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INTRODUCTION

Although anemia is a common problem in patients with chronic kidney disease
(CKD), it is only in the last decade that an appreciation of its potential impact in patients
with diabetes has emerged (/,2). The prevalence of anemia in patients with diabetes is
twice that seen in patients with nondiabetic renal disease and similar renal function.
Approximately one in five patients with type 1 or 2 diabetes have hemoglobin (Hb) lev-
els below the gender-specific normal range. Importantly, it is patients with vascular
complications that are both at increased risk for anemia, and are most likely to suffer its
adverse consequences.

This chapter will consider the relationship between anemia and diabetes in three
parts. The first part will deal with the epidemiology and possible mechanisms associated
with anemia, in the setting of diabetic nephropathy (DN). It will describe the prevalence
of anemia in three Australian clinics and compare this with large community-based studies
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of anemia, including National Health and Nutrition Education Survey-III. The role of
“functional erythropoietin deficiency” in which erythropoietin levels are inappropriately
low for the ambient Hb, will also be discussed.

The second part of this chapter will deal with the anemia associated with advanced
DN, starting with epidemiological data from the US Renal Data System. This will
include the emerging concept that anemia is not only a product of the process of renal
impairment but also a contributor to the development of congestive heart failure (CHF)
and increased cardiovascular mortality associated with end-stage renal disease (ESRD)
in patients with diabetes. The frequent coexistence of CHF, renal impairment, and ane-
mia has been called the cardio—renal-anemia syndrome, with the component of anemia
offering a potential means of therapy (3). The coexistence of two or more components
of this syndrome appears to increase mortality and, interestingly, this may occur in the
absence of overt renal disease.

The final section of this chapter will examine the potential role for correction of
anemia in patients with diabetes, using iron and erythropoietin, and the difficulties
experienced so far in interpreting cardiovascular and renal outcomes of intervention
studies.

ERYTHROPOIETIN AND THE ANEMIA
OF DIABETIC NEPHROPATHY

Although a number of mechanisms potentially contribute to the development of ane-
mia in diabetes, damage to the renal mechanisms that normal control Hb levels appears
to be an essential component. Consistent with this paradigm, at moderate levels of renal
impairment, with glomerular filtration rate (GFR) in the range 30—-60 mL/min/1.73 m?,
anemia is present in more than one-third of patients with diabetes. Once GFR is below
30 mL/min/1.73 m2, anemia is more common, affecting up to half of all patients. For
the same level of GFR, patients with increased levels of urinary albumin excretion
(UAE) have an increased prevalence of anemia, such that those patients with macroalbu-
minuria are nearly 10-fold more likely to have anemia that those with normoalbuminuria
and normal renal function.

The kidney has a central role in the control of hemopoiesis and hence the oxygen-
carrying capacity of blood. Erythropoietin is produced predominantly in the kidneys in
adults (4), with smaller amounts made in the liver and other sites. Within the kidneys,
erythropoietin is expressed in the cortical and outer medullary fibroblasts, located
between capillaries and oxygen-consuming tubules (5,6). There is a close correlation
between hematocrit, renal erythropoietin gene expression, and serum erythropoietin
levels. Increases in erythropoietin secretion result when the oxygen supply is reduced
as a result of a decrease in Hb levels, a decrease in oxygen-carrying capacity of Hb, or
a decrease in oxygen saturation of Hb. At a local level, erythropoietin synthesis is con-
trolled via the induction of oxygen-sensing mechanisms including hypoxia-inducible
factor (HIF)-1 (7,8). HIF-1 increases exponentially as cellular oxygen tension decreases
and activates the gene expression of erythropoietin (9). HIF-1 also activates transcrip-
tion of several hypoxia-inducible genes including vascular endothelial growth factor
(VEGF) and several glycolytic enzymes involved in anerobic ATP generation (/0,11).

