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Abstract

Background: Glycated hemoglobin (HbA1c%) is a de-
pendable indicator of glycemic status in both diabetic and
non-diabetic patients and a good indicator of Coronary Artery
Disease (CAD) presence and its severity.

Aim of Work: Correlating (HbA1c%) level with the
severity of acute coronary syndrome presentation, degree of
affection of systolic and diastolic function of the cardiac
muscle measured by TTE and degree of coronary vasculature
affection as shown by diagnostic coronary angiography, in
non-diabetic patients.

Methodology: A cross sectional study conducted from
May 2016 to April 2017, at Cardiovascular Medicine Depart-
ment, Tanta University Hospitals in Gharbia Governorate,
Egypt. 123 non-diabetic patients presented to our CCU with
Acute Coronary Syndrome (ACS), had Trans-Thoracic
Echocardiography (TTE), diagnostic coronary angiography
and SYNTAX score was calculated based on its results.
HbA1c% level was measured and correlated to previous
parameters.

Result: Patients was divided into 3 tertiles according to
their HbA1c% level, < 5.5, 5.6-5.9 and 6-6.4. Significant
relationship was detected between HbA1 c% level and severity
of ACS presentation. Moderate positive correlation was found
between HbA1c¢% level and SYNTAX score (7.=0.504, p=
0.001). Also, moderate positive correlation was found between
(HbA1c%) level and number of affected coronary vessels as
detected by diagnostic coronary angiography ( 7.=0.397, p=
0.001). Moderate negative correlation was found between
(HbA1c%) level and LV systolic function as measured by
simpson method through TTE (7.=-0.466, p=0.001).

Conclusion: HbA1c% level is a fundamental marker for
chronic glycemia and could be utilized as an independent
predictor of CAD presence, severity of acute emergent pres-
entation and degree of cardiac muscle affection due to CAD
even in non-diabetic individuals.
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Introduction

THE relationship between cardiovascular diseases
and glucose metabolism has drawn a lot of attention
for decades. The central part of this attention was
paid towards the relationship between those dis-
eases and Diabetes Mellitus (DM) which is by far
the most important systemic metabolic disease we
have ever known [1,2].

Although DM is a prominent risk factor for
Coronary Artery Disease (CAD) [3.4], new infor-
mation is now available suggesting the need for a
careful consideration not only of DM, but also of
other disturbances of glucose metabolism, such as
Impaired Glucose Tolerance (IGT), which is now
considered an independent risk factor for cardio-
vascular disease morbidity and mortality [5].

In the last years, many studies have shown that
HbA1c% is a better indicator of CAD presence
and severity than other glycemic variables [6,7].
HbA1c% also reflects the glycemic metabolic state
in the preceding months. So, it has been used to
assess efficiency of DM control [8]. Now, it has
become one of the most commonly used measure
of chronic hyperglycemia in epidemiological stud-
ies and clinical trials [9]. In addition, HbA1C%
level of 6.5% or more, is considered a diagnostic
criterion for presence of DM in a patient [10].

Another strong point for HbA1C% is that
its level can reflects post-prandial spikes in the
blood glucose level [11]. Post-prandial hyperglyc-
emia has been strongly related to DM complica-
tions. However, patients with postprandial hyper-
glycemia do not always present with a high fasting
blood glucose value [12] . In these patients, fasting
blood glucose may underestimate the severity of
gluco-metabolic affection. This phenomenon gives
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superiority to HbA 1 C% over fasting glucose for
long-term macro-vascular risk stratification [13].

Elevated HbA1C% levelsin diabetic patients
are not only associated with higher cardiovascular
events and mortality, but also strongly associated
with increased all-cause mortality [14]. It is now
well-established that elevated HbA 1¢% is associ-
ated with presence of CAD and severity of its
morbidity and mortality even in non-diabetics [15].

