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Prognosis after first-ever myocardial infarction is poor, and chronic kidney disease is the main factor associated with higher mortality and risk for
secondary cardiovascular events
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ARTICLE HIGHLIGHTS

e The prognosis and factors affecting the prognosis after a first-ever myocardial infarction in type 1 diabetes is
unknown.

» We aimed to assess the prognosis and identify factors associated with mortality and risk for secondary cardiovas-
cular events.

« Individuals with type 1 diabetes have a poor survival after their first-ever myocardial infarction. Chronic kidney dis-
ease was associated with higher mortality and risk of secondary events. Younger age at myocardial infarction
and coronary revascularization during hospitalization were associated with lower mortality.

¢ Prevention of kidney disease is important to improve the prognosis in type 1 diabetes, both before and after a
myocardial infarction.
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OBJECTIVE

To study prognosis after a first-ever myocardial infarction (M) in type 1 diabetes,
as well as how different MI- and diabetes-related factors affect the prognosis and
risk of secondary cardiovascular events.

RESEARCH DESIGN AND METHODS

In this observational follow-up study of 4,217 individuals from the Finnish Diabetic
Nephropathy (FinnDiane) Study with no prior Ml or coronary revascularization, we
verified 253 (6.0%) Mls from medical records or death certificates. Mortality from
cardiovascular or diabetes-related cause was our main end point, whereas hospitali-
zation due to heart failure, coronary revascularization, and recurrent Ml were sec-
ondary end points, while accounting for death as a competing risk.

RESULTS

Of the individuals studied, 187 (73.9%) died during the median post-MI follow-up
of 3.07 (interquartile range 0.02-8.45) years. Independent risk factors for cardio-
vascular and diabetes-related mortality were estimated glomerular filtration rate
categories grade 3 (G3) (hazard ratio [HR] 3.27 [95% CI 1.76-6.08]), G4 (3.62
[1.69-7.73]), and G5 (4.03 [2.24-7.26]); prior coronary heart disease diagnosis
(1.50 [1.03-2.20]); and older age at MI (1.03 [1.00-1.05]). Factors associated with
lower mortality were acute revascularization (HR 0.35 [95% Cl 0.18-0.72]) and
subacute revascularization (0.39 [0.26—0.59]). In Fine and Gray competing risk
analyses, kidney failure was associated with a higher risk of recurrent Ml (subdis-
tribution HR 3.27 [95% Cl 2.01-5.34]), heart failure (3.76 [2.46-5.76]), and coro-
nary revascularization (3.04 [1.89-4.90]).

CONCLUSIONS

Individuals with type 1 diabetes have a high cardiovascular and diabetes-related
mortality after their first-ever MI. In particular, poor kidney function is associated
with high mortality and excessive risk of secondary cardiovascular events.

Type 1 diabetes is accompanied by a markedly increased risk for cardiovascular dis-
ease (1). Cardiovascular disease is often a result of atherosclerosis, which is a complex
process involving endothelial dysfunction, oxidative stress, and local inflammation.
Chronic hyperglycemia accelerates the chain of events in individuals with diabetes (2).
The cardiovascular disease observed in type 1 diabetes shows multiple differences
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compared with the general population. In
type 1 diabetes, atherosclerosis occurs at
a younger age, and the progression is
much more extensive (3). In addition, in-
dividuals with the same symptoms tend
to have a more severe and diffuse coro-
nary heart disease (4), and asymptomatic
myocardial ischemia is a prevalent finding
(5). Despite a vast decrease in cardio-
vascular disease morbidity and mortality
during the past five decades in type 1 dia-
betes (6), there remains a significant ex-
cess rate of death from coronary heart
disease compared with the general popu-
lation (7).

The clinical definition of an acute myo-
cardial infarction (MI) requires elevated
cardiac biomarkers indicating myocardial
injury combined with evidence of myocar-
dial ischemia (8). The typical initiating
mechanism for Ml is erosion or rupture
of a coronary atherosclerotic plaque, of-
ten resulting in an intraluminal occlusive
thrombus (9). Mls are classified into nu-
merous subtypes based on differences in
electrocardiogram (ECG) findings, pathol-
ogy, and clinical evaluation (8). In type 1
diabetes, the strongest predictors of Ml
are duration of diabetes, high levels of
LDL cholesterol, and the presence of albu-
minuria (1,10).

