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Abstract

There is a continuing increase in the prevalence of chronic kidney disease (CKD)
and cardiovascular disease (CVD) with the aging of the population. Anemia is
also frequently seen in both conditions, and the triad of anemia, CKD and CVD is
known as the cardio-renal anemia (CRA) syndrome. The three conditions contribute
to a vicious circle, in which each of them is capable of causing or being caused
by another. Anemia itself can further deteriorate cardiac and renal functions and
make the patients resistant to conventional CKD or CVD therapy. Thus, correction
of anemia plays a crucial role in the prevention of the progression of both CKD and
CVD. It has widely been accepted that the treatment of anemia with erythropoiesis-
stimulating agents (ESAs) improves patients’ quality of life and mortality, but recent
randomized controlled studies have shown that targeting at higher hemoglobin
levels in CKD patients increases the risks for CVD and end-stage renal disease.
The reasons for these unexpected results are still obscure, and further studies are
required to elucidate the precise mechanisms and to determine an appropriate
hemoglobin level in patients with CRA syndrome.
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Introduction

It is well known that chronic kidney disease
(CKD) is common and that its prevalence is steadily
increasing.” In Japan, CKD prevalence with reduced
renal function has been estimated to be in excess
of 18% of the population.” High prevalence of CKD
may in part be explained by the current definition
and classification of CKD based on the presence of
persistent microalbuminuria and a low estimated
glomerular filtration rate (GFR), since both markers
have been shown to be associated with clinical as
well as subclinical atherosclerosis in the elderly.”
This leads to the concern that CKD is likely to reflect
one of the manifestations of overt and subclinical
atherosclerosis and cardiovascular disease (CVD).”

There are many studies demonstrating that
CKD substantially increases the risks of death,
cardiovascular events, and hospitalization in a large
community-based population.”” These findings
highlight the importance of early detection and
prevention of CKD. Anemia is known to be one of
the most common and morbid complications of
CKD, ? causing unpleasant symptoms and increasing
cardiovascular events. Strong associations between
CKD, CVD and anemia are called the cardio-
renal anemia (CRA) syndrome.” In this review, we
summarize the concept of CRA syndrome and its
management.

The CRA syndrome

There is no doubt that disorders such as diabetes
mellitus, hypertension and glomerulonephritis are
important and common risk factors for progressive
CKD and end-stage renal disease (ESRD) requiring
dialysis. In addition to their direct effects on the

Fig. 1. The vicious circle involved in CRA syndrome
CKD: chronic kidney disease, CVD: cardiovascular disease,
CRAsyndrome: cardio-renal anemia syndrome

kidneys, these disorders can accelerate renal damage
by causing ischemic, metabolic and hypertensive
cardiac damage and by resulting anemia. On the
other hand, many patients with CVD are also
accompanied by CKD and anemia and these co-
morbid conditions can further worsen CVD.'” The
triad of CKD, CVD and anemia is known as the CRA
syndrome and interacts as a vicious circle so as to
cause or worsen each other (Fig. 1). In this circle,
CKD can cause CVD and anemia, CVD can cause
CKD and anemia, and anemia can worsen CKD and
CVD.

The importance of these interactions between
CKD, CVD and anemia has been demonstrated
by the study conducted in a large sample of the
Medicare population in the USA (Table 1).'” As
shown in Tablel, each of CKD, congestive heart
failure which is mainly caused by CVD, and anemia
increases 2-3 times the risks of death and ESRD,
and these risks in patients with three conditions
are markedly higher than those without morbid
conditions. The interactions between CKD, CVD and
anemia are probably mediated by many factors such
as hypertension, volume overload, renin-angiotensin-
aldosterone (RAA) system, sympathetic nerve
activity, dyslipidemia, oxidative stress, inflammatory
cytokines, malnutrition and other factors (Table 2).

Table 1. Two-year mortality and the risk for ESRD in a 5% sample
of the Medicare population in the USA

Two-year Two-year risk for
mortality (%) ESRD (%)
No CKD, CHF or anemia 7.7 0.1
Anemia 16.6 0.2
CKD 16.4 2.6
CKD and anemia 27.3 5.4
CHF 26.1 0.2
CHF and anemia 34.6 0.3
CKD and CHF 38.4 3.5
CKD, CHF and anemia 45.6 5.9

ESRD: end-stage renal disease, CKD: chronic kidney disease,
CHF: congestive heart failure. Reprinted from Gilbertson D et
al.™

Table 2. Possible mechanisms involved in CRA syndrome

traditional factors Nontraditional factors

Older age Albuminuria
Male sex Volume overload
Hypertension Renin-angiotensin-aldosterone system
Diabetes Sympathetic nervous system
Smoking Oxidative stress
Dyslipidemia Inflammation
Physical inactivity Malnutrition
Menopause Thrombogenic factors

Nitric oxide/endothelin imbalance
Homocysteine

Family history of CVD

Adapted from Sarnak MJ et al."?



These factors not only act together to cause damage
but further stimulate each other.

CVD and anemia in CKD patients

CKD is now recognized as an important
contributor to both ESRD and CVD. An American
Heart Association statement published in 2003 has
recommended that patients with CKD should be
considered as members of the highest risk group
for subsequent cardiovascular events.'” Several
large prospective studies have reported that CVD
risk is independently associated with CKD markers,
e.g. elevated serum creatinine, low estimated
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GFR and microalbuminuria.
graded association has also been observed between
a reduced estimated GFR and the risk of death,
cardiovascular events, and hospitalization in a large,
community-based population.” The adjusted hazard
ratio for cardiovascular events is increased inversely
as the estimated GFR decreases. In the general
Medicare population, it has been indicated that CVD
is twice as common and advances at a significantly
higher rate in CKD patients, when compared with
non-CKD group."”

