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STRUCTURED ABSTRACT
Objective
To compare cardiac mortality in CAD patients with prediabetes to those with normal glycemic status
and type 2 diabetes.
Research Design and Methods
The ARTEMIS study included CAD patients after revascularization (79%) and/or optimal medical
therapy with type 2 diabetes (n=834), impaired glucose tolerance (IGT, n=314) or fasting glucose (IFG,
n=103) or normal glycemic status (n=697), defined by oral glucose tolerance test. The primary endpoint was cardiac death. Major adverse cardiac event (MACE=cardiac death or heart failure or acute
coronary syndrome) and all-cause mortality were secondary end-points.
Results
During a mean follow-up of 6.3±1.6 years (101 cardiac deaths, 385 MACEs, and 208 deaths), patients
with IGT tended to have 49% (p=0.069) and 32% (p=0.076) lower adjusted risk for cardiac death and
all-cause mortality, respectively, and had 36% (p=0.011) lower adjusted risk for MACE compared to
patients with type 2 diabetes. The patients with IFG had 82% (p=0.015) lower adjusted risk for allcause mortality compared to the patients with type 2 diabetes, whereas risk for cardiac death and
MACE did not differ significantly. The adjusted risk of patients with IGT and IFG for cardiac death,
MACE and all-cause mortality did not significantly differ from those with normal glycemic status.
Conclusions
Cardiac mortality or incidence of MACE of CAD patients with prediabetes, i.e. IGT or IFG, after
revascularization and/or optimal medical therapy does not differ from those with normal glycemic
status.
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Type 2 diabetes is an epidemic health issue in western societies which is expanding as well worldwide
(1). Cardiovascular diseases, coronary artery disease (CAD) in particular, are the most common
comorbid states in type 2 diabetes (1). Importantly, type 2 diabetes has a significant adverse effect on
the prognosis of patients with CAD (2) and recent myocardial infarction (3; 4).

Prediabetes is a state of natural progression from normoglycemia to type 2 diabetes. It is defined by the
presence of either impaired glucose tolerance (IGT) in an oral glucose tolerance test (OGTT) or an
impaired fasting glucose (IFG) level (5). The 2-h postload glucose in OGTT associates particularly
well with an increased mortality risk in population-based samples, outperforming fasting glucose and
glycated hemoglobin (HbA1c) in risk analyses, suggesting greater mortality risk in IGT compared to
IFG (6-8). However, there are less data about the prognostic significance of prediabetes in patients with
a previously diagnosed stable CAD. Increased plasma glucose and HbA1c identified at admission for
acute myocardial infarction have been associated with a worse prognosis in patients with type 2
diabetes (9), as have HbA1c and 2-h postload glucose in patients without known type 2 diabetes who
are hospitalized for CAD (10-13). In the EUROASPIRE IV registry-based survey, short-term (2 years)
prognostic significance of glucose markers were assessed in a more stable phase of CAD, i.e. 6-36
months after hospitalization due to CAD (14). The 2-h postload glucose provided significant prognostic
value for cardiovascular events independently of fasting glucose and HbA1c, while 2-h postload
glucose and HbA1c were important risk factors for new onset of type 2 diabetes independently of each
other. However, in a limited sample of CAD patients, prediabetes was not associated with increased
risk for cardiovascular events after revascularization compared to normoglycemic patients (15).
Therefore, confirmatory studies are warranted to establish longer-term prognostic significance of CAD
patients with prediabetes who have undergone revascularization, if indicated, or who are on
contemporary medical therapy, if not revascularized.
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The present study was designed to assess the relationship between prediabetes, particularly IGT, and
cardiac mortality in patients with CAD after coronary angiography and revascularization, if considered
necessary. It was hypothesized that patients with prediabetes would have an increased risk for cardiac
death compared to normoglycemic CAD patients, albeit lower than those with type 2 diabetes.
Secondary aims were to assess prognostic significance of prediabetes regarding major adverse cardiac
events (MACE) and all-cause mortality.

METHODS
Study protocol and study population
The ARTEMIS (Innovation to Reduce Cardiovascular Complications of Diabetes at the Intersection;
NCT1426685, ClinicalTrials.gov), a prospective observational study, recruited CAD patients with or
without type 2 diabetes 3-6 months after coronary angiography and revascularization, if indicated, or
with contemporary medical treatment, if revascularization was not needed (2). Patients without type 2
diabetes or prediabetes were matched with type 2 diabetes patients at a group level for age, gender,
prior myocardial infarction (non-ST-elevation or ST-elevation myocardial infarction) and
revascularization from a consecutive series of patients who had undergone coronary angiography at
Division of Cardiology, Oulu University Hospital. The initial examinations and determination of
inclusion/exclusion criteria were conducted at least 3 months after coronary angiography and/or the last
revascularization. Significant coronary artery disease (CAD) was defined by coronary angiography as
stenosis >50% in at least 1 major epicardial artery.

