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Abstract

Aims: It is unclear whether detection of prediabetes (pre-DM) by routine assessment of glycated haemo-

KEYWORDS

globin Alc (HbAlc) and fasting plasma glucose (FPG) among patients undergoing percutaneous coronary

o ACS/NSTE-ACS

e clinical research
¢ diabetes

e drug-eluting stent
¢ miscellaneous

e stable angina

8102 4290120 U0NIPa-Q auljuo paysiqnd m 810z Asenuer P auljuo paysiiand 96012-6¥012:1°8T0Z UONUBAIBIIIOINT |

intervention (PCI) with contemporary drug-eluting stents (DES) may help identify subjects with increased
event risk. We assessed the relation between glycaemia status and one-year outcome after PCI.

Methods and results: Glycaemia status was determined in 2,362 non-diabetic BIO-RESORT partici-
pants, treated at all four study sites, to identify pre-DM (HbAlc 42-47 mmol/mol; FPG 6.1-6.9 mmol/L)
and unknown diabetes mellitus (DM) (HbAlc >48 mmol/mol; FPG >7.0 mmol/L). Another 624 patients
had medically treated DM. The main composite endpoint consisted of death, myocardial infarction, or
revascularisation. Glycaemic state was known in 2,986 participants: 324 (11%) patients had pre-DM, 793
(27%) had DM (known or new), and 1,869 (63%) patients had normoglycaemia. Pre-DM and DM patients
differed from normoglycaemic patients in cardiovascular risk factors. The composite endpoint occurred in
11.1% in pre-DM, 10.5% in DM, and 5.7% in normoglycaemia (p<0.001). Pre-DM was associated with
a twofold higher event risk compared to normoglycaemia (adj. HR 2.0, 95% CI: 1.4-3.0).

Conclusions: Following PCI with contemporary DES, all-comers with pre-DM had significantly higher
event risks than normoglycaemic patients. In non-DM patients requiring PCI, routine assessment of HbAlc

and FPG appears to be of value to identify subjects with increased event risk.

*Corresponding author: Thoraxcentrum Twente, Medisch Spectrum Twente, Koningsplein 1, 7512 KZ Enschede, the Netherlands.
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Abbreviations
DES drug-eluting stents

DM diabetes mellitus

FPG fasting plasma glucose

HbAlc haemoglobin Alc

IEC international expert committee

MACE  major adverse cardiac events

NG normoglycaemia

NICE National Institute for Health and Care Excellence
pre-DM  prediabetes

Introduction

Before the onset of type 2 diabetes mellitus (DM), some patients
can, for many years, experience an abnormal glucose metabolism
which is a risk factor for coronary artery disease'?. A metabolic
state with borderline high glucose levels that do not meet the dia-
betes mellitus (DM) criteria is referred to as prediabetes (pre-DM),
although some prefer the term risk of diabetes’. Pre-DM can be
detected by measuring glycated haemoglobin Alc (HbAlc), which
gives an indication of long-term blood glucose concentration, and
fasting plasma glucose (FPG)*°. Because HbA1c measurements do
not require fasting or a glucose load and are not affected by acute
changes in glucose levels due to stress or acute illness, they are
easy to use in emergency settings and show only limited within-
day or day-to-day variation*”.

General population studies have investigated the association
between cardiovascular risk and glucose abnormalities to a great
extent, showing in subjects without known DM that elevated
HbAlc is a risk factor for cardiovascular events®®. In addition,
in patients with or without known DM, who had an ST-elevation
MI, elevated HbAlc levels were associated with increased mor-
tality**'°. Moreover, DM increases the event risk after coronary
stenting'"'%. Nevertheless, there is a lack of data on the potential
relevance of pre-DM for clinical outcome of all-comer patients
with proven obstructive coronary disease, who require percutane-
ous treatment with current drug-eluting stents (DES).

The BIO-RESORT randomised trial recently examined the out-
come of all-comer patients who underwent percutaneous coronary
intervention (PCI) with implantation of contemporary DES, show-
ing similar and very low clinical event rates for all stents used'®. In
this pre-specified analysis of the BIO-RESORT trial, we assessed the
relation between pre-DM and one-year clinical outcome after PCI.

