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Summary. We have studied levels of glycated haemoglobin in 
a sample of 223 people aged over 40 years without known 
diabetes mellitus screened in a community study. Each had a 
glucose tolerance test and glycated haemoglobin measured 
by four methods - agar gel electrophoresis with and without 
removal of Schiff base, affinity chromatography and isoelec- 
tric focusing. The correlation coefficients between 2 h blood 
glucose and levels of glycated haemoglobin were between 
0.43 and 0.64. This poor correlation was not explained on the 
basis of assay or biological variability of either 2 h blood glu- 
cose or glycated haemoglobin. Multiple regression analysis 
showed that other assays of glycated haemoglobin con- 
tributed to the variance of any single glycated haemoglobin 
value by 0.1%-52.9% (median 12.8%) compared to the vari- 
ance of 18.6%-41.4% (median 30.8%) explained by 2 h 
blood glucose alone, suggesting that in a non-diabetic popu- 
lation, the degree of glucose intolerance may explain only 
one third of the variance of glycated haemoglobin levels, but 

other factors operate to produce consistent changes in levels 
of glycated haemoglobin. Investigation of 42 subjects with 
consistently high (20 subjects) or low (22 subjects) levels of 
glycated haemoglobin relative to their 2 h blood glucose 
level showed no difference in age, gender, body mass index, 
haemoglobin levels or smoking, although 50% of low glyca- 
tors had impaired glucose tolerance. Neither ambient blood- 
glucose levels, as estimated on two five-point blood-glucose 
profiles, nor dietary intake of carbohydrate, starch, sugars, 
fibre or alcohol, explained the difference between high and 
low glycators. The determinants of the consistent interindivi- 
dual differences in levels of glycated haemoglobin in non- 
diabetic subjects remain to be determined. 

Key words: Glycated haemoglobin, glucose intolerance, am- 
bient blood-glucose levels, dietary carbohydrate, dietary 
fibre. 

Levels of glycated haemoglobin are used to assess 
metabolic control in diabetic patients. Other proteins 
besides haemoglobin undergo glycation, and this process 
has been implicated in the development of diabetic 
complications [1]. It has been suggested that advanced 
glycation end-products, formed by a condensation of gly- 
cated proteins, may account for both normal ageing and 
the more rapid degeneration of tissues seen in diabetes 
[2, 3]. 

In diabetic patients, glycated haemoglobin levels 
correlate with mean concentrations of blood-glucose [4], 
and correlation coefficients as high as 0.98 have been re- 
ported between glycated haemoglobin and mean blood- 
glucose levels [5]. In subjects without known diabetes, the 
correlation between glycated haemoglobin and fasting 
blood-glucose (FBG) levels or blood-glucose levels 2 h 
after a glucose load (2hBG) is much lower [6-9]. This is 
partly because both assay and biological variability may 
make a larger contribution to the variation at low levels of 
glycated haemoglobin, and over the narrow range seen in 
non-diabetic subjects. However, this has not been studied 
systematically. 

In the Islington Diabetes Survey [10-12] a sample of 
223 subjects had two glucose tolerance tests, and esti- 
mates of glycated haemoglobin on two occasions, on the 
second of which the assay was performed by four different 
methods on both the fasting and 2 h blood samples [12- 
14]. Wide differences in levels of glycated haemoglobin 
relative to the degree of glucose intolerance were found in 
this population, but levels of glycated haemoglobin were 
more closely interrelated, even when analysed by meth- 
ods relying on different physicochemical properties. In 
this report we study the relationship between FBG, 2 h 
blood glucose, and glycated haemoglobin by the four 
methods, we analyse the contribution of assay and glucose 
tolerance test variability to the low level of correlation of 
these measures, and investigate the interrelationship be- 
tween different assays of glycated haemoglobin. We also 
report on studies of subjects selected on the basis of con- 
sistently high and low levels of glycated haemoglobin 
relative to their, degree of glucose intolerance, to deter- 
mine whether differences in ambient blood-glucose 
profiles or in diet might explain differences in levels of gly- 
cated haemoglobin relative to the degree of glycaemia. 
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Subjects and methods 

