differences in revas-
cularization strategy between study
groups (45% underwent PCI and 11%
CABG). Therefore, our findings are not
explained by differences in revasculariza-
tion rates. As expected, among the type
1 diabetes cohort, revascularization with
either PCI or CABG was associated with

improved survival compared with no
revascularization.

Outcomes after PCI (not necessarily in
the context of MI) have been studied
extensively in type 2 diabetes and have
been shown to be impaired in patients
with type 2 diabetes compared with indi-
viduals without diabetes in a meta-analy-
sis of both randomized controlled trials
and observational studies (33). Moreover,
insulin-treated compared with non–insu-
lin-treated patients with type 2 diabetes
tend to fare worse with regard to both
short- and long-term outcomes after PCI
(34), as well as in the settings of STEMI
and primary PCI (35). According to a
recent U.S.-based observational study
from 2015 to 2018, patients with type 1

Table 2—Associations of baseline features with 1-year case fatality after MI in patients with type 1 diabetes

Variable Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Age, years <0.0001 <0.0001
<60 Reference Reference
60–79 2.42 (1.95–3.01) <0.0001 2.25 (1.78–2.84) <0.0001
$80 4.13 (3.09–5.53) <0.0001 3.62 (2.59–5.05) <0.0001

Women 0.90 (0.75–1.08) 0.271 0.91 (0.74–1.10) 0.325

Comorbidities

Alcohol abuse 1.52 (1.08–2.13) 0.017 1.50 (1.04–2.17) 0.030
Atrial fibrillation 1.82 (1.46–2.27) <0.0001 1.10 (0.87–1.40) 0.435
Cerebrovascular disease 1.67 (1.37–2.04) <0.0001 1.16 (0.94–1.43) 0.158
Chronic pulmonary disease 1.53 (1.22–1.93) 0.0003 1.25 (0.98–1.60) 0.073
Diabetic retinopathy or glaucoma 0.76 (0.63–0.92) 0.003 0.95 (0.77–1.17) 0.625
Diabetic hypoglycemic coma 1.16 (0.90–1.50) 0.256 1.18 (0.91–1.86) 0.069
Diabetic neuropathy 1.00 (0.75–1.33) 0.988 1.11 (0.82–1.49) 0.495
Diabetic ketoacidosis 1.07 (0.78–1.46) 0.688 1.35 (0.98–1.86) 0.069
Dementia 2.09 (1.46–2.98) <0.0001 1.33 (0.91–1.93) 0.140
Heart failure 2.55 (2.13–3.05) <0.0001 1.76 (1.44–2.16) <0.0001
Hypertension 1.60 (1.27–2.01) <0.0001 1.05 (0.82–1.36) 0.684
Liver disease 2.39 (1.68–3.41) <0.0001 2.10 (1.47–2.99) <0.0001
Malignancy 1.38 (1.08–1.78) 0.011 0.99 (0.76–1.29) 0.924
Paralysis 1.01 (0.44–2.34) 0.982 1.19 (0.51–2.77) 0.684
Peripheral vascular disease 1.99 (1.67–2.38) <0.0001 1.53 (1.25–1.86) <0.0001
Prior CABG 0.95 (0.68–1.32) 0.754 0.70 (0.50–0.98) 0.040
Prior MI 1.52 (1.25–1.85) <0.0001 1.11 (0.90–1.36) 0.344
Psychotic disorder 0.80 (0.45–1.42) 0.441 0.74 (0.39–1.41) 0.361
Rheumatic disease 1.30 (0.96–1.77) 0.092 1.15 (0.83–1.58) 0.406
Renal failure 2.06 (1.72–2.46) <0.0001 1.70 (1.38–2.08) <0.0001
Valvular disease 1.55 (1.14–2.12) 0.006 1.06 (0.77–1.46) 0.712

Revascularization 0.39 (0.32–0.47) <0.0001 0.59 (0.48–0.73) <0.0001

PCI 0.42 (0.35–0.52) <0.0001 0.57 (0.45–0.70) <0.0001
CABG 0.65 (0.47–0.91) 0.012 0.78 (0.55–1.11) 0.172

STEMI 0.99 (0.82–1.21) 0.932 1.80 (1.46–2.22) <0.0001

University hospital 0.65 (0.54–0.78) <0.0001 0.69 (0.57–0.84) 0.0001

Year of MI 0.048 0.003

2005–2009 Reference Reference
2010–2014 0.85 (0.68–1.05) 0.127 0.77 (0.62–0.96) 0.021
2015–2018 0.76 (0.61–0.95) 0.015 0.66 (0.52–0.84) 0.001

1662 Type 1 Diabetes and Myocardial Infarction Diabetes Care Volume 45, July 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1657/685229/dc220042.pdf by guest on 19 M
ay 2023



diabetes were at particularly high risk for
adverse in-hospital outcomes after PCI
compared with patients with type 2 dia-
betes and individuals without diabetes
(36). In addition to revascularization sta-
tus, higher age, presence of ST elevation,
and many prior comorbidities (e.g., liver
or renal disease, peripheral vascular dis-
ease, alcohol abuse, and heart failure)
were predictors of higher case fatality
after MI in the type 1 diabetes cohort of
our study. These findings are congruent
with previous reports of patients
experiencing MI with or without dia-
betes (37).
In our study, the disparity in survival

after MI between patients with type 1
diabetes and controls was similar in both
sexes. Furthermore, perhaps because of
lack of power, we found no association
between sex and MI case fatality in type
1 diabetes. In the general population,
female sex has been associated with
higher early mortality rates after MI (38),
although this association may be negated
or even reversed with more comprehen-
sive adjustments and when assessing
long-term prognosis of MI (12,13). In
addition, some but not all reports in

diabetes of unspecified type or type 2
diabetes have disclosed higher relative
risks of death after MI in women com-
pared with men with diabetes (6,18,20).