Editorial, see page 968

Methods

STUDY DESIGN AND PATIENTS

In the investigator-initiated, multicentre, randomised BIO-
RESORT trial, all-comer patients were treated with PCI and con-
temporary biodegradable polymer or durable polymer DES. Both
the design and the primary outcome of BIO-RESORT, which
is registered at ClinicalTrials.gov (NCT01674803), have been
described previously's. All four clinical study sites, located in
the Netherlands, were encouraged to determine HbAlc levels at

baseline in non-DM patients in order to identify patients with pre-
DM or newly diagnosed DM; if no HbAlc levels were available,
the FPG levels were used. In addition, the presence of known
DM was recorded in the study files. HbAlc was measured using
Tina-quant® 3™ generation assay on a Cobas 6000 analyser (Roche
Diagnostics, Almere, the Netherlands) or CAPILLARYS 2 (Sebia,
Lisses, France) calibrated using IFCC standards. The trial com-
plied with the CONSORT 2010 Statement and the Declaration
of Helsinki and was approved by the Medical Ethics Committee
Twente and the institutional review boards of all participating cen-
tres. All patients provided written informed consent.

GLYCAEMIC CATEGORIES

Based on HbAlc and FPG levels measured at the index hospi-
talisation, and medical history, patients were stratified into three
groups. Glycaemic categories were based on the National Institute
for Health and Care Excellence (NICE)"” and International Expert
Committee (IEC) 2009 criteria'®. DM was defined as either known
DM for which patients received medical treatment (either insu-
lin or oral antidiabetics) or newly diagnosed DM, defined by an
HbAlc >48 mmol/mol (>6.5%), or FPG >7.0 mmol/L. Pre-DM
was defined by HbAlc 42-47 mmol/mol (6.0-6.4%) and FPG 6.1-
6.9 mmol/L and normoglycaemia by HbAlc levels <41 mmol/
mol (<5.9%) or FPG <6.1 mmol/L. In addition, we studied gly-
caemia according to the American Diabetes Association (ADA)
recommendations, which advocate for prediabetes an HbAlc
>39 mmol/mol (5.7%) but <48 mmol/mol (6.5%), and for new
diabetes an HbAlc >48 mmol/mol (>6.5%) (consistent with the
IEC criteria). Sites were encouraged to assess the levels twice dur-
ing hospitalisation, in case of any discordance between the diag-
nostic tests. Patients were classified into their “worst” category
based on their lab results.

STUDY ENDPOINTS, PROCEDURES, AND MONITORING
Clinical endpoints were pre-specified, using the Academic
Research Consortium definitions'®. Myocardial infarction was
defined by any creatine kinase concentration of more than dou-
ble the upper limit of normal with elevated confirmatory cardiac
biomarkers!'. Revascularisation procedures were considered clin-
ically indicated if the angiographic percent diameter stenosis of
the then treated lesion was >50% in the presence of ischaemic
signs or symptoms, or if the diameter stenosis was >70% irre-
spective of ischaemic signs or symptoms'®!®. The main compos-
ite clinical endpoint of the present study comprised (components
in hierarchical order): all-cause death, myocardial infarction, or
revascularisation'.

Coronary interventions and concomitant medication did not dif-
fer from standard treatment and were performed according to cur-
rent medical guidelines'®. In general, dual antiplatelet therapy was
prescribed for six to 12 months. Staged procedures were permitted
within six weeks and did not count as events. Electrocardiograms
were systematically assessed and recommended at routine clini-
cal follow-up. Laboratory tests included systematic assessment of



cardiac markers after the intervention and subsequent serial meas-
urements in case of suspected ischaemia. Clinical follow-up data
were obtained at visits to outpatient clinics or, if not feasible, by
telephone follow-up or a medical questionnaire. There was no
routine angiographic follow-up. A formal data safety monitoring
committee reviewed the outcome data periodically. Data monitor-
ing, processing of clinical outcome data, and independent clini-
cal event adjudication were performed by an independent clinical
research organisation (Diagram, Zwolle, the Netherlands).

STATISTICAL ANALYSIS

Data were reported as frequencies and percentages for dicho-
tomous and categorical variables. Continuous variables were
expressed as meantstandard deviation (SD). The time to primary
endpoint and components thereof were assessed according to
Kaplan-Meier methods; the log-rank test was applied for between-
group comparisons. Pearson’s chi-square test or Fisher’s exact test
was used to compare categorical variables, and the t-test to com-
pare continuous variables. The relationship between pre-DM and
the composite clinical endpoint of death, myocardial infarction
and revascularisation was assessed with Cox proportional hazards
analyses. A multivariate Cox proportional hazards analysis was
used to adjust for potential confounders, accounting for differ-
ences in clinical outcome between the groups. Age, gender, body
mass index, haemoglobin level at admission, hypertension, posi-
tive family history, hypercholesterolaemia, smoking, previous MI,
previous revascularisation, multivessel disease and clinical syn-
drome at admission were included in the multivariate analysis. All
statistical tests were two-tailed and p-values <0.05 were consid-
ered significant. Statistical analyses were performed with SPSS,
Version 22 (IBM Corp., Armonk, NY, USA).