The Islington Diabetes Survey 

The Islington Diabetes Survey has been described previously 
[10-12]. In this 2-phase community-based study, a random sample 
of 1,084 non-diabetic subjects over the age of 40 was examined in 
phase I; this comprised an abbreviated 75 g oral glucose tolerance 
test (OGTT), with estimation of blood-glucose (2hBG) and gly- 
cated haemoglobin on a fingerprick blood sample 2 h after the glu- 
cose load. In phase II, a stratified sample of 223 of the phase I sub- 
jects, biased towards those with more marked degrees of glucose 
intolerance [10-12], was re-examined. A full 2 h OGTT was per- 
formed using venous samples, and assay of glycated haemoglobin 
was performed by four methods on the fasting and 2 h samples. 
Different assay results were available for between 156 and 
216 subjects, with 136 subjects having data available for all vari- 
ables. 
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glucose concentration curve was taken, employing fingerprick blood 
samples, at 09.00, 10.30, 12.00, 13.30 and 14.30 hours, representing 
the fasting, 1 h post-breakfast, pre-lunch, 1 h post lunch and 2 h post- 
lunch blood-glucose concentrations respectively. Studies on diurnal 
blood-glucose profiles in both non-diabetic and diabetic subjects 
have demonstrated good correlation between both fasting and post- 
prandial blood-glucose levels and 24 h mean levels [20, 21] as well as 
good reproducibility on different days [20, 22]. Each subject was of- 
fered a range of food for breakfast and for lunch, and selected the 
items which would most closely represent their usual meals. The 
profile was repeated on a second day during the subsequent four 
weeks in 14 of these subjects. Fingertip blood samples were collected 
onto filter paper impregnated with boric acid [23] (see assay meth- 
,ods). Because of the interval between the different phases of the 
study 13 subjects (31%) had a repeat estimation of glycated haemo- 
globin levels by all four assays during this part of the study in order to 
test the stability of the assays over this period. 

Characterisation of high glycators and low glycators 

Subjects were classified according to their mean levels of 2hBG and 
of glycated haemoglobin. In order to obviate the problem posed by 
the differences in ranges for the different assays, the subjects were 
classed into centile rankings of 2hBG at screening and at recall, and 
of glycated haemoglobin at screening and by each assay method 
both fasting and 2 h post-glucose at recall, and the mean centile 
2hBG and mean glycated haemoglobin centile were calculated. To 
avoid possible misclassifications, any subject whose ranking dif- 
fered by more than 50 centiles between screening and recall was ex- 
cluded (13 subjects for 2hBG and 6 subjects for glycated haemo- 
globin), as were those with only one value of 2hBG (17 subjects), 
and those for whom the standard deviation of the mean centile 
ranking of glycated haemoglobin exceeded 30 centiles (4 subjects). 
There were 42 subjects in whom mean 2hBG ranking differed by at 
least 30 centiles from their mean ranking for glycated haemoglobin. 
All of these subjects were invited to participate in the next two 
parts of the study. 

Dietary survey 

Twenty-five subjects (60% of those eligible) satisfactorily completed 
this part of the study, which was conducted approximately 
2.3 +_ 0.2 years after the original screening study. Each subject re- 
corded a 7-day food diary, and was visited at home by a dietitian for 
a complete diet history, backed by a cross-check of consumption fre- 
quency of a number of relevant foods [15], and using household 
measures, food models and photographs to assess portion sizes. All 
dietary histories were taken within a two month period. The daily 
intake of all nutrients was calculated from standard food tables 
[16-19]. Carbohydrate intake was expressed as total carbohydrate, 
sugars, and "glucose equivalents", the latter representing the glu- 
cose residues in starches and dextrins, in lactose, sucrose and mal- 
tose, as well as free glucose [17]. Soluble and insoluble dietary fibre 
were separately calculated [18, 19]. 

Measurement of ambient blood-glucose 

Sixteen subjects (38% of all those efigible) participated in this part of 
the study which took place 4.4 + 0.2 years after the original screening 
study. Because of the problems associated with home blood-glucose 
monitoring in elderly subjects, this was performed in a hospital set- 
ting. Subjects attended the Clinical Investigation Ward at the Whit- 
tington Hospital at 08.30 hours after an overnight fast and were 
encouraged to follow their usual level of activity. A 5-point blood- 

