
Prognostic relevance of normocytic anemia in elderly patients
affected by cardiovascular disease

Liana Spazzafumo1,*, Fabiola Olivieri2,3,*, Jacopo Sabbatinelli2,4,✉, Roberta Galeazzi5, Rina Recchioni3,
Fiorella Marcheselli3, Paola Tamburrini6, Roberto Antonicelli6

1. Epidemiologic Observatory, Regional Health Agency, Regione Marche, Ancona, Italy; 2. Department of Clinical and
Molecular Sciences,  Università Politecnica delle Marche,  Ancona,  Italy;  3. Center of  Clinical  Pathology and Innovative
Therapy,  Italian  National  Research  Centre  on  Aging,  IRCCS  INRCA,  Ancona,  Italy;  4. SOD  Medicina  di  Laboratorio,
Azienda  Ospedaliero  Universitaria  Ospedali  Riuniti,  Ancona,  Italy;  5. Clinical  Laboratory  and  Molecular  Diagnostic,
Italian  National  Research  Center  on  Aging,  IRCCS  INRCA,  Ancona,  Italy;  6. Department  of  Cardiology-CCU,  Italian
National Research Centre on Aging, IRCCS INRCA, Ancona, Italy
*The authors contributed equally to this manuscript
✉ Correspondence to: j.sabbatinelli@pm.univpm.it
https://doi.org/10.11909/j.issn.1671-5411.2021.08.008

 

ABSTRACT　
 
BACKGROUND　Anemia associated with cardiovascular diseases (CVD) is a common condition in older persons. Prevalence
and prognostic  role  of  anemia  were  extensively  studied in  patients  with  myocardial  infarction  (MI)  or  congestive  heart  failure
(CHF) whereas limited data were available on patients with atrial fibrillation (AF). This study was conducted to assess the clinical
prevalence and prognostic relevance of anemia in elderly patients affected by AF and other CVDs.
 
METHODS　A total of 866 elderly patients (430 men and 436 women, age: 65−98 years, mean age: 85 ± 10 years) were enrolled.
Among these patients, 267 patients had acute non-ST-segment elevation MI (NSTEMI), 176 patients had acute CHF, 194 patients
had acute AF and 229 patients were aged-matched healthy persons (CTR). All parameters were measured at the hospital admis-
sion and cardiovascular mortality was assessed during twenty-four months of follow-up.
 
RESULTS　The prevalence of anemia was higher in NSTEMI, CHF and AF patients compared to CTR subjects (50% vs. 15%, P <
0.05), with normocytic anemia being the most prevalent type (90%). Adjusted mortality risk was higher in anemic patient versus
non-anemic patient in all the groups of patients [NSTEMI: hazard ratio (HR) = 1.81, 95% CI: 1.06−2.13; CHF: HR = 2.49, 95% CI:
1.31−4.75; AF: HR = 1.98, 95% CI: 1.01−3.88]. Decreased hemoglobin levels (P = 0.001) and high reticulocyte index (P = 0.023) were
associated with higher mortality in CVD patients.
 
CONCLUSIONS　The significant associations between CVD and anemia and the prognostic relevance of anemia for elderly pa-
tients with CVD were confirmed in this study. The presence of anemia in AF patients is associated with a two-fold increased mor-
tality risk compared with non-anemic AF patients. Low hemoglobin and high reticulocyte count independently predict mortality
in elderly patients with CVD.

  

T he prevalence of anemia significantly rises
with advancing age in both men and women.
Patients over 75 years have a 10% incidence

of anemia, while those over 90 years have an incid-
ence higher than 25%.[1–3] Numerous causes may ex-
plain an anemic state in older persons, including
macro-/micro-hemorrhages, iron deficiency, and
chronic inflammation. Interestingly, the puzzling
entity of unexplained anemia in the elderly repres-
ents 30% to 46% of elderly patients.[4]

An anemic state in older individuals is associated
with a number of negative outcomes, including
heart disease, hospitalization, and death.[5,6] It has
been recently shown that a pre-existing state of anemia
is correlated with the development and progression
of acute coronary syndrome.[7] For example, anemic
patients who develop acute myocardial infarction
(AMI) have an increased risk of death and in-hospital
cardiovascular complications.[8,9] In addition, the
unfavorable impact of anemia has been reported
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also in patients with AMI undergoing percutaneous
coronary intervention.[10] It is also widely recognized
that a high prevalence of anemia is common in heart
failure (HF) patients and is associated with signific-
antly higher mortality rates.[11,12]

