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A B S T R A C T

Study objective: This study investigated in a large sample of in-patients the impact of mild-moderate-
severe anaemia on clinical outcomes such as in-hospital mortality, re-admission, and death within three
months after discharge.
Methods: A prospective multicentre observational study, involving older people admitted to 87 internal
medicine and geriatric wards, was done in Italy between 2010 and 2012. The main clinical/laboratory data
were obtained on admission and discharge. Based on haemoglobin (Hb), subjects were classified in three
groups: group 1 with normal Hb, (reference group), group 2 with mildly reduced Hb (10.0–11.9 g/dL in
women; 10.0–12.9 g/dL in men) and group 3 with moderately-severely reduced Hb (<10 g/dL in women
and men).
Results: Patients (2678; mean age 79.2 � 7.4 y) with anaemia (54.7%) were older, with greater functional
impairment and more comorbidity. Multivariable analysis showed that mild but not moderate-severe
anaemia was associated with a higher risk of hospital re-admission within three months (group
2: OR = 1.62; 95%CI 1.21–2.17). Anaemia failed to predict in-hospital mortality, while a higher risk of dying
within three months was associated with the degree of Hb reduction on admission (group
2: OR = 1.82;95%CI 1.25–2.67; group 3: OR = 2.78;95%CI 1.82–4.26) and discharge (group 2: OR = 2.37;95%
CI 1.48–3.93; group 3: OR = 3.70;95%CI 2.14–6.52). Normocytic and macrocytic, but not microcytic
anaemia, were associated with adverse clinical outcomes.
Conclusions: Mild anaemia predicted hospital re-admission of older in-patients, while three-month
mortality risk increased proportionally with anaemia severity. Type and severity of anaemia affected
hospital re-admission and mortality, the worst prognosis being associated with normocytic and
macrocytic anaemia.

1. Introduction

In elderly, anaemia prevalence rates rise constantly to a rate
greater than 20% at age 85 and older; overall, 11.0% of men and
10.2% of women 65 years and older have been reported to be
anaemic (Guralnik, Eisenstaedt, Ferrucci, Klein, & Woodman,
2004). Haemoglobin (Hb) decreases and the incidence and

prevalence of mild anaemia steadily rises with age affecting more
than 20% of people older than 85 years in the general population
(Riva et al., 2009). In older people anaemia contributes to higher
mortality and hospitalization (Culleton et al., 2006; Penninx,
Pahor, Woodman, & Guralnik, 2006). A prevalence of anaemia of
approximately 12% (Gaskell, Derry, Moore, & McQuay, 2008;
Tettamanti et al., 2010) and an incidence of 22.5 per 1000 person-
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year (Tettamanti et al., 2010) was found in community-dwelling
older people. In older people admitted to hospital a higher
prevalence of anaemia, with a large proportion of moderate-severe
cases, was associated with various chronic and acute conditions
(Bhasin & Rao, 2011; Geisel et al., 2014; Joosten & Lioen, 2014;
Migone De Amicis et al., 2015; Nathavitharana et al., 2012;
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Petroysan, Blaison, Andrès, & Federici, 2012; Rachoin, Cerceo,
Milcarek, Hunter, & Gerber, 2013; Ramel, Jonsson, Bjornsson,
Bjornsson, & Thorsdottir, 2008). For instance, a majority of studies
reported a negative association of anaemia with morbidity or
mortality in patients admitted for myocardial infarction or
congestive heart failure (Biagi et al., 2011; Mentz et al., 2014),
and critical renal (Locatelli et al., 2004) or respiratory conditions
(Martinez-Rivera et al., 2012).

The predictive value of anaemia and its severity as a prognostic
marker has not been investigated widely in older people with
multimorbidity and polypharmacy in internal medicine and
geriatric wards. Published data come mostly from retrospective
studies conducted by single centers in small samples of in-patients.

Thus, this study investigated a large cohort of older people
acutely admitted to internal and geriatric wards in Italy in order to
establish whether or not low Hb measured at admission and again
at discharge were independently associated with a higher risk of
clinically important outcomes such as in-hospital mortality,
hospital readmissions and mortality at three months after
discharge.

2. Methods

2.1. Study setting, design and patients

This study was conducted in 87 hospital wards representative of
the Italian internal medicine and geriatric wards participating in
the ‘REgistro POliterapie SIMI’ (REPOSI), a collaborative and
independent registry set up by the Italian Society of Internal
Medicine (SIMI), the Milan IRCCS Mario Negri Institute of
Pharmacological Research and the Ca’ Granda Maggiore Policlinico
Hospital Foundation. Briefly, the registry was designed to create a
network of internal medicine and geriatric wards to evaluate older
patients with multiple diseases, prescribed polypharmacy (Nobili
et al., 2011). All patients 65 years or older were consecutively
recruited after they were prospectively admitted to the partici-
pating wards during four seasonal one-week periods with intervals
of three months. A standardized web-based case-report form was
computed by the attending physicians, covering socio-demo-
graphic details, clinical parameters, diagnoses and medications
prescribed at admission and discharge, plus events during the
hospital stay. Three months after discharge a physician inter-
viewed the patient or his/her relative by telephone to collect data
on mortality or any hospital re-admission. All the data were
reviewed by a central monitor at the IRCCS-Mario Negri Institute.
The study was approved by the ethical committees of each
participating hospital.

