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Background
Hemoglobin concentrations slightly below the lower limit of normal are a common laboratory
finding in the elderly, but scant evidence is available on the actual occurrence of mild anemia
despite its potential effect on health. The objectives of this study were to estimate the preva-
lence and incidence of mild grade anemia and to assess the frequency of anemia types in the
elderly. 

Design and Methods
This was a prospective, population-based study in all residents 65 years or older in Biella, Italy. 

Results
Blood test results were available for analysis from 8,744 elderly. Hemoglobin concentration
decreased and mild anemia increased steadily with increasing age. Mild anemia (defined as a
hemoglobin concentration of 10.0−11.9 g/dL in women and 10.0−12.9 g/dL in men) affected
11.8% of the elderly included in the analysis, while the estimated prevalence in the entire pop-
ulation was 11.1%. Before hemoglobin determination, most mildly anemic individuals per-
ceived themselves as non-anemic. Chronic disease anemia, thalassemia trait, and renal insuffi-
ciency were the most frequent types of mild anemia. The underlying cause of mild anemia
remained unexplained in 26.4% of the cases, almost one third of which might be accounted for
by myelodysplastic syndromes. In a random sample of non-anemic elderly at baseline (n=529),
after about 2 years, the annual incidence rate of mild anemia was 22.5 per 1000 person-years
and increased with increasing age. 

Conclusions
The prevalence and incidence of mild anemia increase with age and mild anemia affects more
than one out of ten elderly individuals. Unexplained anemia is common and may be due to
myelodysplastic syndromes in some cases.
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Introduction

Hemoglobin concentration is a continuously distributed
variable. World Health Organization (WHO) criteria for
the diagnosis of anemia,1 although universally used, are
considered to a certain extent arbitrary as they are based
on few data and do not account for significant ethnic dif-
ferences.2 Anemia in the elderly is an under-diagnosed
condition often not reported to the patient because it is
mostly perceived as a mere consequence of aging or as a
disease marker. However, recent studies have started to
question this view reporting its association with several
adverse outcomes in the elderly.3-7 We have previously
reported independent associations of mild anemia with
worse cognitive and quality of life outcomes and with
increased risk of hospitalization and mortality in the gen-
eral elderly population.8,9 Anemia can thus have a relevant
effect on healthcare needs and become a significant
healthcare burden.10,11
Several studies on the prevalence of anemia have been

published,12 but the number of large-scale population-
based surveys with a well-defined initial elderly popula-
tion and with a high inclusion rate is low. Moreover, the
prevalence of mild grade anemia has been reported by or
can be drawn from only a few studies, while no data are
available on its incidence. The aims of the present popula-
tion-based study were to estimate the prevalence and inci-
dence of anemia and mild anemia and to assess the fre-
quency of anemia types in the elderly population. A sec-
ondary aim was to investigate the association of mild ane-
mia with common pathological conditions in old age.

Design and Methods

The study population
“Salute e Anemia” (“Health and Anemia”) is a prospective pop-

ulation-based observational study of all elderly residents in the
municipality of Biella, Piedmont, a town in the north-west of
Italy situated at a mean altitude of 420 meters above sea level,
with a population of about 46,000 inhabitants. North African and
East European migration is recent and for the most part com-
posed of young people (about 25 years old at the moment of
transfer), thus the elderly population of Biella is almost exclusive-
ly of Italian origin, though composed not only of local natives but
also of immigrant workers mainly from the north-eastern
Venetian province of Vicenza (1911-1936) and southern Italian
regions (1950-1970) attracted at the time by the flourishing textile
industry in Biella. The population is predominantly well off and
employment is mainly in the industrial and service sectors. The
age structure of the Biella elderly is similar to that of the general
Italian elderly population. 
Lists of residents were obtained from the registry office of the

municipality. The high prevalence of dementia, cognitive impair-
ment, functional disability, and health problems in the oldest old
prompted us to separate the investigation of the younger (65-84
years old) from the older subjects. All registered individuals of 65
to 84 years old residing in Biella on the prevalence day (May 12,
2003) were eligible for the study (n=10,082). Case ascertainment
was made between May 2003 and April 2004. Subsequently the
study was extended to all residents aged 85 years or older
(n=1,526) on the prevalence day (May 7, 2007). Case ascertain-
ment was made between May 2007 and July 2008.
No exclusion criteria other than age and residence were used.

