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Abstract

matched controls.

were included.

time trend in AMI by calendar year of diabetes onset.

Background: We aimed to study the cumulative incidence and risk factors (sex, age, calendar year of diabetes onset,
country of origin and educational level) of acute myocardial infarction (AMI) in subjects with type 1 diabetes and

Methods: A nationwide cohort of subjects with type 1 diabetes diagnosed at age < 15 years in Norway during
1973-2000 was followed until the first AMI event, emigration, death or 31st of December 2017. The Norwegian Child-
hood Diabetes Registry was linked to five nationwide registries, and up to ten sex- and age-matched controls per case

Results: Among 7086 subjects with type 1 diabetes, 170 (2.4%) were identified with incident AMI, compared to 193
(0.3%) of 69,356 controls. Mean age and diabetes duration at first AMI was 40.8 years and 30.6 years, respectively. The
probability of AMI after 40 years of follow-up was 8.0% in subjects with type 1 diabetes and 1.1% in controls, aHR
9.05 (95% C1 7.18-11.41). In type 1 diabetes, male sex (aHR 1.45), higher age at onset of diabetes and lower education
(higher compared to lower, aHR 0.38) were significantly associated with higher risk of AMI. There was no significant

Conclusions: We found nine-fold excess risk of AMI in subjects with type 1 diabetes, and three-fold higher risk in
subjects with low versus high education. These results highlight a strengthened focus on prevention of cardiovascular
disease, and diabetes education tailored to the subjects’educational background.
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Introduction

Type 1 diabetes is one of the most common life-long
diseases among children [1]. Subjects with type 1 diabe-
tes are at higher risk of coronary heart disease (CHD)
including acute myocardial infarction (AMI) [2-5],
and cardiovascular disease (CVD) is the main cause of
death in adults with type 1 diabetes [6—8]. International

*Correspondence: maryam.saeed@medisin.uio.no

! Division of Pediatric and Adolescent Medicine, Oslo University Hospital,
Oslo, Norway

Full list of author information is available at the end of the article

B BMC

diabetes guidelines recommend aggressive management
of modifiable cardiovascular risk factors as individuals
with type 1 diabetes have generally higher risk of CVD,
and the risk is increased in those diagnosed at an early
age [9-12]. Studies from Finland and Sweden have shown
a greater decline in the incidence of CVD in subjects with
type 1 diabetes over time compared to the general pop-
ulation [3, 4, 13], while an American study did not find
time-trends in CHD by age at diagnosis (1965-1980) of
childhood-onset type 1 diabetes [14].
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Low socioeconomic status, which includes educational
level, has been associated with increased risk of several
health outcomes and mortality [15, 16]. Based on the
important element of self-care in type 1 diabetes and
review of the literature we hypothesized that the impor-
tance of educational background in AMI risk among
people with type 1 diabetes is greater than that of the
general population. Although education has been shown
to be the most important socioeconomic predictor of
several health outcome as hypertension, cholesterol lev-
els, cardiovascular morbidity and mortality in the general
population [17], there are relatively few studies relating
education to AMI in type 1 diabetes subjects [18].

Norway has several nationwide health registries includ-
ing the Norwegian Childhood Diabetes Registry (NCDR).
All residents in Norway have a personal identification
number that may be used for register linkage. This pro-
vides a unique opportunity for population-based studies.

Our primary aims were to estimate the cumulative inci-
dence of AMI in subjects with childhood-onset type 1
diabetes compared to matched controls. We also wanted
to estimate the association between educational level
and risk of incident AMI in both groups. Secondary aims
were to estimate mortality after AMI in subjects with
type 1 diabetes and controls.

Materials and methods

Participants and study design

This is a matched cohort study, based on linkages
between several nation-wide registries with near com-
plete coverage, at the individual level using personal iden-
tification numbers (Additional file 1: Fig. S1). For each
subject with type 1 diabetes (n=7086), we randomly
included ten matched controls from the National Popula-
tion Register. These were all matched to have same sex,
year of birth, county of residence and being alive at the
time of type 1 diabetes onset in their counterpart, from
which they were followed for AMI to the 31st of Decem-
ber 2017. Subjects diagnosed with type 1 diabetes at age
<14 years during 1973-2016 and born <1st January
2001, were identified in the Norwegian Childhood Diabe-
tes Registry. If control subjects were later diagnosed with
type 1 diabetes (>15 years of age), they were excluded
(n=344). In some cases only nine matched controls were
identified, leaving 69,346 controls for analysis. Data from
Norwegian Childhood Diabetes Registry were collected
prospectively, apart from 1973 to 1988 [19, 20].

