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Abstract

Objective: To explore real-life use of glucose lowering drugs and prognosis after acute myocardial infarction (AMI) with
a special focus on metformin.

Methods: Patients (n=70270) admitted for AMI 2012-2017 were stratified by diabetes status and glucose lowering
treatment and followed for mortality and MACE+ (AMI, heart failure (HF), stroke, mortality) until end of 2017 (mean
follow-up time 3.4 = | .4years) through linkage with national registries and SWEDEHEART. Hazard ratios (HR) were
calculated in adjusted Cox proportional hazard regression models.

Results: Mean age was 68 = | | years and 70% were male. Of patients with diabetes (n=16356; 23%), a majority had
at least one glucose lowering drug (81%) of whom 51% had metformin (24% monotherapy), 43% insulin and a minority
any SGLT2i/GLP-1 RA (5%). Adjusted HR for patients with versus without diabetes was 1.31 (95% Cl 1.27-1.36) for
MACE+ and 1.48 (1.41-1.56) for mortality. Adjusted HR for MACE+ for diabetes patients on metformin was 0.92
(0.85-0.997), p=0.042 compared to diet treated diabetes.

Conclusion: Diabetes still implies a high complication risk after AMI. Metformin and insulin were the most common
treatment used in almost half of the diabetes population. Furthermore, patients treated with metformin had a lower
cardiovascular risk after AMI and needs to be confirmed in prospective controlled trials.
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metformin being the first line therapy in diabetes. There
is, however, an ongoing debate on the role of metformin
as first or second line therapy, especially if CV disease is

Introduction

Diabetes is associated with an increased risk of cardio-
vascular (CV) complications after acute myocardial
infarction (AMI).'3 In established diabetes, newer glu-
cose lowering agents, such as Sodium Glucose Lowering
Transport 2 receptor inhibitors (SGLT2i) and Glucagon
Like Peptide Receptor Agonists (GLP-1 RA), on top of
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standard treatment, have shown CV preventive effects
which might change this scenario.*® In prediabetes,
which is common in AMI patients,>’ there is no glucose
lowering treatment that has been shown to be protective
of CV diseases after AMI. Lifestyle modification and
treatment with metformin prevents diabetes develop-
ment in obese prediabetes individuals'®!'! and metformin
in addition to lifestyle prevents CV complications in
overweight type 2 diabetes in a primary preventive set-
ting.!> These studies have for long been the rational for
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present, where the latest European guidelines on diabetes
and prediabetes recommend newer glucose lowering
drugs (GLDs) before metformin in high risk patients and
in patients with established CV disease.'>!* This is due to
the fact that there is no randomised trial on metformin
investigating possible CV benefit, while several large ran-
domised trials have shown cardio-protective effects with
the newer drugs.*®!* However, this does not imply the
non-existence of CV effects by metformin. Furthermore,
in some countries, metformin is used in prediabetes, ges-
tational diabetes, obesity with prediabetes and in addition
in patients with polycystic ovarian syndrome and also
sometimes off-label.!>1

The aim of this study was to explore prognosis after
AMI in patients with diabetes and patterns of real-life use
of glucose lowering drugs in a contemporary setting with a
special focus on metformin.

Methods

Data sources and patient cohort

Consecutive patients undergoing a coronary angiography
in Sweden with the indication non-ST-segment elevation
myocardial infarction (NSTEMI) or ST-segment elevation
MI (STEMI) during 2012-2017 reported in the Swedish
angiography and angioplasty registry (SCAAR) and with a
physician judged myocardial infarction in the Swedish
Register of Cardiac Intensive Care (RIKS-HIA) were
included in the study. The RIKS-HIA registry and the
SCAAR-registry (http://www.ucr.uu.se) are part of the
SWEDEHEART registry where SCAAR includes moni-
tored and verified information on every patient undergoing
coronary angiography at any centre undergoing coronary
angiography and RIKS-HIA contains information from all
cardiac intensive care units in Sweden. Information on the
index-AMI was collected from RIKS-HIA. Patients were
prospectively followed for major CV events until December,
312017 and all-cause death until June, 30 2018. Mortality
the first 90days were excluded from analysis in order to
limit healthy selection bias of dispensed GLDs. To obtain
information on mortality, the SWEDEHEART data was
cross referenced with the Swedish Population Register and
for complete information on comorbidities, the National
Patient Registry (NPR) was used. The SWEDEHEART
holds no specific information on classes of glucose lower-
ing drugs, thus data on dispensed glucose lowering drugs
up to 6 months after discharge from the hospitalisation for
AMI was collected from the Prescribed Drug Registry
(PDR) and has been analysed as a categorical variable
rather than a time-dependent variable. Information on dia-
betes diagnosis was derived from SCAAR and the NPR
(International statistical classification of diseases and
related health problems (ICD)-10 codes E10-E14). Events
during follow-up was obtained by cross referencing the