Many studies reported the relationship between
HbA 1c% and stable CAD in non-diabetics, but
few studies focused exclusively on the relationship
between HbA 1c% and Acute Coronary Syndrome
(ACS) and severity of its presentation in non-
diabetic patients.

Subjectsand Methods

A cross-sectional study carried-out in Cardio-
vascular Medicine Department, Tanta University
Hospitals, from May 2016 to April 2017. The study
included 123 non-diabetic patients presented to
our CCU in Cardiology Department of Tanta Uni-
versity Hospitals with ACS. All patients received
proper emergency care. TTE and diagnostic coro-
nary angiography were done as part of their man-
agement.

Exclusion criteria were: (1) Known diabetics
(on/off medications). (2) Patients with chronic
stable CAD.

For all included patients, the following were done:

* Detailed history taking, general and local exam-
inations.

* Urgent Electro-Cardiogram (ECG) with cardiac
bio-markers testing (high-sensitivity troponin).

» Categorization of clinical presentations of patients
to either unstable angina, Non-ST Elevation
Myocardial Infarction (NSTEMI) or ST Elevation
Myocardial Infarction (STEMI).

* Laboratory essays included: renal profile, random
blood sugar, fasting blood sugar and HbA1c%
for all patients.

* TTE was performed by competent echocardio-
graphic performersto evaluate both diastolic and
systolic functions. Systolic function (Ejection
Fraction=EF) was assessed using simpson meth-
od. Resting Segmental Wall Motion Abnormali-
ties (RSWMAS) were assessed in all TTE views.

» Coronary angiography was performed by Judkin's
technique. Two experienced cardiol ogists ana-
lyzed the results to figure out the number of
coronary artery stenosis.
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* The synergy between PCl with TAXUS and car-
diac surgery (SYNTAX) score was applied, in-
terpreting the coronary angiographic findings to
assess complexity of coronary tree affection.
According to the diagnostic angiogram, each
coronary lesion creating a stenosis obstructing
>50% of the diameter in vessels >1.5mm was
scored separately, and these scores were added
together to produce the overall SYNTAX score,
which was calculated using SYNTAX algorithm.
This algorithm is available on the SYNTAX
website [16].

Statistical presentation and analysis of the
present study was conducted, using the mean,
standard deviation and chi-square tests by SPSS.
V. 20. Numerical data was presented as mean and
Standard Deviation (SD) and categorical data was
presented as number and percentage. Chi-square
test was used for statistical analysis. When the chi-
squared test was not appropriate, the Fisher likeli-
hood ratio test was applied. The level of signifi-
cance was adopted at p<0.05.

Subjects were informed about the purpose,
procedure and benefits of the study. Ethical con-
siderations were carried out according to Helsinki
Declaration.

Results

The study population was stratified according
HbA1c% into tertiles: (1 st) HbA1c% <5.5% (n=47),
(2nd) HbA 1c%=5.6-5.9% (n=35), (3 rd) HbA1c%=
6.0-6.4% (n=41).

Age of the study participants ranged from 28-
81 with amean of 56.2+11.6 years old. More than
two thirds (71.5%) of them were males. Hyperten-
sive patients represented 53.7% of all study patients.
As regard smoking, more than half (59.3%) of the
patients were smokers. Asregard cholesterol level,
30.9% of the patients had cholesterol level >200
mg/dl. 19% of the patients had family history of
pre-mature coronary heart diseases (Table 1).

Fasting glucose level ranged from 75 to 124
mg/dl with amean of 105.2% 10.6 as the study
included only non-diabetic patients. Serum creat-
inine level among study patients ranged from 0.6
to 9.0 (mg/dl) with amean of 1.26+0.79. CK-MB
ranged from 5 to 313 with amean of 87.73+64.14.
Regarding Troponin, it was positive in 73.2% of
the study patients.

When patients were distributed according to
ACS presentation, we found that nearly two thirds
(65.8%) of them were presented with STEMI, one
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sixth (17.1%) of them presented with NSTEMI
and one sixth (17.1%) of them presented with
Unstable Angina (Table 3).

