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REVIEW

Anemia in the elderly: a consequence of aging?
Racha Halawia, Hassan Moukhadderb and Ali Taherb

aDepartment of Internal Medicine, Emory University School of Medicine, Atlanta, GA, USA; bDepartment of Internal Medicine, American University
of Beirut Medical Center, Riad El Solh, Beirut, Lebanon

ABSTRACT
Introduction: Anemia in the elderly is a common finding that is associated with a poorer quality of life,
worse outcomes, and increased mortality. While this entity is frequently overlooked, there is often an
underlying cause that is correctable.
Areas covered: In this review, we shed light on the prevalence of anemia in the elderly population,
review the most common causes, particularly iron deficiency anemia and anemia of chronic disease,
and describe the available treatment modalities. When a clear etiology for the anemia is ruled-out, the
term unexplained anemia may be utilized; while still an under-explored field, one of the underlying
pathophysiological mechanisms appears to be associated with an age-related inflammatory process.
Expert commentary: Treating anemia secondary to nutritional deficiencies can be straightfor-
ward, but the management of the other types of anemia is not always the case. Treating anemia
of chronic disease and anemia of chronic kidney disease may be limited by elevated levels of
hepcidin and new promising treatments are still in pre-clinical and clinical trial phases. Caution
should be employed when using erythropoiesis stimulating agents due to safety concerns, and
when prescribing blood transfusion therapy, both of which lack the specific guidelines for use in
the elderly.
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1. Introduction

The increase in life expectancy has resulted in the rise of a
myriad of age-related conditions and complications.
Anemia is a common finding in the elderly and has been
associated with a decline in functional status and an
increase in morbidity and mortality. Conventionally, the
elderly population is defined as individuals aged 65 years
and older, although the increase in life expectancy along-
side an improvement in health status and functional abil-
ities calls for an adjustment in this cutoff [1,2]. Most
studies investigating the prevalence of anemia have used
this definition, demonstrating a rise in the rates of anemia
after the age of 65 with an age-dependent increase.
Specifically, nursing home residents and hospitalized indi-
viduals exhibit the highest prevalence of anemia, although
community-dwelling persons are also at risk. The role of
age-related inflammation in the pathophysiology of ane-
mia has been recently highlighted and is thought to be a
result of the upregulation of proinflammatory cytokines;
however, there is increasing realization that anemia is not
a simple disease marker and not just a pure result of aging.
Most often, there is an underlying etiology for the anemia,
particularly iron deficiency and anemia of chronic disease,
but a fraction will not have an identifiable cause. Anemia,
defined by the WHO as a hemoglobin concentration of
<12 g/dl in nonpregnant women and <13 g/dl in men,
negatively impacts the health of the elderly population

(Table 1). It is associated with a poorer quality of life] [3–
11], and worse outcomes in a variety of conditions such as
cardiovascular diseases and cancers [12–16]. In the
Cardiovascular Health Study, elderly with lower levels of
hemoglobin exhibited higher morbidity, and each 1 g/dl
decrease in hemoglobin was associated with increased
odds of developing cardiovascular disease, hypertension,
and inflammation [17]. Hospitalization rates were noted to
be higher in nursing home patients with more severe
anemia [18], and anemia was found to be associated with
increased hospital lengths of stay and unplanned readmis-
sions [19]. Multiple studies have suggested anemia as an
independent risk factor for mortality. In a large-scale inves-
tigation of 6880 elderly patients seen in the primary care
clinics, even mild anemia (defined as >10 g/dl) was asso-
ciated with nearly double the risk for all-cause mortality in
men [9]. An increased mortality risk was demonstrated in
both females and males in multiple other studies
[6,10,17,20]. In the Health, Aging, and Body Composition
(Health ABC study), this observation was restricted to
whites and not blacks [21]. In a nursing home setting, a
2-year follow-up revealed death rates reaching up 38% in
anemic individuals versus 28% in non-anemic individuals
with a statistically significant difference that persisted even
after adjusting for confounders such as markers of frailty,
cognitive impairment, kidney status, cancer, stroke, body
mass index, and pressure ulcers [22].
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2. Controversies in the definition of anemia in the
elderly

