
The Western population is aging. Currently, individuals aged 65 and older
represent 12% of the US population and by the year 2030 they are expected
to represent 20% (1). The segment of the population increasing more rapidly
than any other involves individuals over 85, the so called “oldest old.” The
mean life expectancy of the population was around 60 years in 1900, is cur-
rently 80 for women and 76 for man and is expected to rise to 84 and 80,
respectively, in 2030 (1).

This epidemic presents medical and social implications. Aging is associ-
ated with increased prevalence of chronic diseases, disabilities and func-
tional dependence, that in turn lead to increased demand for medical
services as well as for social services and care-giving (2, 3). While aging can-
not be prevented, the complications of aging may be preventable or at least
delayed. Compression of morbidity may prolong the independence and
improve the quality of life of the older aged person and at the same time it
may minimize the management-related costs (4, 5).

This chapter explores the interactions of anemia and aging that are of
interest for at least three reasons. First, incidence and prevalence of ane-
mia increase with aging (6–8). Second anemia may represent the early
sign of an underlying serious disease such as cancer, hypothyroidism or
malabsorption (6). Third, anemia itself is associated with increased mor-
tality and disability (7). It is reasonable to expect that prompt and effec-
tive management of anemia may help compress the aging-related
morbidity.

The causes and the management of anemia in the older aged person will
be studied after reviewing the biology of aging.
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Biology of Aging and its Clinical Implications

Aging has been defined as loss of entropy and of fractality (9, 10). Loss
of entropy implies loss of the functional reserve of multiple organ systems,
that involves reduced ability to cope with stress. Loss of fractality entails
loss of important physiologic functions. Fractals are repetitive, albeit
unpredictable subdivisions of a single unit, such as the bronchi or the neu-
rons. Thus loss of fractality involves decline in the arteriolar alveolar inter-
face in the lung and reduction in the number of neurosynapsis, which in
turn leads to reduced ability to perform complex activities. Ultimately, loss
of fractality entails decline of one’s functional independence, and social
and environmental interactions.

Underlying loss of entropy and fractality is a chronic and progressive
inflammation that represents the biologic hallmark of aging (11).
Seemingly, this inflammation originates from the interaction of individual
genetics, diseases, and environment. Increased concentrations of inflam-
matory cytokines, especially interleukin-6 (IL-6) have been associated with
increased mortality, functional dependence, and with a number of geriatric
syndromes including dementia and osteoporosis (10, 11). In this perspec-
tive, it is not far-fetched to hypothesize that anemia may be both a conse-
quence and a cause of aging (Fig. 2.1). Correction of anemia may break
this vicious circle and delay the complications of aging.

Loss of entropy and fractality is reflected in the declining function of
several organ systems (12). Of clinical relevance are:

● A progressive decline in glomerular filtration rate (GFR) that is almost uni-
versal and may be associated with reduced production of erythrpopoietin;
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● A progressive decline in the digestion and absorption of nutrients due to
reduced gastro-intestinal secretions, gastric motility, splanchnic circula-
tion and absorbing surface. The absorption of iron, that my lead to iron
deficiency may be hampered by hepcidine, a glycoprotein synthesized in
the liver whose production is stimulated by IL-6 (13). The absorption of
B12 may be reduced in older individuals due to inability to digest food
bound cobalamaine;

● A number of endocrine changes, including decreased concentration of
testosterone and dehydroepiandrotestosterone (DHEA), growth hor-
mone, insulin, and thyroxine, while the concentration of corticosteroids
in the circulation may be increased (14);

● Progressive reduction in marrow cellularity, associated with reduced abil-
ity to withstand hemopoietic stress (15). This has become particularly
evident with cytotoxic chemotherapy of cancer that causes more frequent
and severe neutropenia and thrombocytopenia in older individuals.

