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Abstract

Anemia, a common concern in geriatric pop-
ulation, is associated with several negative
outcomes. The aim of this study was to inves-
tigate the independent prognostic value of
anemia in the year after hospital discharge,
analyzing its association with disability and
mortality in a sample of older hospitalized
patients. We evaluated 896 in-hospital older
patients enrolled in the CRiteria to Assess
Appropriate Medication Use among Elderly
Complex Patients (CRIME) study, with assess-
ment of hemoglobin levels at hospital admis-
sion and with follow-up data. We analyzed the
risk of developing disability (in patients with-
out pre-existing disability in activities of the
daily living) and the likelihood of death (in the
entire sample) in the 12 months after dis-
charge according to presence and degree of
anemia (defined by sex-specific World Health
Organization criteria). Mean age of study par-
ticipants was 81.2+7.4 years, 57.8% had preva-
lent anemia. In unadjusted analysis, anemia
was strongly associated with functional status
and survival. Nevertheless, the increased risk
of disability and death was influenced by the
coexistence of several clinical conditions asso-
ciated with anemia. Indeed, using multivariate
logistic regression analysis adjusted for poten-
tial confounders, the association with disabili-
ty was strongly attenuated [severe anemia
odds ratio (OR) 1.86, 95% confidence interval
(CD: 0.96-3.58, mild-moderate anemia OR
1.05, 95% CI: 0.62-1.80] and the relationship
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with mortality was no longer significant
[severe anemia hazard ratio (HR) 1.13, 95%
CI: 0.73-1.75, mild-moderate anemia HR 1.14,
95% CI: 0.78-1.67]. In older hospitalized
patients, anemia, despite not influencing mor-
tality, might have a significant disabling effect.
Anemia should not be considered as an
inevitable epiphenomenon of aging but a con-
dition able to worsen the quality of life.

Introduction

Anemia is defined by World Health
Organization (WHO) criteria as hemoglobin
(Hb) levels lower than 12 g/dL in women and
lower than 13 g/dL in men.! This condition is
common in geriatric population (the WHO
reported a worldwide prevalence of anemia in
elderly of 23.9%) but in literature there is a
broad variability of data on its exact incidence
and prevalence. According to a review pub-
lished in 2004, the prevalence of anemia
ranged from 2.9% to 61% in elderly men and
from 3.3% to 41% in elderly women; several
factors are involved in this variability, includ-
ing the setting of the study, the health status of
the population, and the criteria used to define
anemia.? Anemia, being often an epiphenome-
non of other pathological conditions, is
extremely common especially in hospitalized
elderly patients, in which prevalence reaches
about 50%.

Among hospitalized subjects, anemia has
been associated with physical disability. A
cross-sectional study performed on geriatric
hospitalized patients found anemia to be asso-
ciated with an increased likelihood of disabili-
ty in activities of the daily living (ADL)* but,
stratifying the analysis by comorbidity severity,
the association between anemia and disability
remained significant only in patients with the
lowest comorbidity levels.> Furthermore, in
elderly with ADL disability at hospital admis-
sion, Maraldi ef al. demonstrated that anemia
was inversely associated with the likelihood of
regaining independence during hospital stay
and, among anemic patients, the level of
improvement was greater in subjects with
higher Hb values.?

Since anemia is associated with many neg-
ative outcomes, some authors investigated its
potential association with mortality. Several
studies, performed on community-dwelling
elderly, found a significant association
between Hb levels and mortality.®* In one of
these studies, where an increased all-cause
mortality was found among elderly with mild
anemia [hazard ratio (HR) 1.86, 95% confi-
dence interval (CI): 1.34-2.53], the authors
conducted also a subgroup analysis by anemia
type. The mortality risk was significantly
increased in subjects with mild anemia of
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chronic disease (HR 5.44, 95% CI: 3.53-8.06),
while significant results were not found for the
other anemia categories.