More than half of the patients (56.1%) of the
patients had Ejection fraction <50% by Simpson
method. Asregard diastolic dysfunction, Grade |
diastolic dysfunction represented 71.5%, Grade |
represented 25.2%, and Grade |11 represented 3.3%
of study patients (Table 4).

Affection of one coronary epi-cardial vessel
only was found in 38.2% of the patients. While
34.1% of the patients had two-vessel disease, 26.0%
had three-vessel disease (Table 5).

SYNTAX score among study patients ranged
from 5-35 with amean of 15.13+7.01.

Highest percentage of hypercholesterolemia
(48.8%) was present in patients with HbA1c%
level ranging from 6-6.4% (the 3rd tertile) and
there was statistically significant relationship be-
tween HbA 1c% level and hyperchol esterolemia.
The highest serum creatinine level was also present
among the patients of the third HbA 1 c% tertile (6-
6.4%) (Table 6).

It was found that HbA 1 c% level had a statisti-
cally significant relationship with severity of ACS
presentation. Unstable angina represented the high-
est percentage among patients with HbA1c%
<5.5%. While, patients with STEMI represented
the highest percentage among patientswith HBA 1 ¢
ranging from 6 to 6.4%. (Table 7).

HbA1c% level had a statistically significant
relationship on Ejection Fraction (EF%) estimated
by Simpson method. The percentage of systolic
dysfunction (EF% <50%) as assessed by Simpson
method was as the following; 78.9% in the 3 rd
HbA1c% tertile, 62.9% among 2nd HbA 1¢c% tertile
group, and only 31.9% among 1 st HbA1c% tertile
group. (Table 8).

The mean value of EF% in the studied was
higher in the 1 « tertile (50.92%8.16) and was the
lowest in the 3rd tertile(43.56+ 11.30). (Table 9).

HbA1c% level had a statistically significant
effect on SYNTAX score. the mean of SYNTAX
score among 1 « tertile patients was much lower
than 2nd and 3rd tertiles respectively. (Table 10).

A dtatistically significant positive moderate
correlation was present between HbA 1c% and
SYNTAX score. A statistically significant positive
moderate correlation was present between HbA 1¢c%
and no of affected vessels. A statistically significant
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negative moderate correlation was present between
HbA 1c% and gjection fraction by Simpson method.

It was observed that significant correlation
occurred between severity of acute coronary syn-
drome presentation and HbA1c% level in non-
diabetics continued even after adjustment to other
known risk factors of acute coronary syndrome.
(Table 12).

Table (1): Basic characteristics of the study population.

Characteristics n=(123) (%)
Age:

Range 28-81

Mean £ SD 56.2+116
Gender:

Male 88 715

Femae 35 285
Hypertension 66 53.7
Smoking 73 59.3
Hyperlipidemia:

(Cholesterol level >200mg/dl) 38 309
Family history 19 15.4

Table (2): Laboratory characteristics of the study population.

Characteristics Mean £ SD Range
Fasting glucose level (mg/dl) 105.2£10.6 75-124
Serum creatinine (mg/dl) 1.26£0.79 0.6-9.0
CK-MB (mg/dl) 87.73164.14 5-313
Positive Troponin (no.) 90 (73.2%)

Table (3): Patients distribution according to acute coronary
syndrome presentation.

ACS. presentation No. (%)
Unstable angina 21 171
NSTEMI 21 17.1
STEMI 81 65.8
Total 123 100.0

Table (4): Echocardiographic findings of the study patients.

