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Abstract. We studied the cross-sectional relationship between GA and HbAlc in 142 type 2 diabetic patients who had an
HbATlc level <7.5% for at least one year without fluctuation by more than 0.5%. We also followed the changes of GA and
HbAlc in 18 type 2 diabetic patients for 16 weeks as they progressed from untreated severe hyperglycemia
(HbA1¢>9.0%) to good glycemic control (HbA1c<6.5%) by intensive insulin treatment. The annual mean levels of GA
and HbAlc in the stably controlled patients showed a weak, but significant, correlation (r = 0.23, p<0.001) in the 142
diabetic patients. However, the GA/HbA 1¢ ratio ranged widely from 2.0 to 4.0 showing a normal distribution (2.9 = 0.34,
M = SE), although patients with conditions affecting albumin turnover or RBC lifespan were excluded from the study.
The GA/HbA 1c ratio was significantly higher when patients were in hyperglycemic than when glycemic control was good
(3.5+£0.15vs. 2.9+ 0.07, M £ SE, p<0.01). GA decreased more rapidly than HbA1c during intensive insulin therapy, but
the percent reduction of HbAlc eventually corresponded with that of GA by 16 weeks after the start of treatment. These
results demonstrate that, although unknown influences on GA or HbAlc may exist, GA may be a useful marker for

monitoring short-term variations of glycemic control during treatment of diabetic patients.
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THE stable fraction of glycated hemoglobin (HbAlc)
is routinely measured in the majority of patients with
diabetes around the world, since HbAlc reflects mean
glycemia over the preceding 2-3 months [1]. Thus, it
is not only used to determine whether a patient’s meta-
bolic control has reached and been maintained within
the target range, but also to estimate the risk of chronic
diabetic complications in each patient [2, 3]. However,
HbA 1c may not be suitable for the evaluation of short-
term variations of glycemic control because of the long
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lifespan of erythrocytes (120 days).

Because the turnover of human serum albumin is
much more rapid (half-life of 15-20 days) than that of
hemoglobin, the measurement of glycated albumin
(GA) provides an index of glycemic control over a
shorter period of time (2 weeks) than measurement of
HbAlc [4-6]. However, the characteristics of GA
have not been compared with those of HbAlc in a
cross-sectional analysis, and there has been no compar-
ison between the changes of HbAlc and GA during
longitudinal follow-up from untreated hyperglycemia
to a well-controlled state by drug therapy, nor any as-
sessment of the correlation between these parameters
during severe hyperglycemia and after improvement in
diabetic patients. Thus, we have no information on
how to actually use GA as a parameter of glycemic
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control in diabetic patients during treatment.

GA was initially evaluated by high-performance
liquid chromatography (HPLC) [7]. Recently, a new
enzymatic method of determining GA was developed,
and was confirmed to have sufficient accuracy and a
good correlation with the conventional HPLC method
[8]. Since this method can be employed in an auto-
analyzer, rapid and multiple determinations can be
performed. In this study, we first performed a cross-
sectional comparison of the 1-year mean values of GA,
HbA1c, and the GA/HbA 1c¢ ratio from at least 5 simul-
taneous measurements in type 2 diabetic patients under
stable glycemic control for at least one year. Second,
we longitudinally evaluated and compared the changes
of GA and HbAlc by periodical simultaneous mea-
surement in type 2 diabetic patients during progression
from untreated severe hyperglycemia to a well-
controlled state over 16 weeks by lifestyle modification
and intensive insulin treatment.

Materials and Methods
Subjects

Study 1

A total of 252 patients with type 2 diabetes were ret-
rospectively recruited from the outpatients of Juntendo
University Hospital. GA and HbAlc were simulta-
neously measured at least 5 times in 2005 and HbAlc
was constantly <7.5% with less than 0.5% fluctuation
during a period of at least one year without drug thera-
py or without any changes of drug treatment. Among
them, patients with anemia, diabetic nephropathy,
chronic liver disease, malignancy, thyroid disease, or
pregnancy and patients on steroid treatment were ex-
cluded. From the remaining 198 patients, 1) those not
taking anti-diabetic drugs (n=30), 2) those using
nateglinide or a-glucosidase inhibitor alone (n = 48),
3) those taking sulfonylureas alone (n=29), and 4)
those using rapid-acting insulin (insulin aspart or
lispro) with or without NPH insulin or insulin glargine
and no oral anti-diabetic agents (n = 35) were selected
(n =142). The annual mean values of GA, HbAlc, and
the GA/HbA1c ratio were calculated, and were com-
pared among the groups.