The aim of our study was to evaluate the
prognostic value of anemia after hospitaliza-
tion, analyzing the association of anemia with
functional disability and mortality in a sample
of hospitalized elderly patients highly hetero-
geneous in terms of clinical features.
Moreover, we assessed whether the potential
association with negative clinical events is
independent of the concomitant presence of
other significant prognostic factors.

Materials and Methods

Study population and data
collection

We used data from 1123 subjects enrolled in
the CRiteria to Assess Appropriate Medication
Use among Elderly Complex Patients (CRIME)
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project, an observational study performed in
geriatric and internal medicine acute care
wards of 7 Italian hospitals (Gemelli Hospital,
Catholic University of Sacred Heart of Rome;
University of Perugia; University of Ferrara;
National Institute of Hospitalization and Care -
INRCA situated in Ancona, Cosenza, Fermo
and Rome). Methodology of the CRIME project
has been described in detail elsewhere.!%!!

Briefly, all patients consecutively admitted
to participating wards during the enrollment
period (June 2010 - May 2011) entered the
study. Exclusion criteria were age <65 years
old and unwillingness to take part to the study.
Ethical approval for the study was obtained in
all participating centers. Hospitalized patients
were invited to participate to the study and
were free to decline participation. Written con-
sent was obtained with assurance of data con-
fidentiality. Data collection was conducted
through a dedicated questionnaire, filled in at
hospital admission and at discharge by study
researchers. Moreover, patients were evaluat-
ed 3, 6 and 12 months after discharge. Follow-
up was performed through ambulatory visits
(or telephone interview if patient’s clinical
condition did not allow the visit). During each
follow-up, participants’ information was
obtained by interviewing themselves or their
relatives. For dead patients, the date of death
was provided by relatives.

For this study, we further excluded patients
with missing Hb value (3.9%) and/or those lost
to follow-up (17.3%). Therefore, the total num-
ber of subjects included in the present analysis
was 896.

Hemoglobin evaluation

Hb levels of study participants were
assessed at hospital admission after a 12-h
overnight fast. Assays were performed in the
central laboratory of each clinical center using
standardized methods. Each laboratory fulfilled
the requirements of a standard quality control
program, thus ensuring the reliability and
validity of all biochemical measures.

Anemia was defined according to sex-specif-
ic WHO criteria: Hb <13 g/dL in men and Hb
<12 g/dL in women.! We further divided ane-
mic patients in two groups: mild/moderate
anemia (if Hb <12 and =10 g/dL in women and
Hb <13 and =11 g/dL in men) and severe ane-
mia (if Hb <10 g/dL in women and Hb <11 g/dL
in men).

Outcomes definition

Death occurring in the year after discharge
was used as a measure of long-term mortality.
After discharged, patients were reassessed at
3, 6, and 12 months through either ambulatory
visits or telephone contacts. The day of dis-
charge from hospital was considered as the fol-
low-up starting point. During each follow-up,
data on living status and, eventually, the date
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of death were collected. Time from discharge
to last follow-up was considered as temporal
function in our study. No information regard-
ing causes of death was gathered.

Functional status was evaluated at baseline
and during the follow-up using the partici-
pant’s dependency in ADL, with higher values
indicating higher level of dependency;! inci-
dent ADL disability was defined as the need of
assistance in at least one of the five ADL
(bathing, dressing, toileting, transfer and
feeding) during the follow-up among patients
without ADL difficulty at baseline.

Covariates

Cognitive status was assessed using the
mini mental state examination (MMSE),"2 per-
formed during hospitalization in clinical stable
conditions preferably the day before discharge.
To assess the presence of depressive symp-
toms we used the geriatric depression scale."

