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ABSTRACT

Aim: Diabetic patients have a more severe and widespread coronary atherosclerosis, and their coronary artery diameters
(CADs) are widely affected, but this has not been evaluated in prediabetics. This study investigated the effects of
prediabetes on CADs in patients with acute coronary syndrome.

Material and Methods: Two hundred and sixty-six patients included in this study were divided into three groups as
"normal’, "prediabetic" and "diabetic". Patients' CADs were calculated via the quantitative coronary angiography technique.
Coronary segments were measured from the designated regions.

Results: We found that both prediabetes and diabetes had similar adverse effects on vessels except the proximal RCA,
unlike the normal group. We also found that the diameter of the LMCA was the most affected coronary segment, and the
diameter of proximal LAD was second segment as affected mostly (p <0.001 for both). When total CADs were analyzed, it
was seen that distal coronary artery segments were more affected than proximal (p <0.001).

Conclusion: This study showed that coronary artery diameters of prediabetic patients were affected similarly to patients
with diabetes, and the narrowing of the distal coronary arteries was more affected than the proximal vessels. Early
diagnosis and treatment of prediabetes is important to provide a more suitable coronary lesion for percutaneous or
surgical revascularization.
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0z
Amag: Diyabetik hastalarda daha yaygin ve siddetli koroner ateroskleroz vardir ve koroner arter caplarn (KAC) yaygin

olarak etkilenir, ancak bu durum prediyabetiklerde degerlendirilmemistir. Bu calisma, akut koroner sendromlu hastalarda
prediyabetin KAC' lari Gizerindeki etkilerini arastirdi.

Gereg ve Yontemler: Bu calismaya dahil edilen 266 hasta "normal’, "prediyabetik" ve "diyabetik" olmak tizere (¢ gruba ayrildi.
Hastalarin KAC' lari kantitatif koroner anjiyografi teknigi ile hesaplandi. Koroner segmentler belirlenen boélgelerden 6lctldi.

Bulgular: Normal gruptan farkli olarak hem prediyabetin hem de diyabetin proksimal RCA disinda damarlar Gzerinde
benzer etkileri oldugunu bulduk. Ayrica LMCA capinin en ¢ok etkilenen koroner segment oldugunu ve proksimal LAD
capinin en ¢ok etkilenen ikinci segment oldugunu bulduk (her ikisi icin p<0,001). Total KAC' lari incelendiginde distal
koroner arter segmentlerinin proximal koronerlere gore daha fazla etkilendigi gorildi (p<0,001).

Sonug: Bu calisma, prediyabetik hastalarin koroner arter caplarinin diyabet hastalarina benzer sekilde etkilendigini ve distal
koroner arterlerdeki daralmanin proksimal damarlara gére daha fazla etkilendigini géstermistir. Prediyabetin erken tani ve

Introduction

Diabetes mellitus (DM) is one of the most critical risk factors
in the development of coronary artery disease (CAD), and
it is responsible for 9.9% of the risk of having the first acute
myocardial infarction (AMI) itself[1]. On the other hand, it has
been reported that the frequency of cardiovascular disease
(CVD)-related mortality in patients with DM is 2-4 times higher
thanin patients without DM, and 70-80% of the mortality in DM
patients develops due to CVDI2, 3]. However, epidemiological
evidence showed that this morbidity-mortality relationship
begins in the early stage of normal glucose tolerance to overt
diabetes[4]. Because both increased insulin resistance and
impaired beta-cell function exhibits for the prolonged time
before overt hyperglycemia became apparent, most diabetic
patients manifest signs of CVD at diagnosis[1].

Conditions that plasma glucose levels are higher than normal
but do not reach the diagnostic threshold of diabetes are
called prediabetes. Prediabetes augments cardiovascular
risk and mortality[5]. The rate of developing diabetes in
prediabetic patients is about 70%[6]. Therefore, prevention of
diabetes development and clinical complications associated
with diabetes with early diagnosis increases the disease's
clinical importance.

Coronary atherosclerosis in diabetic patients is more severe,
extensive-diffuse, and rapidly progressive which, makes
angiographic anatomy complex limiting the possibility to
perform successful and complete revascularization[7-9]. The

tedavisinin, perkiitan veya cerrahi revaskiilarizasyon icin daha uygun bir koroner lezyon saglamak agisindan énemlidir.