SWEDEHEART data with the NPR. No patient was lost to
follow-up of those still residents in Sweden.

Definitions

Established Diabetes Mellitus at the index AMI was
defined as either registered in SWEDEHEART as having
diabetes or having a diabetes diagnosis in the NPR.
Accordingly, patients were classified as non-diabetes if no
diagnosis of diabetes in any register. Patients were not pos-
sible to be categorised by type of diabetes.

Glucose lowering therapies and treatments within
6 months after the AMI hospitalisation was classified into
the nine diabetes groups listed below (i.e. based on the
most common clinical used combinations) and into three
non-diabetes groups. Of note group V comprises SGLT2i/
GLP-1 RA either as monotherapy or in combination with
other GLDs. Information on insulin treatment was derived
both from the SWEDEHART and the PDR while informa-
tion on other glucose lowering therapies was derived from
the PDR only. For instance, patients without reported dia-
betes but discharged with newly prescribed diabetes drugs
was categorised as not having diabetes if no recorded dia-
betes diagnosis in any register was present.

Established diabetes:

L. Diet (defined as no GLD but with recorded dia-
betes diagnosis in SWEDEHEART or NPR)

IL. Monotherapy metformin

III.  Monotherapy sulfonylurea (SU)

IV.  Monotherapy insulin

V. Any sodium-glucose co-transporter-2 inhibitor
(SGLT2i) or glucagon-like peptide-1 receptor
agonist (GLP-1 RA) with or without combina-
tion of other GLD

VI.  Monotherapy dipeptidyl peptidase-4 inhibitor
(DPP4i)

VII. Insulin + metformin

VII. Insulin + SU

IX.  Unspecified combination of GLD

No diabetes:

1. No diabetes, no GLD
1. No diabetes + unspecified combination of GLD
III.  No diabetes + monotherapy metformin

Outcome

The following diagnoses were considered: all-cause death,
was collected until June, 30 2018 from the Swedish
Population Register. First heart failure hospitalisation (ICD-
10 code 150), stroke (ICD-10 code 163) and myocardial
infarction (ICD-10 code 121-122) until December, 31, 2017
was collected from the NPR. Major adverse cardiovascular
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event (MACE) consists of first of MI, stroke, all-cause death
while MACE+ consists of MI, stroke, all-cause death and
heart failure.

Statistical analysis

Baseline characteristics and outcome were compared
across diabetes status and glucose lowering treatment.
Baseline characteristics are presented as median and inter-
quartile range (IQR) for continuous variables and numbers
and percentages for categorical variables. The group
including SGLT2i/GLP-1 RA was selected to be priori-
tised when stratifying for GLD and thus SGLT2i/GLP-1
RA therefore include either monotherapy or a combination
of other GLD, since monotherapy with SGLT2i or GLP-1
RA was rare. To compare baseline characteristics between
the different groups, y* or Fisher exact test was used.
Cumulative event rates for the clinical outcomes were cal-
culated using the Kaplan-Meier method and graphically
displayed. In adjusted Cox proportional hazards model,
the association between diabetes status, glucose lowering
treatment groups and future events were assessed. Hazard
ratios (HR, 95% confidence interval (CI)) were adjusted
for age, sex, smoking, creatinine, previous diagnosis of
MU/ heart failure/CABG/cancer/dementia/dialysis/hyper-
tension/chronic obstructive pulmonary disease/renal fail-
ure/stroke/peripheral artery disease, year, indication,
hospital, angiographic findings, primary decision after
angiography, cardiac shock and medications at discharge
(ACE inhibitor, angiotensin II receptor antagonist, lipid
lowering agents, aspirin, beta blockade, oral anticoagulant,
other antiplatelet therapy). A two-sided p-value of <0.05
was accepted as statistically significant. All analyses were
conducted using the SPSS statistical program (SPSS, ver-
sion 26) software from SPSS Inc, Chicago, IL.