Results

From December 2012 to August 2015, a total of 3,514 participants
in the BIO-RESORT trial were treated for obstructive coronary
disease with contemporary DES. A total of 624 (18%) trial par-
ticipants had known DM for which they already received medical
treatment with insulin or oral antidiabetics at the time of their PCIL.
In 2,362 trial participants without known DM, HbAlc levels and
FPG were determined at the index procedure: 324 (14%) had pre-
DM, 169 (7%) had newly diagnosed DM, and 1,869 (79%) were
normoglycaemic.

As a result, the glycaemic state was known in 2,986/3,514
(85%) trial participants. They represent the study population of
the present analysis, in which pre-DM was present in 324 (11%),
DM (known or new) in 793 (27%), and normoglycaemia in 1,869
(63%) patients. A total of 2,630 (99.4%) patients completed
12-month follow-up or had died. Only two (0.07%) patients were
actually lost to follow-up; 12 (0.4%) patients withdrew consent
during the trial and were censored (clinical outcome was used
until time of withdrawal).

The baseline characteristics of the study population are pre-
sented in Table 1. The majority of participants were Caucasian
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(95%). Patients with pre-DM and DM were significantly older
and had a higher body mass index than normoglycaemic patients.
Furthermore, they had similar cardiovascular risk profiles with
higher rates of hypertension, hypercholesterolaemia, and previous
myocardial infarction and coronary revascularisation than normogly-
caemic patients (Table 1). Information on medication prior to hos-
pitalisation and at discharge is provided in Supplementary Table 1.
Clinical outcome data are presented in Tahle 2. The composite
endpoint death, myocardial infarction or revascularisation at one
year was met by 36 (11.1%) pre-DM patients, 83 (10.5%) dia-
betic patients, and 106 (5.7%) normoglycaemic patients (p<0.001)
(Figure 1). The individual components are presented in Figure 2.
Mortality rates were higher in pre-DM (2.8%) and DM (2.8%) than
in normoglycaemic patients (1.2%, p=0.006) (Figure 2A). Similar
revascularisation rates were found during one-year follow-up
in patients with pre-DM and patients with DM (5.2% and 5.9%,
respectively), which were significantly higher than revascularisation
rates in normoglycaemic patients (3.0%, p<0.001) (Figure 2C).

Pre-DM p<0.001
G

Cumulative incidence of the composite endpoint (%)

0 T T T T T 1
120 180 240 300 360

. Time after initial procedure (days)

Number at risk

DM 793 1750 31 730 122 ni 106
Pre-DM
NG 1,869 1,807 1,792 1,781 1,770 1,757 1,149

Figure 1. Kaplan-Meier curves of the composite endpoint. Composite
clinical endpoint consisting of death, myocardial infarction, or
revascularisation at one year:

Multivariate analysis demonstrated that pre-DM was indepen-
dently associated with the composite endpoint at one-year fol-
low-up: pre-DM patients had a twofold higher event risk than
patients with normoglycaemia (adjusted HR 2.0, 95% CI: 1.4-3.0).
Adjusted hazard ratios are presented in Table 2 (unadjusted hazard
ratios in Supplementary Table 2). There were no significant dif-
ferences in one-year event risk between patients with pre-DM and
those with DM. Revascularisation data on stent level can be found
in Supplementary Tahle 3.

When the ADA definitions were applied, 906 (30%) patients
were classified as prediabetic with a composite endpoint rate
of 8.4% (vs. 5.1% in normoglycaemics and 10.6% in diabetics,
p<0.001). Further details are presented in Supplementary Table 4.
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Table 1. Clinical characteristics.