Socio-demographic characteristics of the
study population included age and gender.
History of smoking and number of hospitaliza-
tions in the last year were ascertained from a
baseline interview. Body mass index (BMI,
kg/m?) was calculated from subject’s weight and
height, measured using objective standard tech-
niques. The prevalence of specific medical con-
ditions was established using standardized cri-
teria that combined information from baseline
interview, medical records, physical examina-
tion and blood test results. Disease categories
were: hypertension, coronary heart disease,
heart failure, diabetes mellitus, dementia (cate-
gorized in non-Alzheimer’s and Alzheimer’s
dementia), gastritis, peptic ulcer, renal failure
and cancer. We also determined some biochem-
ical parameters at discharge: albumin, creati-
nine and C-reactive protein (CRP).

Statistical analysis

Selected socio-demographic and clinical
characteristics of the study population were
compared according to presence and degree of
anemia (no anemia, n=378; mild-moderate
anemia, n=343; severe anemia, n=175), using
a %2 test and ANOVA model for categorical and
continuous variables, respectively. To calculate
the risk of developing disability during follow-
up, because of the lack of the precise date of
the event, we estimated the odds ratio (OR)
and the 95% CI using multivariable logistic
regression models adjusted for potential con-
founders, according to severity of anemia.
Regression models were adjusted for several
variables that can potentially act as confound-
ing factors on the association between anemia
and the risk of disability (variables clinically
significant, variables found to be associated in
univariate analysis and variables able to
change the coefficient of association between
anemia and disability). All these factors were
initially included in the model; afterword the
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model was simplified removing unnecessary
variables using a backward selection tech-
nique. On this basis, we created the following
models: model 1 unadjusted; model 2 adjusted
for age and sex; model 3 adjusted for age, sex,
dementia and cancer; model 4 adjusted for age,
sex, dementia, cancer, albumin and degree of
disability at discharge. This specific analysis
was limited to patients without ADL disability
at hospital admission (n=499).

Then, we performed the survival analysis in
the entire sample to analyze the association
between anemia and mortality using Kaplan-
Meier curves and the log-rank test. HR and
95% CI for each anemia category were estimat-
ed by Cox proportional hazard regression
adjusting for potential confounders, with the
absence of anemia as the reference category.
We adjusted the results as follows: model 1
unadjusted; model 2 adjusted for age, sex and
number of hospitalization in the last year;
model 3 as model 2 but adjusted also for heart
failure, dementia, peptic ulcer/gastritis, renal
failure and cancer; model 4 as model 3 but
adjusted also for BMI and albumin. All analyses
were performed using Stata 13.0 for Windows
(Stata Corporation, College Station, TX, USA).

Results

Mean age of study participants was 81.2+7.4
years and 492 (54.9%) were female. At hospital
admission anemia was present in 57.8% of
study population.

Table 1 presents selected socio-demograph-
ic, functional and clinical characteristics of the
study population according to presence and
degree of anemia. Subjects with anemia were
significantly older (P<0.001), had lower BMI
(P<0.001) and greater number of hospitaliza-
tions in the last year (P<0.001). They also had
a worst cognitive and functional performance
with lower MMSE score (P<0.001) and higher
disability in ADL (P<0.001) compared to
patients without anemia. As regards medical
conditions, subjects with anemia had a signif-
icantly higher prevalence of heart failure
(P<0.001), non-Alzheimer’s  dementia
(P=0.007), gastritis (P=0.041), peptic ulcer
(P=0.001), renal failure (P<0.001) and cancer
(P<0.001), but lower prevalence of hyperten-
sion (P=0.005). The presence of anemia was
also significantly associated with lower values
of albumin (P<0.001) and higher concentra-
tions of creatinine (P<0.001) and CRP
(P=0.035). There was no significant associa-
tion between anemia and other participants’
characteristics including gender and history of
smoking.

