
with a slower decay of plasma glucose and
posed a question to the weighted-average
relationship between plasma glucose and
A1C, which we proposed in our previous
study (2). Since his derived formula is
very complicated and the detailed analyt-
ical method is not given, I cannot exactly
reply to his question. However, I propose
here a new physiological model, which
deals with the kinetics of GHb production
in red cells, and explain the relationship
between plasma glucose and A1C.

GHb is not contained in the newly
born red cells, formed every day in pro-
portion to plasma glucose level during red
cell life, and finally removed from blood
together with the end of red cell life. He-
moglobin in the red cells aged 1 day is
therefore glycated during the preceding 1
day, whereas hemoglobin in the red cells
aged 2 days is glycated during the preced-
ing 2 days, and so on. Thus, GHb pro-
duced on the day just before A1C
measurement is contained in the red cells
aged 1 to T days (T is the red cell life
span), whereas GHb produced on the day
2 days before is contained in the red cells
aged 2 to T days. Generally, GHb pro-
duced on the day s days before A1C mea-
surement is contained in the red cells
aged s to T days. This means that the total
amount of GHb produced on the day s
days before A1C measurement is propor-
tional to the volume of the red cells aged s
to T days. In a steady-state condition
where the distribution function of red cell
age is constant, the contributory rate of
the plasma glucose in the day s days be-
fore A1C measurement is proportional to
T�s, and is given by W(s) � 2(T�s)/T2

(0 � s � T), where the coefficient 2/T2 is
a normalization factor.

This result is just the same as in our
previous report (2). Area under the
weight function curve shows contribu-
tory rate of plasma glucose for each pe-
riod. For T � 120 days, 50% of A1C is
determined by the plasma glucose level
during the preceding 35 days, 25% by the
plasma glucose level during 25 days be-
fore this period, and the remaining 25%
by the plasma glucose level during the
2-month period before these periods. The
present model clearly shows the relation-
ship between plasma glucose and A1C.
Introduction of distribution function of
red cell age to this model further enables
analysis of A1C behavior when the red
cell kinetics is disturbed by various phys-
iological or medical conditions.
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Hypoglycemia
Preceding Fatal Car
Collisions

H ypoglycemia significantly impairs
driving performance (1,2), and
driving collisions involving diabetic

individuals are frequently attributed to
hypoglycemia (3). Further, driving mis-
haps are often preceded by frequent mild
symptomatic hypoglycemia while driving
(4). It is reasonable to expect that before a
hypoglycemia-related driving mishap,
drivers with type 1 diabetes may experi-
ence frequent episodes of hypoglycemia.

We recently conducted a study in
which 100 adults and 100 children with
type 1 diabetes were given memory
meters and strips (OneTouch Ultra; Life-
Scan, Milpitas, CA) and asked to record
all blood glucose readings for 6 consecu-
tive months. Tragically, during this study,
two subjects died in vehicular collisions.
Subject A was a 47-year-old male with a
30-year history of type 1 diabetes and an
HbA1c (A1C) of 7.6%. Witnesses reported
that the subject had been swerving out of
his lane, with erratic speed, and was un-
responsive to the honks of other drivers
before crashing into a tree. Subject B was
a 15-year-old male with a 7-year history
of type 1 diabetes and an A1C of 7.0%.
The accident occurred when his ATV
flipped while driving through the woods.

The low blood glucose index (LBGI)
is a composite score reflecting the fre-
quency and extent of low blood glucose
over a month of routine self-monitoring
of blood glucose (5–7). The LBGI ac-
counts for 40–60% of the variance of fu-
ture severe hypoglycemic episodes within
the following 3–6 months (5–7), whereas
A1C accounts for only 6% of the variance

(8). An LBGI of 
5 places an individual at
significantly elevated risk of future severe
hypoglycemic episodes; this represents a
10-fold increase in the occurrence of fu-
ture severe hypoglycemic episodes com-
pared with an LBGI of �2.5 (5–7). The
LBGI can significantly change within 2–4
weeks with changes in diabetes regimen,
while A1C is a more stable measure, tak-
ing 2–3 months to incur a significant
change.

After the second death, we analyzed
memory meter data for subjects’ LBGI.
For the 3 months before these fatalities,
monthly LBGI steadily rose for subject A
from 6.2, to 7.0, to 7.5 and for subject B
from 3.3, to 5.0, to 6.6. During this pe-
riod, subject A reported four episodes of
severe hypoglycemia, while subject B ex-
perienced one episode of severe hypogly-
cemia the week before the collision.

