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Summary. Four assays; high pressure liquid chromatography, 
colorimetric with thiobarbituric acid, affinity columns, and 
microcolumn cation exchange were compared for (1) ability 
to discriminate between samples taken from diabetic and nor- 
mal subjects; (2) correlation with each other; (3) stability over 
time at different temperatures; and (4) reproducibility be- 
tween laboratories. The most discriminatory (10 samples from 
a diabetic and 10 samples from a normal group) was the mi- 
crocolumn cation exchange method (t = 5.25; p < 0.001), but 
all were significantly different a tp  < 0.005. The intra-assay co- 
efficient of  variation was 1%-6%, except for the affinity col- 
umn method which was 13% in normal subjects. High pres- 
sure liquid chromatography was used as a reference and the 
other assays correlated well (r=0.93-0.99). Storage at 
- 8 0  ~ - 2 0  ~ 4 ~ and 24 ~ showed marked differ- 
ences. The thiobarbituric acid method results were stable ex- 
cept for 24 ~ Microcolumn cation exchange was labile un- 
der all conditions. Affinity column was stable for up to 

15 days, only if samples were stored as whole blood. High 
pressure liquid chromatography showed an increase in hae- 
moglobin Ala+b and a decrease in the haemoglobin Ale. Hae- 
moglobin Ale was reproducible for 4 days when stored at 4 ~ 
and up to 11 days when stored at - 80 ~ Samples exchanged 
between centres at 4 ~ and performed within 5 days by high 
pressure liquid chromatography for haemoglobin A1 and hae- 
moglobin A1~ correlated well ( r=  0.98 and 0.99). Samples ex- 
changed between centres after storage (up to 40 days - 80 ~ 
correlated (r = 0.99) by the thiobarbituric acid method. Thus, 
standards can be prepared for the thiobarbituric acid method 
and this method with high pressure liquid chromatography 
could be used to establish references for clinical assays. 

Key words: Glycosylated haemoglobin, standards, references, 
microcolumn, high pressure liquid chromatography, thiobar- 
bituric acid, affinity column. 

The  m e a s u r e m e n t  o f  g lycosy la ted  h a e m o g l o b i n  has 
p r o v i d e d  clinicians with a means  w h e r e b y  m e a n  b l o o d  
glucose  values over  the previous  4 - 8 w e e k s  can  be 
quant i ta ted  [1]. Us ing  these assays, it has  been  possible  
to redef ine diabet ic  cont ro l  and  readdress  quest ions  re- 
la ted to the role o f  hype rg lycaemia  in a n u m b e r  o f  dia- 
bet ic  sequelae.  The  utility o f  these assays has been  limit- 
ed because  there are no  s tandards  with which  results 
can  be compared .  A n u m b e r  o f  assays are n o w  avail- 
able. Some  separate  ha e m og l ob i n s  by  physica l  means ,  
o thers  quant i ta te  g lycosyla t ion  chemically.  The  present  
s tudy  was u n d e r t a k e n  to evaluate  fou r  assays (two phys-  
ical separa t ion  techniques  and  two chemica l  assays) in 
terms o f  (1) d i sc r imina t ion  o f  a diabet ic  f r o m  a non-d ia -  
bet ic  g r o u p  o f  patients,  (2) intra- a nd  interassay com-  
parabili ty,  (3) cons i s tency  over  t ime and  (4) r ep roduc-  
ibility be tween  laborator ies  where  possible.  

* Present address: Sansum Medical Research Foundation, Santa 
Barbara, California, USA 

Materials and methods 
Blood was obtained in EDTA from diabetic patients and normal sub- 
jects and informed witnessed consent was received from all subjects. 
Unless stated otherwise, blood was incubated in 0.9% saline for at 
least 18 h at 4 ~ after three washes in 0.9% saline to eliminate the la- 
bile adduct before analysis [2] and stored following lysis as haemoly- 
sates in l : t distilled H20. All samples were prepared in our laborato- 
ry. Storage was performed in separate aliquots which were retrieved at 
various time intervals. Room temperature storage was performed in 
an air-conditioned room at 20 ~ ~ Other temperatures utilized 
refrigerators or freezers with temperature control as indicated. All 
tests by each method were performed utilizing the same aliquot at the 
designated times and storage temperatures. 

High pressure liquid chromatography analysis (HPLC) for physi- 
cal separation of haemoglobins Ala+b (HbAla+b) and haemoglobin 
Ale (HbAlc) utilized a commercially available cation exchange col- 
umn with buffers and programme supplied by the manufacturers 
(Daichi, Kyoto, Japan). Microcolumns (for determination of HbAla_c 
or HbA1) were obtained as prepackaged columns and utilized accord- 
ing to the manufacturers instructions (Helena Laboratories, Beau- 
mont, Texas). Two chemical approaches were evaluated. Affinity 
chromatography (to determine Cis-diol adducts) was performed using 
prepackaged boronate resins according to the manufacturers instruc- 
tions (Isolab, Akron, Ohio), while the thiobarbituric acid colorimetric 
(colour) assay used was that of Parker et al [3]. 
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Fig. 1. Comparison of values in a normal group (N) versus a diabetic 
group (D) according to each assay. The t statistic and p value compar- 
ing each set of data points are listed below. Mean + SD is indicated by 
an x and upper and lower bracket lines respectively. The left ordinate 
indicates percentage total haemoglobin, while the right indicates fruc- 
tose produced and refers to the colorimetric assay only 