Figure 1 displays the likelihood to remain
independent, in relation to time and Hb values.
In this part of the study we considered only
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patients without disability, so from an initial
complete functional autonomy for all the
patients, during the follow-up there was a
reduction in the percentage of subjects who

maintained their independence in ADL. This
reduction, although present in all groups, was
significantly proportional to severity of ane-
mia; in fact it was particularly evident in

patients with severe anemia for which the
likelihood of being still independent after 12
months was slightly higher than 50%. We then
analyzed the likelihood of developing disability

according to degree of anemia, using a multi-
variate logistic regression analysis (Table 2).
Model 1, unadjusted, shows that compared to
patients without anemia, those with mild-mod-
erate anemia had about one and a half fold
higher risk of developing disability (OR 1.46,
95% CI: 0.93-2.30) and that subjects with
severe anemia an almost three-fold increased
risk (OR 2.72, 95% CI: 1.53-4.83). Adjusting for
several potential confounding variables,
including functional status at discharge (com-
plete independence or need of supervision),
the risk of developing disability was similar in
patients without anemia and with mild-moder-
ate anemia (OR 1.05, 95% CI: 0.62-1.80), while
it is still higher, but at the limit of statistical
significance, in subjects with severe anemia
(OR 1.86, 95% CI: 0.96-3.58).

Over 1 year of follow-up, 182 (20.3%) partic-
ipants had died. The 1-year survival of study
participants, according to anemia severity, is
shown in Figure 2. In the first 4 months of fol-
low-up there was a greater survival in not ane-
mic patients than in anemic ones, but no sig-
nificant difference on the basis of anemia

Likelihood to remain independent

0 3 6 12
Months

—=&—— No Anaemia ——#—— Severe Anaemia

——a—— MildModerate Anaemia

Figure 1. Likelihood to remain independent at 12 months in relation to anemia severity.

Table 1. Selected characteristics of study participants according to presence and degree of anemia.

Female, N (%) 200 (52.9) 199 (58.0) 93 (53.1) 0.338
Age, mean+5D 78.8+7.4 83.1+7.0 82.7+6.7 <0.001
Smoking, N (%)

Former 133 (35.2) 112 (32.7) 56 (32.0)

Never-smoker 205 (54.2) 210 (61.2) 107 (61.1) 0.128
BMI (kg/m?), mean+SD 28.0+5.3 25.8+5.0 25.6+4.7 <0.001
Hospitalizations in the last year, N (%)

One 78 (20.6) 7 (22.4) 43 (24.6)

More than one 62 (16.4) 90 (26.2) 53 (30.3) <0.001
Medical conditions, N (%)

Hypertension 303 (80.2) 240 (70.0) 127 (72.6) 0.005

Coronary heart disease 102 (27.0) 116 (33.8) 56 (32.0) 0.125

Heart failure 74 (19.6) 116 (33.8) 65 (37.1) <0.001

Diabetes mellitus 99 (26.2) 100 (29.2) 61 (34.9) 0.113

Non-Alzheimer’s dementia 38 (10.0) 53 (15.4) 34 (194) 0.007

Alzheimer’s dementia 17 (4.5) 24 (7.0) 6 (3.4) 0.157

Gastritis 34 (9.0) 48 (14.0) 27 (15.4) 0.041

Peptic ulcer 12 (3.2) 8 (2.3) 16 (9.1) 0.001

Renal failure 63 (16.7) 99 (28.9) 64 (36.6) <0.001

Cancer 31 (8.2) 48 (14.0) 43 (24.6) <0.001
Multidimensional assessment

MMSE, median (IQR) 24 (19, 28) 22 (16,27) 22 (14,27) <0.001

GDS, median (IQR) 3(2,6) 42,7 43,7 0.008

Disability in ADL, N (%) 113 (29.9) 176 (51.3) 108 (61.7) <0.001
Biochemical parameters (at discharge)

Albumin (g/dL), mean+SD 3.8+0.5 3.5+0.6 3.4+0.7 <0.001

Creatinine (mg/dL), median (IQR) 1.0 (0.8, 1.2) 1.1 (0.8, 1.4) 1.1 (0.9, 1.5) <0.001