Outcome

The primary outcome was an incident AMI event using
the International Classification of Diseases 9th revision
(ICD-9) codes 410 or ICD-10 codes 121-122 [21]. First
hospitalization with a primary or secondary diagnosis of
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AMI or death with AMI as the underlying cause, which-
ever occurred first, was defined as the first event of AML
AMI hospitalization was identified by using in-patient
discharge diagnoses in national hospitalization data from
the CVDNOR Project covering the time period 1994—
2008 [22] and the Norwegian Patient Registry from 2008
to 2017 [23].

We studied mortality as an outcome after AMI, but
also as a competing risk for AMI. The Norwegian Cause
of Death Registry was used to obtain data on date and
cause of death. The information includes the underlying
cause of death and all contributing factors.

Figure 1 shows the individual flow chart for all partici-
pants (both with and without type 1 diabetes) followed
for AMI from start of follow-up the end of 2017.

Covariates

Information about educational level and country of ori-
gin was obtained from Statistics Norway. Educational
level was categorized as low (compulsory, < 10 years),
intermediate (11-13 years) and higher (>14 years),
achieved per 2016. There were missing data on education
both among subjects with type 1 diabetes and controls,
1 and 11%, respectively. These subjects were excluded
from the final analyses. Country of origin was defined
as Norwegian if the participants and both of the parents
were born in Norway. If the participant or one of his/her
parents were born outside Norway, the participants was
defined as non-Norwegian (Additional file 1: Fig. S2).

Statistical analysis

To avoid immortal time bias, baseline (start of follow-
up) among controls was set at the date of onset of type
1 diabetes in the matched case. Participants were fol-
lowed from baseline until AMI, death, emigration or 31st
of December 2017, whichever occurred first, with time
since diagnosis as the primary time variable.

Descriptive characteristics were presented as means
and range for continuous variables, and frequencies and
proportions for categorical variables. Analyses of asso-
ciations between covariates and AMI were done using
Cox regression estimating hazard ratios (HR) with 95%
confidence intervals. For the association between type
1 diabetes and AMI, comparing subjects with matched
controls, we used stratified Cox regression where each
set of a type 1 diabetes subjects and a matched control
formed a stratum. We estimated the probability of out-
comes over time using the cumulative incidence func-
tion based on the Fine & Gray competing risk regression
model, treating death as a competing risk [24]. We
assessed, and found no evidence for deviation from the
proportional hazards assumption, using the Schoenfeld
test and visually inspecting log-minus-log plots. AMI
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Type 1 diabetes. n = 7.086

Control group. n = 69.356

Dead without AMI before end of
follow-up, n = 285 (4.0%)

Dead without AMI before end
of follow-up, n = 685 (1.0%)

Emigrated without AMI before
end of follow-up, n = 86 (1.2%)

\ 4

Emigrated without AMI before
end of follow-up, n=5,115
(7.4%)

4

AML n =170 (2.4%)
Mean age at AMI diagnosis 40.8 (17.7-57.2) y

Myocardial Infarction (AMI) to the end of 2017

Fig. 1 Flow chart for subjects with type 1 diabetes diagnosed before 15 years of age during 1973-2016 and matched controls followed for Acute

v

AMI n =193 (0.3%)
Mean age at AMI diagnosis 43.3 (7.3 -57.3) y

occurring at any time before death (<1 day) was mod-
elled as a time-varying covariate, where individuals who
developed AMI changed state at the first registered AMI
event. The covariates used in the Cox regression models
were educational level (three levels), age (continuous)
and calendar year at onset of type 1 diabetes (continuous)
to study time trend, and sex. We used Stata version 15 for
data analyses (StataCorp LP, College Station, TX).

Results

Type 1 diabetes was diagnosed at a mean age of 9.4 years.
Mean duration of type 1 diabetes at end of follow-up was
22.4 years (range 0.03—44.99) and mean age 31.8 years
(0.8-59.5). According to our matched design, controls
did not differ from the cases with regard to age, sex and
duration of follow-up. Most cases with type 1 diabetes
(90.8%) were Norwegian (Table 1).

Incidence of AMI

During 158,930 person years of follow-up among sub-
jects with type 1 diabetes, 170 (63.5% men) were iden-
tified with at least one AMI event (incidence rate of
107/100,000 person-years). At the first AMI event, the

mean diabetes duration was 30.6 years (range 5.1-43.1)
and mean age was 40.8 years (17.7-57.2). Among
matched controls 193 developed AMI with an inci-
dence rate of 12/100,000 person-years and mean age at
first AMI event was 43.3 years. The probability of AMI
after 20 years of type 1 diabetes duration was 0.4% (95%
CI 0.3-0.6%) and after 40 years it was 8.0% (95% CI
6.8—9.4%) (Fig. 2). In comparison, the probability of AMI
in the control group during the first 20 years of follow-up
was 0.04% (95% CI 0.02—0.06%) and up to 40 years 1.13%
(95% CI 0.96—1.31%). The adjusted HR (aHR) for AMI in
type 1 diabetes vs. controls was 9.05 (95% CI 7.18-11.41
(Additionalfile 1: Table S1). Probabilities of AMI using
traditional Kaplan-Meier failure estimates (ignoring
competing risk) gave similar results, shown in Additional
file 1: Fig. S3.

