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Abstract: Background: Anemia and malnutrition are highly prevalent, frequently concomitant and associated
with negative outcomes and mortality in the elderly. Objectives: To evaluate the association between these two
entities, and test the hypothesis that protein-energy deficit could be etiology of anemia. Design: Prospective
case-control study. Setting: Geriatric and Rehabilitation Hospital, Geneva University Hospitals, Switzerland.
Participants: 392 patients (mean age 84.8 years old, 68.6% female). Main outcome measures: Hematological
(hemoglobin (Hb)), chemical (iron work up, cyanocobalamin, folates, renal function, C-Reactive Protein
(CRP)) and nutrition (albumin, prealbumin) parameters, and mini nutritional assessment short form (MNA-SF).
Results: The prevalence of anemia (defined as Hb<120 g/l) was 39.3%. Anemic patients were more frequently
malnourished or at risk of malnutrition according to the MNA-SF (p=0.047), with lower serum albumin (p
<0.001) and prealbumin (p <0.001) levels. Thirty-eight percent of these patients had multiple causes and 14.3%
had no cause found for anemia. Among the latter 90.9% of patients with unexplained anemia had albumin
levels lower than 35g/1. After exclusion of iron,vitamin B12 and folic acid deficits, anemic patients had lower
albumin (p<0.001) and prealbumin (p 0.007) levels. Albumin level explained 84.5% of the variance in anemia. In
multivariate analysis albumin levels remain associated with Hb only in anemic patients, explaining 6.4% of Hb
variance (adj R2) and 14.7% (adj R2) after excluding inflammatory parameters (CRP>10). Conclusions: Albumin
levels are strongly associated with anemia in the elderly. Screening for undernutrition should be included in
anemia assessment in those patients. Further prospective studies are warranted in order to explore the effect of
protein and energy supplementation on hemoglobin level.
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Introduction

Anemia is very frequent in elderly and associated with
negative clinical outcomes (1) as functional impairment, falls,
multiple co-morbid conditions, hospitalization rate, longer
hospital length of stay and mortality (2-4).

It may be part of the frailty process of ageing and its
prevalence in over 65 year-old community-dwelling people
is estimated at 11% in men, and 10.2% in women. It rises up
to more than 20% in 85 years and older (5, 6). In oldest old
hospitalized patients the prevalence is even higher (40%) (7, 8).
Even so, anemia is often undertreated and simply considered
as age-related (4). Concerning the etiologies of anemia, it is
considered that one third of cases are due to nutritional deficits
(iron, folic acid and/or vitamin B12). Half of them are due to an
iron deficit (combined or not with vitamin deficiencies), which
could be the sole cause of anemia in 25% of cases (9). Another
third is associated with chronic diseases or chronic renal
insufficiency, together qualified as anemia of chronic disease
(ACD) (5, 10, 11). ACD is frequent in elderly, directly related
to the various inflammation pathways, independently from the
underlying cause of inflammation. Anemia in elderly is often
multifactorial and ACD may coexist with nutritional deficits.
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Even after large work-ups including the above-mentioned
causes, one third of anemia cases remain of unknown origin (5).

Associated with negative outcomes and long-term mortality
in community-dwelling populations and older inpatients,
malnutrition is another important and frequent concern in
elderly (12-16). Defined as a state of insufficient dietary intakes
concerning proteins, calories and micronutrients, its prevalence
is higher than 40-50% in hospital and nursing home settings.
Thirty to 60% of elderly patients admitted to a hospital are
either malnourished or at risk of malnutrition and 23% and
51% respectively in geriatric in-patients (15, 16). Malnutrition
may overlap with cachexia, which corresponds to a reaction
to a disease state or to co-morbidities, usually associated with
some degree of inflammation, and anemia related to cachexia
is probably caused by the underlying chronic condition and
inflammatory reaction (12, 13). Nevertheless, except cases of
cachexia, it would be interesting to assess whether malnutrition
may be associated with anemia, independently of an underlying
chronic inflammation or an underlying nutritional deficit in
iron/vitamin B12 or folic acid. An association between anemia,
hypo-albuminemia and other biological and clinical nutritional
parameters has already been demonstrated in hospitalized
elderly patients (17), in long-term care structures (18) and
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community-dwelling populations (19). However, association
between anemia and malnutrition has never been studied after
exclusion of potential confounding factors as co-existing
nutritional deficits, such as iron, vitamin B12 and folic acid, or
underlying inflammatory state.