Study population (n=2,986)

p-values

9G012-6%012:71:8T0C UojjuaAIdujoiny W

Age (years) 62.9+10.8 65.1+10.8 65.7+10.5 0.001 <0.001 0.40
Male 1,393 (74.5) 222 (68.5) 552 (69.6) 0.02 0.009 0.72
BMI (kg/m?) 26.76+3.8 28.07+4.4 29.11+4.6 <0.001 <0.001 0.001
Hypertension 731 (39.1) 160 (49.4) 498 (62.8) 0.001 <0.001 <0.001
Hypercholesterolaemia 668 (35.7) 122 (37.7) 367 (46.3) 0.51 <0.001 0.008
Current smoker 602 (33.1) 89 (28.4) 190 (24.9) 0.11 <0.001 0.23
Family history of CAD 856 (47.5) 144 (47.2) 318 (42.8) 0.93 0.03 0.19
Previous Ml 289 (15.5) 64 (19.8) 184 (23.2) 0.05 <0.001 0.21
Previous revascularisation 330(17.7) 83 (25.6) 241 (30.4) 0.001 <0.001 0.11
Renal insufficiency 32 (1.7) 14 (4.3) 48 (6.1) 0.002 <0.001 0.25
Systolic BP at admission 136+24.5 138+25.9 144+26.2 0.31 <0.001 <0.001
Heart rate (bpm) 68+14.7 70+15.6 74+15.5 0.10 <0.001 <0.001
Haemoglobin at admission (mmol/L) 8.9+0.9 8.7+1.0 8.6+1.0 0.004 <0.001 0.03
LVEF <30% 17 (0.9) 7 (2.2) 15(2.1) 0.05 0.03 0.77
Clinical syndrome STEMI 679 (36.3) 99 (30.6) 186 (23.5)

NSTEMI 384 (20.5) 66 (20.4) 187 (23.6)

Unstable angina 313(16.7) 61 (18.8) 146 (18.4) 018 <0.001 008

Stable angina 493 (26.4) 98 (30.2) 274 (34.6)
Multivessel treatment 305 (16.3) 69 (21.3) 145 (18.3) 0.03 0.22 0.25
No. of target lesions/patient 1.29+0.57 1.37+0.65 1.33+0.59 0.02 0.13 0.28
Total stent length/patient (mm) 39.8+27.8 40.9+31.4 39.1+£27.2 0.50 0.59 0.35
Number of stents/patient 1.77+1.07 1.86+1.16 1.78+1.06 0.13 0.81 0.23
Data are n (%), or mean+SD. BMI: body mass index; BP: blood pressure; CAD: coronary artery disease; DM: diabetes mellitus; LVEF: left ventricular
ejection fraction; NG: normoglycaemia; pre-DM: prediabetes

Discussion
MAIN FINDINGS
In the present prospective study in all-comers treated with con-

revascularisation rates than normoglycaemic patients, and the
composite clinical endpoint rates were higher in patients with
pre-DM (11.1% versus 5.7%). Multivariate analysis demonstrated
temporary DES, pre-DM at baseline was present in 14% of all  a twofold higher event risk of death, MI and revascularisation in

non-DM patients. Patients with pre-DM had higher death and  pre-DM than normoglycaemia.
Table 2. Events during 1-year follow-up.

Log-rank
p-value

Study population (n=2,986)

Adjusted hazard ratios* (95% CI)

Overall

21052

Death 22(1.2) 9(2.8) 22 (2.8) 0.006 2.38(1.03-5.53) | 1.35(0.56-3.23)
Ml 39 (2.1) 11 (3.4) 26 (3.3) 0.12 1.49(0.74-2.90) | 1.19(0.58-2.48)

Periprocedural MI 32(1.7) 9(2.8) 20 (2.5) 0.25 1.39 (0.64-3.00) | 1.32 (0.58-3.00)
Any revascularisation? 57 (3.0) 17 (56.2) 47 (5.9) 0.001 1.99(1.12-3.52) | 0.90 (0.50-1.60)

Target vessel revascularisation 28 (1.5) 13 (4.1) 25(3.2) 0.002 3.11 (1.54-6.27) | 1.20(0.59-2.44)

Target lesion revascularisation 17 (0.9) 10 (3.2) 15(1.9) 0.003 3.61(1.57-8.32) | 1.87 (0.78-4.45)
Death, MI, or any revascularisation 106 (5.7) 36(11.1) 83 (10.5) <0.001 2.01 (1.35-3.00) | 1.20(0.79-1.82)
Definite stent thrombosis 4(0.2) 1(0.3) 4 (0.5) 0.46 1.75(0.18-17.5) | 2.04 (0.18-23.04)
Event rates - n (%) - were calculated by Kaplan-Meier method. "Revascularisations comprised any target vessel and non-target vessel revascularisation,
treated by PCI and/or CABG; all revascularisations were clinically indicated. * Adjusted for age, gender, BMI, haemoglobin level, hypertension,
hypercholesterolaemia, positive family history, smoking, previous MI, previous revascularisation, multivessel disease and clinical syndrome using a Cox
proportional hazards model. DM: diabetes mellitus; MI: myocardial infarction; NG: normoglycaemia; Pre-DM: prediabetes