Elderly in nursing or residential homes were included. A letter

describing the aims of the survey was sent to all eligible residents
who were contacted by phone 1 to 2 weeks later to ascertain
their intention to participate. 
In consenting participants, arterial blood pressure (third read-

ing) and heart and respiratory rates were measured and blood
samples were taken by trained, registered nurses either at home
or in an outpatient clinic at the elderly person’s choice and, for
institutionalized individuals, in nursing homes. A questionnaire
was also administered by the nurses in order to ascertain habits
(smoking and alcohol use), present and past diseases, hospital
admissions, and interventions.
To face the potential sources of non-participation due to the

initial step-limiting request of a blood sample and the poor health
condition of many elderly often already recently tested, complete
blood count (CBC) results together with age and sex of all elderly
residents aged 65 years or older who did not or could not partic-
ipate, but had a CBC done in the same period and laboratory of
the epidemiological study, were obtained in an anonymous way
from the central laboratory of Biella Hospital, one of the teams
involved in the present research. Biella has only one hospital
which is public. Its laboratory is one of the very few in the area,
and most residents go there for laboratory investigations. 
In order to estimate the incidence of anemia and mild anemia,

after an approximate time period of 2 years, a random sample of
community-dwelling, non-anemic (together with all consenting
mildly anemic) elderly free of severe organ insufficiency, stroke,
neurodegenerative diseases, or terminal illness at the baseline
evaluation, was contacted again during 2005-2006 to re-assess
hemoglobin concentration. 
Study procedures were conducted in accordance with the prin-

ciples outlined in the Declaration of Helsinki of 1964 and its sub-
sequent amendments. The local research Ethics Committee of
the Azienda Sanitaria Ospedaliera di Novara approved the study
and the informed consents. Written informed consent was
obtained from each participant prior to blood sampling.

Laboratory methods
Venous blood samples were collected from participants in a sit-

ting position by venipuncture. The CBC was determined using a
SISMEX SE-2100 electronic counter (Sysmex Corporation Kobe,
Japan) by the central laboratory of Biella Hospital. When a hemo-
globin concentration was below WHO reference criteria for ane-
mia, further laboratory investigations were made: serum folic
acid, vitamin B12, iron, ferritin and transferrin, and transferrin sat-
uration (the laboratory tests are described in the Online
Supplementary Appendix). These laboratory investigations were
also assessed in an equal sample of non-anemic individuals
matched for age and sex.

Definitions of anemia and anemia types
Anemia was defined according to the WHO criteria1 as a

hemoglobin concentration lower than 12 g/dL in women and 13
g/dL in men. Along with most grading classification systems,13,14

mild grade anemia was defined as a hemoglobin concentration
between 10.0 and 11.9 g/dL in women and between 10.0 and
12.9 g/dL in men.
Iron deficiency anemia was considered present if the elderly

had low serum iron (lower than 50 μg/dL in women and 60 μg/dL
in men), low ferritin (lower than 15 ng/mL), low transferrin satu-
ration rate (lower than 16%) or increased total iron binding
capacity (higher than 450 μg/dL). Anemia of chronic disease was
defined as low circulating iron in the presence of increased iron
stores (normal or increased ferritin higher than 100 ng/mL, trans-
ferrin saturation higher than 25% and lower than 50%) and
decreased total iron binding capacity (lower than 250 μg/dL).