The aim of the study is to describe the epidemiology
of anemia in a very old hospitalised group and assess the
association between hemoglobin and nutritional status, in
patients without iron and vitamin deficiencies and taking
into account inflammation and chronic kidney disease. If this
association can be detected, we could raise the hypothesis as
to whether malnutrition could contribute to the pathogenesis of
anemia of unknown etiology.

Methods

The study took place between February 2010 and November
2012 in the Geriatrics and Rehabilitation Hospital of the
Geneva University Hospitals, Switzerland. This hospital is
composed of general geriatric, internal medicine units and
one geriatric-orthopaedics unit. In its prospective case-control
design, the study was sequentially proposed to all patients
hospitalized in the general geriatric and internal medicine units.
All included patients signed a written consent form. Exclusion
criteria for the study were: refusal, Mini-Mental State
Evaluation (MMSE) <18/30, ongoing hemodialysis, palliative
care, secondary diabetes (for exemple after pancreatectomy),
corticosteroid treatments, known myelodysplastic disease and
post-operative state.

Primary outcomes were the hematological parameters
allowing definition and categorization of anemia and the
biological, clinical and anthropometric parameters of nutrition.
Secondary measurements were general informations as age and
provenance, treatments and cognitive status. The inclusion was
performed within 7 days after hospital admission. Between day
1 and 4 after inclusion, blood tests were done and the patients
were evaluated during a clinical consultation done by the same
medical and nurse team for the clinical parameters.

Data collected for every included patient were: date of birth,
sex, provenance (other medical unit or home) and medications.
The biological parameters studied on a blood sample were
hemoglobin, mean corpuscular volume, hematocrit, red blood
cells, reticulocytes, white blood cell count, thrombocytes, iron
parameters (iron, transferrin, transferrin soluble receptor (sTfR)
and ferritin), cyanocobalamin, folates, renal function (urea,
creatinine, estimated creatinine clearance with Cockroft-Gault
formula (eGFR)), albumin, prealbumin and CRP. Reference
values used by the hospital laboratory are detailed in Table
1. Clinical nutritional parameters studied were: weight (kg),
height (m), BMI (kg/m2) and heel-knee distance (cm). Clinical
scales used were MNA-SF for malnutrition screening (20) and
MMSE for cognitive impairment evaluation (21).

We compared all these parameters in the cohort, according
to anemia status. Thresholds used in the literature to define
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anemia vary greatly (22). Mindell’s work supported the use of
the WHO thresholds (130g/L in men and 120 g/L in women)
(23) but most definitions are based on data from populations
less than 65 years of age (24). The threshold used in our study
was hemoglobin <120 g/l for both sexes, based on existing
clinical studies about the link between anemia and nutrition
including patients with median age of 83 to 85 and above (17,
25) For the MNA-SF, patients with 0-7 points were considered
as malnourished, 8-11 points as at risk of malnutrition and
12-14 points as having a normal nutritional status (26). The
definitions used for causes of anemia were: ferritin <30 ng/ml
or transferrin saturation <15% or sTfR >2 for iron deficit and
levels under 150 pmol/l and 5.9 nmol/l for cyanocobalamin and
folic acid deficits respectively (5, 27-29).

Inflammatory anemia was defined by CRP>10 or sTfR <1.5
and renal insufficiency as an estimated creatinine clearance
under 30ml/min/1.73m?2.

Statistics

Patients’ characteristics were compared using chi-square
tests or unpaired t tests as appropriate. Due to 5 (1.3%) missing
height measurements, the corresponding BMI scores had to
be imputed using a regression model adjusted for age, sex and
anemia status. For the other parameters, with less than 5% of
missing data (mostly for iron work-up), imputation was also
performed.

To assess the association between hemoglobin, the
dependent variable, and each demographics, nutritional,
inflammatory and anemia markers listed in tables 3 and 4,
we applied univariate linear regression models. Then,
hemoglobin levels were associated simultaneously with all the
demographics, nutritional, inflammatory and anemia markers
variables using a multiple linear regression.

First, these two sets of regression models were performed
in patients without iron and vitamin deficiencies, in those with
and without anemia (Table 3). Second, the same two sets of
regression models were applied to patients with CRP levels
< 10 [mg/1], according to their anemia status (Table 4) to
exclude a potential confounding effect of inflammation.

