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“While the contribution of anemia to the development of the 
consequences of diabetes is not completely understood, it is 

imperative that both be managed to limit negative outcomes.” 

Key Points

• Both diabetic nephropathy and neuropathy like-
ly contribute to the development of anemia in
patients with diabetes.

• Anemia often develops early in the course of
chronic kidney disease in patients with diabetes.

• Anemia likely contributes to the high incidence
of cardiovascular disease observed in patients
with diabetes.

• Anemia in patients with diabetes is associated
with an increased incidence of retinopathy and
macular edema.

• Anemia in patients with diabetes responds to
erythropoietin therapy.
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Diabetes Rate Still Increasing
The prevalence and incidence of dia-

betes continues to increase in the
United States. Recently, Health and
Human Services (HHS) Secretary Tommy
G. Thompson released updated figures,
estimating the prevalence of diabetes
mellitus at 17 million, an 8% increase
from 1997 levels.1 Approximately
800,000 new cases of diabetes are diag-
nosed each year, with 90% to 95%
being type 2 diabetes.2,3 The HHS
Secretary also announced that 16 mil-
lion Americans have “prediabetes,”
which will lead to the development of
type 2 diabetes in these individuals
within 10 years.1 Many factors have
contributed to the rising incidence of
type 2 diabetes, including the aging
population, greater prevalence of obesi-
ty, and increase in sedentary lifestyles.3

Diabetes is now the seventh leading
cause of death in this nation.3

Diabetes Leads to 
Serious Comorbidities

Long-standing diabetes is associated
with a multitude of consequences,
including neuropathy (motor-sensory
and autonomic) and nephropathy.
Approximately 50% of patients with dia-
betes eventually develop diabetic neu-
ropathy and 35% develop diabetic
nephropathy.4 Of all new end-stage
renal disease (ESRD) cases from 1994
through 1998, about 43% were attrib-
uted to diabetic nephropathy, making
diabetes the leading cause of ESRD in
the United States.5

The common denominator of diabetes
complications is hyperglycemia of any
degree. Hyperglycemia affects the func-
tion of nerves and muscles acutely and

possibly all other tissues as well.
Therefore, erythropoietin responses to
anemia in diabetes may also be dis-
turbed. An example of such a mecha-
nism would be the glycosylation of both
low-density lipoprotein (LDL) and the
LDL receptor, which results in a failure
of mutual recognition.

Diabetic Nephropathy and Anemia
As diabetes progresses, the basement

membrane of the glomeruli thickens as a
result of glycosylation, leading to
increased intrarenal pressure. This dam-
age ultimately results in chronic kidney
disease (CKD), decreased production of
erythropoietin, and anemia.

In patients with diabetic nephropa-
thy, the onset of anemia can occur
early in the course of CKD, in marked
contrast to nondiabetic patients, who
do not develop anemia at the same
stage of CKD.6 As CKD progresses, ane-
mia typically worsens.7

Yun and colleagues compared the
characteristics and erythropoietin lev-
els of 35 diabetic patients with anemia
but without overt renal disease to
those of nondiabetic patients with ane-
mia.8 They found that erythropoietin
concentrations were significantly lower
in diabetic patients than in nondiabet-
ic patients with similar decreases in
Hb (P <0.001). Hb concentrations in
the diabetic patients were related to
creatinine clearance, serum creatinine,
and albumin excretion rate, suggesting
that the blunted erythropoietin
response in patients with diabetes but
without overt renal disease may be
due to early renal interstitial damage
or the glycosylation mechanism
described above.
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Diabetic Neuropathy and Anemia
The relationship between diabetic

neuropathy and anemia is just emerging,
with early studies suggesting that diabet-
ic neuropathy may trigger the develop-
ment of anemia in patients before the
onset of advanced renal failure.6,8-11

Recently, Bosman and colleagues
evaluated the presence of anemia in
patients with persistent proteinuria and
glomerulonephritis and those with type
1 diabetes.6 They found that 13 of 27
patients with diabetes were anemic
(mean Hb of 10.6 g/dL) compared to
none of the 26 patients with glomeru-
lonephritis (mean Hb of 13.7 g/dL),
despite similar renal status. The anemia
was associated with low levels of ery-
thropoietin. Comparison of the charac-
teristics of the anemic and nonanemic
patients with diabetes revealed that
while serum creatinine levels were simi-
lar in both groups, proteinuria and sym-
pathetic dysfunction were more severe
in the anemic group. The researchers

postulated that autonomic neuropathy
with subsequent renal denervation,
combined with damaged erythropoietin-
producing fibroblasts in the renal cor-
tex, may have contributed to the early
development of anemia in the patients
with diabetes. 

