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D ABsTRACT

Objective: To correlate estimated average glucose (eAG) with glycated hemo-
globin (HbA1c) among patients referred from medical and surgical OPDs.

Methodology: This cross-sectional study was carried out between January
2016 to July 2017 at the Department of Pathology and Medicine, PNS HAFEEZ
Hospital, in collaboration with Department of Chemical Pathology, AFIP. A total
of 110 males and 122 females were finally selected for inclusion in the study.
They were sampled for fasting plasma glucose, HbA1c and insulin levels. Esti-
mated average glucose (eAG) was calculated as per Alc derived average glu-
cose (ADAG) formula; while insulin resistance was calculated as per the recom-
mendations of Matthew's et al.

Results: Pearson’s correlation measured between eAG with age, fasting plasma
glucose (FPG) and HbA1c were as: [Age: r =0.032 (p =0.629)], [FPG: r =0.547 (p
<0.001)], [HOMA-IR: r =0.259 (p <0.001)]. The comparison of various groups
based upon FPG results, eAG derived from ADAG equation depicted an increas-
ing trend from group-1 to group-4 as: Group-1 (n =117): [6.17 (95% Cl: 5.92-
6.42)], to group-2 (n =45): [6.36 (95% Cl: 6.02-6.70) ], to group-3 (n =43): [6.79
(95% CI: 6.41-7.18)], to group-4 (n =23): [8.66 (95% CI: 7.61-9.70)], (p <0.001).

Conclusion: Estimated average glucose (eAG) utilizing HbA1c demonstrated
significant positive correlation with fasting plasma glucose.
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D NTRODUCTION

Though human species had for centuries been fight-
ing various nutritional deficiency disorders and infec-
tions; diabetes mellitus has emerged as the current day
plague of today’'s civilization where not dearth rather
exuberance in food supplies has appeared as the major
source of morbidity and mortality’. Though the riches
and developed societies had been facing this disease
of metabolism for some time, the recent diabetes pan-
demic is fast challenging the emerging economies and
developed worlds. Unlike the therapeutics side of the
disease where multiple options seem to be now avail-
able in physician’s hand, the diagnosticians still remain
dependent upon blood glucose based modes of test-
ing including fasting plasma glucose, oral glucose tol-
erance, post-prandial glucose and continuous glucose
monitoring.

Glycated hemoglobin (also termed as HbA1c and
sometimes just Alc) has been introduced lately to
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the physician’s arsenal to monitor the diabetic control
among patients. However, the American Diabetic As-
sociation (ADA) has now recommended extension of
its role from monitoring diabetic control to diagnostic
use?. Although this new dimension to HbA1c has broad-
ened its clinical utility, but the clinician in office and pa-
tients at large still try to correlate the 2 measures i.e,
HbA1c and plasma glucose together to have a simpli-
fied version of understanding regarding diabetes both
in terms of diagnosis and management. Nathan et al®
in this regard has a suggested a mathematical equa-
tion to provide an eAG (estimated average glucose)
which relies upon the HbA1c results, which is current-
ly being recommended for both patients with or with-
out diabetes, types of diabetes mellitus and across all
races and ethnicities. Moreover, various endorsements
of this mathematical HbA1c models for predicting pa-
tient's average blood glucose have also been received
by International Diabetic Federation (IDF), American
Association of Clinical Chemistry (AACC), International
Federation of Clinical Chemistry (IFCC) and European
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Association for Study of Diabetes (EASD)*. Contrary to
the promise and the over-simplicity which eAG pro-
vides in clinics, counter-narratives to its use have also
emerged®. Literature review also suggests that the role
of other factors like age, gender, race and genetics are
important in the buildup of HbA1c. Bergenstal et al®
have demonstrated black subjects to have higher Alc
values than white subjects at levels of plasma glucose
lower than white population.This dimension of A1c-glu-
cose axis becomes even more significant as the people
from Asians and specifically from sub-continental re-
gion have been suggested to have a more diabetogenic
phenotype and varying hemoglobin glycation rates in
comparison to their Caucasian counterparts from where
most data has evolved’®.

Finally the role of genetics can’t be undermined
where it is believed that population differences due
to epigenetic changes can have affect on various en-
zymatic pathways linking hemoglobin glycation rates,
deglycation by amadoriases and factors like glyca-
tion gaps(GG)*'". Furthermore, we had to realize the
sub-continental phenotype in broader physiological
clarity where anemia causing lower hemoglobin levels,
a society with growing urbanization trends and endem-
ic vitamin deficiencies thus could present a different
or an alternative picture for this Alc-glucose link 1213,
Though some aspects of glycated hemoglobin have
been discussed on pakmedinet.com but still the authors
were not able to find studies discussing HbA1c results
associated with eAG in our set up.

Keeping in view the non-availability of local research
on this subject and probable differences in regional
prevalence of diabetes mellitus, we decided to correlate
our HbA1c results with Alc derived average glucose
(ADAG) equation providing eAG for its further applica-
tion in our set up.