The proportions of the variance of hemoglobin level
accounted for by the different regression models were estimated
by the coefficient of determination (r-square or R2) and
adjusted according to the number of variables included in
the models (adjusted R2) and expressed in percent. P-values
<0.05 were considered statistically significant. Stata Statistical
Software release 12.1 was used to compute all statistics.

Results

Patients’ flow diagram according to Consort is presented
in Figure 1. Four hundred and eleven patients were initially
included in the study. After exclusion of patients with missing
data on iron status, MNA-SF score and hemoglobin, the study
population counted 392 patients. Characteristics of this study
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Table 1

Patient’s characteristics of the cohort of 392 elderly hospitalized patients according to anemia (Hb < 120 g/1), categorical and
continuous data

No anemia Anemia All
N %0 N %0 N %0
N 238 154 392
Sex female 151 634 118 76.6 0.007 269 68.6
Age = 85 107 450 83 539 0.098 190 48.5
MNA-SF (categories) 0.047
Malnutrition 29 122 25 16.2 54 13.8
Atrisk 99 41.6 73 474 172 439
Well nourished 110 46.2 56 364 166 423
BMI [kg/m2] 0.529
<20 25 10.5 23 14.9 48 12.2
20-249 76 319 51 33.1 127 324
25-299 82 345 50 325 132 33.7
=30 55 23.1 30 19.5 85 21.7
No anemia (N = 238) Anemia (N = 154) All (N =392)
Hospital Laboratory
Reference range F/M Mean SD Mean SD P Mean SD % Missing
Age (years) -- 844 6.2 854 6.3 0.098 84.8 6.3 0.0
Albumin (g/1) 35-48 320 4.1 29.7 4.1 <0001  31.1 42 00
Prealbumin (mg/1) 223-380 202.6 575 177.8 523 <0001 1929 56.8 43
CRP (mg/l) 0-10 233 363 363 449 0.003 284 404 0.8
Creatinine (mcmol/l) 35-88 81.4 322 939 412 0.002 86.3 36.5 00
Creatinine Clearance Cockcroft (ml/min) >60 57.7 199 48.7 204 <0.001 54.2 20.6 1.5
Number of medications -- 52 2.7 6.0 2.7 0.005 5.6 2.7 03
Haematology
Erythrocytes (T/1) 3.8-5.2/4.4-6 44 04 3.7 04 <0.001 4.1 0.5 03
Hemoglobin (g/1) 120-160/140-180 131.7 8.8 105.9 122 <0.001 121.6 16.2 0.0
Hematocrit (%) 37-47/40-52 40.8 29 34.6 140 <0001 384 95 00
Reticulocytes (%) 5-15 529 17.8 56.6 264 0.126 543 21.7 89
Leucocytes (G/1) 4-11 6.9 23 82 10.6 0.114 74 6.9 03
Thrombocytes (G/1) 150-350 237.5 733 265.9 954 0002 2487 83.7 1.0
Iron (mcmol/l ) 5-30 11.6 49 103 94 0.105 11.1 7.0 0.0
Transferrin (mcmol/l ) 0.07-0.51 48.5 93 450 120 0.002 472 105 0.0
B12 vitamin (pmol/l) 135-700 271.7 202.0 3203 2359 0036 2908 2170 23
Folic acid (nmol/l) 4.1-24 17.6 11.5 185 12.5 0471 179 119 20
Soluble transferrin receptor (sTfR)(mg/l) 09-23 1.2 04 1.7 30 0.028 14 1.9 7.7
Ferritin (mcg/1) 11-137 1532 135.7 1945 181.8 0.016 1694  156.5 03
MCV [fl] 82-98 929 53 91.7 7.6 0.091 924 6.4 00
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Table 2

Patients’ characteristics according to anemia status (hemoglobin < 120 g/I) in patients without iron-B 12-folic acid deficit (N=261)

No anemia (N =155) Anemia (N = 106) All (N =261)
Hospital Laboratory
Reference range F/M Mean SD Mean SD P Mean SD % Missing

