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Abstract

Objective: Type 2 Diabetes Mellitus (DM) is associated with an increased risk of cardiovascular events. Glycemic
control is beneficial to reduce acute myocardial infarction (AMI), however little is known whether a specific
antidiabetic treatment is superior to another. This study aims at examining antidiabetic drugs and their association
with a subsequent AMI in patients with DM.

Methods: A nested case-control study was conducted. Cases were patients with DM who subsequently suffered
from AMI; controls were DM patients with no subsequent AMI after DM diagnosis. Using the Danish National
Hospital Discharge Register, we included DM patients with information on date of DM diagnosis, date of AMI, and
comorbidities. From the Central Region of Jutland, Denmark, medication use and biochemical parameters were
collected. Multivariate logistic regression analyses were conducted.

Results: 10,727 DM patients were included. In multivariate analysis liraglutide (OR= 0.386, 95%CI 0.218-0.682)
decreased the risk of AMI. An AMI prior to DM diagnosis (OR=36.004, 95%CI: 24.441-53.038), increasing age
(1.027, 95%CI 1.016-1.039), increasing diabetes duration (1.060, 95%CI 1.043-1.077), male gender (OR=1.310,
95%CI 1.025-1.676), a diagnosis of heart failure (OR=2.083, 95%CI: 1.459-2.973), and peripheral artery disease
(OR=1.506, 95%CI: 1.032-2.198) were all significantly associated with the risk of subsequent AMI. Neither insulin, β-
cell stimulans, biguanides, antihypertensive treatment nor usage of statins or antiarrhythmic drugs showed any
significance.

When additional adjustment by biochemical risk markers was done insulin was significantly associated with a
reduced risk of AMI (OR=0.235, 95%CI 0.073-0.757). .Furthermore, liraglutide and biguanides both showed a
significant dose- and exposure time effects on OR for AMI.

Conclusion: We have found a strong association between the use of liraglutide and insulin, and a reduced risk of
AMI in patients with DM when taking general risk factors into account.

Keywords: Type 2 Diabetes Mellitus; Acute Myocardial Infarction;
Liraglutide; Biguanides; Insulin; β-cell stimulating drugs; Nested case-
control study

Abbreviations:
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Dipeptidyl Peptidase 4 (DDP4); GLP-1: Glucagon-like Peptide-1; OR:
Odds Ratio

Introduction
The strong correlation between type 2 diabetes mellitus (DM) and

cardiovascular morbidity and mortality is well established [1]. Patients

with DM are characterized by serious micro- and macrovascular
complications; the latter accounting for 52% of all diabetes fatalities [2]
primarily due to stroke, myocardial infarction, and ischemic heart
failure [3]. Combined guidelines from the American Heart Association
(AHA) and the American Diabetes Association (ADA) suggests, in
addition to lifestyle changes, to control risk factors by medical
treatment of dyslipidemia, hypertension, coagulation and
hyperglycemia as primary prevention of cardiovascular diseases in
patients with DM [4]. ADA recommends a HbA1c level <7.0% (53
mmol/mol) in general, but target levels as low as a normal HbA1c
without causing hypoglycemia [4]. A meta-analysis of five randomized
controlled trials found a beneficial effect of intensive glycemic control
and concomitant lower HbA1c on cardiovascular disease (CVD), with
a pooled reduction of 17% on myocardial infarction among DM
patients [5]. However, it remains unknown whether a specific
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antidiabetic therapy is superior to the others in reducing myocardial
infarction.

The Glucagon-Like Peptide-1 (GLP-1) receptor agonists are well
validated antidiabetic medications. They mimic a range of
physiological actions of native GLP-1 on glucose metabolism
including glucose-dependent stimulation of insulin secretion and
inhibition of glucagon secretion [6]. Native GLP-1 and GLP-1
analogues are reported to have several significant cardiovascular
effects with the potential to reduce the excess mortality and morbidity
associated with DM as well as in patients with cardiac disease and no
diabetes [7-9]. However, evidence is conflicting and an animal study
has shown no beneficial effect of liraglutide on myocardial infarct size
[10]. The UK Prospective Diabetes Study (UKPDS) [11] reported a 33
% risk reduction of myocardial infarction in DM intensively treated
with metformin. The reported effect may solely be due to improved
glycemic control [11]. Two randomized clinical trials on DPP-4
inhibitors, designed to evaluate cardiac safety, reported largely neutral
outcomes [12,13]. Both animal and human models confirm a GLP-1
mediated effect on the cardiovascular system, thus GLP-1 may in
addition to improved glycemic control also have protective effects on
cardiovascular disease. The aim of this study is to investigate whether a
specific antidiabetic therapy is superior to other antidiabetic therapies
in prevention of the first Acute Myocardial Infarction (AMI) in DM
patients.