At the initial enrollment visit, OGTT was performed in all patients without a prior diagnosis of type 2
diabetes to identify those subjects with undiagnosed type 2 diabetes, IFG or IGT. Type 2 diabetes was

Diabetes Care, Accepted April 10th 2019
defined as fasting capillary plasma glucose levels ≥7.0 mmol/l or a 2-h postload value in the OGTT
≥12.2 mmol/l or both, according to the WHO definition and diagnostic criteria for type 2 diabetes and
prediabetes. Impaired glucose tolerance (IGT) was defined as fasting capillary plasma glucose <7.0
mmol/l and 2-h postload glucose ≥8.9 mmol/l but <12.2 mmol/l. Impaired fasting glucose (IFG) was
defined as fasting capillary plasma glucose ≥6.1 mmol/l but <7.0 mmol/l and 2-h postload glucose <8.9
mmol/l. IGT, IFG or both were considered as prediabetes conditions (5).

Subjects who fulfilled the guidelines criteria for prophylactic implantation of cardioverter defibrillator
(LV ejection fraction <35%) were excluded from the study. Additionally, subjects with life expectancy
less than 1 year were excluded from the study which included patients in whom revascularization
procedures could not be performed. Medical therapy for all patients was optimized during the
qualifying visit by a specialist in endocrinology and diabetes care, and a cardiologist. The study
population included 834 subjects with type 2 diabetes (102 new diagnoses), 314 with IGT, 103 with
IFG and 695 with normal glucose metabolism (NG). Laboratory samples were obtained after 12-hour
overnight fast using standardized methods. The HbA1c is reported as mmol/mol and %, the former
being primarily used in the statistical analyses. Echocardiography was performed to quantify left
ventricular ejection fraction and mass and was normalized to body surface area. SYNTAX Score was
calculated by 3 experienced interventional cardiologists using the Web-based calculator version 2.11
on SYNTAX Score Web site (www.syntaxscore.com) after index angiography and revascularization.
All patients included in the study gave their informed consent and the study was approved by the local
ethics committee. The study complies with declaration of Helsinki.

Outcomes
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The mode of death was evaluated by death certificates, autopsy data, hospital records and interviews
with next of kin. Hospital records and paramedic data of resuscitation were used to determine aborted
cardiac arrest. The cause and mode of death was reviewed by two independent investigators, and if
needed decided by consensus of 2 investigators (MJJ, HVH). The primary end-point in this study was
cardiac death or resuscitation from cardiac arrest, which ever occurred first. Major adverse cardiac
event (including cardiac death, hospitalization due to acute coronary syndrome [ACS] or congestive
heart failure [CHF]) and all-cause mortality were secondary end-points. Study subjects were contacted
with a mailed questionnaire and by telephone to inquire the possible interim hospitalization and new
diagnosis of type 2 diabetes at 2 years and 5 years of follow up. Hospitalization due to ACS and CHF
and new type 2 diabetes were ascertained from medical records.

Statistical analysis
One-way ANOVA or Kruskal-Wallis followed by post-hoc tests (Bonferroni or Mann-Whitney U-test),
corrected for multiple comparisons, were conducted for continuous variables between the study groups,
depending on the distribution of the data (Gaussian if ∣skewness∣ < 1). Chi-square was used for
categorical variables. Univariate Cox regression was performed and followed by adjustment for
predefined covariates (age, sex, body mass index, resting systolic and diastolic blood pressure,
Canadian Cardiovascular Society [CCS] grading for angina pectoris, syntax score and LV ejection
fraction) (2). Additional Cox regression was performed to assess risk for new type 2 diabetes among
patients without type 2 diabetes at the baseline, adjusted for age, sex, body mass index and waist-hip
ratio. Interactions between sex and glycemic status in the risks were also studied by Cox regression.
Kaplan-Meier analysis was used to illustrate survival curves of type 2 diabetes, IGT, IFG and NG
groups. The data were analyzed using SPSS software (IBM SPSS Statistics 21, IBM Corp., New York,
USA). A p-value <0.05 was considered as statistically significant.
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Results
Baseline characteristics of the study groups are presented in Table 1. During the mean follow-up of 6.3
years (SD: 1.6 years), cardiac mortality was 8.2%, 3.8%, 2.9% and 2.6% for type 2 diabetes, IGT, IFG
and NG groups, respectively. The IGT group had higher all-cause mortality than the NG group and
lower incidence of MACE than the patients with type 2 diabetes. The IFG group had lower cardiac and
all-cause mortality and lower incidence of MACE than the patients with type 2 diabetes (Table 1).