Age (years) - 843 6.2 86.0 6.1 0.034 85.0 6.2 00
Albumin (g/1) 35-48 321 3.8 292 42 <0.001 309 42 0.0
Prealbumin (mg/1) 223-380 198.0 56.4 178.0 543 0.007 189.9 56.3 49
CRP (mg/l) 0-10 21.8 323 36.1 470 0.007 27.6 395 0.8
Creatinine (mcmol/l) 35-88 80.2 304 96.2 434 0.001 86.7 37.0 0.0
Creatinine Clearance Cockcroft (ml/min) >60 57.8 204 470 18.0 <0.001 534 20.2 1.5
Number of medications - 5.6 2.7 6.2 2.7 0.070 58 2.7 04
Haematology

Erythrocytes (T/1) 3.8-5.2/4.4-6 44 04 37 04 <0.001 4.1 0.5 0.0
Hemoglobin (g/1) 120-160/140-180 131.0 8.8 107.0 10.1 <0.001 121.3 15.1 0.0
Hematocrit (%) 37-47/40-52 40.6 28 337 3.0 <0.001 37.8 45 0.0
Reticulocytes (%) 5-15 52.6 18.2 56.7 289 0.237 543 232 0.9
Leucocytes (G/1) 4-11 69 23 7.7 59 0.160 72 42 0.0
Thrombocytes (G/1) 150-350 241.3 76.9 264.0 94.1 0.043 250.5 849 1.0
Iron (memol/l) 5-30 114 5.0 104 94 0.292 11.0 7.1 0.0
Transferrin (mcmol/l ) 0.07-0.51 478 8.8 443 10.7 0.006 46.4 9.8 0.0
B12 vitamin (pmol/l) 135-700 327.0 201.5 387.0 248.8 0.045 3514 2235 1.0
Folic acid (nmol/l) 4.1-24 19.8 12.6 20.5 132 0.635 20.1 12.8 1.0
Soluble transferrin receptor (sTfR)(mg/l) 09-2.3 1.2 04 1.5 0.7 <0.001 1.3 0.5 0.9
Ferritin (mcg/1) 11-137 165.5 139.0 2139 1929 0.034 1852 1644 1.0
MCV [fl] 82-98 93.0 54 923 8.2 0.395 92.7 6.7 0.0

population will be first presented according to anemia status,
with further details for the anemic subgroup. Then, results of a
cohort of 261 patients obtained after exclusion of patients with
iron, vitamin B12 and folic acid deficits will be presented, also
according to anemia status.

Characteristics of the included patients (N=392) after
exclusion of missing data are presented in Table 1 (categorical
and continuous data) according to anemia status (Hb<120 g/1).
Mean age in the cohort (N=392) was 84.8 £6.3 years, with
a majority of women. Overall mean hemoglobin level was
121.3 +/-16.2 g/l. One hundred fifty four patients (39.3%)
were anemic. Considering the MNA-SF categories, 57.7% of
all patients were malnourished or at risk of malnutrition and
12% of patients had a BMI less than 20 kg/m2. Mean levels
of albumin and prealbumin were below normal ranges. Mean
eGFR was 54.2 + 20.6 ml/minute. Mean CRP levels were 28.4
+40.4mg/l. There were no significant age differences between
non-anemic and anemic patients. Part from significantly
lower hemoglobin, hematocrit and erythrocyte count, anemic
patients had a higher thrombocytes count but no differences
in reticulocytes and leucocytes. Anemic patients had mean
hemoglobin of 105.9 +/-12.2 g/l. Considering the nutritional
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status, anemic patients were significantly more frequently
malnourished or at risk for malnutrition (p=0.047), had a
significantly lower serum albumin and prealbumin level (p
<0.001) but with no difference regarding BMI, iron and folic
acid levels. Ferritin, soluble transferrin receptor, B12 vitamin
and CRP were higher in the anemic group and transferrin was
lower.

In the anemic group (N=154), 30 patients (19.5%) had iron
deficiency, 32 (20.8%) vitamin B12 deficiency, 7 (4.6%) folic
acid deficiency, and 11 (7.14%) suffered from renal failure.
In 117 patients (75.9%), chronic inflammation was considered
as one of the anemia causes. In only a few patients a unique
anemia cause was discovered. More precisely, 6 patients (3.9%)
had sole iron deficit, 4 (2.6%) vitamin B12 deficit, 1 (0.7%)
had a pure renal failure anemia and 63 (40.9%) had chronic
inflammation related anemia. None had a sole folate deficiency.
Thirty-eight patients (37.7%) had multiple anemia causes and
22 (14.3%) had no specific cause found. Among the latter,
albumin levels were lower than 35 g/l in 20 patients (90.9%).