Anemia is the most common and functionally
important complication of CKD. It causes fatigue
and dyspnea and reduces the quality of life. It has
been well recognized that a reduced erythropoietin
production by the kidneys resulting from renal
damage is the most important contributor to the
anemia in CKD patients. Recently, several studies
have shown that anemia is an independent risk
factor for the progression of CKD.'™ '® Renal
vasoconstriction and ischemia resulting from
anemia, and the direct effects of RAA system and
renal sympathetic nerve activity on renal tissue
may cause renal fibrosis and further deterioration of
renal function.'” Anemia is also one of the serious
risk factors causing the higher prevalence of CVD in
patients with CKD. The strong association between
anemia and CVD has been found in CKD patients.”

CKD and anemia in CVD patients

CVD can be an important risk factor for
the prevalence of CKD as suggested by a large
prospective study of hypertensive patients followed
over 15 years.'"® The presence of CVD was the
independent predictive risk factor for advancing to
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ESRD. The high prevalence of CKD in CVD patients
and the increase in its severity in consonance with
the progression of CVD have also been supported
by other studies.'” Another recent study has shown
that patients with CKD and CVD progress to ESRD
at a more rapid rate than those without CVD.*”
Impaired renal function observed in CVD patients
has generally been attributed to both cardiovascular
and hemodynamic effects.

It has been suggested that anemia is also
frequently seen in CVD patients. There is a very
wide variation in prevalence of anemia in CVD
patients from 10-25% in some studies *” to 40-60% in
others.”” The differences in prevalence in the various
studies may result from the different definitions of
anemia used and the different populations studied.
Anemia in CVD patients is associated with higher
mortality, increased hospitalization and a greater
severity of CVD compared to non-anemic CVD
patients.”” Inverse relationship between the severity
of CVD and hemoglobin level has also been noted
by other researchers.*” According to studies, this
association has been found to be independent of
other factors such as CKD, and CKD and anemia
seem to be additive in increasing the severity
of CVD.? Anemia in CVD patients has been
assumed to be ascribed primarily to the associated
CKD. However, it is unlikely that CKD is the sole
explanation for the anemia in CVD, since anemia is
also associated in CVD patients with normal renal
function. Malnutrition and inflammatory cytokines
including tumor necrosis factor-alpha and interleukin
6 have been proposed as other possible causes for
anemia in CVD patients.”

Management of CRA syndrome

In CRA syndrome, anemia plays a key role in
worsening of both CKD and CVD. Although early
detection and optimal treatment of CKD or CVD are
important to prevent the prevalence and progression
of the disease, it appears that the maximum effects
cannot be achieved by aggressive therapy for
CKD or CVD alone without anemia correction.
In the PRESAM study carried out in Europe and
other countries, routine treatment of anemia with
erythropoiesis-stimulating agents (ESAs) in pre-
dialysis CKD patients has been associated with a
reduced incidence of hospitalization for CVD and
an inhibitory effect on the progression to ESRD.*”
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Similarly, it has been suggested that the intensive
and early treatment of CVD in combination with
anemia correction can prevent the worsening not
only of CVD but of CKD as well.*”

ESAs have become a hallmark of anemia
therapy since the first ESA, recombinant human
erythropoietin (rHUEPO) that mimics the naturally
occurring molecule in function, was introduced
in the 1980s.*® The availability of rHUEPO led to
extensive improvement in anemia and to a reduction
in the need for blood transfusion in CKD patients.
In addition, numerous studies have indicated that
the rHUEPO therapy results in improvements in the
patients’ quality of life and the outcomes.”” As a
result, rHUEPO treatment has become a standard
management for dialysis patients, and has also been
approved for anemia correction in pre-dialysis CKD
patients.

The rHUEPO treatment was highly effective, but
because of the short half-life of the molecule at
approximately 6 to 8 h, new ESAs with improved
characteristics have been developed in the recent
two decades. Hyperglycosylated erythropoietin
analogue has been introduced as a novel
erythropoiesis stimulating protein with a 3-fold
longer half-life compared to traditional rHuEPO.*
More recently, continuous erythropoietin receptor
activator and erythropoietin-mimetic peptide with a
chemical structure unrelated to naive erythropoietin
have also become available or are under
development as new ESAs with enhanced biological
activity and prolonged half-life.””

Although ESAs have been widely accepted for the
treatment of anemia associated with CKD, optimal
hemoglobin levels have not yet been established.
A number of small studies conducted in the late
1980s supported the concept that higher hemoglobin
concentrations are beneficial. However, recent
randomized controlled trials have failed to confirm
this concept and have found a strong tendency for
increased mortality and other risks in the group
of higher hemoglobin target.”* It is difficult
to provide reasonable interpretations of these
findings, but some possibilities such as potential
hemoconcentration, increased whole blood viscosity,
instability in hemoglobin concentrations and higher
exposure to ESAs have been proposed.”” Apart from
these confounded results, there is a substantial
body of evidence indicating the usefulness of
anemia correction with ESAs for the prevention of

prevalence and progression of both CKD and CVD.
Further studies are needed to demonstrate the
optimal anemia management in patients with CRA
syndrome.
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