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Abstract

The International Diabetes Federation estimates thai 255 million people around the world
have diahetes. The American Diabetes Associcrion 1ADA) hos proposed bemeglobin 410 =
6.58 (HbAlc) for the diagnosis of diabetes, and 5.7-6 4% as a risk factor for progression to
diccheres, This nenv opfterion’s wocurany is controversial and has nor yer been adopred
internationally. We aimed to clarify the power of AIC in diagnosis of diahetes and pre-
diabetes. In this retrospective study a total of 1814 patientz (622 male, 1192 female) who had
concurrent FPG, OGTT and AIC results and diabetes mellitus suspicion were included by
wsing the hospiiad ProBel system. Diabetic subjects and patients who head beern using drigs
that may cause dichetes were exciuded. According fo ADA criteric; 760 of 1814 individuals
had diabetes mellitus (41.8 %), With each of these tesis (HbAle, 2-h OGTT and FPG),
cicbetes way defected in 529 (69 6%), 188 (6429 amd 328 (43 2% subjecis respectively.
Differences between, FPG, 2-h OGTT. FPG and HbAlc, 2-h QGTT and HbAlc were
statisiically significant (p=C.0001, p=0.0001 awd p=0.032, respectively). Among those 1814
subjects, 1094 (60 .3%) had impeaired FPG. ddditionaily, 311 (28 2% ond 980 (54.0%) of
these subjects were glicose infolerant according to 2-h OGTT and AIC, respectively.
Differences comong fhese groups werg also siaistically sigmificant (p=0.0001, p=0.6001 and
p=0.0001, respectively). Diagnostic power of AIC criterion ix greater o FPG and 2-h
OQGTT for the diagnosis of diabetes mellius. In addition, A1C is more diagnostic than of 2-h
QGTT. High diggnostic power 4 of A1C may lead to decrease in the mumber of undiagnosed
jroiients.
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Introduction

The International Diabetes Federation estimates that 285 million people have diabetes
internationally [ 1], with this mumber expected to rise fo 438 million over the next 20 vears, at
arate of a 7 million people annually: representing an unprecedented total. Thus, it iz witally
important that national health policies focus on the early and accurate recognition of diabetes

metlitus to prevent or delay adverse outcomes.

The current criteria for the diagnosis of diabetes requre a fasting plasnia glucose (FPG) and
Ti-g oral glucose tolerance test (OGTT), a method that ig time-consuming, requires fasting,
and effected by acute perfurbations in glucose levels and short-term lifestyle changes [2].
Since fasting and post-challenge blood glucose levels were found fo predict the risk of
diabetic refinopathy, these tests have been the mmternational standard for dlagnosis [3], On the
other hand, there is not yet an accurate and reliable diagnostic method for the early detection
of the undiagnosed diabetic patient, FPG and OGTT are commonty used as critenia o identfy
subjects af risk of type 2 diabetes, whereas, many diabetic subjects may be far from matching
these cniferia. Therefore, many diabetic or pre-diabetic subjects remained undiagnosed and

may have chronte complications of diabetes mellifus at the ime of diagnosis.

Impaired fasting glucose (IFG)Y and impatred glucose tolerance (1GT) are currently used for
diagnosis of high-risk glucose levels below the diabefic range. In addition, assigning a type of
diabetes to an individnal often depends on the crcumstances present at the time of diagnoss,

and many diabetic individuals do not eastty fitinto a single class [4].

In 2009 International Expert Commnttee proposed new diagnoste criferia based on
hemoglobin ALC (Hba ey with HbaAle 2 6.3% for diabetes and 6.0-0.4% for “High Risk™ of
progression to diabetes [3] Following thiz The American Diabetes Asgociation {ADA)
proposed A1C = 6,59 for the diagnosis of diabetes and 3.7-6.4% for the highest risk to
progress fo diabetes [6]. The proposed diagnoshie threshold of 6.5% was based on refinopathy

risk at different levels of HbAle [51

HbaAlc testing s highly stundardized and exhibits low infra-individual variation. HbAlc
samples can be obfained at any time, require no patient preparation, and ave relatively stable

at room temperature after collection. HbA Lo is unaffected by acute effects of stress or iliness
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7L However, this new eriteria’s aconracy 15 controversial and has not vet been adopted

mternationatly [8].