In the Cox regression analyses, the risk for cardiac death, hospitalization due to ACS or CHF and
MACE did not differ between the IGT, IFG and NG groups (Table 2, Figure 1). The IGT group had
higher univariate risk for all-cause mortality compared to the NG group, which did not remain
significant after adjustments. The IGT group had significantly reduced univariate risk for cardiac death,
hospitalization due to CHF and MACE compared to the type 2 diabetes group; the risk for MACE
remaining significant after adjustments for potential confounders and risk for cardiac death (p=0.069)
and death (p=0.076) trending so (Table 2). The IFG group had lower risk for death and MACE
compared the patients with type 2 diabetes. The mortality risk remained significant after adjustments
and tendency was observed in the adjusted risk for MACE (p=0.070). When the IFG and IGT were
pooled, the adjusted risk for cardiac death, MACE or all-cause mortality did not differ between the
IFG/IGT and NG groups. The IFG/IGT group had significantly lower adjusted risk for cardiac death
(0.44, 95%CI: 0.22-0.89, p=0.021), MACE (0.63, 95%CI: 0.46-0.86, p=0.003) and all-cause mortality
(0.57, 95%CI: 0.37-0.86, p=0.008) compared to patients with type 2 diabetes. No significant
sex*glycemic status interactions were observed. Fasting or 2-h postload glucose or HbA1c were not
associated with these outcomes in the multivariate Cox regression, when they were assessed as
continuous variables in the patients without type 2 diabetes at the baseline; except the association
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between 2-h postload glucose and all-cause mortality (hazard ratio: 1.18 per unit increase, 95%CI:
1.03-1.35, p=0.014).

Among the patients with newly diagnosed type 2 diabetes at the baseline (n=102), six cardiac deaths
(5.9%), 12 ACSs (14.5%), 6 CHFs (7.1%), 21 MACEs (20.6%) and 13 deaths (12.7%) were observed.
Newly diagnosed type 2 diabetes involved 3.0-fold risk for CHF (95%CI: 1.2-7.7, p=0.024) and 2.2fold (95%CI: 1.8-3.6, p=0.014) for all-cause mortality compared to patients with normal glucose
metabolism in univariate analysis but not independently of covariates. The risks related to newly
diagnosed type 2 diabetes did not differ from the patients with IFG, IGT or previously diagnosed type 2
diabetes.

The incidence of new type 2 diabetes was higher in the IGT and IFG groups than the NG group (Table
1, p<0.001 for both), the adjusted hazard ratios being 2.78 (95%CI: 1.50-5.16, p=0.001) and 2.68
(95%CI: 1.19-6.03, p=0.017) compared to the NG group, respectively. The IFG and IGT groups did not
differ in this respect. In univariate Cox regression, new onset of type 2 diabetes involved 2.4-fold risk
for ACS (95%CI: 1.4-4.1, p=0.003, 109 events), 4.6-fold risk for CHF (95%CI: 1.5-13.9, p=0.007, 18
events) and 2.2-fold risk for MACE (95%CI: 1.3-3.8, p=0.003, 123 events) compared to those who
remained free of type 2 diabetes. New onset of type 2 diabetes tended to associate with 2.9-fold
univariate risk (95%CI: 1.0-8.6, p=0.054, n=22) for all-cause mortality but not with cardiac death
mortality (HR: 1.9, 95%CI: 0.2-15.5, p=0.548). Limited by the number of cardiac deaths was observed
among patients in whom follow-up data for the incidence of new type 2 diabetes was available (1 event
[1.9%] in patients with the new onset of type 2 diabetes [n=52] and 7 events [0.9%] in patients without
[n=746]).
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Discussion
The main finding in this study is that among revascularized CAD patients with prediabetes, or those
with optimal medical therapy, the risk of cardiac events does not differ significantly from those with a
normal glycemic status and is significantly lower than among CAD patients with type 2 diabetes. This
finding suggests that that prediabetes does not significantly increase the risk for cardiac death and
major cardiac morbidities when compared to CAD patients with normal glycemic status in the current
treatment era. However, new onset of type 2 diabetes during the 5-year follow-up period of observation
was more likely in patients who had prediabetes at baseline. That development worsened the prognosis
of CAD patients without prior type 2 diabetes. Thus, the progression from prediabetes to type 2
diabetes warrants effective countermeasures to improve prognosis in CAD.

