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Abstract The prevalence of anemia increases with age
and is frequently multifactorial. We postulated that mal-
nutrition contributes to anemia in the elderly and is un-
derdiagnosed. Our objective was to analyze the preva-
lence of anemia and its association with nutritional status
in a hospitalized geriatric population. Included in this
retrospective cohort study were 186 consecutive patients
admitted in 1997 to a geriatric unit of a university hospi-
tal. We compared hematological and chemical blood
tests routinely performed upon admission in patients
with anemia (hemoglobin <120 g/I) and without anemia
(hemoglobin =120 g/l). Using these admission parame-
ters, we defined a multiparameter score of malnutrition
by low lymphocyte counts, decreased values of albumin,
cholesterol, transferrin, cholinesterase, and zinc, iron de-
ficiency by low transferrin saturation and normal C-reac-
tive protein, and inflammation by increased C-reactive
protein and high transferrin saturation. Of the 186 pa-
tients, 82 (44%) met the criteria for anemia on admis-
sion. In univariate analysis, patients with anemia differed
significantly from patients with normal hemoglobin ex-
hibiting lower serum values of albumin, iron, transferrin,
cholesterol, cholinesterase, zinc, transferrin saturation,
and lymphocyte count and higher C-reactive protein lev-
els. Using a multiparameter score, anemia correlated sig-
nificantly with parameters of malnutrition (P=0.0001)
but not with iron deficiency (P=0.5) or with inflamma-
tion (P=0.08). In a multivariate logistic regression mod-
el, anemia was significantly associated with serum albu-
min (RR: 1.138; 95% ClI: 1.056-1.227; P=0.0007), cho-

C. Mitrache - J.R. Passweg - J. Libura - L. Petrikkos - A. Gratwohl
Division of Hematology, Basel University Hospital,
Basel, Switzerland

W.O. Seiler - H.B. Stahelin
Geriatric University Clinic, Department of Internal Medicine,
Basel University Hospital, Basel, Switzerland

A. Tichelli ([])

Dpt. Zentrallaboratorium, Kantonsspital Basel, Petersgraben 4,
4031 Basel, Switzerland

e-mail: tichelli@datacomm.ch

Tel.: +41-61-2652525/4450, Fax: +41-61-2652525/4450

linesterase (RR: 1.387; 95% Cl 1.122-1.714; P=0.0025),
and transferrin saturation (RR: 1.05; 95% CI: 1.012—
1.09; P=0.009). We conclude that malnutrition may play
an important etiologic role in anemiain the elderly.
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Introduction

Anemiais common in the elderly [1]. A high prevalence
of anemiais observed in hospitalized or institutionalized
older individuals [5, 7, 9, 14]. In contrast to younger
adults, anemia in this cohort of patients is frequently
multifactorial. Bleeding, resulting in iron deficiency, and
chronic disease such as infections and malignancy play
an important role. Malnutrition as a contributing factor is
probably underestimated. Evidence of malnutrition is
found frequently in hospitalized elderly patients [11, 12,
13]. Parameters such as serum abumin, transferrin,
transferrin saturation, cholesterol, cholinesterase, vita-
min B,,, folic acid, zinc, and absolute lymphocyte count
are useful to assess the nutritional status. The aim of this
study was to evaluate the prevalence of anemia in pa
tients admitted to a geriatric ward and to assess the influ-
ence of malnutrition as a contributing factor and its rela-
tionship with iron deficiency and inflammation.

Patients and methods
Patients

We retrospectively reviewed records of all admissions to the Basel
Geriatric University Clinic in 1997. This is one of three geriatric
hospitals in the city. Patients are admitted to any of these institu-
tions by availability of beds, and patients admitted to our hospital
are likely to be representative of the Basel hospitalized geriatric
population. We recorded the patient’s age, sex, date of admission
and discharge, place of residence (home or other institution such
as nursing home or hospital), place of discharge (home, other in-
stitution), and mortality. Underlying disease and reason for admis-
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sion were categorized as well as two secondary diagnoses if rele-
vant for the development of anemia or malnutrition. Categories of
reason for admission considered were (1) falls, (2) confusion, (3)
acute illness, or (4) loss of independence in activities of daily liv-
ing (IADL). Underlying disease was categorized as (1) infection
or malignancy, (2) acute illness other than infection or malignan-
¢y, or (3) other chronic conditions or loss of IADL. Prior to admis-
sion, 80% of the patients resided at home. Most of them were ad-
mitted via the emergency room.