Study 2
A total of 28 patients with untreated type 2 diabetes

who had no anemia, renal disease, liver dysfunction,
cancer, thyroid disease, pregnancy, or steroid treatment
were recruited from the outpatients of Juntendo Uni-
versity Hospital. Their diabetes had been untreated for
at least one year from the time of detection at a general
health check-up due to their unawareness of hyper-
glycemic signs and symptoms, and they all had severe
hyperglycemia (HbAlc >9%) at the first visit. All
patients started intensive insulin treatment with rapid-
acting insulin (insulin aspart or insulin lispro) three
times daily (with or without NPH insulin or insulin
glargine before bedtime), while GA and HbAlc were
simultaneously measured at intervals for 16 weeks.
Among them, 18 patients reached good glycemic con-
trol (HbAlc £6.5%) at 16 weeks after starting insulin
treatment, and the time course of GA and HbAlc
changes was evaluated in this group.

Measurement of GA and HbAIc

GA was determined by an enzymatic method using a
liquid chemistry system (GA assay, Asahi Kasei Corp.,
Tokyo, Japan) in a clinical autoanalyzer [8]. This assay
system consisted of the following three steps: 1) a gly-
cated amino assay for glycated albumin using protein-
ase, ketoamine oxidase, and peroxidase, 2) an albumin
assay, and 3) calculation of percentage of glycated al-
bumin in total albumin. HbA1c was measured with an
automated HPLC analyzer (723Ghb I1I, TOSOH Corp.,
Tokyo, Japan), which combined preincubation step to
remove the unstable fraction (preincubation at 50°C for
1.5 min at pH 3.0) with HPLC for specific measure-
ment of the stable fraction using a calibration standard
from the Japan Diabetes Society (JDS).

Statistical analysis

Data are presented as the mean + SE. The signifi-
cance of differences in clinical parameters among the
four groups in study 1 was examined by one-way
ANOVA and Bonferroni’s multiple comparison tests.
In study 2, the comparison of clinical parameters be-
tween baseline and after 16 weeks of insulin treatment
and comparison of the percent decrease of GA or
HbA1c during treatment was done by the paired t-test
and Student’s t-test, respectively. Changes of the GA/
HbA 1c ratio during 16 weeks of insulin treatment were
examined by the paired t-test.
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Table 1. Comparison of annual mean values of GA, HbAlc, and GA/HbAlc

Group 1 Group 2 Group 3 Group 4

Treatment . - rapid acting inslin
diet a-GI or nateglinide alone SU alone (+/~ NPH or glargine)

N (M/F) 30 (19/11) 48 (28/20) 29 (19/10) 35(22/13)
Age (yr) 68+1.8 67+1.8 68+1.6 61+2.8
GA (%) 17.7 £ 0.39%*+ 18.8+0.42 19.9+0.41 20.3+0.47
HbAlc (%) 6.2 +0.08%** 6.5+ 0.12%* 6.8 +0.09 7.1£0.20
GA/HbAlc 2.9+0.32 29+0.35 29+0.32 29+0.35

o-Gl: alpha glucosidase inhibitor, SU: sulfonyl urea, **p<0.01 vs. Group 4, *p<0.05 vs. Group 3, *p<0.01 vs. Group 3

Results
Study 1

The clinical parameters and the annual mean values
of GA, HbAlc, and the GA/HbA ¢ ratio are shown in
Table 1. No gender differences were noted among the
four groups. The mean baseline age of group 4 was
younger, but there were no significant differences
among the groups. The annual mean values of GA and
HbAlc were significantly lower in group 1 than in
group 3 or group 4, and the annual mean HbAlc level
was also significantly lower in group 2 than in group 4.
However, the annual mean GA/HbAlc ratio did not
differ significantly among the four groups (mean value:
2.9). When combined analysis of the four groups was
performed, GA and HbA1c showed a weak, but signifi-
cant, correlation (GA = 5.3 +2.18 x HbAlc, r=0.23,
p=10.0004). The actual GA/HbAlc ratio values were
distributed over a wide range from 2.0 to 4.0, as shown
in Fig. 1. The lowest range was from 2.0 to <2.2, and
the highest range was from 3.8 to <4.0. This ratio
showed a normal distribution, and the most common
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Fig. 1. Distribution of the GA/HbA 1c ratio in diabetic patients
The range of the ratio was from [2.0< to <2.2] up to

[3.8< to <4.0].

Table 2. Comparison between GA and HbAlc at baseline and
after 16 weeks of treatment

range was from 2.8 to <3.0.