There was no significant time trend by calendar year
of diabetes onset on risk of AMI event (Fig. 3) in sub-
jects with type 1 diabetes, but in matched controls there
was significant increasing time trend (Additionalfile 1:
Table S2). Among cases, men had a 45% higher risk of
AMI compared to women (aHR 1.45, 95% CI 1.06—1.98),
whereas among controls male sex was associated with
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Table 1 Characteristics of the cohort, including both subjects with childhood-onset type 1 diabetes and the matched control group,

followed from the date of diagnosis of type 1 diabetes

Characteristics All subjects with type 1 diabetes All subjects
without type 1
diabetes

Participants, N 7086 69,356

Male sex, N (%) 3835 (54.1) 37,552 (54.1)

Mean age at end of follow-up, years (range) 31.8(0.8-59.1) 32.1(1.42-595)

Mean age at onset of type 1 diabetes, years (range) 9.4 (0.09-14.99) 9.4 (0.09-14.99)

Mean duration from diabetes onset to end of follow-up, years (range) 224 (0.03-44.99) 22.7 (0.07-44.99)%

Norwegian, N (%)° 6435 (90.8) 47,781 (68.9)

Lower education, N (%)° 2469 (34.8) 1,400 (30.9)

Intermediate education, N (%) 2634 (37.2) 22435323

Higher education (%) 1902 (26.8) 17,952 (25.9)

2These variables are for the matched controls at start of follow-up

b If the individual and both parents were born in Norway, the individual is defined as Norwegian

¢ Lower education (compulsory, < 10 years), intermediate (11-13 years), higher level (> 14 years)

0147 Type 1 diabetes
————— Control grou
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=
<
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=2
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o
<
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0.02 A
0.00 A
0 10 20 30 40 50
Time since start of follow-up (diabetes onset)(years)
Fig. 2 Probability of acute myocardial infarction (AMI) during
follow-up from childhood-onset of type 1 diabetes and in control
subjects matched for age, sex and county of residence. Probability
estimates are cumulative incidence function taking competing risk by
death into account

a five-fold higher incidence of AMI (aHR=4.95, 95%
CI 3.27-7.50, Additionalfile 1: Table S2). The interac-
tion between sex and type 1 diabetes was significant
(p<0.001).

Risk of AMI by education and age

Higher education was associated with significantly lower
risk of AMI in subjects with type 1 diabetes, with a clear
gradient and more than two-fold difference compared
to lower education (aHR 0.38, 95% CI 0.25-0.57, Fig. 3).
There was similar gradient for controls (Additionalfile 1:
Table S2), with no significant interaction between edu-
cation and type 1 diabetes in the Cox-regression model.

Due to much higher absolute risk of AMI in subjects with
type 1 diabetes compared to controls, the absolute educa-
tional differences in risk of AMI were substantially larger
among subjects with diabetes than in controls (Fig. 4).

Finally, higher age at onset (continuously per year) of
type 1 diabetes were significantly associated with higher
risk of AMI in subjects with type 1 diabetes (Fig. 3). Age
was also divided into 0-9 and 10-14 years and higher
age-band was significantly associated with higher risk of
AMI (aHR 1.62, 95% CI 1.19-2.19).

AMI as a risk factor for death

A total of 326 deaths occurred in subjects with type 1
diabetes, among whom 41 had an AMI before or at the
time of death. Among controls, 707 died of whom 22 had
an AMI registered (Additionalfile 1: Fig. S4). There were
three out-of-hospital deaths from AMI in subjects with
type 1 diabetes and four in controls, with their first inci-
dent AMI registered at the time of death. AMI was asso-
ciated with five-fold increased rate for all-cause mortality
in subjects with type 1 diabetes (adjusted HR (aHR) 5.17,
95% CI 3.42-7.82, Additionalfile 1: Table S3) and eight-
fold in their matched controls (aHR 8.41, 95% CI 5.10—
13.84) (Additionalfile 1: Table S4).

Among subjects with type 1 diabetes, the AMI case
fatality rates were 39% (n=16) within 28 days, and 10%
(n=4) after 28 but within 365 days. The corresponding
AMI case fatality rates for controls were 68% (n=15) and
9% (n=2), respectively.

