
Is Poor Glycemic Control Associated With
Reduced Red Blood Cell Lifespan?

A major assumption in the interpre-
tation of HbA1c as a measure of gly-
cemic control is that the duration of

Hb exposure to glucose does not vary
among patients who are hematologically
normal. In this issue of Diabetes Care, Vir-
tue et al. (1) use an appealingly simple
method to quantitate erythrocyte lifespan
(2,3) and report an inverse correlation
with glycohemoglobin concentration in
patients with diabetes. They interpret this
as a reduced erythrocyte lifespan at higher
blood glucose concentrations. The calcu-
lation of erythrocyte lifespan depends on
Hb concentration and the amount of car-
bon monoxide (CO) in exhaled air and in
atmospheric air collected at the subject’s
home just after awakening. The principles
behind the method are that heme catabo-
lism is the only endogenous source of CO
and that erythrocytes removed from the
circulation are the major source of heme.
However, there are multiple assumptions
behind the methodology, which may not
be met, in the complicated scenario of di-
abetes. These all come together in Eq. 1 of
Virtue et al. (see [1] for the definition of
terms)

Erythrocyte lifespan �

[Hb](22,400)(blood volume)

0.7(endogenous PCO(64,400)(1,440)(alveolar ventilation)

which determines erythrocyte lifespan as
the inverse of the CO excretion rate, esti-
mating from CO the amount of heme me-
tabolized, and then the amounts of Hb
and, finally, red blood cells removed.
Heme is a component not only of Hb but
also of cytochromes and muscle myoglo-
bin, with cytochromes being ubiquitous
but particularly enriched in liver. The Hb
concentration depends not only on eryth-
rocyte mass but also on plasma volume;
hence, it is sensitive to variations in hy-
dration and in renal, liver, and cardiac
function. CO concentration in expired air
is determined by not only endogenous
production and ventilation rate but also
by environmental exposure, predomi-
nantly from cigarette smoking (including
secondary smoke) and fossil fuels. The

authors assume that the percentage of
heme turnover accounted for by erythro-
cytes is constant at 70% and use the ab-
sence of both liver disease and use of
known drug inducers of cytochromes as
evidence for the validity of that assump-
tion. While not stated in the article, it is
also assumed that variations in exercise
intensity or muscle trauma or even mus-
cle mass on muscle myoglobin heme
turnover are not important. The parame-
ters the authors actually measure are the
CO tensions and the [Hb] because the au-
thors assume that variation in minute
ventilation cancels out with variation in
blood volume because both are related to
weight as long as the subject is currently a
nonsmoker who does not appear to have
pulmonary disease. This assumption
comes into question, however, by an op-
posite trend that is likely to appear in this
population, namely that increasing de-
grees of obesity raise the chance of undi-
agnosed restrictive lung disease. It would
be of interest to know the relative body
weights of the study subjects. We would
point out that variations in plasma vol-
ume would act in one direction on [Hb]
and in the opposite direction on blood
volume, and these would tend to cancel
each other out. Other screening criteria
included normal blood counts and liver
function, normal serum creatinine in 21
of 23 subjects, no clinical evidence of
heart failure, dehydration, and alcohol-
ism, and indirectly, by studying only
men, the exclusion of subjects with blood
loss from menstruation. The authors ar-
gue that there is an �40% difference in
erythrocyte lifespan between those with
high versus low GHb and that there is not
likely to be that great a change in any one
of these parameters without clinical evi-
dence of disease, which would have trig-
gered an exclusion of a potential subject.
This is not entirely reassuring in a popu-
lation of 40- to 77-year-old men with di-
abetes, in whom the probability of
multiple subclinical diseases is high.

What is the evidence that this tech-
nique is valid? First, the authors present

evidence that the underlying component
measurements are reproducible, which is
important. There is strong support for the
principle of the technique in the demon-
stration (Fig. 2A) of a significant negative
correlation of erythrocyte lifespan calcu-
lated by the CO technique with reticulo-
cyte count in patients with normal [Hb].
What is not so clear is the validation of the
precise quantitation of the method, given
the number of assumptions and the pop-
ulation examined. In the original descrip-
tion of the technique (2), the authors
demonstrate a less-than-perfect correla-
tion between CO-erythrocyte lifespan
and the standard 51Cr technique. Unfor-
tunately, rather than validate the CO
method against the gold standard of 51Cr
survivals, they invoked the limitations of
the 51Cr method to explain the discrepan-
cies. The limitations of the chromium
technique, primarily the leaching of the
chromium label from the red blood cells,
are known and can be mathematically
corrected. With such an approach, two of
us (R.S.F. and C.H.J.) and others (4,5)
have reported a close relationship be-
tween erythrocyte lifespan determined
using 51Cr and biotin labels. The biotin
label overcomes many of the disadvan-
tages of 51Cr. It is nonradioactive and pro-
vides a stable label for the entire
erythrocyte lifespan. The biotin tech-
nique requires fewer assumptions than
the CO method. However, the latter can
be applied to larger numbers of subjects
and can be used to perform serial mea-
surements over time. Clearly, the biotin
label offers the opportunity for more pre-
cise validation of the quantitative aspects
of the CO-based results, giving greater
confidence in the absolute values of the
lifespans.

So, what does all this have to do with
diabetes? Assuming the validity of the CO
methodology, the authors interpret their
data as showing that erythrocyte lifespan
is shortened by long-term glycemic con-
trol, as reflected in HbA1c. This idea is also
supported by the original studies of Peter-
son et al. (6), which showed a modest but

E D I T O R I A L ( S E E V I R T U E E T A L . , P . 9 3 1 )

DIABETES CARE, VOLUME 27, NUMBER 4, APRIL 2004 1013

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/4/1013/562102/zdc00404001013.pdf by guest on 10 April 2024



consistent increase in 51Cr erythrocyte
half-life after the establishment of tight
glycemic control compared with the same
patients studied in poor control. If higher
levels of GHb are associated with shorter
erythrocyte lifespan, the implication is
that the difference in glycemic control be-
tween two levels of achieved HbA1c is ac-
tually greater than our current data would
lead us to believe, with the caveats we
have mentioned about the magnitude of
the effect.

What about implications for erythro-
cyte disorders in patients with diabetes if
these findings are corroborated? It is plau-
sible that if hyperglycemia results in a re-
duction in erythrocyte lifespan within the
normal range, this could be a stress on the
erythron (erythroid marrow and circulat-
ing erythrocytes), which may be un-
masked by other erythrocyte diseases. It
may have an implication for how long
transfused erythrocytes survive in pa-
tients with poorly controlled diabetes
compared with those in better control or
without diabetes. This suggests that
tighter glycemic control might offer he-
matologic benefit to diabetic patients un-
dergoing chemotherapy or having a chronic
transfusion or erythropoietin requirement.

The finding that HbA1c varies with
erythrocyte lifespan reported here is yet
one more piece of evidence that there are
more factors influencing the relationship
between glycated hemoglobins and glyce-
mic control than we have conventionally
taken into account. Further evidence
along those lines is emerging from a num-
ber of directions. Greater differences in
HbA1c between fraternal than identical
nondiabetic twins argue for the role of ge-

netic factors apart from glycemic control
(7). McCarter et al. (8) and we (9) have
shown that elevation of HbA1c out of pro-
portion to other measures of glycemic
control, either fingerstick glucoses or
fructosamine, respectively, is associated
with higher frequencies of complications.
We have taken HbA1c at face value for a
long time, and it is now time to examine
factors affecting it a little more closely.
With that, we should improve our ability
to predict the risk of complications and
tailor therapy more precisely for individ-
uals with diabetes.
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