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Background
Mild anemia is a frequent laboratory finding in the elderly usually disregarded in everyday
practice as an innocent bystander. The aim of the present population-based study was to
prospectively investigate the association of mild grade anemia with hospitalization and
mortality. 

Design and Methods
A prospective population-based study of all 65 to 84 year old residents in Biella, Italy was
performed between 2003 and 2007. Data from a total of 7,536 elderly with blood tests
were available to estimate mortality; full health information available to evaluate health-
related outcomes was available for 4,501 of these elderly subjects. 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. 

Results
The risk of hospitalization in the 3 years following recruitment was higher among the
mildly anemic elderly subjects than among subjects who were not anemic (adjusted haz-
ard ratio: 1.32; 95% confidence interval: 1.09-1.60). Mortality risk in the following 3.5
years was also higher among the mildly anemic elderly (adjusted hazard ratio: 1.86; 95%
confidence interval: 1.34-2.53). Similar results were found when slightly elevating the
lower limit of normal hemoglobin concentration to 12.2 g/dL in women and to 13.2 g/dL
in men. The risk of mortality was significantly increased in mild anemia of chronic disease
but not in that due to β-thalassemia minor. 

Conclusions
After controlling for many potential confounders, mild grade anemia was found to be
prospectively associated with clinically relevant outcomes such as increased risk of hospi-
talization and all-cause mortality. Whether raising hemoglobin concentrations can reduce
the risks associated with mild anemia should be tested in controlled clinical trials.
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Introduction

The prevalence and incidence of anemia tend to
increase with advancing age (the Health and Anemia
study, unpublished data and refs. 1 and 2). It has been esti-
mated that almost three million elderly people are cur-
rently affected by anemia in the United States.3 Against
a background of rapid and enduring population aging,
the number of elderly anemic subjects in western coun-
tries will rise steeply in the near future. Relatively low
hemoglobin concentrations are a common laboratory
finding in the elderly, for the most part judged by physi-
cians as a sign without clinical relevance or as a marker
of an underlying chronic disease having no independent
influence on health. Though data are still limited, in
recent years a few studies have started to challenge the
widespread and self-perpetuating perception of anemia
as an innocent bystander, reporting increased disability,
morbidity, and mortality in the anemic elderly (for an
overview see references).4-8 As a result, anemia can have
a relevant effect on healthcare requirements and sub-
stantially increase healthcare costs.9,10

The association between anemia and clinical out-
comes is likely to be influenced by the poor prognosis of
elderly with moderate to severe anemia. Recent studies
have investigated the risks associated with specific inter-
vals of hemoglobin concentrations.11-16 We have recently
reported that mild grade anemia was cross-sectionally
associated with worse selective attention and disease-
specific quality of life measures.17

The primary objective of the present population-based
study was to prospectively assess the association of mild
anemia with clinically relevant outcomes such as hospi-
talization and all-cause mortality in the elderly. The sec-
ondary aim was to investigate the association of differ-
ent types of mild anemia with mortality.

Design and Methods

Study population
Salute e Anemia (Health and Anemia) is a longitudinal

population-based observational study of all 65- to 84-
year old residents in the municipality of Biella,
Piedmont, a town in the north-west of Italy. All regis-
tered individuals 65- to 84-year old residing in Biella on
the prevalence day (May 12, 2003) were eligible for the
study (n= 10,110). Age and residence were the only
inclusion/exclusion criteria used. Case ascertainment
was conducted between May 2003 and April 2004.

In consenting participants, arterial blood pressure
(third reading), heart and respiratory rates, weight, and
height were measured and blood samples were taken by
trained, registered nurses at home (50%) or in an outpa-
tient laboratory (49%) at the elderly person’s choice or,
for institutionalized individuals, in nursing homes (1%).
A questionnaire was also administered by the nurses in
order to ascertain habits, present and past diseases, and
hospital admissions and interventions in the preceding 5
years. An index of co-morbid disease severity was devel-
oped for the purposes of the study: based on the medical

information collected by the nurses, co-morbid disease
severity was graded by two physicians using a cumula-
tive score with a 5-point scale. The definitions of rating
points (from 1, no impairment, to 5, extremely severe)
are very similar to those of the Cumulative Illness Rating
Scale.18