Similarly, a recent case report by
Hadjadj and colleagues described anemia
in a patient with type 1 diabetes, prolif-
erative retinopathy, autonomic neuropa-
thy, microalbuminuria, and only moder-
ate renal failure, suggesting that factors
other than CKD contributed to anemia
development.11 The patient had a low
erythropoietin response to anemia and
responded to treatment with epoetin.

Similar findings were reported in a
number of small studies published prior
to the Bosman study and Hadjadj case
report. Cotroneo and colleagues reported
that 10 of 13 patients with anemia and
type 1 diabetes had autonomic neuropa-
thy and a blunted erythropoietin
response to anemia.9 Three of the
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Figure 4-1. As diabetes progresses the kidneys become damaged, resulting in decreased production

of erythropoietin and the development of anemia.
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patients were treated with epoetin, which
resulted in improvement of the anemia. 

Winkler and colleagues examined the
relationships between anemia, autonomic
neuropathy, and erythropoietin response
among patients with diabetes and auto-
nomic neuropathy, patients with diabetes
without autonomic neuropathy, and non-
diabetic patients with and without ane-
mia.10 All patients with diabetes had dia-
betic nephropathy but normal serum cre-
atinine. The researchers found that more
patients with diabetes and neuropathy
had anemia than those who had diabetes
but no neuropathy. They also showed
that erythropoietin increased in response
to anemia in nondiabetic patients, but
not in diabetic patients with neuropathy,
suggesting that diabetic neuropathy
blunts the erythropoietin response.
Again, treatment with epoetin in five of
the patients with diabetes, anemia, and
autonomic neuropathy led to improved
Hb concentrations. One patient treated
with epoetin to maintain a Hb of 11.6
g/dL was followed for 2 years and
demonstrated marked clinical improve-
ment, including the ability to return to a
normal active life.12

Consequences of Anemia in 
Patients with Diabetes

Separately, diabetes and anemia are
each associated with significant morbidity
and mortality. While the contribution of
anemia to the development of the conse-
quences of diabetes is not completely
understood, it is imperative that both be
managed to limit negative outcomes. 

Anemia in diabetic patients likely con-
tributes to the high incidence of cardio-
vascular disease (CVD) observed in these
patients. People with diabetes are two to

four times more likely to have heart dis-
ease or suffer a stroke than people with-
out diabetes, and approximately 75% of
patients with diabetes die of CVD-related
causes.13 Separately, both ESRD and ane-
mia are known to contribute to the devel-
opment of CVD. Patients with ESRD are
10 to 20 times more likely to develop
CVD than the normal population.14

Anemia is associated with a greater inci-
dence of left ventricular hypertrophy,15,16

de novo or recurrent cardiac failure,17 and
increased cardiac-related hospitalizations
and deaths.17,18 Recently, Shoji and col-
leagues demonstrated that diabetes
increases aortic stiffness and is an inde-
pendent predictor of mortality in patients
with ESRD.19 Since many patients with dia-
betes develop both anemia and eventually
ESRD, they are at an even greater risk for
the development of cardiac complications
than either group alone.

Anemia in patients with diabetes is
also associated with diabetic retinopa-
thy20,21 and macular edema,21 both of
which result in accelerated vision loss.
Patients with Hb ≥12 g/dL have been
found to have double the risk of diabetic
retinopathy compared with those with Hb
≥12 g/dL (OR, 2.0; 95% CI, 1.2-3.3).20

Furthermore, patients with retinopathy
and low Hb levels were more than five
times as likely to have severe rather than
mild retinopathy (OR, 5.3; 95% CI, 2.3-
12.6), suggesting that anemia plays a sig-
nificant role in retinopathy development
and progression.

Beneficial Effects of 
Anemia Management

In studies in which investigators
explored the connection between diabet-
ic neuropathy and anemia, the Hb levels
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of patients with diabetes improved 
with epoetin administration.9,11,12 Also,
both diabetic retinopathy and macular
edema have been shown to respond to
epoetin therapy.21

Rarick and colleagues showed that
the administration of epoetin improves
Hct values and quality of life in patients
with diabetes, anemia, and clinically
normal renal function.22 All six patients

had near-normal serum creatinine levels
(<2 mg/dL) and Hct <32%. Two of the
patients had retinopathy, one had neu-
ropathy, and one had proteinuria.
Although this study was too small to
determine the causes of early anemia in
patients with diabetes, it provides fur-
ther evidence of the need for early ane-
mia screening and treatment in patients
with diabetes.
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