Assay methods 

Because the screening survey was performed with the use of finger- 
prick capillary blood samples, whole blood glucose was assayed in 
both phases of the study and not plasma glucose. Blood-glucose was 
measured by a glucose oxidase method (Technicon I, Technicon In- 
dustrial Co, Basingstoke, Hampshire, UK). The blood samples dur- 
ing the study of ambient blood-glucose concentration were collected 
onto boric acid-impregnated filter paper [23], and the spots were 
eluted into 2.5% trichloroacetic acid and estimated using a glucose 
oxidase method on a Cobas Bio Centrifugal Analyser (Roche Ltd., 
Welwyn Garden City, Hertfordshire, UK). In phase I of the study, 
glycated haemoglobin was measured by agar gel electrophoresis 
(Coming Medical Ltd, Halstead, Essex, UK) without prior removal 
of the labile Schiff base (total GHb-screening) [24]. In phase II, gly- 
cated haemoglobin was assayed by four methods - agar gel electro- 
phoresis without removal of S chiff base (total GHb-recall) [24], agar 
gel electrophoresis with prior removal of Schiff base by incubation 
with dipotassium phthalate (stable GHb) [25], isolectric focusing 
(LKB, Bromma, Sweden) [26] and affinity chromatography on bo- 
ronate gel (Glycogel B, Pierce and Warriner, Chester, Cheshire, 
UK) [27]. The first three of these assays were performed within 48 h 
of sampling at the Whittington Hospital, while the samples for af- 
finity chromatography were transported to the Department of Bio- 
chemistry, University of Surrey, and assayed within seven days. Our 
own observations confirm the previous finding [28] that levels of gly- 
cated haemoglobin are stable over this period of time. The within- 
and between-assay coefficients of variation of these assays on ten re- 
plicate samples have been reported [14]. Haemoglobin levels were 
measured colorimetrically on an EDTA sample using a Coulter 
haemoglobinometer (Coulter Electronics Ltd., Luton, Bedford- 
shire, UK) [29]. Diabetes mellitus and impaired glucose tolerance 
were defined according to World Health Organisation (WHO) crite- 
ria [30]. 

Statistical analysis 

Linear and multiple regression analysis using raw data, and Pear- 
son's correlation coefficient have been employed to express the rela- 
tionship between levels of 2hBG and of glycated haemoglobin, as, 
despite the moderately skewed nature of the data, logarithmic trans- 
formation has little effect on the strength of the relationships re- 
ported. All multiple regression analyses were performed only on the 
136 subjects for whom all values were available. Groups were com- 
pared using chi-squared analysis for proportions, and Student's 
t-tests or Mann Whitney U-tests for parametrically distributed and 
skewed continuous variables respectively. Unless otherwise stated, 
values are presented as mean _+ SD. 
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Fig.1. Mean centile rankings of 2 h 
blood-glucose and of all assays of 
glycated haemoglobin at screening and 
recall. The lines of agreement and of + 30 
and - 30 centites are indicated, defining 
subjects with high and low levels of 
glycated haemoglobin respectively. The 
corresponding levels of screening and 
recall 2 h blood-glucose, and of 2 h 
post-glucose assays of glycated 
haemoglobin are indicated. Total 
glycated haemoglobin (GHb) - agar gel 
electrophoresis without removal of Schiff 
base; Stable glycated haemoglobin 
(GHb) - agar gel etectrophoresis with 
prior removal of Schiff base; Aft - 
affinity chromatography; IEF- 
is�9 focusing 

Results  

Correlation of glycated haemoglobin assays with 2 h blood 
glucose levels 

In the screening phase of the study, the correlation be- 
tween 2hBG and total GHb-Screening was r =0.51 
(n = 1031), this relationship being similar when analysed 
only for those subjects attending for recall (r = 0.49, 
n --217). At  recall, the relationship between 2hBG and 
total GHb-recall on the 2 h post-load blood sample was 
very similar (r = 0.50, n = 212). The correlation coeffi- 
cients between 2hBG at recall and different assays of gly- 
cated haemoglobin were between 0.43 and 0.64, with that 
of 2hB G with affinity chromatography being the strongest 
and with is�9 focusing the weakest. The relation- 
ships of 2hBG with fasting and with 2 h post-load levels of 
glycated haemoglobin were similar. 

In order to assess the contribution of glucose tolerance 
test variability, and of both assay and biological variability 
of glycated haemoglobin, to the weakness of the relation- 
ship between these variables, the mean level of 2hBG be- 
tween screening and recall, and the mean level of total 
GHb between screening and recall, were employed. The 
correlation coefficient for this relationship increased to 
only 0.56 (n = 197), suggesting that such variability is not 
the major explanation for the weak relationship. 