If these individuals had been in-
formed about their elevating risk of future
severe hypoglycemia and given the op-
portunity to reduce this risk, these deaths
may have been avoided. It must be
pointed out that the LBGI is certainly not
specific to driving collisions. Currently,
the LBGI is not available to patients on
any memory meter display program, but
its computation is straightforward and
can be computed on any data spread-
sheet. A less sophisticated and less sensi-
tive alternative is to have patients
compute the percent of blood glucose
readings �3.9 mmol/l. An LBGI �5 is
equal to roughly 
15% of an individual’s
self-monitoring of blood glucose readings
being �3.9 mmol/l. If patients recognize
when they are having frequent low blood
glucose values and take steps to reverse
this, it is possible that some of these tragic
events could be avoided. It is exposure to
frequent hypoglycemia, not low A1C, that
increases the risk of severe hypoglycemic
episodes (5–7).
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Association of Serum
Fetuin-A With Insulin
Resistance in Type 2
Diabetic and
Nondiabetic Subjects

F etuin-A (�2-Heremans Schmid gly-
coprotein) is a circulating glycopro-
tein that can inhibit insulin receptor

autophosphorylation and subsequent

downstream signaling in vitro (1,2). Re-
cently, it has been reported (3) that fe-
tuin-A– deficient mice demonstrate
enhanced insulin sensitivity. These data
indicate that fetuin-A might be a negative
regulator of insulin signaling. However,
the physiological significance of fetuin-A
in insulin resistance in humans remains
unclear.

To address this, we investigated the
relationship of serum fetuin-A levels and
insulin resistance in nondiabetic (n �
160) and type 2 diabetic (n � 161) sub-
jects. Serum fetuin-A was measured by an
enzyme-linked immunosorbent assay kit
(BioVender Laboratory Medicine, Brno,
Czech Republic) in nondiabetic subjects
(54 men and 106 women, aged 57.0 �
10.7 years [mean � SD], BMI 25.3 � 2.9
kg/m2, fasting plasma glucose 5.5 � 0.5
mmol/l, and HbA1c 5.0 � 0.3%) and type
2 diabetic subjects (96 men and 65
women, aged 53.5 � 12.0 years, BMI
25.2 � 4.8 kg/m2, fasting plasma glucose
8.2 � 2.2 mmol/l, and HbA1c 8.6 �
1.9%). Insulin resistance was evaluated
by homeostasis model assessment
(HOMA) of insulin resistance in both
groups of subjects and by the M/I value
assessed using the hyperinsulinemic-
euglycemic clamp in type 2 diabetic subjects.

There were no differences of fetuin-A
levels between the nondiabetic and type 2
diabetic groups (260.0 � 45.0 vs.
260.1 � 44.1 �g/ml, respectively). In
simple regression analyses, serum fe-
tuin-A levels were significantly correlated
with log(HOMA) in nondiabetic subjects
(r � 0.197, P � 0.014). To explore the
impact of serum fetuin-A levels on insulin
resistance in nondiabetic subjects, multi-
ple regression analyses were performed in
which log(HOMA) was included as a de-
pendent variable and BMI, sex, age, tri-
glycerides, and fetuin-A as independent
variables. Fetuin-A (� � 0.197, P �
0.004) showed a strong independent con-
tribution to log(HOMA) as well as BMI
(� � 0.369, P � 0.0001) and triglyceride
level (� � 0.298, P � 0.0001) in this
model (R2 � 0.345, P � 0.0001). How-
ever, no significant relationships were ob-
served between fetuin-A levels and
log(HOMA) in type 2 diabetic subjects
(r � 0.010, P � 0.909), nor were fetuin-A
levels correlated with M/I values (r �
�0.068, P � 0.410).

The present study first demonstrates
the independent impact of fetuin-A on in-
sulin resistance in nondiabetic subjects.
On the other hand, we found a lack of
significant association of fetuin-A with in-

sulin resistance in type 2 diabetic sub-
jects. Under diabetic conditions, it might
be due to the existence of stronger deter-
minants such as glucose toxicity and/or
protein modifications such as nonenzy-
matic glycation that overcome and veil
the effect of fetuin-A on insulin resistance.
Or, pharmacological treatment for dia-
betic subjects may affect fetuin-A levels,
although the precise mechanism to regu-
late them is not yet clear. Since an in vitro
study has shown that phosphorylated fe-
tuin has stronger inhibitory effects in in-
sulin receptor autophosphorylation (1),
further studies will be needed to investi-
gate the association of phosphorylated fe-
tuin-A levels with insulin resistance. In
conclusion, fetuin-A could be a modula-
tor of insulin resistance in humans.
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