A Mortality
6-
— DM =0.98
~ Pre-DM } e
g | —ng pe0.02 p=0.006
=
S
3 .
z
5
5
3 28%
3
£ 24
1.2%
0 T T T T T 1

0 60 300 360

120 R L 240
Number at risk Time after initial procedure (days)

DM 793 783 ] 175 m 768 766
Pre-DM
NG 1,869 1,849 1,847 1,845 1,843 1,835 1,833
B Myocardial infarction
6
o EM DMl p=0.92
re-
— NG p=0.14 p=0.12

3.3%

21%

Incidence of myocardial infarction (%)

0 T T T T T 1
0 60 120 180 240 300 360
Number at risk Time after initial procedure (days)

DM 793 760 154 753 750 146 143
Pre-DM
NG 1,869 1,816 1,813 1811 1,808 1,800 1,197
C Revascularisation
6
— DM =0.68 ek
Pre-DM e
— NG} p=0.04 p=0.001

3.0%

Incidence of any revascularisation (%)

0 T T T T T 1
0 60 40 300 360

120 . 180 2
Number at risk Time after initial procedure (days)

DM 793 783 716 115 13 769 766
Pre-DM
NG 1,869 1,849 1,847 1,845 1,843 1,835 1,833

Figure 2. Kaplan-Meier curves of mortality, M1, and
revascularisation. A) Event curves for mortality. B) Event curves for
myocardial infarction. C) Event curves for revascularisation.

Patients with pre-DM and DM showed similar higher risk pro-
files versus patients with normoglycaemia, including older age,
higher BMI, and higher rates of hypertension, hypercholesterolae-
mia, prior MI, and prior revascularisation. Most of these variables
are components of the metabolic syndrome or linked to insulin
resistance, suggesting that individuals with pre-DM have a “dia-
betic phenotype™. Despite the use of contemporary DES, the
rates of most clinical endpoints were at least as high in pre-DM as
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in DM, which underlines that PCI patients with pre-DM are prone
to experience adverse clinical events. Our data suggest that, in
non-diabetic all-comer patients scheduled for PCI, routine assess-
ment of HbAlc and FPG may be of great value.

Further studies are needed to corroborate our findings, but the
ease of HbAlc and FPG testing, relatively cheap cost and the
pick-up of somewhere between 11% (using more conservative
prediabetes criteria used in Europe) and 30% using the ADA crite-
ria mean that many patients at risk of diabetes and a small percent-
age (4%) with new diabetes are identified with relevant clinical
implications for both groups.

PREDIABETES AND CARDIOVASCULAR RISK

Although oral glucose tolerance testing (OGTT) has been sug-
gested as the gold standard in the diagnosis of DM?., there has
been an increased interest in HbAlc and cardiovascular risk. In
2008 the IEC, appointed by the ADA, the European Association for
the Study of Diabetes, and the International Diabetes Federation,
modified previous recommendations and suggested that HbAlc
levels would represent a better diagnostic tool for DM than single
measures of glucose concentration'®. The IEC also recommended
HbAlc of 6.0-6.4% (42-47 mmol/mol) for the identification of an
intermediate-risk group, i.e., prediabetes, since identification of
these individuals provides an opportunity for intervention through
lifestyle modification and pharmacological interventions to pre-
vent progression to diabetes's. Pragmatic considerations which
support the use of HbAlc are that no fasting is required, and that
it can be assessed at any time, even shortly after an acute event.
This flexibility is different from FPG assessment, which (ideally)
should be performed at least four days after an MI to account
for the acute phase response*’. As for the comparison of glucose
measures for the prediction of first-onset cardiovascular disease,
results from a meta-analysis of patient-level data from 73 prospec-
tive studies suggest that the assessment of HbAlc is equal to or
modestly better than the assessment of fasting, random, or post-
load plasma glucose®.

Several general population studies have been performed to
evaluate associations between pre-DM (according to different def-
initions) and cardiovascular events, finding an increased risk of
composite cardiovascular events, coronary heart disease, stroke,
and all-cause mortality”®>.