Echo-cardiographic findings
Systolic function

Ejection fraction (Smpson method):

<50% 69 56.1%

250% 54 43.9%
Diastolic dysfunction:

Grade | 88 71.5%

Gradell 31 25.2%

Grade lll 4 3.3%

Table (5): Number of affected coronary vessels by diagnostic

coronary angiography.
Diagnostic coronary angiographic findings
Number of vessels affected
1 vessel 47 38.2%
2 vessels 42 34.1%
3vessels 32 26.0%
4 vessels 2 1.6%
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Table (6): HbA1c% tertiles and different laboratory findings
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Table (10): Glycated hemoglobin (HbA1c%) and SYNTAX

of the study patients. score.
HBAIc Tertiles HBAIc Tertiles
Variables Ist Tertile 2nd Tertile 3rd Tertile Si& p. SYNTAX Ist Tertile 2nd Tertile 3rd Tertile F p.
<55%  5.6-59% 6.0-6.4%  test score <55%  5.6-59%  6.0-6.4%
(n=47) (n=35) (n=41) (n=47) (n=35) (n=41)
» Hypercholes- 11 7 20 X2 0.006* Mean = S.D 10.55+4.07 17.25+6.88 18.55+7.05 22.228 0.00 1*
t i 49 9 9 .
eremia (23.4%)  (20.0%)  (48.8%) 12.478 *: Statistically significant.
« Serum 1.12+ 1.18+ 1.49+ F 0.060 F: One way Analysis of Variance (ANOVA).
creatinine 0.21 0.47 1.25 2.538
Mean * S.D Table (11): Correlation between (HBA1¢%) and other variables.

: Statistically significant.
X2 : Chi square test.
F : One way Analysis Of Variance (ANOVA).

Table (7): Glycated Hemoglobin (HbA1c%) and Acute Coro-
nary Syndrome (ACS).

HbAIc tertiles

Ist Tertile 2nd Tertile 3rd Tertile 2 p.
<5.5% 5.6-5.9%  6.0-6.4%
(=47)  (n=35)  (n=4l)

Variables

r. p
Correlations
HBAl ¢
Age 0.253 0.005*
SYNTAX score 0.504 0.001 *
No of vessels p 0.397 0.001 *
EF% Simpsons —-0.466 0.001 *

Unstable angina 18 (38.3%) | (2.9%) 2 (4.9%) 28.67 0.001*
NSTEMI 10213%) 6 (17.1%) 5 (12.2%)
STEMI 19 (40.4%) 28 (80.0%) 34 (82.9%)

r.: Pearson correlation.
p: Spearman correlation.
*: Statistically significant.

Table (12): HbA1c% as a risk factor for severity of acute
coronary syndrome adjusted to other common
risk factors.

: Statistically significant.
X2 : Chi square.

Table (8): Relationship between HbA1c¢% tertiles and echo-
cardiographic findings.

HBAIc Tertiles
Variables Ist Tertile 2nd Tertile 3rd Tertile x2  p.
<5.5% 5.6-59%  6.0-6.4%
(n=47) (n=35) (n=41)
* EF (Simpson
method):
<50% 15 (31.9%) 22 (62.9%) 32 (78.9%) 19.831 0.001
250% 32 (68.1%) 13 (37.1%) 9 (22.0%)
* Diastolic
dysfunction:
Grade 1 36 (76.6%) 25 (71.4%) 27 (65.9%) 3.273 0.513
Grade 11 11 (23.4%) 8 (22.9%) 12 (29.3%)
Grade Il 0 (0%) 2 (57%) 2 (4.9%)

¥ Statistically significant.

x~ ¢ Chi square.

Table (9): Glycated hemoglobin tertiles and mean value of
ejection fraction.

HBAIlc Tertiles

Variables Ist Tertile 2nd Tertile 3rd Tertile Si& p.