Aging is universal, albeit highly individualized and is poorly reflected in
chronologic age, as it can be seen by the fact that individuals of similar age
have different risks of mortality and functional dependence (Fig. 2.2) (16).
The management of the older aged person involves an assessment of the
physiologic age of each individual. While it is common practice to screen
individuals 70 and older for age-related problem, it would be a disservice to
consider everybody in this age group as “elderly.” Age 70 is just a landmark
beyond which the risk of being old increases: by no means it is by itself a
sign of old age.
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Clinical Evaluation of Aging

In the absence of reliable measurements of entropy and fractality, the
clinical assessment of age relies mainly on the clinical evaluation of the
patient. A comprehensive geriatric assessment (CGA) is a time honored
assessment of aging and involves the evaluation of function, comorbidy,
presence or absence of ageriatric syndromes, as well as of polipharmacy,
social support, and nutrition. An example of CGA utilized by the Senior
Adult Oncology Program (SAOP) at the H. Lee Moffitt Cancer Center and
Research Institute is illustrated in Table 2.1 (17).

In addition to the ADLs and IADLs, the assessment of the advanced
activities of daily living (AADL), that is the ability to perform enjoy-
able activities (such as playing golf or dancing) is also part of the assessment
of the functional status (17), as an indirect assessment of one’s quality of life.

The comorbid conditions of major interest, because they have been
associated with increased risk of mortality include cardiovascular dis-
eases, renal insufficiency, and cancer (16). Comorbidity scales assess both
the number and the seriousness of comorbid conditions. Scales of com-
mon use include the Charlson scale (17), that is particularly useful in epi-
demiological studies, and the CIRS-G that proved the most sensitive in
our experience (17).

Geriatric syndromes are conditions that are typical, albeit not unique, of
aging. Approximately 20% of cancer patients aged 70 and older had some
form of early dementia or sub-clinical depression when screened for these
conditions (18). Early detection of dementia may allow prompt institution
of medications that delay memory loss, and appropriate social arrange-
ments to prevent a person from being hurt. In rare cases, a reversible cause
of memory disorder, such as cobalamine deficiency, hypothyroidism, or
normal pressure hydrocephalus may be identified (19, 20). Sub-clinical
depression is associated with increased mortality in older people (21) and is
reversible in the majority of cases. Screening women over 65 for osteoporo-
sis is a recommended intervention, as proper treatment may reverse this
condition. There are no clear guidelines for screening man, though they too
may experience osteoporosis with aging, especially when hypogonadic (22).
Neglect and abuse suggest at least inadequate caregiving, but may also be a
sign of deeper problems, including criminal activities in the elder’s home.
Failure to thrive is a poorly defined but well-recognized condition, in which
a person undergoes progressive weight loss and functional decline despite
adequate food intake (23). This condition is generally terminal, may involve
different causes. Seemingly, inflammatory cytokines are the main mecha-
nism of failure to thrive.
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Table 2.1. The CGA at the SAOP: clinical implications

Domain Assessment Clinical implication
Functional status Performance status (PS) Dependence in ADL and IADLs:

Activities of daily living (ADL): Increased risk of mortality
● Transferring Increased vulnerability to stress
● Feeding Dependence in ADLs: need for 
● Grooming a home caregiver
● Dressing Dependence in IADL: need for  
● Use of the bathroom a caregiver

Instrumental activities of  Explore possibility of functional 
daily living (IADL): rehabilitation

● Use of transportations
● Use of telephone
● Ability to take medications
● Financial management
● Shopping
● Ability to provide to one’s 
nutrition

Comorbidity Number of comorbid Risk of mortality and vulnerability
conditions to stress increases with the 
Comorbidity scales number and severity of com-

orbid conditions
Optimal management of diseases
may improve patient health 
and prevent functional decline

Geriatric Dementia (screen) Increased risk of mortality and 
syndromes Depression (screen) functional dependence

Delirium Increased vulnerability to stress
Falls (screen for risk Medication may delay dementia,
of falls) reverse depression and 
Osteoporosis osteoporosis
Dizziness Fall prevention
Neglect and abuse
Failure to thrive

Nutrition Assessment of malnutrition Malnutrition is associated with 
and of risk of malnutrition increased vulnerability to stress

Polypharmacy Number of medications Complications and cost
Risk of drug interactions

Social support Personal resources
Social resources



Approximately 20% of individuals 70 and older have some degree of
malnutrition (18), and many more are at risk for malnutrition, due to lack
of appetite, depression, isolation, and inadequate access to food. Most of
the risk factors for malnutrition are reversible.