Type 1 diabetes is associated with a
worse prognosis after first Ml in young
adults (11). In the general population,
factors associated with worse post-Ml
survival include older age, poor left ven-
tricular ejection fraction (12), anterior
location (13), severity of the underlying
coronary heart disease (14), and the
presence of chronic kidney disease (CKD)
(15). In type 2 diabetes, a longer dura-
tion of diabetes (16), insulin treatment
(17), and the presence of heart failure
are associated with higher mortality and
risk of adverse cardiovascular events
(18). However, in type 1 diabetes, the im-
pact of diabetes- and infarction-related
factors on prognosis are still unknown.
Thus, our aim was to study prognosis af-
ter a first-ever Ml and to assess the im-
pact of diabetes- and Ml-related factors
on prognosis in Caucasian individuals
with type 1 diabetes.

RESEARCH DESIGN AND METHODS

Participants

All participants are part of the Finnish
Diabetic Nephropathy (FinnDiane) Study,
which is a nationwide, multicenter study

with extensive clinical and genetic data
collected on individuals with type 1 dia-
betes. A thorough description of the
study has been reported (19). In brief,
the FinnDiane Study was launched in
1997 with the aim to identify clinical and
genetic risk factors and mechanisms for
micro- and macrovascular complications
of type 1 diabetes. The study includes
Caucasian adults recruited at 77 centers
throughout Finland (Supplementary
Table 1). The only inclusion criterion for
participation in the FinnDiane Study is a
diagnosis of type 1 diabetes, and the
study represents ~10% of all individuals
with type 1 diabetes in Finland. Although
the FinnDiane Study is not population
based by strict definitions, the geograph-
ical distribution of study participants
follows well that of the Finnish gen-
eral population. At the baseline study
visit, all participating individuals undergo
a full clinical evaluation, including regis-
tration of their medical history, current
medical condition and medication, and
lifestyle, such as smoking. Furthermore,
blood samples are drawn and overnight
or 24-h urine collections obtained. The
study was approved by the ethics com-
mittee of Helsinki and Uusimaa Hospital
District (Helsinki, Finland), and the study
was performed in accordance with the
Declaration of Helsinki. Each participant
provided written informed consent.

Selection

For this study, we included all 4,217 par-
ticipants without a previous history of
MI or coronary revascularization who
participated in the FinnDiane Study be-
tween 1995 and 2011 (clinical character-
istics listed in Supplementary Table 2).
Of these participants, we identified 286
(6.8%) and verified 253 (6.0%) who had
their first Ml between their first study
visit and the end of 2012. The Ml events
were identified from the Finnish Care
Register for Health Care and from the
Finnish Cause of Death Register (ICD-10
code 121) and verified from medical re-
cords and death certificates. MI was de-
fined as abnormal cardiac biomarkers in
the setting of evidence of acute myocar-
dial ischemia or as detected by autopsy
examination. Type 1 diabetes was de-
fined as age at diagnosis <40 years and
initiation of insulin treatment within
1 year from diagnosis.
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Diabetes-Related Factors

From the medical records at the time of
the M, we registered demographic char-
acteristics, current smoking status, and
diabetes-related factors, including medi-
cation, presence and severity of diabetic
kidney disease, and history of coronary
heart disease or coronary revasculariza-
tion before the MI. In addition, we regis-
tered the most recent laboratory test
results (within 1 year) for HbA,, total
cholesterol, HDL cholesterol, LDL choles-
terol, triglycerides, and serum creatinine.
Moderately increased albuminuria was
defined as urinary albumin excretion rate
=20 g/min or =30 mg/24 h and severely
increased albuminuria as =200 p.g/min
or =300 mg/24 h (urinary albumin-
to-creatinine ratio =3 and >30 mg/mmol,
respectively). Estimated glomerular filtra-
tion rate (eGFR) was evaluated using the
Chronic Kidney Disease Epidemiology
Collaboration equation (20). CKD was
defined and staged in accordance with
the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines into nor-
mal or high eGFR (grade 1 [G1] =90
mL/min/1.73 mZ), mildly decreased
eGFR (G2 60-89 mL/min/1.73 m?),
moderately decreased eGFR (G3 30-59
mL/min/1.73 m?), severely decreased
eGFR (G4 15-29 mL/min/1.73 m?), and
kidney failure (G5 <15 mL/min/1.73 m?
ordialysistreatment) (21).