Multiple regression analysis was used to study the de- 
gree to which subjects with high or low levels of glycated 
haemoglobin by one method showed similar levels by 
other methods. In these analyses one level of glycated 
haemoglobin was treated as the dependent variable, and 
the contribution of 2hBG to its variance was assessed. 
Using multiple regression analysis, a different assay of gly- 
cated haemoglobin was added to the equation to assess 
the additional contribution of this second assay to the vari- 
ance of the first while controlling for 2hBG. The propor- 
tion of variance of glycated haemoglobin which was ex- 

plained increased from values of 18.6%41.4% (median 
30.8%) for 2hBG alone, by an additional 0.1%-52.9% 
(median 12.8%) for the combination of 2hBG and an- 
other assay. The additional variance explained was 
greatest between two assays of similar type (such as total 
and stable GHb), but methods employing different phy- 
sic�9 properties contributed an additional 
0.1%-16.1% (median 7.5 % ) to the variance explained by 
2hBG alone. These results imply that subjects with a high 
or low level of glycated haemoglobin by one assay method 
tend to have similar levels by all other methods, inde- 
pendent of the degree of glucose intolerance. 

In order to determine whether the weakness of the re- 
lationship between indices of glycaemia and glycated 
haemoglobin levels is the result of employing the 2hBG 
level, a similar analysis was performed employing FBG 
levels instead. Fasting blood-glucose alone explained 
between 25.6% and 47.8% (median 36.6%) of the vari- 
ance of different glycated haemoglobin assays, while the 
additional proportion explained by other assays was 
0.1%-41.3% (median 7.9%), and by physic�9 
different methods 0.1-11.6% (median 4.9%). 

Characteristics of  high and low glycators 

All subjects examined at recall were sorted into mean cen- 
tile ranking of 2hBG and of glycated haemoglobin, and 
the relationship is shown in Figure 1. High and low glyca- 
tors were classified as those whose mean 2hBG differed by 
at least 30 centiles from their mean ranking of glycated 
haemoglobin. There were 42 such subjects, of whom 20 
had a mean ranking for glycated haemoglobin exceeding 
30 centiles higher ("high glycators"), and 22 had a mean 
glycated haemoglobin ranking more than 30 centiles 
lower than for 2hBG ("low glycators"). One low glycator 
(5%) had diabetes mellitus and 11 (50%) had impaired 
glucose tolerance. There was no difference in age, gender, 
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Table 1. Characteristics of low and high glycators 
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Low glycators High glycators Significance 
(n = 22) (n = 20) of difference 

(p) 

Sex (male:female) 

Age (years) 

Body mass index (kg/m 2) 

Haemoglobin (g/dl) 

Smokers 
Cigarettes/day 

Alcohol intake 
(g/day, median (range)) 

Differences in centile rankings 

- Mean glycated haemoglobin and mean 2 h 
blood-glucose centiles (median (range)) 

- Mean glycated haemoglobin and fasting 
blood-glucose centiles (median (range)) 

8:14 6:14 0.91 (~2 : 0.01, ldf.) 

65.9 + 14.2 59.8 + 9.3 0.11 

26.6 -+ 5.1 27.8 + 4.3 0.43 

13.9 -+ 1.4 13.4 + 1.3 0.23 

4 9 0.06 (% 2 = 3.52, 1dr.) 
0-20 0-30 0.06 

0.7 (0-40) 0.6 (0-57) 0.67 

- 3 9  ( - 5 7 ,  - 30) 

- 1 2 ( - 4 6 ,  +36) 

+ 4 0  ( + 3 0 ,  + 67) 

+36( -13 ,  +63) 

t = 28.96,40df, p < 0.001 

t = 5.96,40df, p < 0.001 

Values are shown as mean + SD except where indicated. The significance of differences is tested using Student's t-test for normally distributed 
data, by Mann Whitney U-test for skewed data, and Z z for proportions 

T a b l e  2. Characteristics of low and high glycators participating in blood-glucose profiles 

Low glycators High glycators Significance 
(n = 7) (n = 9) of difference 

(p) 

Sex (Male:female) 

Age (years) 

Body mass index (kg/m 2) 