Methods
The present study was conducted as a nested case-control study in a

cohort of DM patients. Causal effect is the parameter of interest;
therefore an unmatched design was selected [14]. Using the Danish
National Hospital Discharge Register we initially included all patients
diagnosed with DM in the period 1977-2011. The registry covers all
inpatient contacts from 1977 until 1994, afterwards also outpatient
visits to hospitals, clinics and emergency rooms. Approval has been
obtained by the Danish Data Protection Agency.

Cases were patients with DM who subsequently suffered from AMI;
controls were DM patients with no occurrence of AMI at a later date
than their DM diagnosis.

Table 1 presents the evaluated exposure variables along with their
respective ICD-codes or ATC-codes.

Subjects with DM were extracted using ICD10 (E11) and ICD8
(250) codes. We only included patients diagnosed with DM. We
rejected patients with 1) an unspecified DM diagnosis, 2) type 1 DM
diagnosis, 3) both a type 1 diabetes and a DM diagnosis, and 4) no
information on date of diagnosis.

Cases were identified using the corresponding ICD10 (DI21-DI23)
and ICD8 (41009, 41099) codes for AMI. A case was defined by an
event subsequent to DM diagnosis. Only patients with a diagnosis of
AMI at a later date than the DM diagnosis and after the start of the
prescription registry (see below) were included in the case population.
Due to a unique personal identifier it is possible to link the diagnoses
to the same individual.

Comorbidities were extracted from the registry using their
corresponding ICD codes. A proxy variable was created for alcohol
(alcohol-related diagnoses) and hypertension (the use of anti-
hypertensive drugs). Age was defined as the age of the individual at
January 1, 2008. All cases were subsequent to this date, thus
medication use was first collected from this date. The duration of DM

(DM duration) was defined by the time from the date of DM diagnosis
to the end of the prescription register, December 31, 2011.

Diabetes mellitus & AMI (ICD)

Type 1 diabetes mellitus: DE100, DE101, DE109, 24900, 24909, 24907, 24906

Type 2 diabetes mellitus: DE110, DE111, DE119, 25006, 25007, 25009

AMI: DI21, DI22, DI23, 41009, 41099

Comorbidities (ICD)

Stroke (DI63, DI64, 433, 434,436), atrial fibrillation (DI48, 42793, 42794),
nephropathy (DE102, DE112, 24902, 25002), neuropathy (DE104, DE114,
24903, 25003), retinopathy (DE103, DE113, 24901, 25001), peripheral artery
disease (DE105, DE115, 24904, 24905, 25004, 25005), heart failure (DI50,
DI110, DI130, DI132, 42709-42711, 42719, 42899), alcohol (DF10, 303)

Antidiabetic drugs, antihypertensive drugs, statins, antiarrhythmic drugs (ATC)

Insulin (A10A), biguanides (A10BA), β-cell stimulating (A10BB), glitazones
(A10BG), DPP-4 inhibitors (A10BH, A10BH01, A10BD07, A10BH02, A10BD08,
A10BH03, A10BD10, A10BH05, A10BD11), liraglutide (A10BX07), exenatide
(A10BX04), lixisenatide (A10BX10)

Antihypertensive drugs (C09, C07A, C08, C02AB, C02AC, C02CA, C02DB,
C03C, C03AA, C03D)

Statins (C10AA)

Antiarrhythmic drugs (C01BD, C01AA, C01BC, C08DA, C01B)

Anticoagulants & thrombocyte inhibitors (ATC)

B01A, B01AA, B01AB, B01AX, B01AE, B01AF, B01AC, M01A, M01AH05,
M01AH01, M01AH04, M01AB08, M01AB01, M01AB05, M01AA01, M01AE01,
M01AE17, M01AC06, M01AC02, M01AE02, MAC01, M01AX01, M01AE14,
M01AE11, M01AC02, M01AB15, M01AE52, M01AC05, N02BA)

Others (ATC)