Sensitivity analyses
Sub-analyses were done after expanding the endpoint
definition to CHD, which include acute, subacute and
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Variable
Male 108 (64%)

Age at onset of type 1 diabetes (continuous)

Calendar year of type 1 diabetes diagnosis (continuous)

Number with AMI (%)

adjusted HR (95% CI)
unadjusted HR (95% CI)

1.45 (1.06 — 1.98)
1.55 (1.13-2.12)

- 1.11 (1.06 — 1.15)
<+ 1.1 (1.06 - 1.16)

0.997 (0.967 — 1.028)
0.994 (0.963 - 1.025)

0.57 (0.41-0.81)
0.56 (0.40 - 0.79)

0.38 (0.25-0.57)
0.35(0.23-0.53)

*> 1.38 (0.77 — 2.49)
1.28 (0.71-2.30)

Lower educationt 62 (36%)
Intermediate education 73 (43%)
Higher education 35 (21%)
Non-Norwegiant 12 (7%)
T
0.0

Fig. 3 Predictors of acute myocardial infarction (AMI) in subjects with childhood-onset type 1 diabetes showed by a Forest plot.

*Hazard ratio (HR) estimated with Cox regression model and adjusted for all variables above, fLower education (compulsory, < 10 years),
Intermediate (11-13 years), Higher level (> 14 years). There were missing data on education on 7569 (11%) subjects among controls and 81 (1%)
among subjects with type 1 diabetes. If the individual and both parents were born in Norway, the individual is defined as Norwegian
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Fig. 4 Probability of acute myocardial infarction (AMI) by level of
education during follow-up from childhood-onset of type 1 diabetes
and in control subjects matched for age, sex and county of residence.
Probability estimates are cumulative incidence function taking
competing risk by death into account

chronic ischemic heart disease (ICD-10 code 120-125 and
ICD-9 code 410-414). We found 322 CHD events among
subjects with type 1 diabetes and 426 among control sub-
jects. Mean age and diabetes duration at the CHD event

were similar to those at the primary endpoint, AMI.
However, the probability of developing CHD in subjects
with type 1 diabetes, when compared to AMI, was nearly
doubled to 0.7% after 20 years and 16.4% after 40 years of
diabetes duration. The hazard ratios for risk factors were
of similar magnitude for CHD as for AMI (Additionalfile
1: Table S5). CHD was associated with a four to five-fold
increased mortality rate in both cases (aHR 4.44, 95% CI
3.09-6.38) and their matched control subjects (aHR 5.31,
95% CI 3.40-8.29).

Discussion

In this study, we found that subjects with childhood-
onset type 1 diabetes had a nine-fold higher risk of AMI
during follow-up to 30-40 years diabetes duration, com-
pared to matched controls. The absolute educational dif-
ferences in risk of AMI were substantially larger among
subjects with diabetes than in controls.

Strengths and limitations
The strengths of this study include the prospective
design, the long follow-up of a large population-based
cohort of childhood-onset type 1 diabetes and matched
controls, allowing precise estimates of the clinically
important endpoint AMIL.
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Our study was observational, and we did not have
information on modifiable risk factors such as blood
pressure, hemoglobin Alc (HbAlc), lipid profile and
smoking. We studied a relatively young cohort (mean age
31.8 years) where AMI is rare, and the numbers may be
affected by that.

Type 1 diabetes versus controls

Increased risk of CHD in type 1 diabetes is a well-known
complication already described in the late 1970’s [25, 26].
Our findings are in line with a Scottish Register Study
from 2005 to 2007, with excessive risk of CVD among
subjects with type 1 diabetes (>20 years) compared to
non-diabetic [27]. A recent meta-analysis including 10
observational studies studying risk of CVD compar-
ing subjects with type 1 diabetes and matched controls
showed increased risk of several types of CVD. Only
three publications included in the meta-analysis included
myocardial infarction as the outcome. For these, the
reported pooled relative risk for AMI was 6.4 [5], but the
relative risk varied between studies and with age at onset
of diabetes in a Swedish study [3].

In our study, we have followed the participants from
diabetes onset, with a longer maximum follow-up and
with increased focus on preventative measures focused
on CHD and AMI in the last decades, it is notable that
there was no observable reduction in CHD or AMI risk
the last ten tears. Our findings are in keeping with a
recent cross-sectional Chinese study of 48 subjects with
type 1 diabetes (age 12—-17 years, mean diabetes dura-
tion <4 years) and 19 controls without diabetes [28]. This
study reported higher CVD risk factors (i.e., negative
lipid profile and lower physical activity) among subjects
with childhood-onset type 1 diabetes compared to their
peers without diabetes [28]. Higher levels of CVD risk
factors, including inflammatory markers, have also been
shown in young Norwegian subjects with childhood-
onset type 1 diabetes compared to controls [29]. Inten-
sive treatment of diabetes has been shown to reduce risk
of CVD [30], but even with increased focus on self-care
and tighter glycemic control during the last decades, we
still found a markedly higher AMI risk compared to con-
trols (no significant interaction between type 1 diabetes
and calendar year at diagnosis of type 1 diabetes).