Given worse outcomes in elderly patients, defining thresh-
olds for anemia is of utmost importance. The most com-
monly adopted definition of anemia in adults is that of the
World Health Organization (WHO), which defines anemia as
a hemoglobin concentration of <12 g/dl in nonpregnant
women and <13 g/dl in men [23]. The use of this definition
in the elderly population has been criticized as these cut-
offs were derived based on statistical distributions in a
small study where participants were healthy and young
[24]. Other consistent definitions exist but the underlying
studies also have similar limitations [25–30]. Anemia does
not only vary with gender, but also with age and ethnicity
[24,31]. Two surveys of large American databases, namely
the Scripps-Kaiser and the NHANES III (the third National
Health and Nutrition Examination Survey), have suggested
different hemoglobin cutoffs based on age deciles, ethni-
city, and gender. An analysis of these databases was per-
formed by Beutler et al., taking into account iron status,
comorbidities such as kidney disease and diabetes mellitus,
inflammatory markers, and pregnancy status [24]. The
study proposed new cutoffs for women above the age of
50 and men over the age of 60 (Table 2). Conversely,
although the hemoglobin concentration is lower on aver-
age in older people and in those who are black, many have
proposed that the WHO criteria do not require adjustments
given that the decline in hemoglobin with age is small,

and that there is no statistical interaction between race
and hemoglobin in predicting mortality [6,20].

3. Epidemiology

Using the WHO criteria for anemia, the prevalence of anemia
among community-dwelling populations older than 65 years
of age was examined in several studies and varied by age,
gender, race, and health status. In community settings, older
individuals were noted to exhibit a higher prevalence of ane-
mia. The overall prevalence of anemia in the Epidemiologic
Studies of the Elderly (EPESE) was 32% for those older than
80 years, compared to 25% aged 75–79 years, and 17% aged
65–74 years [6]. Other studies also echoed this distinct jump in
the 80 + category with numbers reaching up to 26.1% in
males above the age of 85 years [9,32]. The prevalence of
anemia also varies by gender, ranging between 8.1 % and
28% in males, and 6.1–17% in females [5,6,8–10,20,21,32–34]
(Table 3). In the large NHANES III population study, the overall
prevalence in males and females over the age of 65 was noted
to be at 10.2% and 11%, respectively, with the vast majority of
the cases exhibiting mild anemia (hemoglobin >10 g/dl) [32].
An age associated increase was noted, especially in males,
with anemia being more common in males than females
above 75 years of age at 15.7% versus 10.3% respectively,
and reaching 26.1% in males older than 85 years versus
20.1% in females [32]. In the cardiovascular study, participants
with a higher baseline hemoglobin had a larger decrease in
their numbers than those with a lower baseline hemoglobin,
with a median 3-year decline of 0.4 in males and 0.5 in
females [17]. The prevalence of anemia also varies by race,
and generally black individuals have been noted to have lower
hemoglobin concentrations than whites even after adjusting
for hemoglobinopathies [17,31,34]. Specifically, in the NHANES
III study, anemia was 3 times as prevalent in black elderly
compared to the white group [32]. Lower average hemoglobin
was also noted in the Chicago Health Aging Project [10].
Interestingly, although the same trend was observed in the
Health ABC Study, this lower hemoglobin level did not confer
an increased risk of mortality and mobility disability in blacks,
but anemic whites had a 2–3 times higher risk of these out-
comes [21]. Anemia is more common in institutional com-
pared to community-based settings. Several retrospective
studies have examined the prevalence of anemia in nursing
homes and hospitals. In a review of the archives of 379
nursing homes, the prevalence of anemia in residents older
than 65 years, and without chronic kidney disease, was found
to be at 55.7% [35], and reached up to 63.1% in an Italian
study [22]. In a survey of 5 skilled nursing facilities, the anemia
was noted to be of higher severity than in the community
based setting with 11.4% of residents having a hemoglobin
≤10 g/dl [18]. In hospitalized patients, the prevalence of ane-
mia in patients 65 years or older reached up to 48%, with 65%
of patients exhibiting mild (>10 g/dl) to moderate (8–10 g/dl)
anemia [36]. It was also noted that the anemia was infre-
quently acknowledged and investigated [19].

Table 1. Summary of adverse outcomes observed in elderly with anemia.

