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ABSTRACT

Objectives: In this study, we aimed to investigate whether there is a relationship between coronary artery lesion severity detected on
coronary computed tomography angiography (CTA) and the hemoglobin Alc (HbA1c) value in nondiabetic patients with chronic coronary
syndrome (CCS).

Patients and methods: The retrospective observational study included 125 patients (64 males, 61 females; median age: 55 years; IQR,
46.5-63.0) who underwent coronary CTA with the diagnosis of CCS and applied between March 2020 and July 2022. Two groups were
formed according to the severity of coronary artery lesion by coronary CTA: Group 1 (n=71), with <70% coronary lesion severity, and
Group 2 (n=54), with >70% coronary lesion severity.

Results: The two groups were similar in terms of median age, (p=0.09) and male sex ratios (47% vs. 55%, p=0.47). The HbAlc value in
Group 2 was statistically significantly higher than in Group 1 [5.89 (5.43-6.15) ws. 5.42 (5.1-5.8), p=0.001]. The HbA1c cut-off value was
determined as 5.66. The ideal HbAlc cut-off value, calculated by the Youden index, had a sensitivity of 64% and a specificity of 63% in
predicting the severity of coronary artery lesions in nondiabetic patients with CCS.

Conclusion: In nondiabetic patients with CCS, HbA1c is associated with the presence of severe CAD lesions detected in coronary CTA.
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Coronary artery disease (CAD), characterized by
atherosclerotic plaque accumulation in the epicardial
arteries, is one of the leading causes of morbidity and
mortality worldwide. In the 2019 European Society
of Cardiology (ESC) guidelines for chronic coronary
syndrome (CCS), patients with stable angina pectoris
or angina-equivalent symptoms/signs were defined as
CCS (nonacute coronary syndrome), and diagnosis
and treatment protocols were established for these
patients.

During the diagnosis stage, noninvasive tests are
recommended, and it is emphasized to decide on
the pretest probability by evaluating cardiovascular
risk factors (age, sex, hypertension, diabetes mellitus
[DM], hyperlipidemia, smoking, and family history).
Coronary computed tomography angiography (CTA),
a noninvasive test, is the first recommended test when
CAD cannot be excluded in symptomatic patients
with clinical evaluation (ESC 2019 CCS guideline:

Class I recommendation).™
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Hemoglobin Alc (HbAlc) is one of the
endogenous advanced glycation end products. In
addition, HbA1lc indicates the long-term average
glycemic index. Hemoglobin Alc measurement
does not require the fasting state of the patient
or glucose loading to the patient; therefore, it is
a parameter that provides higher reproducibility
than fasting glucose and measurement of glycemia
with a single sampling.”’ Known as an indicator of
uncontrolled type 2 DM, HbA1c has been associated
with echocardiographic left ventricular functions
and with the frequency of infection after coronary
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artery bypass grafting in some studies.>* It has been
demonstrated that HbAlc is strongly associated with
CAD and the diagnosis of DM and can be used as
a biomarker of CAD.>>¢ The relationship between
HbA1lc and CAD severity in patients with DM is
well understood, but the relationship between HbAlc
levels and CAD severity in patients without DM is
still controversial.”®! Hence, we aimed to investigate
the relationship between HbAlc and CAD lesion
severity in the nondiabetic adult population. We
also tried to find the HbAlc cut-off value for risk
stratification in nondiabetic patients with CCS.

PATIENTS AND METHODS

The retrospective study included 125 patients
(64 males, 61 females; median age: 55 years; IQR,
46.5-63.0) who applied to the cardiology clinic of
the Izmir Bakir¢ay University Cigli Training and
Research Hospital between March 2020 and July
2022. Demographic characteristics, such as age,
sex, and comorbid diseases were recorded. Coronary
CTA (256 multislice computed tomography) reports,
which were reported by experienced specialists and
taken under appropriate technical conditions, were
reviewed, and information about the coronary artery
lesion severity was recorded in the case report form.
There were two groups formed according to the
coronary CTA lesion severity: Group 1 (n=71), with
a lesion severity <70%, and Group 2 (n=54), with a
lesion severity >70%.