Opioids (N02AB02, N02AB03, N02AA01, R05DA04, N02AA05, N02AX02,
N02AE01, N07BC01), glucocorticoids (H02AB), bisphosphonates (M05BA),
antipsychotics (N05A), antiepileptics (N03A), antidepressants (N06A),
benzodiazepines N05BA, (N05CD)

Table 1: Evaluated exposure variables used in the adjusted, covariate
analysis ICD codes are shown as both ICD10 and ICD8

From the Central Region of Jutland, Denmark, medication use was
collected from a registry. Any drugs bought are registered with ATC
code, dose sold, and sales date for the period January 1, 2008, to
December 31, 2011. Only prescription agents and not over-the-
counter drugs are registered. As all sales are registered to the
individual who redeemed the prescription, the capture and validity of
data are high. Any medication sold is linked to a patient’s unique
personal identifier, and it is therefore possible to link prescriptions
with diagnosis. We only included information on drugs prescribed
before the date of AMI diagnosis. Only DM patients with information
on medication use are included in the study. A total of 370 cases were
available and 10,357 controls were available, all with information on
pharmaceutical use. DM patients with no redeemed prescriptions on
antidiabetic drugs (e.g. dietary treated) were also included in the
analysis.

From the Central Region of Jutland, biochemistry (in the period
2008-2011) linked to the same unique personal identifier was
extracted. All biochemical analyses were performed in an ISO
standardized laboratory. Included biochemical analyses were restricted
to the time before the date of AMI.
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Dose and treatment duration for liraglutide and biguanides were
calculated. Duration was defined as the time between first redeemed
prescription and the event of AMI (for cases) or before the end of
follow up, December 31, 2011 (for controls). Dose was defined as the
total daily dose redeemed before the event of AMI or before the end of
follow up, December 31, 2011 (for controls). Both liraglutide duration
and liraglutide dose were grouped by 25th centile, 50th centile and
75th centile. Biguanide duration was grouped by years of treatment
and biguanide dose by daily dose intervals.

Statistical analysis was done using STATA 8. We used logistic
regression to calculate unadjusted odds ratios (OR) and multivariate
logistic regression to calculate the adjusted OR. In the following ‘risk’
is used synonymous for odds. This assumption can be made since less
than 10% of the total analyzed population is cases.

We analyzed patients with diabetes, AMI, comorbidities and drug
use. The DM patients received different combinations of treatment,
and individual adjustment by usage of other pharmaceuticals
including antidiabetics was performed in the model. In the
multivariate analysis the following variables were included: previous
AMI, age, DM duration, gender, atrial fibrillation, hypertension,
alcohol related diagnosis, nephropathy, retinopathy, neuropathy,
peripheral artery disease, usage of antiarrhythmic drugs, glitazones,
vitamin K antagonists, heparin, pentasaccharides, argatroban,
thrombocyte function inhibitors, acetylsalicylic acid, cyclooxygenase 2
inhibitors, nonselective cyclooxygenase inhibitors, buprenorphine,
tramadol, oxycodone, morphine, codeine, fentanyl, pethidine,
glucocorticoids, bisphosphonates, benzodiazepines, antipsychotics,
antiepileptic drugs, statins, antidepressants, insulins, DPP-4 inhibitor,
liraglutide, exenatide, biguanides, and β cell stimulants.

A sensitivity analysis was conducted with the addition of
biochemical variables to the model. This model also included HbA1c
(%), LDL cholesterol (mmol/l), HDL cholesterol (mmol/l), total
cholesterol (mmol/l), triglycerides (mmol/l) and creatinine (μmol/l).

A secondary analysis was performed to compare mean biochemistry
values (HbA1c, LDL, HDL, total cholesterol, triglycerides, creatinine
and urinary albumin creatinine ratio) before and after liraglutide use.
This analysis was conducted in all liraglutide users available. The
analyses were performed in STATA 8 using paired t-test. Analysis on
urinary albumin creatinine ratio was performed on log scale to achieve
normal distribution.

Results
Table 2 presents the baseline characteristics of cases and controls.

Among the population of DM patients in Denmark, 10,727 DM
patients had information on comorbidities, and pharmaceutical use
and were included in the study. Among the total population of 10,727
patients, mean age was 60.0 ± 13.5 years. Female-male ratio was 0.82.
Three percent (370) suffered from subsequent AMI. The mean
duration of time from DM onset to subsequent AMI was 8.7 ± 6.7
years.

In the subgroup population, a total of 1,072 DM patients had
information on biochemical risk markers and were included. Mean
(±SD) age was 63.1 ± 12.2 years. Female-male ratio was 1.01. Four
percent (44) suffered from subsequent AMI.