Atrial fibrillation (AF) is the most common cardiac
arrhythmia in older persons and it is associated
with increased morbidity and mortality.[3] AF is also
a potent risk factor for ischemic stroke and reduces
physical and cardiac performance as well as patient
quality of life.[13,14] However, only few reports have
investigated the prevalence of anemia in patients
with AF and its relevance on the clinical outcomes.
It has been recently reported that anemia was asso-
ciated with increased mortality and hospitalization
in elderly patients with AF.[15] However, in this pre-
vious study, anemia was defined based on hemato-
crit (Hct) levels and not hemoglobin (Hb) levels
(< 13 g/dL in men and < 12 g/dL in women) as cur-
rently recommended by World Health Organization
(WHO).[16] The Hct value depends on plasma volume
and consequently can be modulated from many dif-
ferent variables, including hemodynamic compens-
ation, pharmacological treatment, hydro-electrolytic
balance, hydration state, which are highly variable
in patients with chronic heart disease. Thus, we
aimed at investigating the association between an-
emia (defined by Hb level) and commonly observed
heart diseases [congestive HF (CHF), AMI and AF]
in a large sample of older patients. We also aimed at
testing the prognostic value of anemia on mortality
over time.

According to current AF management guidelines,
oral anticoagulant therapy (OAT) is the cornerstone
for the prevention of severe outcomes. However,
OAT increases the risk of severe bleeding affecting
the mortality rate, especially in elderly patients.[17]

Thus, to reduce the possible bias related to different
AF pharmacological treatments, we included in the
survival analysis only patients with OAT therapy. 

METHODS
 

Study Population

The enrolment of patients started in February
2014 and ended in December 2017. Of the 3,453
patients that were consecutively admitted to the

Cardiology Unit of Italian National Research Centre
on Aging Hospital in Ancona, Italy. A total of 866
elderly patients that fulfilled inclusion criteria were
enrolled in the study (430 men and 436 women, age:
65−98 years, mean age: 85 ± 10 years). Among these
patients, 267 patients had acute non-ST-segment
elevation myocardial infarction (NSTEMI), 176 pa-
tients had acute CHF without evidence of AMI
(CHF), 194 patients had acute AF without AMI and
CHF (AF) and 229 patients were aged-matched
healthy persons (CTR). Clinical history and inform-
ation on the use of medications were collected for
all patients. 

Inclusion Criteria

Patients aged ≥ 65 years with evidence of acute
NSTEMI, CHF decompensation, or acute AF at the
time of admission to the INRCA Cardiology Department
were enrolled. AF was diagnosed based on electro-
cardiography (ECG) analysis and clinical evalu-
ation. Among the 194 AF patients, 68 patients ex-
hibited a new-onset AF, and 126 patients had a re-
currence of previous AF. Clinical and pharmacolo-
gical management was as follows: (1) patients with
new-onset acute AF were treated for 3−4 weeks
with warfarin and heart rate was monitored to eval-
uate the need of cardioversion. Among these pa-
tients, 59 patients received pharmacological or elec-
tric cardioversion. During the subsequent follow-up,
48 subjects developed a permanent AF [18] and,
among them, 39 subjects continued to be treated
with chronic OAT; and (2) 126 patients had a recur-
rence of AF. 39 patients of them were chronically
treated with Class Ic drugs (propafenone or flecai-
nide) and 78 patients were treated with amiodarone.
In this group, 23 patients were concomitantly
treated with beta-blockers. 98 of 126 patients de-
veloped a permanent AF during the follow-up, and
among them, 86 patients required a chronic OAT.
Anemic and non-anemic patients had similar AF
treatment strategies.

In summary, among the 194 patients enrolled in
our study with acute AF, 146 patients developed a
permanent AF and among them, 125 patients were
treated with OAT during the entire study period.