Ethical consideration

The study complies with the declaration of Helsinki and
has been approved by the local ethical boards at the
Karolinska Institutet (DNR 2017/432-32) and Uppsala
University (DNR 2011/333/5). Individual patient consent
for entering the SWEDEHEART registry was not obtained
but patients were informed about permission to opt out.

Results

Baseline characteristics

Baseline characteristics in all groups (nine diabetes and
three non-diabetes) are depicted in Supplementary Table
1. In the total cohort (=70 270), mean age was 68
(SD = 11) years and 70% were male. The indication for
coronary angiography was STEMI in 37% and NSTEMI
in 63% of the study population where revascularisation

(PCI or CABG within 3 months after index AMI) was per-
formed in 85%. Proportion of GLDs use in patients with
and without diabetes is depicted in Supplemental Figure
1. Of patients with diabetes diagnosis at hospitalisation
(n=16 356; 23%), a majority had at least one GLD (81%)
of whom 51% had metformin (24% monotherapy), and
43% were on insulin either alone or in combination with
another GLD (Supplemental Table 2). A minority of the
patients were on a SGLT2i or GLP-1 RA (5%) and in a
majority combined with other GLD. Eleven percent were
on SU of which potentially 8% could be in combination
with metformin. In patients discharged without a diabetes
diagnosis, n=871 (2% of the non-diabetes group) were on
metformin monotherapy and n=156 (0.3% of the non-
diabetes group) were on an unspecified combination of
GLDs during the first 6 months after the AMI hospitalisa-
tion. Non-diabetes patients on metformin were younger
(65 vs 69 years), more often male (76% vs 70%) and had
more often left ventricular ejection fraction (LVEF)
=50% (66% vs 64%) when compared to non-diabetes
patients without a GLD. Patients with established diabetes
were heterogeneous in terms of baseline characteristics
where those treated with insulin had the most severe
comorbidity profile with more often a history of previous
M1, previous heart failure, previous renal failure and more
widespread coronary artery disease. Secondary preven-
tion was extensive regardless of diabetes status and glu-
cose lowering therapy (Supplemental Table 1).

Outcome

Diabetes versus no diabetes. Outcome stratified for diabetes
status is depicted in Figure 1(a)—(c). During a mean follow-up
time of 3.4 (SD 1.4) years, MACE+ occurred in 29% (n=20
485) of the patients (40% of those with diabetes and 26% of
those without diabetes) and MACE in 23% (n=16 319; 32%
of those with diabetes and 21% of those without diabetes).
Death occured in 7354 (10%) of the patients (16% in those
with diabetes vs. 9% in patients without diabetes). Diabetes
was associated with higher risk for MACE+; adjusted HR
1.31 (95% CI 1.27-1.36), for MACE 1.30 (1.25-1.35) and
for mortality 1.48 (1.41-1.56; Figure 1).

Glucose lowering treatment versus diabetes with diet treat-
ment only. Details on cumulative MACE+ rate stratified
by diabetes status and GLDs are presented in Figure 2(a)
(all 12 classes) and (b) (for clarity, information only on
those with and without metformin) where MACE and mor-
tality are depicted in Supplemental Figures 2 and 3.