The CGA is time consuming and may not be necessary for all individu-
als who appear healthy and independent. For this purpose a number of
screening tests have been proposed to identify individuals in need of more
“in depth” assessment. Of these, the five-item screening instrument of the
cardiovascular health study (CSH) had gained almost universal acceptance,
because it is very simple to perform and has been validated in 8500 indi-
viduals followed for an average of 11 years (24) (Table 2.2). This instrument
is capable to identify three groups of otherwise independent individuals: fit,
pre-frail, and frail, with different risk of mortality, hospitalization, and
admission to an assisted living facility.

As aging is associated with a chronic and progressive inflammation, it is
reasonable to explore the possibility that the concentration of inflamma-
tory cytokines and other markers of inflammation in the circulation may
reflect a person’s chronologic age. While definitive studies of the subject
have not been produced as yet, Cohen et al. demonstrated that increased
concentrations of IL-6 and D-Dimer in the circulation of home-dwelling
individuals aged 70 and over were associated with increased risk of mortal-
ity and functional decline (25).

Thus, a reasonable approach to a person 70 and older that is inde-
pendent, may involve the CHS assessment first, followed by a more “in
depth” evaluation of individuals who score as pre-frail and frail. The con-
centration of inflammatory cytokines in the circulation may become
important in the near future.
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Table 2.2. The CHS assessment

A. Variables of interest
● Involuntary weight loss of ≥10% of the original body weight over 1 year or less;
● Decreased grip strength
● Early exhaustion
● Slow walk
● Difficulty in starting movements.

B. Clinical groups:
● Fit: negative assessment
● Pre-frail: 1–2 abnormal parameters
● Frail: 3 or more abnormal parameters



Frailty and its Implications

The CHS calls pre-frail and frail individuals with one or more abnormal-
ities in the five evaluation parameters. The term frailty has been considered
for long time germane to if not synonymous of old age, and it recurs in the
geriatric jargon. At a recent consensus conference on frailty (10), agreement
was reached on two basic points:

● Frailty implies a condition of increased vulnerability to stress;
● Frailty is a syndrome characterized by sarcopenia, malnutrition, reduced

strength and endurance, and reduced neuromuscular adaptability.

Frailty overlaps to some extent with comorbidity and loss of function,
but comorbidity and loss of function by themselves cannot account for all
cases of frailty.

While the definition and the understanding of frailty is evolving, the
practitioner should be aware of the fact that a group of elderly individuals
present increased vulnerability to stress, increased risk of functional
dependence, and decreased life expectancy. These individuals may be iden-
tified by a number of signs, including reduction of sight and hearing,
polipharmacy, uncertain gait, episodes of memory loss and of delirium,
falls, etc. (26, 27). Identification of frail individuals is important for at least
two reasons. The Assessment and Care of Vulnerable Elderly (ACOVE)
study clearly demonstrated that management focused on areas of vulnera-
bility may improve the survival and the autonomy of frail individuals (28).
Also, any treatment plan for a specific disease involving a frail person must
take into account that the benefits of treatment may be lessened by reduced
life-expectancy and increased risk of therapeutic complications.

Clearly, the term frailty embraces a wide array of conditions, from that
of a person with reduced exercisa endurance to that of a person unable to
walk. A so called “frailty index” proposed in 2004 by Mitnitski et al., may
provide a quantitative measurement of frailty (29). This index, that is based
on the assessment of 70 conditions including function, activities, and dis-
ease has been correlated in different patient cohorts with the risk of mor-
tality and hospitalization (29). According to the authors, this index may
provide an estimate of a person’s physiologic age. While it has been used so
far for population studies, the frailty index may become a useful assay of
individual life expectancy and functional reserve.

Assessment of Treatment Outcome

In the following discussion, we will explore the effects of anemia on the
older aged person and the potential benefits of managing anemia. Together
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with life prolongation, “compression of morbidity” is a major goal of man-
aging older people (4, 5). This involves delay of the manifestations of disease
and preservation of function until the latest times of life.

Preservation of function may be assessed as:

● Functional independence, that implies independence of all ADLs and
IADLs essential for living alone;

● Reduction, reversal or delay of impairments, disabilities and handicaps.
Impairment involves the progressive loss of a function, such as the move-
ment of a lower extremity; impairment may lead to disability, such as
inability to climb stairs; an uncompensated disability is a handicap; for
example, inability to climb stairs becomes a handicap if the building does
not provide an elevator or an escalator.