All patients enrolled in the registry were included provided
they had Hb measured on hospital admission and at discharge.
Anaemia was defined in accordance with World Health Organiza-
tion (WHO) criteria (World Health Organization, 1968) as
haemoglobin (Hb) less than 12.0 g/dL in women and less than
13.0 g/dL in men. On admission patients were classified into three
groups according to their Hb: group 1 with normal Hb (�12 g/dL in
women and �13 g/dL in men, taken as the reference group), group
2 with mildly reduced Hb (10.0–11.9 g/dL in women and 10.0–
12.9 g/dL in men) and group 3 with moderate-severely reduced Hb
<10 g/dL in women and men). Hb >16 g/L in women and >18 g/L in
men were considered above the reference limits. The flow-chart of
the study is illustrated in Fig. 1.

2.2. Outcomes

The study outcomes were in-hospital mortality, re-hospitaliza-
tion and death risk within three months from discharge. Patients
transferred to other wards (226), discharged in critical conditions
2

or lost to recording (122), deceased (91), or with Hb values not
available (76) were not included in the analysis. Hospital re-
admissions and deaths within three months from discharge were
calculated only for those patients whose case report form was filled
in the section dealing with the three-month follow-up (2163).

Baseline characteristics were compared across the different Hb
groups. The variables analysed on admission were: demographic
data (age, sex, education, marital status, caregiver and body mass
index), clinical variables including cognitive status (according to
the Short Blessed Test-SBT) (Katzman et al., 1983), functional
status (according to the Barthel Index) (Shah, Vanclay, & Cooper,
1989), systolic blood pressure, kidney function (defined as
glomerular filtration rate estimated using the formula CKD-EPI)
(Levey, Stevens, Schmid, Zhang, & Feldman, 2009) and polyphar-
macy (defined as concomitant exposure to five or more different
medications) (Viktil, Blix, Moger, & Reikvam, 2007). Diagnoses on
admission of cardiovascular diseases (hypertension, diabetes,
hypercholesterolaemia, ischaemic heart disease, congestive heart
failure, stroke and atrial fibrillation) and other diseases were coded
according to the International Classification of Disease, Ninth
Revision ICD-9 (WHO, 1987). Comorbidity index, according to the
Cumulative Illness Rating Scale (CIRS) (Parmelee, Thuras, Katz, &
Lawton, 1995) was calculated excluding anaemia (<12 g/dL in
women and <13 g/dL in men). The CIRS comorbidity index was
computed by counting the number of items for which moderate to
severe illness was reported (scores 3, 4 or 5), the overall illness
severity being represented by the mean of the 13 CIRS items.

2.3. Statistical analysis

Continuous variables were described using means and standard
deviations (SD), medians and upper and lower quartiles in order to
give a comprehensive view of the distributions; categorical
variables were counted. To test whether patient characteristics
in the three Hb classes were different, numerical variables were
compared using the Kruskall-Wallis test and categorical variables
were analysed by the chi-square test. Analyses were done using Hb
values on admission and at discharge separately. Multivariable
logistic regression analyses were conducted to assess whether the
degree of anaemia predicted in-hospital mortality, hospital
readmission or three-month mortality. For each outcome a
univariable model was used, followed by three multivariate
models: in the first the Hb effect was adjusted for demographic
variables (age and sex), in the second for all the conditions
associated with low Hb in the univariable model, in the third for
the CIRS comorbidity index on admission. Robust standard errors
were used to take account of the non-independence of data within
the same ward. All statistical analyses were done with JMP Pro
12.0.1 (SAS Institute Inc.) and Stata IC 13.1 (Stata Inc.) software.

3. Results

3.1. Patients

Of the original population of 2703 patients in the registry, Hb
values were not available for 25, so 2678 were included in the
analysis (1213 in group 1, 987 in group 2 and 478 in group 3). Of
these 2163 were discharged alive. In the three months after
hospital discharge, 547 were lost to follow-up, so the 612 patients
in group 1, 744 in group 2 and 260 in group 3 who completed the
three months follow-up were included in the analysis of post-
discharge outcomes (Fig. 1).

At hospital admission the characteristics of the whole popula-
tion, with and without anaemia and according to severity, are
listed in Table 1. Patients with anaemia were nearly one year older
(p < 0.0001) and more likely to be men (p = 0.0003). After adjusting



Fig. 1. Flow-chart of the REPOSI study in older hospitalized patients.
for age and sex, low Hb was associated with smoking and lower
body mass index. Patients with low Hb had a higher prevalence of
depression, were more likely to be dependent for daily activities,
3

and polypharmacy was more prevalent. The proportion of patients
with comorbidity on admission increased with decreasing Hb. The
characteristics of group 2 and 3 were similar, with the exception



Table 1
Socio-demographic and clinical characteristics of the study population on admission to hospital.

