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Summary. Incubation in vitro of human red cells in
increasing glucose concentrations results in a rise in
both haemoglobin A, levels and an intermediate
band when measured by an isoelectric focussing
method. There are strong correlations between blood
glucose levels, levels of haemoglobin Ay, and the in-
termediate band both in vitro and in blood samples
taken from diabetic patients. As the intermediate
band is also included in the measurement of haemo-
globin A, by the usual analytical methods, this may
lead to inaccurate results.
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There are several methods available for the measure-
ment of haemoglobin A;. (HbA1.) but few can meas-
ure HbA,, distinctly from the intermediate Schiff
base. As the kinetics of formation and reversal of the
Schiff base are likely to be different to that of the for-
mation of HbA,,, it is likely that any significant con-
centration of the Schiff base will cause a significant
over-estimation in the measurement of HbA,.. How-
ever, using an isoelectric focussing method, it is possi-
ble to differentiate between HbA,. and this intermedi-
ate band [1-2]. This paper reports the results of using
this method in investigations in vivo and in vitro of the
relationship between HbA,, the intermediate band
and blood glucose levels, and particularly whether
short term fluctuations in blood glucose levels can in-
fluence significantly HbA,. levels as reported by
Svendsen [3].

Patients and Methods

Methods

Whole blood (1 ml) was washed with 0.15 mol/1 NaCl; the washed
red cells were then haemolysed in 0.01 mol/] potassium cyanide
and four drops of carbon tetrachloride added. The haemolysate
was separated from the red cell debris by centrifugation. 15 ul of the
haemolysate was applied to the cathode end of a pre-focussed poly-
acrylamide gel plate incorporating a gel spacer (f-alanine, pl 6.9)
to facilitate HbA and HbA,_ separation (LKB Instruments, Brom-
ma, Sweden). The sample was then electro focussed at 20 W at a
constant 15 °C for approximately 1.5 h. When electro focussing
was complete (Fig. 1), the discrete HbA,. band and the band imme-
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Fig. 1. Isoelectric focussing plate showing HbA, HbA,. and the in-
termediate band
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Fig.2. The relationship between HbA,. (0—0) and intermediate
band (8——®) levels after incubation of red cells in increasing glu-

cose concentrations for 2 h at 37 °C. Results expressed as mean &
SEM

Table 1. Correlation coefficients between blood glucose, HbA,,
and intermediate band levels in incubation study in vitro and in
57 diabetic patients

Variables In vitro Invivo
(n=106) (n=757)
Blood glucose versus HbA levels  r =0.84 r =0.70
p < 0.001 p < 0.001
Blood glucose versus intermediate  r = 0.96 r=10.75
band p < 0.001 p < 0.001
Intermediate band versus HbA;, r =079 r =062
levels p <0.001 p < 0.001

Table 2. Levels of blood glucose and HbA . in 303 diabetic patients
on various anti-diabetic therapies and the correlation between
them in each group

Diabetic patients on:

Dietalone  Hypogly- Insulin
caemic therapy
drug
therapy
No. of patients 22 111 170
Blood glucose
(mmol/1) 7.20 = 0.49 9.30 + 033 10.50 £0.34
HbA . level (%) 9.93 + 0.18 9.04 +0.46 1095+ 0.15
Correlation coeffi-
cient: blood glu-
cose versus HbA . 0.21 0.72 0.44
14 NS <0.001 <0.001

Results are expressed as mean + SEM
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diately anodic to it (intermediate band) were cut from the plate us-
ing a fine scalpel. The bands were eluted in a Tris/HCI buffer (pH
8.3) containing 0.1 mmol/1 EDTA, overnight at 4 °C with end-over-
end mixing. The concentrations of HbA,, and the intermediate
band were expressed as a percentage of the total haemoglobin of
the haemolysate measured by spectrophotometry at 415 nm (Pye
Unicam SP 1800). Blood glucose was measured by a glucose oxi-
dase method (Yellow Springs Instrument Company).

For the studies in vitro, 10 ml blood were taken from six non-
diabetic volunteers (mean age: 30 years; mean blood glucose:
3.6 mmol/1) and 1.0 ml samples of whole blood were incubated at
37 °Cfor2hin0.15 mol/1 NaCl containing increasing glucose con-
centrations (10-80 mmol/1). The red cells were then haemolysed
and HbA . and intermediate band measured in duplicate.