● Proves of physical performance, including strength of upper and lower
extremities.

Epidemiology and Causes of Anemia in Older Age

The incidence and prevalence of anemia increase with age. The
NHANES III study (6) found that the prevalence of anemia was approxi-
mately 9.5% in individuals aged 65 and older, increased with age, and it was
higher for African-Americans, when compared with Caucasians, non black
Hispanic and Asian-Americans. Anemia was more common in older man
than in older women, a finding that needs qualification. The NHANES III
adopted the definition of anemia of the World Health Organization
(WHO), that normal hemoglobin values are ≥12 gm/dl for women and
≥13.0 gm/dl for man. The accuracy of these values has been questioned
since the publications of the Woman Health and Aging studies (WHAS),
demonstrating that in women 65 and older hemoglobin levels <13.5 gm/dl
were associated with increased risk of mortality (30) and of functional
impairment (31). If there is no reason to expect that the average hemoglo-
bin levels should be lower in older women than in older men, as suggested
by the WHAS, the prevalence of anemia in the NHANES III is similar for
both sexes.

The NHANES III data are consistent with the studies of Olmstead
county that demonstrated an age-related increase in incidence and preva-
lence of anemia. The prevalence of anemia was somehow higher in
Olmsted county, as this was a survey of the full population, including the
sickest and oldest individuals (8). The data are also consistent with the
Italian cross-sectional study that showed a prevalence of anemia of 9.2%
for individuals aged 65 and over (32). The Italian study showed that the
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average hemoglobin levels did not change with age, whereas the prevalence
of anemia increased with age, suggesting that anemia, even mild anemia, is
not a consequence of age by itself. This suggestion has been challenged by
a Japanese cohort study, showing that in the absence of any disease or
impairment the values of hemoglobin decreased by 0.036 gm/dl/year for
women and by 0.04 gm/dl for men between age 70 and 80 (33). Irrespective
of whether there is a modest drop in average hemoglobin levels with age,
this appears negligible and unable to explain the increased incidence of
anemia in the elderly.

The most common causes of anemia in older individuals in the
NHANES III and the Olmstead county study are shown in Table 2.2. It is
possible that with more investigations a specific cause might have been
found for the so called anemias of unknown causes, including early
myelodysplasia, and anemia of renal insufficiency, as the GFR declines
with age in the majority of cases, and this decline has not been associated
with increase in the concentration of serum creatinine (12). A number of
studies indicated that the secretion of erythropoietin by the kidney may
decrease when the GFR drops below 60 ml/dl (34).

Recent findings are germane to the discussion of the causes of anemia
in older individuals:

● Incidence and prevalence of B12 deficiency increase with age (35, 36).
The most common cause of B12 deficiency is the inability to digest food
B12 due to decreased gastric secretion of hydrochloric acid and of
pepsin, and may be responsive to oral crystalline B12. In addition to ane-
mia, B12 deficiency may be a cause of neurologic disorders including
dementia, and posterior column lesions.

● Seemingly, the main cause of iron deficiency is chronic bleeding, from
cancer, diverticuli, or angiodysplasia. In older age iron deficiency may
have other causes, including decreased absorption of iron, due to gas-
tric achylia, and to increased circulating concentrations of hepcidin.
Hepcidin prevents the absorption of iron from the duodenum, and is
a protein synthesized in the liver, whose production is stimulated by
IL-6 (37) A recently recognized cause of iron deficiency is H Pylori
gastritis (38).

● In some older individuals the secretion of erythropoietin and the ery-
thropoietic response to erythropoietin may be impaired, as a result of
increased circulating concentrations of IL-6 and other inflammatory
cytokines (39, 40). In elderly patients from Chianti, Ferrucci et al.
demonstrated that increased concentration of inflammatory cytokines in
the circulation is associated with increased concentrations of erythropoi-
etin initially, followed by reduced response of erythropoietin to anemia
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(Fig. 2.3) (39). Similar findings were reported in a sample of patients
from the Baltimore Longitudinal Study by Ershler et al. (40). These stud-
ies suggest a biphasic response of erythropoietin to inflammatory
cytokines: an initial increased production of erythropoietin even for nor-
mal hemoglobin levels, followed by a reduced response of erythropoietin
to the drop of hemoglobin concentration. This condition of relative ery-
thropoietin deficiency, similar to relative insulin deficiency in type II dia-
betes, is exacerbated by increased resistance of erythropoietic progenitors
to erythropoietin, also mediated by IL-6, and increased circulating levels
of hepcidine, that prevent mobilization of iron from iron stores. Is there
a difference between anemia of aging and anemia of chronic inflamma-
tion (ACI) (41)? Certainly there is almost complete overlap in the patho-
genesis of the two forms of anemia, and aging may be considered a
chronic progressive inflammation. At present there is not good reason to
distinguish the two entities.