Although we were not able to assess
the effect of glycemic control on case
fatality after MI, it may be hypothesized
that such an association exists. Poor gly-
cemic control in type 1 diabetes is asso-
ciated with higher CVD mortality and
risk of CVD events (2,22). A Swedish
nationwide cohort study of patients with
type 1 diabetes with manifest severe
coronary heart disease who underwent
primary isolated nonemergency CABG
between 1997 and 2012 showed that,
during a median follow-up of 4.7 years,
the HR for death or major adverse car-
diovascular event for a 1% increase in
HbA1c was 1.18 (95% CI 1.06–1.32) (39).
Another hospital-based study from
the U.S. including >3,000 patients with
diabetes undergoing PCI showed that
higher HbA1c was associated with
greater long-term mortality, but this
study did not distinguish between type 1
and type 2 diabetes (40). In our study, a
history of ketoacidosis as well as diabetic
hypoglycemic coma seemed to be linked

to higher case fatality after MI, but these
associations did not reach statistical
significance. Furthermore, the presence
of diabetic retinopathy or neuropathy,
which may reflect poor diabetes con-
trol, was not associated with MI case
fatality.

Strengths of the current study include
the population-based/nationwide design
with nearly all patients with MI in Finland
included during a 14-year period as well
as the use of propensity score–matched
controls, comprehensively accounting for
factors that may have influenced mortal-
ity rates. We lacked data on some rel-
evant risk factors, such as coronary
angiography findings, laboratory and
blood pressure measurements, BMI, and
smoking. Because our study was observa-
tional, residual confounding could not be
excluded, but based on the analysis of E
value (14), unmeasured confounders
would have had to have a minimum
strength of association of 2.5 on the risk
ratio scale with both the exposure and
the outcome to explain away our main
finding. Our case identification of patients
with type 1 diabetes relied on four com-
plementary requirements: purchases of

Table 3—HRs for 1-year case fatality after MI in patients with type 1 diabetes versus patients without diabetes by subgroups

Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Sex <0.0001* 0.966*
Male 2.02 (1.80–2.26) <0.0001 2.07 (1.82–2.35) <0.0001
Female 1.15 (0.99–1.32) 0.064 2.06 (1.76–2.41) <0.0001

Age, years <0.0001* <0.0001*

<60 5.60 (4.55–6.90) <0.0001 3.50 (2.83–4.33) <0.0001
60–79 3.14 (2.79–3.52) <0.0001 2.20 (1.95–2.49) <0.0001
$80 1.33 (1.07–1.65) 0.011 1.23 (0.98–1.54) 0.071

STEMI 0.009* 0.007*

Yes 1.89 (1.60–2.24) <0.0001 2.56 (2.13–3.09) <0.0001
No 1.45 (1.31–1.62) <0.0001 1.90 (1.69–2.14) <0.0001

Atrial fibrillation 0.009* 0.126*

Yes 1.31 (1.07–1.59) 0.008 1.79 (1.45–2.20) <0.0001
No 1.76 (1.59–1.94) <0.0001 2.14 (1.91–2.40) <0.0001

Heart failure <0.0001* 0.090*

Yes 1.01 (0.90–1.13) 0.892 1.92 (1.69–2.19) <0.0001
No 1.59 (1.39–1.83) <0.0001 2.28 (1.96–2.66) <0.0001

Revascularization <0.0001* <0.0001*

Yes 2.80 (2.40–3.27) <0.0001 3.35 (2.87–3.91) <0.0001
No 1.22 (1.09–1.36) 0.001 1.72 (1.52–1.93) <0.0001

Year of MI 0.298* 0.967*

2005–2009 1.53 (1.30–1.79) <0.0001 2.09 (1.76–2.48) <0.0001
2010–2014 1.63 (1.41–1.89) <0.0001 2.06 (1.75–2.41) <0.0001
2015–2018 1.83 (1.56–2.15) <0.0001 2.05 (1.71–2.45) <0.0001

*Interaction P value.
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insulin but not of oral antidiabetic medi-
cations during the year preceding the
index MI, ICD-10 code E10 for insulin-
dependent diabetes in CRHC, and entitle-
ment to special reimbursement for anti-
diabetic medications. Nevertheless, we
had no information on islet autoantibod-
ies or C-peptide levels, and because of
the uncertainty in diagnosis or erroneous
recording of ICD-10 codes, it is possible
that individual patients with type 2 diabe-
tes treated solely with insulin were
included, but this is unlikely to have influ-
enced the study results.

In conclusion, despite treatment advan-
ces, 1-year case fatality after MI among
patients with type 1 diabetes remains
markedly increased compared with
individuals without diabetes. Although
we observed a decrease in case fatality
rates among patients with type 1 diabetes
over time, the relative risk of 1-year mor-
tality remained roughly double among
successive type 1 diabetes cohorts com-
pared with individuals without diabetes
between 2005 and 2018. Our results
underscore the need for vigorous acute
treatment of MI as well as for effective
CVD prevention strategies, including opti-
mal glycemic control, for both men and
women with type 1 diabetes.
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