All Patients Group 1 Patients with anaemia P-Valuea P-Valueb Group 2 Group 3 P-Valuec P-Valued

Patients, % (n)e 2678 46.0 (1213) 54.7 (1465) 36.9 (987) 17.8 (478)
Female, % (n) 50.7 (1358) 53.8 (653) 48.1 (705) 0.0033 0.0003 45.2 (446) 54.2 (259) 0.0012 0.0024
Age, years, mean (SD) 79.2 � 7.4 78.5 � 7.3 79.7 � 7.4 <0.0001 <0.0001 79.5 � 7.3 80.1 � 7.4 0.1108 0.2462
Age groups, % (n)
65–74 30.8 (824) 33.4 (405) 28.6 (419) 0.0031 0.0007 29.4 (290) 27.0 (129) 0.1131 0.2638
75–84 45.6 (1220) 45.6 (553) 45.5 (667) 46.4 (458) 43.7 (209)
�85 23.6 (634) 21.0 (255) 25.9 (379) 24.2 (239) 29.3 (140)

Education, years, mean (SD)f 7.0 � 3.9 7.1 � 3.8 7.0 � 4.0 0.3648 0.3343 7.1 � 4.1 6.7 � 3.7 0.0972 0.3098
Married, % (n)g 53.9 (1409) 54.5 (645) 53.4 (764) 0.5759 0.4514 54.3 (526) 51.6 (238) 0.3467 0.4603
BMI, Kg/m2, mean (SD)h 25.8 � 4.9 26.2 � 5.0 25.5 � 4.8 0.0001 25.7 � 4.9 25.0 � 4.5 0.0252 0.0223
BMI Classes, % (n)h

< 18.5 3.8 (93) 3.4 (38) 4.1 (55) 0.0016 0.0023 4.0 (36) 4.5 (19) 0.1358 0.1361
18.5–24.9 42.9 (1053) 39.3 (443) 45.8 (610) 44.0 (399) 49.5 (21)
�25 53.3 (1314) 57.3 (647) 50.1 (667) 52.0 (471) 46.0 (196)
Smoker, % (n)i 8.2 (218) 10.0 (120) 6.8 (98) 0.0034 0.0073 7.2 (70) 6.0 (28) 0.3792 0.5562
Number of diagnosis, mean (SD)j 5.7 � 2.8 5.3 � 2.7 6.0 � 2.8 <0.0001 <0.0001 5.9 � 2.8 6.2 � 2.8 0.0824 0.0740
Number of diagnosis �5, % (n)j 63.6 (1699) 57.8 (699) 68.4 (1000) <0.0001 <0.0001 66.7 (658) 72.0 (342) 0.0399 0.0308
Number of drugs, mean (SD) 5.4 � 2.9 4.8 � 2.8 5.8 � 3.0 <0.0001 <0.0001 5.8 � 3.0 5.9 � 2.9 0.5058 0.3728
Number of drugs � 5, % (n) 58.5 (1568) 50.6 (614) 65.1 (954) <0.0001 <0.0001 64.5 (637) 66.31 (317) 0.5030 0.4316
Severity index, mean (SD)k 1.6 � 0.3 1.6 � 0.3 1.7 � 0.3 <0.0001 <0.0001 1.7 � 0.3 1.7 � 0.3 0.4887 0.6869
Comorbidity index, mean (SD)l 2.9 � 1.8 2.7 � 1.7 3.1 � 1.8 <0.0001 <0.0001 3.1 � 1.8 3.1 � 1.8 0.6209 0.5002
SBT, mean (SD)m 9.6 (8.0) 9.5 � 8.0 9.6 � 8.0 0.6025 0.6280 9.4 � 7.9 10.1 � 8.3 0.1733 0.4370
SBT, classes
Normal (0–4), % (n) 35.4 (898) 36.1 (418) 34.9 (480) 0.7966 0.8099 35.2 (326) 34.5 (154) 0.5859 0.7175
Moderate (5–9), % (n) 18.4 (466) 18.1 (209) 18.7 (257) 19.2 (178) 17.5 (79)
Severe (10–28), % (n) 46.2 (1171) 45.9 (531) 46.5 (640) 45.6 (422) 48.3 (218)
GDS, mean (SD)n 1.4 � 1.2 1.3 � 1.2 1.5 � 1.2 0.0067 0.0050 1.5 � 1.2 1.4 � 1.2 0.5727 0.3756
Probably not depressed (=0), % (n) 28.0 (670) 30.2 (324) 26.1 (346) 0.0491 0.0393 26.5 (238) 25.4 (108) 0.5898 0.5318
Minor depression (1–2) 53.7 (1286) 52.9 (568) 54.3 (718) 53.3 (479) 56.2 (239)
Probably depressed (�2) 18.3 (440) 16.9 (181) 19.6 (259) 20.2 (181) 18.3 (78)
Barthel Index, mean (SD)o 74.7 � 31.6 77.6 � 30.7 72.2 � 32.2 <0.0001 0.0004 72.1 � 32.5 72.3 � 31.6 0.8967 0.3923
Barthel Index, dependence classes <0.0001 0.0009
Complete (0–24), % (n) 12.4 (323) 11.1 (131) 13.5 (192) 14.1 (135) 12.2 (57) 0.7313 0.5369
Severe (25–49), % (n) 9.0 (235) 7.6 (90) 10.2 (145) 9.8 (94) 10.9 (51)
Moderate (50–74), % (n) 12.4 (324) 10.9 (128) 13.7 (196) 13.1 (126) 15.0 (70)
Mild (75–90), % (n) 17.6 (458) 16.5 (194) 18.5 (264) 18.7 (179) 18.2 (85)
No or negligible (91–100), % (n) 48.6 (1265) 53.9 (636) 44.1 (629) 44.3 (424) 43.8 (205)

