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Abstract

Background: Glycated hemoglobin values reflect two to three months average
endogenous exposure to glucose including postprandial spikes in blood glucose level and
have low intra-individual variability particularly in non-diabetic patients. Elevated
hemoglobin A1C is regarded as an independent risk factor for CAD in patients with or
without DM, The purpose of this study is to determine the correlation between the level of
Glycated hemoglobin (HbAlc), and the severity of coronary artery disease in non-diabetic
patients.

Study design and methods: The study included four hundred and eight patients referred
to coronary angiography in two tertiary centers. All patients were subjected to complete
medical history, physical examination and full labs including HbAlc. Transthoracic
echocardiogram and coronary angiography were done andthe Gensini score was
calculated.Normally distributed continuous variables will be represented as mean £SD, or as
the percentage of the sample. Comparison between high and low risk groups was doneusing
two-tailed unpaired student t test for continuous variables and thePearson's chi-square test for
categorical variables.

Results: two hundred and ninety two patients (71.6%) high risk group and 28.4% were low
risk group. High risk group had HbAlc(HbAlc 5.7 — 6.4%) mg% with mean Hb Alcof 6.1+
0.3.The mean Gensini score was 39.9+ 34.9. The level of Ho Alc was positively correlated with
Gensini score (r=0.243, P<0.05,) and RWMSI (r=0.103, p=0.038) and negatively correlated
with LVEF(r= -0.146, p=0.003).

Key words:Non-diabetic patients - Coronary artery disease - Cardiovascular diseases -

Glycated hemoglobin.
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Introduction

Among the known risk factors for cardiovascular disease, diabetes mellitus (DM) ranks as
one of the most potent. The excess risk for cardiovascular disease is two to eight folds higher
in patients with diabetes mellitus compared to non diabetic individuals of similar age, sexand
ethnicity 1, 2. It has also been recognized that high normal fasting blood glucose and
increasing hemoglobin A1C lewvels in individuals without diabetes mellitus are risk factors for

cardiovascular events and subclinical atherosclerosis *' *.

Glycated hemoglobin values reflect two to three months average endogenous exposure to
glucose including postprandial spikes in blood glucose level and have low intra-individual
variability particularly in non-diabetic patients > © New clinical practice recommendation
from the American Diabetes Association advocates the use of hemoglobin Alc in diagnosis
of diabetes mellitus largely on the basis of the established association between Glycated

hemoglobin and microvascular disease.” % °

Elevated hemoglobin ALC is regarded as an independent risk factor for Coronary artery
disease (CAD) in patients with or without DM, whereas levels of hemoglobin Alc less than

7% deemed appropriate for reducing risk of vascular complications.°

The level of hemoglobin Alc has been correlated with number of vessels significantly

11,12 Moreover, it has been found that the

diseased at time of coronary angiography
prevalence of elevated hemoglobin Alc levels in patients undergoing coronary artery bypass
grafting is high'®. Thus; the level of hemoglobin Alc may be correlated with the severity of

coronary artery disease innon diabetic individuals.
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Aim of the work

The aim of this work was to assess the relationship between the level of HbAlc and the
severity of CAD, assessed by the Gensini score, among non-diabetic patients referred to

coronary angiography as indicated clinically.
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Chapter 1

Glycated Hemoglobin

There has been long-standing interest in the use of HbAlc values for screening and
identification of impaired glucose tolerance (IGT) and diabetes*®.HbAlc values were not
previously recommended to diagnose diabetes because of variation in HbAlc assays.
However, the National Glycohemoglobin Standardization Program (NGSP) has standardized
more than 99 percent of the assays used in the United States to The Diabetes Control and
Complications Trial (DCCT) standard. A strict quality control program has improved

precision and accuracy ofassays in the US and many international assays.

An International Expert Committee issued a consensus report in June 2009, recommending
that an HbAlc level >6.5 percent be used to diagnose diabetes and the ADA affirmed this
decision’®. The diagnosis should be confirmed with a repeat HbAlc. In making the
recommendation, the report noted several technical advantages of the HbAlc assay over
glucose testing, increased patient convenience (since there is no special preparation or timing
required for the HbAlc test), and the correlation of HbAlc levels with retinopathy. The
report also noted that if an HbAlc test is either unavailable or uninterpretable, for example
owing to rapid red cell turnover with anemia, the previous diagnostic methods and criteria,

using glucose testing, should be used.

HbAlc, FPG, and OGTT as PREDICTORS OF DIABETES MELLITUS

Although the natural history of IFG (impaired fasting glucose) and IGT is variable,
approximately 25 percent of subjects with either will progress to diabetes over three to five
years ®. Subjects with additional diabetes risk factors, including obesity and family history,

are more likely to develop diabetes.

HbAlc values may also be used to predict the incidence of type 2 diabetes. As anexample,
in a prospective cohort study of 26,563 women followed for 10 years, baseline HoAlc level
was an independent predictor of type 2 diabetes, even at levels considered to be within the
normal range!’. In those individuals with baseline HbAlc in the highest quintile (HbAlc
>5.22), the adjusted relative risk of diabetes was 8.2, 95% CI 6.0 to 11.1
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HbAlc criteria for identifying patients with impaired glucose regulation were derived
using data from NHANES 2005 to 2006 . Compared with other cut points, an HbAlc cut
point of 5.7 percent had the best sensitivity (39%) and specificity (91 %) for identifying cases
of IFG (FPG >100 mg/dL [5.6 mmol/L]).