MI-Related Factors

From the medical records, we also reg-
istered Ml-related factors, such as ECG
findings, angiography findings, troponin,
and/or creatine kinase-MB concentra-
tions. All the Mils included were verified
and categorized by the study team (PS.
and LM.T.). Mis were categorized on the
basis of ECG findings into ST-elevation
Mils (STEMIs) and non-STEMIs (NSTEMs).
STEMI was defined as new bundle branch
blocks with ischemic repolarization pat-
terns or new J-point ST-elevation in two
or more adjacent leads with =1 mm in
all other leads than V,—Vs;, where the cut
point was =2 mm for men aged =40
years, =2.5 mm for men <40 years, and
=1.5 mm for women. Mils that did not
meet the criteria for STEMI were defined
as NSTEMI (9). The Mls were also catego-
rized based on pathological and clinical
presentation in accordance with the
fourth universal definition of Ml (8). In
addition, we recorded clinical symptoms
(chest pain, dyspnea, and nausea) at
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the time of MI, as well as acute treat-
ment (within 120 min) and subacute
treatment (after 120 min and within
28 days). Acute revascularization was de-
fined as a percutaneous coronary inter-
vention or coronary artery bypass graft
performed within 120 min of diagnosis;
meanwhile, acute thrombolysis was de-
fined as thrombolysis initiation within
the same time. Subacute revasculariza-
tion was defined as percutaneous coro-
nary intervention or coronary artery
bypass graft performed after 120 min of
diagnosis (22).

Follow-up Data

We retrieved follow-up data until the
end of 2017. Our main end point was
death from cardiovascular or diabetes-
related causes. Data on mortality were
retrieved from the Finnish Cause of Death
Register, provided by Statistics Finland.
Causes of death were classified based
on death certificates into cardiovascular
causes (cardio- or cerebrovascular cause
as underlying or immediate cause of
death), diabetes-related causes (any
acute or chronic complication as under-
lying or immediate cause of death), or
other. For our secondary cardiovascular
end points, we retrieved data from the
Finnish Care Register for Health Care on
recurrent Mls (ICD-10 codes 121-123),
hospitalizations due to heart failure
(ICD-10 code 111.0 or 150), and coronary
revascularizations (Nordic Medico-Statistical
Committee [NOMESCO] Classification of
Surgical Procedures codes FNA, FNB, FNC,
FND, FNE, FNF, FNG, TFN40, FN1AT, FN1BT,
or FN1YT for procedures before 2016 and
FN2 codes for procedures after 2016) that
occurred at least 28 days after the M.

Statistical Analyses

All variables were tested for normal
distribution. Variables with symmetric
distribution were analyzed using t tests
and presented as mean + SD. Variables
with a skewed distribution were analyzed
using the Mann-Whitney U test and pre-
sented as median with interquartile range
(IQR). Categorical variables were ana-
lyzed using xz test and presented as per-
centages. Kaplan-Meier analyses were
conducted to assess the cumulative inci-
dence of mortality. Cox regression
analyses were performed to assess
the independent impact of diabetes-
and Ml-related variables on prognosis,

with cardiovascular or diabetes-related
mortality as the end point. Variables with
univariable associations at a significance
level of 0.20 and clinically relevant varia-
bles based on academic literature were
selected for the analyses. The first Cox re-
gression model included age at M, age at
onset of diabetes, sex, current smoking
status, HbA,., coronary heart disease, an-
tihypertensive medication, acute treat-
ment, subacute treatment, eGFR category,
and calendar year of MI. The second
model included in addition HDL and LDL
cholesterol, triglycerides, and lipid-
lowering medication. The third model in-
cluded the first model and additional fac-
tors with lesser data availability due to
prehospital deaths, including chest pain,
dyspnea, and ECG category.

To account for early mortality after
MI when evaluating risk factors for sec-
ondary cardiovascular outcomes (recur-
rent MI, hospitalization due to heart
failure, and coronary revascularization),
we considered the competing risk of
death. For purposes of the study, sub-
distribution hazard ratios (SHRs) were
estimated with Fine and Gray compet-
ing risk models. Variables with univari-
able associations at a significance level
of 0.20 and clinically relevant variables
based on academic literature were se-
lected for the multivariable Fine and
Gray analyses. The relationship between
these and the secondary outcomes of
interest were analyzed in a two-step
process. First, the associations were tested
one variable at a time only, adjusting for
nonmodifiable variables (Supplementary
Table 3). Second, the nonmodifiable co-
variates and all variables with significant
associations (P < 0.05) at the first stage
were combined into a final multivariable
model.