Patients younger than 18 years, patients with
a history of DM or an HbA1lc level above 6.5%,
patients with a history of coronary artery bypass
grafting, patients not in sinus rhythm, patients
with severe liver failure, and patients with active
malignancy were excluded from the study. Anemic
patients (hemoglobin <10 g/dL) were excluded from
the study. Therefore, it cannot be thought that it will
affect the HbA1c value.

The blood pressures measured by manual
sphygmomanometer at the outpatient admissions of
the patients included in the study and the heart rates
from the electrocardiograms taken at the outpatient
admissions were noted from the hospital records.
The body mass index was calculated as weight/

height.l?

Smoking and alcohol use of the patients were
accepted if they were active users according to their
verbal expressions. For the definition of hypertension,
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which is one of the comorbid diseases, a blood
pressure >140/90 mmHg with repeated measurements
or the use of oral antihypertensive drugs was taken as
criteria. A glomerular filtration rate <60 mL/min was
considered chronic renal failure, and total cholesterol
>200 mg/dL, low-density lipoprotein cholesterol
>130 mg/dL or triglyceride >150 mg/dL was considered
hyperlipidemia.

Statistical analysis

Data were analyzed using IBM SPSS version 24.0
software (IBM Corp., Armonk, NY, USA). Normal
distribution of numerical variables was examined
using the Kolmogorov-Smirnov test. Numerical
variables were expressed as median and interquartile
range (IQR) and evaluated using Student's t-test.
Categorical variables were reported as numbers
and frequencies and evaluated using the Pearson
chi-square test and Fisher exact test. If there was no
normal distribution among the numerical variables,
the Mann-Whitney U test was used. The HbAlc
cut-off value was found by performing receiver
operating characteristic (ROC) curve analysis. The
cut-off value was determined according to the Youden
index. A p value <0.05 was considered statistically
significant.

RESULTS

The male sex ratio of the patients was
51%. The median body mass index was 25.5
(23.10-28.85) kg/m?. No statistically significant
difference was found between the two groups in
demographic data, except for hypertension (Table 1).
The rate of hypertension was higher in Group 2
compared to Group 1 (33% wvs. 53%, p=0.03). The
most common comorbid conditions (hypertension
not included) were CAD (25%) and hyperlipidemia
(24%). The rate of active smokers was similar
between Group 1 and Group 2 (16% ws. 18%,
p=0.81, Table 1).

One of the biochemical parameters, the
high-density lipoprotein value was higher in
Group 1 than in Group 2, but there was no
statistically significant difference between groups
(44 [38.15-51.32] ws. 40.5 [35-46.3], p=0.054). The
median left ventricular ejection fraction (LVEF)
value of the patients in the echocardiography was
60% (50-60%). The LVEF was higher in Group 1
than in Group 2 (60 [55-60] vs. 50 [45-60], p<0.001).
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Table 2
Biochemical and imaging findings

Coronary lesion <70% Coronary lesion >70% Total
(n=71) (n=54) (n=125)

Parameters Median IQR Median IQR Median IQR ?
Urea (mg/dL) 18 11-27 17.25 12.75-32.1 18 11.45-28 0.14
Creatinine (mg/dL) 0.85 0.77-1.13 0.9 0.69-1.2 0.87 0.74-1.14 0.13
Na (mEqg/L) 139 137-141 139 136.75-140 139 137-140 0.28
K (mEq/L) 4.2 3.9-4.53 4.22 4-4.6 4.2 3.96-4.60 0.28
Ca (mg/dL) 9 8.7-9.2 9 8.55-9.3 9 8.7-9.2 0.24
Fasting glucose (mg/dL) 96 90-106 100.53 88.25-115 96 88-108.5 0.39
TSH (mU/L) 1.13 0.88-1.77 1.52 0.76-2.02 1.13 0.84-1.83 0.4
Total cholesterol (mg/dL) 183.5 163.75-216.25 195 156-216 185 160-216 0.75
Triglyceride (mg/dL) 163.5 128.5-207.75 166 120.75-203 165 123.75-204.25  0.89
HDL (mg/dL) 44 38.15-51.32 40.5 35-45.65 42 36-48 0.054
LDL (mg/dL) 97.5 80.22-135 112 90.05-131.12 103 84-132 0.39
WBC (k/mm?®) 9.35 7.7-10.67 8.48 7.22-10.24 891 7.57-10.5 0.1
Hb (g/dL) 13.4 12.4-14.6 13.6 12.45-14.72 13.6 12.4-14.65 0.93
Platelet 276 225-298 264 215.75-313.5 272 220-302.5 0.64
HbA1c 5.42 5.1-5.8 5.89 5.43-6.15 5.6 5.18-6 0.001
LVEF (%) 60 55-60 50 40-60 60 50-60 <0.001
IQR: Interquartile range; Na: Sodium; K: Potassium; Ca: Calcium; TSH: Thyroid stimulating hormone; HDL: High density lipoprotein; LDL: Low density
lipoprotein; WBC: White blood cell; Hb: Hemoglobin; HbAIc: Hemoglobin Alc; LVEF: Left ventricular ejection fraction.