M. Tettamanti et al.

1850 haematologica | 2010; 95(11)



Thalassemia trait was considered when the following conditions
were present: low or very low mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH), increased red blood
cell (RBC) count, normal or increased circulating iron in the pres-
ence of normal or increased iron stores.15 Since HbA2 levels were
not determined, it was not possible to distinguish alpha from
beta thalassemia. Anemia associated with folate or vitamin B12
deficiency was defined as concentrations of folate lower than 3.0
ng/mL or vitamin B12 lower than 200 pg/mL and MCV higher
than 95 fL. Subjects were classified as having anemia related to
chronic renal disease when affected by renal insufficiency.
The classification of anemia based on the hematologic findings

was supported by the clinical conditions and pharmacological
therapies of the elderly. Anemias that could not be classified into
any of the previous categories were considered to be of unex-
plained origin. The hematologic characteristics consistent with
the possible presence of myelodysplastic syndromes were
defined as macrocytosis (MCV higher than 100 fL) in the absence
of folate or B12 deficiency, and  leukopenia (white blood cell count
lower than 3¥109/L) or thrombocytopenia (platelet count lower
than 150¥109/L). 
Based on these shared definitions, each study expert (ER,

MGDP, and LP) classified the different types of anemia for all
cases independent of the judgment of the others. Subsequently,
the panel of the three physicians reviewed, discussed and
reached a final consensus for each preliminary discrepant classi-
fication.

Statistical analysis
Hemoglobin concentration distribution was left skewed when

all individuals were taken into consideration, so parametric
bivariate analyses were always checked for significance using
non-parametric tests: in each case the non-parametric tests gave
P values very similar to their parametric counterparts. Moreover
median hemoglobin values in the tested groups were almost
identical to the mean values. When individuals with severe or
moderate anemia were excluded, the hemoglobin distribution
was almost perfectly Gaussian. The relation of hemoglobin con-
centration to age was tested using linear regression models,
including the regressors in the following order: age, sex, and age
by sex interaction. Ninety-five percent confidence limits for the
prevalence proportions were computed using score intervals.
Confidence intervals for incidences were calculated assuming
that the number of cases of anemia and mild anemia followed a
Poisson distribution. Hemoglobin concentration change after 2
years was estimated using the relative proportion of mildly ane-
mic and non-anemic elderly in the population as a weight. All P
values were two sided. Data analysis was performed using JMP
v. 8.0.2 (SAS Institute Inc., Cary, NC, USA).

Results

Of the original population of 11,608 Biella residents of
65 years or older (7,292 women and 4,316 men), 1,260
could not be contacted by phone, 263 died between the
prevalence day and the time of contact, 4,870 refused to or
could not donate a blood sample, and 5,215 agreed to par-
ticipate in the study. A flow chart of the study is shown in
Online Supplementary Figure S1. During the study period,
among those who refused to or could not participate in
the study, a further group of 3,529 individuals (2,968 out-
patients and 561 in-patients) had a CBC test done in the
same laboratory of the present investigation. Thus 8,744
individuals (75.3% of the initial population) could be
included in the prevalence study analyses. Demographic

characteristics of the entire population and of subgroups
with and without blood tests are reported in Table 1. The
mean ages, percentages of individuals in each age class,
and proportions of men and women were similar between
groups.
The characteristics of mildly anemic and non-anemic

elderly are described in the Online  Supplementary Table S1.
Mildly anemic subjects were about 5 years older
(P<0.0001), more likely to be men (P=0.0423), and had a
slightly lower mean education (P=0.0012). After adjusting
for age, sex and education, mild anemia was significantly
associated with non-smoking (P=0.0026), alcohol absti-
nence (P<0.0001), lower body mass index (P=0.0015),
lower mean systolic (P=0.0058) and diastolic (P<0.0001)
blood pressure, and a higher prevalence of diabetes
(P=0.0006), respiratory failure (P=0.0117) and renal insuf-
ficiency (P<0.0001), and a diagnosis of cancer during the
preceding 5 years (P=0.0055).

Hemoglobin distribution
The hemoglobin distribution was nearly normal with a

tail to the left (Figure 1A). As expected, women had a
mean ± standard deviation (SD) hemoglobin concentra-
tion (13.4±1.4 g/dL) lower than that of the men (14.5±1.7
g/dL). Hemoglobin concentration, though weakly, was
age-related in the whole population (P<0.0001) and in
both genders separately (P<0.0001), with a cross-section-
ally estimated mean yearly decline more pronounced in
men than in women (-0.08 and -0.05 g/dL, respectively;
P<0.0001). In fact, with increasing age the distribution
curve shifted toward the lowest values in both genders,
but more markedly in men (Figure 1B-C). In both men and
women, all comparisons between the mean hemoglobin
concentration of the three age classes are significantly dif-
ferent (P<0.0001 for all Tukey-Kramer honestly significant
difference tests). Hemoglobin concentration decreased
with increasing age also in the non-anemic (P for trend
<0.0001) and anemic groups, both in thalassemia trait
cases (P for trend =0.004) and in cases with the other types
of anemia (P for trend =0.007).