In this study, we aimed to clarify the power and efficacy of HbAlc in the diagnosis of
diabetes and pre-diabetes by comparing against the other ADA diagnostic eriterta of FPG and

CGTT.
Research Desien and Methods

In s retrospective stdy, we screensd 27.001 subjects attended to the mternal medicine
outpatient climie for any problem between 2006 and 2610 years by the ProBel (Hospital
Informeation Admimstration Syetem / Oracle Partner Network), Ounly people with concurrent
FPG, OGTT and A1C resulty and diabetes mellitue suspicion were included, OGTT i
routinely obtained in our hospital if there iz a fuspicton of diabetes mellitus. Diabetic subjects
and patients who had been nsing drugs associated with the development of diabetes were
excluded. Afler these exclugions, 1814 subjects remaimed. Finally, we evaluated all of the
814 subjects with diabetes mellius suspicion that atfended to cur outpatient chinic. The
study group consisted of 622 males {3439y and 1192 females {(63.7%). Mean age of the

subiects was 343 = 136 vears (male 344 2 136, female 34.2 = 13.7) (Table 1),

Table 1, Frequency of Individuals According to Age Groups

Gender
Azge Groups Totad
Male Female
< 45 143 (22.0 %) 243 {20.3 %) 356 (21.2 %)
45-54 169 {271 %) 353 (29.6 %) BYY (28.7 05}
&5 gd 171 {274 %) 337 {278 %) 503 {27.7 %)
65-74 95 (14.4 20} P72 (144 %) 262 (14.4 %)
z 75 49 (7.8 %) 92 (7.7 %) 141 (7.7 %)
622 (180 %) 1192 (18 %) 1514 (100 %)
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FPG, OGTT, A1C levels of subjects were obtuined from lzmir Ataturk Traming and

Research Hospital s patient database by using the ProBel system. All subjects (n1814) were
grouped as diabetic pabents, gincose infolerant (pre-disbetes) patients and non-diabetic
patients according to new ADA crniferia {or the diagnosis of diabetes. The current diagnostio
eriterta proposed by ADA for disbetes arer A1C 2 6.5 percent. FPG 2126 me dL (7.0
mmob T 2od hour plasma glucose 2200 mg/dl (11,1 mmolLy during an OGTT an 1w a
patient with classic gymptoms of hyperglycaenna or hyperglvcaemic cosig, a random plasma

- 1

glucose 2200 medl (111 mmol L) IFG was defined as FPG with 100 mg dl 5.6 mmold] -

123 mgidi 16,9 mmold]. IGT was defined as 2-h glucose with 140 mg/dl [7.8 mmold] - 199

mg/d [11.0 menoldl} or ATC values hetween 5.7% - 6.4%.

According to our hospital’s biochemistry department’s certified guality standards FPG,

OOGTT and A1C tests are performed with the following steps:

A) Fasting Plasma Glucose (FPG): After 12 howrly fasting period, blood samples
were drawn by standard phlebotomy into regular blood (serum) test-tubes befween 08:00-

10:00 AM and senum glucose Tevel was rmeeaswred by an enzymatic method ¢hexokmase):

B} Oral Glucose Tolerance Test (OGTTY: All sulyects were nformed to take at Jeast
130 gramms of carbohydrate each day, for at least three days before this test, After 12 hourly
fasting period, 75 grams of glucose were given to each individual to ingest in the form of @
cool drink. Blood samples were taken by standard phlebotomy into regular blood (sernm)

test tubes at time 0 and 120 minutes by a health care provider.