Cases had a mean age of 67.6 years, whereas controls were 59.7
years. Cases had longer mean diabetes duration of 10.5 years
compared to 7.2 years in controls.

Cases

(n=370)

Controls

(n=10,357)

Mean Age ± SD (y) 67.6 ± 12.2 59.7 ± 13.5

Mean diabetes duration 10.5 ± 6.7 7.2 ± 6.4

Males (n) 241 (65.1%) 5,643 (54.5%)

Females (n) 129 (34.9%) 4714 (45.5%)

Nephropathy (n) 28 (7.6 %) 541 (5.2%)

Neuropathy (n) 19 (5.1%) 396 (3.8%)

Retinopathy (n) 11 (3.0%) 215 (2.1%)

Peripheral artery disease 44 (11.9%) 501 (4.8%)

Alcohol 14 (3.8%) 366 (3.5%)

Previous AMI (n) 80 (21.6%) 77 (0.7%)

Atrial fibrillation 49 (13.2%) 848 (8.2%)

Insulin users(n) 198 (53.5%) 4,547 (43.9%)

Biguanid users (n) 195 (52.6%) 7,646 (73.8%)

β-cell stimulating users (n) 137 (37.0%) 3,913 (37.8%)

Glitazones users (n) 2 (0.5%) 142 (1.4%)

DPP-4 inhibitors users (n) 22 (5.9%) 1,159 (11.2%)

GLP-1: Liraglutide users (n) 14 (3.8%) 1,586 (15.3%)

GLP-1: Exenatide users (n) 10 (2.7%) 396 (3.8%)

Antiarrhythmic drugs 44 (11.9%) 794 (7.7%)

Hypertension (n) 328 (88.6%) 8,616 (83.2%)

Statins users (n) 279 (75.4%) 8,096 (78.2%)

Table 2: Baseline characteristics of DM cases and controls (n=10,727)
used in the covariate adjusted analyses.

A small overweight of males were apparent among both cases and
controls (64.5% and 54.1%, respectively). Nephropathy, retinopathy
and neuropathy were rare in both cases and controls (<10%). More
cases had a previous AMI (21.6%) and peripheral artery disease
(11.9%) compared to controls (0.7% and 4.8%, respectively). In both
cases and controls more than 50 % used biguanides and insulins, and
37% of cases and 38% of controls used β-cell stimulants, whereas only
3.8% of cases and 15.3% of controls used liraglutide. More than 75% of
both cases and controls used statins and antihypertensives.

Table 3 presents unadjusted results for antidiabetic drugs,
hypertension, and statins. In the raw analysis for the total study
population both insulin and hypertension increase the risk of AMI,
while biguanides, DPP-4 inhibitors, and liraglutide decrease the risk of
AMI. Table 4 presents results from the adjusted analysis. In the
multivariate analysis male gender, atrial fibrillation, nephropathy,
retinopathy, neuropathy, former diagnosis of stroke, and an alcohol
related diagnosis showed no significant effect on the risk of developing
AMI. Increasing age (1.027, 95%CI 1.016-1.039), increasing diabetes
duration (1.060, 95%CI 1.043-1.077), AMI prior to DM diagnosis
(OR= 36.004, 95%CI: 24.441-53.038), a diagnosis of heart failure (OR=
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2.083, 95%CI: 1.459-2.973), and peripheral artery disease (OR= 1.506,
95%CI: 1.032-2.198) all significantly increased the risk of subsequent
AMI.

Without biochemistry
(n=10,727)

With biochemistry
(n=1,072)

Insulin 1.471 (1.195-1.811) 1.564 (0.855-2.861)

Biguanide 0.395 (0.321-0.487) 0.395 (0.215-0.724)

β-cell stimulating 0.968 (0.781-1.200) 0.865 (0.462-1.619)

Glitazones 0.391 (0.096-1.585) -*

DPP-4 inhibitors 0.502 (0.325-0.775) 0.636 (0.194-2.090)

GLP-1: Liraglutide 0.217 (0.127-0.372) -*

GLP-1: Exenatide 0.699 (0.370-1.320) 1.571 (0.203-12.165)

Hypertension 1.578 (1.140-2.185) 2.031 (0.620-6.651)

Statins 0.856 (0.673-1.090) 1.025 (0.449-2.339)