Prevalence of anemia and mild grade anemia
Based on WHO criteria, 1,243 out of 8,744 elderly were

found to be anemic (14.2%; 95% CI: 13.4-15.0), with a sig-
nificantly higher frequency (P=0.0001) in men (499/3,275;

Prevalence and incidence of mild anemia in the elderly
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Table 1. Comparison of demographic characteristics of the entire study popu-
lation and subpopulations. 
Characteristics Entire CBC Participants CBC 

population available not available

Number of individuals 11,608 8,744 5,215 2,864
Number of women (%) 7,292 (62.8) 5,467 (62.5) 3,232 (62.0) 1,825 (63.7)
Number of men (%) 4,316 (37.2) 3,277 (37.5) 1,983 (38.0) 1,039 (36.3)
Mean age in years (SD) 75.8 (7.4) 75.8 (7.4) 75.2 (7.4) 75.8a

Age, n (%)b

65-69 3,085 (26.6) 2,291 (26.2) 1,543 (29.6) 794 (27.7)
70-74 2,810 (24.2) 2,149 (24.6) 1,330 (25.5) 661 (23.1)
75-79 2,551 (22.0) 1,892 (21.6) 1,072 (20.6) 659 (23.0)
80-84 1,638 (14.1) 1,206 (13.8) 556 (10.7) 432 (15.1)
85-89 967   (8.3) 779   (8.9) 496   (9.5) 188   (6.5)
90 + 557   (4.8) 427   (4.9) 218   (4.2) 130   (4.5)

CBC: complete blood count; SD: standard deviation; astandard deviation not available. bage at
prevalence day.



15.2%, 95% CI: 13.9-16.6) than in women (744/5,462;
13.6%, 95% CI: 12.7-14.6). The prevalences of mild ane-
mia (Figure 2A) and anemia increased with increasing age,
both in men and in women (P<0.0001). Anemia was very
common among hospitalized (291/561, 51.9%) and
“deceased” elderly (108/191; 56.5%). Table 2 shows the
prevalence of mild, moderate and severe anemia by age.
Mild grade anemia accounted for most of the cases (1,032
out of 1,243; 83.0%) with a prevalence of 11.8 % (95% CI:
11.1-12.6). The frequency of moderate anemia was rela-
tively high only among hospitalized cases (76/561 [13.5%]
versus among the non-hospitalized 133/8,183 [1.6%]) and
increased with increasing age. Severe anemia was rare,
there being only 22 cases for a prevalence of 0.3%. Among
institutionalized elderly, the prevalences of anemia and
mild anemia were 31.1% and 27.4%, respectively.

In the population under study, anemia and mild anemia
were found to be associated with an increased risk of mor-
tality (P<0.0001),9 and no significant difference in survival
was seen between participants and elderly without CBC
available (P=0.4910). Based on these findings, we hypoth-
esized a similar prevalence of anemia in these last two
groups to estimate the prevalences of anemia and mild
anemia in the entire population. The overall estimated
prevalences of anemia and mild anemia in the entire eld-
erly population (n=11,608) were 13.2% (12.6% in women
and 14.1% in men) and 11.1% (10.3% in women and
12.4% in men), respectively.