In 1997 there were 196 admissions. For patients with repested ad-
missions, only the first admission was considered. This study includ-
ed 186 patients: five repeated admissions and five patients with miss-
ing data were excluded. Their median age was 85 years. According to
theinclusion criteria, four patients younger than 65, the age limit usu-
aly set for old age, but with conditions typical for a geriatric popula
tion such as presenile dementia were included in the analysis. Patients
with chronic disease and malignancy were not known to have bone
marrow infiltration by a malignant process except for three patients
with previously diagnosed myelodysplastic syndrome.

Upon admission to the geriatric ward, hematological and chem-
ical blood values were measured in al patients. Blood samples
were drawn in the morning following admission prior to breakfast.
The following parameters were considered for this study: differen-
tial blood counts, albumin, ASAT, ALAT, cholesterol, C-reactive
protein, iron, transferrin, transferrin saturation, vitamin B, folic
acid, cholinesterase, zinc, and thyroid-stimulating hormone (TSH).
Folic acid was measured as either serum folic acid or as erythro-
cyte folic acid. Ferritin was not routinely included in the admission
work-up and was therefore assessed in only half the patients.

Study design and definitions

We tried to characterize anemia using hematological and chemical
blood values determined systematically at the time of the patient’s
admission to hospital. Therefore, the patients were grouped ac-
cording to their hemoglobin values into those with anemia
(<120 g/l) and those without (=120 g/l). All hematological and
chemical blood values were then compared by univariate and mul-
tivariate analysis. In a second step, we tried to establish scores
suggesting malnutrition, iron deficiency, and chronic disease. Bio-
chemical evidence of malnutrition was considered to be present if

>5 of the following criteria were met: serum albumin <35 g/| (ref-
erence range: 35-52 g/l), absolute lymphocyte count <1.5x109/I
(1.6-2.4x1091), cholesterol <3.0 mmol/l (3.0-5.2 mmoll/l),
transferrin <2 g/l (2.0-3.6 ¢/l), cholinesterase <7.0 1U/ml
(7.0-19.0 1U/ml), zinc <10.7 pmol/l (10.7—22.9 pmol/l). Iron defi-
ciency was defined as transferrin saturation below 15% (16-45%)
with normal CRP (<5 mg/dl). Biochemical evidence of inflamma-
tion was considered to be present if all three of the following crite-
ria were met: C-reactive protein higher than 5 mg/dl, transferrin
saturation higher than 15%, and serum iron levels below
9.5 pmol/I (9.5-33.8 pmol/l).

Statistics

The results are presented as medians and ranges. Pearson’s chi-
squared test was used for group differences with categorical vari-
ables and the Mann-Whitney U test for differences with continu-
ous variables. Univariate estimation of the association of anemia
with malnutrition, iron deficiency, and inflammation was done
with Pearson’s chi-squared test. A multivariate logistic regression
model with stepwise variable entry was used to determine which
factors were significantly associated with anemia. P values <0.05
were considered significant. Statistical analysis was performed us-
ing the SPSS statistical program (SPSS for Windows, release 9.0,
SPSS, Chicago, I1I., USA).

Results

Of the 186 patients included in this study, 82 (44%) ful-
filled the criteria for anemia, and 104 did not have ane-
mia. The median age of the entire cohort was 85 years
(range: 56-100); 93 (50%) were male. There were no
significant differences among patients with and without
anemia with respect to age, gender, duration of hospital-
ization, reason for admission, primary diagnosis, place
of residence prior to admission, and place of discharge
(Table 1).

Table 1 Patients characteristics

All patients Anemia No anemia P
n 186 82 104
Sex: female (n,%) 93 (50%) 42 (51%) 51 (49%) 0.8
Median age in years (range) 85 (56-100) 84 (56-97) 85(85-100) 0.4
Median days in hospital (range) 43 (1-442) 42 (2-442) 46(1-424) 0.8
Reason for admission 0.1
Falls 51 (27.4%) 24(29.3%) 27 (26%)
Confusion 22 (11.8%) 5 (6%) 17 (16.4%)
Acuteillness 64 (34.4%) 27 (33%) 37 (35.6%)
Lossof IADL 49 (26.3%) 26 (31.7%) 23 (22%)
Main diagnosis 0.8
Infection/malignancy 52 (28%) 24 (29.3%) 28 (27%)
Acute illness other than infection or malignancy 50 (26.9%) 23 (28%) 27 (26%)
Other chronic conditions or loss of IADL 84 (45.2%)  35(42.7%) 49 (47%)
Admission from 0.1
Home 148 (79.6%) 61 (74%) 87 (84%)
Other institution 38(20.4%) 21 (26%) 17 (16%)
Discharge 0.5
Home 62 (33.3%) 24(29.3%) 38(36.5%)
. o Other institution 67 (36%) 30(36.5%) 37 (35.6%)
IADL independent activitiesof  pegth 57 (30.6%)  28(34.1%) 29 (27.9%)