While the detrimental effects of type 2 diabetes on prognosis are well-established in stable CAD (2)
and among patients with recent myocardial infarction (3; 4), less is known about the prognostic
significance of prediabetes in CAD patients who have been treated according to current guidelines,
such as revascularization if deemed necessary. Plasma glucose and HbA1c at admission and, to less
extent, 2-h postload glucose have been used as predictive markers and shown a significant association
with cardiac events (9-13; 15). Notably, the 2-h postload glucose seems to provide additional
prognostic value to the established risk model of Global Registry of Acute Coronary Events (GRACE)
score for cardiac events, unlike fasting glucose (13). The present findings did not support our primary
hypothesis based on previous studies in population-based samples and the EUROASPIRE IV survey
(6-8; 14) that prediabetes, particularly IGT, is associated with an increased cardiac mortality and
MACE. It appears that a glucose metabolism disorder suggesting prediabetes may not accelerate
cardiac disease-associated event expression, when criteria for overt type 2 diabetes are not fulfilled.
This conclusion is limited by the fact that our study population consisted of subjects with known CAD
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at baseline, and does not permit extrapolation of the findings to possible role of prediabetes as a risk
marker for CAD development. Contradictory results between the present study and the EUROASPIRE
IV multicenter survey may not be fully explained. However, the strength of present study is that it was
prospective observational study with considerably longer follow-up. While revascularization
characteristics of these populations seem to be comparable, patients with advanced cardiac disease (LV
ejection fraction <35% or life expectancy < 1 year) were excluded in the present study which may
explain the differences. Also, modest differences in medical treatment may play a role.

Moreover, an increase in cardiac morbidities was observed among patients who had newly diagnosed
to have type 2 diabetes during the follow-up. As prediabetes is a phase in the progression from
normoglycemia to type 2 diabetes, it was plausible to expect that the incidence of type 2 diabetes would
be higher in patients with IFG or IGT compared to those with NG. However, this did not occur to an
extent that would worsen the prognosis of the IFG and IGT groups compared to the NG group. Even
higher age, body mass index and prevalence of CAD symptoms (CCS class) in the patients with IGT
did not imply greater risk for cardiac mortality compared to normoglycemic patients. However, many
CAD patients with initially normal glycemic status of prediabetes, may have developed type 2 diabetes
during the follow-up as OGTT or HbA1c were not formally assessed during the follow-up. Prevalence
of undiagnosed type 2 diabetes may be up to 30% (16). These aspects likely explain lower 5-year
incidence of new type 2 diabetes in patients with prediabetes (11.4%) compared e.g. to the
NAVIGATOR trial (33.9%) (17).

When glucose metabolism markers were analyzed as continuous variables in patients without type 2
diabetes, prognostic value of 2-h postload glucose, reported from the EUROASPIRE trial (14), was
partly confirmed in the present study, as 2-h postload glucose showed independent association with all-
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cause mortality. Also, we found univariate associations of fasting and 2-h postload glucose to cardiac
death and fasting glucose and HbA1c to hospitalization due to CHF were observed. However, these
observations did not remain significant after adjustment for potential confounders. Notably, none of
glucose metabolism markers were associated to MACE or ACS – the latter being the major component
MACE. Therefore, it seems that variation in glucose metabolism markers, within subclinical range for
type 2 diabetes, may not be an important risk factor for ACS in stable CAD. This observation is
contradictory to the meta-analysis by Liu et al., who reported prognostic significance of HbA1c,
particularly among CAD patients without type 2 diabetes but not among CAD patients with type 2
diabetes (10). However, the univariate association of glucose metabolism markers with hospitalization
due to CHF and cardiac death may suggest that they may contribute to progression of CHF, which is a
potent association for increased mortality observed in CAD patients with type 2 diabetes (2; 18).
Nonetheless, the lack of independent association of glucose metabolism markers to the cardiac
outcomes underscores the significance of clinical variables used in multivariate analyses.

These results suggest that prediabetes in established CAD is not associated with increased risk for
cardiac events compared to normoglycemia and does not have similar predictive value as type 2
diabetes in patients with CAD. This can particularly be seen especially in development of interim heart
failure. The results are reassuring since increasing numbers of CAD patients also have prediabetes.
Preventive efforts should be made to impede progression of prediabetes to type 2 diabetes. Exercise
and diet interventions after diagnosis of CAD are potentially relevant issue for such focus (1; 20).

The present study is partly limited by the small number of end-points, particularly regarding cardiac
death among patients without type 2 diabetes. We have recently reported that in CAD patients without
type 2 diabetes cardiac mortality, specifically sudden cardiac mortality, is almost equal to that observed
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at the population level (2). Therefore, substantial analyses of secondary fatal and non-fatal end-points
were conducted to verify the present observations regarding cardiac mortality. Although, follow-up
data for non-fatal end-points were not available for all patients at this point, their number was
considerable to complement the main findings. At the time of the present study, SGLT2 or DDP4
inhibitors and GLP-1 analogues were not commonly used and, thus, the effect of the newer medications
on the present findings is presumably low. However, the present results may not fully represent the
current differences in prognosis between patients with IFG or IGT and those with type 2 diabetes,
while the results may well correspond to the current clinical practice regarding comparison of the
IFG/IGT and NG groups. Finally, the present study is limited by the lack of formal and consistent
OGTT during the follow-up for new onset of type 2 diabetes, IFG or IGT and the lack of information
about the history of IFG and IGT.

