
Introduction

Anemia and hypoalbuminemia (HA) 
have been shown to be associated with 
frailty in older people [19, 24, 36, 37] and 
frailty has been shown to be closely asso-
ciated with nutritional status in the elder-
ly [5, 20]. Low albumin blood levels have 
been previously shown to be associated 
with anemia [27, 29, 34, 35,] but compa-
rable analyses among German inpatients 
are, however, currently lacking.

» Anemia is a common 
problem in older people

Anemia is a common problem in older 
people [3, 15]. Depending on the patient 
cohort, the prevalence may vary between 
20 % among independent community-
dwelling seniors and 40–60 % among in-
patients [14, 15, 46]. Anemia in older peo-
ple has been shown to be associated with 
increased morbidity and mortality as 
well as with a higher rate of hospitaliza-
tion and longer hospital stay [9, 42]. Ane-
mia also appears to be associated with im-
paired cognitive function in patients over 
70 years of age [38]. A recent systemat-
ic review by Andro et al. identified sev-
eral studies showing a significant associ-
ation between anemia and cognitive de-
cline, incidence of dementia and reduced 

executive functions [1]. Several risk factors 
for anemia have been identified in geriat-
ric patients, such as chronic kidney dis-
ease [33, 45], iron deficiency and inflam-
mation [30, 32].

» The association between 
nutritional status and frailty 
is widely acknowledged

» The role of albumin as 
a nutritional marker still 
remains controversial

Low serum albumin is also acknowledged 
to be a risk factor for mortality and mor-
bidity [2, 13]. A recent study in older sub-
jects with femoral neck fractures showed 
that albumin was a significant predictor 
of 12-month survival [23]. Similar find-
ings could be shown by Kato et al. in car-
diology patients undergoing heart sur-
gery [22]. Furthermore, low serum albu-
min levels have been shown to be associat-
ed with anemia in smaller cohorts [27, 29, 
34, 35]. The association of functional de-
cline and serum albumin has been studied 
before. Isaia et al. could show an increased 
functional decline in Italian geriatric pa-
tients who had been admitted to hospi-
tal and presented with low serum albu-
min [18]. The association between nutri-

tional status and frailty is widely acknowl-
edged [5, 20]. Smit et al. showed a depen-
dency of frailty on daily energy intake 
among older American adults and the au-
thors additionally reported lower serum 
albumin levels in the frail than in the not 
frail subgroups of this patient cohort [37]; 
however, despite the fact that albumin was 
found to be associated with nutritional 
status in many studies [27, 35], the role of 
albumin as a nutritional marker still re-
mains controversial [16, 25]. The present 
study aimed to fill the gap in knowledge 
on the relationship between anemia, HA 
and nutritional status in a typical geriatric 
inpatient population. Another aim of the 
study was to address the presence and de-
gree of functional impairment as assessed 
by means of the comprehensive geriatric 
assessment (CGA), the cornerstone of ge-
riatric methodology.

Patients and methods

The ethics commission of the Cologne 
University Faculty of Medicine approved 
the study (No 11-032) and it was per-
formed in accordance with the 1964 Dec-
laration of Helsinki and its later amend-
ments. The study data was based on 1252 
patients routinely evaluated by the clinical 
nutritionist between January and Decem-
ber 2011 at the Geriatric Department of 
the University Hospital at St. Marien Hos-
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pital in Cologne, Germany. Data were ret-
rospectively collected on nutritional sta-
tus, diagnosis on admission with the in-
ternational classification of diseases ver-
sion 10 (ICD 10), body mass index (BMI, 
kg/m2, laboratory data and the CGA 

score. Patients with edema were exclud-
ed to avoid dilution-associated anemia 
and HA in the analysis. Patients with in-
flammation were also excluded from the 
analysis based on a C-reactive protein 
(CRP) value > 6 mg/l and a ferritin val-
ue > 651 ng/ml [7, 39] but patients with 
reduced glomerular filtration rate (GFR) 
were not excluded because approximate-
ly 60 % of the study patients showed a 
GFR < 90 ml/min and recent findings re-
vealed that a reduction of GFR does not 
necessarily predispose to HA [12]. Due 
to a lack of data, liver disease as a possi-
ble reason for reduced albumin synthesis 
could not be excluded. A total of 626 pa-
tients could be included in the final anal-
ysis. Nutritional risk at hospital admission 