daily living




Table 2 Admission parameters (medians and ranges) for al patients as well as according to hemoglobin value
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Parameter Referencevalues n All patients (n=186)  Anemia (n=82) No anemia (n=104) P
Hemoglobin 120-160 g/l 186 126 (73-174) 106 (73-119) 138 (120-174)
MCV 79.0-95.0fl 186 91.9 (64.1-116.3) 92 (77-116.3) 91.7 (64.1-112) 0.8
MCH 27.0-31.0 pg 186 29.7 (19.4-36.8) 29.2 (22.4-35.2) 29.9 (19.4-36.8) 0.1
Platelet count 150-450x1091 186 249 (10-903) 255 (10-774) 244 (112-903) 0.4
Leukocytes 3.5-10x10I 186 7.65 (1.46-38.05) 7.69 (1.46-38.05) 7.63 (3.64-21.70) 0.4
Lymphocytes 1.6-2.4x109/L 180 1.16 (0.01-16.86) 1.04 (0.06-16.86) 1.31 (0.01-7.95) 0.01
Iron 9.5-33.8 ymol/l 186 8.80 (1.545.1) 6.4 (1.5-35.4) 10.15 (1.845.1) <0.001
Transferrin 2.00-3.60 g/l 186 2.14 (0.71-4.95) 2.01(0.71-4.16) 2.33(1.17-4.95) <0.001
Transferrin saturation 16-45% 186 16 (3-87) 14 (3-56) 17 (4-87) 0.003
Ferritin 15-300 pmol/I 89 250 (26-8280) 302 (32-8280) 208 (26—2656) 0.9
Folic acida 177

Serum 7-39 nmol/l 55 10 (4-45) 11 (4-45) 10 (4-45) 0.7

Erythrocyte 395-1585 nmol/I 122 700 (145-2953) 741 (300-2953) 685 (145-2250) 0.4
Vitamin B, 132835 pmol/l 180 235 (47-3260) 262 (69-1730) 221 (47-3260) 0.06
Albumin 35-52 g/l 185 34 (15-48) 31 (15-46) 36 (22-48) <0.001
Cholesterol 3.0-52mmol/l 183 4.66 (1.67-11) 4.37 (2.05-11) 5.03 (1.67-9.39) <0.001
Cholinesterase 7.0-19.01U/ml 178 7.5(1.9-15.8) 6.1 (1.9-11.0) 8.2 (4.2-15.8) <0.001
CRP <5 mg/l 185 23 (<5-398) 35 (<5-304) 19 (<5-398) 0.03
ASAT 11-36 U/l 185 27 (9-530) 26 (9-185) 28 (10-530) 0.5
ALAT 10-37 U/l 185 19 (2-480) 19 (2-480) 19 (5-135) 0.5
TSH 0.1-4.0mlul/l 178 1.29 (0.01-75.3) 1.23 (0.01-38.4) 1.36 (0.07—75.3) 0.7
Zinc 10.7-22.9 umol/l 169 10.0 (4.2-15.9) 9.6 (4.2-15.4) 10.6 (4.2-15.9) 0.04

aFolic acid was measured as either serum or erythrocyte folic acid

Table 3 Prevalence of malnutrition, iron deficiency, and inflam-
mation in elderly patients with and without anemia

Scores of Anemia(n=82) Noanemia(n=104) P
Inflammation 14 (17%) 9 (9%) 0.08
Iron deficiency 4 (5%) 8 (8%) 0.5
Malnutrition 34 (42%) 12 (12%) <0.001
Neither 30 (36%) 75 (72%) <0.001

The results of the hematological and chemical blood
values for all patients determined upon hospitalization as
well as stratified according to hemoglobin are shown in
Table 2. Complete blood counts and biochemical param-
eters were available in >90% of the patients, except for
ferritin. Patients with anemia had significantly lower
lymphocyte counts, serum iron, transferrin levels, trans-
ferrin saturation, abumin, cholesterol, cholinesterase,
and zinc, but higher C-reactive protein (Table 2). There
were no differences for the other parameters: leukocyte
count, platelet count, vitamin By, folic acid, ASAT,
ALAT, and TSH.