<55%  5.6-59%  6.0-6.4%  test
(n=47) (n=35) (n=41)

* EF: (Simpson
method) .
Mean £S.D  50.92%8.16 45.19+7.05 43.56+11.30 8.522 0.001*

» Comparing p| P3 p3
groups 0.001* 0.459 0.005%*

Glycated hemoglobin HbA1 c%
Adjusted for age, sex, family history,

ACS hypertension, and cholesterol level
OR (95% CI) p-value
Unstable angina 0.02 (0.04-0.94) 0.001*
NSTEMI 0.285 (0.103-0.790) 0.016*
STEMI 3.506 (1.265-9.718) 0.001*

Discussion

We found that there is significant relationship
between on admission glycated hemoglobin level
HbA1c%) in non-diabetics and presentation of
ACS either unstable angina or NSTEMI or STEMI.
(p-value=0.001). On one hand, the main bulk of
unstable angina cases was found in the first HbA 1 ¢
tertile (non pre-diabetic group). On the otherhand,
the majority of STEMI patients fell into the 2 nd
and 3rd tertiles especially the third one. This sig-
nificant results was similar to findings of Anping
et al., [17]. That study also showed that the levels
of HbA1c% were gradually and significantly higher
in unstable conditions in terms of unstable angina
and acute myocardial infarction in comparison
with chronic stable angina episodes. So, they sug-
gested that increased HbA 1c% level might play a
role in atherosclerotic plaque pro-rupture, as it is
widely known that biologically, glycated hemo-
globin HbA1¢% is an advanced glycosylation end-
product, and increased HbA1¢% level could reflect
more generation of advanced glycosylation end-
product, which might subsequently abundantly
attach to vessel wall causing endothelial dysfunc-
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tion, oxidative stress promotion and eventually
rupture of plague and emergence of ACS.

This significant relationship between ACS and
HbA1c% level in non-diabetics persisted even after
adjustment for other known risk factors of CAD
and confounders such as age, sex and family history,
hypertension and hyperlipidemia.

Statistically significant relationship and negative
moderate correlation were found between on ad-
mission HbA1 c% level and severity of LV systolic
function affection as estimated by Simpson method
(p-value=0.001) through TTE done to ACS patients
during their admission in our department. The
mean value of1 SItEF% in our study population was
higher inthe ~~ tertile (50.92£8.16) and was the
lowest in the 3rd tertile (43.56+ 11.30). Similar
results were found by the study conducted by Saeed
et a., 2016 [18] . In that study, the chosen population
was presenting with unstable angina. Data analysis
revealed that on-admission HbA1c% level was
significantly higher in patients with EF <50% in
comparison with EF >50% group (p-value=0.01).

Statistically significant relationship was found
between on admission HbA 1c% level and severity
of coronary tree affection as shown by diagnostic
coronary angiography done to our ACS patients.
Our results showed that HbA 1 c% level had a sta-
tistically significant relationship (p-value=0.002)
with the number of affected vessels as diagnosed
by coronary angiography. Thisis consistent with
the results of Anping et al., [17] which showed that
there isa significant association between HbA 1 c%
level and the severity of CAD in non-diabetic
population, even after adjustment for traditional
risk factors, and this relationship is independent
of fasting blood glucose.

Our results concerning coronary angiographic
assessment and scoring of our patients are to some
extent similar to Riveraet al., [19] who studied
relation between level of HbA1c% and CAD in
1043 asymptomatic Korean individuals without
DM who underwent 64-dlice cardiac computed
tomography angiography as part of a health screen-
ing evaluation and found that increasing levels of
HbA 1 cinindividuals without DM are associated
with the presence of coronary atherosclerosis [19].
However, his selected popul ation was different, as
they were asympotomatic non-diabetic patients.

Naveen et al., [20] also found similar resultsin
non-diabetic Indian patients referred to have diag-
nostic coronary angiography [20] similar results
were also obtained by Ashraf et a., [21] who en-
rolled 299 consecutive non-diabetic individuals
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undergoing coronary angiography for suspected
ischemia and studied the association between gly-
cated hemoglobin HbA 1c% and angiographically
proven coronary artery disease CAD and its severity
in nondiabetic individuals. They found that with
increasing HbA 1 c% levels, there was a significant
increase in the prevalence of CAD and number of
vesselsinvolved. In multivariate analysis, HbA1c%
emerged as an independent predictor of significant
CAD (OR: 2.8, 95% CI: 1.3-6.2, p=0.009) [21].