was assessed using the modified mini-nu-
tritional assessment (m-MNA), a validat-
ed tool specially developed for older peo-
ple [16]. The m-MNA includes the assess-
ment of BMI, weight loss, mobility, food 
intake, number of main dishes consumed, 
fluid intake and self-assessment of health 
status. Based on the m-MNA scores, pa-
tients were divided into three groups: 
without malnutrition (group A), at risk 
for malnutrition (group B) and malnour-
ished patients (group C) [21]. The CGA 
scores from all patients were included in 
the analysis. In this setting the CGA con-
sisted of the Barthel index [26], Tinet-
ti test [40] and timed up and go (TUG) 
test [31] for the functional assessment, 
mini-mental state examination (MMSE) 
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Table 1  Characteristics of the study population where values are given as mean (SD) or frequency (%)
Variable and pathological range Total Anemia Hypoalbuminemia

N Mean ( ± SD) or
N (%)

No
N =

Yes
N =

p-value of t-test No
N =

Yes
N =

p-value of t-test

Age (years) 626 81.09 ± 7.46 172 425 0.319 364 249 0.164
Body weight (kg) (median/range) 619 36.3–138.4 170 420 0.317 363 243 0.001

Barthel index≤ 30(pts) (26) 622 43.31 ± 22.43 168 425 0.407 361 248 0.000

Clock drawing test > 3(pts)(42) 444 3.38 ± 1.41 118 306 0.160 260 177 0.142
GDS > 5(pts) (45) 483 4.39 ± 3.23 129 333 0.595 278 196 0.995
MMSE < 24(pts) (11) 529 22.57 ± 5.68 139 366 0.529 306 212 0.420
Tinetti < 20 (pts)(40) 264 16.49 ± 5.03 74 181 0.969 179 80 0.612
TUG (s) (31)
≤ 20 normal
20–30 probable
> 30 pathological

240 30.84 ± 14.28 68 162 0.247 165 72 0.324

Hypoalbuminemia 613 249 (40.6 %) 171 415 0.000 / / /

Albumin (g/dl)a 613 3597.85 g/dl 
(± 433.69)

171 415 0.000 364 249 0.000

Folate ≤ 2,5(ng/ml) 588 8.08 ± 5.75 161 401 0.303 344 233 0.004

Hemoglobin (g/dl) 597 11.47 g/dl (± 1.69) 172 425 0.000 345 241 0.000

Anaemia (4)b 597 425 (71.2 %) / / / 345 241 0.000

B12 ≤ 300(ng/l) 582 428.19 ± 222.05 163 393 0.598 342 230 0.000

Calcium (mmol/l)
2–2.6 normal
< 2
> 2.6

622 2.23 ± 0.19 171 422 0.000 363 247 0.000

GFR (MDRD/ml/min)
≥ 90 normal
60–89 decreased
< 60 pathological

622 71.96 ± 21.38 171 422 0.005 360 249 0.208

CRP≥ 6 (mg/l) 626 2.14 ± 1.37 172 425 0.000 364 249 0.000

Ferritin ≤ 651(µg/l) 626 226.24 ± 147.72 172 425 0.729 364 249 0.008

Tranferrin saturation
< 16 (%)

206 23.79 ± 24.94 60 143 0.828 117 88 0.239

B12 vitamin B12, SD standard deviation, pts points, GDS geriatric depression scale, MMSE mini-mental state examination, TUG timed up and go test, GFR glomerular filtra-
tion rate, CRP C-reactive protein
aAlbumin 3.5–5.5 g/dl normal range, no values > 5.5 measured
bAnemia< 12 g/dl Hb (females), < 13 g/dl Hb (males)