DN is associated with a reduced renal capacity to synthesize and secrete erythro-
poietin in response to anemia. Erythropoietin levels in diabetes are in the normal
range and are not low, as would be consistent in a true deficiency state. However, in the
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setting of anemia, in which erythropoietin levels would normally rise exponentially,
levels in patients with DN remain “inappropriately” in the normal range. DN therefore
represents a state of functional erythropoietin deficiency and may consequently be
responsive to supplementation. In our recent studies, erythropoietin levels were meas-
ured in 722 patients with diabetes (/2). In the 23% of the study population with ane-
mia, 77% had erythropoietin levels inappropriately within the normal range. Although
55% of anemic patients had moderate renal impairment, erythropoietin levels were
also inappropriately normal in 18 of 26 of anemic patients with normal renal function
(GFR > 90 mL/min/1.73 m?). However, 17 of these 26 patients had DN as reflected by
an increase in albumin excretion rate (AER). It follows that failure to produce erythro-
poietin in response to a declining Hb level may be one of the earliest manifestations of
DN (2,12). In addition, the severity of erythropoietin deficiency, as a cause of anemia
in patients with diabetes, is not always proportional to the degree of renal impairment.

The precise mechanisms by which diabetes impairs the renal erythropoietin response
to reduced Hb remain to be established. Although “functional erythropoietin defi-
ciency” is clearly linked to renal dysfunction in diabetes, the reduction in synthesis of
erythropoietin in response to anemia appears to be greater than that seen in other renal
(and particularly glomerular) diseases. Like anemia, tubulo-interstitial damage may be
seen in diabetes, independent of and in advance of late changes of declining glomeru-
lar filtration. For example, thickening and reduplication of the tubular and epithelial
basement membrane can be readily observed in the early diabetic kidney, even among
normoalbuminuric patients (/3). It is conceivable that damage to the erythropoietin-
producing cells in the cortical interstitium or disruption of the delicate interaction
between tubule, peritubular fibroblast, and endothelium required for normal hemopoi-
etic function in the kidney, may contribute to impaired erythropoietin release. In fact,
endogenous erythropoietin production has been suggested as a possible marker of the
severity of tubulo-interstitial damage in diabetes (/).

Renal injury leads to a decrease in erythropoietin production and anemia. Although
this may be partly mediated through the loss of erythropoietin-producing cells from the
kidney, some patients with CKD are able to mount an appropriate increase in erythro-
poietin levels in response to hypoxia, suggesting that sensing rather than synthetic
pathways are chiefly disrupted (/4). Although erythropoietin gene expression has been
well documented in peritubular fibroblasts, it has so far not been demonstrated in cul-
tured renal cells. This suggests that an interaction is necessary between proximal tubular
epithelial cells and peritubular fibroblasts as a prerequisite for erythropoietin gene acti-
vation. Damage to this delicate interaction, as a result of interstitial fibrosis and
cytoskeletal disorganization associated with renal injury, may also contribute to func-
tional erythropoietin deficiency.

Renal injury also causes a transformation of peritubular fibroblasts into myofibrob-
lasts. One hypothesis is that myofibroblasts can still generate erythropoietin but less
well than fibroblasts (/7). This is of interest in relation to diabetic nephropathy, as
advanced glycation endproducts (AGEs) have been shown to modulate myofibroblast
transformation (/5). This may be one explanation for the occurrence of anemia in DN
at an earlier stage than in nondiabetic renal disease with a similar degree of renal
impairment.

Erythropoietin deficiency in diabetes may also be caused by autonomic dysfunction.
Watkins et al. (/6) originally demonstrated that patients with primary autonomic failure
suffer from erythropoietin deficiency and anemia. A further study by his group showed
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a strong correlation between polyneuropathy and the development of anemia in patients
with type 1 diabetes (/7). However, these patients also had coexisting nephropathy
making it difficult to distinguish cause from association. In addition, denervated kid-
neys are still able to produce erythropoietin in response to anemia. Nonetheless, a key
role for the sympathetic nervous system in impaired erythropoietin responsiveness
should not be discounted.

Functional as well as structural changes may also contribute to impaired erythropoi-
etin production. Increased metabolic demand in diabetic tubular cells and chronic
hypoxia in the tubulo-interstitium may also be an important mediator of anemia in dia-
betes (18). Oxidized nucleic acids, endogenous polyamines, and cobalt all inhibit the
cellular release of erythropoietin in vitro, and are increased in diabetes. Each of these
factors may contribute to a recalibration of the “set-point” for erythropoietin secretion,
which can still be overcome with sufficient stimulation. This is phenomenologically
similar to impaired glucose sensing in diabetic islets, which may respond normally to
acute stimulation with arginine or tolbutamide but inappropriately to a physiological
glucose stimulus (/9).

