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Summary. To examine the temporal relationship be- 
tween Hb Aic values and various indices of blood 
glucose control, 38 diabetic and 28 nondiabetic youth 
counsellors employed at two summer camps for 
diabetic children took part in an eight-week study. 
Each week fasting determinations were made of Hb 
AI, Hb Al~ , serum cholesterol, triglyceride and 
growth hormone and plasma glucose. Total daily 
urine glucose excretion was measured approximately 
two times per week, capillary glucose values were 
measured fasting and at 11 a. m. and 3 p. m. on two 
days per week, and urine glucose was measured semi- 
quantitatively four times per day. As Hb AI was cor- 
related highly with Hb AI0 (r = 0.997), it was used as 
the primary index of glycosylated haemoglobin. The 
mean values of Hb AI, serum cholesterol and trigly- 
cerides and fasting plasma glucose were all signifi- 
cantly elevated in the diabetic group but only Hb AI 
values provided total separation of the two groups. 
Within the diabetic group the Week 8 Hb A I values 
showed a significant correlation with the Week 8 
mean capillary glucose concentrations, the propor- 
tion of urine tests showing 2% and 0% glycosuria, 
and mean serum triglycerides. Correlations of Week 
8 Hb A~ with the mean values of these glycaemic 
parameters for each week of the study demonstrated 
low order correlations with the glycaemie measures 
of Week 1, and a progressive increase in the degree 
of correlation reaching a plateau with the glycaernic 
measures of Week 4 to 8. Similar correlation analysis 
using the Hb Ai values from Week 4 confirmed these 
findings. Therefore, while Hb AI provides an index of 
the control of diabetes, it appears to be more acutely 
responsive to blood glucose alteration than generally 
recognized. 
Key words: Glycosylated haemoglobin, juvenile 
diabetics, mean capillary blood glucose, fasting 
plasma glucose, twenty-four hour urine glucose, 
cholesterol, triglycerides, camps, weekly. 

Following the initial observation that the minor 
haemoglobin, haemoglobin (Hb) Aic , is increased in 
diabetic subjects [1, 2] it has been established that 
Hb Aic is a glycosylated derivative of the major adult 
haemoglobin, Hb A H [3, 4, 5, 6]. Hexose molecules 
attach to the N-terminals of the two B chains of the 
Hb An molecule, initially in a reversible Schiff base 
linkage but subsequently they rearrange spontane- 
ously to form a more stable ketoamine linkage [3]. 
Two further minor haemoglobin components Hb Aia 
and Hb At0 are commonly measured as a single 
entity, Hb Aia+b , which is also increased in the diabe- 
tic [7, 8]. All three minor haemoglobin components 
are formed postsynthetically, their concentrations 
increasing slowly and apparently linearly over the 
life-span of a cohort of red cells [6]. 

On the basis of these observations, and the 
known constancy of red blood cell survival [9] it has 
been proposed that the concentration of Hb Arc 
should provide a measure of the average blood glu- 
cose concentrations prevailing over the life-span of 
the red cells sampled [6, 10]. Gabbay et al. [7] 
observed that Hb A I correlated significantly with 24- 
h urine glucose excretion determined at monthly 
intervals over a three-month period prior to the Hb 
A t sample in a large group of juvenile diabetics. The 
highest correlation was between the Hb A I level and 
the 24-hour urine glucose obtained two months prior 
to Hb A I determination. In addition, Ditzel et al. [11] 
noted that Hb Aic values fell over a period of weeks 
to months following initiation of insulin therapy in a 
group of newly diagnosed diabetics. On the other 
hand, the rate of decline of Hb Aic values following 
imposition of rigorous diabetic control in a group of 
five diabetics described by Koenig et al. [12] 
appeared inconsistent with a reduction in rate of 
synthesis alone. Furthermore, high correlations have 
been reported between Hb Aic values and virtually 
simultaneous blood glucose concentrations [13, 14]. 
Finally, short-term changes in blood glucose concen- 
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t r a t ions  have  b e e n  r e p o r t e d  to  in f luence  H b  A~c val-  
ues  [15]. 