Table 2  Frequencies of diagnoses causing 
admission
Diagnosis (ICD version 10) Patients (%)

Reduced mobility (R26.8) 32.2
Fracture of the neck of femur 
(S72.01)

5.1

Fracture of the femur (S72.1) 4.6
(Embolic) stroke (I63.5) 3.8
Others 54.3
ICD  international classification of diseases



[11] and clock drawing test [41] for the 
cognitive status and the geriatric depres-
sion scale (GDS) [44] to screen for ma-
jor depression. Laboratory parameters in-
cluded in the analysis comprised hemo-
globin (Hb, g/dl) using the sodium lauryl 
sulphate (SLS) method (Sysmex®Analyzer 
XE-2100/XE-5000, Sysmex, Norderstedt 
Germany), serum albumin (g/dl, photo-
metric method, Beckman Coulter® Ana-
lyzer, Beckmann Coulter, Krefeld Germa-
ny ), CRP (mg/l) (immune turbidimet-
ric method, Beckman Coulter® analyz-
er), folate (ng/ml, immunoassay, Cobas®, 
Roche, Mannheim, Germany), serum 

calcium (mmol/l, photometric arsenazo 
method, Beckman Coulter® analyzer), 
transferrin (mg/dl, immune turbidimet-
ric method, Beckman Coulter® analyz-
er) with calculated transferrin saturation 
(%), ferritin (µg/l, immune turbidimetric 
method, Beckman Coulter® analyzer), vi-
tamin B12 (ng/ml, electro-chemilumines-
cence ECLIA immunoassay, Cobas®) and 
creatinine/estimated GFR (ml/min), Jaffé 
method, Beckman Coulter® analyzer and 
modification of diet in renal disease for-
mula (MDRD). While the estimated GFR 
could be considered in the statistical anal-
ysis, the absolute levels of creatinine were 

not available. For this study HA was de-
fined as serum albumin< 3.5 g/dl, ane-
mia was defined as Hb < 12 g/dl (females) 
and Hb < 13  g/dl (males) [4]. Statisti-
cal analysis was performed by means of 
the IBM SPSS statistical package Version 
20.0 (IBM, Armonk NY). The main pa-
rameters Hb and albumin were analyzed 
as original metric data. Frequencies were 
compared by the χ2-test, normally distrib-
uted variables by the t-test or ANOVA for 
more than two groups and two normal-
ly distributed variables by Pearson’s cor-
relations. For association between anemia 
and albumin odds ratios (OR) with 95 % 
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Abstract
Background.  Anemia and hypoalbumin-
emia (HA) are acknowledged independent 
risk factors for morbidity and mortality in ge-
riatric patients and are associated with nutri-
tional status and frailty. Data exist regarding 
the association between albumin and frailty, 
anemia and frailty as well as frailty and nutri-
tional status; however, there is a lack of infor-
mation on the association between HA, ane-
mia and nutritional status in older people.
Patients and methods.  This study retrospec-
tively analyzed 626 patients admitted to a 
German geriatrics department (average age 
81.1 years, 68.2 % female and 31.8 % male) 

for anemia and HA. Data from the compre-
hensive geriatric assessment (CGA) and from 
the mini-nutritional assessment (MNA) were 
available in all patients.
Results.  Patients with anemia suffered sig-
nificantly more often from HA (p < 0.001) 
than patients without anemia, with an odds 
ratio (OR) of 1.99 (95 % confidence interval CI: 
1.2-3.2) and of 5.41 (CI 95 %: 2.3-12.6) in pa-
tients at risk for malnutrition and in malnour-
ished patients, respectively. A moderately sig-
nificant association was seen between he-
moglobin (Hb) and albumin values (Pearson’s 
correlation r = 0.330; p < 0.001) as well as be-

tween albumin values and the Barthel index 
(Spearman’s correlation r = 0.210; p < 0.001).
Conclusion.  Anemia appears to be a risk fac-
tor for HA in inpatients with malnutrition 
and the observed association between albu-
min and Hb warrants further research. Geri-
atric inpatients with anemia should be evalu-
ated in terms of the presence of malnutrition 
risk and HA.