NSTEMI was diagnosed according to the European
Society of Cardiology guidelines.[19] Briefly, the dia-
gnosis was made based on the presence of at least
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two of the following criteria: (1) clinical symptoms
potentially correlated to AMI, in particular, typical
chest pain or sudden onset of dyspnea; (2) typical
ECG alterations. ECG signs of myocardial ischemia
included either transient or persistent ST-segment
depression > 1 mm, persistent and definite T-wave
inversion, including the pseudo-normalization of
previously negative T-wave in ≥ 2 contiguous leads;
and (3) significant rise and consequent fall of cardiac
troponin T (cTnT) within the first 48–72 h from the
Critical Care Unit admission. We have previously
reported that conventional cTnT is a specific and
sensitive marker for AMI diagnosis in elderly pa-
tients.[20] Moreover, an echocardiogram was per-
formed in all enrolled NSTEMI patients to confirm
the presence of an infarcted area.

Patients with CHF and no evidence of AMI were
selected among patients with a CHF exacerbation
necessitating hospitalization. Only patients with
CHF decompensation due to non-acute coronary
syndrome etiology (such as an exacerbation of pul-
monary pathologies due to infectious diseases,
acute pulmonary embolism, hypertensive crisis, or
valvular pathologies, i.e., aortic stenosis) were re-
cruited for this study. In all acute CHF patients, the
diagnosis was confirmed by transthoracic echocar-
diography and N-terminal prohormone of brain
natriuretic peptide increased levels. The diagnosis
of anemia was defined by a Hb concentration
below the lower reference value (< 12 g/dL in women
and < 13 g/dL in men) as reported by the WHO.[16]

Even if such reference values are under debate,
studies have consistently acknowledged such cut-off
levels to define anemia and recent epidemiological
findings have confirmed such values as risk factors
for mortality and functional impairment in the eld-
erly.[2]

CTR patients were selected among subjects parti-
cipating in the cardiovascular disease (CVD) pre-
vention program at INRCA. CTR subjects had the
same median age as patients and the same percent-
ages of men and women. All participants under-
went clinical examinations from the same medical
team. All subjects gave their informed consent be-
fore enrolment and the study protocol was approved
by the local Ethical Committee. 

Exclusion Criteria

Patients with severe hepatic or renal dysfunction,

malignancy, other diseases with a short-term pro-
gnosis (< 12 months), dialysis, blood transfusion,
and acute gastric hemorrhage were excluded from
the study. Patients with ST-segment elevation
myocardial infarction and stable and unstable angina
were also excluded. Moreover, patients with mul-
tiple cardiovascular morbidities, such as AF/CHF
or AF/NSTEMI or NSTEMI/CHF were excluded
from this study. 

Follow-up

Over the 24-month follow-up period, 131 deaths
were observed. 114 subjects that died due to CVD
were included in statistical analyses, while 17 subjects
that died for other causes were excluded. Moreover,
to avoid possible bias on mortality rate due to the
different pharmacological treatment of AF patients,
only AF patients with a chronic disease in OAT
were included in the survival analysis (n = 125). 

Laboratory Assays

Blood concentrations of Hb, C-reactive protein
(CRP), creatinine, albumin, and red blood cell count
were measured by standard procedures. Conven-
tional cTnT plasma levels (normal range: < 0.03
ng/mL) were determined by Electro Chemi Lumin-
escence Immuno Assay using the Modular Analytics
E170/Cobas immunoanalyzer (Roche Diagnostics)
according to manufacturer’s instructions.

The following hematological investigations were
carried out for all patients in order to classify the
type of anemia. Hb, total leucocyte count, differen-
tial leucocyte count, erythrocytic sedimentation
rate, platelet count, Hct, mean corpuscular volume,
mean corpuscular hemoglobin concentration, mean
corpuscular hemoglobin, packed cell volume and
reticulocyte count. Reticulocyte index (RI) was cal-
culated as reticulocyte percentage × [(patient Hct/
normal Hct)/maturation factor], with normal Hct
equal to 45% for males and 42% for females, and
maturation factor defined according to patient Hct
(1.0: Hct ≥ 35%; 1.5: 25% ≥ Hct > 35%; 2.0: 20% ≥ Hct >
25%; and 2.5: Hct < 20%). 