Group 1, No anaemia; Group 2, Mild anaemia; group 3, Moderate-severe anaemia.
BMI = Body Mass Index; SBT = Short Blessed Test; GDS = Geriatric Depression Scale.
The exponential refers to the number of patients with details available.

a Univariate P value for anaemia vs no anaemia.
b adjusted for age and sex.
c Univariate P value for mild anaemia vs moderate-severe anaemia.
d adjusted for age and sex.
e Number of patients with haemoglobin on admission.
f N = 2537 (1165; 1372; 932; 440).
g N = 2613 (1183; 1430; 969; 461).
h N = 2460 (1128; 1332; 906; 426).
i N = 2639 (1203; 1436; 968; 468).
j N = 2671 (1209; 1462; 987; 475).
k N = 2672 (1211; 1461; 984; 477).
l N = 2672 (1211; 1461; 984; 477).
m N = 2535 (1158; 1377; 926; 451).
n N = 2396 (1073; 1323; 898; 425).
o N = 2605 (1179; 1426; 958; 468).
that patients in group 3 were more often women and had more
diagnoses than those in group 2 (Table 1).

Reduced Hb was significantly associated with a variety of
diseases (coronary artery disease, diabetes, kidney failure, gastro-
intestinal and liver disorders and cancer, also after adjusting for
age, sex and comorbidity (Table 2). In addition, the prevalence of
these diseases was associated with the severity of anaemia.
Hospital stay was on average three days longer in patients with low
Hb (12.5 �11.4 vs 9.9 � 11.8 days; p < 0.0001), but was not
influenced by the severity of anaemia.

3.2. Haematological and laboratory findings

The distribution curve of Hb in the 2678 patients with available
data (Fig. 2) is shifted to the right in men, and in older patients
4

(males and females) it is skewed to the left, a substantial
proportion having Hb lower than 10 g/dL (approximately 10%
and 15%, respectively). About one third of patients in group 3 (138)
had Hb lower than 8.0 g/dL.

Complete blood count and laboratory findings for the entire
population (anaemic plus non anaemic cases) are listed in Table 3.
Women had mean Hb lower than men, and anaemia was mostly
normocytic in group 2 and, to a lesser degree, in group 3 (83.0% vs.
58.2%). Microcytosis (MCV less than 80 fL) was less frequent in
patients with mild anaemia (12.5% in group 2 vs. 31.8% in group 3),
and macrocytosis (MCV > 100 fL) was more than double in those
with moderate-severe anaemia (4.5% group 2 vs. 10.0% group 3).

The proportion of patients with severely reduced kidney
function (eGFR <30 mL/min/1.73 m2) was double in those with
low Hb (15.0% vs. 6.3% in group 1).



Fig. 2. Frequency distribution of haemoglobin concentration in older patients on
admission to hospital.
During hospitalization Hb values changed in a large proportion
of patients and the shift from anaemic to non-anaemic or viceversa
is shown in Fig. 1.

Hb above the reference limit was not associated with in-
hospital mortality (n = 0), risk of hospital re-admission (n = 13;
OR = 1.33; 95% CI 0.29–4.45), or mortality at 3 month (n = 0).

3.3. Outcomes

3.3.1. In-hospital mortality
Using the group with normal Hb as reference, multivariable

analysis of the three groups adjusted for age, sex and comorbidity
showed that reduced Hb did not increase the risk of death during
hospitalization (OR = 1.46; 95% CI 0.90–2.37 group 2 and OR = 1.19;
95% CI 0.63–2.16 group 3).
Table 2
Clinical conditions of patients with and without anaemia on admission.