We did not replace missing data in
any analyses. Analyses were performed
using SPSS version 25.0.0 software (IBM
Corporation, Armonk, NY) and R open-
source software version 4.1.1 (https://
WWW.r-project.org).

RESULTS

A total of 253 participants had their first-
ever MI after inclusion in the FinnDiane
Study during the median pre-Ml follow-
up of 4.69 (IQR 1.61-8.90) years. Mean
age at Ml was 52.4 + 9.56 years. During
the median post-Ml survival time of 3.07
(0.02-8.45) years, 187 participants (73.9%)

Smidtslund and Associates

died. Their overall post-MI survival was
180 of 253 (71.1%) at 30 days, 157 of 253
(62.1%) at 1 year, and 108 of 253 (42.1%)
at 5 years after their first-ever Ml (Fig. 1).
Survival according to eGFR categories for
the combined cardiovascular and diabetes-
related mortality are presented in Fig. 2.
Kidney function at the time of the acute
Ml affected prognosis and was worse for
G2 compared with G1 (P = 0.008) and
G3-G5 compared with G2 (P < 0.001)
but not for G3, G4, and G5 compared
with each other (pairwise comparison
P = 0.373-0.916).

The baseline clinical characteristics
according to cardiovascular or diabe-
tes-related mortality during the post-
Ml follow-up are presented in Table 1.
Participants who died as a result of a
cardiovascular or diabetes-related cause
during the follow-up period were more
often men, had poorer kidney function
and more often albuminuria, had higher
total cholesterol and triglyceride con-
centrations, and used antihypertensive
medication more frequently. In addition,
participants with MI presented less of-
ten with chest pain and more often with
dyspnea, had an NSTEMI more often, and
underwent revascularization less frequently.
There were no differences in age at Ml,
duration of diabetes, HbA;. concentra-
tions, or current smoking status between
groups.

In Cox regression analysis, albumin-
uria categories were not independently
associated with cardiovascular and dia-
betes-related mortality after adjustment
for eGFR categories, and thus, we ex-
cluded albuminuria categories from fur-
ther analyses. After adjustment for other
confounders, independent risk factors for
cardiovascular or diabetes-related mortal-
ity were eGFR categories G3 (hazard ratio
[HR] 3.27 [95% CI 1.76-6.08]; P < 0.001),
G4 (3.62 [1.69-7.73]; P = 0.001), and G5
(4.03 [2.24-7.26]; P < 0.001), as well as
older age at Ml (1.03 [1.00-1.05]; P =
0.035) and prior coronary heart disease
diagnosis (1.50 [1.03-2.20]; P = 0.034).
Acute revascularization (HR 0.35 [95% ClI
0.18-0.72]; P = 0.004) and subacute
revascularization (0.39 [0.26-0.59]; P <
0.001) decreased the risk of mortality. For
the subacute revascularization, this was
true also when participants who died
within 30 days of their MI were excluded
(HR 0.41 [95% Cl 0.25-0.68]; P < 0.001).
In our second Cox regression model, HDL
and LDL cholesterol, triglycerides, and
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| Figure 1—Kaplan-Meier survival probability after first-ever Ml (all-cause mortality).

lipid-lowering medication were not asso-
ciated with cardiovascular or diabetes-
related mortality. In our third Cox re-
gression model, younger age at diabetes
onset (HR 0.96 [95% Cl 0.93-0.98]; P =
0.006) and the absence of chest pain
(0.57 [0.38-0.86]; P = 0.008) were also
associated with an increased risk of car-
diovascular or diabetes-related mortality,
while the acute treatment modality was
no longer significant.

