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First convened in November 2000, the National Anemia
Action Council (NAAC) is a multispecialty consortium com-
prised of nearly 30 leading physicians who are experts in
identifying and treating anemia. Their specialties include
hematology, nephrology, oncology, cardiology, critical care,
rheumatology, gastroenterology, infectious diseases, geri-
atrics, and surgery.

Based on scientific evidence, NAAC has identified anemia
as a public health concern that requires concerted atten-
tion and action. One of NAAC’s primary objectives is to
raise professional and public awareness of anemia, its con-
sequences, and treatment options. NAAC is also dedicated
to stimulating research and new therapeutic approaches to
achieve better patient outcomes.

Written with the editorial input of a number of prestigious
NAAC members and other anemia specialists, Anemia:
A Hidden Epidemic is designed to be an in-office hand-
book for primary care and specialty medical practitioners
who may be seeing patients with undiagnosed anemia. In
addition to providing a broad overview of the condition,
the monograph contains chapters on the association of
anemia with: chronic kidney disease, cardiovascular dis-
ease, diabetes, cancer, HIV/AIDS, inflammatory bowel dis-
ease, hepatitis C, rheumatoid arthritis, surgery, and aging. 

Visit www.anemia.org, the official Web site of the National
Anemia Action Council, to obtain additional copies of
Anemia: A Hidden Epidemic and to access other scientif-
ic anemia information and CME materials.
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Anemia
Overview

I

“At least 3.4 million Americans have been diagnosed as 
anemic, and millions more may be undiagnosed or at 

increased risk of developing anemia.”

Key Points

• Anemia is often underrecognized and
undertreated.

• Anemia is associated with many chronic
diseases and other conditions.

• If left untreated, anemia can have serious
consequences.

• Anemia can be readily managed by cur-
rent therapies.  
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A Hidden Epidemic
Traditionally, the health care commu-

nity has not focused on anemia as a seri-
ous and common condition. However,
findings from the National Center for
Health Statistics and the recent identifica-
tion of anemia as a significant public
health concern by the United States
Department of Health and Human
Services in Healthy People 2010 1 have
sounded a call for a re-examination of
the impact of anemia on the health of
Americans.

Based on a national household inter-
view survey, the National Center for
Health Statistics estimated in 1996 that 3.4
million Americans were living with ane-
mia.2 The actual number of individuals
with the condition may be far greater, as
anemia is often underdiagnosed and
undertreated. Anemia’s signs and symp-
toms may be vague, and it is present in a
substantial number of patients with a
variety of chronic and serious diseases.
Frequently, however, anemia remains
undetected because it is masked by
symptoms of the diseases with which it is
associated, including chronic kidney dis-
ease, cancer, diabetes, cardiovascular dis-
ease, HIV/AIDS, rheumatoid arthritis, and
inflammatory bowel disease.

The National Kidney Foundation’s
Kidney Disease Outcomes Quality
Initiative (NKF-K/DOQI) new clinical
practice guideline on the classification
system for chronic kidney disease (CKD)
estimates that more than 19.5 million
Americans have CKD.3 Anemia is a com-
mon and early complication of CKD4-8

and worsens as the disease progresses.
The estimated 50 million Americans with
hypertension9 and 17 million with dia-
betes10 are at increased risk for CKD—

and subsequently anemia.
Not only is anemia a consequence of

many diseases, it may also occur from
the treatment of the disease itself, such
as in patients with cancer, HIV/AIDS, and
hepatitis C. Candidates for surgery may
be anemic due to underlying disease or
become so due to blood loss during the
perioperative period. Anemia also occurs
more frequently among the elderly, and
its prevalence in this group is expected
to increase as baby-boomers become
senior citizens. 

At least 3.4 million Americans have been
diagnosed as anemic, and millions more
may be undiagnosed or at increased risk of
developing anemia. Anemia is a hidden
epidemic in this nation, and a condition
that can have serious consequences if left
untreated. However, it is also a condition
that can be readily managed by current
therapies.