In  v iew of  the  cl inical  i m p o r t a n c e  of  t he  r e l a t i on -  
ship  b e t w e e n  b l o o d  g lucose  c o n c e n t r a t i o n s  and  the  
r e l a t ed  H b  Aic concen t ra t ions ,  and  in pa r t i cu la r ,  the  
r e sponse  of  the  l a t t e r  to  b l o o d  g lucose  changes ,  w e  
have  e x a m i n e d  this r e l a t ionsh ip  in a g r o u p  of  th i r ty -  
e igh t  j uven i l e  onse t  d iabe t i c s  s tud i ed  for  an e ight -  
w e e k  pe r iod .  

Methodology 

Subjects 

Thirty-eight diabetic and 28 nondiabetic counsellors at the E. P. 
Joslin and Clara Barton Diabetic Camps volunteered for the study. 
The diabetic group comprised 20 male subjects, mean age 
19.1+_0.5 years (_+ SEM), mean % of Ideal Body Weight (% 
IBW) 108+2, and 18 female subjects, mean age 19.4+1.1 years 
and mean % IBW 111 _+4. All were on insulin therapy and had no 
major diabetic complications. The nondiabetic group comprised 6 
male subjects, mean age 20.8_+l.3 years, mean % IBW 106_+5, 
and 22 female subjects, mean age 20.9+0.6 years and mean % 
IBW 104_+3. Informed written consent was obtained from all sub- 
jects prior to the study and countersigned by a parent or guardian 
in the case of minors. 

Procedures 

The study was performed during the course of a summer camp 
session of eight-weeks duration. Each Monday following an over- 
night fast, a blood sample was drawn for determination of plasma 
glucose, serum triglycerides, serum growth hormone, and glycosy- 
lated haemoglobin in both the diabetic and nondiabetic subjects. 
The diabetic subjects tested their urine semiquantitatively four 
times a day for glucose concentration, provided two or more 24-h 
urine collections per week for glucose determination and on two or 
more days per week had capillary glucose concentrations deter- 
mined fasting, at 11 a.m. and at 3 p.m. 

Methods 

Hb Aic% and Hb AI% were determined with a high performance 
liquid chromatography technique [16]. Aliquots of a pooled 
haemolysate were kept in liquid nitrogen and run at the beginning 
and end of each day's samples. The inter- and intra-run coeffi- 
dents of variation of the quality control sample were both approxi- 
mately 3% [16]. Serum cholesterol and serum triglycerides were 
measured with an automated colorimetric method [ 17], and serum 
growth hormone by radioimmunoassay [18]. The fasting plasma 
glucose levels were determined with a glucose oxidase method 
[19], the capillary glucose levels with Dextrostix and the Eyetone 
Reflectance Meter (Ames Company, Elkhart, Indiana). Twenty- 
four h urine glucose excretion was measured with Sumner's techni- 
que [20]. To assess the adequacy of the 24-h urine collections, the 
total creatinine excretion was determined from two collections for 
each subject. The mean total creatinine excretion (• SEM) was 
1.20_+0.05 g/day. The daily semiquantitative urine glucose tests 
were determined with Benedict's solution, the results being ex- 
pressed in g/100 ml ranging from 0% to 2%. For purposes of 
analysis the total number of 0% and 2% urine tests recorded by 
each subject for each week of the study were calculated as the 
proportion of the total number of tests for the week. 

Statistical Analyses 

The data for all the subjects were processed by an IBM Model 
370/168 computer using the Data Text program package [2 l]. The 
statistical analyses involved the computation of conventional cor- 
relation coefficients and regression equations; differences between 
two group means were determined by Student's t-test, either 
paired or unpaired where appropriate. All data are expressed as 
mean + SEM. 

Results 

Relationship of  l ib A1% to Hb A~c% 

T h e  r e l a t i onsh ip  of  H b  A I %  with  H b  Axe% va lues  
r e c o r d e d  in the  d i abe t i c  and  n o n d i a b e t i c  sub jec t s  in 
W e e k  1 of  the  s tudy  was ca lcula ted .  T h e  co r r e l a t i on  
coeff ic ient  was c lose  to  1 (r  = 0.996,  p < 0 .001) ,  and  
the  r eg re s s ion  e q u a t i o n  was:  9 H b  A I = 1.02 + 1.14 
H b  Aic. R e p e a t e d  analysis  of this  r e l a t ionsh ip  for  
W e e k s  2 - 8  of  the  s tudy  p r o d u c e d  co r r e l a t i on  coeff i -  
c ients  of  a s imi la r ly  h igh  ma gn i tude ,  a n d  the  regres -  
s ion equa t i ons  we re  v i r tua l ly  ident ica l .  