In conclusion, the risk of cardiac events among CAD patients with prediabetes is comparable to CAD
patients with normal glycemic status and lower than those with type 2 diabetes when CAD is treated by
revascularization and/or optimal medical therapy.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the assistance of the registered nurses Pirkko Huikuri, Päivi Koski,
Päivi Kastell and Sari Kaarlenkaski.

Author Contributions: A.K., M.T., J.P., O.U., M.J. and H.H designed the study. A.K., E.L., O.P.,
T.K., R.M. and M.J. researched data or contributed to analysis. A.K. and M.J. wrote the manuscript.
All the authors reviewed/edited the manuscript and contributed to discussion. Dr. Antti Kiviniemi is the

Diabetes Care, Accepted April 10th 2019
guarantor of this work and, as such, had full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis.

Funding: The study was funded by the Finnish Technology Development Center (TEKES, Helsinki,
Finland), the Academy of Finland (#267435, Helsinki, Finland), the Finnish Foundation for
Cardiovascular Research (Helsinki, Finland) and the Paulo Foundation (Espoo, Finland). The authors
appreciate the financial support received from the ARTEMIS consortium partners (Polar Electro,
Kempele, Finland and Hur Oy, Kokkola, Finland). Dr. Myerburg is supported in part by the American
Heart Association Chair in Cardiovascular Research at the University of Miami.

Conflict of interest: No potential conflicts of interest relevant to this article were reported

REFERENCES
1. Authors/Task Force M, Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, Deaton C,
Escaned J, Hammes HP, Huikuri H, Marre M, Marx N, Mellbin L, Ostergren J, Patrono C, Seferovic P,
Uva MS, Taskinen MR, Tendera M, Tuomilehto J, Valensi P, Zamorano JL, Guidelines ESCCfP,
Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol C, Fagard R,
Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J, Kolh P, Lancellotti P, Linhart A,
Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki A,
Wijns W, Windecker S, Document R, De Backer G, Sirnes PA, Ezquerra EA, Avogaro A, Badimon L,
Baranova E, Baumgartner H, Betteridge J, Ceriello A, Fagard R, Funck-Brentano C, Gulba DC, Hasdai
D, Hoes AW, Kjekshus JK, Knuuti J, Kolh P, Lev E, Mueller C, Neyses L, Nilsson PM, Perk J,
Ponikowski P, Reiner Z, Sattar N, Schachinger V, Scheen A, Schirmer H, Stromberg A, Sudzhaeva S,
Tamargo JL, Viigimaa M, Vlachopoulos C, Xuereb RG: ESC Guidelines on diabetes, pre-diabetes, and

Diabetes Care, Accepted April 10th 2019
cardiovascular diseases developed in collaboration with the EASD: the Task Force on diabetes, prediabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and developed in
collaboration with the European Association for the Study of Diabetes (EASD). Eur Heart J
2013;34:3035-3087
2. Junttila MJ, Kiviniemi AM, Lepojärvi ES, Tulppo M, Piira OP, Kenttä T, Perkiömäki JS, Ukkola
OH, Myerburg RJ, Huikuri HV: Type 2 diabetes and coronary artery disease: Preserved ejection
fraction and sudden cardiac death. Heart Rhythm 2018;15:1450-1456
3. Junttila MJ, Barthel P, Myerburg RJ, Makikallio TH, Bauer A, Ulm K, Kiviniemi A, Tulppo M,
Perkiomaki JS, Schmidt G, Huikuri HV: Sudden cardiac death after myocardial infarction in patients
with type 2 diabetes. Heart Rhythm 2010;7:1396-1403
4. Haffner SM, Lehto S, Rönnemaa T, Pyorälä K, Laakso M: Mortality from coronary heart disease in
subjects with type 2 diabetes and in nondiabetic subjects with and without prior myocardial infarction.
N Engl J Med 1998;339:229-234
5. Alberti KG, Zimmet PZ: Definition, diagnosis and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO
consultation. Diabet Med 1998;15:539-553
6. Ning F, Tuomilehto J, Pyorala K, Onat A, Soderberg S, Qiao Q, Group DS: Cardiovascular disease
mortality in Europeans in relation to fasting and 2-h plasma glucose levels within a normoglycemic
range. Diabetes Care 2010;33:2211-2216
7. Qiao Q, Dekker JM, de Vegt F, Nijpels G, Nissinen A, Stehouwer CD, Bouter LM, Heine RJ,
Tuomilehto J: Two prospective studies found that elevated 2-hr glucose predicted male mortality
independent of fasting glucose and HbA1c. Journal of clinical epidemiology 2004;57:590-596
8. Nakagami T, Group DS: Hyperglycaemia and mortality from all causes and from cardiovascular
disease in five populations of Asian origin. Diabetologia 2004;47:385-394