Urinary erythropoietin loss, associated with proteinuria in patients with diabetes has
also been proposed as a mechanism for reduced circulating erythropoietin levels in
patients with DN (20). Patients with heavy proteinuria have substantial loss of erythro-
poietin in their urine. Our studies have demonstrated that patients with proteinuria have
an increased prevalence of anemia, independent to renal function. However, neither the
urinary excretion of erythropoietin nor its fractional excretion appears to be signifi-
cantly increased in diabetes in the absence of heavy protein losses. In addition, erythro-
poietin deficiency may be observed in diabetes in the absence of proteinuria, although
it is most commonly seen in this subgroup.

In our study of 722 patients with diabetes, anemia in association with increased ery-
thropoietin levels (>30 mU/mL) was observed in 37 patients, representing approx 20%
of the 165 patients with anemia (/2). A recent report has described the association of
raised erythropoietin levels and anemia in the absence of nephropathy (27). Anemia
was present in 10 of 62 patients with type 2 diabetes. Serum erythropoietin levels
increased appropriately with decreasing Hb, but in patients with anemia raised erythro-
poietin levels were not associated with the expected increase in reticulocyte count. This
study raises the possibility that resistance to erythropoietin rather than impaired ery-
thropoietin secretion may contribute to anemia in a subgroup of patients without overt
renal disease.

ANEMIA AS A PROGRESSION PROMOTER
IN DIABETIC NEPHROPATHY

Several studies have shown that anemia is an independent risk factor for progression
in both diabetic and nondiabetic renal disease (22). For example, in the Reduction of
Endpoints in NIDDM with Angiotensin II Antagonist Losartan Study (RENAAL) study
of patients with type 2 diabetes and nephropathy, anemia at the start of the study was a
strong predictor of the rate of doubling of serum creatinine or development of ESRD
(23). Similarly, the Canadian multicenter cohort study of 313 predialysis patients with
CKD showed that a decrease in baseline Hb of 5 g/L. over a median follow-up of 2 yr was
associated with a 13% shorter time to initiation of renal replacement (24). The time to
renal replacement shortened more than eightfold as Hb fell from 130 to less than 100 g/L.
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However, it remains to be established whether patients with anemia simply have more
severe renal disease. Anemia per se does not result in renal damage. As anemia may
be considered a manifestation of renal injury, it is easy to imagine that damaged kid-
neys may be subject to more aggressive renal disease. Nonetheless, there are several
potential mechanisms linking anemia with the progression of DN.

For instance, tissue hypoxia is a common mechanism for progression of various
forms of renal disease in addition to high blood pressure and proteinuria (/4). Anemia
may induce mitogenic and fibrogenic stimuli by lowering the partial oxygen tension in
the renal cortex. This could be mediated by HIF-1 which regulates genes involved in
angiogenesis (such as the prosclerotic mitogen, VEGF), vasomotor response (inducible
nitric oxide synthase), heme oxygenase-1 and endothelins, glycolysis (the glucose
transporter GLUT-1 and glycolytic enzymes), matrix metabolism (transforming growth
factor-,, collagens, and matrix metalloproteinases), and cell survival, all pathways
implicated in the pathogenesis of progressive renal disease.

A major consequence of anemia is an increase in oxidative stress (25), a key
mediator in the development and progression of diabetic renal disease. This may be
mediated by the loss of antioxidant properties of erythrocytes including the enzymes
superoxide dismutase, catalase, and other antioxidant proteins. In addition, renal
anemia is associated with increased production of free radicals. It is conceivable
that the combination of increased oxidative stress and tissue hypoxia associated
with anemia may act to stimulate the production of extracellular matrix, increasing
interstitial fibrosis and tubular apoptosis, and lead to tubular atrophy associated with
progressive renal disease.

ANEMIA AND EXTRA-RENAL MICROVASCULAR DISEASE

Several lines of evidence suggest that anemia may influence the course of extrarenal
microvascular disease in diabetes. Anemia is associated with an increased risk of back-
ground and proliferative retinopathy in patients with diabetes. Given that renal disease
and retinopathy are closely associated, it is perhaps not surprising to see an increased
prevalence of anemia in patients with more aggressive microvascular disease. However,
anemia may also have a direct effect on the development and progression of diabetic
retinal disease. Anemia may act to accelerate diabetic retinopathy by promoting retinal
hypoxia and macularedema (26). This may be mediated by VEGF, which is a potent
stimulus to new vessel formation and increased capillary permeability (27). Consistent
with this hypothesis, a few small studies have demonstrated that correction of anemia
in patients with diabetes may be associated with a reduction in macular hard exudates
(28,29) and edema (30). However, further interventional studies are required to deter-
mine if anemia is causally related to diabetic retinopathy.