Keywords
Anemia · Hemoglobin · Albumin ·  
Nutritional status · Geriatrics

Zusammenhang von Anämie und Hypoalbuminämie bei deutschen stationär 
geriatrischen Patienten. Beziehung zum Ernährungsstatus und multidimensionalem 
geriatrischen Assessment („Comprehensive Geriatric Assessment“)

Zusammenfassung
Hintergrund.  Anämie und Hypoalbuminä-
mie (HA) sind bei geriatrischen Patienten be-
kannte unabhängige Risikofaktoren für Mor-
bidität und Mortalität, sie stehen im Zusam-
menhang mit Ernährungststatus und Frail-
ty. Es gibt Untersuchungen zum Zusammen-
hang zwischen Albumin und Frailty, Anä-
mie und Frailty, sowie Frailty und dem Ernäh-
rungsstatus. Bisher fehlen jedoch Daten zu 
einem Zusammenhang zwischen HA, Anä-
mie und Ernährungsstatus bei geriatrischen 
Patienten.
Patienten und Methoden.  Retrospekti-
ve Datenanalyse von 626 stationären geriat-
rischen Patienten (mittleres Alter 81,1 Jah-
re, 68,2 % Frauen, 31,8 % Männer) hinsicht-

lich Anämie, HA und einem Zusammenhang 
mit dem Ernährungsstatus (Mini Nutritional 
Assessment, MNA) und dem multidimensio-
nalen geriatrischen Assessment (Comprehen-
sive Geriatric Assessment, CGA).
Ergebnisse.  Patienten mit Anämie wiesen si-
gnifikant häufiger eine HA auf (p < 0,001) als 
Patienten ohne Anämie, wobei anämische 
Patienten mit einem Risiko für Mangelernäh-
rung eine erhöhte Chance auf eine HA hat-
ten (OR I,9; 95 %-KI: 1,2-3,2) und Patienten 
mit einer Mangelernährung eine OR von 5,4 
(95 %-KI: 2,3-12,6) aufwiesen. Ein modera-
ter signifikanter Zusammenhang konnte ge-
zeigt werden zwischen Hämoglobin (Hb) und 
Albumin (Pearsons Korrelationskoeffizient 

r = 0,330; p < 0,001) sowie zwischen Albumin 
und Barthel Index.
Schlussfolgerungen.  Anämie scheint bei 
mangelernährten stationär geriatrischen Pa-
tienten ein Risikofaktor für HA zu sein, wobei 
der beobachtete Zusammenhang zwischen 
Albumin und Hb weiterer wissenschaftlicher 
Untersuchungen bedarf. Im klinischen Alltag 
sollte bei stationär geriatrischen Patienten 
mit Anämie eine Überprüfung auf HA erwo-
gen werden, besonders bei drohender oder 
bereits bestehender Mangelernährung.

Schlüsselwörter
Anämie · Hämoglobin · Albumin · 
Ernährungsstatus · Geriatrie
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confidence intervals (CI) were calculated. 
Assessment tests and laboratory variables 
were analyzed as categorical data, distin-
guishing between pathological or normal 
values. The significance level was defined 
at 0.05.