Anahtar kelimeler: Akut koroner sendrom; diyabet; prediyabet; koroner arter ¢capi; HbA1c.

reasons for this trend are that diabetic patients have smaller-
size vessels, an extensive disease that often progresses rapidly,
a more significant burden of atherosclerotic disease, and
exaggerated neointimal hyperplasia. Patients with smaller
calibered vessels carry a higher risk of an adverse outcome for
the percutaneous coronary intervention (PCI)[10, 11]. Because
patients with small vessel diameter; have an increased
incidence of restenosis and an increased risk of major cardiac
events[12, 13]. This patient population had a higher risk after
coronary artery bypass grafting (CABG) due to more technically
challenging operative procedures and lower long-term
patency rates[14-16] due to unaccommodating anastomoses
between saphenous vein grafts or internal mammary
conduits to small-caliber native coronary arteries, particularly
in diabetics or women[17-20]. In the Coronary Artery Surgery
Study, small body size and coronary artery caliber were found
to be the strongest predictors for perioperative mortality[21].

In diabetic patients, the coronary artery and its branches have
been shown to have smaller vessel diameters than normal
individuals. Still, in prediabetic patients in a daily cardiology
practice, vessel diameters appear narrower than normal
individuals[22, 23]. Ertan et al[24] showed that prediabetes
had a negative effect on coronary artery diameter in patients
with normal coronary arteries. In the study of Kadi et al[25], it
was shown that coronary collateral development was impaired
in patients with prediabetes when compared to patients with
coronary artery disease and normal fasting glucose levels. As
a matter of fact, in a previous study, we found that prediabetes
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affects coronary artery disease scores as much as diabetes[26].

This study aimed to evaluate whether there is a relationship
between prediabetes and diffuse coronary stenosis and/or
coronary artery size in patients with the first diagnosed acute
coronary syndrome.

Material and Methods
Study design and patient selection

We analyzed 504 consecutive patients with acute coronary
syndrome between November 2016 to November 2018. All
the patients underwent coronary angiography (CA) in our
institution. The patients with the previous CAD, structural
heart disease, severe valve disease, chronic kidney disease
(CKD), anemia, and ectatic CAD were excluded from the study.
Two hundred sixty-six patients had an admission at the first
occurrence of coronary artery disease and were included in
the final analysis. Patients were classified according to HbA1c
levels by ADA Guidelines into three groups: HbA1c lower
than 5.7% (normal group), HbAlc: 5.7-6.4% (prediabetic
group), and HbA1c higher than 6.4% (diabetic group)[27]. The
patients previously diagnosed with diabetes were included
in the diabetic group regardless of HbA1c levels. The study
protocol was approved by the local institutional review board.
A written informed consent was obtained from each patient.
The study was conducted in accordance with the principles of
the Declaration of Helsinki.

Data acquisition and assessment of coronary artery diameters

Demographic characteristics (age, gender, height, weight,
background, family history, etc.), laboratory values (creatinine,
GFR, LDL, HDL, triglyceride, HbAIlc,
hemoglobin, thrombocyte), and (Left Ventricular Ejection

total cholesterol,
Fraction) EF values of the patients were obtained from medical
records. The coronary artery diameters were measured in
diastole, and the largest dimension in each segment was used
by two interventional cardiologists blinded to patients’clinical
and laboratory data. Quantitative coronary angiographic
analysis of all three coronary arteries was performed using the
edge-detection method. After contrast filling, the catheter's
diameter was used as a reference for calculating actual
coronary vessel diameters. Measurements were taken in two
orthogonal views of each of the major epicardial coronary
arteries. The average of the two measurements was used for
each coronary artery. The computer-assisted angiography

analysis system was used for coronary diameter measurement
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(Syngo, artis floor angiography system, Siemens, Germany).