Poorer quality of life
● Fatigue, weakness, and dyspnea
● Increased frailty
● Higher rates of disabilities
● Lower muscular strength and physical performance
● Lower cognitive function, dementia, and depression
Increased healthcare utilization
● Higher hospitalization rates
● Longer lengths of stay
● Higher readmission rates
Increased morbidity
● Increased odds of developing cardiovascular disease
● Worse outcomes in cardiovascular conditions such as myocardial infarction

and heart failure
● Worse outcomes in other diseases such as cancer and renal failure
Increased morbidity
• Double the mortality risk even with mild anemia (hemoglobin >10 g/dl)
• High mortality rates in nursing home residents

Table 2. Hemoglobin cutoffs in g/dl as proposed by the WHO [23] and Beutler
et al. [24].; the latter is based on an analysis of the large Scripps-Kaiser and the
NHANES-III databases.

WHO Beutler et al.

Females ≥50 y B 12 11.5
W 12.2

Males ≥60 y B 13 12.7
W 13.2
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4. Causes and evaluation of anemia in the elderly

The NHANES III study, a large nationally representative sam-
ple of over 2000 community dwelling individuals aged
65 years and older, was conducted in North America and
evaluated a host of laboratory parameters such as iron stu-
dies, serum folate, vitamin 12 levels, renal function, and
C-reactive protein (CRP), among others [32]. Nutritional defi-
ciencies were diagnosed based on iron panel characteristics
and predefined vitamin B12 and folate thresholds. In the
absence of parameters suggestive of nutritional deficiencies,
anemia of chronic disease was suspected when a low serum
iron was present without evidence of iron deficiency, and
anemia due to chronic kidney disease was diagnosed if the
glomerular filtration rate (GFR) was less than 30 mL/min.
Unexplained anemia was a diagnosis of exclusion if no
abnormalities were found. Nutritional deficiencies accounted
for one-third of all anemias, half of which were secondary to
iron deficiency. One-third of the study population had either
anemia of chronic disease (19.7%), anemia of chronic kidney
disease (8.2%), or both (4.3%). The remaining one-third were
designated as unexplained anemia, and those individuals
were found to be slightly older than those without anemia
and those with anemia of chronic disease. Hematologic
malignancies accounted for 4% of anemia cases. Other stu-
dies employed more diagnostic criteria such as bone marrow
biopsies and blood smears [38,39], one of which demon-
strated that up to 22% may have a hematologic malignancy,
mostly myelodysplasia, accounting for the anemia but the
prevalence of unexplained anemia was still consistent with
the NHANES III study [39]. In a large Italian study, over 8000
elderly aged 65 years or older were surveyed [37]. However,
this study contained a large population with a thalassemia
trait at almost 15%. Anemia was mostly normocytic reaching
72.3%, followed by microcytic at 16.9%. Anemia of chronic
disease and iron deficiency together accounted for about
30% of the cases and 26.4% was unexplained by laboratory
parameters, and per the authors, one-third of whom likely
had myelodysplasia. Discussed below are the major causes of
anemia in the elderly. A comprehensive list is presented in

Table 4, which highlights the most common causes of ane-
mia encountered in the elderly population based on mean
corpuscular volume (MCV).

4.1. Anemia due to nutritional deficiencies

The main culprit in this category is iron deficiency, and in fact,
the WHO estimates the prevalence of iron deficiency anemia
in individuals above the age of 60 years at 23.9% [40]. The
importance of diagnosing iron deficiency anemia is twofold:
providing treatment to avoid or treat the clinical manifesta-
tions, as well as determining the source of blood loss, if
present. The cause of iron deficiency in the elderly in the
majority of cases is linked to bleeding from upper or lower
gastrointestinal pathologies, such as esophagitis, gastritis and
ulcers, polyps, cancer, inflammatory bowel disease, angiodys-
plasias, or an unidentified source, making the use of endo-
scopic procedures vital in identifying the source of bleed [41–
43]. The diagnosis of iron deficiency anemia may be complex,
and the use of several indicators of iron status is warranted.
Reduced mean corpuscular hemoglobin (MCH) and MCV sug-
gest hypochromia and microcytosis, respectively. These com-
ponents may also be decreased in other conditions such as
hemoglobinopathies and sideroblastic anemia. An iron panel
is necessary for diagnosis, and in the absence of inflammation,
a serum ferritin may be used to estimate total body iron. The

Table 3. Main studies investigating the prevalence of anemia in the elderly population in different settings using WHO criteria.CHS: Cardiovascular Health Study;
CHAP: Chicago Health Aging Project; Health ABC: Health, Aging, and Body Composition Study; EPESE: Epidemiologic Studies of the Elderly (EPESE) Durham; NHANES
III: the third National Health and Nutrition Examination Survey; InChianti: aging in the Chianti Area.; B: black; W: white.