In the sample of the present study population includ-
ed in another part of the Health and Anemia Study
devoted to investigating the effects of mild anemia on
cognitive, mood, functional and quality of life variables,
trained psychologists also collected, among other infor-
mation, data on medical history.17 The information col-
lected by the psychologists was blinded to that previ-
ously gathered by the nurses at the time of blood sam-
pling and the two interviews were used here to control
for the consistency of the medical histories reported by
the participants. Agreement between comparable items
of the medical histories taken by the nurses and by the
psychologists was very high: Cohen’s κ was between
0.84 and 0.93. To control for the potential influence of a
non-response bias, at the end of case ascertainment, a
search was performed in the database of the Local
Health Authority for hemoglobin tests done by non-
participants (i.e. individuals not found, not in a condi-
tion to donate a blood sample, refusing to participate, or
who died after the prevalence day but before contact)
during the same period and in the same Biella Hospital
Laboratory from which the data for the present study
were collected. When more than one result was present,
the most recent was considered. The output was an
anonymous list of four data: sex (male/female), age (on
test day), hemoglobin concentration, and number of
days elapsed from the date of the blood test to death or
end of follow-up. The study procedures were conduct-
ed in accordance with the principles outlined in the
Declaration of Helsinki of 1964 and following amend-
ments. The local research Ethics Committee of the
Hospital Health Authority of Novara approved the
study. Written informed consent was obtained from
each participant prior to blood sampling.

Definitions of anemia and mild grade anemia 
Anemia was defined by the World Health

Organization (WHO) criteria as a hemoglobin concen-
tration lower than 12 g/dL in women and 13 g/dL in
men.19 In accordance with most grading classification
systems,20,21 mild grade anemia was defined as a hemo-
globin concentration between 10.0 and 11.9 g/dL in
women and between 10.0 and 12.9 g/dL in men. 

Laboratory methods
Venous blood samples were collected from partici-

pants in a sitting position by venipuncture. The com-
plete blood count (CBC) was determined using a SIS-
MEX SE-2100 electronic counter (Sysmex Corporation
Kobe, Japan) in the Laboratory of Biella Hospital.
Whenever the hemoglobin concentration was below
WHO reference criteria for anemia, further laboratory
investigations of serum iron, transferrin, ferritin, folic
acid and vitamin B12 were performed.

The impact of mild anemia in the elderly 
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Statistical analyses
The follow-up period in which death from any cause

could be ascertained (data from the Registry Office and
the Local Health Authority) ranged from 1 day to 3.5
years after blood collection. When the cumulative curve
of number of deaths was visually inspected, two different
slopes could be seen: from day 0 to approximately 2
months and from this time point to 3.5 years later. Since
anonymous data on CBC were also collected in hospital-
ized individuals (n = 391), the first steeper slope was very
likely due to the death of seriously ill patients. To avoid
this unwanted effect, survival time was calculated for the
interval between 60 days and 3.5 years after blood collec-
tion. Kaplan-Meier curves were constructed for mildly
anemic and non-anemic men and women, and differences
in survival were tested using log-rank tests. Age- and sex-
corrected hazard ratios (HR) of death in the mildly anemic
group relative to that in the non-anemic group were cal-
culated using Cox proportional hazard regression models.
When the analysis was restricted to participants, HR
could be further adjusted for the potential confounding
effect of education, smoking history, body mass index
(BMI), hospital admission, and co-morbid diseases (dia-
betes, hypertension, myocardial infarction, heart failure,
respiratory failure, renal failure, neurological diseases, and
cancer) or co-morbid disease severity. Age, education,
BMI, and co-morbid disease severity were processed as
continuous variables. Following the observations of
Borgna-Pignatti et al.22 and Kristal-Boneh et al.23 of lower
concentrations of hemoglobin during the summer season
(June, July, and August), we also added the variable being
sampled in summer to the fully adjusted models to control
for the potential confounding effect of seasonal variation
of hemoglobin values. To examine whether the effect of
mild anemia was similar over time, two survival analyses
were set up: the first from 60 days after blood collection
to 2 years, and the second from 2 to 3.5 years. 

Subgroup analyses were performed to explore the
potential risks of mortality associated with different types
of anemia. 

