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This research aims to study effect of hemoglobin E disorder on

hemoglobin A.1. (HbAl.) level of diabetic patients in Surin hospital.

A rehospective study was conducted from 2006 to 2007. Patient's

profile, blood glucose and FIbA,. level were collected and divided

in hemoglobin E disorder group and control group. Each sample arm

was classified into seven subgroups according to blood glucose level

to compare HbA1. level in each subgroup.

During 2006-2007, 28 diabetic patients with hemoglobin E disorder

were found from overall 910 diabetic patients. There is no difference

of sex, average age and blood glucose between hemoglobin E disorder

and control gloup. Patients with hemoglobin E disorder had lower

HbA1. level than those of control group (P < 0.001).

Since FIbAr. levels is presently the best indicator of long term glycemic

control. With similar fasting glucose, hemoglobin E disorder is

associated with lower HbAr. level.

Dabetes mellitus, Hemoglobinopathy, Hemoglobin A1. (HbAl.)
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The most important factor that

determines hemoglobin (tlb) A1. concenhation

is the blood glucose level12. This feature

makes FIbAr. the standard for monitoring

long-term glycemia and estimating the

probability of complications in diabetesl2.

However, alterations of FIbAr. in diabetes

mellitus (DM) due to factors that affect

hemoglobin levels have not been extensively

investigated.

Previous studies have shown that

a decreased life-span of erythrocytes, as

observed h hemolytic anemias, is associated

with lower concentration of glycated Hb3a'56.

Fitzgibbons et al3. have demonstrated that

the glycated Hb concentration is correlated

with the developmental stage of erytfuocytes.

In this study, the concenhation of minor

hemoglobins in young erythrocytes was

found to be lower than that in the older

erythocytes. Therefore, the glycated Hb

concentration was proposed as a diagnostic

parameter in anemias associated with short

erythrocyte life-spans.

The most corrmon cause of anemia

in endemic area of hemoglobinopathy is

hemoglobin E disorder. Therefore, the

possibility of the coexistence of DM and

hemoglobin E disorder is higher than any

other type of anemia in Surin, ThailandT.

Consequently, the clinical implications of

any correlahon between FPG and glycated

F{b will affect many patients with DM

and hemoglobin E disorder. Any cause of

shortened erythrocyte survival will reduce

exposure of erlthrocytes to glucose with a

consequent decrease in llbAr" values even

though the time-averaged blood glucose

level may be elevated8e'10, the relationship

between hemoglobin E disorder and glycated

FIb in DM has not been previously studied.

We aimed to investigate this issue h a

retrospective study.

Methods
1. Research design and methods

1.1 Study suby'ects

Study subjects were apparently

diabetes patients in diabetes clinic. Among

them, 910 had the blood laboratory tests,

882 in conhol group and 28 in hemoglobin

E disorder. Subjects who already had been

treated for diabetes (on insulh, oral hlpo-

glycemic drugs or a physician-prescribed

diet) and FIbAr. were measured. We used

F{bA,. and capillary whole blood glucose

concentrations from 2 data sets.

1.2 Measurement of glucose

and glycosylated hemoglobin

For the laboratory measurements

of capillary whole blood glucose and HbAr",

a blood sample was taken in the moming

after an ovemight fast. For each data set,

we classi{ed into 7 intervals according to

their baseline blood glucose level : good

control, < 99 mg/dl (< 5.55 mmol/l), 100-109

mg/dl (5.5s-6.09 mmol/l), 110-126 mgldl

(6.10-6.99 mmol/l); moderate control, 127-139

mg/dl (7.00-7.8 mmol/l); or poor control,

740-1.9 mg/dl (7.8-11.0 mmol/l), 200-239
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mg/dl (11.1-13.3 mmol/l), > 240 mg/dl

(> 13.3 mmol/l), in combination with ffiAr.
Ievel was compared between groups.

The FIbAr. levels were measured

using the turbidimehic inhibition immunoassay

(TINIA) for hemolyzed whole blood (Cobas@,

Roche Diagnostics, USA). The normal range

for F{bAr. in our laboratory was 6-L6"/o and

the coefficient of variation in repeated tests

was less than 0.1. ln the study, HbAr. in

each group was compared with fasting

plasma glucose measured before breakfast.

ln patients with hemoglobinopathy hemo-

globin fpi"g was compared with liquid

chromatography.