Clinical conditions All Patients N = 2678 Group 1 Patients w

Diabetes, % (no.) 27.9 (748) 24.6 (299) 30.6 (449
Hypertension, % (no.) 76.5 (2050) 76.6 (929) 76.5 (1121
Coronary artery diseases, % (no.) 24.2 (647) 21.2 (257) 26.6 (390
Heart failure, % (no.) 15.1 (403) 13.0 (158) 16.7 (245
Other cardiac diseases, % (no.) 42.6 (1140) 41.6 (505) 43.3 (635
Kidney diseases, % (no.) 21.9 (586) 15.8 (192) 26.9 (394
Cancer, % (no.) 18.3 (489) 14.8 (180) 21.1 (309)
Cerebrovascular diseases, % (no.) 19.9 (534) 21.8 (264) 18.4 (270)
Gastrointestinal disorders, % (no.) 37.9 (1015) 33.4 (405) 41.6 (610)
Pulmonary diseases, % (no.) 29.5 (789) 30.5 (370) 28.6 (419)
Liver diseases, % (no.) 12.6 (337) 10.3 (125) 14.5 (212)
Osteo-arthro-muscle diseases, % (no.) 23.9 (640) 24.1 (293) 23.7 (347
Arterial diseases, % (no.) 14.2 (381) 12.5 (152) 15.6 (229
Autoimmune diseases, % (no.) 2.9 (79) 2.5 (30) 3.3 (49)
Haemolymphopoietic diseases, % (no.) 6.6 (177) 3.7 (45) 9.0 (132)
Endocrine diseases, % (no.) 21.6 (579) 23.2 (282) 20.3 (297
Infective diseases, % (no.) 13.3 (357) 13.3 (161) 13.4 (196)
Lympho-venous diseases, % (no.) 7.7 (207) 6.5 (79) 8.7 (128)
Malnutrition, % (no.) 0.6 (15) 0.7 (8) 0.5 (7)
CNS diseases, % (no.) 10.6 (284) 10.5 (127) 10.7 (157)
PNS diseases, % (no.) 0.4 (12) 0.6 (7) 0.3 (5)
Neuropsychiatric diseases, % (no.) 23.9 (641) 24.1 (292) 23.8 (349
Urogenital diseases, % (no.) 20.3 (544) 18.4 (223) 21.9 (321)
Other, % (no.) 23.9 (640) 24.1 (293) 23.7 (347

Group 1, No anaemia; Group 2, Mild anaemia; group 3, Moderate-severe anaemia; CNS
a Univariate P value for anaemia vs. no anaemia.
b Adjusted for age and sex.
c Univariate P value for mild anaemia vs. moderate-severe anaemia.
d Adjusted for age and sex.
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3.3.2. Hospital re-admission
Hb on admission in groups 2 and 3 was not associated with a

higher risk of re-hospitalization, by multivariable analysis
(Table 4); mildly reduced Hb on discharge significantly predicted
the risk for older patients to be re-admitted within three months
after discharge (OR = 1.62; 95% CI 1.21–2.17). Older patients with
mild macrocytic anaemia had a three times higher risk of being re-
hospitalized. Similarly risk of re-hospitalization was double in
group 3 with moderate-severe anaemia, but there were too few
older patients in this group (8/27) to reach statistical significance.

3.3.3. Mortality at three months
After adjusting for confounders, anaemia at admission and

discharge was a strong predictor of mortality (OR = 2.11; 95% CI
1.50–3.01 at admission and OR = 2.69; 95% CI 1.71–4.38 at
discharge). The risk of death within three months rose propor-
tionally with the severity of anaemia (Table 4 ex 2). Normocytic
(group 2 and 3) and macrocytic anaemia (group 2) was associated
with the highest risk.

3.3.4. Sensitivity analysis
Results for in-hospital and three-month mortality and hospital

re-admission were similar after adjusting for the diagnoses of
diabetes, coronary artery disease, heart failure, liver and kidney
disease, cancer, cerebrovascular disease, gastrointestinal disorders,
haemolymphopoietic diseases (model 2) or the comorbidity index
(model 3).

4. Discussion

We analysed a large cohort of patients, aged 65 years and older
acutely hospitalized in the frame of the REPOSI hospital network
(Nobili et al., 2011) in order to investigate the impact of mild and
moderate-severe anaemia on major clinical outcomes, including
ith anaemia P-Valuea P-Valueb Group 2 Group 3 P-Valuec P-Valued

) 0.0006 0.0004 30.4 (300) 31.2 (149) 0.7625 0.5092
) 0.9669 0.6975 78.4 (774) 72.6 (347) 0.0137 0.0075
) 0.0011 0.0126 28.8 (284) 22.2 (106) 0.0074 0.0124
) 0.0077 0.0567 17.6 (174) 14.8 (71) 0.1820 0.1351
) 0.3723 0.7055 42.5 (420) 45.0 (215) 0.3797 0.5164
) <0.0001 <0.0001 23.6 (233) 33.7 (161) <0.0001 <0.0001

<0.0001 <0.0001 20.7 (204) 22.0 (105) 0.5681 0.2866
0.0316 0.0073 17.6 (174) 20.1 (96) 0.2559 0.3646
<0.0001 <0.0001 39.2 (387) 46.6 (223) 0.0067 0.0092
0.2824 0.0679 31.0 (306) 23.6 (113) 0.0035 0.0064
0.0012 0.0002 14.6 (144) 14.2 (68) 0.8528 0.9592

) 0.7770 0.9602 22.9 (226) 25.3 (121) 0.3078 0.7024
) 0.0222 0.0889 17.1 (169) 12.5 (60) 0.0239 0.0356

0.1846 0.1162 3.8 (38) 2.30 (11) 0.1222 0.1115
<0.0001 <0.0001 7.8 (77) 11.5 (55) 0.0202 0.0084

) 0.0626 0.1874 20.0 (197) 20.9 (100) 0.6679 0.9385
0.9360 0.7838 14.1 (139) 11.9 (57) 0.2552 0.2815
0.0319 0.0113 9.0 (89) 8.2 (39) 0.5855 0.4181
0.5305 0.4073 0.5 (5) 0.4 (2) 0.8185 0.8679
0.8364 0.8840 10.7 (106) 10.7 (51) 0.9675 0.9444
0.3631 0.4453 0.4 (4) 0.2 (1) 0.5463 0.5455

) 0.8800 0.7813 22.8 (225) 25.9 (124) 0.1852 0.3179
0.0239 0.2956 23.5 (232) 18.6 (89) 0.0340 0.1717

) 0.7770 0.6730 23.0 (227) 25.1 (120) 0.3741 0.4422

, Central Nervous System; PNS, Peripheral nervous system.