Kaplan-Meier curves and Cox models were also used to
study the association of mild anemia with time to first
hospitalization in the 3 years following blood sampling
(data from the County Registry of the Local Health
Authority). 

Proportionality assumption of the models was checked
inspecting the log(-log(survival)) versus log(survival time)
graphs: no departure from parallelism was found.

To investigate whether WHO criteria may have affected
the estimated effect of mild anemia on outcomes, we next
used recently proposed lower limits of normal hemoglo-
bin concentration to define anemia in white adults (lower
than 12.2 g/dL in women and lower than 13.2 g/dL in
men),24 which are slightly higher than those of WHO cri-
teria and then re-evaluated the association of mild anemia
with hospitalization and mortality. Following Beutler and
Waalen’s methodology,24 we also tried to determine in the
present study population the lower limit of normal hemo-
globin concentration, calculated as the actual 5th percentile
in the data set. All p values were two tailed. Data were
analyzed using JMP v. 6.0.3 and SAS software, version 8.2
(both SAS Institute Inc., Cary, NC, USA).

Results

Study population
Of the 10,110 residents in Biella (6,146 women and

3,964 men) who were 65 to 84 years old on the preva-
lence day, 1,131 could not be reached by phone, 80 died
before being contacted, 4,398 refused to or could not
donate a blood sample, and 4,501 agreed to participate.
Participants (mean age 73.6 years, standard deviation
[SD] = 5.2) were on average approximately 1 year
younger than non-participants (mean age 74.8 years, SD
= 5.5). Among non-participants, 3,035 individuals had
had a CBC done in the same period and hospital labo-
ratory of the current survey. Thus 7,536 (4,501 + 3,035)
individuals with a CBC could be included in the longi-
tudinal study of mortality. The mean age of the remain-
ing 2,574 elderly without a hemoglobin test available
(73.9 years) was comparable to that of the 4,501 partic-
ipants, the 7,536 individuals with a CBC available, and
the entire population (mean ages between 73.6 and 74.3
years). The proportion of women was similar in the
total population and all the above groups (between 60.2
and 61.6%). 

Among the 4,501 participants 31 had moderate-
severe anemia, thus the total number of mildly anemic
(n=313) and non-anemic (n=4,157) participants includ-
ed in the analyses was 4,470. Among the 7,536 elderly
with a CBC available, 130 had moderate-severe ane-
mia, thus the total number of mildly anemic (n=716)
and non-anemic (n = 6,690) elderly with a CBC avail-
able included in the analyses was 7,406. The lower lim-
its of normal hemoglobin concentration in the present
study population were 12.0 g/dL in women and 12.8
g/dL in men.

Risk of hospitalization in the 4,470 participants
Mild anemia was cross-sectionally associated with a

higher prevalence of several pathological conditions
(Table 1). During a 3-year follow-up period, 123 out of
313 mildly anemic (39.3%) and 1,173 out of 4,157 non-
anemic (28.2%) participants were hospitalized. Figure 1
shows Kaplan-Meier curves by mild anemic status and
sex: unadjusted hospitalization risk was significantly
higher both in mildly anemic women (p=0.0013) and
men (p=0.0019). The risk of being hospitalized in the 3
years following blood sampling was significantly high-
er in the mildly anemic than in non-anemic participants
(age- and sex-adjusted HR: 1.44; 95% CI: 1.19-1.73),
also when adjusted for education, smoking history,
BMI, co-morbid diseases or co-morbid disease severity
(both adjusted HR: 1.32; 95% CI: 1.09-1.60). An identi-
cal HR was obtained also when the summer sampling
variable was added to the model. When mild anemia
was defined as a hemoglobin concentration between
10.0 and 12.1 g/dL in women and between 10.0 and
13.1 g/dL in men, results were very similar (the lowest
adjusted HR: 1.29; 95% CI: 1.09-1.53). Using the lower
limits of normal hemoglobin concentration found in the
present study population, the fully adjusted HR was
1.45 (95% CI: 1.19-1.76). Table 2 shows the most com-
mon hospital discharge diagnoses by anemia status. 
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Risk of mortality 
Mortality risk in the 7,536 elderly with CBC available