● In the INCHIANTI study Ferrucci et al. found that anemia was associ-
ated with low testosterone levels both in men and women and that low
testosterone levels predicted the development of anemia in non anemic
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individuals over the next 3 years (42). The role of hypogonadism in the
development of anemia deserves further exploration especially in view of
the current trend to treat older men with testosterone replacement.

● Recent studies show that lenalidomide may induce a complete cytogenetic
response in patients with refractory anemia and q (−) cytogenetic abnor-
malities (43) and may prolong the survival of these patients. Thus, work
up for myelodysplasia in older individuals with mild anemia of unknown
causes may avert to some extent the mortality and morbidity from this
condition. This hypothesis should be tested in randomized controlled
studies.

Consequences of Anemia

The clinical consequences of anemia are listed in Table 2.3.
At least seven cohort studies demonstrated that anemia is an inde-

pendent risk factor for mortality in older individuals (8, 30, 44–48). Of
these, the most provocative are the WHAS and the study by Zakai et al.
The WHAS reported an increased risk of mortality for hemoglobin levels
<13.4 gm/dl home dwelling women aged 65 and over followed for an aver-
age of 11 years, and may mandate a revision of the WHO definition of
anemia in older women (30). The study by Zakai found that mortality was
increased for hemoglobin levels lower than 12.7 gm/dl for women and
13.5 gm/dl for men (47).
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Table 2.3. Consequences of anemia

Increased risk of mortality

Increased risk of functional dependence

Increased risk of dementia

Increased risk of delirium

Increased risk of chemotherapy-related toxicity

Increased risk of congestive heart failure and coronary death

Increased risk of falls



Development of functional dependence represents the failure of one of
the major goals in the management of older individuals: compression of
morbidity. Clearly, functional dependence is one of the most serious conse-
quences of anemia in older individuals (31, 49–51). In the WHAS, the
EPESE, and the Chianti studies anemia after age 65 was associated with
increased risk of dependence in instrumental activities of daily livings
(IADLs) and with mobility impairments. The risk of functional depend-
ence and of mobility impairment was inversely related to the levels of
hemoglobin, when these dropped below 13.5 gm/dl. This finding was con-
stant in all studies and suggests that even mild anemia may have serious
consequences for the independence of older individuals.

Anemia is associated with increased risk of therapeutic complications
from medications and from surgery. Anemia was an independent risk fac-
tor for the complications of cytotoxic chemotherapy in at least five studies
(52–56). The majority of antineoplastic agents are bound to red blood cells,
so that the concentration of free drug in the circulation and the risk of tox-
icity are increased in the presence of anemia. It is also possible that chronic
hypoxia of normal tissue may enhance the susceptibility of these tissues to
treatment complications. Seemingly, hypoxia of the brain increases the risk
of delirium from medications in older individuals with anemia (57).

The association of chronic anemia and congestive heart failure is well
known (58–61). A review of Medicare record showed that individuals 65
and older with myocardial infarction and hematocrit lower than 30% were
more likely to die if they did not receive any blood transfusions (62).

Studies in patients with chronic renal failure suggested that anemia
might have been a cause of dementia, as the risk of dementia was signifi-
cantly increased among patients whose anemia had not been corrected with
erythropoietin (63). A recent study by Atti et al. demonstrated that the risk
of dementia was higher in the presence of anemia among older patients,
and anemic individuals with normal mental status were more likely than
non-anemia patients of the same age to develop dementia over 5 years (65).
Other authors reported increased risk of cognitive dysfunctions in older
individuals even with mild anemia (65, 66).