Diabetes Care, Accepted April 10th 2019
9. Timmer JR, Hoekstra M, Nijsten MW, van der Horst IC, Ottervanger JP, Slingerland RJ, Dambrink
JH, Bilo HJ, Zijlstra F, van 't Hof AW: Prognostic value of admission glycosylated hemoglobin and
glucose in nondiabetic patients with ST-segment-elevation myocardial infarction treated with
percutaneous coronary intervention. Circulation 2011;124:704-711
10. Liu Y, Yang YM, Zhu J, Tan HQ, Liang Y, Li JD: Prognostic significance of hemoglobin A1c level
in patients hospitalized with coronary artery disease. A systematic review and meta-analysis.
Cardiovascular diabetology 2011;10:98
11. Ritsinger V, Tanoglidi E, Malmberg K, Nasman P, Ryden L, Tenerz A, Norhammar A: Sustained
prognostic implications of newly detected glucose abnormalities in patients with acute myocardial
infarction: long-term follow-up of the Glucose Tolerance in Patients with Acute Myocardial Infarction
cohort. Diabetes & vascular disease research : official journal of the International Society of Diabetes
and Vascular Disease 2015;12:23-32
12. George A, Bhatia RT, Buchanan GL, Whiteside A, Moisey RS, Beer SF, Chattopadhyay S,
Sathyapalan T, John J: Impaired Glucose Tolerance or Newly Diagnosed Diabetes Mellitus Diagnosed
during Admission Adversely Affects Prognosis after Myocardial Infarction: An Observational Study.
PloS one 2015;10:e0142045
13. Chattopadhyay S, George A, John J, Sathyapalan T: Adjustment of the GRACE score by 2-hour
post-load glucose improves prediction of long-term major adverse cardiac events in acute coronary
syndrome in patients without known diabetes. Eur Heart J 2018;39:2740-2745
14. Shahim B, De Bacquer D, De Backer G, Gyberg V, Kotseva K, Mellbin L, Schnell O, Tuomilehto
J, Wood D, Ryden L: The Prognostic Value of Fasting Plasma Glucose, Two-Hour Postload Glucose,
and HbA1c in Patients With Coronary Artery Disease: A Report From EUROASPIRE IV: A Survey
From the European Society of Cardiology. Diabetes Care 2017;40:1233-1240

Diabetes Care, Accepted April 10th 2019
15. Cueva-Recalde JF, Ruiz-Arroyo JR, Roncales Garcia-Blanco F: Prediabetes and coronary artery
disease: Outcome after revascularization procedures. Endocrinologia y nutricion : organo de la
Sociedad Espanola de Endocrinologia y Nutricion 2016;63:106-112
16. Gyberg V, De Bacquer D, Kotseva K, De Backer G, Schnell O, Sundvall J, Tuomilehto J, Wood D,
Ryden L, Investigators EI: Screening for dysglycaemia in patients with coronary artery disease as
reflected by fasting glucose, oral glucose tolerance test, and HbA1c: a report from EUROASPIRE IV-a survey from the European Society of Cardiology. Eur Heart J 2015;36:1171-1177
17. Group NS, Holman RR, Haffner SM, McMurray JJ, Bethel MA, Holzhauer B, Hua TA, Belenkov
Y, Boolell M, Buse JB, Buckley BM, Chacra AR, Chiang FT, Charbonnel B, Chow CC, Davies MJ,
Deedwania P, Diem P, Einhorn D, Fonseca V, Fulcher GR, Gaciong Z, Gaztambide S, Giles T, Horton
E, Ilkova H, Jenssen T, Kahn SE, Krum H, Laakso M, Leiter LA, Levitt NS, Mareev V, Martinez F,
Masson C, Mazzone T, Meaney E, Nesto R, Pan C, Prager R, Raptis SA, Rutten GE, Sandstroem H,
Schaper F, Scheen A, Schmitz O, Sinay I, Soska V, Stender S, Tamas G, Tognoni G, Tuomilehto J,
Villamil AS, Vozar J, Califf RM: Effect of nateglinide on the incidence of diabetes and cardiovascular
events. N Engl J Med 2010;362:1463-1476
18. Lepojarvi ES, Piira OP, Kiviniemi AM, Miettinen JA, Kentta T, Ukkola O, Tulppo MP, Huikuri
HV, Junttila MJ: Usefulness of Highly Sensitive Troponin as a Predictor of Short-Term Outcome in
Patients With Diabetes Mellitus and Stable Coronary Artery Disease (from the ARTEMIS Study). Am
J Cardiol 2016;117:515-521
19. Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, Pankow J, Coresh J, Brancati FL:
Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic adults. N Engl J Med
2010;362:800-811