Table l .  Intra-assay variations and comparison of each method 
versus HbAlc by high pressure liquid chromatography 

Method r value y intercept Intra-assay variation (%) 

Non-diabetic Diabetic 
samples samples 

HPLC Alc 1 0 3.1 6.2 
Ala+b 0.75 --2.8 1.8 6.2 
A1 0.99 - -  1.0 1.1 6.0 

Microcolumn A1 0.95 - 1.5 4.9 3.2 
Affinity Cis-diol 0.93 1.2 12.7 3.1 
Colorimetric 0.97 - 2.0 4.9 3.6 
thiobarbituric 
acid 

Statistical analysis utilized the Rockefeller University PDP1 with a 
statistical package from the University of California, Berkeley for 
computation of the t-statistic and linear regression analysis. 

Results 
Figure 1 documents the various values obtained by each 
assay in a group of 10 normal volunteers and 10 diabet- 
ic patients during a routine clinic visit in a single after- 
noon and performed in the laboratory at Rockefeller 
University. The most discriminatory assay in distin- 
guishing the two groups was the cation exchange HbA1 
assay by microcolumns (t = 5.25, p < 0.001). Each assay 
discriminated between the two groups with a p value 
<0.01 except HPLC analysis of the HbAla+b fraction 
(t = 2.74, p = 0.16). 
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Fig. 2. Stability of HPLC assay values from a normal sample stored at 
various temperatures over time. Panel A: HbAla+b fraction, panel B: 
HbAlc fraction, and panel C: HbA1 (HbAa~_c). The shaded area indi- 
cates the intra-assay coefficient of variation _+ 2 SD. The values from 
day 0 are expressed as 100% with subsequent values expressed as a 
percentage of the day 0 value. Symbols are as follows: (x) = room tem- 
perature, ( , )  = 4 ~ (o) = - 20 ~ and ( [] ) = - 80 ~ 

The values from one diabetic patient who was found 
to have sickle cell trait were excluded (Fig. 1). This pat- 
ient had low values utilizing physical separation tech- 
niques but higher values utilizing chemical methods. 
The latter methods are thus more appropriate for evalu- 
ating persons with haemoglobinopathies. An abnormal 
pattern, however, could be appreciated on the HPLC 
chromatogram, but not from the other assay systems. 

Intra-assay variation for each method was evaluated 
by running one normal and one diabetic sample 
10times. The coefficient of variation (standard devia- 
tion as a percentage of the mean of 10 measurements) is 
summarized in Table 1. As can be seen, most assays had 
reasonable intra-assay precision (1%-6%) except for af- 
finity chromatography which had a coefficient of varia- 
tion of 12.7% in the normal group. It is important that 
intra-assay variation may vary between normal and dia- 
betic samples (Table 1). 

Interassay variation was determined by analysis of 
blood from the same normal individual drawn on 10 
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Fig.& Stability of microcolumn (panel A), affinity column (panel B), 
and colorimetric (panel C) assay values from the same sample as in 
Figure 2 stored at various temperatures over time. The symbols are the 
same as Figure 2. The shaded areas indicate the intra-assay coefficient 
of variation +2SD.  The values from day0 are expressed as 100% 
with subsequent values expressed as a percentage of the day 0 values 
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Fig.4. Panel A shows the correlation between values obtained on 
samples pertormed at two centres by colorimetric analysis (see text for 
conditions of assays), while panel B shows the results from two 
centres utilizing high performance liquid chromatography. The colori- 
metric assay showed excellent correlation (y = 0.95x+ 1.2, r = 0.99). 
The HPLC method resulted in highly reproducible results as well for 
both HbAlo (y= l . t 5x -0 .44 ,  r=0.98, solid line) and HbA1 
(y - 1.10x - 0.16, r = 0.99, dotted line), x -Aic ;  * - A1 

successive assay days. Interassay variations for the dif- 
ferent procedures were as follows: colorimetric 8.6%, 
affinity chromatography 6.8%, microcolumns 4.4%, 
HbAla+b by HPLC 14.1%, HbAto by HPLC 1.9%, and 
HbA1 by HPLC 3.7%. 

For comparison of the various analytical proce- 
dures, HbAlc by HPLC was arbitrarily designated as the 
reference. Table 1 documents that each assay correlated 
well with HbAtc analysis by HPLC with r > 0.90 (except 
for HbAla+b = 0.75) and y intercepts close to 0 ( - 2 . 8  to 
1.2). 