Of 82 of the patients with anemia, 34 (42%) met the
criteria for malnutrition as compared to 12 of 104 (12%)
of the patients without anemia (P<0.0001). A low trans-
ferrin saturation in the presence of a normal CRP sug-
gesting iron deficiency was found in 4 of 82 (5%) of the
patients with anemia and in 8 of 104 (8%) of those with-
out anemia (P=0.5). A positive inflammation score was
found in 14 of 82 (17%) and 9 of 104 (9%; P=0.08),
respectively (Table 3). In a multivariate logistic regres-
sion model, anemia was significantly associated with
low serum abumin (RR: 1.138; 95% CI: 1.056-1.227;
P=0.0007), with decreased transferrin saturation (RR:
1.05; 95% CI: 1.012-1.09; P=0.009), and with low cho-

linesterase (RR: 1.387; 95% Cl 1.122-1.714; P=0.0025).
The relative risk of the association of anemia with serum
albumin of 1.138 is best interpreted as an increase in the
probability of having anemia by 14% with every de-
crease of serum albumin by 1 g/I. Relative risks of trans-
ferrin saturation are by saturation percent and for cholin-
esterase by 1U/ml.

Discussion

In this retrospective cohort study analyzing 186 consecu-
tive admissions to a geriatric ward in a university hospi-
tal, we found a high prevalence of anemia of 44%. Pa-
tients with anemia had significantly lower serum concen-
trations of albumin, iron, transferrin, cholesterol, cholin-
esterase, and zinc, a lower transferrin saturation, and a
higher C-reactive protein level. Using a multiparameter
score, anemia was significantly associated with parame-
ters related with malnutrition (P=0.0001) but not with in-
flammation (P=0.08) or iron deficiency (P=0.5). In a
multivariate logistic regression model, only serum albu-
min, cholinesterase and transferrin saturation, all mark-
ers of malnutrition, were associated with anemia.
Multimorbidity in the elderly makes causal diagnosis
of anemia difficult [3, 4, 6, 10, 14]. Multiple factors such
as vitamin and iron deficiency, chronic bleeding, and
chronic infectious, inflammatory, and malignant condi-
tions may coexist. Furthermore, laboratory tests such as
ferritin may be misinterpreted in cases of concomitant
inflammatory states. The data presented show that pa-
rameters of malnutrition are strongly associated with
anemia and suggest that malnutrition contributes to the
development of anemiain these patients. In the multivar-
iate model, only serum albumin and cholinesterase, both
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reflecting nutritional status, and transferrin saturation,
reflecting nutritional status and iron body stores, were
significantly associated with anemia. As the socioeco-
nomic status of the elderly in Switzerland is high and
poverty has become rare, malnutrition more likely re-
flects loneliness and depression, poor dentition, loss of
appetite, impairment of cognitive function, or secondary
systemic disease. As shown in Table 1, patients with
anemia did not differ from patients with normal hemo-
globin in the distribution of underlying diseases. It is no-
table that blood vitamin levels such as B;, and folic acid
were not different in patients with or without anemia.
These data are difficult to interpret and may reflect the
attention given to early substitution as outpatients.

Anemia may contribute to reduced quality of life in
the elderly, may predispose to falls and its consequences
such as fractures, and may further impair cognitive func-
tion [2]. In this study, we found no significant difference
in hospital mortality or place of discharge between pa-
tients with and without anemia. Nevertheless, the high
prevalence of anemia and the strong association with nu-
tritional statusis disturbing.

This study has several limitations. The population ana-
lyzed is small but likely to be representative for a hospital-
ized geriatric population in this region with high socioeco-
nomic standard. The main finding, an association of ane-
mia with markers of malnutrition, is significant in spite of
the small sample size. The definitions of anemia, malnu-
trition, iron deficiency, and chronic inflammation used are
based on the availability of the routine profile on admis-
sion and are therefore somewhat arbitrary and certainly
open to criticism. Ferritin levels were not determined in
half the patients, and therefore the definition of iron defi-
ciency is uncertain. Using these definitions, we are proba-
bly underestimating rather than overestimating the impact
of iron deficiency. The lack of association of anemia with
the reason for admission, underlying disease, or sex may
be due to sample size restriction. The parameters analyzed
are not disease specific, and conditions such as hypoalbu-
minemia may indicate malnutrition as well as chronic dis-
ease. We had body weight data available but no reliable
measures of body height in this group due to kyphosis etc.
and thus no estimation of the body mass index. We aso
lack data on nutritional intake in these patients. However,
the association of anemia with multiple markers of malnu-
trition makes our interpretation plausible.

In conclusion, we found a high prevalence of anemia
in a geriatric population upon admission to the hospital.

Anemia is probably multifactorial; however, malnutri-
tion seems to play an important role and may be under-
estimated. It remains to be determined whether this nu-
tritional component of anemia is amenable to interven-
tion through better attention to nutritional status and
whether this will benefit the patient. Results of this ob-
servational study should be interpreted cautiously but
may serve to generate hypotheses to be tested in a pro-
spective trial.
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