During post-MI follow-up, 128 partici-
pants (50.6%) experienced a secondary
event. Of them, 88 (68.8%) had a recur-
rent MI, 71 (55.5%) were hospitalized for
heart failure, and 73 (57.0%) underwent
coronary revascularization. Of those with
a secondary event, 54 (42.2%) had only
one event, 44 (34.4%) had two separate
events, and 30 (23.4%) experienced all
three separate events (Supplementary
Fig. 1). Results from the Fine and Gray
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competing risk analyses are illustrated in
Fig. 3. Kidney failure (eGFR category G5
or dialysis treatment) was an indepen-
dent risk factor for recurrent Ml (SHR
3.27 [95% Cl 2.01-5.34]; P < 0.001),
while the presence of chest pain (0.46
[0.31-0.69]; P < 0.001) and subacute
revascularization (0.48 [0.29-0.81]; P =
0.006) were associated with a lower risk
of recurrent MI. With respect to heart
failure, the only independent risk fac-
tors were eGFR categories G3 and G4
(SHR 2.27 [95% Cl 1.43-3.61]; P <
0.001) and G5 (3.76 [2.46-5.76]; P <
0.001). For coronary revascularization,
eGFR categories G3 and G4 (SHR 2.01
[95% CI 1.20-3.38]; P < 0.001) and G5
(3.04 [1.89-4.90]; P < 0.001) were in-
dependent risk factors, while the pres-
ence of chest pain (0.65 [0.43-0.98];
P = 0.037) and acute or subacute re-
vascularization (0.37 [0.23-0.59]; P <
0.001) were associated with a lower
risk.

CONCLUSIONS

In this nationwide study consisting of
4,217 individuals with type 1 diabetes,
we identified 253 with their first-ever
Ml during follow-up. The overall post-Ml
prognosis was poor, the 30-day mortal-
ity was as high as 29%, and only one in
four was alive at the end of follow-up.
The main factor behind the poor prog-
nosis was reduced kidney function. The
Ml-related factors associated with poor

1007 Log-rank P<0.001 progno§is wer'e prior coronary heart dis-
ease diagnosis and older age at Ml,
.. 0.754 while presence of chest pain and acute
= eGFR category ~ and subacute revascularization were as-
% — o1 sociated with a more favorable progno-
8 0.50 1 — G2 sis. As a novel finding, we observed
g gi that the diabetes- and Ml-related fac-
5 — G5 tors differed in their impact on our sec-
® 0251 ondary outcomes, that is, recurrent Ml,
hospitalization due to heart failure, and

0,00 coronary revascularization.

In the current study, the Mls occurred

Follow-up (years) 8 10 at a relatively young age (mean 52.4
) years) and were associated with a poor

Number at risk . . -
61 51 42 42 37 28 18 prognosis. The mortality within 30 days
G2 59 38 33 28 21 14 (29%) was comparable to population-
g? 274 159 134 g ‘15 based studies of individuals with and
G5 67 2% 20 14 7 5 without diabetes but of clearly older age

at Ml (23,24). The 5-year mortality in

Figure 2—Kaplan-Meier survival probability after first-ever Ml (combined cardiovascular and di-
abetes-related mortality) according to eGFR category: G1, normal to increased eGFR (=90 mL/
min/1.73 m?); G2, mildly reduced eGFR (60-89 mL/min/1.73 m?); G3, moderately reduced
eGFR (30-59 mL/min/1.73 m?); G4, severely reduced eGFR (15-29 mL/min/1.73 m?); and G5,
kidney failure (<15 mL/min/1.73 m? or treated by dialysis).

our study was in line with data from
individuals with MI between 1995 and
1999 but worse than for individuals with
MI between 2000 and 2009 (24). We
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Table 1—Clinical characteristics at the time of the first MI according to cardiovascular or diabetes-related mortality during
a median of 3.07 (IQR 0.02-8.45) years of follow-up