Anemia Defined
Anemia is defined as a reduction in the

number of circulating red blood cells, the
hemoglobin concentration, or the volume
of packed red cells (hematocrit) in the
blood. In the laboratory, anemia is identi-
fied when a patient’s hemoglobin
(Hb)/hematocrit (Hct) values fall below
the lower end of a normal range of val-
ues for age- and sex-matched subjects.
The likelihood and severity of anemia is
based on the patient’s deviation from nor-
mal values. Women in their childbearing
years normally have a lower Hb value by
about 1 gm/dL than men of the same
age, likely due to hormonal influences.
After menopause, the gender difference
virtually disappears.

The three major categories of anemia
are hypoproliferative, maturation defects,
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and hemolysis/blood loss. The most
common anemia in the United States is
hypoproliferative anemia, which includes
iron deficiency, chronic kidney disease
(CKD), and the inflammation-associated

anemia of chronic disease, which is
found in patients with chronic conditions,
such as rheumatoid arthritis, inflammato-
ry bowel disease, HIV/AIDS, and cancer.
Anemia may be acquired (eg, through
blood loss, inflammation, and malignan-
cy) or inherited (eg, by patients with
sickle cell disease, thalassemia, and other
hemoglobinopathies).

The Burden of Anemia
Because anemia affects the delivery of

oxygen to all of the body’s organs, its
signs and symptoms are varied.

Impaired Quality of Life
It is generally accepted that the symp-

toms of anemia adversely affect quality
of life (QOL), even when anemia is
mild. In end-stage renal disease (ESRD),
severe impairment of QOL may occur in
as many as 31% of patients.13 Several fac-
tors contribute to poor QOL in these
patients, including low Hb or Hct.
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Figure 1-2 Symptoms and signs occur when the oxygen carrying capacity of the blood is unable
to meet the oxygen requirements of body tissues. Adapted and reprinted with permission from
Semin Oncol.12

Figure 1-1 The amount of deviation from age-
and sex-matched normal subjects indicates
the probability and severity of anemia.
Reprinted with permission from Harrison’s
Textbook of Internal Medicine.11

Immune system
• Impaired T-cell and macrophage function

Cardiorespiratory system
• Exertional dyspnea
• Tachycardia, palpitations
• Cardiac enlargement, hypertrophy
• Increased pulse pressure, systolic ejection murmur 
• Risk of life-threatening cardiac failure

Genital Tract
• Menstrual problems
• Loss of libido

Central nervous system
• Debilitating fatigue
• Depression
• Impaired cognitive function

Gastrointestinal system 
• Anorexia
• Nausea

Vascular system 
• Low skin temperature 
• Pallor of skin, mucous

membranes, and conjunctivae
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Anemia in patients with cancer con-
tributes to fatigue and may reduce
patients’ ability to function normally,
thus reducing QOL.12,14,15 The corollary to
this is that the correction of anemia is
associated with improved QOL. In fact,
improved Hb and Hct values are associ-
ated with better scores on QOL assess-
ments in a variety of disease states,
including CKD,13,16,17 inflammatory bowel
disease,18 rheumatoid arthritis,16,19 can-
cer,20,21 and HIV/AIDS.22-24

Increased Cardiovascular Morbidity
Anemia is associated with significant

cardiovascular morbidity and mortality.
Compensatory hemodynamic changes
that occur in anemia lead to increased
cardiac output and blood flow, resulting
in a variety of cardiovascular conse-
quences.25,26 Decreased oxygenation of
the heart muscle combined with
increased cardiac workload may result
in symptoms such as angina27,28 and pal-
pitations,29 and, over time, result in car-
diac enlargement and congestive heart
failure.30,31