1.3 Statistical analysis

Statistical analysis were carried

out. Descriptive parameters are presented

as means with standard deviations, or as

percentiles. Analysis of variance were used

to compare the mean values among the

various groups defined by differeni levels

of blood glucose and FIbAr.. Unpaired

T- test analysis was used to compare the

mean values among the group defined

by different levels of blood glucose and

HbAl.. A p-value < 0.001 was considered

statistically significant.

Results

Of 910 patients with DM have the

laboratory measurements of capillary whole

blood glucose and FIbA1., a blood sample

was taken in the morning after an

overnight fast, 882 cases, 958 blood sample

were unknown Hb typing and 28 cases, 44

blood sample were hemoglobin disorder.

8 of the 28 patients have hemoglobin E

heterozygote [EA] with DM and 20 have

hemoglobin E homozygote [EE] with DM.

The two groups were not significantly

different from each other with respect to

age or sex, the mean age 56.7 years in

control group versus 55 years in hemo-

globinopathy group (P > 0.001). The mean

hemoglobin E was 63.8 percent in studied

soup.
The mean HbA1. concentration in

hemoglobin E group was lower than conhol

diabetic group [6.4 t 1.6SD and 8.0 ! 1.94

SDl, as expected (P < 0.001). [Table 1]
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Table 1 Combination of blood glucose and HbA1. in hemoglobin E and control group

HbA1.
Blood glucose P value

HbE Control group

< 99 mg/dl

(< 5.5 mmol/l)

100-109 mgldl

(5.5-5.9 mmol/l)

110-126 mg/dl

(6.0-6.9 mmol/l)

127-139 mg/dl

(7.0-7.8 mmol/l)

140-199 mg/dl

(7.8-11.0 mmol/l)

200-239 mg/dl

(11.1-13.3 mmol/l)

> 240 mg/dl

(> 13.3 mmol/l)

5.3 ! 1.27 SD 6.6 ! 019 SD

5.8 t 0.9 SD 7.2 ! 1.48 SD

6.0 t 1.1 SD 7.3 ! L.57 SD

6.2 ! 0.41. SD 7.4 t 1.38 SD

6.4 r 1.34 SD 8.2 t 1.53 SD

8.2 t 0.14 SD 9.3 t 1.46 SD

8.5 ! 2.26 SD 71.4 ! 3.45 SD

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Total 6.4 ! 7.6 SD 8.0 t 1.94 SD < 0.001

Similarly, the mean HbAr. concentration

in 7 intervals was lower than control Soup,

as presented in table 1.

There was no significant difference in

the mean blood glucose concentration of the

patients in both goups (P > 0.001) 142 t
52.7 SD and 145 ! 52.34 SD. In addition, the

mean HbAr. cbncentration in hemoglobin E

disorder group (6.4! 1.94 SD) was significantly

lower than control group (8.0 t 1.94 SD)

Discussion

Diabetes mellitus is a frequent

disorder affecting individuals of all ages11.

Glycohemoglobin has a key role in the

assessment of glycemic conhol in diabetic

patientsl2. Several studies have clearly shown

that improved glycemic control is strongly

associated with decreased development and

progression of diabetic complications in both

type 1 and 2 DM12. Therefore, accurate ,
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determination of glycohemoglobin concen-

tration is and important issue for clinical

laboratories.

HbA1. is the result of an irreversible

non-enzymatic glycation of the beta chain

of hemoglobin A13. HbA1. is routinely used

to assess long term glycemic control in

patients with DM13. It is normally present

in circulating red cells because of the

glycosylation reaction between hemoglobin

and circulating glucosela. In the pesence of

excessive plasma glucose, the hemoglobin

beta-chain becomes increasingly glycosylated,

making the HbAr. a useful index of glycemic

controlla.

These results clearly demonstrate

that there is an relationship between the

hemoglobinopathy and HbA1. in adult patients

with type 1 and type 2 DM. Although this

correlation had been previously reports, we

have demonshated it in diabetes patients in

a clinical data. Our data are in accordance

with the findings that the concentration of

minor hemoglobins in young erythrocytes

was found to be lower than that in the

older erythrocytes. HbA1. concentrations in

diabetic patients with hemoglobin E disorder

was found lower than control group when

compared to similar glycemic control level.