Differences in centile rankings 

- Mean glycated haemoglobin and mean 2 h 
blood-glucose centiles (median (range)) 

- Mean glycated haemoglobin and mean 
profile blood-glucose centiles (median (range)) 

2:5 2:7 1.00 

64.3 + 12.6 57.7 + 8.9 0.24 

24.9+_ 3.2 27.1 +5.1 0.36 

- 4 0  ( - 5 7 ,  - 3 0 )  

- 4 7  ( - 7 0 ,  - 3 2 )  

+39(+30,  +56) 

+36(+3,  +73) 

t = 18.03,14df, p < 0.001 

t = 8.53,14df, p < 0.001 

Values are shown as mean _+ SD except where indicated. The significance of differences is tested using Student's t-test and Z ~ 

body  mass  index or ihaemoglobin level be tween  high and 
low glycators (p > 0.1) (Table 1). Nine  of the high glyca- 
tors (45%)  and four  of  the  low glycators (18%) were  ciga- 
re t te  smokers  (Z 2 = 3.5, p = 0.06). No  subject  was taking 
regular  salicylates. 

W h e n  the high and low glycators were  classed into 
rankings  of  F B G ,  there  was a less m a r k e d  difference be-  
tween  med ian  rankings  of  glycated h a e m o g l o b i n  and of 
g lycaemia  than  when  classified by 2hBG,  but  the dif- 
ference  was still appa ren t  (Table  1, Fig. 2 a). E igh teen  of 
20 high glycators and 16 of 22 low glycators r emain  in the 
same  categor ies  when  classified by  F B G .  

Blood-glucose profiIes in high and low glycators 

Sixteen subjects  (nine high and seven low glycators)  satis- 
factori ly comple t ed  this par t  of  the s tudy on two occasions 
(Table 2), and  these did not  differ f rom the non-part ic i-  
pants  in age, gender  or  b o d y  mass  index (p > 0.3 for  all 
compar isons) .  The re  was a significant corre la t ion be-  
tween  m e a n  b lood-g lucose  on the two profi les  and the 

m e a n  value for 2 h B G  on the two G T T s  (r = 0.63,p < 0.01, 
n = 16). The  centile rankings  of  m e a n  b lood-glucose  levels 
on the two profi les  were  calculated,  and high and  low gly- 
cators  are c o m p a r e d  in Table  2 and Figure  2b. High  and 
low glycators show the same discrepancy of centile r ank  of 
m e a n  b lood-g lucose  as with 2hBG,  and there  is no re- 
classification of  subjects across the line of unity. 

Stability of levels of glycated haemoglobin 

Because  a per iod  of app rox ima te ly  four  years  had  e lapsed 
be tween  the original screening s tudy and the blood-glu-  
cose profi le  study, the levels of  g lycated haemog lob in  
were  re -es t imated  by  the same  assay me thods  in seven 
high and six low glycators.  Only  three  of  the 13 subjects 
had  changed  ca tegory  as a result  of  reclassification by  the 
r epea t  assays of  glycated haemoglob in ,  including one low 
glycator  who  had  deve loped  diabetes  in the  in te r im peri-  
od. The  differences  in centile ranking be tween  m e a n  gly- 
cated haemog lob in  centiles on r epea t  assay and m e a n  2 h 
b lood-glucose  centiles, calculated as in Table  2, r e m a i n e d  
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Fig.2a and b. Mean centile rankings of 
blood-glucose and of all assays of 
glycated haemoglobin in high and low 
glycators, a Centile rankings of fasting 
blood-glucose and mean centile 
rankings of all assays of glycated 
haemoglobin at screening and recall. 
The line of agreement is indicated. 
b Centile rankings of mean 
blood-glucose levels and mean centile 
rankings of all assays of glycated 
haemoglobin at screening and recall in 
16 subjects completing ambient 
blood-glucose profile. The line of 
agreement is indicated. High glycators 
are represented as �9 and low glycators 
as A. The corresponding levels of 
blood-glucose, and of 2 h post-load 
assays of glycated haemoglobin are 
indicated. Abbreviations as for Figure 1 

highly significant in high and low glycators (t = 3.74, 11 dr, 
p < 0.003). There was also a significant difference in cen- 
tile ranking between repeat  assay mean glycated haemo- 
globin centile and mean profile blood-glucose centile 
(t = 3.55, 11 df, p < 0.005). 