Statistical Analysis

Baseline clinical characteristics according to study
groups (CHF, NSTEMI, AF, and CTR) are reported
as mean ± SD. Differences among groups were com-
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pared using general linear model analysis adjusted
for age and gender. Contrast analyses were applied
to compare CHF, NSTEMI, and AF patients versus
CTR at baseline. When appropriate, the χ2 test was
applied for categorical variables. The correlations
between parameters were calculated with Spear-
man’s rho correlation coefficient.

Cumulative probability and survival curves were
constructed using Kaplan-Meier estimates and com-
pared using the log-rank test. The hazard ratio (HR)
and 95% confidence interval (CI) for death was cal-
culated by using Cox regression model. We estim-
ated the HR and 95% CI in two models for each
group (CHF, NSTEMI and AF). The first model was
unadjusted showing crude HR and 95% CI, whereas
the second model was adjusted for the parameters
that showed significant differences between anemic
and non-anemic patients. Adjusted covariates in-
cluded: age, sex, body mass index, red and white
blood cells number, Hct, total cholesterol, high-
density lipoproteins cholesterol, CRP, cTnT and cre-
atinine. The final models were determined using a
forward stepwise elimination procedure. The pro-
portional hazard assumption was confirmed by ex-

amination of log-log survival curves and by testing
of partial residual (Schoenfeld) and no relevant vi-
olation was found.

Probability values lower than 0.05 were con-
sidered statistically significant. The reported P-values
were two-tailed in all calculations. Data were ana-
lyzed with SPSS 25.0 (SPSS Inc., IBM, Chicago, IL,
USA). 

RESULTS

Table 1 shows the main clinical characteristics of
all participants. Interestingly, NSTEMI, CHF, and
AF patients showed significantly lower Hb levels
than CTR in both men and women.

There was a significant difference among numerous
biochemical markers, including Hb among NSTEMI
and CHF versus CTR, whereas only Hb values were
found to be significantly different between AF pa-
tients and CTR.

Significant negative correlations between Hb and
CRP and between Hb and creatinine were observed
(Spearman’s rho = −0.34, P < 0.001 and Spearman’s
rho = −0.31, P < 0.001, respectively).

 

Table 1    Biochemical and clinical parameters according to clinical status (n = 886).

Variables Control subjects
(n = 229)

Congestive heart
failure (n = 176)

Non-ST-segment elevation
myocardial infarction (n = 267)

Atrial fibrillation
(n = 194)

Age, yrs 81.9 ± 10.1 83.6 ± 8.2* 82.7 ± 8.5 80.7 ± 11.4

Body mass index, kg/m2 25.2 ± 4.4 25.6 ± 5.4** 25.1 ± 4.4* 25.3 ± 4.0

White blood cells, 103/μL 7.0 ± 2.6 11.2 ± 6.0** 10.3 ± 5.1** 8.0 ± 3.1

Red blood cells, 106/μL 4.4 ± 0.6 4.0 ± 0.6 4.4 ± 4.0 4.4 ± 0.7

Hematocrit, % 39.9 ± 4.7 36.0 ± 7.0** 36.7 ± 5.3** 38.2 ± 5.3

Glycemia, mg/dL 108.9 ± 40.9 145.8 ± 59.1** 151.7 ± 71.3** 122.1 ± 47.0

Creatinine, mg/dL 1.0 ± 0.7 1.6 ± 1.1** 1.5 ± 1.0** 1.3 ± 0.9

Hemoglobin, g/dL

　Females 13.2 ± 1.8 11.5 ± 1.9** 11.9 ± 1.8** 12.0 ± 1.8**

　Males 14.5 ± 1.3 11.9 ± 2.0** 12.5 ± 2.5** 12.8 ± 2.2*

Albumin, % 53.1 ± 6.2 50.3 ± 7.2** 51.3 ± 6.6** 53.9 ± 6.2

Total cholesterol, mg/dL 165.7 ± 46.9 147.9 ± 47.7 157.2 ± 45.8 165.7 ± 46.9

High-density lipoproteins cholesterol, mg/dL 52.3 ± 15.7 42.4 ± 16.6** 45.5 ± 14.6** 48.5 ± 16.4