Several limitations are worth mentioning

in this study. First, information on type

hemoglobin in control SFoup was not

obtained. By incidence of hemoglobinopathy

in SurinT, there are some hemoglobinopathy

in control Soup, we should undergo

measurement. Second, in this study group,

there are high concentration of hemoglobin

E, most of subjects are homozygote E. That

may more effect to HbA1. level than dose

of heterozygote. This association must be

investigated in large patient group, where

the level of glycemic control can be further

stratified and the correlation of FIbAr. with

hemoglobin status can be determined.

Finally, diabetic complication and duration

of disease did not assess. Further study is

needed to confirm that long term glycemic

control in hemoglobin E DM patient

should be lower than 5.3% as standard

recommend.

We conclude that HbAr. concentrations

in diabetic patients with hemoglobin E

should be intelpreted with caution. This

can be the problem in the endemic areas

of this hemoglobinopathies. This association

must be invesiigated in larger patient

8FouP.



0d eg ori.rl z
urMnru-awrru 2551

ihr-snrriruiLlnoiuinrln6 lin 6

dil r n i o nr:r-a r:n-r fr nr a a"aulu {rJ r u rur rrrl 643

References

1. Menon RK & Sperling MA. Childhood

diabetes. Med. Clinics North Am. 1988;

41: 1565-75.

2. Bunn Ftr, Haney DN, Kamin S, Gabbaj

KH, Gallop PM. The biosynthesis of

human hemoglobin Ar.. I. Clin. Invest.

1976; 41 1652-9.

3. Fitzgibbons fF, Koler RD, Jones RT. Red-cell

age-related changes of hemoglobfu Ar.*u

and Ar. in normal and diabetic subjects.

J. Clin. Invest. 1976; 41: 820-4.

4. Mayer TK & Freedman ZR. Protein

glycosylation in diabetes mellitus : A
review of laboratory measurements and

of their clinical utility. Clin. Chim. Acta

1983: 41.:147-U.

5. Weykamp CW, Penders TJ, Muskiet FA|,

Slik W. In{luence of hemoglobin variants

and derivatives on glycohemoglobin

determinations, as investigated by 102

laboratories using 15 methods. Clin.

Chem. 1993; 4l 1717-22.

6. Krzisnik C & Lukac-Bajalo |. Glycosylated

hemoglobin in fractions of erythrorytes

of different ages. |. Endocrinol. Invest.

1993; 41: 495-8.

7. Fucharoen S, Winichagoon P, Problems

of Thalassemia in Thailand. ICMR annals.

8 (1988); 29-33.

Martina 14IV, Martijn EG, van der Molen

M, Schermer |G, Muskiet FAI. B-N-

terminal glycohemoglobins in subjects

with common hemoglobinopathies :

relation with fructosamine and mean

erythrocyte age. Clin Chem 1993; 39:

2259-65.

Weykamp CW, Penders T, Muskiet

FAI, van der Slik W. lnfluence of

hemoglobin variants and derivatives

on glycohemoglobin determinations, as

investigated by 102 laboratories using

16 methods. Clin Chem 1993; 39

1717-23.

Miedema K. lnfluence of Hemoglobin

Variants on the Determination of

Glycated hemoglobin. Klin Lab 1993;

39 1029-32.

P.lefebvre, Dabetes yesterday, today and

tomorrow. The action of the Internation

Dabetes Federation, Rev. Med. Liege

60 (2005);273-7.

|.L. Camargo and J.L. Gross, Glycohemo-

globin : clinical and analytical aspects,

Arq. Bras. Endocrinol. Metabol. a8 (200a);

457-63.

T. Lahousen, R.E. Roller, R.W. Lipp and

WJ. fthnedl, Determination of glycated

hemoglobins (FftA*), Wien Klin Wochenschr.

11a (2002); 301-5.

M. Tominaga and Hemoglobin Ar.

(HbAl.), Nippon Rinsho 60 (Suppl. 8)

(2004; a05-e.

9.

10.

11.

12.

L4