After further excluding patients with iron, vitamin B12 and
folic acid deficits in the whole cohort, we studied a subgroup
of 261 patients, of which 106 were anemic (41%) and 155
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non-anemic (59%)(Table 2). Anemic patients were older,
with a significant lower mean level of albumin (p<0.001)
and prealbumin (p<0.007). CRP and creatinine levels were
higher in anemic patients, whereas eGFR was lower. In this
subgroup of anemic patients without iron, vitamin B12 and/or
folic acid deficits, an univariate and multiple linear regression
model was applied in order to predict hemoglobin according
to albumin (Table 3). After adjustment for several variables
(age, sex, creatinine, eGFR, ferritin, albumin, CRP, folic acid,
vitamin B12 levels) albumin was significantly associated with
hemoglobin in patients with anemia, but not in non-anemics.
Albumin was the best predictor of anemia (adj. R2), and
explained 84.5% of the anemia proportion (Figure 2), as well as
6.4 % (p = 0.005) of hemoglobin’s variance (Figure 3). In order
to exclude a potential confounding effect of inflammation,
we repeated the analysis according to CRP levels. Thus, after
excluding patients with CRP>10mg/l, albumin was an even
stronger statistical predictor of anemia and explained 14.7%
(p = 0.016) of the variance of hemoglobin in anemic patients
(Figure 4) (Table 4).

Figure 1
Subjects flow diagram according to Consort
an
xiyaon of musiang
data [N=19) fof won "I_' 3 ) |15
status (M= 17). MNA | o | wnerme
ategory (M=1) #ng i L iakiald
hemogiotn (K- 1) W |
: trnty
‘ | ' 238 Mo
Enchuriaon of y
panents
Iron SefiKa (Berrim< S0mg/rmil
oF §TI 52 & - oy
ftramerrion 1Y% - g
812 witaenan and ol aCid
defica [<140pmoifl and . '
A4 G e ¢ s Breelly || %1
155 mon-
b areeenas
ety
(1% e
]
Discussion

Our study confirmed that the prevalence of anemia is very
high in hospitalized elderly populations (almost 40%) as
was the prevalence of malnutrition (57.7% of all patients
were malnourished or at risk of malnutrition). In the whole
cohort, there was a significant association between nutritional
status and anemia, considering clinical and biological criteria
(MNA-SF and albumin/prealbumin). There was no association
with BMI. Nevertheless BMI is a very general and imprecise
nutritional index and may be greatly influenced by parameters
such as fluid retention. Iron and folic acid levels were not
significantly different between the two groups. Ferritin was
higher in the anemic group probably because of inflammation

related cases and higher vitamin B12 levels due to higher rates
of substitution in older patients when anemia was present.

Figure 2
Proportion of anemia according to rounded Albumin level, the
size of the dot is proportional to the number of observations (N
=392, R2=84.9%)
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Figure 3

Scatter plot hemoglobin versus albumin according to anemia
(N=261); unadjusted model (squares: no anemia, rounds:
anemia)
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Regarding anemia causes, transferrin saturation and sTfR
were added to low ferritin levels to define iron deficiency with
more accuracy (30-32). Despite epidemiological definition
used for iron deficiency (ferritin level under 12 ng/ml), (5)
we chose a higher ferritin level (30 ng/ml) to define iron
deficiency, several studies having suggested higher thresholds
in the elderly (33, 34). Levels used for cyanocobalamin and
folic acid deficits were those described in epidemiological
studies (5). We associated sTfR to CRP to define inflammatory
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Table 3
Univariate and multiple linear regression model to predict hemoglobin according to demographics and anemia markers in pa-
tients without iron-B12-folic acid deficit (N=261)