Diabetes Care, Accepted April 10th 2019
20. Hautala AJ, Kiviniemi AM, Makikallio T, Koistinen P, Ryynanen OP, Martikainen JA, Seppanen
T, Huikuri HV, Tulppo MP: Economic evaluation of exercise-based cardiac rehabilitation in patients
with a recent acute coronary syndrome. Scand J Med Sci Sports 2016:doi: 10.1111/sms.12738

Table 1. Characteristics of the coronary artery disease patients with type 2 diabetes, impaired glucose tolerance (IGT), impaired
fasting glucose (IFG) and normal glucose metabolism (NG).
Type 2 diabetes,

IGT, n=314

IFG, n=103

NG, n=695

Variable

n=834

Age (years)

67 (8)‡

69 (8)*†

66 (8)

66 (9)

577 (69%)

193 (62%)*

71 (69%)

486 (70%)

Body mass index (kg/m²)

30.0 (4.9)*†‡

27.5 (4.2)*

28.4 (3.9)*

26.6 (3.6)

Waist-hip ratio

0.99 (0.08)*†‡

0.95 (0.09)

0.96 (0.07)

0.94 (0.09)

64 (11)*†‡

62 (10)*

61 (11)

58 (9)

Resting systolic blood pressure (mmHg)

147 (23)

148 (25)

142 (23)

144 (23)

Resting diastolic blood pressure (mmHg)

78 (11)*

76 (11)

76 (10)

77 (10)

Smoking status

74 (9%)

20 (6%)

11 (11%)

62 (9%)

387 (47%)

122 (39%)

38 (37%)

286 (41%)

383 (46%)

159 (51%)

57 (55%)

330 (48%)

NSTEMI

262 (32%)

97 (31%)

43 (42%)

212 (31%)

STEMI

139 (17%)

65 (21%)

19 (19%)

131 (19%)

172 (20%)

69 (22%)

18 (18%)

141 (20%)

Men

Resting heart rate (bpm)

Current
Ex-smoker

History of prior myocardial infarction

History of revascularization

No
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PCI

453 (54%)

173 (55%)

58 (56%)

416 (60%)

CABG

209 (25%)

71 (23%)

27 (26%)

138 (20%)

CCS class ≥ 2

414 (50%)*

154 (49%)*

40 (39%)

231 (33%)

Syntax Score

2 (0-6)*‡

0 (0-4)

0 (0-5)

0 (0-5)

Duration of type 2 diabetes (years)

5 (2-12)

-

-

-

Left ventricular ejection fraction (%)

63 (10)‡

65 (9)

64 (9)

64 (8)

Left ventricular mass index (g/m2)

110 (28)*

107 (31)

103 (24)

106 (25)

757 (91%)*

280 (89%)

89 (86%)

579 (84%)

645 (77%)*†‡

214 (68%)*

59 (57%)

413 (59%)

Calcium channel blockers

273 (33%)*†‡

72 (23%)

16 (16%)

114 (16%)

Diuretics

406 (49%)*†‡

87 (28%)

25 (24%)

149 (21%)

Statins

758 (91%)

291 (93%)

94 (91%)

635 (91%)

Oral diabetes medication

617 (74%))

-

-

-

Insulin

215 (26%)

-

-

-

Oral diabetes medication + Insulin

153 (18%)

-

-

-

Echocardiography

Medication
β-blockers
Angiotensin converting enzyme
inhibitors or receptor blockers
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Laboratory analyses
Glycated hemoglobin (mmol/mol)

53 (13)*†‡

42 (5)*

41 (4)

40 (4)

Glycated hemoglobin (%)

7.0 (1.2)*†‡

6.0 (0.5)*

5.9 (0.4)

5.8 (0.4)

Fasting glucose (mmol/L)

7.6 (2.2)*†‡

5.9 (0.6)*†

6.5 (0.3)*

5.4 (0.4)

2-h postload glucose (mmol/L)

13.0 (2.0)*†‡§

10.3 (0.9)*†

7.4 (1.1)

7.1 (1.1)

Total cholesterol (mmol/L)

3.89 (0.86)*†

4.03 (0.94)