Over a 3.5-year follow-up starting from 60 days after
blood sampling, 36 moderately to severely anemic
(45.0%), 170 mildly anemic (26.6%), and 598 non-ane-
mic (9.1%) individuals died. Figure 2A and B show the

age-adjusted HR of death in women and men by cate-
gorical hemoglobin concentrations (both p<0.0001).
Risks of mortality were not significantly different
among the hemoglobin classes above the WHO criteria
for anemia in either women (p=0.2902) or men
(p=0.1239). Figure 3 shows Kaplan-Meier curves by
mild anemic status and sex over this 3.5-year period:
the unadjusted mortality risk was significantly higher
(p<0.0001) in both mildly anemic women and men
than in their non-anemic counterparts. The age- and
sex-adjusted HR for mortality were significantly higher
among mildly anemic versus non-anemic individuals
using either the WHO criteria or newly proposed lower
limits of normal hemoglobin concentration and, as
expected, the HR increased also when the moderately
to severely anemic elderly were included in the analy-
sis (Table 3). 

Mortality risk in the 4,470 participants 
When the analysis was restricted to the 4,470 mildly

anemic and non-anemic participants, the age- and sex-
adjusted HR for mortality could be further adjusted for
the possible confounding effect of education, smoking
history, BMI, hospital admission, co-morbid diseases or
co-morbid disease severity. Over the 3.5 year follow-up
52 mildly anemic (16.6%), and 274 non-anemic (6.6%)
individuals died. As shown in Table 4, the mortality risks
were significantly higher in the group with mild anemia,
with similar HR in the first 2 years and in the following
1.5 years. An almost identical HR was also obtained
when the summer sampling variable was added to model
4. Comparable results were found if mild anemia was
defined as a hemoglobin concentration between 10.0
and 12.1 g/dL in women and between 10.0 and 13.1 g/dL
in men (adjusted HR over 3.5 years: 1.65; 95% CI: 1.23-
2.21). Using the lower limits of normal hemoglobin con-
centration found in the present study population, the
fully adjusted HR was 2.06 (95% CI: 1.48-2.80).

We performed a subgroup analysis by anemia type to
further investigate the association between mild anemia
and mortality over 3.5 years. Except for β-thalassemia
minor which was not associated with an increased risk
of mortality (fully adjusted HR: 0.54; 95% CI: 0.09-1.69),

The impact of mild anemia in the elderly 
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Table 1. Characteristics of mildly anemic and non-anemic partici-
pants in the Health and Anemia population-based study, 2003-2007
(n=4,470). 

Characteristic Non-anemic Mildly anemic p
(n=4,157) (n=313) value

Mean age (SD) (years) 73.4 (5.2) 75.1 (5.5) <0.0001
Women (%) 61.0 54 0.0213
Mean education (SD) (years) 7.8 (3.8) 7.1 (3.9) 0.0029
Current smoker (%) 14.6 9.9 0.0221
Mean body mass index (SD) (kg/m2) 25.0 (4.1) 24.6 (4.2) 0.0693
Mean hemoglobin (SD) (g/dL) 14.3 (1.2) 11.6 (0.7)
Hypertension (%) 53.2 55.0 0.5480
Myocardial infarction (%) 4.9 7.0 0.0959
Heart failure (%) 5.6 9.0 0.0147
Diabetes (%) 8.8 16.9 < 0.0001
Respiratory failure (%) 5.8 10.5 0.0008
Renal failure (%) 1.5 8.7 < 0.0001
Neurological diseases (%) 7.3 13.4 < 0.0001
Cancer (%) 11.2 12.5 0.4907
Mean disease severity (SD) 1.2 (0.2) 1.3 (0.2) < 0.0001
Types of anemia 
β-thalassemia minor (%) 20.8
Low vitamin B12 or folate and MCV > 95 fL (%) 11.5
Iron deficiency and low vitamin B12 or folate (%) 3.2
Iron deficiency (%) 11.2
Chronic disease (also combined 21.1
with iron deficiency) (%)
Renal failure (%) 5.8
Unclear (%) 26.5

p values for numerical variables calculated using the t test and for categorical vari-
ables calculated using the χ2 test.MCV: mean corpuscular volume.Mild 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.