Table 3
Laboratory variables of patients on admission.

Variable All Patientsc

N = 2678
Group 1
N = 1213

Patients with anaemia
N = 1465

P-Valuea Group 2
N = 987

Group 3
N = 478

P-Valueb

Red blood cells (106/mm3)d 4.1 � 0.8 4.6 � 0.5 3.7 � 0.7 <0.0001 4.0 � 0.6 3.2 � 0.7 <0.0001
Haemoglobin (g/dL) 12.0 � 2.3 13.9 � 1.2 10.4 � 1.6 <0.0001 11.3 � 0.8 8.5 � 1.3 <0.0001

Female 11.7 � 2.1 13.4 � 1.1 10.1 � 1.5 <0.0001 11.0 � 0.6 8.5 � 1.3 <0.0001
Male 12.3 � 2.4 14.4 � 1.1 10.7 � 1.7 <0.0001 11.6 � 0.8 8.4 � 1.2 <0.0001

Haematocrit (%)e 36.4 � 6.7 41.6 � 4.0 32.1 � 5.3 <0.0001 34.8 � 3.4 26.6 � 4.2 <0.0001
MCV(fL)f 88.7 � 8.7 90.3 � 5.9 87.4 � 10.3 <0.0001 88.5 � 8.7 85.3 � 12.7 <0.0001

<80, % (no.) 11.8 (314) 3.4 (41) 18.7 (273) <0.0001 12.5 (123) 31.8 (150) <0.0001
80–100, % (no.) 83.0 (2209) 92.7 (1117) 74.9 (1092) 83.0 (818) 58.2 (274)
>100, % (no.) 5.2 (139) 3.9 (47) 6.3 (92) 4.5 (45) 10.0 (47)

MCH (pg) g 29.2 � 3.6 30.2 � 2.5 28.4 � 4.2 <0.0001 28.9 � 3.5 27.2 � 5.1 <0.0001
MCHC (g/dL)h 32.9 � 2.2 33.4 � 1.8 32.4 � 2.4 <0.0001 32.7 � 2.2 31.8 � 2.6 <0.0001
Leukocytes (103/mm3)i 8.9 � 5.3 9.2 � 4.3 8.6 � 6.0 0.0072 8.8 � 5.4 8.4 � 6.9 0.2647
Platelet (103/mm3)j 231.4 � 101.8 225.7 � 83.3 236.1 � 114.7 0.0088 231.6 � 105.8 245.4 � 130.9 0.0306
Creatinine (mmol/L)k 106.1 � 70.7 97.2 � 44.2 114.9 � 79.6 <0.0001 114.9 � 70.7 132.6 � 97.2 <0.0001
eGFR (ml/min/1.73 m2) 60.4 � 25.7 65.1 � 24.1 56.5 � 26.4 <0.0001 57.9 � 26.3 53.6 � 26.2 0.0039

�60 (no.) 50.4 (1343) 57.5 (695) 44.5 (648) <0.0001 46.2 (454) 40.9 (194) 0.0456
30–59 (no.) 35.3 (941) 33.6 (406) 36.7 (535) 36.6 (360) 36.9 (175)
<30 (no.) 14.3 (382) 8.9 (108) 18.8 (274) 17.2 (169) 22.1 (105)

s-Glucose (mmol/L)l 7.0 � 3.5 7.1 � 3.3 7.0 � 3.7 0.4946 7.1 � 3.9 6.7 � 3.1 0.0694
s-Cholesterol (mmol/L)m 4.19 � 1.2 4.5 � 1.1 3.9 � 1.1 <0.0001 4.1 � 1.1 3.7 � 1.2 <0.0001
s-Albumin (g/dL)n 3.4 � 0.6 3.6 � 0.6 3.3 � 0.6 <0.0001 3.3 � 0.6 3.3 � 0.6 0.2526

Group 1, No anaemia; Group 2, Mild anaemia defined as haemoglobin of 10.0-11.9 g/dL in women and 10.0-12.9 g/dL in men; Group 3, moderate-severe anaemia as
haemoglobin <10 g/dL in women and men.
MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Haemoglobin; MCHC, Mean Corpuscular Haemoglobin Concentration; eGFR, estimated Glomerular Filtration Rate
according to the CKD EPI formula (Levey AS, & al. 2009. A new equation to estimate glomerular filtration rate. Ann Intern Med 150:604-612).
The exponential refers to the number of patients with details available.