Table 3
Medications used by patients

Coronary lesion <70%  Coronary lesion >70% Total
(n=71) (n=54) (n=125)

n % n % n % P
Beta-blockers 17 23 18 33 35 28 0.31
ACEi 16 22 18 33 34 27 0.22
ARBs 7 9 5 9 12 9 1
Dhp CCBs 8 11 13 24 21 16 0.08
Non-Dhp CCBs 7 9 4 7 11 8 0.75
Antiplatelet 21 29 20 37 51 40 0.44
Anticoagulant 6 8 2 3 8 6 0.46
Statin 15 21 17 31 32 25 0.21
ACEi: Angiotensin converting enzyme inhibitors; ARBs: Angiotensin receptor blockers; Dhp CCB: Dihydropyridine calcium channel blockers.

There was no difference between the groups in The median HbAlc value in Group 2 was
terms of drug use. The laboratory findings of the statistically higher than in Group 1 [5.89
patients and the drugs they used are summarized in (5.43-6.15) ws. 5.42 (5.1-5.8), p=0.001]. In the
Tables 2 and 3. ROC analysis, a HbAlc >5.66 had 64% sensitivity
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Figure 1. The sensitivity and specificity of HbAlc associated
with coronary artery lesion severity in the ROC curve.
ROC: Receiver operating characteristic; HbAle: Hemoglobin Alc.

and 63% specificity (area under the curve: 0.68,
95% confidence interval: 0.585-0.776, p=0.001)
for determining the coronary artery lesion severity
(Figure 1).

DISCUSSION

This is a rare study in the literature that aimed
to determine the correlation between coronary artery
lesion severity determined by coronary CTA and
HbA1c value in nondiabetic patients. In our study, the

median HbAlc levels were significantly higher in the
patient group with significant coronary artery stenosis
compared to the group with nonsignificant coronary
artery stenosis (p<0.001), and there was a strong
correlation between coronary artery lesion severity and
the HbAlc value in nondiabetic patients with CCS.

One of the confounding factors affecting HbAlc
is the hemoglobin value, as it changes HbAlc. A
low hemoglobin value may lower the HbAlc level.
Therefore, low hemoglobin status may show an
inaccurate relationship between CAD severity and low
HbA1lc levels.” One of the advantages of our study
is that the median hemoglobin values were within
normal limits in both groups.

Garg et al,,l'” Ayhan et al.,™ and Kis and
Guzell? found the cut-off values of HbA1lc as 5.7,
6.52, and 5.5, respectively, and concluded that it
was an independent predictor of the severity of
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CAD in nondiabetic patients. In our study, the
HbAlc cut-off value was determined as 5.66 as
a predictor of a severe coronary artery lesion in

coronary CTA.

Hemoglobin Alc is a parameter that is used in the
diagnosis and follow-up of DM and quantitatively
shows the three-month glycemic control. It is possible
to establish a relationship between HbAlc and
coronary atherosclerosis, considering that exposure
to high blood sugar causes vascular complications.
Unregulated blood sugar induces oxidative stress,
and the developing glycation end products and lipid
peroxidation products initiate endothelial damage.
As a result, an inflammatory process develops, and
atherogenesis becomes active.’¥ Hemoglobin Alc is
also an advanced glycation end product.