VerdoiaM et d., [27], dso evaluated the rela-
tionship between HbA1c% and CAD in agroup of
non-diabetic patients undergoing coronary angiog-
raphy and found that HbA 1c%, not fasting glyc-
emia, was significantly associated with the preva-
lence of CAD (adjusted OR:1.51, 95% CI:1.15,
1.97, p:0.002). Conflicting results were obtained
by Doer et al., [23] who compared HbA 1¢c% with
OGT for early detection of silent diabetes, presence
and progression of angiographically CAD in routine
catheterization laboratory patients. They found no
correlation between HbA 1c% levels and angio-
graphically proven presence or progression of
CAD [23].

In our study, we found a statistically significant
positive moderate correlation between HbA1c%
and SYNTAX score (p-value=0.001) and also sta-
tistically significant positive moderate correlation
was present between HbA 1c% and number of
affected vessels. (p-value=0.001).

Considering this correlation between HbA1c%
and SYNTAX scoring for CAD angiographic se-
verity, our results were similar to results of Yaron
et al., [24]. They evaluated 226 non-diabetic patients
hospitalized with myocardial infarction or stable
angina and underwent coronary angiography.
Glucose intolerance was assessed by serum admis-
sion glucose, fasting glucose and HbA 1c levels.
HbA 1c% was the only gluco-metabolic factor
associated with higher SYNTAX score above 22
(OR=3.03, Cl 95% 1.03-8.9, p=0.04). HbA1c%
was also significantly associated with CAD pres-
entation and severity in subgroup analysis.

Similar results were obtained by Bornali et dl.,
[25] which showed that increasing HbA 1 ¢% level
was strongly correlated with disease severity,
number of diseased vessels and higher SYNTAX
score, in agraded fashion (p<0.001) in non-
diabetics. Also, linear regression analysis showed
that HbA 1 c% values were significantly correlated
with the SYNTAX score. It showed also that with
increasing HbA 1 c% levels, asignificant increase
was noted in the mean number of diseased vessels



430

(p-value <0.001). Similarly there was alinear
correlation between HbA 1 c¢% and number of ves-
selsinvolved (r-0.402 and 0.429; p<0.001) in non-
diabetics [25].

In non-diabetic patients in the study, mean
SYNTAX score significantly increased with in-
creased HbA 1c levels (SYNTAX scores were 6.5,
7.8, 11.5 and 20.22 in patients with HbA1c levels
<4.8, 4.8-5.1, 5.1-5.6 and 5.6 to <6.5 respectively).
In SYNTAX subgroups (<23, 23-32 and >32),
mean HbA1c valueswere 4.9+0.4, 5.7+0.3 and
6.0£0.92 respectively [25].

Ghaffari et al., [26], studied coronary angio-
graphic findings and multi-vessel involvement
based on HbA 1¢% quartiles in non-diabetics. Non-
diabetic patients with HbA1c >5.8% had twice
more chance of having triple-vessel diseases [Odds
Ratio (OR)=2.21, 95% CI 1.34-3.65; p=0.002] [2s].

Sasso et al., [27] also found that HbA1c% levels
in patients with normal glucose tolerance are sig-
nificantly higher in those with more severe CAD
disease.

Kowalskaet al., [28] observed that those with
advanced damage in the coronary arteries experi-
enced a higher prevalence of glycemic disturbances.
The authors observed that level of HbA1c% is
significantly, but not independently, correlated
with the number of involved vessels [2g] thissig-
nificant correlation between glycated hemoglobin
HbA1c% and CAD severity were also found when
CAD severity was assessed by Gensini score [21].
That study was designed as a preval ence study and
hence does not attempt to offer a pathogenic ex-
planation for the relationship between glucose
metabolism and CHD in non-diabetic patients. In
this regard, some authors suggested that advanced
glycation end products could play a pathogenic
role by impairing cytokine production, [29] mono-
cyte activation [30] or endothelial function.
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