Dietary survey 

Twelve of the 20 high glycators and 13 of the 22 low glyca- 
tots satisfactorily completed the dietary survey. There was 
no difference in age or gender between those who partici- 
pated and the non-participants, but the latter were more 
obese (p < 0.02). There was no significant difference in 
the intake of total carbohydrates, sugars, glucose equiva- 
lents, total or soluble fibre, or vitamins B 6 or C between 
high and low glycators. Moreover, no significant differen- 

ces were found when nutrient intake was expressed as a 
proportion of total energy intake or as a percentage of 
body weight. These results were unaffected by excluding 
the four subjects reporting a change in dietary patterns 
during the period between the screening survey and the 
dietary survey. 

Discussion 

We have demonstrated wide inter-individual differences 
in the degree of haemoglobin glycation relative to the 
levels of fasting and post-load blood-glucose in a popula- 
tion comprising predominantly non-diabetic subjects, 
such that only around one quarter to one third of the vari- 
ance of glycated haemoglobin can be explained on the 
basis of these measures of glucose intolerance. The weak 
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relationship is not random, as the levels of glycated 
haemoglobin relative to glucose intolerance remained 
constant over 4.4 years. We have analysed possible deter- 
minants of consistently high and low levels of glycated 
haemoglobin but have not identified differences in am- 
bient blood-glucose levels or in diet. While the high and 
low glycators investigated in this study were a highly se- 
lected subgroup, they did not differ significantly from the 
total study population other than in their levels of glycated 
haemoglobin. Nevertheless, the stratification of the 
screened population for selecting subjects for recall will 
have resulted in over-representation of both high and low 
glycators in the recall population. 

We found that glycated haemoglobin assay impreci- 
sion and the variability of the glucose tolerance test [31- 
33] were not the major determinants of the poor relation- 
ship. Glycated haemoglobin levels measured by all assay 
methods showed a considerable range in our study sample 
[14], probably as a result of the heterogeneity of the popu- 
lation, for example in terms of age, ethnic origin and social 
class, and thus high and low glycators may demonstrate 
differences of levels of glycated haemoglobin of 1-2% at 
the same degree of glucose intolerance (Fig. 1). The major 
determinant of glycated haemoglobin levels in Type 2 
(non-insulin-dependent) diabetic subjects is the fasting 
blood-glucose concentration [21], but employing this 
measure of glycaemia rather than 2hBG did not explain 
differences in levels of glycated haemoglobin between 
high and low glycators. While the five-point blood-glu- 
cose profiles employed in the study may not accurately re- 
flect ambient blood-glucose levels, the mean levels on the 
two profiles differed significantly between high and low 
glycators, suggesting that these observed differences in 
glycation are not thereby explained. There is no syste- 
matic gender difference in glycated haemoglobin [34], a 
difference which some previous studies have suggested 
[35, 36]. 

Our results imply that in non-diabetic subjects factors 
other than the degree of glucose intolerance may contrib- 
ute as much as one tlaird to one half the proportion of the 
variance of the glyca~ed haemoglobin level contributed by 
glycaemia per se. In diabetic patients, the previously re- 
ported correlations of as much as 0.98 between levels of 
glycated haemoglobin and of mean blood-glucose [5] may 
result from the higher levels of ambient blood-glucose dis- 
guising any such contribution. In population studies, the 
correlation coefficients are much weaker than those 
found in diabetic patients because of the narrower range 
of the levels of the variables, and they may even be insigni- 
ficant in non-diabetic subjects [6-9, 37, 38]. 