Available catheter tip diameter (2.0 mm for 6.0 F catheter,
2.3 mm for 7.0 F catheter) was used as a calibration object to
evaluate the diameters of the coronary arteries. The diameters
of the left main (LM), left anterior descending (LAD), and
left circumflex (LCX) coronary arteries were evaluated in
approximately 30 ° right anterior oblique projection, and
right coronary artery (RCA) diameter was evaluated at
approximately 60 ° left anterior oblique projection. The left
main coronary artery (LMCA) was measured in its mid-region.
The left anterior descending artery (LAD) was divided into
three segments, the proximal LAD (pLAD) was measured at its
midpoint between its origin and the first branch (first septal-
1S or diagonal-1D) of the pLAD, the mid-LAD (mLAD) was
measured between 1S and 1D, and the distal LAD (dLAD) was
measured after the diagonal branch of the LAD, apical LAD
was measured in its distal 1.0 cm before the distal bifurcation,
commonly referred to as mustache. The circumflex (Cx) was
also divided into two segments, the proximal Cx (pCx) was
measured at its midpoint between its origin and the first
obtuse marginal (1 M), the distal Cx (dCx) was measured at
the origin of the second obtuse marginal branch (2 M), and
finally, the T M was measured at its origin. The right coronary
artery (RCA) was divided into two segments: the proximal
RCA (pRCA) was measured 15 mm from the ostium, and the
distal RCA (dRCA) was measured at the ostium of the posterior
descending artery (PDA)[28]. The main measurement point
was the most proximal disease-free part of each segment.
Totally occluded coronary segments were not evaluated.
Intracoronary nitrate is routinely administered to all patients
during coronary angiography when systolic blood pressure
was > 90 mmHg. The measurement locations of the coronary
segments are shown (Figure 1).

IMCA  1aD

mLAD
pCx

dCx

dLAD

Figure 1. Measurement locations all of the coronary segments.



Statistical analysis

All statistical analyses were performed using SPSS for Windows
version 21.0 (SPSS, Chicago, IL, USA).Since continuous variables
did not show normal distribution, they were given a median
and interquartile range (IQR). The Kolmogorov-Smirnov test
was used to evaluate the distribution of continuous variables.
Kruskall Wallis test was used to compare two groups that did
not show normal distributin and bonferroni correction was
used in the Post-Hoc analysis. The x2 and Fisher Exact tests
were used to compare categorical variables between groups.
Multiple comparisons were evaluated with Bonferroni. The
p-value below 0.05 was considered statistically significant.
A multivariate analysis of variance (MANOVA) was used to
compare HbA1c and gender on the coronary artery diameter.
Body surface area (BSA) was added to the model as a covariate
variable in the MANOVA test. Since the interaction of BSA
with both HbA1c and gender and its main effect were not
significant on the relevant parameters, it was removed from

the model, and the analysis process was completed.
Results
Patients without a history of DM were divided into groups

according to their HbAl1c values. After all, there were
92 patients (34.5%) in the diabetes group (82 of them
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previously diagnosed with diabetes), 92 patients (34.5%) in
the prediabetes group, and 82 (31%) patients in the normal
group. In the study, the prevalence of prediabetes was 34.5%,
and the prevalence of undiagnosed diabetes was 3.7%. The
demographic characteristics of the patients are shown in Table
1. There was no difference between the groups regarding
family history, smoking, hyperlipidemia, and type of acute
coronary syndrome. Male gender was more common in the
prediabetes group than diabetes group (p<0.05) and like the
normal group. The diabetes ratio was significantly higher in
female patients than the prediabetic subjects. Hypertension

was more prevalent in patients with diabetes (p<0.05).

Low-density lipoprotein levels were significantly lower in
diabetic patients than the prediabetic patients (116.6 + 36.3 vs
136.5 +£39.9, p=0.004) and HbA1c level was significantly higher
in patients with diabetes [7.9 (6.5- 13.5) vs 6 (5.7-6.4), median
(IQR)]. Gensini and Syntax scores were higher in diabetic and
prediabetic patients than the normal patient group (p=0.001).
However, there was no significant difference between diabetic
and prediabetic patients in terms of Gensini and Syntax
scores. There was no difference between the groups in total

cholesterol, hemoglobin, creatinine, HDL, eGFR, platelet, AST,

triglyceride, total cholesterol, Platelet, LVEF and body surface
area (BSA) (Table 2).
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Multiple comparison of coronary artery diameters of each

coronary segment between the groups and gender are
shown in Table 3 and Figure 2. The diameter of each coronary
artery segments in patients with diabetes and prediabetes
were significantly lower than the normal group (p <0.001).
The diameter of coronary segments was similar between the
diabetic and prediabetic groups.
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Figure 2. Comparison of coronary artery diameters of each coronary
segments between the study groups and gender

In the model consisting of HbA1c, gender, and BSA, HbA1c
and gender were effective on coronary artery diameter. BSA

had no effect, so it was removed from the model. HbA1c was
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found to be effective on the diameter of the left main coronary,
proximal LAD, mid LAD, distal LAD, proximal Cx, distal Cx,
distal RCA (p-value, respectively <0.001 /0.001 / 0.001 / 0.006
/ 0.010 / 0.005 / 0.006). Among these, it was determined
with partial eta square that it affects the LMCA the most and
then the proximal LAD secondly (nLMCA=0.060, nproximal
LAD=0.056) (Table 4). HbA1c did not affect proximal RCA. It
was determined that gender alone did not affect diameters.
HbA1c and gender interaction were not found to be effective
on diameter. HbA1c was found to be the most effective
parameter on coronary artery diameter.