Homocysteine, μmol/L 16.8 ± 7.0 18.6 ± 10.7 16.8 ± 8.0 17.7 ± 10.7

Cardiac troponin T, ng/mL 0.04 ± 0.07 0.15 ± 1.23** 0.73 ± 0.41** 0.08 ± 0.07

C-reactive protein, mg/dL 1.79 ± 5.28 6.97 ± 9.33** 5.07 ± 7.48** 1.90 ± 3.43

Data are presented as means ± SD. *Refers to the P-value was less than 0.01. **Refers to the P-value was less than 0.05. P-value was used
to compare congestive heart failure, non-ST-segment elevation myocardial infarction and atrial fibrillation patients versus control
subjects at baseline.
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The state of anemia evaluated according to WHO
current guidelines was compared between each
group and CTR. The total percentage of subjects
with anemia was similar (approximately 50%) in all
groups of patients (χ2 = 3.79, P = 0.150) (Table 2). An
increased number of subjects with anemia was ob-
served in all the three groups of patients, including
AF, compared with CTR [anemic patients vs. anemic
CTR subjects; CHF: 93 (52.8%) vs. 34 (14.9%), P <
0.01; NSTEMI: 156 (58.4%) vs. 34 (14.9%), P < 0.01;
AF: 96 (49.5%) vs. 34 (14.9%), P < 0.01] (Table 3). In-
terestingly, about 90% of anemic patients had nor-
mocytic anemia, independently of CVD (Table 2).

The Kaplan-Meier analysis revealed an increased
mortality risk for anemic subjects in all three groups
of patients compared to CTRs (Figure 1).

Unadjusted (crude HR) and adjusted mortality
risks were calculated and showed in Table 3. As ex-
pected, anemic patients with CHF or NSTEMI
showed significantly higher risk for mortality dur-
ing the 24-month follow-up period, even after ad-
justing for age, sex, body mass index, red and white
blood cell number, Hct, total cholesterol, high-density
lipoproteins cholesterol, CRP, cTnT and creatinine
(CHF: adjusted HR = 2.49, 95% CI: 1.31−4.75, P =

0.005; NSTEMI: adjusted HR = 1.81, 95% CI: 1.06−
2.13, P = 0.014). Interestingly, also anemic patients
with AF had a significantly higher mortality risk
compared to AF patients without anemia, even after
adjustment for above-mentioned confounding vari-
ables (AF: adjusted HR = 1.98, 95% CI: 1.01−3.88,
P = 0.046). Among patients with CVD, decreased
Hb levels predicted mortality after adjustment for
age and sex (adjusted HR = 1.06, 95% CI: 1.04−1.09
for each 1 g/dL decrease in Hb, P = 0.001). The RI
was also evaluated to assess the extent of the bone
marrow compensatory response to anemia. An RI > 2
suggests the presence of a bone marrow response to
blood loss or hemolysis. As expected, the median RI
of elderly subjects with anemia was overall low
(Table 2), suggesting the high prevalence of hypo-
proliferative normocytic anemia. Notably, we ob-
served that increased RI is associated with higher
mortality in CVD patients, after adjustment for age
and sex (adjusted HR = 1.51, 95% CI: 1.06−2.14 for
each 1-point RI increase, P = 0.023).

Survival analyses in AF patients were performed
only in those treated with OAT. Even though we re-
ported survival analyses in the setting of AF pa-
tients using OAT, we tested for differences among

 

Table  2      Number  and percentage  of  subjects  with  anemia  (ANEMIA+)  and without  anemia  (ANEMIA-)  in  patients  affected by
congestive heart failure, non-ST-segment elevation myocardial infarction, or atrial fibrillation (n = 637), and in healthy control sub-
jects (n = 229).

Group ANEMIA- ANEMIA+ Normocytic anemia Reticulocyte index

Congestive heart failure 83 (47.2%) 93 (52.8%) 84 (90.3%) 0.74 (0.23−1.25)

Non-ST-segment elevation myocardial infarction 111 (41.6%) 156 (58.4%) 140 (89.7%) 0.80 (0.16−1.44)

Atrial fibrillation 98 (50.5%) 96 (49.5%) 87 (90.6%) 0.67 (0.25−1.09)

Control subjects 195 (85.1%) 34 (14.9%) 31 (91.1%) 0.75 (0.30−1.20)

Data are presented as n (%) or median (interquartile range). Congestive heart failure versus control subjects: χ2 = 66, P < 0.01; non-ST-
segment elevation myocardial infarction versus control subjects: χ2 = 99, P < 0.01; atrial fibrillation versus control subjects: χ2 = 59, P <
0.01.