PREVIOUS STUDIES ON PREDIABETES AND PCI OUTCOMES
Studies on HbAlc level and clinical outcome after PCI have shown
conflicting results. A recent meta-analysis of 20 observational
studies involving 22,428 patients assessed the association between
HbAlc level and clinical outcomes in non-diabetic patients with
coronary artery disease, showing that elevated HbAlc levels (pre-
diabetes) were associated with long-term mortality**. Only nine
of the studies included in this meta-analysis concerned studies
in which patients were treated with PCI, of which the majority
was treated with bare metal stents or plain old balloon angioplasty
(POBA). We will highlight the largest of these studies.

m
=
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
o
—
oo
—
&
o
o
H
@
o
—_
o
ol
(=2]




m
=
=
=
=
=3
(1]
=
<
(1
=
=
o
=
N
o
=
&
i
&
o
o
FY
T
()
=
o
(3]
(=2}

A retrospective, observational study in 4,176 non-diabetic
STEMI patients showed that HbAlc levels were independently
associated with adverse outcome at one-year follow-up?. In con-
trast, a Chinese observational registry of STEMI patients with
and without DM found that baseline HbAlc levels did not inde-
pendently predict 30-day clinical outcome (90% had primary PCI
with bare metal stents or DES)*. Nevertheless, follow-up dura-
tion was very short and event rates were low?. A single-centre
study evaluated the relation between HbAlc and major adverse
cardiac events (MACE) in non-diabetic patients who underwent
elective PCI with balloon angioplasty or bare metal stent implan-
tation®. The study showed that abnormal HbAlc was associated
with significantly higher risk of MACE and target vessel revascu-
larisation, although it should be noted that event rates were high,
which can be explained by the use of bare metal stents. Another
recently published retrospective cohort study assessed non-dia-
betic patients with ischaemic heart disease treated with PCI in
2010, with a mean follow-up of 42 months, showing that predia-
betes as determined by HbAlc was not associated with long-term
adverse cardiovascular outcomes®. Again, the majority of these
patients (>60%) were treated with bare metal stents and groups
were relatively small.

A secondary analysis of the EARLY ACS trial showed similar
rates of pre-DM as compared to our trial, in patients who were
admitted to the hospital with non-ST-elevation acute coronary syn-
dromes, treated either with PCI or CABG. Their primary outcome
was a composite of all-cause death or myocardial infarction at
30 days, showing no significant differences in event rates in pre-
diabetic patients as compared to diabetic patients?.

ADDED VALUE AND CLINICAL IMPLICATIONS

The previously discussed studies assessed only specific subsets of
PCI patients (i.e., patients with DM, elective patients, or STEMI
patients), and generally used techniques or devices that have been
largely replaced (i.e., balloon angioplasty, bare metal stents, or
first-generation DES)***28, Qur current study, on the other hand,
reports findings of a recent prospective multicentre PCI study in
all-comers who were all treated with contemporary newer-gener-
ation DES!S. The findings obtained in patients with pre-DM, DM,
and normoglycaemia provide present-day evidence of the impor-
tance of pre-DM for the clinical outcome of all-comer patients
after PCI with contemporary DES.

Patients with coronary disease share risk factors with the meta-
bolic syndrome and are therefore at an increased risk of develop-
ing DM>%. 1t is important to identify patients with an abnormal
glycaemic state as early as possible in order to prevent (or delay)
the onset of DM. Routine assessment of glycaemic state in PCI
patients may help to identify patients with pre-DM who are at an
increased risk of adverse events. Close follow-up of these patients
appears to be warranted. Particular attention should be paid to
lifestyle counselling and/or pharmacological therapy to reduce
the risk of developing DM, and intensified secondary prevention
measures to prevent clinically apparent coronary artery disease

(e.g., more aggressive lipid-lowering and hypertension treatment).
Furthermore, identification of patients with new diabetes can lead
to their immediately gaining the benefit of newer diabetes thera-
pies that decrease MACE and mortality in patients with diabetes

and cardiovascular disease®.