Unadjusted model Adjusted model
Coeff 95% CI adj. R2 Coeff 95% CI P adj. R2
No anemia (N = 155) 0.8
Albumin (g/1) 0.35 [-0.01-0.72] 0.060 1.7 0.38 [-0.05-0.81] 0.079
Age (years) -0.02 [-0.24-0.21] 0.873 0.0 0.14 [-0.16-0.44] 0.363
Sex female 1.74 [-1.15-4.63] 0.236 0.3 2.82 [-0.55-6.18] 0.100
Creatinine (mcmol/l) -0.02 [-0.07-0.02] 0.295 0.1 -0.01 [-0.09-0.07] 0.767
Creatinine Clearance Cockroft (ml/min) 0.05 [-0.01-0.12] 0.118 1.0 0.05 [-0.08-0.18] 0.464
CRP (mg/l) -0.01 [-0.06-0.03] 0.545 0.0 0.00 [-0.05-0.05] 0912
B12 vitamin (pmol/l) 0.00 [-0.01-0.01] 0.967 0.0 0.00 [-0.01-0.01] 0.799
Folic acid (nmol/l) -0.07 [-0.18-0.04] 0.242 0.3 -0.09 [-0.20-0.02] 0.116
Ferritin (mcg/1) 0.00 [-0.01-0.01] 0.699 0.0 0.00 [-0.01-0.01] 0.933
Soluble transferrin receptor (mg/1) -1.50 [-5.38-2.38] 0.447 0.0 -1.37 [-5.50-2.76] 0.513
Anemia (N = 106) 7.5
Albumin (g/1) 0.66 [0.20-1.12] 0.005 6.4 0.55 [0.02-1.08] 0.042
Age (years) -0.16 [-0.48-0.16] 0.329 00 -0.06 [-0.49-0.37] 0.796
Sex female -2.88 [-7.41-1.65] 0.210 0.6 -2.48 [-7.21-2.26] 0.302
Creatinine (mcmol/l) -0.03 [-0.07-0.02] 0.219 0.5 001 [-0.07-0.09] 0.789
Creatinine Clearance Cockroft (ml/min) 0.06 [-0.04-0.17] 0.245 04 0.09 [-0.13-0.32] 0421
CRP (mg/l) -0.02 [-0.06-0.02] 0.270 02 0.00 [-0.05-0.04] 0.885
B12 vitamin (pmol/l) 0.00 [-0.01-0.01] 0.900 0.0 0.00 [-0.01-0.01] 0.850
Folic acid (nmol/l) 0.00 [-0.15-0.15] 0.986 00 0.00 [-0.15-0.15] 0.983
Ferritin (mcg/1) -0.01 [-0.02-0.00] 0.022 4.1 -0.01 [-0.02-0.01] 0.351
Soluble transferrin receptor (mg/1) -3.14 [-5.90--0.37] 0.027 3.7 -3.37 [-6.38--0.35] 0.029

anemia, since sTfR helps differential diagnosis between ACD
and iron deficiency-dependent anemia (32). The prevalence of
iron deficiency, vitamin B12 and folic acid deficiencies was
high (almost 20%, 20.8% and 4.6% respectively), in agreement
with the literature (5, 35)

After considering other frequent aetiologies (renal failure
and inflammation), it was clear that the co-existence of multiple
anemia causes was very frequent in our study, with a single
cause confirmed in only 14.3%. Amongst patients with no
specific anemia cause (simple or multiple), low albumin was
extremely frequent (prevalence: 90.9%). This association has
never been described so far.

In the subgroup without iron-B12-folic acid deficiency,
41% of patients were anemic. Patients with anemia were older
and had lower mean levels of albumin and prealbumin thus
supporting our hypothesis of a potential link between anemia
and nutrition. CRP and creatinine levels were higher in anemic
patients, with lower creatinin clearance levels. A possible
explanation would be the inclusion in this group of patients
with anemia potentially related to chronic inflammation and

chronic renal failure.

A multivariate analysis was carried out in order to better
explore the association between nutrition and anemia. So, the
model was adjusted for age and sex, but also for creatinine,
eGFR, ferritin and CRP in order to exclude any influence of
chronic inflammation and renal failure in the hemoglobin/
albumin-prealbumin association. After adjustment albumin
remained significantly associated with hemoglobin in patients
with anemia but not in non-anemics. In this analysis, albumin
was the best predictive variable of anemia (adjusted R-square)
and explained 6.4 % of its variance. This link between
hemoglobin and albumin persisted and became even stronger
after excluding patients with CRP over 10 mg/l. In this
subgroup albumin was even stronger associated with anemia,
explaining 14.7% of the hemoglobin variance. The relation
between hemoglobin and prealbumin was not studied since
prealbumin values could reflect the hospital nutrition care.
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Figure 4
Scatter plot Hemoglobin versus albumin according to anemia
when CRP < 10 (N=109) (squares: no anemia, rounds: anemia)
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Several studies have previously explored the link between
anemia and nutrition and a potential link has already been
suggested. Ramel et al. described nutritional status as
a predictor of hemoglobin in geriatric inpatients (83 +7.9
years old) where the prevalence of anemia was 36.7% (25).
Hemoglobin was correlated with biological (albumin and
prealbumin, lymphocyte count) and clinical (body mass index
(BMI), loss of weight, triceps skinfold thickness, mid arm
muscle circumference) parameters of nutrition (25). The same
association between anemia and albumin, was shown by
Mitrache and Silva in hospitalized and community dwelling
geriatric populations (17, 19). Nakashima also described
hypoalbuminemia as a risk factor of anemia in long term
care institutions (36). Nevertheless, our study is the only
to consider the relation between nutrition and anemia after
taking into account the bias of iron, B12 vitamin and folic acid
deficits, as well as inflammation as a cause. Results showed
that low albumin, a marker for nutritional status amongst
other disorders, is associated to anemia, independently from
iron, vitamin deficiencies and inflammatory status. One third