Results

Descriptive characteristics of the 626 
patients are shown in . Table 1 includ-
ing 427 women (68.2 %) and 199 men 
(31.8 %). The most frequent diagnoses 
according to ICD 10 that were found in 
more than 3 % of study patients are shown 
in . Table 2. The high number with the 
diagnosis reduced mobility (32.3 %) is re-
lated to the relatively low number of TUG 
and Tinetti test results on admission, 
which were often not possible to be con-
ducted due to a reduced functional sta-
tus of the patient. The prevalence of ane-
mia in all 626 patients was 67.9 % (425) 
with 66.0 % (282 out of 427) in women 
and 71.9 % (143/199) in men. The preva-
lence of HA was 39.8 % (249/626), 40.5 % 
(173/427) in women and 38.2 % (76/199) 
in men (. Table 1). Patients with HA had 
lower Hb levels, more often anemia, a 
lower Barthel index, lower BMI, higher vi-
tamin B12 levels as well as lower levels of 
serum calcium than patients without HA. 
These differences were highly significant 
(p < 0.001) (. Table 1). Ferritin and fo-
late levels were significantly higher in hy-
poalbuminemic patients than in patients 
with normal albumin values (p = 0.008 
and p = 0.004, respectively). In patients 
with anemia, HA was present significant-
ly more often as well as lower albumin lev-
els, lower serum calcium levels and high-
er CRP levels than in patients without 

anemia (p < 0.001). Anemic patients had 
significantly lower GFR values than pa-
tients without anemia (p < 0.05). No sig-
nificant differences in CGA scores were 
seen among the groups. One-way ANO-
VA revealed that depending on the nutri-
tional status according to the m-MNA, al-
bumin levels, the BMI and Barthel index 
differed significantly (p < 0.001): the low-
est albumin levels, BMI and Barthel index 
were found in patients with malnutrition 
(group C) compared to better nourished 
patients of m-MNA groups A and B. No 
statistically significant differences were 
seen for Hb levels (. Table 3). A weak to 
moderately significant correlation was 
observed between albumin and Hb values 
(Pearson's correlation r = 0.33; p < 0.001) 
as well as between albumin values and the 
Barthel index (r = 0.21, p < 0.001). No oth-
er associations were observed. Patients 
with anemia had an elevated chance (OR 
2.6, 95 % CI 1.8-3.9) to be hypoalbumin-
emic. Anemic patients at risk for malnu-
trition (m-MNA group B) showed an OR 
of 1.99 (95 % CI 1.2-3.2) to be hypoalbu-
minemic, reaching an OR of 5.41 (95 % 
CI 2.3-12.6) in malnourished patients be-
longing to m-MNA group C. No correla-
tion between anemia and HA was found 
in m-MNA group A patients (OR 2.6, 
95 % CI 0.95-7.3).

Discussion

The main result of this study is that ane-
mia was found to be associated with HA 
and malnutrition in this geriatric popula-
tion. Anemic patients at risk for malnu-
trition have an increased risk of hypoal-
buminemia and this risk increases even 
more in malnourished patients. To the 

best of our knowledge this increase has 
not been described before among geriat-
ric inpatients. An association between Hb 
and albumin values in older patients has 
been described before among geriatric 
patients outside of Germany but data are 
scarce and most of the studied patient co-
horts are smaller than the present geriatric 
inpatient cohort [27, 29, 34, 35]. The prev-
alence of HA found in this patient cohort 
is similar to that found in previous stud-
ies. In the study of Mizrahi et al. HA was 
found in 38.8 % of geriatric patients on ad-
mission [28]. The high prevalence of ane-
mia in the present study sample is compa-
rable to the prevalence recently described 
by Chan et al. of 67 % in 812 old nursing 
home adults [8]. The data are also consis-
tent with another recent study on 100 ge-
riatric inpatients, in which a prevalence 
of 60 % was observed [46]. In this study 
cohort HA was associated with all abnor-
mal laboratory values with the exception 
of GFR and transferrin saturation. Recent 
findings by Friedman et al. revealed that 
a reduction of GFR does not necessarily 
predispose to HA [12]. Bonilla-Palomas et 
al. described an independent association 
between HA and low transferrin values in 
patients with acute heart failure [6].