C-reactive protein (mg/L), median (IQR) 3.7 (1.1, 10.3) 6.3 (2.3,17.9) 6.0 (1.5,23.9) 0.035
SD, standard deviation; BMI, body mass index; MMSE, mini mental state examination; IQR, interquartile range; GDS, geriatric depression scale; ADL, activities of daily living.
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severity was found. However, since the 4%
month the two curves started to space out,
indicating a greater risk of death in patients
with severe anemia than in those with a lower
degree of anemia. The likelihood of 1-year
mortality according to degree of anemia is fur-
ther analyzed in Table 3. The crude model
shows that the risk of death was significantly
more than doubled in patients with mild-mod-
erate anemia (HR 2.30, 95% CI: 1.60-3.31) and
almost three-fold in subjects with severe ane-
mia (HR 2.99, 95% CI: 2.01-4.44) compared to
not anemic patients. After adjustment for sev-
eral confounders, the strength of the associa-
tion between anemia and mortality progres-
sively reduced. In fact, in the last model the rel-
ative risk was of 14% in mild-moderate anemic
patients (HR 1.14, 95% CI: 0.78-1.67) and of
13% in severe anemic ones (HR 1.13, 95% CI:
0.73-1.75) and these differences did not reach
significance.

Discussion

Our work demonstrated that the presence of
anemia was associated with increased risk of
developing disability in ADL and likelihood of
death in the 12 months after discharge in a
sample of older hospitalized patients. However,
the increased risk of disability and particularly
of death was strongly influenced and explained
by the coexistence of several clinical condi-
tions associated with the presence of anemia.
In fact, from unadjusted data anemia seemed
to have a strong impact on functional status
and survival but, after adjustment for several
potential confounders, the association with

disability was no longer statistically significant
and the relationship with mortality completely
disappeared.

As previously mentioned, a population-
based study conducted by Riva et al. found mor-
tality to be higher in patients with moderate
anemia (defined as Hb concentrations
between 10.0 and 11.9 g/dL in women and
between 10.0 and 12.9 g/dL in men) compared
to not anemic patients, despite the correction
of results for many potential influential factors
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1 ! ! 1 1
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(such as age, gender, smoking, BMI, comorbid-
ity, etc.).5 Another study, performed on commu-
nity-dwelling elderly, found a significant J-
shaped relationship between Hb levels and
mortality with lower and higher Hb concentra-
tions and presence of anemia independently
associated with increased mortality.” Likewise,
Culleton ef al. found, always in a similar geri-
atric sample, Hb values to be associated with
all-cause mortality in a J-shaped way, with the
lowest mortality risk for Hb levels between 13.0

6 7 8 9 10 1" 12

Survival (months)

——&—— No Anaemia

——a—— MildModerate Anaemia

—#—— Severe Anaemia

Figure 2. One-year survival of study participants, according to anemia severity.

Table 2. Crude and adjusted likelihood of disability according to degree of anemia.

No anemia 261 22.2 1 1 1 1
Mild/moderate 153 29.4 1.46 (0.93-2.30)  1.13 (0.70-1.83)  1.13 (0.69-1.85)  1.05 (0.62-1.80)
Severe 64 438 2.72 (1.53-4.83) 242 (1.35-4.36) 242 (1.32-4.43)  1.86 (0.96-3.58)

Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: Model 2 + dementia (non-Alzheimer’s and Alzheimer’s) and cancer; Model 4: Model 3 + albumin and degree of disability at discharge. OR, odds ratio;
Cl, confidence interval.

Table 3. Crude and adjusted likelihood of 1-year mortality according to degree of anemia.