Many countries report that the incidence of AMI in
the general population in all age groups has declined
[31-33]. A Norwegian study from 2001 to 2009 showed
increased incidence trends for younger age group (age
> 25-<45 years) and declining trend in older age groups
(>45 years) [34]. Later, the authors published new data
from 2001 to 2014 showing declining AMI rates in all age
group [35]. In our matched cohort (controls) we report
significant increasing time trends, aHR 1.05, on average
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per calendar year for incident AMI (Additionalfile 1:
Table S2). However, we have not distinguished between
fatal events with out of hospital deaths or invasive pro-
cedures leading to the diagnosis of AMI. More strin-
gent check-ups, better equipment to diagnose and treat
ischemic heart disease at early age, even without severe
symptoms/clinic, could also explain our findings with
increasing time trend in the control group.

On the other hand, in our cohort with type 1 diabetes
we report a non-significant, but declining trend of AMI
per calendar year. This is in line with other studies [4] and
may in Norway be explained by improvement in diabetes
treatment according to clinical guidelines both in pedi-
atric and adult diabetes care, more focus on modifiable
CVD risk factors and improved glycemic control.

Lower education as risk factor for AMI
The lower risk of AMI seen in those with higher educa-
tion is remarkably strong, and consistent with a study
of coronary artery disease from Allegheny county in the
USA [18]. We also found that the relative risk (hazard
ratio) did not differ from that in controls, not supporting
our a priori hypothesis that the relative AMI rate would
be stronger (further from 1.00) in subjects with diabetes
than in controls. However, in absolute terms, the similar
hazard ratios translate into a larger difference by educa-
tion among subjects with type 1 diabetes. These results
are in harmony with other studies regarding both gen-
eral population samples and cohorts with type 1 diabe-
tes [15, 16, 18, 36]. This is quite remarkable given the free
health care in Norway available for all residents. HbAlc
is known to correlate with low education in subjects
with type 2 diabetes, but with more inconsistent findings
in subjects with type 1 diabetes [37]. We can speculate
that lower education influences the ability to understand
health information and practice self-care. Universal cov-
erage of health care does not seem to eliminate or offset
broader health inequalities. On the other hand, we do not
have any information about other comorbidities among
our subjects, which may influence the risk of AMIL.
Another aspect of our results is that despite the strong
association between type 1 diabetes and incidence of
AMI, the nine-fold difference was hardly affected by
adjustment for education. Blood glucose assessed by
HbAlc is considered as the most powerful risk factor for
cardiovascular outcomes in subjects with type 1 diabetes,
in addition to other traditional risk factors [38]. Glycemic
control close to normal reference levels for long term is
associated with lower CVD including ischemic heart
disease [39, 40]. Hyperglycemia induced inflammation,
oxidative stress and hypercoagulability is also discussed,
leading to micro- and macrovascular complications [41].
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Our study is observational, but our findings in this study
and in a former study may support these hypotheses [21].

Demographic risk factor for AMI

Previous studies have shown higher risk of CHD in
women compared to men with type 1 diabetes [3, 42]. We
found men to have greater risk of AMI both in controls
and subjects with type diabetes, but the risk ratio was
markedly reduced in subjects with type 1 diabetes com-
pared to controls. The relative risk compared to women
is in line with previous studies suggesting that the pro-
tective effect of being female in the general population is
attenuated or even lost in subjects with type 1 diabetes
4, 42, 43].

We report higher risk ratios for AMI with increasing
age at onset of type 1 diabetes, both continuously for
every year and for the higher age-band when categorized
into 0-9 years and 10-14 years of age. Our findings are in
line with other studies including micro- and macrovascu-
lar complications [19, 44]. This contrasts with the Swed-
ish Register study by Rawshani et al. [3] who found that
early age at onset was associated with higher risk of AMI,
but they compared early onset (<10 years of age) with
later onset (26—30 years).

Implications and conclusion

Our results highlight the need of continued focus on pre-
vention of CVD among people with type 1 diabetes, and
raise the question whether diabetes education should be
tailored to the educational background of subjects.

In conclusion, we found a nine-fold higher risk of AMI
in subjects with type 1 diabetes compared to matched
controls. Higher education was associated with signifi-
cantly lower risk of AMI in both subjects with and with-
out type 1 diabetes.

Supplementary information

The online version contains supplementary material available at https://doi.
org/10.1186/512933-022-01498-5.