Proximal total coronary artery diameter was obtained by
summing the proximal diameters of three epicardial coronary
arteries. Descriptive analysis of proximal and distal total coronary
artery diameters by HbA1c and gender are shown in Table 5.
HbA1c was effective on both proximal and distal total coronary
artery diameter (p <0.001 for both) (Table 6). The partial eta square
showed that HbA1c affected mostly the distal total coronary
artery diameter (nDTCAD=0.092 ). It was determined that
gender alone does not affect total diameter. HbA1c and gender

interaction were not found to be effective on total diameter.
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Discussion

The critical findings of our study included the following:
The severity of coronary artery disease is similar between
prediabetes and diabetes. Coronary artery diameters of the
patients with prediabetes and diabetes were also similar, and
smaller than normal patients. HbA1c levels had influence in
most of the coronary segment’s diameters except proximal
RCA. Furthermore, elevated HbA1c levels affected distal total
coronary artery diameters more.

The stage before DM develops is the prediabetic stage.
Prediabetes has been shown to be associated with increased
cardiovascular risk and mortality[29, 30]. It has been reported
that 35% of patients admitted to hospital with AMI are
prediabetic[28, 31]. It is stated in some publications that
the rate of developing diabetes in prediabetic patients is
70%. Therefore, early diagnosis and prevention of diabetes
development and clinical complications due to diabetes
increase the disease's clinical importance[32]. The interaction
between prediabetes and CVD was investigated in a cross-
sectional study by Ford et al [30], and as a result, it was found
that the CVD risk value increased in patients with FBG 110
mg/dl and above[33]. IFG increased CVD risk by 1.28-fold
in patients with glucose 100-125 mg / dL and 1.20-fold in
patients with 110-125 mg / dL[34]. In the Hoorn study , it was
reported that an increase of 1.4% in HbA1c in a non-diabetic
population between the ages of 50-75 led to a 51% increase
in CVD rate[32]. In the CV outcome study conducted by Kim
et al. in approximately 3,000 patients with ACS, prediabetes
showed similar outcomes with diabetes[35]. Our previous
study reported that coronary atherosclerosis in prediabetic
patients was higher in patients with normoglycemia and
similar in patients with diabetes[26].

It has been found that prediabetes is associated with
widespread coronary stenosis and small vessel disease in
both genders, particularly LAD and distal coronary arteries,
in a study conducted by Ertan et al[24]. They also showed
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that gender affected coronary artery diameter. This study

found that the most affected vessels in the prediabetic and
diabetic groups were LMCA and proximal LAD. Our study is
consistent with this study in this respect. In our study, we
found that HbA1c affects proximal total CAD and distal total
CAD. Besides, in comparing the groups according to HbA1¢, it
was determined that the distal coronary artery diameter was
mainly affected among other total coronary arteries. Indeed, in
the study of Cicek et al. found that HbA1c was an independent
predictor of in-hospital mortality in STEMI treated with
primary PCI[36]. In this respect, our study sheds light on the
effect of HbA1c. However, we found that gender alone did not
affect the diameters, and our study did not correlate with this
aspect of that study. We attributed this to male dominance
in all three groups in our study. It has been determined that
male gender dominance was present in all three groups, and
in many studies, most of the patients were male[33]. However,
this could be explained by the fact that male patients had
additional risk factors, such as high smoking rates

In the previous study we found no difference in terms of mean
age between groups [26]. In the study conducted by AbuShady
et al[33] sought the prevalence of prediabetes in patients with
ACS, it was reported that there was no significant difference
in age between the groups. It has been determined that the
average age of NSTEMI patients in ACS patients admitted to
the emergency department is higher than STEMI [37]. In our
study, we found that the average age of patients with ACS was
not different between the groups, however, we found that the
average age of patients presenting with NSTEMI was higher
than the other ACS groups.