No anemia 378 119 1 1 1 1
Mild/moderate 343 24.2 2.30 (1.60-3.31)  1.61 (1.11-2.33)  1.51 (1.04-2.20)  1.14 (0.78-1.67)
Severe 175 30.9 2.99 (2.01-4.44)  2.06 (1.38-3.09)  1.71 (1.13-2.59)  1.13 (0.73-1.75)

Model 1: unadjusted; Model 2: adjusted for age, sex and number of hospitalization in the last year; Model 3: Model 2 + heart failure, dementia, peptic ulcer and/or gastritis, renal failure and cancer; Model 4: Model 3
+ body mass index and albumin. HR, hazard ratio; CI, confidence interval.
OPEN 8 ACCESS
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and 15 g/dL in women and 14.0 and 17.0 g/dL in
men.? Finally, a study published in 2009, per-
formed on not hospitalized elderly patients
without severe comorbidities, found an
increased 5-year mortality risk in men with
mild anemia (HR 1.9, 95% CI: 1.5-2.4), while in
women there was not a significant association
between anemia and mortality risk.® Our work
led to different results compared to those of
above studies since it showed that increased
mortality would be present only without con-
sidering all the important prognostic factors
associated with anemia in our sample. A possi-
ble explanation for these contrasting results is
the different study population, consisted of
hospitalized patients in our study instead of
community-dwelling subjects of the others.

Regarding the development of functional
decline, the relationship between anemia and
disability has been already analyzed by other
authors, who highlighted the role of comorbid-
ity in determining the level of this association.
Indeed, they found that much of this relation-
ship was due to comorbidity presence, which is
able to worsen any kind of clinical condition.?
From our results, we came to a similar conclu-
sion: the risk of deterioration of functional sta-
tus appeared the same in subjects without
anemia and with mild-moderate anemia, but
this risk tended to almost double in patients
with severe anemia. The conclusions of our
study are only partially in agreement with
those obtained by other researchers: they are
closer to the results of studies performed on
hospitalized geriatric population, while they
are discordant from those obtained from stud-
ies on elderly recruited from a territorial set-
ting. Indeed, a study on community-dwelling
women found a significant association
between Hb concentrations and physical per-
formance: women with higher Hb levels had a
significant lower prevalence of mobility diffi-
culty than those with lower Hb values, also in
subjects with Hb levels within the normal
range according to WHO criteria.'*

One of the most important determining fac-
tors of the increased likelihood of development
of disability in anemic patients, compared to
subjects without anemia, seems to be the
reduced tissue oxygenation. Indeed, the
reduced availability of oxygen in the muscle
causes a slowdown of metabolic pathways for
energy production resulting in asthenia,
fatigue, susceptibility to falls and fractures and
consequences on degree of functional autono-
my. These observations are supported also by a
study published in 2004 in which low Hb levels
were correlated with lower muscle strength,
density and mass.’> Furthermore, the vitamin
B12 deficiency, a possible cause of anemia and
a common condition in elderly, can lead to neu-
rological disorders such as dizziness or proprio-
ceptive alterations that can predispose to falls,
which are important causes of morbidity and

OPEN 8ACCESS

mortality in elderly.'®

Analyzing the results of this study, some
limitations should be considered. The main
one is that our control group cannot be consid-
ered healthy because it consists of elderly hos-
pitalized patients, often disabled. Therefore,
our patients are subjects with a condition of
intrinsic fragility, independently of their Hb
values. These particular conditions of the sam-
ple can certainly be considered a limitation,
but also a merit of the study since this kind of
population is rarely adequately analyzed. A sec-
ond limitation is the low number of patients
without disabilities at discharge that reduces
the statistical power of the results. Finally, we
did not have further information on anemia
features (type, etiology, onset, micronutrient
status related to iron profile or B-group vita-
mins). Indeed, in elderly patients there are
several categories of anemia, including the
unexplained one, that reflect different comor-
bidities and biochemical characteristics;!”
based on these important differences, proba-
bly, a more exhaustive diagnosis of the type of
anemia could influence outcomes.

Conclusions

On the basis of our results anemia, despite
not having a significant relationship with mor-
tality, appears to have an important negative
impact on the functional status of the elderly.
So our study permits to identify, among hospi-
talized geriatric population, a group of patients
at higher risk for functional deterioration in
which, possibly, the treatment of anemia could
enhance both clinical and economic outcomes.
Therefore, in elderly patients, anemia should
not be considered as an inevitable epiphenom-
enon of aging but as a condition able to worsen
the quality of life.
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