Table 3: Crude odds ratios (95 % CI) for the AMI outcome in DM
patients Selected variables of pharmaceutical use are presented, n =
number, bold indicates significance *Predicts failure perfectly and not
included in the analysis

Without biochemistry†

n=10,727

With biochemistry†‡

n=1,072

N Odds
Ratio

P

(95% CI)

N Odds
Ratio

P

(95% CI)

Cases 370
(3%)

44
(4%
)

Risk factors

Age 1.027 0.001
(1.016-1.
039)

1.049 0.036
(1.003-1.0
98)

DM duration 1.060 0.001
(1.043-1.
077)

1.138 0.001
(1.071-1.2
09)

AMI prior to DM 157 36.004 0.001
(24.441-5
3.038)

9 498.28
7

0.001
(34.367-72
24.569)

Former stroke 873 1.203 0.273
(0.864-1.
675)

104 0.633 0.462
(0.187-2.1
44)

Atrial fibrillation 897 1.272 0.278
(0.823-1.
966)

117 1.039 0.959
(0.238-4.5
37)

Nephropathy 569 1.062 0.784
(0.690-1.
636)

51 2.197 0.251
(0.573-8.4
23)

Neuropathy 415 1.079 0.770
(0.649-1.
793)

34 2.799 0.128
(0.744-10.
532)

Retinopathy 226 0.894 0.739
(0.464-1.
725)

26 0.259 0.227
(0.029-2.3
19)

Peripheral artery
disease

545 1.506 0.034
(1.032-2.
198)

56 2.086 0.230
(0.628-6.9
24)

Heart failure 582 2.083 0.001
(1.459-2.
973)

70 2.289 0.151
(0.740-7.0
84)

Male gender 5,884 1.310 0.031
(1.025-1.
676)

534 1.443 0.417
(0.596-3.4
93)

Alcohol 380 1.418 0.238
(0.794-2.
533)

45 0.741 0.807
(0.067-8.2
36)

Antidiabetic
drugs

Insulin 4,745 1.120 0.400
(0.860-1.
459)

423 0.235 0.015
(0.073-0.7
57)

Biguanides 7,841 0.800 0.087
(0.619-1.
033)

425 0.473 0.112
(0.188-1.1
91)

β-cell stimulating 4,050 1.130 0.348
(0.875-1.
458)

847 0.719 0.490
(0.286-1.8
36)

Glitazones 144 0.643 0.541
(0.156-2.
651)

-* -*

DPP-4 inhibitors 1,181 0.816 0.391
(0.512-1.
299)

109 0.914 0.908
(0.199-4.2
00)

GLP-1:
Liraglutide

1,600 0.386 0.001
(0.218-0.
682)

180 -* -*

GLP-1:
Exenatide

406 1.651 0.154(0.8
29-3.288)

16 2.096 0.555
(0.180-24.
409)

Bloodpressure

Hypertension 8,944 0.934 0.735
(0.631-1.
384)

936 1.282 0.751
(0.276-5.9
59)

Atrial fibrillation

Antiarrhythmic
drugs

838 0.968 0.883
(0.628-1.
493)

98 0.718 0.679
(0.149-3.4
51)

Cholesterol

Statins 8,375 0.900 0.474
(0.674-1.
201)

898 0.689 0.503
(0.232-2.0
47)

DM = diabetes mellitus; n = amount; CI = confidence interval; Bold indicate
significance

*Predicts failure perfectly and not included in the analysis

†Adjusted for: previous AMI, age, DM duration, gender, atrial fibrillation,
hypertension, alcohol related diagnosis, nephropathy, retinopathy, neuropathy,
peripheral artery disease, usage of antiarrhythmic drugs, glitazones, vitamin K
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antagonists, heparin, pentasaccharides, argatroban, thrombocyte function
inhibitors, acetylsalicylic acid, cyclooxygenase 2 inhibitors, nonselective
cyclooxygenase inhibitors, buprenorphine, tramadol, oxycodone, morphine,
codeine, fentanyl, pethidine, glucocorticoids, bisphosphonates,
benzodiazepines, antipsychotics, antiepileptic drugs, statins, antidepressants,
insulins, DPP-4 inhibitor, liraglutide, exenatide, biguanides, and β cell
stimulants.

‡Adjusted for: LDL, HDL, total cholesterol, HbA1c, creatinine and triglycerides

Table 4: Multivariate analysis DM patients Analyses performed with
and without the adjustment of biochemical variables Odds ratio shows
the risk of developing AMI if the case has received a pharmaceutical
drug prior to AMI occurrence.