)y Glyeated Hemoglobin {AI1CY: Blood samples were obtamed by standard
phlebotomy into BT A-containing tubes following a 10 hour fast concwrrently with FPG.
High performance lquid chromatography method {HPLC) was uneed in analysis of HbAlc

The HbAlc result was caleulated as a ratio 1o total hemoglobin by HPLC (A1C%),

Statistical analysis: All results were shown as mean = standard devianon 53Dy P
values were based on two-sided tests with a cut off for statistical significance of G.05, The
Chi~square test, The Kolmogorov-Smimoy fest and Analysig of Covanance lest {ANOVA)
were uzed to evaluate values. All statistical analyses were performed with The MedCale

Stabistical Seftware Version 10.1.6.0 (Lacensed to Medeale Turkev Q200311181170
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Results

Diabetes: According to new ADA ontena; we determined 760 diabetic patients among 1814
individuals (41.8 %), However, 190 diabetic patients {25.0 %) met all ADA criteria. All
results are shown in Table 2 and Table 3. 529 diabetic patients (69.6%) were diagnoszed by
AL1C alone, 488 diabetic patients (64.2%) with 2-h OGTT alone, and 328 (43.2%) diabetic
patients were diagnosed with FPG alone (Table 3). Differences between FPG vs. 2-h OGTT,
FPG ve, ALC, and OGTT ve, AlC were statistically significant (p<6.0001, p=0.0001 and
p=0.02, respectively), Diagnostic sensitivity of all diabetic criteria was 69.6% for ALC,

64.2% for OGTT and only 43196 Tor FPG respectively.

Table-2. Distribution of mean FPG, 2-h OGTT and HbAIc Values of the Diabetic Patients

and non-Disbetic Individuals According to Age Uroups

e ) Diab etic Non-diabetic
Al individuals paticuts individuals
Age Groups Texsis
Mean- S Mean - S Mean. S0
FPG 1442 52 9% =13
45 2O EERED ]
HbaAlc 6.15= 128 TAG = 1LRA
FPG T1d = 26 109 54 104 = 10
45. 54 2h-0O0GTT 188 = 74 217 =82 130234
Hbale 625 = 0.5 G932 106 SET =034
FPG 1l 32 133 =41
5584 2-4-0GTT 1732 82 DIE 9l
HbAle ; i3 TO% A
FPG 113= 22 frd = 24
65 . 74 2-h-OGTT 176w 67 298l
HbAlc 632 = (.80 S.69 = 080
FPG 120 28 15 = 29 105 2 10
275 2h-OGTT 202 = B4 242 =87 144 = 36
Hbale 651 = 167 6882124 AU 029
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Table-3. Prediabetes and diabetes frequencies

FPG

1. 2-h OGTT
HbAlc
G

2

IGT 2-h OGTT
IGT HbAle
1I7G

3 IGT 2-h OGTT
1GT HbAle

Diagnostic Criteria

Positive (%9)

328 @520
488 (64.2%)
529 (69.6%)
386 {50.8%)
167 (éz.ﬂ?fa)
197 (25.9%)
1094 (68,29
511 {28.2%)

980 (54,00%)

Negative (29)

432 (36.8%)
272 (35.89%)
231 (30.4%)
374 (49.204)

393 (78.0%)

(]

2

63 (74.0%}

-}

F20(39.6%)
1303 (71.8%:)

834 (45.9%)

Total
F60
760

760

P value

< {3.05

L. Results according to new ADA criteria 2. Frequencies of impaired fasting glucese and fmpafred
glucose tolerance (2-h OGTT and HbALch 3. Frequency of lmpaired fasting glucose and Impaired
glucose tolerance (2-h OGTT and AIC) among diabetic patdents,

Impaired Fagting Glucose and Glucose Intolerance: According to new ADA criteria, of the

1814 subjects tested, 1094 (60,3 %) were classified as having impaired fasting glucose, 511

{28.2%) ag having 1GT following OGTT and 980 (54.0%%) as having IGT by A 1C. In terms of

diagnostic ratio of glucose ntolerance, difference between A1C and OGTT wag statisfically

significant (p=0.0001 ). {Table 3, Table 4).
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Table 4. Digtribution of All [nabetic Patients According to Fpg, 2-H Ogtt and Hbalc

Fasting Blood

N -hOGTT
Ghuconse mg/dL,
meg/dL Total Total
. - , 140- | .
< 126 ;», 1268 < 146 200 = 200