Study Setting Sample size and age

Prevalence (%)

Male Female

Zakai 2013 [17] Community 3758 ≥ 65y (CHS study) 10.1 8.3
Tettamanti 2010[37] 8744 65−84y 15.2 13.6
Endres 2009[9] 6880 ≥ 65y 8.1 6.1
Dong 2008[10] 1806 ≥ 65y (CHAP) 28.1
Patel 2007[21] 3075 70−79y (Health ABC Study) 25.5(B), 13.7(W) 20.9 (B), 7 (W)
Denny 2006[6] 1744 > 71y (EPESE) 24
Guralnik 2004[32] 4199 ≥ 65y (NHANESIII) 11 10.2
Penninx 2004[5] 1156 ≥ 65y (InChianti Study) 11.1 11.5
Izaks 1999[20] 872 ≥ 85y 28 17
Inelmen 1994[33] 1784 ≥ 65y 9.4 8.8
Salive 1992[34] 3946 ≥ 71y 15.2 12.6
Robinson 2007[35] Nursing homes 6200 ≥ 65y 55.7
Landi 2007[22] 372 ≥ 65y 71 59
Artz 2004[18] 900 mean age 79y
Migone De Amicis 2015[36] Internal Medicine wards 193 > 65y 48
Nathavitharana 2012[19] 1491 ≥ 65y 41

Table 4. Causes of anemia in the elderly based on MCV status. Highlighted
causes are the most commonly encountered in the elderly population.

Microcytic Normocytic Macrocytic

Iron deficiency anemia Anemia of chronic disease Vitamin B12
deficiency

Anemia of chronic disease Anemia of chronic kidney
disease

Myelodysplasia

Thalassemia Mixed deficiencies Folate deficiency
Sideroblastic anemia Hemoglobinopathies Liver disease
Iron refractory iron deficiency
anemia

Alcoholism

Hypothyroidism
Reticulocytosis
Hemolytic
anemias
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serum ferritin may be elevated in individuals with iron defi-
ciency anemia such as in inflammatory conditions and kidney
disease, but typically will not rise above 100 µg/L in the former
and 200 µg/L in the latter [44]. In such cases, the serum iron
and total iron binding capacity will be helpful, and in the case
of iron deficiency, the serum iron will be low and the total iron
binding capacity will be increased. The transferrin saturation is
typically below 16%, and below 20% in the presence of inflam-
mation [44]. Another marker, the serum soluble transferrin
receptor (sTfR) is not affected by inflammation nor by age
and is elevated in an iron deplete state [45]. In particular, the
serum sTfR divided by the log of the ferritin (sTfR-ferritin
index) was helpful in distinguishing anemia caused by iron
deficiency (high), concomitant iron deficiency and chronic
disease (high), from anemia of chronic disease (low) [46] .The
worldwide use of both of these tests is limited by the absence
of standardized reagents and cutoffs for the sTfR assay.

Although fortification of foods has resulted in extremely
low rates of folate deficiency, vitamin B12 deficiency continues
to be common [47]. Folate deficiency is usually secondary to
malnutrition and alcoholism, and less so to drugs such as
methotrexate and anticonvulsants [48]. Vitamin B12 deficiency
is primarily due to a food-cobalamin malabsorption syndrome
which constitutes a deficiency in splitting the protein bound
cobalamin present in food, and is mostly secondary to
atrophic gastritis, or to other causes of hypochlorydria such
as the use of Helicobacter Pylori infection and acid reducing
agents [48]; the classical pernicious anemia is less commonly
encountered. The anemia secondary to vitamin B12 or folate
deficiency is typically macrocytic, but may not be strictly so in
the presence of another concomitant etiology for the anemia
such as iron deficiency. Serum levels can be used to evaluate
for vitamin B12 and folate deficiencies, with red blood cell
folate being more predictive of total folate body stores than
the serum counterpart. In case the results are inconclusive,
and in the presence of a high clinical suspicion, the

metabolites methylmalonic acid and homocysteine can be
measured for confirmation of the diagnosis.