Similar considerations apply to the association of anemia with DN. Endoneural
hypoxia, owing to decreased microvascular blood flow and altered vascular perme-
ability, is observed early in the course of diabetes and the resultant ischemia plays a
role in the progressive DN. Factors that exacerbate hypoxia are known to accelerate
nerve injury in diabetes and there is evidence that erythropoietin itself has neuropro-
tective and neurotrophic effects in experimental diabetes (3/). In diabetic patients with
anemia and polyneuropathy, erythropoietin therapy has been associated with improve-
ments in motor nerve conduction velocity but no correlation was found between the
increase in Hb and improvement in nerve function (32). This raises the possibility that
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erythropoietin may have a direct impact on microvascular complications, independent
of red cell formation. For instance, erythropoietin has been shown to have proangio-
genic properties (33) and also to protect vascular endothelial cells and smooth muscle
cells against apoptosis (34,35). It follows that the pleiotropic effects of erythropoietin
may promote new vessel formation and limit vascular injury in peripheral nerves, kid-
neys, and the heart in addition to correcting anemia.

EPIDEMIOLOGY OF ANEMIA IN DIABETES: COMMUNITY
AND CLINIC-BASED STUDIES

Diabetes is responsible for 45% of new patients entering ESRD programs in the
United States, 36% in Germany, and 22% in Australia. The majority of these patients
will have anemia, although this represents the tip of a much larger problem. Most
patients with DN will not survive to reach ESRD, succumbing instead to comorbid vas-
cular complications and infection. It is not yet clear how anemia contributes to their
morbidity or mortality, as there have been comparatively few studies in early diabetes.
Table 1 summarizes the studies of anemia in patients with diabetes and nephropathy
before ESRD.

An early study documenting the presence of normochromic, normocytic anemia
in overt DN was reported by Watkins’ group in London (2). Anemia was defined as
Hb <115g/L for women and <120g/L for men. Of 27 patients with type 1 diabetes and
nephropathy, 13 were anemic compared with none of 27 patients with glomerulonephritis
with similar levels of proteinuria and serum creatinine. Serum creatinine levels were
similar in the 13 patients with DN and anemia (mean 110, range 63-160 uM) compared
with the 14 patients without anemia (mean 88, range 64—133 uM). The majority of
patients with type 1 diabetes and anemia were shown to have inappropriately low ery-
thropoietin levels (7,2,36).

Two recent community-based studies from the United States have assessed the preva-
lence of anemia according to GFR. The Third National Health and Nutrition Examination
Survey (NHANES-III), performed between 1988 and 1994, was a large, community-
based study of the prevalence of anemia according to kidney function. In the study group
as a whole (15,971 adults), a significant decrease in Hb was apparent in men with GFR
(estimated as creatinine clearance) <70 mL/min and in women with GFR <50 mL/min
(37). It was estimated from NHANES-III data that 9.7 million adult women and 3.8 mil-
lion adult men in the United States have a GFR <50 mL/min. When anemia was defined
as Hb <110 g/L, it was estimated that 610,000 women and 230,000 men had anemia asso-
ciated with impaired kidney function. When anemia was defined as Hb <120 g/L, the
estimated burden of anemia associated with renal insufficiency in the United States was
1.2 million women and 390,000 men.

A further analysis of the NHANES-III data compared the prevalence of anemia,
(Hb <120g/L), according to GFR in people with and without diabetes (38). This analysis
found that people with diabetes and moderate renal impairment had a higher prevalence
of anemia when compared with people without diabetes and similar degrees of renal
impairment (Fig. 1). In the GFR range of 60-30 mL/min/1.73 m2, anemia was present
in 6, 12, and 22% of nondiabetic subjects as GFR decreased from 60-50, to 50-40 and
to 40-30 mL/min/1.73 m?, respectively. By contrast, in the same categories of GFR in
diabetic subjects, anemia was present in 16% (p < 0.001), 24% (p < 0.01) and 41%
(p < 0.04), respectively (38). This study confirmed that anemia was more prevalent in
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Fig. 1. Doubling of prevalence of anemia in diabetic compared with nondiabetic participants between
GFR 30 and 60 mL/min/1.73 m? in NHANES-III (38).

people with diabetes even when serum creatinine levels were still in the normal range.
By the time that severe renal impairment developed at a GFR of <30 mL/min/1.73 m?,
the prevalence of anemia was nearly 60%. This was roughly that also seen in the non-
diabetic population.