AC <65 | 1178 | 107 | 1285 | 750 | 387 | 148 | 1285
AIC =65 | 308 | 221 | 520 | 65 | 124 | 340 | 29

Total 1486 | 318 1814 | 815 511 488 1814

Discussion

Aninternafional committee of diabetes experts hag recommended that the Hemoglobm ALC
aggay, now routinely used to momitor the course of the disease in patients with diabetes and
signals the pending development of diabetic complications; should become the new "gold
standard” for diagnosing diabetes [9]. A1C agsay 18 more convenient than OGTT, because it
has litfle inter-individnal variation if there is not any hematologic disease, and easy o use in
daily routine practice because it does not need any fasting and diet preparation. Recently,
World Health Organization experts have also accepted the use of AI1C for diagnosing
diabetes [10]. We determined 760 diabetic patients according to new proposed ADA cuteria
On the ofher hand, if FPG and OGTT were used as the sole diagnostic tool, we would
diagnose only 328 and 488 of the diabetic patients. According to these resuits, diagnostic
power of A1C enterion is higher than FPG and 2-h OGTT. FPG and OGTT have a lower
sensitivity, faling to diagnose 36.0 % and 35.7 % of the diabetic patients respectively. In

only 190 patients, all ADA criteria were positive (25 % of 760 diabetic patients) (Figure 1).

[FG and 1GT are significant predictors of pre-diabetes. It 13 considerably important to detect
subjects in pre-diabetic state for the purpose of taking preventative measgures prior to the
development of diabetic complications. According to cur study, of the 1814 patients tested,
1094 (60.3%) were classifled as having IFG, 511 (28.29%) as having IGT followmng OGTT
and 980 (54.0%) as having 13T by ALC, Therelore, it is clear that the AIC entenion can

result in a substantially lower prevalence of undiagnosed and total diabetes, and being at hugh
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nsk for diabetes, than prevalence estimated from fasting plasma glucose or 2-h glucose [7].

Within our population, we would have missed the diagnosis of pre-diabetes m 469 (25.8%)

patients if we had relied only on 2-h OGTT rather than A1C,

As mentioned above, accurate and time approprate diagnosis of diabetes is imperafive, since
chronie complications of diabetes may be prevented or delaved by eamly diagnosis and
effective freatment. We ndicate that the use of FPG or OGTT aione in the diagnosis of
diabetes fead to a large number false negatives, potentially resulting m a greater diabefic
complication rate. The epidemic of diabetes 1s & serious and growing public health problem
that results 1 reduced hife expectancy and meressed morbidity [111 Despte significant
advances in hyperglycemia treatment, blood glucose monitoring and markers of glycemic
control, debibitafting vascular complications develop in most diabetic patients {12].
Forthermore, e results of the ADVANCE aud the ACCORD trials mise questions abouf
whether extremely tight glucose control is beneficial 1n all diabetic patents with ACCORD
finding that tight glucose control resuited in ncreased mortality in high-risk type 2 diabetic
patients [13.14]. However, the results of the United Kingdom Prospective Diabetes Study

(UKPDS ) were unable to show a significant effect of strict giveemic control on myocardial

infarcion [15]. A recent follow-up of the sameé #udy confirmed s itility of long-term
hyperglycemic control in type 2 disbetes for preventing cardiovagcular disease [16]. This
apparent discrepancy between glveemic control and incidence and seventy of diabetic
complications has been tenmed as the "metabotic memory” [17]. Shown to be present in Type
2 disbetes mellitug, metabolic memory ix the concept that early glycemic environment is
remembered in the targel crgans (Le. eve, kidney, heart, extremities). Follow up data from the
UKPDS hiave shown that type 2 diabetic patients, like type 1 diabetic patients in the DCCT-
EDIC, who were on the standard treatment regimen during the siudy etll have a higher
incidence of microvascular and  cardiovascular  complications compared with  thew
counterparty receiving intensive therapy throughout the tnal and the follow-up penod [16].
This suggests that early metabolic control has enduring beneficial effects also in fype 2
dizbetes, We can say that recogmition and effective freatiment of at the earliest opportunity s
paramount in preventing complications, We can speculate that high diagnostic power of ALC
can lead to a decrease in undiagnosed patients and early detection of diabetes that may result

in fewer long term diabetic complications.
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9010

Ag a conclusion; diagnostic power of AIC level is greater than FPG and 2-h OGTT regarding

dingnosiy of disbetes mellitug. High diagnostic power A of AIC may contribute to the

decrease in the number of undiagnosed patients.
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