Diabetic Compared to Nondiabetic Values 

T h e  d i abe t i c  and  n o n d i a b e t i c  fas t ing p l a s m a  glucose,  
s e r u m  cho les te ro l ,  s e r u m  t r ig lycer ide  and  H b  A I val-  
ues  r e c o r d e d  in W e e k  1 of  the  s tudy  a re  d e p i c t e d  in 
F i g u r e  1. T h e  m e a n  va lues  of all  four  va r i ab les  we re  
s ignif icant ly  g r e a t e r  in the  d i abe t i c  g r o u p  (p < 0.001,  
wi th  cho les te ro l ,  p < 0.05).  T h e r e  was no  ove r l ap  of 
the  d i abe t i c  and  n o n d i a b e t i c  H b  A I %  va lues  (with 
one  excep t ion ) ,  bu t  m a r k e d  ove r l a p  of the  o t h e r  
t h r e e  var iab les .  

M e a n  levels  of  H b  AI,  fas t ing p l a s m a  glucose,  
s e r u m  cho les t e ro l  and  s e r u m  t r ig lycer ide  concen t r a -  
t ions  for  b o t h  d iabe t ics  and  nond i a be t i c s  in each  
w e e k  of  the  s tudy  a re  l i s ted  in T a b l e  1. T h e  signifi-  
cant  d i f fe rences  n o t e d  b e t w e e n  the  two g roups  in the  
first  w e e k  were  m a i n t a i n e d  ove r  the  e igh t  w e e k s  
a l t hough  n o t  cons i s ten t ly  for  choles te ro l .  

T h e  m e a n  s e r u m  growth  h o r m o n e  concen t r a t i ons  
d id  no t  d i f fer  s ignif icant ly  b e t w e e n  the  two g roups  
for  any  of  the  e igh t  w e e k s  (da t a  no t  shown) .  T h e  
m e a n  va lues  in the  d iabe t ics  ove r  the  e ight  weeks  
r a n g e d  f rom 3.6 to  2.0 ng /ml ;  in the  nond iabe t i c s  the  
r ange  was f rom 3.6 to  2.1 ng /ml .  

T o  assess  the  r e l a t ive  s tab i l i ty  of  H b  A I in the  
d i abe t i c  c o m p a r e d  to  the  n o n d i a b e t i c  subjec ts ,  the  
m e a n ,  s t a n d a r d  dev ia t i on  and  coeff ic ient  of va r i a t ion  
of  H b  A I  we re  ca lcu la t ed  for  each  d i abe t i c  and  non-  
d i abe t i c  sub jec t  f rom the  e ight  va lues  d e t e r m i n e d  
ove r  t he  s tudy  per iod .  T h e  m e a n  coeff ic ient  of  var ia -  
t ion  in the  d i abe t i c  and  n o n d i a b e t i c  g roups  r e spec -  
t ive ly  were  9 . 1 + 0 . 7 %  vs 6 . 6 + 0 . 5 %  (p < 0.01).  
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centrations in 38 diabetic and 28 
nondiabetic subjects, o = Non- 
diabetics, �9 = Diabetics 

Table 1. Mean (+ SEM) of weekly fasting metabolic values in 28 non-diabetic and 38 diabetic subjects 

Weeks ] 2 3 4 5 6 7 8 

Hb A I (%) 6.2+0.1 6.1+_0.2 6.1+0.1 6.2+_0.1 6.3+__0.1 6.5+0.2 6.2+_0.1 6.3+_0.1 Non-diabetic 
11.4_+0.4 11.1+_0.4 10.9+0.4 10.7+0.4 10.9_+0.4 11.3_+0.4 11.1+0.3 10.7-+0.4 Diabetic 

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Fasting plasma 62-+ 2 57 + _ 1 66+_ 2 63+- 2 75-+ 3 82+ 2 80_ + 2 63+_1 Non-diabetic 
glucose 137_+13 168_+16 187+14 166_+13 180+16 212+19 154_+16 155_+2  Diabetic 
(mg/100 ml) p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Serum 164-+5 147+_5 158 +_6 159 _+6 159 -+6 167 -+6 166 _+7 164 +-6 Non-diabetic 
cholesterol 178-+4 1 5 9 _ + 5  179.5_+5.6 168.9+-4.3 170.0_+4.9 182.2+6.1 184.4_+5.5 171.9_+4.6 Diabetic 
(mg/100 ml) p <0.05 NS <0.02 NS NS NS <0.05 NS 