Study 2

Baseline 16 weeks
Age (yr) 50+3.8
Sex (M/F) 13/5
BMI (kg/m?) 222+ 1.17 22.6+1.01
GA (%) 43.2+2.85 16.9 + 0.39%*x*
HbAlc (%) 12.1+£0.41 5.82+0.11**
GA/HbAlc 3.5+0.15 2.9+ 0.07**

Comparison of GA, HbAlc, and the GA/HbAlc ra-
tio values at baseline and 16 weeks after the start of in-
tensive insulin therapy is shown in Table 2. Although
the BMI was not altered by treatment, both GA and
HbAlc decreased significantly. The GA/HbAIc ratio
was also significantly lower at 16 weeks than at base-
line. The profile of the percent decease of GA and
HbA1c during 16 weeks of treatment is shown in Fig.
2. From as early as 2 weeks, GA showed a significant-
ly larger percent decrease than HbA1c, and this differ-

**p<0.01 vs. Baseline

ence persisted until week 16 when the percent decrease
of two parameters reached a similar level. As shown in
Fig. 3, the GA/HbAc ratio decreased during the initial
8 weeks of treatment and reached its nadir at 8 weeks,
after which it gradually increased until 16 weeks.
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Time course of the percent decrease of GA and HbAlc
during intensive insulin treatment

Data are shown as the mean + SE, *p<0.05, **p<0.01
vs. HbAlc.

Discussion

The present study demonstrated that GA and HbAlc
were significantly correlated in patients with type 2 di-
abetes who had an HbAlc level below 7.5% with less
than 0.5% variation for at least one year. However, the
GA/HbA Ic ratio ranged widely from 2.0 to 4.0, show-
ing a normal distribution and a mean value of 2.9 (Fig.
1). The mean value of the GA/HbA 1¢ ratio did not dif-
fer among the 4 groups irrespective of their treatment
for diabetes (Table 1). We also showed that the mean
GA/HbA ¢ ratio was significantly higher in hypergly-
cemic patients than after good glycemic control was
achieved in the longitudinal investigation (Table 2).
Furthermore, GA was decreased more rapidly than
HbA1c by intensive insulin therapy, although the per-
cent decrease of HbAlc was similar to that of GA at
16 weeks after starting insulin treatment (Fig. 2). Con-
sistent with these results, the GA/HbAlc ratio de-
creased during the initial 8 weeks of the therapy to
reach its nadir after 8 weeks, and then gradually in-
creased until 16 weeks (Fig. 3).

Both GA and HbA 1c¢ are products of non-enzymatic
glycation, so diseases or drugs influencing the serum
albumin turnover or RBC lifespan may affect their for-
mation, including severe liver or kidney disease, thy-
roid disease, anemia, malnutrition, malignancy,
pregnancy, and steroid therapy. Accordingly, patients
with these conditions were excluded from the present
study, and the coefficient of variation of the GA/
HbA ¢ ratio was <5% in every patient. However, the
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Fig. 3. Changes of the GA/HbAlc ratio during intensive

insulin treatment
Data are shown as the mean = SE, **p<0.01 vs. 0-W.

GA/HbAc ratio ranged widely from 2.0 to 4.0 in our
subjects with stable glycemic control for at least one
year, and the clinical meaning of the normal distribu-
tion of GA/HbAlc that we detected (Fig. 1) was un-
clear. We therefore performed multiple regression
analysis to evaluate the correlation of the annual mean
GA/HbAlc ratio with age, gender, BMI, and the esti-
mated duration of diabetes for the subjects shown in
Table 1. As shown in Table 3, BMI was negatively
correlated with the GA/HbAlc ratio, suggesting that
the production of GA may be relatively lower than
HbA 1c formation in obese patients. When the subjects
shown in Table 1 were classified into a low GA/HbAlc
subgroup (<2.9, n=70) and a high GA/HbAlc sub-
group (22.9, n = 72), the average BMI and average an-
nual mean HbAlc value were higher and the average
mean GA value was lower in the low ratio group than
in the high ratio group (BMI: 24.2+042 vs.
21.9+041, p=0.0003; HbAlc: 6.9=+0.10 vs.
6.5+£0.09, p=0.002; GA: 18.3 £0.34 vs. 20.8 + 0.39,
p<0.0001). However, study 1 was based on a small
number of patients with a narrow range of values, and
there was no analysis of albumin turnover or RBC
lifespan, as well as no assessment of the interaction of
daily blood glucose changes with GA or HbAlc levels.
Furthermore, we did not assess plasma insulin level or
the severity of insulin resistance. Thus, further studies
are required to elucidate the obesity-related mechanism
and other possible factors affecting GA or HbAlc for-
mation.