I veTHODOLOGY

This cross-sectional study was carried out between
January 2016 to July 2017 at the Department of Pathol-
ogy and Medicine, PNS HAFEEZ Hospital, in collabo-
ration with Department of Chemical Pathology, AFIP.
The target population was subjects who were referred
from medical and surgical OPDs for evaluation of their
fasting plasma glucose in exact medical fasting status.
These subjects were briefed regarding participation into
the study, study objectives, ethical considerations and
purpose of research followed by signing a written con-
sent Performa.

Non-probability convenience sampling strategy was
employed to select individuals for sampling. History
and clinical examination was carried out along with re-
cording of blood pressure and various anthropometric
indices. Subjects who had some chronic ailment, diabe-
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tes mellitus on medication, using some other medica-
tion which can alter glucose measurements, pregnancy
or having an inappropriate medical fasting status were
excluded from the study. Finally selected (n=232) sub-
jects were enrolled and sampled for blood.

10 ml of blood was drawn into plain tubes, ethylene
diamine tetra acetic acid (EDTA) bottles and sodium flu-
oride bottles for estimation of fasting plasma glucose
(FPG), serum insulin and HbA1c. 04 samples for insu-
lin and glycated hemoglobin were not included due to
hemolysis or quantity was not sufficient. Glucose was
analyzed by GOD-PAP method. Glycated hemoglobin
was measured by fast ion-exchange resin separation
method. Serum insulin was measured using chemilumi-
nescence’s technique on Immulite® 1000. Homeostatic
model assessment for insulin resistance (HOMA-IR) was
calculated as per the method of Mathew's et al™. Keep-
ing in view of the total E-8 sector population around
10000, 95% confidence interval and with 20% popula-
tion proportion, sample size was estimated to be around
240. Estimated Average Glucose (eAG) was derived from
ADAG equation as per Nathan et al’: estimated average
glucose (eAG)in mmol/L =1.583 (HbA1c-2.52).

All data were entered into Excel program (Microsoft
office-2007) and later moved into SPSS version-15. De-
scriptive statistics in terms of mean +SD intervals were
calculated for age. Parameters including age, fasting
plasma glucose, HbA1c and HOMA-IR were evaluated
for differences in gender by utilizing t-statistics. Pear-
son’s correlation was calculated for age, eAG, fasting
plasma glucose, HOMA-IR and HbA1c. Then the results
of fasting plasma glucose were grouped into 4 catego-
ries as Group-1 (fasting plasma glucose <5.1 mmol/L),
Group-2 (fasting plasma glucose 5.1-5.5 mmol/L),
Group-3 (fasting plasma glucose 5.6-6.9 mmol/L) and
Group-4 (fasting plasma glucose >6.9 mmol/L). Results
of eAG, HOMA-IR and HbA1c were analyzed for differ-
ences between the above groups by one way ANOVA. A
p value of <0.05 was kept as significant.

D RresuLts

Our sample had 110 males (mean age =47.98 +11.30
years) and 122 females (Mean age =45.27 +12.42 years).
Glycated hemoglobin and eAG as per ADAG formula
(mmol/L) showed slightly higher results among females
as depicted in Table 1. eAG demonstrated maximum
correlation with fasting plasma glucose as demonstrat-
ed in Table 2.

The differences between HbA1c% across various
groups formulated on the basis of fasting plasma glu-
cose demonstrated a periodic worsening from normo-
glycemia to hyperglycemia as depicted in figure 1. Fig-
ure 2 shows a gradual worsening of insulin resistance as
measured by HOMA-IR from group-1 to group 4. The
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Table 1: Gender differences for age, HbA1c, HOMAIR, eAG and fasting plasma glucose

Variables Gender Frequency Mean SsD P value
Male 110 47.98 11.30
Age (years) 0.085
Female 122 45.27 12.42
Male 108 5.60 1.01
HbA1c (%) 0.017
Female 120 5.91 0.93
Male 108 247 2.80
HOMA-IR 0.188
Female 120 3.14 4.60
Mal 108 6.34 1.60
eAG as per ADAG ale 0.041*
Criteria (mmol/L) Female 120 6.78 1.61
Fasting Plasma Male 110 5.86 2.61
0.127
Glucose (mmol/L) Female 122 541 1.87

*Data analyzed by independent sample t-statistics

Table 2: Pearson’s correlation as measured between eAG with age, fasting plasma glucose and HbA1c