4.2. Anemia of chronic disease and chronic kidney
disease

Anemia of chronic disease is a functional or relative iron defi-
ciency as opposed to the absolute nature of iron deficiency
anemia. Culprit conditions include acute or chronic infections,
malignancies (hematologic and solid), and chronic inflammatory
diseases such as rheumatologic and autoimmune. This entity
results from restricted erythropoiesis in the presence of normal
or even increased amounts of body iron stores and is related to
an impaired iron trafficking through block of iron release from
macrophages and the reticuloendothelial system. Anemia of
chronic disease is immune driven with noted elevations in inter-
leukins 1, 6, and 10, as well as interferon-γ and tumor necrosis
factor–α [49]. This proinflammatory state results in elevated hep-
cidin levels leading to iron sequestration, alters the production of
erythropoietin, and shortens the life span of red blood cells [50].
This anemia is typically normocytic and normochromic with mild
to moderate reductions in hemoglobin level. The diagnosis may
be challenged by co-existing conditions such as iron deficiency
and thalassemias, often rendering this type of anemia microcytic.
Therefore, a determination of the iron status is paramount, and
in contrast with iron deficiency anemia, will reveal reduced
transferrin saturation, normal sTfR, and low sTfR-ferritin index
(Figure 1). Serum ferritin is usually >100 µg/L and a lower ferritin
would be suggestive of a concomitant iron deficiency anemia.

Anemia of chronic kidney disease shares very similar pathophy-
siological and laboratory characteristics with anemia of chronic
disease. However, the decrease in erythropoietin is mediated by
the renal disease itself, the accumulating uremic toxins that exert
an antiproliferative effect, and the chronic immune activation in
patients with end-stage renal disease on dialysis [49].

Anemia

Ferritin <100 µg/L

Iron deficiency anemia

Iron deficiency anemia 

AND anemia of chronic 

disease

Ferritin >100 µg/L

Anemia of chronic 

disease

• Iron deficiency anemia suspected

• Anemia of chronic disease suspected

• Other causes ruled-out

Iron

Transferrin

% saturation

sTfR

sTfR-ferritin index

or N

N

(<1)(>2-3)(>2-3)

Figure 1. Proposed algorithm to distinguish between iron deficiency anemia, combined iron deficiency anemia and anemia of chronic disease, and anemia of
chronic disease. N: normal; sTfR: soluble transferrin receptor.
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4.3. Unexplained anemia

Unexplained anemia is a hypoproliferative normocytic anemia
that is not due to nutritional deficiencies, chronic kidney dis-
ease, or inflammation. It is most commonly mild, and approxi-
mately 1 g/dl lower than WHO standards [51]. Several age-
related physiological mechanisms may result in a decline in
red blood cell production or shortened survival. Implicated
factors include age-associated renal insufficiency, stem cell
aging, testosterone insufficiency, chronic inflammation, and
myelodysplasia [51,52]. Ongoing work is suggesting that
elderly patients with unexplained anemia have an inadequate
erythropoietin response to anemia. Erythropoietin levels in
individuals with unexplained anemia are significantly lower
than those who have iron deficiency anemia, even after
adjusting for comorbidities and GFR, which was significantly
lower in the former group [52,53]. These findings suggest that
erythropoietin levels are inappropriately low in cases of unex-
plained anemia and suggested mechanisms include the pre-
sence of a subclinical proinflammatory state [52].The work-up
and diagnosis of unexplained anemia may include the mea-
surement of inflammatory markers such as CRP and erythro-
cyte sedimentation rate (ESR), interleukin-6, and hepcidin
levels[54]. A bone marrow biopsy may also be warranted in
order to identify cases of myelodysplasia.

5. Treatment of anemia in the elderly

Treatment of anemia in older persons is specifically targeted at
the underlying etiology, akin to anemia management in any
age group. No specific guidelines exist for the treatment of
anemia in this age group. A strategy to correct culprit nutri-
tional deficiencies and their causes needs to be implemented.
In anemia of chronic disease, treatment of the underlying
disease is the treatment of choice, and in those with chronic
kidney disease, erythropoietin therapy and intravenous iron
supplementation remain the standard of care.