[ Additional file 1. Additional tables and figures. }

Acknowledgements

The authors thank all the subjects and their families who contributed with
data. The authors thank Tomislav Dimoski at The Norwegian Institute of Public
Health, Norway for his contribution by developing the software necessary

for obtaining data from Norwegian hospitals, conducting the data collection
and quality assurance of data in this project. The authors thank Kari Juul at
Department of Global Public Health and Primary Care, University of Bergen, for
preparing data from the CVDNOR Project for this study. The authors thank Ann
Kristin Drivvoll at the Norwegian Childhood Diabetes Registry (NCDR) for help
during extraction with the NCDR.

Disclaimers
Data from the Norwegian Patient Registry and the Norwegian Cause of Death
Registry have been used in this publication. The interpretation and reporting

Page 7 of 8

of these data are the sole responsibility of the authors, and no endorsement
by these registries is intended, nor should be inferred. There are no potential
conflicts of interest relevant to this article.

Authors’ contributions

GJ, TS, LCS and MS planned and conceptualized the project. MS wrote the first
draft of the manuscript and organized the data. MS and LCS analyzed the data.
LCS supervised the analysis and interpretation of data. IA helped understand-
ing the data from the Norwegian Patient Registry, CVDNOR-project and Cause
of Death Registry. All authors critically reviewed, contributed to discussion

of the manuscript. MS had full access to all the data in the study and takes

full responsibility for interpretation and accuracy of the data, and analysis. All
authors read and approved the final manuscript.

Funding
This project was funded by the Dam Foundation, University of Oslo, Oslo
University Hospital and the Norwegian Diabetes Association.

Availability of data and materials

All data have been retrieved with approval from the Regional Committee for
Medical and Health Research Ethics in Norway, Statistics Norway, NCDR, CVD-
NOR Project, the Norwegian Patient Registry, The Norwegian Renal Registry
and Norwegian Cause of Death Registry. All data are available upon applica-
tion with restrictions due to data protection and regulations.

Declarations

Ethics approval and consent to participate

The study was approved by the Regional Committee for Medical and Health
Research Ethics (2017/138) and by the local Data Protection Officer at Oslo
University Hospital (2017/467). All subjects with type 1 diabetes who are
registered in the Norwegian Childhood Diabetes Registry, have given written
or passive consent. Consent for the control group is not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details

'Division of Pediatric and Adolescent Medicine, Oslo University Hospital, Oslo,
Norway. “Institute of Clinical Medicine, Faculty of Medicine, University of Oslo,
Oslo, Norway. 2Oslo Diabetes Research Centre, Oslo University Hospital, Oslo,
Norway. “Department of Chronic Diseases, Norwegian Institute of Public
Health, Oslo, Norway. >Department of Global Public Health and Primary Care,
University of Bergen, Bergen, Norway.

Received: 14 February 2022 Accepted: 9 April 2022
Published online: 27 April 2022

References

1. DiMeglio LA, Evans-Molina C, Oram RA. Type 1 diabetes. Lancet.
2018;391(10138):2449-62.

2. Orchard TJ, Costacou T, Kretowski A, Nesto RW. Type 1 diabetes and
coronary artery disease. Diabetes Care. 2006;29(11):2528-38.

3. Rawshani A, Sattar N, Franzen S, Rawshani A, Hattersley AT, Svensson AM,
et al. Excess mortality and cardiovascular disease in young adults with
type 1 diabetes in relation to age at onset: a nationwide, register-based
cohort study. Lancet. 2018,392(10146):477-86.

4. HarjutsaloV, Pongrac Barlovic D, Groop PH. Long-term population-based
trends in the incidence of cardiovascular disease in individuals with type
1 diabetes from Finland: a retrospective, nationwide, cohort study. Lancet
Diabetes Endocrinol. 2021;9(9):575-85.

5. GaiX, LiJ, CaiW, Chen C MaJ, Xie Z, et al. Meta-analysis of type 1 diabe-
tes mellitus and risk of cardiovascular disease. J Diabetes Complications.
2021;35(4):107833.


https://doi.org/10.1186/s12933-022-01498-5
https://doi.org/10.1186/s12933-022-01498-5

Saeed et al. Cardiovascular Diabetology (2022) 21:59

20.

21.

22.

23.

24.

25.

26.

27.

Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS, Lawrenson RA,
Colhoun HM. All-cause mortality rates in patients with type 1 diabetes
mellitus compared with a non-diabetic population from the UK general
practice research database, 1992-1999. Diabetologia. 2006;49(4):660-6.
Tu E, Twigg SM, Duflou J, Semsarian C. Causes of death in young Austral-
ians with type 1 diabetes: a review of coronial postmortem examinations.
Med J Aust. 2008;188(12):699-702.

Gagnum V, Stene LC, Jenssen TG, Berteussen LM, Sandvik L, Joner G, et al.
Causes of death in childhood-onset Type 1 diabetes: long-term follow-
up. Diabet Med. 2017;34(1):56-63.