Cardiovascular or diabetes-related No cardiovascular or diabetes-
Variable mortality (n = 177) related mortality (n = 76) P
Men, n (%) 90 (50.8) 49 (64.5) 0.046
Age, years 52.7 (46.2-60.0) 52.3 (47.0-56.0) 0.430
Diabetes onset age, years 12.8 (8.0-18.4) 14.3 (9.1-21.4) 0.178
Diabetes duration, years 40.1 (33.8-45.6) 38.3 (31.2-44.5) 0.104
HbA,
% 8.3 (7.3-9.4) 8.4 (7.4-9.0) 0.989
mmol/mol 67 (56-79) 68 (57-75) 0.989
Cholesterol, mmol/L
Total 4.4 (3.7-5.5) 4.1 (3.5-5.0) 0.024
HDL 1.4 (1.1-1.8) 1.3 (1.1-1.7) 0.489
LDL 2.3 (1.8-3.0) 2.2 (1.6-2.9) 0.162
Triglycerides, mmol/L 1.3 (0.9-1.8) 1.1 (0.8-1.5) 0.042
Creatinine, wmol/L 164 (104-468) 87 (71-116) <0.001
eGFR category,* n (%) <0.001
G1 18 (10.3) 33 (43.4)
G2 34 (19.4) 25 (32.9)
G3 46 (26.3) 7 (9.2)
G4 18 (10.3) 3 (3.9)
G5 59 (33.7) 8 (10.5)
Albuminuria category, n (%) <0.001
Normal 25 (14.2) 32 (42.1)
Moderately increased 19 (10.8) 16 (21.1)
Severely increased 36 (20.5) 15 (19.7)
Ongoing dialysis 51 (29.0) 5 (6.6)
Functioning kidney transplant 45 (25.6) 8 (10.5)
Prior CHD diagnosis, n (%) 51 (28.8) 14 (18.4) 0.083
Prior revascularization, n (%) 15 (8.5) 4 (5.3) 0.368
Antihypertensive medication, n (%) 164 (93.2) 62 (81.6) 0.005
Lipid-lowering medication, n (%) 94 (55.3) 47 (61.8) 0.337
Aspirin, n (%) 107 (62.6) 45 (59.2) 0.616
Current smoking status, n (%) 37 (21.8) 17 (23.0) 0.834
MI data
Symptoms, n (%)
Chest pain 80 (51.9) 62 (84.9) <0.001
Dyspnea 50 (32.5) 9 (12.3) 0.001
Nausea 40 (26.0) 21 (28.8) 0.657
ECG category, n (%) 0.007
STEMI 28 (20.9) 28 (38.4)
NSTEMI 106 (79.1) 45 (61.6)
Clinical category, n (%) 0.001
Type 1 139 (78.5) 73 (96.1)
Type 2 3 (1.7) 1(1.3)
Type 3 34 (19.2) 0 (0.0)
Type 4a 1 (0.6) 2 (2.6)
Type 4b 0 (0.0) 0 (0.0)
Type 4c 0 (0.0) 0 (0.0)
Type 5 0 (0.0) 0 (0.0)
Acute treatment,t n (%) 0.001
Conservative treatment 158 (89.8) 56 (73.7)
Revascularization 9 (5.1) 15 (19.7)
Thrombolysis 9 (5.1) 5 (6.6)
Subacute treatment,t n (%) <0.001
Conservative treatment 142 (80.7) 37 (48.7)
Revascularization 34 (19.3) 39 (51.3)

Continued on p. 202
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Table 1—Continued

Cardiovascular or diabetes-related No cardiovascular or diabetes-

Variable mortality (n = 177) related mortality (n = 76) P
Calendar year, n (%) <0.001
1998-2003 78 (44.1) 15 (19.7)
2004-2007 59 (33.3) 28 (36.8)
2008-2012 40 (22.6) 33 (43.4)
Hospitalization time, days 8 (1-15) 6 (4-10) 0.798

Data are median (IQR) unless otherwise indicated. CHD, coronary heart disease. *G1, normal to increased eGFR (=90 mL/min/1.73 mz); G2,
mildly reduced eGFR (60-89 mL/min/1.73 m?); G3, moderately reduced eGFR (30-59 mL/min/1.73 m?); G4, severely reduced eGFR (15-29
mL/min/1.73 m?); G5, kidney failure (<15 mL/min/1.73 m? or treated by dialysis). TAcute treatment defined as within 120 min of MI diagno-
sis and subacute treatment as after 120 min but within 28 days of MI diagnosis.

observed no association between calen-
dar year of MI and prognosis. Further-
more, the 5-year mortality in our study
was substantially higher compared with
studies including individuals hospitalized
for MI (17,25), and thus, unable to con-
sider prehospital mortality related to M.
The one other study assessing the post-
MI prognosis in type 1 diabetes included
only individuals aged <40 years at M,
and in this study, the survival was clearly
higher: 95% at 5 years (11).