Triglycerides 68_+5 63+-2 79_+ 6 73_+3 75_+1 74+- 5 71+-4 72_+ 7 Non-diabetic 
(mg/100 ml) 102-+7 84+6 133+23 94-+6 106-+7 95_+10 89+_6 103_+12 Diabetic 

p <0.001 <0.001 <0.05 <0.001 <0.001 NS <0.02 <0.05 

Weekly Mean Glycaemia in the Diabetic Group 

T h e  w e e k l y  m e a n  va lues  in the  d i abe t i c  g r o u p  for  
cap i l l a ry  g lucose ,  2 4 - h o u r  u r ine  g lucose  excre t ion ,  
p r o p o r t i o n  of  2 %  and  0 %  ur ine  tests  a r e  l i s ted  in 
T a b l e  2. A s ta t i s t ica l ly  s ignif icant  inc rease  in m e a n  
cap i l l a ry  g lucose  va lues  was o b s e r v e d  in W e e k s  5, 6 
and  8 c o m p a r e d  wi th  W e e k  i on  p a i r e d  t - t e s t  ana ly -  
sis, a lso in 24 -h  u r i na ry  g lucose  in W e e k  6 a n d  a 
s ignif icant  d e c r e a s e  in the  p r o p o r t i o n  of  0 %  ur ine  
tes ts  in W e e k s  2, 3, 4, 5, 6 a n d  8. 

Correlation of Week 8 Hb A I Values with Mean 
Glycaemia in the Antecedent Eight Weeks of  the Study 

T h e  m e a n  va lues  for  cap i l l a ry  g lucose ,  p r o p o r t i o n  of  
2 %  and  0 %  ur ine  tests ,  24 -h  u r ine  g lucose  excre t ion ,  
s e r u m  cho les t e ro l  and  s e r u m  t r ig lyce r ide  c onc en t r a -  
t ions  ove r  the  e ight  w e e k s  of  the  s tudy  were  ca lcu-  
l a t e d  for  each  d i abe t i c  sub jec t  and  c o r r e l a t e d  wi th  
the  H b  A I va lues  f rom W e e k  8 (F igure  2). T h e  h igh-  
est  co r r e l a t i on  was n o t e d  wi th  the  m e a n  cap i l l a ry  glu-  
cose  (r = 0.78;  p < 0 .001) .  S o m e w h a t  lower ,  bu t  still 
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Table 2. Mean (_+ SEM) glycaemic index values for weeks one to eight 

Weeks 1 2 3 4 5 6 7 8 

Mean capillary 
glucose mg/100ml 140 _+6 158 _+10 148 +8 162 _+10 184 ~ _+10 174 a _+11 159 +10 209 c _+18 
24 hour urine 
glucose g/day 16 _+3 14 _+2 20 _+3 22 _+4 20 _+3 33 b _+4 18 _+2 23 _+4 
Proportion 2% 
urine tests 0.22_+0.03 0,26_+0.03 0.22_+0.03 0.28-+0.04 0.29-+0.04 0.24-+0.04 0.19+0.03 0.22-+0.22 
Proportion 0% 
urine tests 0.40_+0.04 0.32~-+0.04 0.33"-+0.04 0.28b-+0.04 0.21c--+0.03 0.31a-+0.04 0.36_+0.04 0.28~_+0.04 

p<0.05; Up<0.01; ~p<0.001 
Paired t-test analysis of changes in glycaemic parameters between week 1 and the later weeks of the study 
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Fig. 2. Relationship in the diabetics of Hb AI% on 
Week 8 with the mean values of the capillary glu- 
cose determinations, 24-hour urinary glucose 
excretion, proportion of 2% and 0% urine tests, 
and fasting serum cholesterol and fasting serum 
triglyceride concentrations over the eight week 
study period. Significance of r and n for panel A is 
p<0.001 and 35, panel B is p<0.001 and 35, panel 
C is p<0.001 and 34, panel D is p<0.001 and 34, 
panel E is p = ns and 34 and panel F is p<0.025 
and 34 