Holt RIG, DeVries JH, Hess-Fischl A, Hirsch IB, Kirkman MS, Klupa T, et al.
The management of type 1 diabetes in adults a consensus report by the
American Diabetes Association (ADA) and the European Association for
the Study of Diabetes (EASD). Diabetes Care. 2021. https://doi.org/10.
1007/500125-021-05568-3.

Teoh IH, Elisaus P, Schofield JD. Cardiovascular risk management in type 1
diabetes. Curr Diabetes Rep. 2021;21(9):29.

. Bebu |, Schade D, Braffett B, Kosiborod M, Lopes-Virella M, Soliman EZ,

et al. Risk factors for first and subsequent CVD events in type 1 diabetes:
the DCCT/EDIC study. Diabetes Care. 2020;43(4):867-74.

Chiesa ST, Marcovecchio ML. Preventing cardiovascular complications

in type 1 diabetes: the need for a lifetime approach. Front Pediatr.
2021;9:696499.

Rawshani A, Rawshani A, Franzen S, Eliasson B, Svensson AM, Miftaraj M,
et al. Mortality and cardiovascular disease in type 1 and type 2 diabetes.
N EnglJ Med. 2017;376(15):1407-18.

Costacou T, Orchard TJ. Recent trends over time in vascular disease in
type 1 diabetes: insights from the Pittsburgh Epidemiology of Diabetes
Complications study. Cardiovasc Endocrinol Metab. 2019;8(1):3-13.
Hill-Briggs F, Adler NE, Berkowitz SA, Chin MH, Gary-Webb TL, Navas-Acien
A, et al. Social determinants of health and diabetes: a scientific review.
Diabetes Care. 2021;44(1):258-79.

Igland J, Vollset SE, Nygérd OK, Sulo G, Ebbing M, Tell GS. Educational
inequalities in acute myocardial infarction incidence in Norway: a nation-
wide cohort study. PLoS ONE. 2014;9(9):e106898.

Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and
health: how education, income, and occupation contribute to risk factors
for cardiovascular disease. Am J Public Health. 1992:82(6):816-20.
Secrest AM, Costacou T, Gutelius B, Miller RG, Songer TJ, Orchard TJ. Asso-
ciations between socioeconomic status and major complications in type
1 diabetes: the Pittsburgh epidemiology of diabetes complication (EDC)
study. Ann Epidemiol. 2011;21(5):374-81.

Gagnum V, Saeed M, Stene LC, Leivestad T, Joner G, Skrivarhaug T. Low
incidence of end-stage renal disease in childhood-onset type 1 diabetes
followed for up to 42 years. Diabetes Care. 2018;41(3):420-5.

Irgens HU, Molnes J, Johansson BB, Ringdal M, Skrivarhaug T, Undlien DE,
et al. Prevalence of monogenic diabetes in the population-based Norwe-
gian Childhood Diabetes Registry. Diabetologia. 2013;56(7):1512-9.
Saeed M, Tapia G, Ariansen |, Stene LC, Seljeflot |, Tell GS, et al. Serum
galectin-3 and subsequent risk of coronary heart disease in subjects

with childhood-onset type 1 diabetes: a cohort study. Diabetes Care.
2021;44(3):810-6.

Sulo G, Igland J, Vollset SE, Ebbing M, Egeland GM, Ariansen |, et al. Trends
in incident acute myocardial infarction in Norway: an updated analysis
to 2014 using national data from the CVDNOR project. Eur J Prev Cardiol.
2018;25(10):1031-9.

Bakken 1J, Ariansen AMS, Knudsen GP, Johansen KI, Vollset SE. The Nor-
wegian Patient Registry and the Norwegian Registry for Primary Health
Care: research potential of two nationwide health-care registries. Scand J
Public Health. 2020;48(1):49-55.

Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data in
the presence of competing risks. Circulation. 2016;133(6):601-9.

Deckert T, Poulsen JE, Larsen M. Prognosis of diabetics with diabetes
onset before the age of thirtyone. Diabetologia. 1978;14(6):363-70.
Sousa GR, Pober D, Galderisi A, Lv H, Yu L, Pereira AC, et al. Glycemic con-
trol, cardiac autoimmunity, and long-term risk of cardiovascular disease in
type 1 diabetes mellitus. Circulation. 2019;139(6):730-43.

Livingstone SJ, Looker HC, Hothersall EJ, Wild SH, Lindsay RS, Chalm-

ers J, et al. Risk of cardiovascular disease and total mortality in adults

with type 1 diabetes: Scottish Registry Linkage study. PLoS Med.
2012;9(10):21001321.