The Kidney Early Prevention Program (KEEP 2.0), organized by the National
Kidney Foundation, studied 5380 individuals over 18 yr of age including 1769 men and
3611 women (39). Anemia was defined as Hb < 120 g/L. in men and women aged older
than 51 yr and <110 g/L in women younger than 51 yr. GFR was calculated using the
simplified Modification of Diet in Renal Disease (MDRD) formula. Diabetes and ane-
mia were present in 25.7% and 7% of the cohort, respectively. In persons with diabetes,
anemia prevalence increased from 6.4, 6.7, 16.5 to 57.1% as GFR decreased from >90,
89-60, 59-30 to <30 mL/min/1.73 m?. In the GFR category 59-30 mL/min/1.73 m?,
anemia prevalence was significantly higher in persons with diabetes compared with
persons without diabetes (16.5 vs 6.8%, p < 0.001). In addition, there was a greater risk
of anemia among men with diabetes compared with women with diabetes when a gender-
specific definition was used. Importantly, because most patients with DN have little
overt renal impairment, the majority of patients with anemia are supervised by their
primary care physician. In this context, anemia is usually unrecognized and almost
always untreated.

In the KEEP 2.0 study (39), there was no difference in the prevalence of anemia
in patients with and without diabetes at GFR levels <30 mL/min/1.73 m?. This is
consistent with findings from the Predialysis Survey of Anemia Management (PRE-
SAM) study of advanced kidney disease, which showed the prevalence of anemia
appears to be similar in predialysis patients both with and without diabetes (40).
However, both these results may underestimate the impact of anemia, because of the
premature death of diabetic patients with early anemia.
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In our studies, we examined the prevalence and predictors of anemia in 820 patients
from a single diabetes clinic in a tertiary referral center (4/). Eligibility for inclusion in
the study was defined as patients having at least three estimations of AER, with at least
one AER having been performed within the previous 2 yr (4/). The study included 458
men (56%) and 362 women who had been followed for a median of 4.8 yr (range 1-28).
The mean age was 62.2 yr. Of the women in the study population 71% were aged older
than 55 yr and were therefore likely to be postmenopausal. More than 95% were of
Caucasian descent. The majority of participants had type 2 diabetes (80%), of whom
46% were receiving insulin. The mean HbA,  was 7.9%. In a randomly selected sub-
group of 330 patients (40%), a clinical history detailing the presence or absence of
specific diabetes complications and treatment modalities was also obtained.

Many participants had experienced complications of diabetes, consistent with the
mean known duration of diabetes of 16 yr (4/); 37% had evidence of retinopathy, 27%
microalbuminuria, and 13% macroalbuminuria; 69% were receiving antihypertensive
medication and 44% had evidence of macrovascular disease; 30% had moderate renal
impairment defined by a GFR less than 60 mL/min/1.73 m?. Interestingly, approx 20%
of those with moderate renal impairment had normoalbuminuria. We found that in our
population of 820 patients nearly one-fourth (23%) had anemia according to World
Health Organization guidelines (men Hb < 130 g/L., women Hb < 120g/L). This was very
similar to that found in the NHANES-III population with mild-to-moderate renal
impairment (38). That is, at every level of renal function in the GFR range of 30-60
mL/min/1.73 m? people with diabetes were twice as likely to have anemia (Fig. 2).

Univariate analysis revealed several predictors of anemia in people with diabetes
including female gender, low GFR, increased age, low-iron stores, increased AER and,
unexpectedly, low HbA | . Multiple regression revealed that five variables explained
approx 42% of the Hb variance in the entire clinic population. Independent predictors
for Hb were transferrin saturation, GFR, gender, AER, and HbA | level. Although gen-
der was an important determinant of raw Hb levels, the most powerful predictors were
transferrin saturation and GFR, accounting for 22 and 10% of the variance of Hb, respec-
tively (41). After adjusting for GFR age and all of the potential clinical determinants of
anemia lost statistical significance. Although inflammation may cause anemia, no inde-
pendent association was found between C-reactive protein and Hb.