Limitations

The glycaemic state was known in 85% of the trial participants.
While this percentage is reasonable, data from an even greater
number of subjects would have been welcome. OGTT is a well-
known method to assess glucose metabolism and has detected
more patients with DM in the general population as well as in
patients with coronary disease, which is why ideally it would also
have been assessed in order to complement the findings of the
HbA1c and FPG measurements. However, OGTT is more labour-
intensive and onerous on patients, and thus more difficult to inte-
grate into routine clinical practice. To ensure that results could
be generalised as much as possible to common clinical settings,
we based the diagnosis of pre-DM and newly diagnosed DM on
HbAlc or FPG values determined at admission. Only in subjects
who had a single HbAlc or FPG value determined at the time of
discharge did we use that value. For prediabetes, there are cur-
rently no formal recommendations regarding repeating the test
for confirmation; however, in the present analysis, in 85% of the
patients, glycaemic testing was performed twice to confirm the
diagnosis. Iron deficiency anaemia may increase HbAlc levels;
however, pre-DM is still independently associated with the com-
posite endpoint, despite including haemoglobin levels in the multi-
variate analysis. Finally, no data were available on the duration of
DM before study enrolment or the occurrence of contrast-induced
acute kidney injury, which count as predictors of worse prognosis.

Conclusions

Following PCI with contemporary drug-eluting stents, all-comer
patients with pre-DM had a significantly higher risk of adverse
events than normoglycaemic patients. In a non-diabetic patient
population with obstructive coronary artery disease, routine

assessment of HbAlc prior to PCI may be of clinical value.

Impact on daily practice

Routine assessment of HbAlc and fasting plasma glucose in
patients requiring PCI with contemporary DES may help to
identify a specific subpopulation who are at increased risk of
experiencing adverse events. Close follow-up of these patients
appears to be warranted. Particular attention should be paid to
lifestyle counselling and/or pharmacological therapy to reduce
the risk of developing DM, and to prevent clinically apparent
coronary artery disease.
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Supplementary data

Supplementary Table 1. Medication at hospitalisation and discharge.

Study population (n=2,986) p-values
Pre-DM vs.
NG Pre-DM DM Overall NG vs. pre-DM NG vs. DM oM
n=1,869 n=324 n=793

Medication at hospitalisation
Aspirin 998 (53.4) 193 (59.6) 527 (66.5) <0.001 0.04 <0.001 0.03
Oral anticoagulants 173 (9.3) 37 (11.4) 104 (13.1) 0.01 0.22 0.003 0.44
Statin 929 (49.7) 194 (59.9) 568 (71.6) <0.001 <0.001 <0.001 <0.001
Beta-blocker 872 (46.7) 186 (58.1) 500 (63.6) <0.001 <0.001 <0.001 0.09
Antihypertensive drugs* 751 (40.2) 177 (54.6) 538 (67.8) <0.001 <0.001 <0.001 <0.001

ACE inhibitors 382 (20.5) 88 (27.5) 295 (37.5)

ARB 251 (13.5) 65 (20.3) 197 (25.1)

Calcium antagonist 288 (15.4) 69 (21.6) 227 (28.9)
Insulin - - 220 (27.7) - - - -
Oral antidiabetic drugs - - 491 (61.9) - - - -
Medication at discharge
Aspirin 1,835 (98.2) 316 (97.5) 768 (96.8) 0.10 0.43 0.03 0.54
Ticagrelor 869 (46.5) 152 (46.9) 326 (41.1) 0.03 0.89 0.01 0.08
Prasugrel 30 (1.6) 8 (2.5) 17 (2.1) 0.43 0.27 0.34 0.74
Clopidogrel 964 (51.6) 161 (49.7) 443 (55.9) 0.07 0.53 0.04 0.06
Oral anticoagulants 173 (9.3) 37 (11.4) 104 (13.1) 0.01 0.22 0.003 0.44
Statin 1,764 (94.4) 307 (94.8) 726 (91.6) 0.02 0.79 0.007 0.07




Beta-blocker

1,576 (84.4) 283 (87.3) 693 (87.4) 0.08 0.17 0.04 0.98
Antihypertensive drugs 1,401 (75.0) 253 (78.1) 653 (82.3) <0.001 0.23 <0.001 0.10
ACE inhibitors 1,084 (58.0) 188 (58.0) 456 (57.5)
ARB 210 (14.6) 47 (22.7) 130 (28.3)
Calcium antagonist 280 (15.0) 67 (20.7) 228 (28.8)
Insulin - - 227 (28.6) - - - -
Oral antidiabetic drugs - - 512 (64.6) - - - -

* Antihypertensive drugs included ACE inhibitors, ARB and/or calcium antagonists.

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; DM: diabetes mellitus; NG: normoglycaemia; pre-DM: prediabetes




Supplementary Table 2. Clinical outcome including hazard ratios.