Samples were stored under various conditions to de- 
termine the stability of each assay over time. Figure 2 
shows the effect of storage on a normal sample assayed 
in triplicate by HPLC. The diabetic sample showed de- 
viation from the intra-assay coefficient of variation at 
the same time points but, as noted above, the intra-assay 
coefficient of variation for diabetic samples was greater 
than for non-diabetic samples. The HbAoa+b fraction 
showed the greatest lability with a consistent increase in 
amount assayed. The HbAlc fraction showed a slight 
decrease except for samples stored at 24 ~ which had 

elevated values after 15 days. HbAt by HPLC was reli- 
able after 4 days only in samples stored at - 80 ~ 

Figure 3 documents changes over time under condi- 
tions of storage for analyses performed by microcol- 
umn, affinity column, and colorimetric thiobarbiuric 
acid procedures. The colorimetric analyses did not devi- 
ate from two standard deviations of the intra-assay co- 
efficient of variation over the time course evaluated ex- 
cept in the case of samples stored at room temperature. 
Results by affinity chromatography deviated beyond 2 
standard deviations of the intra-assay variation after 
4 days. An additional experiment with samples stored 
as whole blood at 4 ~ or 24 ~ (not shown) document- 
ed that values performed by affinity chromatography 
were stable up to 14 days. Microcolunms showed con- 
siderable lability under all storage conditions. To test 
the feasibility of intercentre standardization of method- 
ologies, 10 normal and 10 diabetic samples were 
shipped to two different centres utilizing the same 
procedures for colorimetric analysis (Fig. 4 upper pan- 
el) and HPLC (Fig. 4 lower panel). All samples were as- 
sayed as unknowns. The colorimetric assay was highly 
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consistent between the two centres for periods of up to 
3 months on the same samples (r=0.99) stored at 
- 8 0  ~ and shipped on dry ice. HPLC samples were 
stored at 4 ~ shipped on ice and analyzed within 
5 days. Both shipments were by parcel post. 

Analysis of HbA1 by HPLC was slightly more con- 
sistent between centres (r =0.99, s lope= 1.10, y inter- 
cept=0.16) than analysis of  HbA1c (r=0.98, 
s lope= 1.15, y intercept= 0.44) but both showed excel- 
lent consistency. Both centres identified the sickle cell 
trait sample with an abnormal chromatogram. 

Discussion and conclusions 

All assays were able to discriminate adequately between 
a diabetic and a non-diabetic group. All gave reproduc- 
ible values, although affinity chromatography for Cis- 
diol adducts performed on normal subjects showed a 
coefficient of variation two to three times that of the 
other assay systems employed. All assays correlated 
well with HbAlc performed by HPLC (r > 0.90) which 
was arbitrarily designated as the reference. Marked dif- 
ferences were documented regarding the effect of stor- 
age and temperature on the different assay procedures. 
Microcolumns were not suitable for analysis of samples 
stored under any conditions over 4 days. Others have 
found that certain microcolumn procedures performed 
on whole blood stored at 4 ~ in EDTA provide repro- 
ducible results for 7-10 days [4-6]. The colorimetric as- 
say was the most stable over time under all storage con- 
ditions except room temperature. HPLC analysis 
showed a slight but significant change over time with 
HbAla+b values drifting upward and HbAlo values 
drifting slightly downward. HbAa values by HPLC were 
therefore most stable over time as was found by better 
inter-centre agreement on samples performed after 
5 days stored at 4 ~ Storage at - 80 ~ gave the most 
reproducible results over time by HPLC. 

The affinity columns appeared to give reproducible 
results over time if the samples were stored as whole 
blood at either room temperature or 4 ~ Washing and 
lysing the cells prior to storage appears to lead to great- 
er variation in values assayed by affinity chromatogra- 
phy. Further developmental work in terms of intra-as- 
say variation and storage of samples is necessary before 
the clinical utility of  affinity chromatography can be 
fully appreciated. 

Performance of the same samples run at different 
centres provided highly consistent results. Colorimetric 
analysis was slightly more consistent and demonstrated 
superior storage over time as has been documented by a 
number of  centres [4, 7]. HPLC analysis was performed 
at each site within one week of phlebotomy. HbAt val- 
ues were slightly more consistent between centres than 
HbAlc values probably because of  the greater storage 
consistency of HbAt due to the increase in H b A t a + b  
compensating for the decrease in HbAto. Samples for 
HPLC analysis were not diluted and therefore the data 

reported probably reflect minimum storage potential 
for this system. 

The present study demonstrates the feasibility and 
provides impetus for the establishment of references 
and standards for glycosylated haemoglobin methodol- 
ogies. Such an approach has been questioned recently 
[8]. In view of the marked influence of various storage 
conditions on assay results documented above, the dis- 
appointing results of  Boucher et al. may have been due 
more to differences arising during transit rather than in 
the procedures themselves. The colorimetric assay pro- 
vides a method which could be utilized for the estab- 
lishment of stored standards. In addition, this method 
would appear to be optimal at this point for use in 
collaborative clinical trials. Nevertheless, each method 
correlated well with others. Therefore, references for 
each of the above methods could be established against 
a standard assuming that samples are distributed within 
the time constraints of each assay as noted above. In 
view of the increasingly widespread clinical and investi- 
gative use of glycosylated haemoglobin assays, interna- 
tional agreement regarding these issues is overdue. 
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