Different patient characteristics be-
tween the studies might be responsible for 
the different results. As hypoalbuminemic 
patients have a significantly lower body 
weight and significantly lower folate, vita-
min B12 and serum calcium levels, an as-
sociation between albumin and nutrition-
al status might be assumed. In most of the 
studies albumin is associated with nutri-
tional status [27, 35]; however, the role of 
albumin as a nutritional marker still re-
mains controversial [16, 25]. The associa-
tion between anemia, HA and nutritional 
status in this study cohort might suggest 
protein deficiency anemia but a causali-
ty cannot be proven due to a lack of vari-
ables of visceral protein storage (e.g. co-
agulation factors and liver function) and 
somatic protein storage (skeletal muscle 
mass). The association of HA with elevat-
ed levels of folate and vitamin B12 might 
be due to the role of albumin as a trans-
port protein: a lack of albumin might re-
sult in higher levels of free folate and vita-
min B12 [17]. Another important finding 
of this study is the observed association 
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Table 3  Association between anemia, hypoalbuminemia, Barthel index and BMI according to 
mini-nutritional assessment group

MNA group A
(no malnutrition)

MNA group B
(risk of malnutrition)

MNA group C 
(malnutrition)

Anemia 66 (66.7 %) 270 (72.8 %) 88 (69.8 %)
Hypoalbminemia 30 (28.8 %) 147 (38.9 %) 71 (54.6 %)
Hb (g/dl mean ± SD) 11.6 (± 1.8) 11.4 (± 1.6) 11.5 (± 1.7)
Albumin (mg/dl mean ± SD) 3753 (± 402) 3611 (± 417) 3439 (± 458)
Barthel score (mean ± SD) 51.0 (± 24.0) 45.2 (± 20.8) 31.1 (± 21.3)
BMI (mean ± SD) 28.6 (± 5.9) 25.8 (± 5.4) 23.2 (± 4.8)
Values are given as mean (SD) or frequency (%)
MNA mini-nutritional assessment, BMI  body mass index, Hb hemoglobin



of HA values with the Barthel index, low-
er body weight and anemia (. Table 1) 
which are all factors that have been asso-
ciated with frailty [10, 19]. Although the 
identification of frailty was not an aim of 
the present study, the findings are con-
sistent with an earlier frailty study on a 
smaller patient cohort by Silva et al. [36]. 
In that study, an association between HA, 
nutrition status and functionality assessed 
by the Barthel index was found. Isaia et 
al. could also show a reduced functional-
ity in relation to low serum albumin lev-
els [18]. As ICD 10 does not include a 
code for frailty, in Germany medical con-
trollers resort to disease codes describ-
ing symptoms of frailty, indicating the 
need for geriatric treatment, such as R15, 
R26.8, R29.6 and R32 [43]. In this patient 
cohort, the diagnosis code reduced mo-
bility (R26.8, ICD 10) was found in one 
third of the patients as the main diagno-
sis (. Table 2). This finding implies func-
tional problems that are assumed to be 
caused by reasons other than the main 
diagnosis, such as hip fractures (S72.-) or 
stroke (I63.-) (. Table 2). An association 
with frailty might be assumed but this as-
sumption remains vague due to the lack of 
confirmatory data.

The strengths of this study include the 
size of the study population among geri-
atric inpatients in Germany. Moreover, the 
CGA including assessment of nutrition-
al status was performed in a standardized 
manner by the application of validated 
tests [11, 26, 31, 40, 41, 44].

There are some shortcomings to this 
investigation. The retrospective nature 
and the broad, less precise selection of pa-
tients presenting to the nutritionist curtail 
an interpretation of the data.

Conclusion

This study shows that anemia and HA are 
highly prevalent in a typical German ge-
riatric inpatient population. Anemia ap-
pears to be a risk factor for HA in mal-
nourished geriatric inpatients, while HA 
is associated with reduced functionality 
based on the Barthel index. The study re-
sults support the assumption of an associ-
ation between anemia and serum albumin 
which, to the knowledge of the authors, 
has not been shown before in a German 

geriatric inpatient cohort. These findings 
encourage further research in the com-
plex field of frailty in association with nu-
tritional status, anemia and HA and the 
effects on CGA in geriatric patients. A 
screening for HA should be considered 
in anemic geriatric inpatients, particularly 
if a nutritional risk screening (e.g. MNA) 
indicates malnutrition.
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