The relationship between anemia and
cardiovascular disease has been the topic
of much research in CKD, both in pre-
dialysis patients and those with ESRD on
dialysis. This is partly because of the
increased cardiovascular morbidity in
CKD patients and the increased cardio-
vascular-associated mortality observed in
dialysis patients. For example, left ven-
tricular hypertrophy is associated with a
50% decrease in 4-year survival in
ESRD.32 Similarly, dialysis patients with
low Hct (<33%) have a significantly high-
er risk of cardiac death than patients
with higher Hct (≥33% to <36%) at 1 year
(RR, 1.74; 95% CI, 1.66-1.83).33 In cancer

patients, cardiovascular symptoms and
signs of anemia include tachycardia, pal-
pitations, cardiac enlargement, increased
pulse pressure, systolic ejection murmur,
and risk of cardiac failure.34

Correction of anemia has been associat-
ed with significant improvements in car-
diovascular morbidity and mortality. In
patients with heart failure, the correction
of mild anemia to a Hb level of 12.5 g/dL
is associated with functional improvement,
increased left ventricular ejection fraction,
improved exercise capacity, and a decline
in hospitalizations.29,35,36 In patients with
CKD, partial correction of anemia is asso-
ciated with improvements in left ventricu-
lar mass index,37-41 myocardial ischemia,
and exercise duration.42

Hindered Cognitive Function
Researchers have shown a relationship

between Hct and cognitive function. In
patients with ischemic cerebrovascular
disease, Hct correction to the normal
range (40% to 45%) was shown to
improve cerebral oxygen delivery.43

Similarly, in dialysis patients, Hct correc-
tion to normal was shown to improve
neurophysiologic parameters indicative
of cognitive function and memory.44

Even partial correction of anemia in
CKD patients (to Hct of 36% to 36.5%)
has been shown to improve cognitive
function, including sustained attention
and memory.45,46

The Hct values necessary to main-
tain optimal cognitive function, howev-
er, remain to be defined. For example,
in dialysis patients, maximal oxygena-
tion of the cerebral hemisphere was
estimated to occur at a Hct of 35.2%,
but the optimal level varied with the
region of the brain explored (eg, a Hct
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of 33% provided maximal oxygen
delivery in the occipital region, where-
as a Hct of 45% was needed in the
frontal region).47

Increased Hospitalization and
Mortality Risk

In patients with CKD, anemia has
been shown to correlate directly with
the risk of hospitalization. In a recent
study of more than 66,000 dialysis
patients, those with Hct of 33% to
<39% were found to have lower hospi-
talization rates than patients with Hct
<33%.33 Findings of another study indi-
cated that dialysis patients with Hct
<30% had the highest risk of hospital-
ization, while those with Hct levels of
33% to 36% had the lowest hospitaliza-
tion risk.48 Both fewer hospitalizations
per year and shorter hospital stays
were observed for new dialysis patients
treated with recombinant human ery-
thropoietin (epoetin) than for their
untreated peers.49

Anemia in dialysis patients is also
associated with increased mortality, with
higher 1-year mortality risk in patients
with lower Hct.31,33 Similarly, 3-year mor-
tality in dialysis patients increases with
decreasing Hct, with the highest mortality
at Hct <30%.51 Observational studies in
dialysis patients show reductions in mor-
tality with correction of anemia to Hct
33% to 36%.52

Such a relationship also has been
noted between anemia and survival in
cancer patients. In a systematic review of
60 published studies, researchers report-
ed that the presence of anemia was asso
ciated with an overall 65% increased rel-
ative risk of death, although the relative
risk varied by cancer type.53

Results of a recent retrospective study
of nearly 79,000 acute myocardial infarc-
tion patients ≥65 years indicated that a
lower Hct at admission was associated
with a higher 30-day mortality rate.
Short-term mortality rates were lowered
in patients with a Hct of ≤30% at admis-
sion who were given blood transfusions
to correct anemia.54

Diagnosing Anemia
Since anemia is a sign of a wide range

of underlying disorders, and, in itself, is
associated with morbidity and even an
increased risk of mortality, it is critical that
the underlying pathophysiologic mecha-
nism be identified for any given patient.
The hyproproliferative anemias may be
associated with inadequate erythroid mar-
row stimulation by erythropoietin for red
blood cell production and with inadequate
iron availability for Hb synthesis. Because
it is the most common cause of anemia,
iron deficiency must be ruled out in the
evaluation of any anemic patient.