6. Correction of nutritional deficiencies

It is recommended that once iron deficiency is suspected or
diagnosed, that a therapeutic trial is undertaken using divalent
iron formulations such as ferrous sulfate or gluconate because
of their superior bioavailability profile [55,56]. This treatment
strategy should be continued for 3 months following the
correction of the anemia in order to replenish the iron stores,
but this may take longer in the elderly if faced with a pro-
tracted bone marrow response [55]. Long-term use of oral iron
therapy is limited by a host of side effects, mostly gastroin-
testinal, and intravenous iron may be required in these cir-
cumstances due to poor compliance. Intravenous therapy is
also initiated in cases that are refractory to oral supplementa-
tion such as in poor gastrointestinal absorption and ongoing
gastrointestinal blood losses [57,58]. Several intravenous iron
formulations have been recently made available and can be
safely administered in single treatment sessions. The largest
published experience so far is with iron sucrose, and other
compounds are available including low molecular weight iron
dextran, ferumoxytol, ferric carboxymaltose, iron isomaltoside,

and ferric gluconate; the use of these compounds is reviewed
in [59] .While the efficacy and side-effect profile of intravenous
iron have been extensively studied with reassuring results,
multiple concerns have been raised due to its pro-oxidant
properties resulting in the generation of oxygen radicals and
increased susceptibility to infections[60]. Furthermore, the
development of iron overload is linked to multiple metabolic
consequences such as the development of type 2 diabetes,
diabetic nephropathy, and retinopathy, as well as an increased
risk of cognitive dysfunction and dementia in those with
obesity-associated type 2 diabetes [61].The use of intravenous
iron should be used only when the benefits of the treatment
outweighs the risks. In the elderly with myelodysplasia receiv-
ing chronic transfusion therapy, iron chelation is a well-estab-
lished treatment modality that has been associated with
improved survival rates [62].

Evidence suggests that vitamin B12 with high oral doses of
1000–2000 µg is as effective as intramuscular administration in
achieving hematological and neurological improvement [63].
An ongoing clinical trial is further investigating the role of oral
vitamin B12 in individuals aged 65 years or older [64]. Folate
supplementation can be achieved through doses between 1
and 5 mg daily [48].

6.1. Erythropoiesis stimulating agents (ESAs)

These agents have been classically used in the treatment of
anemia associated with chronic kidney disease and end-stage
renal disease. This has resulted in an improvement in quality
of life of patients and their physical performance, and has
been associated with a reduced risk for hospitalization as
well as a lower relative risk for mortality [65]. Per the Kidney
Disease Improving Global Outcomes (KDIGO) group, there is a
need to balance the risks and benefits of ESA use. A hemoglo-
bin goal between 10 and 11.5 g/dl should be aimed for in
patients with chronic kidney disease [66]. Hemoglobin levels
>13 g/dl have been associated with increased risks of stroke,
vascular access thrombosis, cardiovascular events, end-stage
renal disease, and maybe death [67]. There is currently insuffi-
cient evidence to suggest the superiority of any ESA formula-
tion based on safety and efficacy [68]. In unexplained anemia,
there are no current recommendations regarding the use of
ESAs. One trial investigated the use of these agents in a pool
of community-dwelling adults aged 65 and older who had
chronic anemia not secondary to nutritional deficiencies,
bleeding, chronic kidney disease with GFR <30 mL/min, gas-
trointestinal bleed, underlying active cancer, etc. [69]. The
participants were randomized between erythropoietin and
placebo injections for 16 weeks. Several positive outcomes
were noted in the group receiving erythropoietin therapy
including a 2 g/dl or more increase in hemoglobin level and
an improvement in fatigue and other quality of life outcomes.
When switched back to placebo, the hemoglobin effect was
not sustained. Although the results of this study suggest that
unexplained anemia may be responsive to ESAs, it is impor-
tant to keep in mind the short duration of the study and the
lack of extensive laboratory and bone marrow evaluation prior
to including the participants in the study. Nevertheless, the
results of this study are promising and call for the design of
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new trials in order to address unexplained anemia, a category
which has proved itself to be substantial in the elderly.
Erythropoietin has also been shown to be effective and safe
in the elderly patients with low risk myelodysplasia, with the
goal of avoiding blood transfusions [70]. These agents should
otherwise be avoided in patients with other types of cancers
who are not receiving chemotherapy [71].