Frequency of types of anemia
Anemia was mostly normocytic (72.3%), while micro-

cytosis (MCV less than 80 fL) was present in 16.9% of the
anemic individuals versus 1.5% in the non-anemic sub-
jects. Mean serum vitamin B12 and folate concentrations
were very similar in the two groups (Online Supplementary
Table S1). The frequency of macrocytosis (MCV higher
than 100 fL) was comparable in anemic (10.8%) and non-
anemic (12.4%) elderly, but for more elevated MCV val-
ues, the percentage of macrocytosis was apparently higher
in the anemic than in the non-anemic individuals: 2.3%
versus 0.7% for MCV higher than 110 fL and 1.2% versus
0.2% for MCV higher than 115 fL.
Estimates of the frequency of anemia types in partici-

pants (n=5,215) for whom complete information was
available are reported in Table 3. The percentage of ane-
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Figure 1. (A) Frequency distribution of hemoglobin concentration in
the elderly population by sex. (B) Frequency distribution of hemoglo-
bin concentration in women by age. (C) Frequency distribution of
hemoglobin concentration in men by age. 
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Figure 2. (A) Prevalence of mild anemia in the elderly population by
sex. (B) Annual incidence of mild anemia in the elderly population. 
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mic elderly classified as having a thalassemia trait was
considerable in this population (about 15%), with a much
higher frequency among the younger-elderly (65-84 years:
21%) than the older-elderly (85-plus: 4%). In 83% of the
cases the elderly thalassemics originated from regions
with a high prevalence of thalassemia. Comparatively,
elderly with other types of anemia or who were non-ane-
mic from the same regions were, respectively, 27% and
26%. Anemia of chronic disease and iron deficiency
accounted for about 30% of the cases. The diseases asso-
ciated with anemia of chronic disease in the present study

population are reported in the Online Supplementary Table
S2. The underlying cause of mild anemia was unexplained
in 26.4% of the cases. Almost one third of unexplained
mild anemia cases had hematologic abnormalities consis-
tent with the presence of myelodysplastic syndromes.

Self-perception as being mildly anemic
At the time of the nurse’s visit, before receiving the

blood test results, 63.5% of the mildly anemic individuals
perceived themselves as not being anemic, while among
the non-anemic individuals only 5.8% thought they were

Prevalence and incidence of mild anemia in the elderly
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Table 2. Prevalence of mild, moderate, and severe anemia in the elderly by age class. 
Overall anemia Mild anemia Moderate anemia Severe anemia

Hemoglobin Women: less than 12.0 g/dL Women: 10.0 – 11.9 g/dL 8.0 - 9.9 g/dL Less than 8.0 g/dL
Men: less than 13.0 g/dL Men: 10.0 – 12.9 g/dL

Age (years)a n Prevalence (%) 95% CI Prevalence (%) 95% CI Prevalence (%) 95% CI Prevalence (%) 95% CI

65-69 2,040 6.3 5.3-7.5 5.4 4.5-6.6 0.8 0.4-1.3 0.1 0.01-0.4
70-74 2,165 8.9 7.7-10.3 7.8 6.7-9.1 1.0 0.6-1.5 0.1 0.01-0.3
75-79 1,933 13.4 11.8-15.2 11.3 9.9-12.9 1.8 1.3-2.5 0.3 0.1-0.7
80-84 1,348 18.9 16.7-21.4 15.7 13.6-17.9 3.0 2.1-4.0 0.3 0.1-0.8
85-89 779 26.6 23.1-30.4 22.1 18.9-25.6 4.2 2.9-5.9 0.3 0.03-0.9
90+ 479 41.8 36.2-48.0 31.5 26.7-37.0 9.0 6.5-12.1 1.3 0.5-2.7
≥ 65 8,744 14.2 13.4-15.0 11.8 11.1-12.6 2.2 1.9-2.5 0.3 0.2-0.4
≥ 65 11,608 13.2b 11.1b 1.9b 0.2b

CI: confidence interval; aage at blood test. bestimates (see text)

Table 3. Types of anemia and mild anemia in the elderly population. 
Anemic elderly Mildly anemic elderly

n % % n % %

Thalassemia trait 71 14.4 67 15.4
Thalassemia 11.2 12.0
Thalassemia + low B12 or folate 3.2 3.4

Vitamin B12 or folate deficiency 50 10.1 44 10.1
Low vitamin B12 and MCV higher than 95 fL 3.9 4.2
Low folate and MCV higher than 95 fL 4.2 4.1
Low vitamin B12 + low folate and MCV higher than 95 fL 2.0 1.8