Decreased transferrin saturation predicted low Hb levels at every level of renal
impairment. However, decreased iron stores do not explain the increased rates of ane-
mia in patients with diabetes. The rates of iron deficiency in our study population were
the same or slightly lower than that seen in the general Australian population, and the
overall iron stores are slightly higher than that seen in the general population (42).
There was an association between higher iron stores and worse glycemic control, con-
sistent with studies by Fernandez-Real (43) showing that iron modulates insulin action
so that to increase insulin resistance and oxidative stress. However, although reduced
iron availability may predict the Hb level in people with diabetes, it is not the reason
for the increased prevalence of anemia in people with diabetes and nephropathy.

The prevalence and predictors of anemia in long-term outpatients with type 2 dia-
betes from three large Australian clinical centers confirmed the findings reported ear-
lier (44). In a combined study population of 2125 patients, roughly one in five patients
had anemia. Patients with mild renal impairment were twice as likely to have anemia as
those with normal renal function, and patients with moderate renal impairment were twice
as likely to have anemia as those with mild renal impairment.
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Fig. 2. Prevalence of anemia in an Australian Clinic setting (4/) compared with NHANES-III (37).

In a study population of 312 patients with type 1 diabetes from the same three cen-
ters, one in seven patients had anemia (45). Patients at greatest risk were identified
either by renal impairment or albuminuria. Patients with renal impairment were six
times more likely to have anemia than those with normal renal function. Fifty-two per-
cent of patients with macroalbuminuria had anemia compared with 24% of patients
with microalbuminuria but less than 8% of normoalbuminuric patients.

Recent studies in the same cohort have examined the potential role of AGEs mediating
the interaction between anemia and nephropathy. In this study, serum levels of low-
molecular-weight fluorescent AGEs in 604 patients with type 2 diabetes were 34% higher
than in nondiabetic subjects (46). Notably, independent predictors of low-molecular-
weight AGEs were low GFR and Hb. Whether AGEs contribute to anemia or are a
marker of renal damage in diabetes will need to be determined by prospective studies.

ANEMIA, CARDIAC FAILURE, AND CARDIOVASCULAR OUTCOMES
IN RENAL DISEASE

Patients with diabetes have an increased risk of cardiovascular events (Table 2) and
heart failure (Table 3). Early in the course of diabetes, cardiac fibrosis and hypertrophy
occur, leading to diastolic dysfunction, characterized by impaired relaxation and a stiff
ventricle (47,48). Anemia has the potential to exacerbate cardiac dysfunction in dia-
betes. In normal subjects, a fall in Hb from 140 to 40 g/L evokes an adaptive response
in the heart. In the short term, oxygen extraction increases from 24 to 31% and cardiac
output increases from 3 to 5.5 L/min/m? (49). In the long term, these adaptive changes
may lead to left ventricular hypertrophy (LVH), a known risk factor for adverse clinical
outcomes. Several observational studies have demonstrated that anemia in combination
with severe renal insufficiency (50,51) or cardiac failure (52) is an independent risk
factor for worse cardiovascular outcomes (Table 2). For example, in a Canadian study
of patients with ESRD, a decrease in Hb was associated with an increased risk of left
ventricular dilatation, new and recurrent heart failure, and death but not with ischemic
heart disease (50). This was consistent with the concept that the long-term response to
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Fig. 3. Contributing factors and interrelationships in cardio-renal anemia (60).

anemia involves a cardiomyopathic rather than an ischaemic mechanism (49). Similarly,
in a study of survival of patients with heart failure, the Hb at the time of initial diagno-
sis of heart failure was a significant predictor of survival (53). Another cross-sectional
study in patients with early renal disease showed that left ventricular mass index
(LVMI) increased by 33% for every 5 g/L. decrease in Hb and for every 15 mmHg
increase in systolic blood pressure (54). The extent of risk associated with anemia was,
therefore, similar to traditional risk factors such as hypertension and dyslipidemia.

The prognosis of heart failure is significantly worse in patients with diabetes than in
nondiabetic patients. It is conceivable that anemia may contribute to this risk, as part of
the “cardio-renal-anemia syndrome,” a triad of complications that often occur in the
one patient (3) (Fig. 3). Two recent epidemiological studies have suggested that car-
diovascular outcomes appear to worsen in patients with two or more components of
this triad when compared with patients with only one component. For example, the
atherosclerosis risk in communities study showed a twofold higher risk of coronary
heart disease in patients with elevated serum creatinine levels, but this was evident only
in the presence of anemia (/9). Another study of 2000 patients with heart failure showed
that anemia has a high prognostic impact. Each 1% drop in hematocrit below normal
was associated with a 2% increase in mortality over 12 mo (55).