In the current study, the main diabetes-
related factor affecting prognosis was im-
paired kidney function. This was apparent
already at moderately decreased eGFR
(G3, 30-59 mL/min/1.73 m?), while fur-
ther impairment of kidney function (G4
and G5) did not have any major addi-
tional impact, in contrast to what we
expected. There could, for example, be
some pre-Ml survival bias in those with
G4 and G5 eGFR that could explain this
finding, but to explore this would war-
rant further studies.

Impaired kidney function is, though,
one of the most important risk factors
for Ml in individuals with type 1 diabetes
(1,10). Furthermore, impaired kidney
function is associated with high post-Ml
mortality both in type 2 diabetes (17)
and in the general population (15). Tradi-
tional factors that are associated with
higher mortality after an Ml in the gen-
eral population, such as smoking, high
levels of LDL cholesterol, and albumin-
uria (26-28), did not affect prognosis in
our study. Interestingly, even though
higher HbA,. is a risk factor for Ml in
type 1 diabetes (10), HbA,. did not affect
prognosis in our study, similar to that
observed in individuals with type 2 dia-
betes (17). The FinnDiane Study has pre-
viously shown that the mortality rates

from ischemic heart disease are similar
between men and women (29). Our find-
ing here was comparable, as there was
no difference in prognosis between men
and women, underlining the loss of cardi-
oprotection in women with type 1 diabe-
tes. In addition, the FinnDiane Study
showed earlier that the mortality rates
from ischemic heart disease were higher
in individuals with early-onset diabetes
(29). This finding was also comparable to
the current analysis, as younger age at
diabetes onset was associated with a
worse prognosis.

We found no association between type
of MI and long-term prognosis. In the
general population, STEMI is associated
with a worse short-term prognosis (30);
meanwhile, its impact on long-term prog-
nosis is controversial and depends on
length of follow-up (30-32). The 1-year
mortality between STEMI and NSTEMI
is comparable (31), while studies with
longer follow-up showed worse progno-
sis of NSTEMI (30,32). Poor long-term
survival in NSTEMI is associated with
higher prevalence of comorbidities, such
as dyslipidemia and diabetes (30,32). We
observed that treatment of Ml affected
the prognosis, and both acute and sub-
acute revascularizations were associated
with a more favorable prognosis, in line
with that observed in studies of individu-
als with type 2 diabetes (17,33). Our re-
sults are observational; thus, it is not
possible to exclude bias based on how
individuals were selected for revasculari-
zation. Those with diffuse coronary ar-
tery disease would, of course, not be
candidates for invasive treatment to the
same extent, and thus, absence of inter-
ventions could simply reflect a worse
clinical picture of coronary artery dis-
ease. Another factor that could affect
prognosis is cardiovascular autonomic

neuropathy. In our study, individuals
with registered chest pain had a bet-
ter outcome with regard to mortality
and recurrent MI. In contrast, absence
of symptoms or atypical symptoms was
associated with a worse prognosis and
could indicate the presence of cardio-
vascular autonomic neuropathy, which
is associated with both silent myocardial
ischemia and a higher overall mortality
and mortality after an Ml (34). This is,
however, speculative, since we did not
register cardiovascular autonomic neu-
ropathy in our study.