Figure 1. Time to first hospitalization by sex and mild anemia sta-
tus in the Health and Anemia population-based study (2003-
2007). Kaplan-Meier curves for individuals aged 65-84 years (n =
4,470) over 3 years after blood sampling. Mild 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.
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Table 2. The most common hospital discharge diagnoses by anemia
status during a 3-year follow-up period in the Health and Anemia
population-based study, 2003-2007 (n=4,470). 

Disease Non-anemic Mildly-anemic
(n=4,157) (n=313)

Cardiovascular (%) 5.9 7.4
Eye and ear (%) 4.3 5.8
Tumor (%) 3.6 7.4
Musculoskeletal system 3.3 3.2
and connective tissue (%)
Digestive (%) 2.8 3.2
Genitourinary (%) 1.5 3.5
Trauma (%) 1.3 1.3
Respiratory (%) 0.9 1.3

Mild 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.
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results in the other types of anemia tended, to various
degrees, to confirm the findings in the overall population
of mildly anemic subjects. However, the number of cases
or deaths was too small to obtain reliable results in iron
deficiency, renal failure, and folate or vitamin B12 deficien-
cy anemias, while the risk of mortality was significantly
increased in subjects with mild anemia of chronic disease

(fully adjusted HR: 5.44; 95% CI: 3.53-8.06). When the
elderly with β-thalassemia minor were excluded from
the analyses, the association between mild anemia and
mortality over 3.5 years was slightly more pronounced
(fully adjusted HR: 2.18; 95% CI: 1.56-2.99).

Discussion 

This is a prospective population-based study specifical-
ly aimed at thoroughly investigating the impact of mild
grade anemia in the elderly. Blood samples were collect-
ed for the purposes of the study from an unselected pop-
ulation. Risks of mortality and hospitalization were sig-
nificantly higher among mildly anemic elderly subjects
compared with non-anemic ones, also when adjusted for
a large number of potential confounders. Mortality haz-
ard ratios over the first 2 and the following 1.5 years
were significantly increased and very similar. The risk of
mortality was found to be associated with mild anemia
of chronic disease but not with the anemia of β-tha-
lassemia minor. 

A few retrospective1,11 and prospective12,15 studies have
reported an increased risk of hospitalization among the
elderly with all grades of anemia and, in the Established
Populations for Epidemiologic Studies of the Elderly
(EPESE) study,12 there was a significant trend towards an

| 26 | haematologica | 2009; 94(1)

Figure 3. Time to death by sex and mild anemia status in the
Health and Anemia population-based study (2003-2007). Kaplan-
Meier curves for individuals aged 65-84 years (n = 7,406) from 60
days to 3.5 years after blood sampling. Mild 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.

Table 3. Age- and sex-adjusted risk of mortality in mildly anemic and anemic
elderly in the Health and Anemia population-based study, 2003-2007
(n=7,536).

Hemoglobin From 60 days From 2 From 60 days
concentration to 2 years to 3.5 years to 3.5 years

hazard ratio (95% confidence interval)

Anemia Women: <12.0 g/dL; 3.43 2.23 2.80
men: <13.0 g/dL (2.77-4.22)1 (1.71-2.86) (2.38-3.29)

Mild Women: 10.0-11.9 g/dL; 2.98 2.16 2.54
anemia men: 10.0-12.9 g/dL (2.36-3.73)2 (1.64-2.81) (2.14-3.03)
Mild Women: 10.0-12.1 g/dL; 2.65 2.03 2.32
anemia men: 10.0-13.1 g/dL (2.12-3.29) (1.57-2.60) (1.97-2.74)

1Hazard ratio in the first 60 days after blood sampling: 10.28 (95% CI: 7.77-13.68); 2hazard
ratio in the first 60 days after blood sampling: 6.89 (95% CI: 5.01-9.46).
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Table 4. Unadjusted and adjusted risk of mortality in mildly anemic elderly
participants in the Health and Anemia population-based study, 2003-2007
(n=4,470). 