Patients

To investigate the relationship between blood glucose, HbA, and
intermediate band levels in vivo, postprandial blood samples were
taken from 57 patients who were attending the diabetic clinic. In
303 patients who attended the diabetic clinic regularly HbA, levels
were also measured by isoelectric focussing. Fifty-six percent of pa-
tients were receiving insulin therapy, 37% oral drug therapy and 7%
diet alone.

All results are expressed as mean £ SEM and correlation coef-
ficients. Linear correlations were calculated by a standard method.

Results

The intra-assay coefficient of variation for HbA;,
measurement was 2.8% and for the intermediate band
was 6.4%. Normal non-diabetic HbA,. levels were
5.85 £ 0.16% and intermediate bands 0.68 = 0.06% at
a mean blood glucose level of 3.6 mmol/L

The effects of increasing the concentration of glu-
coseinisotonicsaline on the production of HbA.and
the intermediate band during 2 h incubations are
shown-in Figure 2. A linear increase occurred in both
products over the range of glucose concentrations
studied, although the slopes of the lines were dif-
ferent. A fivefold increase in the intermediate band
was detected when whole blood was incubated in
80 mmol/1 glucose; a smaller increase (31%) occurred
in HbA,. at this glucose concentration. Under these
conditions there are significant correlations between
the levels of glucose and HbA and the intermediate
band (Table 1). The same strong correlations also
exist between these factors in the measurements in vi-
vo in 57 diabetic patients (Table 1). In these patients
the mean blood glucose levels were 10.9 + 0.32
mmol/], HbA,. 11.94 + 0.64% and intermediate band
1.53 + 0.08%.

Table 2 shows the mean blood glucose and HbA,,
levels in each of the diabetic treatment groups and
their correlation coefficients. Only a weak correlation
was found between blood glucose and HbA;. levels in
those patients on diet alone, but there was a strong
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correlation in those patients on oral hypoglycaemic
therapy with that in patients on insulin less strong.

Discussion

There has been debate as to whether haemoglobin A
could undergo rapid glycosylation to HbA,, when the
blood glucose level rises in the short term [3, 4]. These
results in vitro suggest that a small but definite rise in
HbA, does occur but with a much more marked ele-
vation in the intermediate band. This latter band
would be measured in other methods, particularly in
the micro-column method [5] which would explain
the different results obtained by other workers. How-
ever the change in HbA . levels is not great over those
blood glucose level changes which might be expected
to occur in clinical diabetes, i.e. up to 30-40 mmol/1,
whereas the increase in the intermediate band is
three- to fourfold at these concentrations. A signifi-
cant rise in the intermediate band after the incubation
of red cells for 2 h at 37 °Cin 100 mmol/1 glucose con-
centration has been reported by Mortensen [1] using
isoelectric focussing although he failed to detect any
increase in HbA, levels.

Our findings of a strong positive correlation be-
tween HbA,. and blood glucose levels in a group of
diabetic patients controlled on oral hypoglycaemic
agents was not unexpected as random blood glucose
levels in this group of patients are more representative
of mean blood gilucose over the previous weeks, in
contrast to insulin requiring diabetics who have much
greater variation of blood glucose levels.
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We do not feel that our results negate the useful-
ness of HbA,. determinations as an index of diabetic
control. However a cautionary note should be
sounded; unless the method used for the determina-
tion of glycosylated haemoglobin can accurately sep-
arate HbA,, from its intermediate condensation pro-
duct, or precautions are taken to remove the interme-
diate product [2], considerable overestimation of
HbA,. may occur. At present we would suggest that
isoelectric focussing represents the best method for
the direct measurement of HbA,..

References

1. Mortensen HB (1980) Steady levels of haemoglobin Ay concen-

tration during short time fluctuations in blood glucose. Sci Tools
27:21-22

2. Svendsen PA, Christiansen JS, Soegaard U, Welinder BS, Nerup
J (1980) Rapid changes in chromatographically determined
haemoglobin A,.. Induced by short term changes in glucose con-
centration. Diabetologia 19: 130-136

3. Svendsen PA (1979) Fast glycosylation of haemoglobin. Lancet
1:603

4. Goldstein DE, Peth SB, England JD (1980) Effects of acute
changes in blood glucose on HbA,.. Diabetes 29: 623-628

5. Abraham EC, Huff TA, Cope ND (1978) Determination of gly-
cosylated haemoglobins with a new microcolumn procedure.
Diabetes 27:931-937

Received: 10July 1981
and in revised form: 30 December 1981

M. H. Stickland

University Department of Medicine
Martin Wing

General Infirmary

Leeds LS13EX, UK