Study population Unadjusted hazard ratios _ .
(n=2,645) (95% CI) Log-rank p-values
Pre-DM Pre-DM Pre-DM Pre-DM
NG Pre-DM DM Vvs. Vvs. Vvs. Vvs.
NG DM NG DM
n=1,869 n=324 n=793
2.40 1.01
Death 22(1.2) 9(2.8) 22(2.8) 0.02 0.98
(1.10-5.20) (0.47-2.19)
1.64 1.04
MI 39 2.1) 11(3.4) 26 (3.3) 0.14 0.92
(0.84-3.19) (0.51-2.10)
1.62 1.10
Periprocedural MI 32(1.7) 9(238) 20(2.5) 0.19 0.81
(0.77-3.40) (0.50-2.42)
1.77 0.89
Any revascularisation 57(3.0) 17(5.2) 47(5.9) 0.04 0.68
(1.03-3.05) (0.51-1.55)
2.76 1.29
Target vessel revascularisation 28 (1.5) 13 (4.1) 25(3.2) 0.002 0.46
(1.43-5.34) (0.66-2.52)
3.49 1.65
Target lesion revascularisation 17(0.9) 10(3.2) 15(1.9) 0.001 0.21
(1.60-7.63) (0.74-3.68)
Death, M1, or any 106 (5.7) 36 (11.1) 83 (10.5) 2.02 1.07 <0.001 0.7
revascularisation (1.39-2.95) (0.73-1.59)
1.46 0.61
Definite stent thrombosis 4(02) 1(0.3) 4(0.5) 0.73 0.66
(0.16-13.06) (0.07-5.49)

CI: confidence interval, DM: diabetes mellitus; MI: myocardial infarction; NG: normoglycaemia; Pre-DM: prediabetes




Supplementary Table 3. Revascularisations at 1-year follow-up; data on stent level.

revascularisation

NG Pre-DM DM
Biodegradable | Durable Log- Biodegradable Durable Log- Biodegradable Durable Log-
All polymer polymer | rank p- All polymer polymer rank p- All polymer polymer rank p-
DES DES value DES DES value DES DES value
n=1,869 n=1,246 n=623 n=324 n=212 n=112 n=793 n=533 n=260
Any
57(3.0) 31(2.5) 26 (4.2) 0.05 17 (5.2) 9 (4.4) 8(7.3) 026 | 4759 30 (5.7) 17 (6.8) 0.59
revascularisation
Target vessel
£ 28 (L.5) 14 (1.1) 14 (2.3) 0.06 13 (4.1) 5(2.4) 8 (7.3) 0.04 25(3.2) 17 (3.2) 8(3.2) 0.96
revascularisation
Target lesion
17(0.9) 10 (0.8) 7(L.1) 0.50 10 (3.2) 3(1.5) 7 (6.4) 0.02 15 (1.9) 12 (2.3) 3(1.2) 0.30

Biodegradable polymer DES used were either Orsiro (Biotronik, Biilach, Switzerland) or SYNERGY™ (Boston Scientific, Marlborough, MA, USA); durable polymer DES was
Resolute Integrity® (Medtronic, Minneapolis, MN, USA).

DES: drug-eluting stent; DM: diabetes mellitus; NG: normoglycaemia; Pre-DM: prediabetes




Supplementary Table 4. Clinical events by glycaemic state based on ADA definitions.

Study population Log-rank p-
(n=2,986) value
NG Pre-DM DM Overall
n=1,288 n=906 n=792
Death 13 (1.0) 18 (2.0) 22 (2.8) 0.01
MI 22 (1.7) 28 (3.1) 26 (3.3) 0.04
Any revascularisation 352.7) 38 (4.3) 48 (6.2) 0.001
Target vessel revascularisation 16 (1.3) 24 (2.7) 26 (3.3) 0.005
Target lesion revascularisation 11 (0.9) 15 (1.7) 16 (2.1) 0.06
Death,
M1, or 65 (5.1) 76 (8.4) 84 (10.6) <0.001
any revascularisation

Event rates, expressed as n (%), were calculated by Kaplan-Meier method.

+ Revascularisations comprised any target vessel and non-target vessel revascularisation, treated by PCI and/or CABG; all revascularisations were clinically indicated.

* Hazard ratios adjusted for age, gender, body mass index, haemoglobin level, hypertension, hypercholesterolaemia, positive family history, smoking, previous MI, previous
revascularisation, multivessel disease and clinical syndrome using a Cox proportional hazards model.

CI: confidence interval, DM: diabetes mellitus; MI: myocardial infarction; NG: normoglycaemia; Pre-DM: prediabetes