The GA/HbA ¢ ratio showed a rapid decrease with
insulin treatment (Fig. 3), because of the more rapid de-
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Table 3. Multiple regression analysis of factors related to the GA/HbA ¢ ratio

Variable Partial regression coefficient 95% Cl p
Age (yo) —-0.0022 —0.0093 ~ 0.0049 0.5492
Gender (0: M, 1: F) 0.0196 —0.1326 ~0.1719 0.7986
BMI (kg/m?) —0.0533 —0.0769 ~—0.0297 <0.0001
Estimated duration of diabetes (yr) -0.0023 —0.0115 ~ 0.0069 0.6238

crease of GA than HbAlc during the initial 8 weeks of
therapy. The slight increase of the GA/HbAlc ratio
from 8 to 16 weeks may have been due to the more
marked decrease of HbAlc than GA after 8 weeks of
therapy. However, it remains unclear why GA/HbAlc
ratio was higher in patients with untreated hyperglyce-
mia than during the well-controlled state. It is interest-
ing to speculate as to whether hyperglycemia itself,
insulin deficiency, or insulin resistance affects albumin
turnover or the RBC lifespan. Regarding the effect of
insulin on albumin metabolism, a previous study
showed that albumin synthesis was decreased in
insulin-deficient type 1 diabetic patients [9]. A recent
study demonstrated that the albumin synthesis rate
(measured by an in vivo tracer method) did not differ
between normoalbuminuric patients with mild type 2
diabetes and non-diabetic control subjects, while an
acute insulin load during a euglycemic hyperinsuline-
mic clamp study increased albumin synthesis in both
diabetics and controls [10]. These reports raise the
possibility that insulin deficiency may increase GA for-
mation through the down-regulation of albumin syn-
thesis and prolongation of the half-life of this protein,
while insulin resistance and compensatory hyperin-
sulinemia may decrease GA formation through the up-
regulation of albumin metabolism. Regarding the RBC
lifespan, insulin may also influence erythropoiesis
[11], while an increase of Hb and the RBC count has
been observed in subjects with the insulin resistance
syndrome [12] or metabolic syndrome [13]. Although
these reports suggest that GA and HbAlc may be af-
fected by plasma insulin level and insulin resistance
through influences on albumin metabolism or erythro-
poiesis, direct information about whether these factors
actually modify the formation of GA or HbAlc¢ in dia-
betic patients has not been obtained. Therefore, it will
be necessary to clarify these points in future, as well as
investigating other possible influences (such as hyper-
glycemia itself or genetic factors) on GA or HbAlc for-
mation. Unlike study 1, we could not evaluate the
distribution of the GA/HbAlc ratio at each point in
study 2, because the results were based on a small num-

ber of patients and the absolute values of GA and
HbAlc in each patient were different.

GA has generally been considered as a short-term
marker of glycemic control because of the short half-
life of albumin, but there have been no reports about
the changes of GA, HbAlc, and the GA/HbAlc ratio
during improvement of glycemic control. The rapid
decrease of GA seen in the present study reflects the
faster turnover of plasma albumin than that of RBC.
Thus, we can use GA as a sensitive marker for detect-
ing early improvement of glycemic control when start-
ing or modifying the treatment of diabetes, while
HbAlc is a marker reflecting overall glycemic control
for several months. We have often observed that GA
increases prior to HbAlc in patients with deteriorating
glycemic control, so we need to study such cases over
time to further confirm the clinical significance of GA.
However, we cannot precisely assess current glycemic
state from the GA value, because individual factors
(such as BMI and other unknown factors) might influ-
ence GA formation independently of glycemia. We
should also keep in mind that it is not optimal to con-
vert GA values to HbAlc values through division by
2.9, because the GA/HbA Ic¢ ratio is widely distributed
in patients with a stable glycemic state and it changes
in the same patient with variation of glycemic control.
Thus, it is necessary to individually assess the steady-
state GA/HbAlc ratio during stable good glycemic
control for conversion between GA and HbAlc, and an
increase of the value from such a steady level may sug-
gest deterioration of glycemic control.

In conclusion, the mean GA/HbA ¢ ratio was 2.9 in
type 2 diabetic patients with stable glycemic control,
but the correlation between GA and HbA1c was weak
and the GA/HbA 1 ¢ ratio ranged widely from 2.0 to 4.0.
GA decreased more rapidly than HbAlc as glycemic
control improved, and the GA/HbA 1c ratio was higher
in the hyperglycemic state than when diabetes was
well-controlled. These results suggest that GA may be
a useful marker for detecting short-term changes of
glycemic control during treatment.
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