0-2 years 2-3.5 years 0-3.5 years
hazard ratio (95% confidence interval)

Model 1 2.75 2.60 2.67
(1.75-4.15) (1.69-3.85) (1.96-3.56)

Model 2 2.16 2.03 2.09
(1.36-3.27) (1.31-3.02) (1.53-2.79)

Model 3 1.84 1.88 1.86
(1.14-2.87) (1.20-2.85) (1.34-2.53)

Model 4 2.01 1.96 1.98
(1.25-3.09) (1.26-2.95) (1.44-2.67)

Model 1: univariate.Model 2: includes model 1 plus age and sex.Model 3: includes Model 2
plus education, smoking history,body mass index,diabetes,hypertension,myocardial infarc-
tion,heart failure, respiratory failure, renal failure,neurological diseases, cancer, and hospital-
ization.Model 4: includes model 2 plus education, smoking history,body mass index, co-mor-
bid disease severity, and hospitalization.Mild anemia was defined as a hemoglobin concen-
tration between 10.0 and 11.9 g/dL in women and between 10.0 and 12.9 g/dL in men.

Figure 2. (A) Age-adjusted hazard ratios of death (95% CI) by
hemoglobin concentration in women aged 65-84 years (n =
4,561) from 60 days to 3.5 years after blood sampling in the
Health and Anemia population-based study (2003-2007). (B) Age-
adjusted hazard ratios of death (95% CI) by hemoglobin concen-
tration in men aged 65-84 years (n = 2,975) from 60 days to 3.5
years after blood sampling in the Health and Anemia population-
based study (2003-2007). 

Hemoglobin concentration (g/dL)

Hemoglobin concentration (g/dL)

Ha
za

rd
 ra

tio
s o

f d
ea

th
Ha

za
rd

 ra
tio

s o
f d

ea
th

8 9 10 11 12 13 14 15 16 17

8 9 10 11 12 13 14 15 16 17

10

1

0.1

10

1

0.1

A

B

©Fer
ra

ta
 S

to
rti

 F
ou

nd
at

ion



increased risk of hospitalization with decreasing cate-
gorical hemoglobin concentrations. In the current study
we show a higher rate of hospitalization in the 3 years
following blood sampling, independently of many
potential confounders, also among mildly anemic elder-
ly subjects. 

A possible excess mortality in elderly women with a
low hematocrit had already been observed a few
decades ago.25 Recent community-based studies have
further investigated this association.11-14,16,26,27 In the
EPESE and Leiden 85-plus studies an increased risk of
mortality over 4 and 10 years, respectively, was associat-
ed with decreasing categorical hemoglobin concentra-
tions.12,13 In the Duke EPESE study a significantly higher
risk of mortality 8 years after blood collection was found
in elderly women but not in elderly men with mild ane-
mia at baseline.11 In the Women’s Health and Aging
Study I, disabled older women with mildly low concen-
trations of hemoglobin had a greater mortality risk over
5 years.14 In the Health, Aging, and Body Composition
Study an increased mortality risk over 6 years was found
in well-functioning older white men and women with
hemoglobin concentrations lower than 12.0 g/dL, but
not in black women or men, or in white men with
hemoglobin concentrations between 12.0 and 12.9
g/dL.16 In the current study we found evidence of an
independent effect of a mild grade anemia on survival,
such that the risk of dying over 2 and 3.5 years among
subjects with mild anemia was almost twice that among
non-anemic peers. Estimates of mortality risk over
longer periods of time are already planned; however,
when the classification of a person into the anemic or
non-anemic group is based on just one measurement of
hemoglobin concentration over time, as is consistently
done, the longer the follow-up, the higher the probabili-
ty of an intervening change in the anemic/non-anemic
status of a person. 

The definition of anemia suggested by the WHO has
been repeatedly questioned and attempts have been
made to propose new lower limits of normal of hemo-
globin concentration according to the individual’s ethnic
origin, sex, and age.24 It is beyond the scope of the pres-
ent study to discuss the predictive validity of the various
cut-offs of hemoglobin concentration suggested to
define anemia in the elderly, but it is interesting to note
that in our study when anemia was defined by hemoglo-
bin concentrations just slightly higher (lower than 12.2
g/dL in women and lower than 13.2 in men)24 than those
of the WHO criteria, the risk of hospitalization and mor-
tality remained significantly higher in the mildly anemic
group. Thus, the somewhat arbitrarily chosen lower lim-
its of normal hemoglobin concentration used did not
bias the estimated effect of mild anemia.