 

Table 3    Unadjusted and fully adjusted Cox proportional hazard regression analyses of 24-month mortality.

Group
Death rate Unadjusted model Adjusted model*

Anemia
absent

Anemia
present

HR
(95% CI) P-value HR

(95% CI) P-value

Congestive heart failure 25.6% 46.1% 2.02 (1.20−3.43) 0.017 2.49 (1.31−4.75) 0.005

Non-ST-segment elevation myocardial infarction 25.0% 41.8% 1.73 (1.10−2.72) 0.008 1.81 (1.06−2.13) 0.014

Atrial fibrillation 17.0% 36.2% 2.49 (1.38−4.52) 0.003 1.98 (1.01−3.88) 0.046

Control subjects 8.2% 14.7% 1.83 (0.54−6.15) 0.232 0.46 (0.09−2.20) 0.327

*Refers to models were adjusted for age, sex, body mass index, red and white blood cells number, hematocrit, total cholesterol, high-
density lipoproteins cholesterol, C-reactive protein, cardiac troponin T and creatinine. CI: confidence interval; HR: hazard ratio.
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those using digitalis, but we did not find any signi-
ficant correlations with mortality (data not shown). 

DISCUSSION

Anemia in older persons is associated with severe
complications compared to younger adults. Older
patients with anemia are considered a delicate
group needing specific attention because they are at
a greater risk for a wider range of complications, in-
cluding increased risk for mortality, cognitive dys-
function, longer hospitalization times, co-morbid
conditions, reduced bone density, and increase of
falls and fractures.[2,5,6,13] It is widely known that an-
emia is independently associated with poor out-
comes in patients with CVD, including CHF and
AMI.[4,12] However, there is currently limited data
on the association between anemia and AF in older
patients.[15] Here, we analyzed the presence of an-
emia in a cohort of elderly patients, including pa-
tients with NSTEMI, CHF, or AF. We found that pa-
tients with heart disease of any kind were more
likely to be anemic. In fact, about 50% of the en-
rolled patients were anemic at the time of hospital
admission, without significant differences among
the three disease states. The prevalence of anemia
was previously extensively studied in CHF and
AMI patients, and thus we confirmed the expected
results. However, this is among the first studies
classifying anemic patients according to the WHO
definition,[16] and showing an association between

low Hb levels and AF in a group of elderly patients.
Due to the study design, we can only speculate

on the reasons explaining the relationship between
anemia and AF. Firstly, the presence of a long chronic
state of anemia may trigger ventricular remodeling
and cardiac dysfunction.[21] Secondly, the Hb reduc-
tion may be associated with other risk factors for
CVD, such as decreased nutritional status or in-
creased inflammatory status. Different markers of
inflammation, such as fibrinogen, white blood cell
count, and CRP were reported to be related with the
strength of the association between anemia and
CVD.[22] We observed a negative correlation between
Hb and CRP, confirming that anemia may be a marker
associated with the inflammatory process. Moreover,
recent studies suggest strongly that aging is associ-
ated with the deregulation of pro-inflammatory cy-
tokines, most notably interleukin-6, which may neg-
atively impact hematopoiesis, either by inhibiting
erythropoietin (EPO) production or by interacting
with EPO receptors.[23] At the moment, all the major
clinical trials testing the impact of erythrocyte stim-
ulating agents on anemia have failed to show any
improvements in the outcomes related to CVD,
stroke, and vascular thrombosis. However, mod-
erate elevations in Hb (e.g., to 13 g/dL) using EPO
have been associated with a significant increased
risk of thrombotic cardiovascular events and HF.[24]

The literature has revealed that the ageing process
itself affects blood production with a reduced ratio
of bone marrow to fat cells and reduced marrow re-

 