Anemia is almost always discovered
through abnormal laboratory screening
test results. It is unusual for patients to
present with anemia so advanced that
the clinical manifestations (eg, pallor,
palpitations, weakness, etc.) predomi-
nate. With acute anemia, the only real
considerations are blood loss or
hemolysis.

An anemia work-up should include a
routine complete blood count (CBC)
with reticulocyte count (corrected for
the Hct) and three red cell indices:
mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concen-
tration (MCHC).
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Reticulocyte Count
The reticulocyte count estimates the rate of red cell pro-

duction. An elevated reticulocyte count generally indicates

that the marrow is responding to endogenous erythropoietin

stimulation. The reticulocyte count must be corrected for

the degree of anemia in order to have a valid estimate of the

rate of red cell production. A normal reticulocyte count in

the presence of anemia suggests impaired erythropoietin

production or an impaired response to erythropoietin by the

erythroid marrow. 

An elevated reticulocyte count and slightly increased

MCV suggest a hemolytic process. An elevated MCV can

reflect a very high reticulocyte production or a nuclear matu-

ration defect (eg, vitamin B12 or folic acid deficiency).

Iron Supply Parameters
The serum iron level and percent transferrin saturation

reflect the iron available for Hb synthesis. When the serum

iron falls (true iron deficiency or acute inflammation), Hb

synthesis is impaired and microcytic, hypochromic red cells

are produced. The serum ferritin reflects total body iron

stores and is decreased in iron deficiency, but normal or

increased in states of acute or chronic inflammation. This is

a useful laboratory test to distinguish between true iron defi-

ciency and chronic inflammatory states. 

Red Cell Indices
The red cell indices reflect the state of red cell produc-

tion. Anemia with normal red cell indices is almost always

hypoproliferative in nature. Microcytic red cells can be seen

with true iron deficiency as well as chronic severe inflamma-

tion. In the latter, the inflammatory process impairs iron

release from storage sites, resulting in a low serum iron

value, despite normal or increased iron stores. Macrocytic

red cells are most commonly seen with the nuclear matura-

tion disorders, such as vitamin B12 or folic acid deficiency.

Table 1-1 Assessing Blood Status

Laboratory Test Reference Range*
Hb

• Males 14.0 g/dL –17.4 g/dL

• Females 12.3 g/dL –15.3 g/dL

Hct

• Males 41.5% - 50.4%

• Females 36.0% - 45.0%

MCV 80 fL – 96 fL

MCH 27.5 pg/cell  - 33.2 pg/cell

MCHC 33.4 g/dL  - 35.5 g/dL

Reticulocytes 0.5% - 2.5%

*All values from Wintrobe’s Clinical Hematology.55

In addition, measurements of iron sup-
ply [serum iron, total iron binding capaci-
ty (TIBC), percent transferrin saturation
(TSAT), and serum ferritin] and a careful
evaluation of the peripheral blood smear
are necessary.

Table 1-2   Assessing Iron Status

Laboratory Test Reference Range*
Serum iron 60 mµg/dL – 150 mµg/dL

TIBC 250 mµg/dL – 435 mµg/dL

TSAT

• Males 20% - 50%

• Females 15% - 50%

Serum ferritin

• Males 20 ng/mL – 250 ng/mL

• Females 10 ng/mL – 120 ng/mL

*Serum iron and TIBC values from Wintrobe’s Clinical
Hematology.55 TSAT and serum ferritin values from Tietz
Textbook of Clinical Chemistry.56

Marked alterations (either increased
or decreased) in the red cell indices
almost always reflect a maturation
defect or iron deficiency. Iron deficien-
cy is revealed by a low serum iron,
low percent transferrin saturation, and
low serum ferritin. A microcytic anemia
in the presence of normal iron values

Anemia: A Hidden Epidemic6
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Bone Marrow

Erythropoietin

Stem cells       BFU-E       CFU-E       Erythroid precursors

Red-cell mass

Kidney
(Peritubular)