Neither hypertension nor usage of statins or antiarrhythmic drugs
showed any significance.

Of the antidiabetic drugs, insulin (OR=1.120, 95%CI: 0.860-1.459),
biguanides (OR=0.800, 95%CI 0.619-1.033), and β-cell stimulating
drugs (OR=1.130, 95%CI 0.875-1.458) showed no statistical
significance. Liraglutide (OR=0.386, 95%CI 0.218-0.682) reduced the
risk of AMI significantly. Neither glitazones nor exenatide or DDP-4
inhibitors had a significant risk reducing or increasing effect. Results
did not change in an analysis matched by age (by five year intervals),
previous AMI, gender and diabetes duration (by two year intervals)
(results not presented) with the exception of statins which was
associated with a significant reduction of AMI (P=0.03) and a loss of
statistical significance for peripheral artery disease.

In the sensitivity analysis adjusting for LDL, HDL, total cholesterol,
triglycerides, HbA1c and creatinine, the risk increasing effect of prior
AMI (OR=498.287, 95%CI: 34.367-7224.569) remained significant,
whereas insulin significantly reduced risk of AMI (OR=0.235, 95%CI
0.073-0.757). Other patient characteristics were without significance.
Liraglutide was not included in this analysis since none of the 180
subjects receiving liraglutide had a subsequent AMI. Among these 180
liraglutide users the mean age was 55.1 (±10.1) years, mean DM
duration was 7.9 (±5.9) years, 52 % were male, 62% received insulin,
96 % received biguanides, 54 % received β-cell stimulants, 0 % received
glitazones, 91% received antihypertensive drugs, 94% received statins,
and 63 % received thrombocyte function inhibitors.

The results concerning the antidiabetic drugs are illustrated in
Figure 1. No effect modification between use of both liraglutide and
biguanide (p=0.89) or between liraglutide and insulin (p=0.446 were
present. Figure 2 presents results on the effect of liraglutide and
biguanide exposure duration, as well as the effect of liraglutide and
biguanides dose on the risk of developing AMI. It revealed that longer
duration and increased dose of both treatments decreased the risk of
AMI compared to non users. Additional results are provided in the
Table 5 and 6.

Bold indicate significance a†Adjusted for: previous AMI, age, DM
duration, gender, atrial fibrillation, hypertension, alcohol related
diagnosis, nephropathy, retinopathy, neuropathy, peripheral artery
disease, usage of antiarrhythmic drugs, glitazones, vitamin K
antagonists, heparin, pentasaccharides, argatroban, thrombocyte
function inhibitors, acetylsalicylic acid, cyclooxygenase 2 inhibitors,
nonselective cyclooxygenase inhibitors, buprenorphine, tramadol,
oxycodone, morphine, codeine, fentanyl, pethidine, glucocorticoids,
bisphosphonates, benzodiazepines, antipsychotics, antiepileptic drugs,
statins, antidepressants, insulins, DPP-4 inhibitor, liraglutide,

exenatide, biguanides, and β cell stimulants. * Significantly different
from nonusers (p<0.05).

Figure 1: Effects of antidiabetic drugs and statins on risk of
developing AMI in patients with DM. Results are unadjusted for
biochemistry. Results are shown as odds ratio with 95% error
margins.

Figure 2: Effects of biguanide and liraglutide duration and dose on
the risk of AMI. Results are unadjusted for biochemistry. A) Effect
of liraglutide dose B) Effect of liraglutide duration C) Effect of
biguanide dose D) Effect of biguanide duration

As outlined in the tables, results are also adjusted for a number of
other pharmaceuticals, e.g. anticoagulants and thrombocyte inhibitors;
however their effects are not presented here due to the scope of the
study.

Secondary analyses involving all DM patients revealed that
liraglutide treatment significantly decreased HbA1c (mean 0.47%, SD
0.01, P<0.0001), LDL cholesterol (mean 0.14 mmol/l, SD 0.54,
P=0.0004), total cholesterol (0.23 mmol/l, SD 0.67, P<0.0001), and
triglycerides (mean 0.26 mmol/l, SD 1.09, P=0.0230). HDL cholesterol
(mean 0.20 mmol/l, SD 0.15, P=0.08) did not change significantly, and
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creatinine (mean 3.35 µmol/l, SD 10.24, P<0.0001) significantly
increased. Log Urinary albumin creatinine ratio decreased after
liraglutide exposure, though not statistically significant (0.13 mg/g, SD
1.09, P=0.27).