a P Aneamia vs. no anaemia.
b P mild anaemia vs. moderate-severe anaemia.
c Number of patients with haemoglobin available on admission.
d N = 2660 (1204;1456; 983; 473).
e N = 2648 (1197;1451;982;469).
f N = 2662 (1205;1457; 986;471).
g N = 2660 (1204;1456;983;473).
h N = 2648 (1197;1451;982;469).
i N = 2675 (1213;1462;987;475).
j N = 2672 (1209;1463;987;476).
k N = 2666 (1209;1457;983;474).
l N = 2647 (1207;1440;974;466).
m N = 2168 (982;1186;806;380).
n N = 1036 (455;581;393;188).
in-hospital mortality, re-hospitalization and mortality within
three months after discharge. The population in the present study
differs considerably from those reported in the literature because
we focused on a large sample of acutely hospitalized elderly
patients with multiple and chronic diseases, requiring polyphar-
macy. Although in our study anaemia was not the main cause of
hospital admission, low Hb was highly prevalent in patients with
an array of chronic disorders, even also when comparisons were
adjusted for age and sex.

4.1. Anaemia as predictors of clinical outcomes

In the recent past very few studies have investigated the
association of anaemia with clinical outcomes among internal
medicine patients and whether anaemia severity and type are
useful predictors of in-hospital and post-discharge mortality
(Nathavitharana et al., 2012; Rachoin et al., 2013; Ayaz, Sahin,
Sahin, Bilir, & Rakici, 2014). Nathavitharana et al., in a retrospective
observational study of a cohort of unselected medical in-patients
of different ethnicities, found that anaemia was more prevalent in
cases admitted for malignancy, endocrine/metabolic disorders,
infections, acute coronary syndrome or congestive heart failure
(Nathavitharana et al., 2012). They also found that anaemia was
associated with increased mortality, earlier readmission and
longer hospital stay. The rate of in-hospital mortality among
elderly patients varied between 12% and 16% in various studies (
Ayaz, Sahin, Sahin, Bilir & Rakici, 2014). In the present series the
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rate was similar and was associated with the severity of Hb
reduction. We also found that low Hb negatively affected clinically
relevant outcomes, even after adjusting for a large number of
potential confounders. Mortality hazard ratios three months from
discharge were significantly higher in people with low Hb. Finally,
we found that patients anaemic at discharge but not on admission
were more likely than non-anaemic ones to be re-admitted to
hospital.

The type of anaemia did affect mortality at three months, the
worst prognosis being associated with normocytic anaemia,
independently of its severity, and macrocytic anaemia. One
possible explanation for the negative role of normocytic anaemia
is related to the underlying chronic diseases. Autoimmune
disorder, cancer, chronic kidney disease and other chronic
inflammatory states are a major cause of normocytic anaemia in
older patients so it is not surprising that normocytic anaemia is a
predictor of poor clinical outcome.

High mean corpuscular volume (MCV) has been reported as an
independent predictor of all causes of death in patients with severe
clinical conditions such as heart failure and severe renal
insufficiency (Ueda et al., 2013). Savage and colleagues found that
in hospitalized older patients the most common cause of
macrocytosis was medications (37%), followed by alcoholism
(26%). Serum B12 and/or folate deficiency, bone marrow dysplasia
and non-alcoholic liver disease each accounted for only 6% of cases
(Savage, Ogundipe, Allen, Stabler, & Lindenbaum, 2000). Medi-
cations known to cause macrocytic anaemia are very common and



Table 4
Adjusted risk of 3-month re-hospitalization and mortality in elderly in-patients by severity and type of anaemia.

Re-hospitalization Mortality

On admission n (%) OR (95% CI) Pa n (%) OR (95% CI) Pa

Group 1 (n = 1213) 123 (10.1) 1 36 (3.0) 1
Group 2 (n = 987) 120 (12.2) 0.83 (0.64–1.07) 0.1611 60 (6.1) 1.82 (1.25–2.67) 0.0019

Microcytic (n = 123) 14 (11.4) 1.00 (0.52–1.79) 0.9938 7 (5.7) 1.98 (0.77–4.44) 0.1445
Normocytic (n = 812) 92 (11.3) 1.14 (0.84–1.54) 0.3981 50 (6.2) 1.95 (1.24–3.08) 0.0035
Macrocytic (n = 51) 14 (27.5) 3.81 (1.80–7.92) 0.0006 3 (5.9) 1.68 (0.38–5.16) 0.4429

Group 3 (n = 478) 48 (10.0) 1.03 (0.74–1.45) 0.8493 38 (7.9) 2.78 (1.82–4.26) <0.0001
Microcytic (n = 150) 12 (8.0) 0.70 (0.35–1.28) 0.2546 8 (5.3) 1.92 (0.79–4.15) 0.1387
Normocytic (n = 273) 26 (9.5) 0.92 (0.56–1.47) 0.7446 25 (9.2) 3.30 (1.86–5.81) <0.0001
Macrocytic (n = 48) 10 (20.8) 2.33 (1.03–4.94) 0.0427 5 (10.4) 3.19 (1.02–8.31) 0.0460