Figure 1    Kaplan-Meier curves for time to death in patients with congestive heart failure (A), non-ST-segment elevation myocardial
infarction (B), and atrial fibrillation (C) grouped according to the presence or absence of anemia on admission assessed by means of
hemoglobin concentration. The survival curve for CTR is displayed for comparison. CTR: control subjects.
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sponse when stimulated with EPO.[25] We found
that about 90% of CVD (NSTEMI, CHF and AF) pa-
tients with anemia showed a normocytic pattern,
which is commonly associated with a wide variety
of chronic disorders, including inflammatory condi-
tions, infections, and various systemic diseases.[26]

Thus, it could be hypothesized that ageing “per se”
in association with the presence of chronic diseases
could contribute to the decline of Hb and the age-
related increase in the prevalence of anemia.[27] In-
terestingly, we found that many variables were sig-
nificantly different in NSTEMI and CHF compared
to CTR, while there was no difference in AF pa-
tients compared to the CTR, except for anemia. This
observation suggests that the link between anemia
and AF could be different from that between
CHF/NSTEMI and anemia. One may hypothesize
that a relative ischemia due to the anemia could in-
duce electrophysiological alterations, modifying the
heart conductance system in particular at the level
of the sinus node. Another possible mechanism
may be related to tachycardia and autonomic nervous
system (sympathetic) activation due to the presence
of anemia and reduction of effective blood volume.

The key finding of our study is that elderly pa-
tients affected by CVD and anemia showed an in-
creased mortality risk at 24 months of follow-up in
comparison to non-anemic patients. The prognostic
relevance of anemia was proven in NSTEMI, CHF
and AF groups separately, independently of mul-
tiple confounders. In a previous paper, we reported
that in old NSTEMI patient, Hb levels are an inde-
pendent predictor of all-cause death at one year
after acute event.[28] Here, we confirm that reduced
Hb levels are associated with higher 24-month mor-
tality in a cohort of elderly CVD patients. Moreover,
we showed that increased RI, which suggests
chronic blood loss in elderly patients, is associated
with higher mortality in CVD patients. While the
extent of the bone marrow compensatory response
to anemia in CHF has been previously evaluated by
means of RI,[29] this is the first study assessing the
prognostic relevance of RI in CVD patients.

Although few studies have shown that anemia,
determined at a single time point, was associated
with worse prognosis in AMI and/or CHF patients,
only few studies explored the impact of anemia in
AF patients.[15,30] Here, we showed that anemic pa-

tients with AF have an approximately two-fold risk
of death compared to non-anemic AF patients. Our
results are in agreement with a previous report from
the Fushimi AF Registry showing that the presence
of anemia in AF patients is associated with increased
risk of CHF hospitalization, major bleeding, and all-
cause mortality.[30] Importantly, this result was ob-
tained by including in the survival analysis only AF
patients with chronic AF and under OAT, to avoid
possible bias due to the different impact on mort-
ality rate of pharmacological treatments.[31]
 

LIMITATIONS

Some limitations of the present study must be
considered. On the one hand, our study is limited
by its retrospective design and the mandate to have
an available complete blood count assessment at the
time of the hospital admission, which could have
limited the power to detect to detect relevant associ-
ation due to the relatively limited sample size. On
the other hand, we were unable to identify transient
versus persistent anemia. Previous reports showed
that patients with transient anemia have survival
rates significantly better than those with persistent
anemia.[31] Since the presence of persistent anemia
conferrers poorest survival in patients with CVD
when compared with incident or resolved anemia,
it could be speculated that the largest part of the
elderly patients enrolled could be affected by per-
sistent anemia. However, it was reported that both
baseline and late anemia carried prognostic signific-
ance in patients affected by coronary artery disease.[32]
 

CONCLUSIONS

In conclusion, we showed that the concomitant
presence of anemia in elderly CVD patients exerts
an additive adverse effect on mortality. Anemia of
older persons is often related to subclinical chronic
inflammation, that is, inflammaging, but also mal-
nutrition, hematological and solid malignancies
should be regarded as possible causes.[33] Given that
the management of anemia largely depends on its
etiology and most of the therapeutic options are
feasible also at advanced ages,[34] a comprehensive
diagnostic workup to find the underlying causes is
warranted to reduce the burden of mortality associ-
ated with late-life CVD. Future intervention trials
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and more accurate clinical registries are needed to
identify those patients who may benefit from spe-
cific therapies targeting anemia associated with
AMI, CHF and AF. 
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