Liraglutide duration and dosea n=10,727

N Odds Ratio P (95% CI)

Duration (years)

0 9,127 5.024 0.002 (1.816-13.898)

0-0.74 397 4.336 0.022 (1.232-15.259)

0.74-1.22* 394 1.756 0.465 (0.387-7.963)

1.22-2.41* 809 1 ref

Dose (sum daily doses of 1.2 mg)

0 9,183 9.522 0.002 (2.332-38.885)

1-135 345 4.915 0.069 (0.883-27.355)

135-345 380 6.879 0.019 (1.366-34.656)

345-3,720* 819 1 ref

Table 5: Effects of liraglutide duration and dose in DM patients Results
are unadjusted for biochemistry. Odds ratio shows the risk of
developing AMI if the case has received certain duration and certain
total daily dose of liraglutide.

Biguanides duration and dose an= 10,727

N Odds Ratio P (95% CI)

Duration
(years)

0 2,886 2.560 0.001 (1.843-3.556)

0-1 850 4.544 0.001 (2.901-7.120)

1-2 1,004 5.890 0.001 (3.932-8.824)

2-3 809 3.161 0.001 (1.996-5.005)

3-4.1* 5,007 1 ref

Dose (sum daily doses of 2 g metformin )

0 2,896 3.080 0.001 (1.996-4.753)

1-200 1,530 3.595 0.001 (2.231-5.791)

200-500 1,552 3.736 0.001 (2.340-5.964)

500-1000* 1,916 2.150 0.002 (1.323-3.495)

1000-3450* 2,833 1 ref

Table 6: Effects of biguanide duration and dose in DM patients Results
are unadjusted for biochemistry. Odds ratio shows the risk of
developing AMI if the case has received certain duration and certain
total daily dose of biguanides.

Discussion
Our results show that in a real world cohort of patients with DM,

liraglutide decreased the risk of AMI. Liraglutide showed an apparent
62.8 % risk reduction of AMI. When results were adjusted for
biochemical risk markers, insulin statistically significantly decreased
the risk of AMI. Although biguanides did not influence AMI risk; a
clear dose and duration response were apparent towards beneficial
effect of increasing dose and increasing duration.

Statins surprisingly did not influence the risk of AMI [15], however
this may be due to the fact that most patients received statin treatment
(78 %) and the population is combined of DM patients with both
elevated and normal cholesterol levels, thus those not receiving the
treatment may have habitual normal cholesterol levels.

The effect of insulin was tied to biochemical markers and may
reflect a more severe disease in individuals treated with insulin. The
opposite directions of the insulin estimates among DM patients
(dependent of the adjustment of biochemical risk markers) may be due
to a more severe disease, which was reflected in the biochemical risk
markers. It was not possible to evaluate the effect of liraglutide, due to
no cases in the group with information on biochemistry. The 180
liraglutide users not included in the analyses adjusted for biochemical
markers were younger; however, based on their use of multiple
antidiabetic drugs simultaneously, they were not a more healthy
subgroup. This supports a beneficial effect of liraglutide. The observed
association between liraglutide and a decreased risk of AMI is further
supported by our finding of a dose- and duration-response trend. The
effects of liraglutide on biochemical markers were assessed as a
secondary analysis, to determine whether reduction in lipids or HbA1c
may influence the findings. Beneficial effects of liraglutide were found
on HbA1c, LDL, total cholesterol and triglycerides after liraglutide
exposure. Such pleiotropic effects on cholesterol have previously been
revealed by Vilsboll et al. [16]. A decrease in cholesterol and HbA1c
may explain part of the reduced risk of AMI among liraglutide users.

Several factors may explain the observed reduction in AMI events
among liraglutide users, e.g. improvements in CVD risk factors,
including weight, glucose, lipids status, and blood pressure [17].
Furthermore, clinical trials of native GLP-1 and agonists suggest
reduced atherosclerosis development and improved endothelial
function [18], increased myocardial blood flow, improved myocardial
glucose metabolism in the most insulin resistant subjects [19,20],
reduction of oxidative stress, and attenuation of proinflammatory cell
activation [21]. But despite many proposed mechanisms the reasons
for apparent lower risk of developing CVD are still poorly understood.
GLP-1 and analogues exerts their actions through the GLP-1 receptor.
The GLP-1 receptor may be present in cells of many tissues including
the vascular endothelium, cardiomyocytes, endocardium, and smooth
muscle cells. Some cardiac effects of GLP-1R agonists may be exerted
via other receptors [22]. Prior studies have demonstrated the presence
of GLP-1 receptors in the myocardium [22,23], but recent papers
[24-26] have questioned the interpretation of data obtained using
commercially available GLP-1 antisera to detect the authentic GLP-1
receptor.