Consistent with the results of Penninx et al.12 we did
not find a significant association between highest
hemoglobin concentrations and increased risk of hospi-
talization. At variance with Elwood et al. (in a study of
women with a hematocrit above 45%),25 Zakai et al.,26

Denny et al. (in women),11 and Culleton et al. (in women
seeking medical care),15 and in agreement with Gagnon
et al. (in elderly women and men with hematocrit of
46% to 65% and 49% to 70%, respectively),28 Izaks et

al. (individuals aged 85 years and older),13 Penninx et
al.,12 Denny et al. (in men),11 Chaves et al. (in disabled
women),14 Culleton et al. (in men seeking medical
care),15 and Patel et al. (in well functioning adults aged 70
to 79 years)16 we did not find a significantly increased
risk of all-cause mortality among elderly with the high-
est hemoglobin concentrations. Inspection of Figure 2A
might suggest a possible trend towards an increased risk
of mortality in women with high-normal hemoglobin
concentrations, but larger samples are needed to reach
any firm conclusion.

Except for a study of anemia in moderately-to-severe-
ly disabled older women,29 no population-based study
that we know of has previously investigated the associ-
ation of types of mild anemia with the risk of mortality.
In the present study, at variance with the overall results
seen in the entire group with mild anemia, individuals
with β-thalassemia minor did not have a shorter survival
than non-anemic elderly subjects.

The specific mechanisms by which anemia would
adversely affect relevant health-related outcomes in the
elderly are unknown. However, elderly individuals with
an inherited, generally asymptomatic, lifelong condition
such as β-thalassemia minor were not at increased risk of
mortality, while those with an acquired disorder such as
mild anemia of chronic disease, showed a five-fold
increase in mortality risk. This seems to suggest that,
when developed later in life, mild anemia could signifi-
cantly contribute to health vulnerability and poor clinical
outcomes in the elderly.

Some potential limitations of this study deserve dis-
cussion. In general, findings in a specific geographical
area, also being influenced by the homogeneous charac-
teristics of the particular population under study, might
not necessarily be replicated in other population-based
surveys. Information on health conditions of participants
was mainly based on self-reports. Previous studies have,
however, shown that taking medical histories in elderly
individuals participating in population-based surveys
provides an accurate and complete clinical picture,30 with
no age differences in response accuracy for health-relat-
ed questions.31 Even mildly demented subjects were
found to be no less likely than cognitively unimpaired
elderly to report disorders of recent onset,32 and in the
current study population only 0.8% of the participants
showed a cognitive impairment. Furthermore, the relia-
bility of the interview was very high and imprecise
reporting would apply to both the mildly anemic and
non-anemic groups. Although the possible influence of a
non-response bias on the associations studied cannot be
excluded, this seems rather improbable considering the
condition examined (an anemia of mild grade of which
most of the elderly were unaware) together with the
nature of the outcomes studied. In any case, when more
than half of the self-selected non-participants were added
to the participants, the risk of mortality associated with
mild anemia did not vary greatly; indeed sex- and age-
adjusted hazard ratios increased from 2.09 to 2.54. Even
though results were adjusted for quite a number of
potential demographic and clinical confounders, others
may not have been identified. Conversely, the large
number of confounders entered in the multivariable
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analyses may have led to overadjustment and conse-
quent underestimation of the strength of the associa-
tions. A further concern regards the intrinsic impossibili-
ty of ascertaining a causal relation in observational stud-
ies: association does not imply causation. However strik-
ing and suggestive the results, given the observational
nature of the study it cannot be inferred from the find-
ings that restoring normal hemoglobin concentrations
would necessarily reduce the observed risks associated
with mild grade anemia. 

Mild anemia is common and frequently undiagnosed
in the elderly. Our findings show that mild grade anemia
is independently associated with increased risk of clini-
cally relevant outcomes such as hospitalization and mor-
tality. Observational studies cannot provide proof of
causality, but the well-founded suspicion that mild ane-
mia in the elderly might not be just an innocent

bystander calls for controlled clinical trials to test
whether raising hemoglobin concentrations can effec-
tively reduce the risks associated with this condition. 
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