For our secondary end points, we
found that CKD increased the risk of
all studied end points and was the only
factor that increased the risk of hospi-
talization due to heart failure. In the
general population, CKD is strongly as-
sociated with congestive heart failure
after an M. This relationship is believed
to be caused by complex neurohumoral
damages resulting in hemodynamic
changes and reduced kidney perfusion
(15). For the other secondary end points
of recurrent Ml and coronary revasculari-
zation, the risk factors were similar,
which was expected because Mls are an
indication for revascularization (22). In
the general population, CKD is also asso-
ciated with a higher risk of these end
points (15), in line with that observed in
our study. Additionally, we observed that
the presence of chest pain and revascu-
larizations were associated with a lower
risk of recurrent Ml and new coronary
revascularizations in type 1 diabetes.
Chest pain after an Ml is, interestingly,
a risk factor for recurrent Ml in the gen-
eral population (35). This discrepancy
could be due to chest pain being present
in more severe coronary heart disease in
the general population (36), whereas the
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Recurrent M| (n=88) : SHR (95% ClI) P
eGFR category G3-4 * 2.15 (1.36-3.40) 0.001
————— 1.61 (0.95-2.72) 0.08
eGFR category G5 * 3.52 (2.30-5.38) <0.001
* 3.27 (2.01-5.34)  <0.001
Chest pain - 0.37 (0.25-0.54) <0.001
-— 0.46 (0.31-0.69) <0.001
Subacute revascularization - 0.31(0.20-0.50) <0.001
—— (0.29-0.81)  0.006
Heart failure (n=71)
eGFR category G3-4 * 2.27 (1.43-3.61) <0.001
* 2.27 (1.43-3.62) <0.001
eGFR category G5 * 3.91 (2.56-5.95) <0.001
* 3.76 (2.46-5.76) <0.001
MI year 2004-2007 + 0.64 (0.43-0.96) 0.03
—— 0.71(0.48-1.07) 0.11
MI year 2008-2012 —— 0.70 (0.45-1.10)  0.13
——— 0.83 (0.53-1.30) 0.42
Coronary revascularization (n=73)
eGFR category G3-4 —_————— 2.11 (1.40-3.17) <0.001
: * 2.01(1.20-3.38) <0.001
eGFR category G5 * 3.19 (2.15-4.73) <0.001
: * 3.04 (1.89-4.90) <0.001
LDL cholesterol - 1.21 (1.00-1.45)  0.049
—— 1.20 (0.94-1.52) 0.15
Lipid-lowering medication —— 0.71 (0.52-0.98) 0.04
—— 0.93 (0.62-1.38) 0.71
Chest pain - 0.46 (0.32-0.66) <0.001
—— 0.65 (0.43-0.98) 0.04
Acute/subacute revascularization > : 0.25(0.17-0.38) <0.001
- 0.37 (0.23-0.59) <0.001
MI year 2004-2007 —— 0.60 (0.41-0.87)  0.008
—— 0.65 (0.38-1.09) 0.10
MI year 2008-2012 —o— 0.64 (0.42-0.95) 0.03
—— 0.99 (0.58-1.71) 0.98
0 1 2 3 4 5 6

Subdistribution hazard ratio

Figure 3—Forest plot of the Fine and Gray competing risk analyses for secondary cardiovascular outcomes. The first SHR per variable (gray
color) is adjusted for nonmodifiable covariates (duration of diabetes and sex for recurrent MI; age and sex for hospitalization due to heart
failure; and duration of diabetes, age at diabetes onset, and sex for coronary revascularization). The second SHR (black color) is adjusted for
the covariates in the first adjustment model, as well as for all significant variables from the first step. eGFR categories were as follows: G3—-4,
eGFR 15-59 mL/min/1.73 m?, and G5, eGFR <15 mL/min/1.73 m? or treated by dialysis. Acute revascularization defined as within 120 min of
MI diagnosis and subacute revascularization as after 120 min but within 28 days of Ml diagnosis. G1-2 (=60 mL/min/1.73 m?) and Ml years
1998-2003 served as reference categories.

lack of chest pain could be associated revascularizations, our results were in The strengths of our study are its na-
with cardiovascular autonomic neuropathy  the same direction as in individuals with  tionwide design, including a thoroughly
in type 1 diabetes (34). For coronary diabetes with nonfatal Ml (37). characterized cohort of individuals with
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type 1 diabetes. In addition, the study
cohort included individuals with a fatal
prehospital MI, which enabled us to as-
sess the true post-MI mortality rate.
Since every Ml was identified from death
certificates and hospital registers, we
cannot rule out that those without Ml
could have had a silent or unregistered
MI; however, for those with MI, the MI
was verified and thoroughly character-
ized. Our study also has some limita-
tions. Due to the observational study
setting, all data from the time of the Ml
were reviewed from medical files. This
restricted the factors we could consider,
and no centrally measured laboratory
data were thus available. The Mis oc-
curred over a long period, from 1998
to 2012, during which the treatment
modalities also improved significantly.
Yet importantly, all analyses were ad-
justed for the calendar year of the M,
which was not an independent risk
factor for poor prognosis.

In conclusion, our study shows that car-
diovascular and diabetes-related mortality
is high after a first-ever Ml in type 1 dia-
betes. We also found that CKD is strongly
associated with high mortality and that it
is a risk factor of great importance for sec-
ondary cardiovascular events. Prevention
of CKD is consequently crucial to improve
prognosis in individuals with type 1 diabe-
tes both before and after an MI.
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