Observational studies have linked hyperglycemia and CVD, but
trials have not consistently confirmed that intensified glycemic control
reduces CVD [27-29]; in fact an increased mortality in the ACCORD
trial was associated with hypoglycemia [30]. GLP-1 analogues and
biguanides are considered as agents with low risk of hypoglycaemia
[31, 32].
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In contrast to our results, the most comprehensive meta-analysis of
the GLP-1 analogues did not find any significant GLP-1 effect on CVD
events as a whole [33], but this meta-analysis did not distinguish
between the CVDs. However, our results agree with the large
randomized trials conducted on DPP-4 inhibitors, as we also found a
neutral effect [12,13].

The study by Best et al. [34] based on the Life Link database found a
protective effect of exenatide use on cardiovascular events compared
to all other antidiabetics in DM patients. We could not confirm these
findings; several significant differences between [34] and our study are
present however. In this large study [34] 21,764 received exenatide
treatment, thus the lack of effect in our study may be due to power, as
only 406 received exenatide treatment [34]. Furthermore, all other
antidiabetics than exenatide [34] were grouped as one, whereas the
antidiabetics were handled individually in our study. The patients were
all insured and may represent a selected group of patients [34],
whereas the Danish registries cover the entire national population. The
differences between the effects of exenatide and liraglutide in our
study may be due to either power as a smaller number of individuals
received exenatide, or due to differences in molecular structure and
differences in resemblance of native GLP-1. Further investigations
should explore the effects of exenatide and liraglutide and determine
whether any differences are present.

Our results support previous findings of a beneficial effect of insulin
on myocardial infarction in UKPDS [11]. In contrast to our findings,
intensive biguanide and sulphonylurea therapy decreased risk of
myocardial infarction by 15% among DM patients in the UKPDS [11],
however the users were compared with patients on dietary restriction
and no other therapies.

The study is limited by its retrospective design and thus causality
can only be speculative. In addition, important information on lifestyle
risk factors such as physical activity, smoking, alcohol, diet, and weight
were not available and may restrict our results. It is not possible, based
on the registries, to determine whether the liraglutide users were
healthier than non-users. Pottegard et al. [35] showed that treatment
with liraglutide was not associated with any changes in concomitant
treatment with antihypertensives, cholesterol lowering drugs or
anticoagulants and 38% of liraglutide users also used insulin. Thus,
patients treated with liraglutide seem no different compared to
patients treated with other antidiabetic drugs.

Furthermore, liraglutide was first registered in Denmark in 2009,
which may influence the results; however in an analysis limited to
cases subsequent to the release of liraglutide, liraglutide still
significantly decreased the risk of AMI (results not presented in the
paper). The prescription registry provides information on
pharmaceuticals bought and not solely on drugs actually used;
however, due to the necessity of the antidiabetic therapy, and the fact
that individuals are inclined to use bought drugs, we assume this is
only a minor restriction to the results. Patients may have switched
antidiabetic therapy during the study period and will therefore be
registered as a user of multiple drugs. To comply with this possible
limitation adjustments have been made by individual antidiabetic
drugs (e.g. each antidiabetic drug was a separate variable in the
multivariate analyses).

Our results, in a real world cohort, showed beneficial effects of
insulin and liraglutide of the antidiabetic therapies when adjusted by
each other and other antidiabetic therapies. We are, to our knowledge,

the first to report an AMI reducing effect of insulin when adjusted by
HbA1c, total cholesterol, LDL, HDL, triglycerides and creatinine.

In conclusion, we have found a strong association between the use
of liraglutide and insulin, and a reduced risk of AMI in patients with
DM when taking general risk factors into account. The association of
liraglutide was dose and duration dependent and highlights the health
benefits of the drug. To establish whether liraglutide and insulin are
superior to other antidiabetic drugs in AMI risk reduction,
randomized clinical trials are needed. Currently the results from the
Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular
outcome Results (LEADER) [36] trial is awaited.
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