The association of anemia with cardiovascular and other outcomes has also been
studied in patients with ESRD as part of the US Renal Data System, which included a
database of 66,671 patients of which more than 40% had diabetes. A Hb < 110 g/L pre-
dicted increased risk of death after adjustment for clinical and laboratory parameters
(56). Another study of incident hemodialysis patients showed that a hematocrit of
36-39%, approximately equivalent to a Hb of 130 g/L, was associated with a 22%
lower risk of admission to hospital when compared with patients with a hematocrit in
the range of 33-36% (57).

In patients with renal disease, anemia is also a risk factor for cerebrovascular dis-
ease. The Atherosclerosis Risk in Community study assessed the risk of incident stroke
in a middle-aged population (58). Patients with renal insufficiency alone had an
increased hazard ratio for cerebrovascular accident of 1.81 (1.26-2.02, 95% confidence
interval [CI]), but the hazard ratio increased to 5.48 (2.04-14.41, 95% CI) in patients
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with renal insufficiency and anemia. A large observational study of 44,000 patients
receiving hemodialysis has been performed recently in the United States (59). All par-
ticipants had survived 6 mo of dialysis and erythropoietin therapy, with 6 mo of follow-
up. Patients with Hb >120 g/L had a reduced mortality compared with patients with
Hb <110 g/L. For every decile of Hb from 90 to more than 130 g/L, there was a graded
increase in the proportion of surviving patients (59).

Caution should be taken in extrapolating data in patients with ESRD, to patients
with diabetes and earlier stages of renal disease. Although the mechanism of anemia
may be similar, a number of risk factors work in different ways in these two settings.
For example, elevated lipid levels are associated with an increased risk of adverse out-
comes in patients with diabetes and early nephropathy, whereas in ESRD elevated
levels of cholesterol and obesity are associated with improved outcomes. Further
prospective studies are required to address the role of anemia in pre-ESRD patients
with diabetes.

In summary, renal impairment worsens heart function and compromises its therapy,
heart failure worsens renal function and anemia worsens prognosis in people with com-
bined cardiac and renal disease (60). It remains to be seen if diabetes-specific patho-
genetic links such as AGEs modulate the prevalence and expression of this syndrome in
diabetic nephropathy.

THE POTENTIAL UTILITY OF ANEMIA CORRECTION IN PATIENTS
WITH DIABETES

Although there is a clear rationale for the use of supplemental erythropoietin in dia-
betic patients with “functional erythropoietin deficiency,” there is no conclusive evi-
dence that correcting anemia significantly improves clinical outcomes in patients with
CKD, apart from quality-of-life indices (Table 4). Because of difficulties in separating
cause-and-effect in observational studies, several studies have attempted to determine if
correction of anemia ameliorates cardiovascular and/or renal outcomes in patients with
ESRD. Two early studies were performed in cardiac patients with the aim of normal-
izing Hb. The US Normalized Hematocrit trial in patients with overt cardiac failure
(61) showed no overall benefit, a trend to reduced survival in the intervention group,
and a high incidence of vascular access thrombosis. However, a posthoc subgroup
analysis in each treatment group showed that higher Hb levels conferred a survival
advantage. The Canadian Normal Hemoglobin study in patients with asymptomatic
LVH found that erythropoietin treatment conferred no benefit in regressing LVH or in
changing vascular access thrombosis (50).

A controlled but not randomized study was performed in 153 hemodialysis patients
who received anemia therapy with erythropoietin as well as antihypertensive medica-
tion (62). After a follow-up of 54 + 37 mo, the mean Hb rose from 86 to 105 g/L. and
mean blood pressure fell from 169/90 to 146/78. In patients who showed a decrease in
LVMLI, survival was improved so that a 10% decrease in LVMI was associated with a
22% decrease in all-cause mortality (62).

A randomized controlled trial of normalization of Hb was performed in 416
Scandinavian patients with renal disease. Participants were recruited in three cate-
gories: predialysis, peritoneal dialysis, and hemodialysis (63). Participants from each
category were randomly allocated to normalization of Hb or to a subnormal Hb group.
Approximately 20% of participants had diabetes, which was a much lower prevalence
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than in studies performed in the United States. In each of the three study groups, nor-
malization of Hb was associated with improved quality of life after a follow-up of
48-76 wk but there were no differences in thrombosis, blood pressure, hospitalization,
or survival. A post hoc analysis within the normalized and subnormal groups showed
that the lower the Hb the lower the survival rate (63).