According to a recent study anemia was also associated with increased
risk of falls, both in institutions and in the community (67). Falls are a geri-
atric syndrome, associated with increased mortality and morbidity, includ-
ing hip fractures.

At this point it should be emphasized that currently there is no proof that
correction of mild anemia in older patients will avert the complications of ane-
mia. Anemia of a specific cause of course should be corrected. Correction of
ACI with erythropoietic growth factors improves the fatigue of cancer patients,
but so far no other benefits of this approach have been demonstrated (68).
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Diagnosis and Management of Anemia

Diagnosis of Anemia

As the WHO criteria for the diagnosis of anemia have been challenged
in recent studies, it appears reasonable to institute a work up for anemia
when hemoglobin levels are lower than 13 gm/dl both in man and women.
Seemingly for some individuals, especially woman and African-Americans,
hemoglobin levels between 12 and 13 gm/dl are normal, and they should be
considered normal if no cause of anemia becomes apparent and the hemo-
globin does not drop for one year or longer.

The basic work up of anemia is illustrated in Fig. 2.4. Only rarely a
hyper-proliferative anemia may present as chronic anemia. This is the case
with micro-angiopathic anemia in individuals with artificial heart valves or
severe vascular diseases. Though the mean cellular volume (MCV) may
direct the diagnosis, it is prudent to investigate all common causes of ane-
mia in older individuals irrespective of the MCV, as the simultaneous pres-
ence of multiple deficiencies may influence the MCV in opposite directions.
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An examination of the bone marrow should be performed when there is
pancytopenia, suggesting myelophtysis. Examination of the bone marrow
with cytogenetics may also be necessary for the diagnosis of MDS.

Iron deficiency is characterized by low serum iron, increased serum iron
capacity, low ferritine levels and high concentrations of soluble transferrin
receptors, while the ACI is characterized by low serum iron and iron bind-
ing capacity, high levels of ferritine and low concentrations of soluble
transferrin receptors (41). A diagnosis of iron deficiency mandates investi-
gations of blood loss through the digestive tract. More rarely iron defi-
ciency may be due to loss of iron in the urine from chronic intravascular
hemolytic anemia, suggested by hemosiderin in the urines.

Though the lowest levels of cobalamine in the blood are listed as 180
pg/ml, about 15% of individuals with values between 180 and 300 pg/ml
have increased levels of methyl malonic acid (MMA) in the circulation sug-
gesting functional cobalamine deficiency (69).

Anemia from chronic renal insufficiency should be suspected in all individ-
uals whose creatinine clearance is lower than 60 ml/min and can be confirmed
by levels of erythropoietin inadequate for the degree of anemia (34).

Treatment of Anemia

The treatment consists in elimination of the cause (ex. gastro-intestinal
bleeding) and replacement of the missing nutrient (example iron).

Older individuals may be unable to absorb oral iron due to stomach
achilia and to increased concentration of hepcidine, so they may need IV
replacement.

B12 deficiency may be corrected orally, as most older people can absorb
crystalline B12.

Erythropoietic growth factors should be used only for anemia of renal
insufficiency and for cancer-chemotherapy related anemia. In the case of
anemia of aging or other forms of ACI the benefits of erythropoietin
should be explored in randomized controlled study having as end-points
survival, compression of morbidity, and preservation of independence.

Conclusions

Anemia becomes more common with age and is associated with
decreased survival, functional dependence, coronary deaths, congestive
heart failure, and a number of geriatric syndromes, including dementia
delirium, depression and falls.
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In approximately one third of cases, the cause of anemia was not apparent.
A number of these cases may be due to early myelodysplasia or undetected
kidney insufficiency. A number of cases may be due to relative erythropoietin
insufficiency, due to the pro-inflammatory status of aging.

Investigations of anemia should be initiated for hemoglobin levels lower
than 13 both in man and women. In some individuals, especially women
and African-Americans levels of hemoglobin between 12 and 13 gm/dl
should be considered normal, if no cause of anemia is detected and the
hemoglobin levels do not change for one year or longer.

The management of anemia consists in eliminating its causes and replen-
ishing the missing factors. Currently there is no proof that management of
anemia of aging with erythopoietic growth factors is beneficial. This issue
should be tested in randomized controlled trials.
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