Iron deficiency anemia (IDA) 79 16.0 54 12.4
IDA 9.5 7.1
IDA + low vitamin B12 and/or folate 6.5 5.3

Anemia of chronic disease (ACD) 86 17.4 80 18.4
ACD 8.1 9.0
ACD + low vitamin B12 or folate 3.7 4.1
ACD + IDA 2.4 2.8
ACD + IDA and/or low vitamin B12 or folate 1.4 1.1
Hematologic malignancy 1.8 1.4

Renal insufficiency 74 15.0 63 14.5
Renal insufficiency 9.7 10.0
Renal insufficiency + thalassemia 0.6 0.4
Renal insufficiency + IDA and/or low vitamin B12 and/or low folate 4.7 4.1

Unexplained anemia 130 26.4 124 28.5
Unexplained 18.3 20.0
Possible myelodysplastic syndromesa 8.1 8.5

Other types of anemia 3 0.6 3 0.7
Total anemia types 493 100 435 100
Insufficient laboratory data 33 6.3 30 6.4
Total anemic subjects 526 465

aPossible myelodysplastic syndromes: macrocytosis, leukopenia, or thrombocytopenia.



anemic. The mean hemoglobin concentrations of mildly
anemic individuals self-perceiving themselves as being
anemic or non-anemic were 11.4±0.7 g/dL and 11.7±0.7
g/dL, respectively (P<0.0001).

Incidence of anemia and mild grade anemia
After a mean of 2.2 (SD= 0.1) years, of the initial ran-

dom sample of 650 elderly free of anemia, 17 individuals
had died, 11 could not be traced and 93 refused to partic-
ipate, while 529 consented to donate a blood sample
(response rate 83.6%), for a total of 1,158 person-years
available for the analysis. Among participants, a total of
28 individuals (15 women and 13 men) became anemic
(26 mild and two moderate). Overall, the annual inci-
dence rates of anemia and mild anemia were 24.2 per
1000 person-years (95% CI: 16.0-35.0) and 22.5 per 1,000
person-years (95% CI: 14.7-32.9) respectively. Incidence
rates of anemia did not differ between women and men
(P=0.8851), while they increased with increasing age
(P=0.0001), passing from 4.9 per 1,000 person-years (95%
CI: 0.5-17.8) in the age-class 65-69 to 72.4 per 1,000 per-
son-years (95% CI: 34.8-133.3) in the age-class 80-84.
Figure 2B shows the age-specific annual incidence rates of
mild anemia. In the whole sample of mildly anemic and
non-anemic elderly participants (n=692), after about 2
years the mean weighted hemoglobin concentration
declined from 14.04 g/dL to 13.97 g/dL (mean annual
decline: -0.035 g/dL).

Discussion

The present population-based study was specifically
aimed at thoroughly investigating the epidemiology of
mild anemia in an unselected population of elderly. Blood
samples were prospectively collected for the purposes of
the study and rates of inclusion were high. Findings from
this large survey indicate that more than one out of ten
elderly persons are anemic and that most of the cases are
of a mild grade. Hemoglobin concentration decreases and
incidence and prevalence of mild anemia steadily increase
with increasing age, affecting more than two out of ten
people over 80 years old. 

Associations of mild anemia  with other clinical
conditions 
Previous findings on the relationship of anemia with

several conditions persisted in the current study also when
the analysis was restricted to the mildly anemic group.
Mild anemia was found to be significantly associated with
smoking habit, low body mass index, lower mean blood
pressure, diabetes, respiratory and renal insufficiency, and
cancer also when comparisons were adjusted for age, sex,
and education. Elevation of hemoglobin concentration
among smokers results from exposure to carbon monox-
ide and probably leads to an underestimation of the preva-
lence of anemia among smokers.16 Several hypotheses
have been advanced, but why anemia is associated with
lower body mass index remains unclear.17 The pathogene-
sis of anemia in diabetes is multifactorial and includes dia-
betic nephropathy, chronic inflammation, and “functional
erythropoietin deficiency”.18,19 The anemia associated with
chronic obstructive pulmonary disease has also been relat-
ed to the systemic inflammatory response often occurring
in this condition.20,21