In models stratified by glucose lowering treatment and
diabetes status, where established diabetes with diet
treatment served as a reference group, patients treated
with insulin in monotherapy had the highest event rate
and risk (adjusted HR for MACE+ 1.32 [1.23-1.42],
p<<0.001; Figures 2 and 3). Patients treated with
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Figure |. Time to hospitalisation for (a) MACE+ (first of myocardial infarction, heart failure, stroke or death), (b) MACE (first
of myocardial infarction, stroke or death) and (c) mortality after index myocardial infarction by diabetes status. Mortality the first
90 days were excluded. Adjusted Hazard Ratios with 95% Cl are presented in the figure.
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Figure 2. Time to hospitalisation for MACE+ (first of myocardial infarction, heart failure, stroke or death) after index myocardial

infarction by: (a) diabetes status and glucose lowering treatment and
metformin. Mortality the first 90 days were excluded.

metformin had lower risk of MACE+ compared with
diet treated diabetes, this finding was present both in
patients with diabetes on metformin (0.92 [0.85-0.997],
p=0.042) and in patients without diabetes but on met-
formin (0.82 [0.70-0.96], p=0.013) where the latter was
similar to the HR seen in patients without diabetes (HR
0.82 [95% CI1 0.78-0.88], p < 0.001). Corresponding fig-
ures for patients with diabetes on insulin in monotherapy
was 1.32 (1.23-1.42) and 1.13 (1.03—1.24) in patients on
insulin plus metformin. Resembling associated risk pat-
tern was observed for MACE (Supplemental Table 3).
Corresponding figures for non-diabetes patients without
GLD were (HR 0.69 [0.63-0.76], p <0.001). Patients
treated with metformin had lower risk of mortality com-
pared with diet treated diabetes, both in patients with dia-
betes on metformin (0.81 [0.71-0.92], p=0.002) and in

for clarity and (b) by diabetes status and treatment with

patients without diabetes but on metformin (0.57 [0.41—
0.80], p=0.001; Supplemental Table 3).

Trends in diabetes diagnosis and dispensed GLD between
2012 and 2017 are depicted in Figure 4 demonstrating a sta-
ble pattern with only a discrete increase in proportion of
patients with diabetes diagnosis and diabetes treated with
diet only. From 2015 there is a minor uptake of dispensed
GLD with cardio protective effects (SGLT2i or GLP-1 RA).

Discussion

In this large comprehensive study analysing impact of dia-
betes and diabetes treatment in an unselected cohort of
patients undergoing coronary angiography and surviving
AMI there are three major findings. First, diabetes is still,
despite modern coronary care, associated with a 30% to
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Figure 3. Adjusted associated HR (95% CI) for MACE + (mortality, myocardial infarction, stroke or heart failure) by diabetes
status and treatment groups. Diet treated diabetes patients were used as reference with HR |.0.
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Figure 4. Glucose lowering treatment over time 2012-2017 in patients discharged after myocardial infarction. Relative proportion
of patients per group by year. Individual patients could only belong to one group.

50% increased risk of CV events and mortality. Second,
patients treated with metformin in monotherapy had lower
event rates compared to patients without GLD. Third, newer
classes of GLDs with cardio-protective effects were used in
a very low proportion post-MI and often in mixed combina-
tions, while the most commonly used GLDs are metformin
and insulin, used in almost half of the diabetes population,