h ighly  s ignif icant  co r r e l a t ions  we re  o b s e r v e d  wi th  the  
m e a n  24 -h  ur ine  g lucose  exc re t ion  (r  = 0.50;  p < 
0 .001) ,  the  p r o p o r t i o n  of  2 %  tests  (r  = 0 .67;  p < 
0 .001) ,  and  the  p r o p o r t i o n  of  0 %  tests  (r  = - 0 . 6 6 ;  p 
< 0 .001) .  A s ignif icant  co r r e l a t i on  was n o t e d  wi th  
m e a n  t r ig lycer ides  (r  - -  0 .39;  p < 0 .025)  bu t  no t  wi th  
m e a n  cho les t e ro l  (r  = 0.30;  p < 0.1).  

Correlation of Hb A 1 with Mean Weekly Glycaemia 

T o  e x a m i n e  the  in f luence  of d e g r e e  of  con t ro l  in each  
w e e k  on  the  H b  Ax va lues  d e t e r m i n e d  at  the  e n d  of  
the  s tudy,  the  w e e k l y  m e a n  cap i l l a ry  g lucose ,  fas t ing 

p l a s m a  glucose,  24 -h  ur ine  g lucose  exc re t ion  and  
p r o p o r t i o n  of  2 %  and  0 %  ur ine  test  va lues  were  cal-  
cu l a t ed  for  each  d iabe t i c  subject .  T h e s e  w e e k l y  indi -  
ces of g lycaemia  were  then  c o r r e l a t e d  wi th  the  W e e k  
8 H b  A i  va lues  (F igure  3 - u p p e r  pane l ) .  L o w  m a g -  
n i t ude  s ta t i s t ica l ly  s ignif icant  co r re l a t ions  were  n o t e d  
b e t w e e n  H b  A I va lues  and  mos t  of  the  indices  of  
g lycaemia  in W e e k  1 of the  s tudy  bu t  the  deg ree  of  
co r r e l a t i on  i m p r o v e d  p rogres s ive ly  f rom W e e k  I to  a 
p l a t e a u  f rom W e e k  4 to  8. S imi la r  co r r e l a t i on  ana ly -  
sis of  W e e k  4 H b  A 1 va lues  i l lus t ra ted  tha t  H b  AI  
c o r r e l a t e d  m a x i m a l l y  wi th  the  d e g r e e  of  g lycaemia  in 
the  i m m e d i a t e l y  p r e c e d i n g  W e e k  3 (F igure  3 - lower  
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panel). In addition, it was apparent that the change of 
glucose control from week to week within the sub- 
jects was such that the predictive value of the Week 4 
Hb AI for subsequent glycaemia was restricted to 
approximately one week (Figure 3 - lower panel). 

For control purposes, the mean 24-h urine glu- 
cose excretion in Week 8 of the study was correlated 
for each subject with their mean weekly indices of 
glycaemia, as shown in Figure 4. It was apparent that 
the Week 8 mean 24-h urine glucose excretion corre- 
lated highly significantly with four of the five indices 
of glycaemia in the last five weeks of the study. Thus, 
the stability of glucose control in the latter half of the 
study undoubtedly influenced the period of time for 
which the Week 8 Hb A I was useful as an index of 
prior glucose control. 

Correlation of Hb Az 
with Antecedent Weekly Serum Fasting Lipids 

The correlation coefficients of Week 8 Hb A I values 
with the weekly serum cholesterol and serum trigly- 
ceride concentrations of the diabetic subjects are 
listed in Table 3. The Week 8 Hb A~ values corre- 
lated significantly with both these serum lipids for 
Weeks 3 and 4 and with triglycerides in Week 7 
(Table 3). 

Discussion 

To date, the lack of a simple and rapid analytical 
method has greatly restricted the clinical evaluation 
of Hb A I and Hb A~c measurements. In the present 
study, a high performance liquid chromatography 
method was used that permitted both variables to be 
determined with a considerable degree of accuracy in 
a large number of samples. The high degree of corre- 
lation noted by Gabbay et al. [7] between Hb AI and 
Hb A~c was confirmed in this study, and in addition, it 
was demonstrated that this relationship (as evidenced 
by regression analysis) remained constant on repeti- 
tive determinations over an eight-week period. 
Therefore, for clinical purposes, it seems reasonable 
to use the simpler measurement of Hb A I alone in 
place of the more lengthy determination of Hb AI~. 
The one proviso to this is the need for greater care in 
sample handling for there is a progressive increase in 
the Hb AI~+b fraction with time [22] unless this is 
obviated by storage at - 8 0  ~ or prompt analysis of 
the samples. With present technology, however, Hb 
A~ can be determined in approximately ten minutes 
per sample [16] and accordingly this method is 
feasible for routine clinical application. 