A study previously conducted in patients with normal
coronary arteries; could not determine the relationship of
BSA with coronary artery diameters[38].0ur study determined
that BSA was similar between HbA1c groups, and BSA had no
effect on the coronary artery diameters. The reason could be
similar characteristics of the patients in the present study. We
also found that gender did not affect diameters as a single.



It is stated that there is a close relationship between
prediabetes and heart failure[39]. Previous studies reported
that heart failure was more common in the prediabetic
group than in the non-diabetic group[40, 41]. Contrary to the
literature, ejection fraction was found similar between the
groups in our study. Since all patients were newly diagnosed
with ACS, the absence of EF difference between the groups
could be attributed to the fact that diabetes had not yet
affected the ejection fraction.

A decrease in GFR is an independent risk factor for CVD. An
increased prevalence of chronic renal failure (CRF) has been
reported in prediabetics[42]. In our study, the group's GFR value
with DM was lower than the prediabetic and normal groups,
but it did not gain statistical significance. Hemoglobin levels
were significantly lower in the DM group than in the other
groups. Diabetic nephropathy developing in patients with DM
may cause impairment of kidney functions and low Hgb.

In the Diabetes Insulin Glucose and Myocardial Infarction
(DIGAMI) study, it was stated that 34% of the patients admitted
to the hospital with AMI had newly diagnosed prediabetes,
and 31% had newly diagnosed DM[43]. It has been observed
that HbA1c is associated with increased mortality even in
the non-diabetic range. In the DECODE study conducted in
patients with type 2 DM, it was stated that the relationship
between glycemia and CVD started and increased in the
normal blood glucose range[44]. In the meta-analysis of Ford
et al[30] reported that there is a significant increase in the
risk of developing CVD in prediabetic patients compared to
those with normoglycemia. In our study, the prevalence of
prediabetes was 34.5%, and the prevalence of undiagnosed
DM was 3.7%. In our study, we found a negative association
between HbA1c levels and coronary artery diameters. The
relationship between HbA1c and CADs could be explained
by the relationship between glucose level and development
of endothelial dysfunction, microvascular and macrovascular
complications. Vascular changes may develop in the patient
before diabetes becomes evident or clinical findings appear.

In our study, the HbA1c level was the highest in the DM group
and the lowest in the normal group. HbA1c had most effect
on left main coronary, proximal LAD, mid LAD, distal LAD,
proximal Cx, distal Cx, distal RCA, and it had been determined
that it affected the LMCA the most and then the proximal
LAD among them. HbA1c did not affect proximal RCA. This
difference may be related to the dominance of the right and
left coronary arteries. There were 72 % right dominance, 10%
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left dominance, and 18 % codominance in humans [45].
Conclusion

The severity of stenosis and diameter of coronary arteries
were similar between prediabetes and diabetes. HbA1c levels
had an influence in most of the coronary segment’s diameters
except proximal RCA. Furthermore, elevated HbA1c levels
affected distal total coronary artery diameters more.

Authors’ Note

All authors made substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of
data, drafting the article or revising it critically for important
intellectual content, and final approval of the version to be
published. This paper was presented at the 17th International
Update in Cardiology and Cardiovascular Surgery (UCCVS)
Congress, November 5-7, 2021. The data about the patients
who were enrolled in the present study were also introduced
in the master thesis of Yasin Ozen.

Declaration of conflict of interest

The authors received no financial support for the research
and/or authorship of this article. There is no conflict of interest

References

1. YusufS et al. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART
study): case-control study. Lancet 2004; 364: 937-52.

2. Rydén L et al. ESC Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases developed in collaboration with the EASD:
the Task Force on diabetes, pre-diabetes, 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: 3035-87.

3. Rydén L et al. Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases: executive summary. The Task Force on
Diabetes and Cardiovascular Diseases of the European Society
of Cardiology (ESC) and of the European Association for the
Study of Diabetes (EASD). Eur Heart J 2007; 28: 88-136.

4. Petursson P et al. Prevalence and severity of abnormal glucose

regulation and its relation to long-term prognosis after coronary
artery bypass grafting. 2013; 24: 577-82.

5. Rao Kondapally Seshasai S et al. Diabetes mellitus, fasting
glucose, and risk of cause-specific death. N Engl J Med 2011;
364(9): p. 829-841.