Erythropoietin
producer

Oxygen
sensor

Figure 1-4. Inadequate oxygen delivery to the kidney stimulates erythropoietin production.
BFU-E= Burst-forming units-erythroid; CFU-E= Colony forming units-erythroid. Adapted
and reprinted with permission from N Eng J Med.59

Erythropoiesis

Hematopoiesis is the process by which the formed elements of the blood are regulated through a series

of steps, beginning with the pluripotent stem cell. Once stem cells are committed to specific differentiated

cell lineages, hematopoietic precursor cells come under increasing regulation by growth factors and hor-

mones. The physiologic regulator of red cell (erythrocyte) production is the glycoprotein hormone erythro-

poietin, of which >90% is made in the kidney.

The machinery responsible for red cell production (erythropoiesis) resides in the bone marrow. The

erythropoietin molecule interacts and binds to specific receptors on the surface of marrow erythroid

progenitor cells, inducing them to proliferate and mature. The key to erythropoietin production is the

availability of oxygen, which is transported to tissues in a form bound to the Hb molecule contained

within the red cells. 

The fundamental stimulus for erythropoietin production is oxygen availability to the kidney. Impaired

oxygen delivery to the kidney is caused by a decrease in the number of circulating red cells (anemia),

impaired oxygen loading of the red cell Hb or, rarely, impaired flow of red cells to the kidney because of

renal artery stenosis. 

Erythropoietin not only is responsible for the day-to-day regulation of erythropoiesis, but it also

responds dramatically to increase red cell production in the face of an inadequate oxygen supply, thereby

meeting tissue oxygen needs. When the Hb concentration falls below 10 g/dL to 12 g/dL, and if kidney

function is normal, plasma erythropoietin levels rise logarithmically in inverse proportion to the level of

Hb. Under the stimulus of erythropoietin, red blood cell production can increase four- to fivefold within 1

to 2 weeks. However, this can occur only in the presence of adequate substrates, most particularly iron.

In order for this feedback system to function properly, there must be normal renal production of erythro-

poietin, a functioning erythroid marrow, and an adequate supply of substrates for Hb synthesis. A defect

in any of these key components can lead to anemia.58
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Figure 1-3. Overview of anemia diagnostic work-up using WHO anemia definitions.
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suggests a defect (most commonly
inherited) in Hb synthesis. 

The algorithm in Figure 1-3 provides
an overview of a diagnostic work-up for
anemia. The World Health Organization
defines anemia as Hb <12g/dL for pre-
menopausal women and prepubertal
patients, and Hb <13g/dL for men and
postmenopausal women.57 Because
Hb/Hct values below the normal age-
and sex-adjusted values represent proba-
bilities of anemia, they are more easily
interpreted when they are compared to
patients’ historic values. 

Anemia Management
A correct diagnosis of the cause is key

to managing anemia. Once the cause is
determined, the approach is to imple-
ment the appropriate treatment to cor-
rect the anemia. In most medical prac-
tices, the identification of iron deficiency
should be foremost, since it may be
associated with occult bleeding or other
serious conditions, and it can be quickly
and easily treated with iron supplemen-
tation. Other less common but reversible
anemias include vitamin B12 and folate
deficiency, and some cases of anemia
associated with inflammation. Each of
these requires a slightly different thera-
peutic approach. 

Iron deficiency in adult males and
postmenopausal females must be consid-
ered due to chronic blood loss until
proven otherwise. There are a variety of
oral and parenteral iron preparations to
choose from in treating iron deficiency.
For most uncomplicated cases, an oral
iron preparation will suffice. A total ele-
mental iron dose of 200 mg/day will
gradually reverse the iron deficiency ane-
mia. Oral iron should be continued for

some months after the reversal of the
anemia in order to replenish body iron
stores. A convenient rule of thumb is to
continue iron replacement for 6 months
after correction of the anemia. If oral
iron is not absorbed well, or if the
patient cannot tolerate the side effects of
oral iron treatment, parenteral iron may
be given. 