Although most of the high risk groups have been defined categorically (e.g. IFG or IGT),
the risk for dewveloping diabetes follows a continuum across the entire spectrum of
subdiabetic glycemic values. Higher fasting or (2 hours oral glucose tolerance test) 2-h

OGTT glucose values or higher HbAlc values convey higher risk than lower values.
ESTIMATION OF MEAN BLOOD GLUCOSE

It has been known since the 1970s that glucose can attach to many proteins via a non-

enzymatic, post-translational process 8. This occurs in two stages:

- Avreversible reaction leads to the formation of an aldimine (or Schiff base).
- This is followed by an Amadorirearrangement to forman irreversible ketoamine.
A transient elevation in blood glucose concentration can lead to the formation of a large
quantity of aldimines. This reaction reverses if the concentration returns to normal. However,
formation of the ketoamine is irreversible because glucose remains permanently attached to

the protein until it is metabolized.
HbAlc

The most widely used clinical test is measurement of HbAlc. Hemoglobin formed in new
red blood cells enters the circulation with minimal glucose attached. However, red cells are
freely permeable to glucose. As a result, glucose becomes irreversibly attached to
hemoglobin at a rate dependent upon the prevailing blood glucose concentration.
Approximately one percent of erythrocytes are destroyed every day, while an equal number
of new ones are formed. Thus, the average amount of HbAlc changes in a dynamic way and
indicates the mean blood glucose concentration over the life span of the red cell %%,
Although the HbAlc reflects mean blood glucose over the entire 120 day life span of the red

blood cell, it correlates best with mean blood glucose over the previous 8 to 12 weeks.

This relationship has been demonstrated in several studies that have calculated average
glucose on the basis of frequently measured, usually capillary, glucose levels 21?2, As

examples:
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- DCCT estimated the mean blood glucose concentrations derived from seven
measurements a day (before and 90 minutes after each of the three major meals, and
before bedtime), performed once every three months, and compared the average
glucose concentration with HbAlc values in patients with type 1 diabetes %*. A
relatively strong correlation was noted, and HbAlc values could be translated into a
comparable average glucose level.

- A much smaller study captured average glucose by using continuous glucose
monitoring (CGM) over three months in 25 participants (type 1 and type 2 diabetics
and non-diabetic subjects) and compared the calculated average glucose levels to
the HbAlc at three months 3.

- A large international study (A1C-Derived Average Glucose, or ADAG study)
calculated average glucose levels in 507 subjects (268 type 1, 159 type 2, and 80
non-diabetic), using similar methods (CGM) as the study described above, and
established a reliable regression equation that can be used to translate Ho Alc results
into an estimated average glucose value.?*

Studies suggest that HbAlc values may also be helpful in the diagnosis of impaired
glucose tolerance or overt diabetes mellitus, being simpler to perform and to repeat than the

oral glucose tolerance test.

Assay

In the past, the results of the DCCT could not be extrapolated widely because of
differences in methodology and a lack of standardization among laboratories?®. The NGSP
has standardized more than 99 percent of the assays used in the United States to the DCCT
standard?®. A strict quality control program has improved precision and accuracy of assays in

the US and many international assays.

In addition, a new reference method has been established that will provide for even more
reliable worldwide standardization of all HbAlc assays®’. With this new reference system,
HbALc results will be reported globally in SI (Systeme International) units (mmol/mol) and
derived NGSP units (the same values as reported currently as percent of total hemoglobin)

using a master equation.
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The estimated average glucose (€AG) (mg/dL or mmol/L)
It is a more relevant term for patients who self-monitor blood glucose. If there are
differences in the eAG derived from the HbAlc result and the meter-calculated average

glucose, further exploration is required. As anexample:

- Ifthe eAG is higher than the patient’s meter calculated average glucose, it is possible
that fingerstick testing is not being performed at times when the blood glucose is
highest, e.g. after meals.

- If the eAG is lower than the meter average, a patient may be having undetected
periods of low blood glucose, most often nocturnal hypoglycemia. Insuch cases, the

timing of fingerstick blood glucose monitoring requires adjustment.

Sources of error
Although the international standardization of the HbAlc assay has decreased potential
technical errors in interpreting HbAlc results, there are other biological and patient-specific

factors that may cause misleading results.?®

- HbAlc values are influenced by red cell survival. Thus, falsely high values in relation
to a mean blood glucose values can be obtained when red cell turnover is low,
resulting in a disproportionate number of older red cells. This problem can occur in
patients with iron, vitamin B12, or folate deficiency anemia.

- Onthe other hand, rapid red cell turnover leads to a greater proportion of younger red
cells and falsely low HbAlc values. Examples include patients with hemolysis and
those treated for iron, vitamin B12, or folate deficiency and patients treated with
erythropoietin.?®3° Depending upon the methodology, the values may be high in

).31

patients with abnormal hemoglobins (such as HbF and HbS However, many

methods for measuring Hb Alc are no longer affected by hemoglobin variants.

- HbAlc values may be falsely elevated or decreased in those with chronic kidney
disease. False elevations may be due in part to analytical interference from
carbamylated hemoglobin formed in the presence of elevated concentrations of urea,
leading to false elevations in the Hb Alc level with some assays. False decreases in
measured HbAlc may occur with hemodialysis and altered red cell turnover,

especially in the setting of erythropoietin treatment.