In a study by Haring et al.'! in 1798 nondiabetic
patients, it was shown that the carotid intima-
media diameter increased by 0.02 mm for each
1% increase in HbAlc. The study of Kayali and
Ozder™! hypothesized that HbAlc predicts CAD in
nondiabetic patients. In the study, 247 patients were
recruited and classified according to the coronary
arteries lesion severity, and a close relationship was
found between HbAlc and coronary stenosis. When
the recent prospective studies were examined, it was
observed that although some claimed the opposite
between HbAlc and CAD, most of them contributed
to the literature. It has been shown that each
percentage increase in HbAlc in nondiabetic patients
increases the risk of CAD 1.2 times.'” In a study that
included 93 patients investigating the relationship
between the severity of coronary atherosclerosis and
HbA1c, HbAlc values were found to be higher in the
group with severe atherosclerosis.'”) In the study of
Dutta et al.,'¥! it was concluded that as the HbAlc
level increased, the number of affected vessels in the
coronary arteries also significantly increased.

Ashraf et al." investigated whether HbAlc was
an independent predictor of CAD in their study
of 382 patients with suspected coronary ischemia
without a known history of DM. However, while age
and sex were statistically significantly higher at first,
among the cardiovascular risk factors (for example,
sex, hypertension, dyslipidemia, and smoking), no
statistically significant difference was observed after
additional analysis. We can believe that these risk
factors that may cause CAD may have affected the
outcome of the current study. However, a significant
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difference was found between the two groups only in
terms of hypertension, which is one of the etiological
factors that may cause coronary atherosclerosis. In this
study, LVEF was found to be lower in the group with
more severe coronary lesions. This result was thought
to be due to the negative effect of coronary ischemia
on left ventricular systolic function. In our study, the
hypertension rate was higher and the median LVEF
value was lower in the group with higher coronary
lesion severity.

There are several limitations to this study. First,
the HbAlc values of the patients were calculated
when the patients were admitted to the hospital.
The HbA1lc value is based on a single measurement;
thus, it may underestimate any relationship between
HbA1lc and coronary artery lesion severity. Second,
coronary CTA calcium score was not included in the
analysis as the selected patient population differed
according to whether severe lesions were detected.
Although the study population was relatively small,
the patient group was found to be sufficient in the
power analysis performed before the study. However,
studies involving more patients are needed, and
we believe that our study may be a pioneer for
further studies on this subject. Since we do not
have long-term follow-up results, we do not know
the prognostic value of HbAlc in the long-term
follow-up of patients with CCS.

In conclusion, in nondiabetic patients with CCS,
HbA1c, which shows the long-term glycemic index, is
associated with severe coronary artery lesions detected
in CTA. Controlling the HbAlc values of patients
while planning diagnostic coronary CTA may be a
guide in patients with suspected nondiabetic CAD.

Ethics Committee Approval: The study protocol was
approved by the Bakir¢ay University Medicine Faculty Ethics
Committee (date: 03.08.2022, no: 684). The study was
conducted in accordance with the principles of the Declaration

of Helsinki.

Patient Consent for Publication: A written informed
consent was obtained from each patient.

Data Sharing Statement: The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Author Contributions: Idea/concept, design, control/
supervision, critical review: M.K., Data collection and/or
processing, analysis and/or interpretation, references and
fundings, materials: F.S.Y.; Literature review, writing the

article: F.S.Y., M.K.

Cardiovascular Surgery and Interventions, an open access journal

Cardiovasc Surg Int

Conflict of Interest: The authors declared no conflicts
of interest with respect to the authorship and/or publication
of this article.

Funding: The authors received no financial support for

the research and/or authorship of this article.

REFERENCES

1. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato
E, Funck-Brentano C, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes.
Eur Heart ] 2020;41:407-77.

2. Dar MI, Beig JR, Jan I, Shah TR, Ali M, Rather HA, et al.
Prevalence of type 2 diabetes mellitus and association of
HbA1lc with severity of coronary artery disease in patients
presenting as non-diabetic acute coronary syndrome. Egypt
Heart ] 2020;72:66.

3. Giizel T, Kig M, Sendz O. The relationship between left
ventricular diastolic dysfunction and hemoglobin Alc
levels in the type 2 diabetes mellitus patient population.
Cardiovascular surgery and interventions 2022;9:97-103.

4. Goksedef D, Omeroglu SN, Denli Yalva¢ E§, Bitargil M,
Ipek G. Is elevated HbAlc a risk factor for infection after
coronary artery bypass grafting surgery? Turk Gogus Kalp
Dama 2010;18:252-8.