The Hb A I values noted in this study in the diabe- 
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Fig. 4. Correlation coefficients between Week 8 mean 24-hour 
urinary glucose excretion and the mean weekly metabolic parame- 
ters for Weeks 1-8 for the 38 diabetic patients. The vertical dotted 
line indicates the Week of study for which the mean 24-hour uri- 
nary glucose excretion was selected for correlation with the various 
weekly metabolic parameters 
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Table 3. Correlation coefficients of week eight Hb A I with weekly fasting serum lipid measurements 

Weeks 1 2 3 4 5 6 7 8 

Cholesterol mg% 0.27 0.19 0.42 a 0.55 b 0.24 0.23 0.21 0.22 
Triglycerides mg% 0.14 0.35 0.46 b 0.41 a 0.33 0.13 0.47 b 0.20 

a p<0.05;  b p<0.01 

tic group were consistently greater than the highest 
values recorded in the nondiabetic subjects. In con- 
trast the diabetic serum cholesterol, serum trigly- 
ceride and plasma glucose concentrations overlapped 
the normal range of values considerably although the 
mean values were significantly elevated in the diabe- 
tic group. These findings are consistent with the gen- 
erally accepted mechanism of formation of glycosy- 
lated haemoglobin in that it is an integral related to 
the average glucose level to which the haemoglobin is 
exposed. Consequently, this should provide a better 
discriminant of diabetic from the nondiabetic than a 
rapidly fluctuating variable such as the fasting blood 
sugar. Similarly, the observation that the coefficient 
of variation of Hb A I for diabetic subjects was only 
about 50% greater than that for nondiabetics is in 
keeping with the notion that Hb A~ is a relatively 
stable parameter. 

Somewhat surprisingly, the mean serum growth 
hormone concentrations did not differ significantly 
between the diabetic and the nondiabetic groups. 
Serum growth hormone concentrations have been 
previously reported to be elevated in juvenile diabe- 
tic subjects in basal and ambulant conditions and also 
in response to provocative stimuli [23, 24, 25]. In the 
present study, however, it is noteworthy that the 
growth hormone samples were all drawn under fast- 
ing conditions and this restricted sampling may 
account for the discrepant findings. It has been previ- 
ously reported that significant differences in diurnal 
growth hormone concentrations may not be apparent 
from fasting values alone [26]. 

To examine the relationship between Hb AI and 
time averaged blood glucose concentrations, the Fib 
A I values from the last week of the study were ini- 
tially correlated with the average degree of glycaemia 
present in the antecedent eight weeks of the study. 
Highly significant correlations were achieved with 
the various measures of diabetic control, the highest 
correlations being noted with the mean of the multi- 
ple capillary glucose determinations. These findings 
could be taken to confirm the general premise that 
Hb A~ values provide a reflection of average blood 
glucose concentrations present for a substantial 
period of time, in this case, two months. Further 
analysis, however, of the relative influence of the 

degree of glycaemia in each week of the study on the 
subsequent Hb A I values did not confirm this finding. 

Thus, it was apparent that the Hb A~ values from 
Week 8 correlated most strongly with the degree of 
glycaemia present in the four to five weeks prior to 
the samples. Furthermore, correlation of the Hb Ar 
values from Week 4 of the study confirmed that the 
highest correlations were those between the Hb A~ 
and the events of the immediately antecedent few 
weeks. Therefore, it appeared that Hb AI was rep- 
resentative of the average degree of glycaemia pre- 
sent in the four to five weeks prior to the sample and 
maximally predictive of the degree of glycaemia for 
the week immediately prior to the sample. Similar 
correlation analyses of Week 8 mean 24-h urine glu- 
cose excretion with these same weekly indices of gly- 
caemia clearly demonstrated that stability of glucose 
control in the latter half of the study undoubtedly 
contributed to the high correlations with the Week 8 
Ub A I values. Under conditions of acute change in 
blood glucose control therefore, it is possible that the 
period of time for which Hb A I is useful as an index 
of glucose control may be further abbreviated. 