Hemoglobin distribution and prevalences of anemia 
and mild anemia
As expected,22,23 the frequency distribution of hemoglo-

bin was shifted more to the lower values in women than
in men. The WHO criteria of anemia have been chal-
lenged recently and new lower limits of normal for hemo-
globin concentration in old age have been suggested.2
Minor changes in the anemia criteria would result in sig-
nificant increase or decrease in the prevalence rate of ane-
mia. Using the proposed cut-off of hemoglobin concentra-
tion (lower than 12.2 g/dL in women and 13.2 g/dL in
men),2 the overall prevalence of anemia in the 8,744 elder-
ly with CBC available would increase from 14.2% to
16.8% (95% CI: 15.9-17.7), 16.4% (95% CI: 16.1-19.0) in
women and 17.5% (95% CI: 15.3-17.5) in men.
In line with most cross-sectional studies and the find-

ings of three longitudinal investigations,24-26 hemoglobin
concentration decreased and prevalence of anemia
increased with increasing age.  Annual rates of decline of
hemoglobin concentration estimated cross-sectionally and
longitudinally were similar and consistent with those
reported in longitudinal surveys of 8- and 40-year dura-
tion.25,26
Several estimates of the prevalence of anemia in the eld-

erly have been reported in the literature, but few were the
result of very large-scale population-based studies with a
well-defined initial population from which samples were
drawn and with a high inclusion rate. The prevalence of
anemia was unusually high in elderly residents of
Holmsted County: 20.5% in men and 15.9% in women;27
however, this was a retrospective analysis of all hemoglo-
bin results in the elderly who received medical attention at
the Mayo Clinic during a lengthy period of 3 to 5 years. In
fact, among the new cases identified during one of the
study years, a good 36% had an anemia due to acute
blood loss as a result of surgery or injuries.28 A rather low
prevalence of anemia was reported in northern European
women: 3.3% in Finland,29 3.8% in Denmark (30-60 years
old),30 5.0% in Norway,17 and 7.3% in Sweden,31 while a
high anemia prevalence (between 18% and 39%) has been
consistently reported in African Americans.22,23,32-35 The
prevalence of anemia appears relatively high also in
Japanese (14.5% in men and 17.1% in women aged 51 to
80 years, and 17.9% in women 60 years or older)25,36 and
Taiwanese (18.8%) elderly populations.37 In a Korean pop-
ulation aged 60 to 95 years, the prevalence of anemia was
13.6%, but higher in women (14.7%) than in men
(9.9%).38
In the present study, the prevalence of anemia in the eld-

erly was similar to that found in other population-based
studies:22,23,39-44 13.2% overall (about 11-12% not consider-
ing thalassemia), 12.6% in women and 14.1% in men.
The high prevalence of anemia estimated in the very old
(over 85 years old, 31.3%) is consistent with that recently
reported the Newcastle 85+ cohort for (29.8%).45
Grouping together the results of 12 studies,46 weighted
regional estimates of anemia prevalence in the elderly in
northern America (12%) and Europe (12%) were close to
that found in the present study. According to recent esti-
mates, the worldwide prevalence of anemia in the elderly
population is 23.9%.47
Data on mild anemia (hemoglobin concentration

between 10.0 g/dL and WHO lower limits of normal) can
be drawn only from few, mainly small and not so recent,
population- or community-based studies (Online
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Supplementary Table S3).17,22,23,39-43,48 In the present study,
mild grade anemia accounted for some 84% of the cases;
the majority of these subjects were unaware of being ane-
mic. This seems to confirm that mild anemia in the elderly
often goes unscreened and undiagnosed or is disregarded
and not reported to the patient by the physician.49
The very high prevalence of anemia, with a large propor-

tion of moderate-severe cases, among hospitalized elderly
suggests that results from hospital-based studies are poorly
representative of the anemia prevalence in the general pop-
ulation. As in previous studies, also in the present survey
the proportion of anemia cases among institutionalized
elderly was high. Further prospective studies are thus need-
ed to better understand the determinants of this finding.