5. Timmer JR, Hoekstra M, Nijsten MW, van der Horst IC,
Ottervanger JP, Slingerland R]J, et al. Prognostic value
of admission glycosylated hemoglobin and glucose in
nondiabetic patients with ST-segment-elevation myocardial
infarction treated with percutaneous coronary intervention.
Circulation 2011;124:704-11.

6. Hong LF, Li XL, Guo YL, Luo SH, Zhu CG, Qing P, et al.
Glycosylated hemoglobin Alc as a marker predicting the
severity of coronary artery disease and early outcome in
patients with stable angina. Lipids Health Dis 2014;13:89.

7. Ikeda N, Iijima R, Hara H, Moroi M, Nakamura M, Sugi
K. Glycated hemoglobin is associated with the complexity
of coronary artery disease, even in non-diabetic adults. J
Atheroscler Thromb 2012;19:1066-72.

8. Habib S, Ullah SZ, Saghir T, Syed Muhammad A, Ud Deen Z,
Naseeb K, et al. The association between hemoglobin Alc and
the severity of coronary artery disease in non-diabetic patients
with acute coronary syndrome. Cureus 2020;12:e6631.

9. Adeoye S, Abraham S, Erlikh I, Sarfraz S, Borda T, Yeung
L. Anemia and hemoglobin Alc level: Is there a case for
redefining reference ranges and therapeutic goals? BJMP
2014;7:a706.

10. Garg N, Moorthy N, Kapoor A, Tewari S, Kumar S, Sinha
A, et al. Hemoglobin A(lc) in nondiabetic patients: An
independent predictor of coronary artery disease and its
severity. Mayo Clin Proc 2014;89:908-16.

11. Ayhan SS, Tosun M, Ozturk S, Alcelik A, Ozlu MF,
Erdem A, et al. Glycated haemoglobin is correlated with
the severity of coronary artery disease independently of
traditional risk factors in young patients. Endokrynol Pol
2012;63:367-71.

WWW. G-C\'Fi.()l"g



Yurdam FS and Kig M. Hemoglobin Alc and chronic coronary syndrome

12. Kis M, Guzel T. Relationship between hemoglobin Alc
and fractional flow reserve lesion severity in non-diabetic
patients. J Coll Physicians Surg Pak 2022;32:4-8.

13. Gillery P. Oxidative stress and protein glycation in diabetes
mellitus. Ann Biol Clin (Paris) 2006;64:309-14.

14. Haring R, Baumeister SE, Lieb W, von Sarnowski B, Vélzke
H, Felix SB, et al. Glycated hemoglobin as a marker of
subclinical atherosclerosis and cardiac remodeling among
non-diabetic adults from the general population. Diabetes
Res Clin Pract 2014;105:416-23.

15. Kayali Y, Ozder A. Glycosylated hemoglobin Alc predicts
coronary artery disease in non-diabetic patients. ] Clin Lab
Anal 2021;35:€23612.

16. Sarwar N, Aspelund T, Eiriksdottir G, Gobin R, Seshasai
SR, Forouhi NG, et al. Markers of dysglycaemia and risk
of coronary heart disease in people without diabetes:

Cardiovascular Surgery and Interventions, an open access journal

17.

18.

19.

Reykjavik prospective study and systematic review. PLoS
Med 2010;7:e1000278.

Kaya H, Ertas F, Oylumlu M, Akil MA, Simsek Z, Alan S.
The relationship of the glycosylated hemoglobin Alc levels
with the severity of the coronary artery disease in non-
diabetic stable angina patients. ] Am Coll Cardiol 2013;62
(18_Supplement_2):C211.

Dutta B, Neginhal M, Igbal F. Glycated hemoglobin
(HbAlc) correlation with severity of coronary artery
disease in non-diabetic patients - A hospital based study
from North-Eastern India. ] Clin Diagn Res 2016;10:0C20-
0C23.

Ashraf H, Boroumand MA, Amirzadegan A, Talesh SA,
Davoodi G. Hemoglobin A1C in non-diabetic patients: An
independent predictor of coronary artery disease and its
severity. Diabetes Res Clin Pract 2013;102:225-32.

WWW.e-Cvsi .org