Page 8 of 8

28. Wu N, Bredin SSD, Jamnik VK, Koehle MS, Guan'Y, Shellington EM, et al.
Association between physical activity level and cardiovascular risk factors
in adolescents living with type 1 diabetes mellitus: a cross-sectional
study. Cardiovasc Diabetol. 2021;20(1):62.

29. Heier M, Margeirsdottir HD, Brunborg C, Hanssen KF, Dahl-Jergensen K,
Seljeflot I. Inflammation in childhood type 1 diabetes; influence of glyce-
mic control. Atherosclerosis. 2015;238(1):33-7.

30. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ,
et al. Intensive diabetes treatment and cardiovascular disease in patients
with type 1 diabetes. N Engl J Med. 2005;353(25):2643-53.

31. Journath G, Hammar N, Elofsson S, Linnersjo A, Vikstrom M, Walldius
G, et al. Time trends in incidence and mortality of acute myocardial
infarction, and all-cause mortality following a cardiovascular prevention
program in Sweden. PLoS ONE. 2015;10(11):e0140201.

32. ChiGC, Kanter MH, Li BH, Qian L, Reading SR, Harrison TN, et al. Trends
in acute myocardial infarction by race and ethnicity. J Am Heart Assoc.
2020;9(5):e013542.

33. Degano IR, SalomaaV, Veronesi G, Ferrieres J, Kirchberger |, Laks T,
et al. Twenty-five-year trends in myocardial infarction attack and
mortality rates, and case-fatality, in six European populations. Heart.
2015;101(17):1413-21.

34. Sulo G, Igland J, Nygard O, Vollset SE, Ebbing M, Tell GS. Favourable trends
in incidence of AMI in Norway during 2001-2009 do not include younger
adults: a CVDNOR project. Eur J Prev Cardiol. 2020;21(11):1358-64.

35. Sulo G, Igland J, Vollset SE, Ebbing M, Egeland GM, Ariansen |, et al. Trends
in incident acute myocardial infarction in Norway: an updated analysis
to 2014 using national data from the CVDNOR project. Eur J Prev Cardiol.
2020;25(10):1031-9.

36. Adler NE, Newman K. Socioeconomic disparities in health: pathways and
policies. Health Affairs. 2002;21(2):60-76.

37. Lindner LME, Rathmann W, Rosenbauer J. Inequalities in glycaemic
control, hypoglycaemia and diabetic ketoacidosis according to socio-
economic status and area-level deprivation in type 1 diabetes mellitus: a
systematic review. Diabet Med. 2018;35(1):12-32.

38. Bebu |, Braffett BH, Pop-Busui R, Orchard TJ, Nathan DM, Lachin JM, et al.
The relationship of blood glucose with cardiovascular disease is medi-
ated over time by traditional risk factors in type 1 diabetes: the DCCT/
EDIC study. Diabetologia. 2017;60(10):2084-91.

39. Grauslund J, Jorgensen TM, Nybo M, Green A, Rasmussen LM, Sjolie AK.
Risk factors for mortality and ischemic heart disease in patients with
long-term type 1 diabetes. J Diabetes Complications. 2010;24(4):223-8.

40. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ,
et al. Intensive diabetes treatment and cardiovascular disease in patients
with type 1 diabetes. N Engl J Med. 2005;353(25):2643-53.

41. Schnell O, Cappuccio F, Genovese S, Standl E, Valensi P, Ceriello A. Type 1
diabetes and cardiovascular disease. Cardiovasc Diabetol. 2013;12:156.

42. de Ferranti SD, de Boer IH, Fonseca V, Fox CS, Golden SH, Lavie CJ, et al.
Type 1 diabetes mellitus and cardiovascular disease: a scientific state-
ment from the American Heart Association and American Diabetes
Association. Diabetes Care. 2014;37(10):2843-63.

43. Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS, Lawrenson RA,
Colhoun HM. High risk of cardiovascular disease in patients with type 1
diabetes in the UK. A cohort study using the general practice research
database. Diabetes Care. 2006;29(4):798-804.

44. Donaghue KC, Fairchild JM, Craig ME, Chan AK, Hing S, Cutler LR, et al. Do
all prepubertal years of diabetes duration contribute equally to diabetes
complications? Diabetes Care. 2003;26(4):1224-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s00125-021-05568-3
https://doi.org/10.1007/s00125-021-05568-3

	Nine-fold higher risk of acute myocardial infarction in subjects with type 1 diabetes compared to controls in Norway 1973–2017
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Participants and study design
	Outcome
	Covariates
	Statistical analysis

	Results
	Incidence of AMI
	Risk of AMI by education and age
	AMI as a risk factor for death
	Sensitivity analyses

	Discussion
	Strengths and limitations
	Type 1 diabetes versus controls
	Lower education as risk factor for AMI
	Demographic risk factor for AMI
	Implications and conclusion

	Acknowledgements
	References