6. Standards of medical care in diabetes. Diabetes Care, 2005. 28
Suppl 1: p. S4-s36.

249



{A\)
RajsN

TJCL Volume 13 Number 2 p: 242-252

10.

11.

12.

13.

14.

15.

16.

17.

250

Gerstein, H.C., et al, Annual incidence and relative risk of
diabetes in people with various categories of dysglycemia: a
systematic overview and meta-analysis of prospective studies.
Diabetes Res Clin Pract, 2007. 78(3): p. 305-12.

Kip, K.E., et al, Coronary angioplasty in diabetic patients.
The National Heart, Lung, and Blood Institute Percutaneous
Transluminal Coronary Angioplasty Registry. Circulation, 1996.
94(8): p. 1818-25.

Pajunen, P, et al., Angiographic severity and extent of coronary
artery disease in patients with type 1 diabetes mellitus. Am J
Cardiol, 2000. 86(10): p. 1080-5.

Aronson, D. and E.R. Edelman, Revascularization for coronary
artery disease in diabetes mellitus: angioplasty, stents and
coronary artery bypass grafting. Rev Endocr Metab Disord, 2010.
11(1): p. 75-86.

Sugihara, M., et al,, Characteristics of patients and types of lesions
in patients with drug-eluting or bare-metal stent implantation
in small coronary arteries: from the FU-Registry. J Cardiol, 2013.
61(2): p. 117-21.

Aboyans, V., P. Lacroix, and M.H. Criqui, Large and small vessels
atherosclerosis: similarities and differences. Prog Cardiovasc Dis,
2007.50(2): p. 112-25.

De Luca, G, et al., Impact of vessel size on distal embolization,

myocardial perfusion and clinical outcome in patients
undergoing primary angioplasty for ST-segment elevation
myocardial infarction. J Thromb Thrombolysis, 2009. 27(2): p.

198-203.

Kim, J.B., et al., Late improvement in graft patency after coronary
artery bypass grafting: Serial assessment with multidetector
computed tomography in the early and late postoperative
settings. J Thorac Cardiovasc Surg, 2011. 142(4): p. 793-9.

McLean, R.C,, et al,, Relative importance of patient, procedural
and anatomic risk factors for early vein graft thrombosis after
coronary artery bypass graft surgery. J Cardiovasc Surg (Torino),
2011.52(6): p. 877-85.

Zindrou, D., K.M. Taylor, and J.P. Bagger, Coronary artery size and
disease in UK South Asian and Caucasian men. Eur J Cardiothorac
Surg, 2006. 29(4): p. 492-5.

Biondi-Zoccai, G.G,, et al., Testing prospectively the effectiveness
and safety of paclitaxel-eluting stents in over 1000 very high-risk
patients: design, baseline characteristics, procedural data and
in-hospital outcomes of the multicenter Taxus in Real-life Usage
Evaluation (TRUE) Study. Int J Cardiol, 2007. 117(3): p. 349-54.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

O'Connor, G.T, et al., Differences between men and women in
hospital mortality associated with coronary artery bypass graft
surgery. The Northern New England Cardiovascular Disease
Study Group. Circulation, 1993. 88(5 Pt 1): p. 2104-10.

Peterson, E.D., et al., Effect of gender on the outcomes of
contemporary percutaneous coronary intervention. Am J
Cardiol, 2001. 88(4): p. 359-64.

Yang, F, et al,, The impact of gender on vessel size in patients
with angiographically normal coronary arteries. J Interv Cardiol,
2006. 19(4): p. 340-4.

Fisher, LD, et al, Association of sex, physical size, and operative
mortality after coronary artery bypass in the Coronary Artery Surgery
Study (CASS). JThorac Cardiovasc Surg, 1982. 84(3): p. 334-41.

Briguori, C., et al, Discrepancy between angiography and
intravascular ultrasound when analysing small coronary arteries.
Eur Heart J, 2002. 23(3): p. 247-54.

Mosseri, M., et al., Diffuse narrowing of coronary arteries in
diabetic patients: the earliest phase of coronary artery disease.
Cardiology, 1998. 89(2): p. 103-10.

Ertan, C, et al., Association of prediabetes with diffuse coronary

narrowing and small-vessel disease. J Cardiol, 2014. 63(1): p. 29-34.

Kadi, H,, et al,, Effects of prediabetes on coronary collateral circulation

in patients with coronary artery disease. 2011. 22(4): p. 233-237.