Pearson’s Age Fasting Plas- eAG. (AI?AG
Parameters Correlation (years) ma Glucose | HOMA-IR | HbA1c (%) Criteria)
(mmol/L) (mmol/L)
Pearson's Correlation 1 -0.013 0.052 0.028 0.032
Age (years) Sig. (2-tailed) 0.847 0.431 0.669 0.629
n 232 232 228 228 228
Fasting Plas- Pearson's Correlation -0.013 1 0.466** 0.568** 0.547**
ma Glucose Sig. (2-tailed) 0.847 0.000 0.000 0.000
(mmol/L) n 232 232 228 228 228
Pearson's Correlation 0.052 0.466** 1 0.282** 0.259**
HOMA-IR Sig. (2-tailed) 0.431 0.000 0.000 0.000
n 228 228 228 224 224
Pearson's Correlation 0.028 0.568** 0.282** 1 0.970**
HbA1c (%) Sig. (2-tailed) 0.669 0.000 0.000 0.000
n 228 228 224 228 228
eAG (ADAG) Pearson's Correlation 0.032 0.547** 0.259** 0.970** 1
Criteria Sig. (2-tailed) 0 629 0.000 0.000
(mmol/L) n 228 228 224 228 228

** Correlation is significant at the 0.01 level (2-tailed)

comparison of various groups based upon FPG results,
eAG (ADAG equation) depicted an increasing trend
from group-1 to group-4 as shown in Figure 3.

I piscussioN

Our study demonstrated that the results of HbA1c
derived ADAG measures i.e. eAG showed a significant
correlation with fasting plasma glucose and this mea-
sure also showed a slight degree of significant positive
correlation with insulin resistance. Kim et al™ and Boz-
kaya et al'® have shown correlations coefficients from
0.672 and 0.757 for eAG with FPG which are close but
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slightly higher than our results. Our data shows that
these calculated eAG results probably signifies the rela-
tionship between glucose-Alc axis. However, research-
ers like Hempe et al'” and Chalew et al'® have not shown
eAG to be a worthwhile clinical marker for clinical use.
These contrasts in some studies can be expalined as:
firstly, these studies have utilized self-monitored mean
blood glucose (SMBG) rather than FPG as it is believed
that average of daily peaks and troughs could be more
variable as well as instrument and haemoconcentration
dependent; while FPG can represent a sum of uniform
biological behavior over a prolonged duration of time
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Figure 1: Differences in HbA1c (%) among formulated groups based upon fasting plasma glucose
(P <0.001)
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Figure 2: Differences in insulin resistance calculated as per HOMA-IR index among formulated groups
based upon fasting plasma glucose (P <0.001)
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Figure 3: Differences in eAG among formulated groups based upon fasting plasma glucose (P <0.001)

like 8-12 hours. So in comparison to SMBG the results of
FPG can be predicted to be less variable and thus more
representative of eAG. Secondly, Hempe et al’” have
segregated subjects based upon hemoglobin glycation
index by subtracting actual Alc results from predicted
Alc results utilizing the method of Soros et al™. How-
ever, subjects in our study were not segregated based
upon hemoglobin glycation index.

A study carried out at Shenzhen (China) has shown
higher HbA1c levels among males; our study has rath-
er demonstrated opposite results with higher HbA1c
and thus higher eAG among female population?’. With
a sample size running in thousands the findings by Ma
et al*’ seems significant but this regional study may be
inclusive of females with iron deficiency anemia which
can attribute to these contrasts observed in our results.
Similar findings have also been observed in other stud-
ies?>%, This finding is pertinent for diabetologists and
specialists interpreting lab data of HbA1c as associated
iron deficiency anemia may result in false positive diag-
nosis of diabetes mellitus?24.

D LiviTATIONS

Certain limitations to our findings must be acknowl-
edged. Firstly, it is to be acknowledged that the meth-
odological differences have been highlighted to cause
variation in glycated hemoglobin®. We have utilized the
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most cost-effective and routinely in vogue testing meth-
odology i.e., fast ion-exchange resin separation method
which may have caused some more variation. Secondly,
it's a cross-sectional study and other researchers are en-
couraged to do further research to conclude the varia-
tion of this equation between methodologies to avoid
any inter-lab differences in reporting eAG reporting.

D concLusion

Estimated average glucose (eAG) utilizing HbA1c
demonstrated significant positive correlation with fast-
ing plasma glucose. Moreover, eAG was also shown to
be positively correlated with insulin resistance. How-
ever, caution must be exercised in interpreting data in
patients with associated iron deficiency anemia which is
quite prevalent in third world countries.

D CLINICAL IMPLICATIONS

Our study has following clinical implications: Provid-
ed that IDG, IFCC and EASD had strong recommenda-
tions to incorporate eAG measures to be reported with
HbA1c results, most regional labs in our region have
yet not incorporated such a measure which allows both
clinicians and patients to have fairly better understand-
ing about interpreting HbA1c results. The study also re-
mains instrumental in identifying the glucose-Alc axis
in the Asians as our population seems to be more dia-
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betes prone even at a lower fasting plasma glucose re-
sult. Utilizing such an equation on our population with
lesser literacy rate will indeed pave way for improved
diabetes control outcomes.
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