4.24 (0.92)

4.05 (0.85)

High-density lipoprotein cholesterol (mmol/L)

1.18 (0.29)*†‡

1.30 (0.32)

1.29 (0.27)

1.35 (0.33)

Low-density lipoprotein cholesterol (mmol/L)

2.22 (0.74)*†

2.33 (0.80)

2.48 (0.88)

2.32 (0.77)

1.40 (1.04-1.92)*†‡

1.19 (0.89-1.59)*

1.29 (0.90-1.59)*

1.06 (0.82-1.40)

101 (40)*‡

84 (29)†

97 (30)

89 (28)

1.0 (0.7-2.0)*†‡

0.8 (0.5-1.2)

0.7 (0.5-1.0)

0.8 (0.5-1.1)

127 (15.2%)*†

34 (10.8%)*

5 (4.9%)

42 (6.0%)

Cardiac death‖

68 (8.2%)*†

12 (3.8%)

3 (2.9%)

18 (2.6%)

ACS (5-year follow-up, n=1698)

132 (18.1%)

35 (13.3%)

13 (14.6%)

89 (14.5%)

CHF (5-year follow-up, n=1676)

53 (7.4%)*

8 (3.1%)

2 (2.3%)

15 (2.5%)

212 (25.4%)*†‡

48 (15.3%)

14 (13.6%)

111 (16.0%)

-

25 (11.2%)*

9 (12.2%)*

18 (3.6%)

Triglycerides (mmol/L)
Creatinine clearance (mL/min)
U-Albumin/Creatinine-ratio
End-points
Death‖

MACE‖
New type 2 diabetes (5-year follow-up, n=798,
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IGF/IGT and NG at entry)
Values are mean (SD), median (1st-3rd quartile) or n (% within group). NSTEMI non-ST elevation myocardial infarction, STEMI STelevation myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, CCS Canadian
Cardiovascular Society grading of angina pectoris, ACS hospitalization due to acute coronary syndrome, CHF hospitalization due to
heart failure, * p<0.05 vs. NG, † p<0.05 compared to IFG, ‡ p<0.05 vs. IGT, § n=100, ‖ including aborted cardiac arrests.

Table 2. Mortality risk and risk for hospitalization in coronary artery disease patients with impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) and type 2 diabetes compared to patients with normal glucose metabolism (NG).
Cardiac death§, n=101

MACE§, n=385

Death§, n=208

ACS (5 years), n=269

CHF (5 years), n=78

HR (95%CI)

HR (95%CI)

HR (95%CI)

HR (95%CI)

HR (95%CI)

NG

1.00

1.00

1.00

1.00

1.00

IFG

1.10 (0.32-3.72)

0.83 (0.48-1.45)

0.78 (0.31-1.98)

0.98 (0.55-1.76)

0.92 (0.21-4.00)

IGT

1.48 (0.71-3.07)

0.94 (0.67-1.32)

1.80 (1.15-2.83)*

0.90 (0.61-1.34)

1.26 (0.54-2.98)

3.11 (1.85-5.23)*‡

1.65 (1.31-2.08)*†‡

2.47 (1.74-3.51)*†

1.29 (0.98-1.69)

3.13 (1.77-5.56)*‡

NG

1.00

1.00

1.00

1.00

1.00

IFG

0.45 (0.06-3.42)

0.81 (0.44-1.47)

0.36 (0.09-1.49)

0.95 (0.50-1.79)

1.09 (0.24-4.83)

IGT

1.12 (0.49-2.53)

0.89 (0.62-1.28)

1.38 (0.85-2.24)

1.01 (0.67-1.52)

0.94 (0.36-2.47)

Type 2 diabetes

2.21 (1.24-3.92)*

1.39 (1.07-1.81)*‡

2.04 (1.39-2.98)*†

1.23 (0.90-1.68)

1.72 (0.91-3.28)

Univariate

Type 2 diabetes
Multivariate‖

HR hazard ratio, CI confidence interval. ACS hospitalization due to acute coronary syndrome, CHF hospitalization due to heart failure,
MACE major adverse cardiac event (cardiac death, ACS or CHF), * p<0.05 vs. NG, † p<0.05 vs. IFG, ‡ p<0.05 vs. IGT, § including
aborted cardiac arrests, ‖ Adjusted for age, sex, body mass index, resting systolic and diastolic blood pressure, Canadian
Cardiovascular Society grading for angina pectoris, syntax score and left ventricular ejection fraction.

Figure 1. Kaplan-Meier survival curves for cardiac mortality (a), major adverse cardiac event (MACE,
b) and hospitalizations due to acute coronary syndrome (ACS, c) and chronic heart failure (CHF, d).