Re-hospitalisation Mortality at 3 months

On discharge n (%) OR (95% CI) Pa n (%) OR (95% CI) Pa

Group 1 (n = 612) 90 (14.7) 1 23 (3.8) 1
Group 2 (n = 744) 159 (21.4) 1.62 (1.21–2.17) 0.0010 75 (10.1) 2.37 (1.48–3.93) 0.0003

Microcytic (n = 87) 15 (17.2) 1.15 (0.61–2.06) 0.6445 7 (8.0) 2.19 (0.84–5.11) 0.1042
Normocytic (n = 620) 131 (21.1) 1.55 (1.15–2.11) 0.0043 63 (10.2) 2.26 (1.38–3.80) 0.0009
Macrocytic (n = 37) 13 (35.1) 3.25 (1.54–6.58) 0.0025 5 (13.5) 3.41 (1.06–9.21) 0.0398

Group 3 (n = 260) 42 (16.1) 1.06 (0.70–1.58) 0.7773 36 (13.8) 3.70 (2.14–6.52) <0.0001
Microcytic (n = 63) 9 (14.3) 0.88 (0.39–1.78) 0.7311 5 (7.9) 2.21 (0.71–5.69) 0.1561
Normocytic (n = 170) 25 (14.7) 0.96 (0.58–1.55) 0.8637 29 (17.1) 4.71 (2.61–8.58) <0.0001
Macrocytic (n = 27) 8 (29.6) 2.35 (0.89–5.61) 0.0822 2 (7.4) 1.88 (0.29–6.99) 0.4458

OR = Odds ratio (95% confidence interval).
Group 1, No anaemia; Group 2, Mild anaemia defined as haemoglobin concentration of 10.0–11.9 g/dL in women and 10.0-12.9 g/dL in men; Group 3, Moderate-severe
anaemia defined as haemoglobin concentration <10 g/dL both in women and men.
Microcytic anaemia = MCV <80 fL; normocytic anaemia = MCV 80–100 fL; macrocytic anaemia = MCV >100 fL.

a P = adjusted for age, sex and CIRS (Cumulative Illness Rating Scale).
include anti-diabetic drugs (metformin, biguanides), gastric acid-
blocking agents (proton pump inhibitors, histamine H2-receptor
blockers), and antibiotics (trimethoprim) (Bridgen, 1995). In our
study nearly two-third (65%) of patients with low Hb were
receiving more than five drugs. MCV is also a possible marker of
bone marrow malfunction and high values are seen in myelofibro-
sis, and the myelodysplastic syndromes.

4.2. Strengths and limitations

Strength of this study based on REPOSI is its multicentre,
pragmatic design, resulting in a large, representative sample of
hospitalized older people in Italian internal medicine and geriatric
wards. The inclusion of patients during four-weeks periods (one
per season) balanced the effect of seasons on acute disease and
hospitalization. Collection of patient data by physicians meant that
the analysis includes some variables often omitted in epidemio-
logical studies, such as illness severity, functional and cognitive
status, physical and social characteristics of the patients. Further-
more, registries provide real-time and real-world information,
with wide ranges of ages and comorbidities and nearly equal
proportions of men and women. In addition, REPOSI included a
large number of cases, which enabled us to do several statistical
analyses in order to take account of the effect of multiple
confounding factors. In addition, the registry data were matched
by means of a propensity score.

A limitation of this study is that it was not specifically designed
to assess Hb as a predictor of mortality and hospital readmission.
Therefore we did not measure serum concentrations of iron,
vitamin B12 and folate, which contribute to the diagnosis of the
type of anaemia. However, this study was not designed to identify
the distribution of anaemia types, but rather to predict short-term
clinical outcomes on the basis oh Hb, a simple measurement,
routinely available. Yet nevertheless found that the classification of
anaemia on the basis of red cell volume is a useful predictor of
clinical outcomes in older in-patients.
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Another limitation of this study is the short follow-up and the
large number of patients lost at the three months follow-up. As this
was an observational study, the associations found cannot be
interpreted as indicative of a causal role of Hb on mortality.

Finally, a number of patients classified according to Hb in one of
the three groups as non-anaemic, mildly or moderately anaemic on
admission were classified differently at discharge. While in
hospital therapeutic interventions on the one hand and the
severity of the clinical picture on the other may have influenced
the change in status.

5. Conclusions

One of the major consequences of current demographic
changes leading to population ageing is the increased co-
occurrence of multiple diseases, which results in an increasing
number of patients with polypharmacy admitted to internal and
geriatric wards. Therefore clinicians, patients and caregivers badly
need prognostic markers for older people that help in clinical
management and long-term health care plans, since these become
particularly complex in patients who not only have the acute
diseases leading to hospitalization but also multiple concomitant
chronic conditions.

What do our findings add to the growing evidence of the
deleterious effects of low Hb? After controlling for many potential
confounders, mild but not moderate-severe anaemia in older in-
patients was a strong predictor of their risk of hospital readmis-
sion, while any level of low Hb raised the risk of three-month
mortality. The type of anaemia rather than the severity affected
mortality at three months, the worst prognosis being associated
with normocytic and macrocytic anaemias.
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