Three previous studies have produced findings con- 
sistent with our own. One has investigated the relation- 
ship between levels of glycated haemoglobin and 
measures of glycaemia on glucose tolerance testing in sub- 
jects with normal glucose tolerance [39] and also reported 
wide differences in these levels which were poorly ex- 
plained by fasting or 2hBG, and which remained stable 
over a period of more than 3 years. That study employed 
only a single ion exchange chromatography method for 
assay of glycated haemoglobin, so it is possible that other 
modifications of the haemoglobin molecule may be in part 
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responsible for their findings. The boronate affinity chro- 
matography method employed in our study separates only 
haemoglobin molecules with cis-diol sugar residues at- 
tached to them [40], and for this reason it is unlikely that 
other modifications of the haemoglobin molecule, such as 
occur in uraemia [41], during treatment with salicylates 
[42], or with abnormal haemoglobins [43], were respon- 
sible for our findings. In a study of six pregnant Type 1 (in- 
sulin-dependent) diabetic subjects, Madsen et al. [44] 
found good correlation between HbAlc concentrations 
and blood-glucose levels in the previous eight weeks as 
determined by reflectance meter; however, the intercepts 
of the regression lines for these subjects differed substan- 
tially, so that any level of glycated haemoglobin might 
correspond to mean blood-glucose levels as much as 
4 mmol/1 apart. The authors provided no information in 
this study of the accuracy of reflectance meter readings of 
blood-glucose. Finally, a recent study examined levels of 
post-load blood-glucose and of glycated haemoglobin in 
129 men and showed that 22% had discordant elevation of 
one or other value to a level above the 97.5 centile of a 
normal population [45]. Most of the group of subjects with 
abnormalities of glucose tolerance but normal glycated 
haemoglobin levels would probably be defined as having 
impaired glucose tolerance (IGT) by WHO criteria [30], 
and most previous studies have reported normal levels of 
glycated haemoglobin in subjects with IGT [6-8, 46]. The 
study did not look further at the determinants of the dis- 
cordant elevations, and, because both the glucose toler- 
ance test and the glycated haemoglobin assay were per- 
formed on a single occasion, the problems of assay and 
biological variability remain. In our study 50% of the low 
glycators had IGT. 

Ambient or fasting blood-glucose levels may in certain 
circumstances alter in different directions from those of 
the response to a glucose load. Thus, starvation and carbo- 
hydrate-restriction cause glucose intolerance [47] with 
lowering of glycated haemoglobin [48], and a high carbo- 
hydrate intake may improve glucose tolerance [49] while 
elevating postprandial blood-glucose levels [50]. We 
found no evidence for differences in carbohydrate or fibre 
intake between high and low glycators. Vitamin B 6 and C 
may affect glycation [51, 52] but intake did not differ be- 
tween the groups. Modan et al. [39] did not find any con- 
tribution of dietary intake to glycated haemoglobin levels 
in subjects with normal glucose tolerance. It should be 
noted that the small size of the dietary study means that 
the calculated confidence interval for the true difference 
of intake between groups is wide. Moreover, the diet his- 
tory has been criticised as not reflecting the wide vari- 
ability of daily nutrient intake [53, 54]. However, in this el- 
derly population we have found a much smaller variability 
of measures of sodium intake than previously reported 
[55], suggesting that in such a population a seven day die- 
tary history may be a valuable tool. 

The consistent levels of glycated haemoglobin by as- 
says employing different physicochemical properties im- 
plies that other chemical alterations of haemoglobin [39, 
40] are unlikely to be responsible for high levels. Modan et 
al. [39] have shown higher levels of glycated haemoglobin 
in smokers than non-smokers, a finding which in our study 
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just  fa i led  to reach  signif icance.  O t h e r  mechan isms ,  unre-  
l a ted  to m e a n  b lood-g lucose  levels,  inc luding e ry th rocy te  
survival  and  levels  of  compe t ing  molecules ,  such as amino  
acids or  2.3 d iphosphog lyce ra t e ,  m a y  be  r e spons ib le  for 
the  exis tence  of  high and  low glyca tors  and  we are  cur-  
ren t ly  exp lor ing  these  possibi l i t ies .  

In  conclusion,  we have  found  m a r k e d  d i f ferences  in in- 
d iv idua l  levels of  g lyca ted  haemog lob in ,  re la t ive  to  fast-  
ing, 2 h, or  a m b i e n t  b l o o d  glucose,  in a p o p u l a t i o n  of  sub- 
jects  wi thou t  k n o w n  d iabe tes ,  which r e m a i n  cons is ten t  
dur ing  a p e r i o d  of  over  four  years ,  and  have  b e e n  unab le  
to f ind d i f ferences  in b lood-g lucose  levels  or  d i e t a ry  pa t -  
terns  to  exp la in  them.  These  f indings may  be  of  impor -  
tance  in the  i n t e r p r e t a t i o n  of  levels of  g lyca ted  h a e m o -  
globin,  especia l ly  in screening  p r o g r a m m e s  and  in 
p regnancy  where  most  levels a re  l ike ly  to be  close to the  
n o r m a l  range.  
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