while only 18% had no GLD treatment at all. As expected in
this post-MI cohort the combination of SU and metformin
was less common than in a cohort without CV disease.
Disappointingly, despite dramatic improvements in sur-
vival rates after AMI and secondary preventive care,!” the
over-risk for diabetes still remains and with a similar magni-
tude as was seen more than a decade ago.'® This remaining
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almost unchanged gap between those with and without dia-
betes, indicate a failure of introducing novel therapeutic
approaches for the diabetes group and highlight the urgent
need to faster take up the recently introduced cardio-protec-
tive drug classes, where monitoring of improvements should
be demanded in order to better reach success.'>!
Importantly, there is a heterogeneity within the diabetes
group even post-MI, with higher CV complication rates in
patients already burdened with CV complications.!® For
instance the risk for heart failure and death is doubled if
there is a previous reported myocardial infarction and even
higher risk if discharged with signs of depressed myocardial
function as LVEF less than 50%.!° The present study further
extends this information, identifying insulin and multiple
GLD-treated patients as a high risk group in accordance
with several earlier reports."»?* Patients on insulin had the
highest cumulative event rate with a fast onset of recurrent
CV events already the first year indicating an urgent need
for preventive efforts. It is highly probable that insulin in
this context is a proxy for a more long standing diabetes
with increased prevalence of comorbidities rather than insu-
lin being the sole driver of the adverse outcome, although
risk associated with insulin use has been suggested.?! A high
event rate in type 2 diabetes patients on insulin and known
atherosclerotic CV disease was also demonstrated in a
recent post hoc analysis of the EMPA-REG Outcome trial.??
Importantly, the evidence for empagliflozin and a reduction
of CV events was not limited to patients at low risk, but was
seen across the full range of underlying CV risk. This find-
ing, together with the present data that identifies patients
treated with insulin as a very high risk group, strengthens
that future strategies should not exclude those or other
severely affected diabetes patients, since even in this group
there are novel effective treatments and if left untreated will
be at very high risk.?>%* In this study patients on insulin plus
metformin had a better outcome in terms of CV events and
mortality compared to insulin in monotherapy, a similar
finding as was shown by Holden et al. although in a primary
preventive setting.>* However, in the present observational
study patients on insulin alone had more co-morbidities as
previous MI, PAD, heart failure and renal failure why it can-
not be excluded that, despite extensive adjustments, the dif-
ference can be due to patients on concomitant metformin
being healthier.

Even in patients with established diabetes but without
any GLD (i.e. diet group), constituting around one fifth of
this post-MI diabetes population, there was an increased
risk (+18%) of CV complications when compared to
patients without diabetes (HR 95% CI1 0.82; 0.77-0.87). In
the large CV outcome trials (EMPA-REG OUTCOME,
CANVAS, DECLARE) only a minority where completely
GLD naive at randomisation with 2% in EMPA-REG
OUTCOME* and 3.6% in LEADER,’ and CV effects on
sub-analyses on completely drug-naive is to the best of our
knowledge not yet reported. However, in the EMPA-REG

the CV effects of SGLT2i seemed to be present across all
levels of HbAlc and regardless of level of HbAlc reduc-
tion implying CV protective effects might also be present
in drug naive diabetes patients with lower range of
HbAlc.”® In a recent meta-analysis on treatment with
SGLT2i the reduction in CV and renal complications was
consistent regardless of concomitant metformin or not.?®
Interestingly, in the present observational study, although
marginal and could be due to unmeasured confounding, we
found lower rates of CV complication in diabetes patients
treated with metformin (mono-therapy) than with diet alone.
Furthermore, non-diabetes patients treated with metformin
had a similar risk for future CV event than non-diabetes
patients. The reason why non-diabetes had been prescribed
metformin is not known but one could speculate that it can
be due to that diabetes has been revealed in the cardiac reha-
bilitation phase or by the GP in the post-MI phase. Whatever
the reason, the similar risk for future CV event as the non-
diabetes patients without GLD is indeed interesting. For
long, metformin has globally been recommended as the first
line therapy in patients with type 2 diabetes,'® primarily
based on the DPP-study and of a subgroup population of the
UKPDS study.'®!? In the long-term follow-up of the DPP
study preventive effects of metformin on diabetes develop-
ment where established.!® In UKPDS, obese patients
(n=342) with newly detected diabetes and on metformin,
experienced a reduction in mortality and CV events after a
decade of follow-up that persisted also during long-term
follow-up.'>?’ The present study supports the UKPDS long-
term data indicating that metformin could be CV protective,
although causality in an observational study cannot be estab-
lished.?” After nearly 60years of clinical use, apart from the
UKPDS, there is a lack of evidence and RCTs evaluating the
effect of metformin on CV outcomes. In patients with estab-
lished CV disease there is no large RCT at all evaluating the
secondary preventive effect of metformin. The Glucose
Lowering In Non-diabetic hyperglycaemia Trial (GLINT)
aimed to explore CV preventive effects of metformin, but
ended with a pilot study in the primary setting.?® In USA the
ongoing Investigation of Metformin in Pre-Diabetes on
Atherosclerotic Cardiovascular OuTcomes (VA-IMPACT)
study is randomising metformin or placebo to estimated
7868 patients with prediabetes with the primary aim to study
CV protective effects of metformin.?® One recent meta-anal-
yses based on 40 clinical trials (RCTs, retrospective cohort
studies and case-control studies) and 1,066,408 patients with
coronary artery disease, metformin was associated with
lower CV risk in type 2 diabetes but no significant risk reduc-
tion was seen in non-diabetes patients.*® The recent MET-
REMODEL trial showed reduced left ventricular
hypertrophy, evaluated by MRI, in patients (n=68) with
coronary artery disease and insulin resistance but without
diabetes when randomised to metformin or placebo for
12months (p=0.033).3! Thus, so far clinical evidence on CV
effect of metformin is limited. On the contrary, mechanistic
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evidence for CV favourable effects are abundant where
novel data are almost monthly reported. Metformin’s mecha-
nisms of actions are not fully known, but some proposed
favourable mechanisms include reducing hepatic gluconeo-
genesis/the metabolic syndrome,* altering the glucose
metabolism by the microbiota in the intestine,*> decreasing
cardiac fibrosis** and immunomodulatory and anti-aging
effects.>® Recently a novel mechanism associated with
increase in GDF-15 and weight loss** 3% was described. On
the contrary, proposed non-favourable effects include
decrease of lean mass gain in healthy elderly (=65 years)
impeding the benefit of physical activity.*