These observations are at variance with the view 
that glycosylated haemoglobin is synthesized slowly 
and essentially irreversibly over the life span of the 
red cell, for such a mechanism precludes any abrupt 
changes in Hb A~ concentrations. On the other hand, 
the published data supporting this concept in the 
diabetic subject are relatively scant, as mentioned 
earlier, and also inconclusive. Therefore, while the 
observations of Gabbay et al. [7] may be taken to 
indicate that a single Hb A~ value is representative of 
glucose control for a three-month period, it is alter- 
natively possible that the findings of this study were 
due solely to stability of glucose control in the group 
studied. The decline in Hb AIc values noted by Ditzel 
et al. [11] in a group of diabetics commenced on 
insulin therapy provides stronger evidence of a rela- 
tively rapid decrease in Hb AIo, but unfortunately the 
associated glucose concentrations that are needed to 
interpret the rate of decline of the Hb Aic concentra- 
tions are not documented. 

The present study and that of Karamanos et al. 
[15] provide evidence that Hb AI, or Hb Aic, may be 
relatively acutely responsive to changes in blood glu- 
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cose concentrations. While the min imum period of 
t ime over  which a change in blood glucose concentra-  
tion must  be  sustained to produce a response in Hb  
A~ is not clear, it may  be  of the order  of a week  or less 
[15] assuming reasonable accuracy of the method.  
The  mechanism by  which these relatively rapid 
changes in H b  A I are produced is not known. 
Reduced  red cell survival in the diabetic is virtually 
excluded by the study of Peterson et al. [27], for the 
observed reduction in life span was not adequate  to 
explain the present  observations. Dissociation of gly- 
cosylated haemoglobin  in the stable ke toamine  form 
also seems unlikely [13], but the possibility of a dis- 
propor t ionate  increase in the reversible Schiff base 
moiety  in the diabetic has not been  excluded. A third 
theoretical possibility is a disproport ionately acceler- 
ated synthesis of glycosylated haemoglobin  at ele- 
vated blood glucose concentrations, but this also is 
purely conjectural. 

Irrespective of the mechanism, it is clear that  the 
kinetic relationship between H b  A I and blood glu- 
cose concentrations will need to be  carefully defined 
before  glycosylated haemoglobin  concentrations can 
be accurately interpreted as a measure  of diabetic 
control. Nevertheless,  it is important  to emphasize 
that an integral of b lood glucose concentrations, if 
only for a per iod of weeks rather  than months,  is still 
clearly superior in simplicity and objectivity to the 
conventional measures  of control. Moreover ,  the 
op t imum frequency of H b  A1 determinations 
required to moni tor  diabetic control for a prot rac ted 
per iod of t ime will need to be  based not solely on 
kinetic considerations, but also on the actual variabil- 
ity of H b  AI observed in diabetic subjects under  daily 
life conditions. Da ta  on this latter point are currently 
not  available. 

There  are conflicting reports  on the correlation of 
H b  A I with the fasting concentrations of serum 
cholesterol and triglycerides [7, 13, 14, 28]. In the 
present  study, the H b  Ax values f rom W e e k  8 did 
correlate significantly with the mean  serum trigly- 
ceride values for Week  3, 4 and 7 and with the serum 
cholesterol at Weeks  3 and 4 but these correlations 
were  of a low magnitude.  A high correlation has been  
noted  by Peterson et al. [28] between H b  AIc and 
serum triglycerides, but  this study differs f rom others 
in that the serum level of triglycerides were consider- 
ably elevated prior  to institution of rigorous diabetic 
control. In contrast, in the present  study over  half the 
serum triglyceride concentrations of the diabetic sub- 
jects were in the normal  range and the remainder  
were not greatly elevated. Therefore ,  it seems prob-  
able that under  the more  routinely encountered con- 
ditions of diabetic control the influence of the degree 
of glycaemia, as manifested by H b  A1 values, on fast- 

ing cholesterol and triglyceride concentrations is 
slight. 

In summary,  this study provides further evidence 
of the close correlation between H b  AI values and 
blood glucose concentrations, but additionally it pro-  
vides evidence that the H b  A I values are relatively 
more  influenced by the degree of glycaemia present  
in the weeks immediately preceding the test date. 
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