Another study assessed the effects of correction of anemia with erythropoietin and
intravenous iron in a mixed group of diabetic and nondiabetic patients with CHF
and CKD (64). As there was no concurrent control group, the study was based on before
and after comparisons. The baseline serum creatinine was approx 200 uM, corresponding
to a GFR of between 10 and 20 mL/min/1.73 m?. After 12 mo of therapy, Hb increased
from 102 to 120 g/L. In both diabetic and nondiabetic patients left ventricular ejection
fraction, hospital admission rates, and heart functional class all improved. In addition,
self reported symptoms of heart failure and fatigue score improved in both groups. GFR
was estimated by the Cockcroft-Gault formula (eGFR) in the 12 mo before intervention
and during 12 mo of intervention. Serum creatinine levels remained unchanged from 0
to 12 mo, suggesting an apparent arrest of decline in eGFR (64). However, the authors
did not exclude the possibility that erythropoietin induced weight gain rather than a
change in GFR was responsible for the apparent stabilization of eGFR.

In treating patients with anemia, any potential benefits need to be carefully balanced
against the significant financial cost involved. Although exogenous erythropoietin or
erythropoietin analogues are generally well tolerated, there is a potential for significant
adverse events. The impact of hypertension, increased blood viscosity and peripheral
resistance associated with increase Hb levels may offset any benefit arising from cor-
rection of anemia. Increasing the Hb level to the high normal range may also be associ-
ated with increased mortality. Correcting anemia via other means such as transfusion
also carries associated risks including HLA sensitisation, which may render a patient
ineligible for transplantation. Repletion of iron may also act to promote intracellular
oxidative stress and impair insulin sensitivity.

In summary, the balance of risk and potential benefits form correcting anemia in
patients with diabetes remains to be established. A recent meta-analysis of randomized
controlled trials has addressed cardiovascular outcomes in intervention studies for the
anemia of CKD (65). This has shown that in CKD patients with existing cardiovascular
disease, the benefits associated with higher Hb targets (reduced seizures) are out-
weighed by the harms (increased risk of hypertension and death). However, there are
insufficient data to guide decisions in patients without existing cardiovascular disease
or in patients with early diabetic renal disease.

At present, at least four ongoing trials (CREATE [66], TREAT, CHOIR [67] and
ACORD [68]) are addressing the potential vascular and renal impact of different Hb tar-
gets for erythropoietin therapy. Results of these studies should provide a definitive guide to
the role of intervention for anemia in patients with overt diabetic nephropathy. However,
additional diabetes-specific trials will be necessary to address the effects of correction of
anemia on the progression of early renal and extrarenal diabetic microvascular disease.

CONCLUSION

Anemia is a common complication of diabetic renal disease, seen with a two to three
times greater prevalence and earlier onset than in patients with renal impairment from
other causes. At least one in five patients with type 1 or 2 diabetes in tertiary referral
clinics have anemia, in which it constitutes a significant additional burden. In these
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patients, erythropoietin levels are normal but inappropriately low in the context of the
subnormal Hb level (functional erythropoietin deficiency). This may be owing to the pre-
dominance of damage to cells and vascular architecture of the renal tubulo-interstitium
associated with DN. These changes may be apparent, like albuminuria, before demon-
strable changes in GFR. In addition, systemic inflammation, autonomic neuropathy,
and reduced red cell survival may compound the effects of anemia in diabetes. In con-
trast to the inappropriately low erythropoietin levels in the majority of diabetic patients
with anemia, a small subgroup of patients with anemia and normal renal function may
have resistance to erythropoietin.

Although anemia may be considered a marker of diabetic kidney disease, reduced
Hb levels, even within the normal range, identify diabetic patients with an increased
risk of hospitalization and mortality. As with macrovascular disease, several observa-
tional studies indicate a worse outcome for diabetic retinopathy and neuropathy.
Anemia may also be significant in determining the outcome of heart failure and
hypoxia-induced organ damage in patients with diabetes as part of the cardiorenal ane-
mia syndrome. Upcoming studies will determine whether correction of anemia will
lead to improved outcomes in patients with diabetes.
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