Acar, B., et al., Association of Prediabetes With Higher Coronary
Atherosclerotic Burden Among Patients With First Diagnosed
Acute Coronary Syndrome. Angiology, 2019. 70(2): p. 174-180.

Chung, WK, et al., Precision medicine in diabetes: a Consensus
Report from the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD).
Diabetologia, 2020. 63(9): p. 1671-1693.

Papazafiropoulou, A.K., N.G. Patsourakos, and A. Melidonis,
Prediabetes and Atherosclerotic Disease. Angiology, 2019. 70(2):
p. 101-102.

Balkau, B., The DECODE study. Diabetes epidemiology:
collaborative analysis of diagnostic criteria in Europe. Diabetes
Metab, 2000. 26(4): p. 282-6.

Ford, E.S., G. Zhao, and C. Li, Pre-diabetes and the risk for
cardiovascular disease: a systematic review of the evidence. J
Am Coll Cardiol, 2010. 55(13): p. 1310-7.

Barr, E.L., et al., Risk of cardiovascular and all-cause mortality in
individuals with diabetes mellitus, impaired fasting glucose, and
impaired glucose tolerance: the Australian Diabetes, Obesity,
and Lifestyle Study (AusDiab). Circulation, 2007. 116(2): p. 151-7.



32.

33.

34.

35.

36.

37.

38.

39.

de Vegt, F, et al., Hyperglycaemia is associated with all-cause
and cardiovascular mortality in the Hoorn population: the Hoorn
Study. Diabetologia, 1999. 42(8): p. 926-31.

AbuShady, M.M,, et al., Prevalence of prediabetes in patients
with acute coronary syndrome: impact on in-hospital outcomes.
Intern Med J, 2015. 45(2): p. 183-8.

Satman, |, et al., Twelve-year trends in the prevalence and risk
factors of diabetes and prediabetes in Turkish adults. Eur J
Epidemiol, 2013. 28(2): p. 169-80.

Kim, Y.H., et al, Outcomes in prediabetes vs. diabetes in
patients with non-ST-segment elevation myocardial infarction
undergoing percutaneous intervention. Coron Artery Dis, 2021.
32(3): p. 211-223.

Cicek, G, et al, Hemoglobin Alc as a prognostic marker in

patients undergoing primary angioplasty for acute myocardial
infarction. 2011. 22(3): p. 131-137.

Ozen, M,, et al., Acil Servise Basvuran Akut Koroner Sendrom Tanili

Hastalarin Sosyodemografik ve Klinik Ozellikleri. 2012. 12(3).

Ozme, CB., Normal koroner arterli hastalarda koroner arter
caplarinin demografik veriler ile degisimi ve koroner arterler

arasinda cap iliskilerinin incelenmesi. 2007.

Kristensen, S.L., et al., Risk Related to Pre-Diabetes Mellitus
and Diabetes Mellitus in Heart Failure With Reduced Ejection
Fraction: Insights From Prospective Comparison of ARNI With
ACEI to Determine Impact on Global Mortality and Morbidity in
Heart Failure Trial. Circ Heart Fail, 2016. 9(1).

40.

41.

42.

43.

44,

45.

A~
RajsN

OZEN etal.
I Effect of prediabetes on coronary arteries

Kanaya, A.M., et al., Impaired fasting glucose and cardiovascular
outcomes in postmenopausal women with coronary artery

disease. Ann Intern Med, 2005. 142(10): p. 813-20.

Verges, B., et al., Impact of fasting glycemia on short-term
prognosis after acute myocardial infarction. J Clin Endocrinol
Metab, 2007. 92(6): p. 2136-40.

Plantinga, L.C,, et al., Prevalence of chronic kidney disease in US
adults with undiagnosed diabetes or prediabetes. Clin J Am Soc
Nephrol, 2010. 5(4): p. 673-82.

43. Norhammar, A., et al, Glucose metabolism in patients
with acute myocardial infarction and no previous diagnosis of
diabetes mellitus: a prospective study. Lancet, 2002. 359(9324):
p. 2140-4.

44. s the current definition for diabetes relevant to mortality
risk from all causes and cardiovascular and noncardiovascular
diseases? Diabetes Care, 2003. 26(3): p. 688-96.

45. Demirbag, R, H. Ekim, and FJ.V.T.D. Turan, Koroner Arter
Dominansi ve Qt Dispersiyonu. 8(3): p. 80-84.

252