Frequency of types of anemia
Although criteria used to classify types of anemia in an

epidemiological setting cannot be regarded, strictly speak-
ing, as diagnostic, the present survey is one of the largest
population-based studies in which a characterization of
anemia types in the elderly has been attempted. The fre-
quency of microcytosis associated with anemia was high-
er (16.9%) than in previous surveys22,50 (about 9-12%)
because of the substantial presence of elderly with a tha-
lassemia trait in the present study population. This appre-
ciable presence of thalassemia and its higher frequency
among the younger-elderly than in the older-elderly possi-
bly reflects past migrations from Italian regions where
malaria was endemic. As in the EPESE study,22 the fre-
quency of microcytosis in non-anemic elderly was very
low while that of macrocytosis was almost the same in
anemic and non-anemic individuals. Multiple factors are
likely to underlie many of the cases of anemia in the eld-
erly. Apart from thalassemia trait, in line with previous
population-based studies,23,28 in the current study chronic
disease and iron deficiency were the most common causes
of anemia. The frequency of anemia associated with vita-
min B12 or folate deficiency (10.1%) was slightly lower
than that found in the NHANES III study (14.3%, but
MCV was not a criterion),23 but higher than the frequen-
cies reported in clinic,51,52 general practice,53,54 and popula-
tion28 settings (between 1 and 8%). However, beyond pos-
sible regional variations, comparisons between studies are
also made difficult by the different criteria used to define
and classify the various types of anemia.
Though important in view of a possible specific treat-

ment, the underlying cause of anemia in the elderly fails to
be identified in a large proportion of fully examined
cases.51,55 This is particularly true in epidemiological sur-
veys: the prevalence of anemia of unknown or unclear
cause was rather high in the present study (26.4%, 30.8%
not considering thalassemia) as in other community-based
surveys in the elderly (30-34%).23,48,53
Some cases of unexplained anemia can be accounted for

by myelodysplastic syndromes, a heterogeneous group of

disorders mainly found in the elderly population and char-
acterized by peripheral cytopenia, followed by a progres-
sive impairment in the ability of myelodysplastic stem
cells to differentiate and an increasing risk of evolution
into acute myeloid leukemia.23,56,57 In the present epidemi-
ological survey, a substantial proportion of cases of unex-
plained anemia had blood test characteristics consistent
with myelodysplastic syndromes. Further investigations
also including bone marrow examination are needed for
more accurate estimates. Recent clinical findings suggest
that the prevalence of myelodysplastic syndromes may be
higher than previously postulated.58

Incidence of anemia and mild grade anemia
To our knowledge, there are only four other studies

which have reported the incidence rates of anemia and
none reporting that of mild anemia in elderly populations.
In a general practice in south London, over a 5-year period
(1950-1955), Fry53 estimated an annual incidence of anemia
(defined as a hemoglobin concentration below 11.8 g/dL
both in women and men) of approximately 11 per 1,000
person-years in subjects 60 years or older. In a retrospective
analysis, the overall incidence of anemia in the Olmsted
County population aged 65 years or more receiving med-
ical care from the Mayo Clinic in 1986 was much higher
(61.8 per 1,000 person-years), but in 75% of the cases ane-
mia was detected in conjunction with a hospital admis-
sion.28 Among independent older community-dwelling
Koreans, over a 3-year study period the annual incidence
rate of anemia was about 24 per 1,000 person-years.59 The
annual incidence rate of anemia in the Leiden 85-plus study
(74‰)60 is in line with that in the slightly younger 80-84
age-class (65.2‰) of the present study. Consistent with the
findings of these studies, in the present survey incidence
rates of anemia increased with age. Mild anemia accounted
for more than 90% of the new cases.
The findings of the present study show that mild ane-

mia is common and frequently undiagnosed in the elderly.
Anemia is a public health problem affecting some 164 mil-
lion elderly people worldwide.47 Increased disability, mor-
bidity, and mortality are associated with mild grade ane-
mia in the elderly. A better understanding of the causes of
the decline of hemoglobin with age and, in particular, of
unexplained anemia would represent an important step
towards effective strategies for anemia control. 
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