6.2. Blood transfusions

Transfusion therapy is usually indicated in the event of
symptomatic anemia or hemodynamic instability.
Otherwise, transfusion practices should aim at maximizing
the benefits from transfusions, and minimizing the host of
associated adverse events such as transfusion-related acute
lung injury and circulatory overload and transfusion-trans-
mitted infections. In line with prior guidelines [66,72–78],
the most recent clinical practice guidelines just released by
the American Association of Blood Bank (AABB) continue to
recommend a restrictive approach to transfusion therapy.
This society recommends administering transfusion therapy
to hemodynamically stable hospitalized patients only if their
hemoglobin levels fall below 7 g/dl [79]. In patients under-
going orthopedic surgery or cardiac surgery and in those
with preexisting cardiovascular disease, a hemoglobin
threshold of 8 g/dl is recommended [79]. No specific recom-
mendations were provided in cases of patients with acute
coronary syndrome and those being treated for hematologi-
cal or oncological disease.

In healthy humans, a critical hemoglobin value would be
less than 5 g/dl, but cognition starts to decline at 6 g/dl [80]. In
the elderly, compensatory mechanisms for anemia may be less
effective. A study in the elderly population has actually sug-
gested that maintaining hemoglobin level above 10 g/dl is
associated with decreased mortality in patients presenting
with myocardial infarctions [81]. In contrast, the FOCUS trial
found that a study population with a mean age of 81.6 years
undergoing hip fracture surgery tolerated hemoglobin thresh-
olds as low as 8 g/dl despite a high-risk cardiovascular profile,
and without a difference differences in cardiovascular event
rates and death rates on 30-day and 60-day follow-up [82].
Most recently, the TRIFE randomized controlled trial found
that restrictive (<9.7 g/dl) and liberal (<11.3 g/dl) blood trans-
fusion groups did not differ in terms of recovery from physical
disability and infection risk, and mortality [83,84], however, in
nursing home residents, the 90 day mortality rate was lower in
the liberal strategy group [85]. In summary, no specific recom-
mendations are provided for the elderly, but the aforemen-
tioned trials suggest that some elderly groups may require
more transfusion support. With the lack of strong and com-
prehensive data, one should continue to evaluate the risk-to-
benefit ratio in each elderly individual, bearing in mind that
the blood should be transfused more slowly and on a unit by
unit basis [86].

7. Conclusion

Anemia in the elderly population is not a pure consequence of
aging and should not be regarded as such. Using the WHO

criteria to define thresholds for anemia, anemic elderly have
been noted to exhibit worse outcomes and higher mortality
rates than their non-anemic counterparts. Correcting the ane-
mia requires an understanding of the underlying causes,
mostly commonly iron deficiency and chronic disease. A thor-
ough work-up needs to be undertaken before classifying indi-
viduals as having unexplained anemia, sometimes
necessitating a bone marrow biopsy in order to look for
evidence of myelodysplasia. Other treatment modalities are
available such as ESAs and blood transfusions, but the indica-
tions for these therapies need to be carefully reviewed before
implementing them in the anemic elderly.