In the recently updated European guidelines for diabe-
tes and CV disease SGT2i and GLP-1 RA are first line
treatment if CV disease is present while the ADA and
EASD consensus report still recommend metformin as
first line therapy.'»'* Anyhow, regardless of guidelines
recommendations, for sure newer glucose lowering drugs
should be used to a greater extent than 5% reported in the
current and other studies and in real life practice several
alternatives and combinations of GLD are needed to
accomplish glucose control.*’ In most CV outcome trials,
novel GLD have been used on top of metformin (used in
74%, 77%, 719%, respectively in EMPA-REG OUTCOME,*
CANVAS,” DECLARE?®) where benefit seems to be there
regardless if metformin is used or not, at least with no
interaction reported with metformin in the EMPA-REG
OUTOMCE post-hoc analyses.?’

There clearly is a need for trials assessing possible CV
protective effects of metformin, but due to lack of an eco-
nomic profit it is unlikely that such trials will be conducted
unless initiatives are taken by national governments.

There are several limitations on the present study; the
lack of variables related to diabetes status as type of diabe-
tes (where the proportion of type 1 diabetes is estimated to
be very low), duration and glucose control (HbAlc
reported in 22%) where the non-diabetes group could have
undiagnosed diabetes (since OGTT is not routinely per-
formed). In addition, there is no information about medica-
tions during long-term follow-up. Although of interest as
CV outcome trials on the newer glucose lowering drugs
are published from 2016 and forward, access to data on
newer glucose lowering drugs after the end of 2017 was
not possible to obtain due to logistical reasons. Furthermore
propensity matched metformin analyses to limit indication
bias was not performed and judged to be unjustified due to
lack of important variables to match for as metabolic
measurement (glucose, central obesity, insulin levels) in
both non-diabetes and diabetes cohorts. Lastly, the obser-
vational study design comprises a possibility of unknown
residual confounders not possible to control for despite the
extensive adjustments that have been performed to control
for potential confounding variables as the different preva-
lence of concomitant disease as heart failure and renal fail-
ure among the glucose lowering groups. On the other hand
we have a large unselected nationwide cohort with a

complete follow-up where healthy selection bias has been
limited as mortality the first 90 days were excluded from
analysis. Notably, individuals with AMI who did not
undergo coronary angiography were excluded.

Conclusion

Diabetes is still associated with a compromised outcome
after AMI supporting an urgent need of implementing opti-
mised diabetes care post-MI including an increased use of
glucose lowering drugs with CV benefit. Furthermore,
both diabetes patients treated with metformin, and a group
with previously unreported diabetes treated with met-
formin, had less CV complications after AMI in this obser-
vational analyses but needs to be confirmed in a prospective
controlled trial.
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