For the other anemias, the same prin-
ciples apply. Vitamin B12 deficiency must
be corrected with parenteral B12 injec-
tions. Folate deficiency is generally due
to poor dietary intake of the vitamin, and
the deficiency state is generally rapidly
reversed with improved nutrition.
Chronic inflammatory states are more
complex, depending on the underlying
inflammatory process.

One of the most common and chronic
hypoproliferative anemias is the anemia
of CKD. This is a hormone deficiency
state, in which the diseased kidney is
incapable of meeting the endogenous
erythropoietin needs of the patient. As a
result of erythropoietin deficiency, the
moderately shortened lifespan of the cir-
culating red cells, and the obligatory
blood loss that accompanies dialysis,
CKD patients can experience profound,
debilitating anemia. Such patients have
benefited greatly from the availability of
epoetin alfa, a recombinant human ery-
thropoietin.

Epoetin alfa is a 165-amino-acid glyco-
protein manufactured by recombinant
DNA technology and is identical in struc-
ture and biological activity to native ery-
thropoietin. Originally approved by the
Food and Drug Administration (FDA) for
the treatment of anemia in CKD patients
on dialysis, epoetin alfa is currently indi-
cated for treating anemia in CKD patients
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whether on dialysis or not, in cancer
patients on chemotherapy, and in
zidovudine-treated HIV-infected patients.
It is also approved for reducing allogene-
ic blood transfusions in anemic patients
undergoing elective, noncardiac, nonvas-
cular surgery.60

Epoetin beta and epoetin omega are
other forms of recombinant human ery-
thropoietin used outside of the United
States. Because European researchers
sometimes include data on epoetin beta,
epoetin in this monograph refers to epo-
etin alfa and epoetin beta.

For more than a decade, epoetin has
been used successfully to manage the
anemia of patients with CKD or cancer-
related anemia. Epoetin therapy has dra-
matically reduced the need for transfu-
sions in these patient groups, has led to
an improvement in QOL for those who
have responded, and has decreased ane-
mia-associated morbidity.61 Epoetin has
also been shown to be of benefit in
managing anemia in patients with
HIV/AIDS,22-24 inflammatory bowel dis-
ease,18 and rheumatoid arthritis.16,62 The
anemia of the elderly and those undergo-
ing surgery63,64 has also been responsive
to therapy with epoetin. In some cases,
epoetin is given with supplemental iron,
a strategy that has been of proven value
for a variety of patients, including
patients with ESRD on dialysis, patients
with rheumatoid arthritis, and some sur-
gical patients.

Epoetin, however, has a relatively
short circulating half-life and, conse-
quently, it is usually administered several
times a week or at least weekly. Most

recently, a novel erythropoiesis-stimulat-
ing protein (NESP) has been developed
that addresses some of the inconve-
nience of frequent epoetin dosing.
Engineered specifically for increased bio-
logical activity, darbepoetin alfa has the
same number of amino acids as epoetin
alfa, but they have been molecularly
modified to add two additional 
N-linked glycosylation sites to the mole-
cule, bringing the total number to five,
instead of the usual three. This results in
a threefold increase in terminal elimina-
tion half-life (23.5 hours vs. 8.5 hours).
As a result, darbepoetin alfa allows less
frequent dosing than epoetin alfa and is
well tolerated. Darbepoetin alfa was
approved by the FDA in 2001 for the
treatment of patients with the anemia of
CKD whether on dialysis or not.65 Study
findings to date have shown the medica-
tion also to be of benefit in patients with
nonmyeloid hematological malignancies
or solid tumors.66,67 Darbepoetin alfa is
currently undergoing FDA review for use
in the treatment of anemia in cancer
patients receiving chemotherapy. 

Replacement therapy, whether it is
iron or epoetin, takes time to correct the
anemia. Thus, if the anemia is severe and
the patient is symptomatic, transfusion
therapy with packed red blood cells is an
option. Although the safety of blood
transfusions has been brought to an
extremely high level, exposure to red
cell transfusions still carries a measurable
risk of allosensitization, and in some
patient groups, such as those with
HIV/AIDS and cancer, it can have an
adverse effect on mortality. 
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