8. Expert commentary

Anemia in the elderly is a potentially concerning finding asso-
ciated with a host of morbidities and an increase in mortality.
Elderly with anemia have a worse quality of life than those
without. Anemia is not a pure consequence of aging, and
while this straightforward laboratory finding is often over-
looked, it is most commonly associated with an underlying
pathology. The term unexplained anemia is typically used to
describe cases of anemia who have received a work-up with
variable thoroughness without the identification of an under-
lying etiology. Although some of these cases have been ulti-
mately attributed to myelodysplasia, the fraction of
unexplained anemia remains significant. While correcting
nutritional deficiencies is more or less straightforward, the
management of anemia of chronic disease and anemia of
chronic kidney disease remains an area of investigation.
Generally, the use of ESAs is accompanied by safety concerns
which include increased risks of thromboembolic and cardio-
vascular events, as well as exacerbation of preexisting malig-
nancies. Their use in these categories of anemia is not always
efficacious because the overexpression of hepcidin blunts the
response to this treatment modality. Since pathologically
increased levels of hepcidin are seen in both of these condi-
tions, strategies to lower the levels of this hormone remain an
important target for therapy. Promising concepts that are still
in preclinical phases in the treatment of anemia of chronic
disease include anti-hepcidin antibodies, ALK2 inhibitors, and
hepcidin reducers through the inhibition of IL-6/STAT3 and
BMP/SMAD pathways [87]. Many drugs are currently being
investigated for the treatment of anemia of chronic kidney
disease [88]. Hypoxia-inducible factor (HIF) stabilizers which
stimulate endogenous erythropoietin production and down-
regulate hepcidin production are currently in clinical trials, but
need to be proven safe especially in patients with cancer. HIF
stabilizers may offer some advantages over ESAs such as an
oral route administration, small decrease in blood pressure,
and no rise in platelet count as opposed to ESAs which can be
associated with an increase in blood pressure and hypercoa-
gulability. Other emerging therapies include epomimetics,
activin ligand traps, and anti-hepcidin antibodies [88].
Interestingly, both anemia of chronic disease and anemia of
chronic kidney disease have been associated with vitamin D
deficiency in the elderly population [89,90], and binding of
1,25-dihydroxyvitamin D to its receptor results in downstream
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hepcidin suppression [91]. The use of this vitamin needs to be
further explored in clinical trials.

While unexplained anemia remains largely an underex-
plored field, several pathophysiologic mechanisms have been
proposed. In addition to the age-associated processes such as
underproliferation of stem cells and reduction in androgen
levels, there is an inflammatory component that is implicated
based on elevations in proinflammatory cytokines.
Furthermore, the noted reduction in endogenous erythropoie-
tin production with age is worth investigating. Patients with
unexplained anemia have been noted to respond to treatment
with ESAs as discussed above, and theoretically may even
respond to emerging therapies that target anemia of chronic
disease and anemia of chronic kidney disease.

Despite the presence of recommendations addressing
thresholds for blood transfusions in the general population,
the elderly represent a unique subset of the population that
has been shown to suffer greatly from anemia when hemo-
globin levels drop below WHO thresholds of 12 g/dl in females
and 13 g/dl in males. Blood transfusion therapy may need to
be applied using a more personalized approach in order to
ensure the wellness of a particular elderly individual. Some
experts have suggested maintaining thresholds of 9–10 g/dl
[54]. Although the few available clinical trials that were per-
formed in the elderly have mostly advocated for a restrictive
approach to transfusion therapy, those studies were per-
formed in specific subsets of hospitalized patients and did
not look at long-term outcomes. There is a need for clinical
trials on community-dwelling elderly that examine these
endpoints.

9. Five-year view

New therapies such as HIF stabilizers and hepcidin antagonists
may become available within the next few years. Hence, it is
paramount to possess tools to diagnose states of relative iron
deficiency by enhancing preexisting algorithms and standar-
dizing the use of markers such as sTfR and sTfR. Similarly, more
recommendations may become available for the use of blood
products in the elderly population, in order to maximize the
benefits of this treatment modality and to improve the overall
functioning and decrease the mortality rate of the anemic
elderly.

Key issues

● Anemia in the elderly is associated with a poorer quality of
life and higher rates of disability and mortality. So far, the
most commonly used definition of anemia is that of the
WHO, which defines anemia as a hemoglobin <12 g/dl in
females and <13 g/dl in males.

● The prevalence of anemia in the elderly has been noted to
increase as people get older, most notably in those older
than 80 years. While the degree of anemia is mostly mild in
the ambulatory setting, institutionalized patients exhibit
higher rates of anemia that are of higher severity.

● The most common causes of anemia in the elderly are iron
deficiency anemia and anemia of chronic disease.
Approximately one third of the cases will be unexplained

despite a thorough work-up and have been attributed to a
host of age-related processes,most notably a pro-inflammatory
state.

● Distinguishing iron deficiency anemia from anemia of
chronic disease is paramount and has several implications
for treatment. Markers such as sTfR and sTfR-ferritin index
may become more widely used in the future.

● Treatment of anemia in the elderly is contingent upon a
correct diagnosis. New anti-hepcidin agents and HIF stabi-
lizers are still in the development phase. While no separate
blood transfusion cutoffs exist for the elderly population, it
is important to keep in mind the morbidities that are asso-
ciated with anemia in the elderly, and to balance the risks
and benefits of blood transfusion therapy.
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