Table 4

Univariate and multiple linear regression model to predict hemoglobin according to anemia after excluding patients with

inflammation (CRP>10) markers (N=109)

Unadjusted model Adjusted model
Coeff 95% CI P adj. R2 Coeff 95% CI P adj. R2
No anemia (N = 76) 0.0
Albumin (g/1) 0.20 [-0.39-0.79] 0.510 00 0.39 [-0.28-1.05] 0.250
Age (years) -0.12 [-0.44-0.21] 0.470 0.0 0.02 [-0.39-0.43] 0.925
Sex female 1.33 [-2.54-5.20] 0.500 0.0 329 [-1.27-7.84] 0.154
Creatinine (mcmol/l) -0.03 [-0.09-0.03] 0.341 0.0 -0.04 [-0.16-0.07] 0474
Creatinine Clearance Cockroft (ml/min) 0.04 [-0.04-0.12] 0.288 0.2 0.00 [-0.16-0.16] 0.988
CRP (mg/l) -045 [-1.25-0.34] 0.260 04 -0.34 [-1.19-0.50] 0419
B12 vitamin (pmol/l) -0.01 [-0.02-0.00] 0.243 05 0.00 [-0.02-0.01] 0.376
Folic acid (nmol/l) -0.10 [-0.24-0.04] 0.152 14 -0.11 [-0.26-0.03] 0.130
Ferritin (mcg/l) 0.01 [-0.01-0.02] 0.342 0.0 0.01 [-0.01-0.02] 0.348
Soluble transferrin receptor (mg/1) -2.20 [-8.02-3.61] 0.452 00 -1.97 [-8.67-4.74] 0.560
Anemia (N = 33) 0.3
Albumin (g/1) 1.16 [0.23-2.08] 0.016 14.7 1.36 [0.18-2.55] 0.026
Age (years) -0.22 [-0.74-0.30] 0.386 0.0 -0.04 [-0.86-0.78] 0.925
Sex female -0.63 [-8.54-7.29] 0.873 0.0 -1.28 [-11.14-8.58] 0.790
Creatinine (mcmol/l) -0.01 [-0.10-0.08] 0.816 0.0 0.08 [-0.13-0.29] 0443
Creatinine Clearance Cockroft (ml/min) 0.06 [-0.14-0.26] 0.551 0.0 0.13 [-0.36-0.62] 0.592
CRP (mg/l) 0.04 [-1.29-1.36] 0.957 0.0 0.83 [-0.66-2.31] 0.261
B12 vitamin (pmol/l) 0.00 [-0.02-0.01] 0.940 0.0 -0.01 [-0.03-0.01] 0.359
Folic acid (nmol/l) 0.05 [-0.19-0.30] 0.656 0.0 0.12 [-0.16-0.41] 0.383
Ferritin (mcg/l) -0.01 [-0.03-0.01] 0516 0.0 -0.01 [-0.03-0.02] 0.598
Soluble transferrin receptor (mg/1) -2.59 [-7.93-2.75] 0.330 0.0 -5.00 [-11.51-1.50] 0.125
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of anemia cases in the elderly are of unknown origin. Our
findings provide a potential cause for a number of these cases.
In fact, hemoglobin is a protein containing four chains of amino
acids with an iron ion in the middle, which has bonds with the
essential amino acid of histidine. Insufficient dietary intakes
of proteins as occurring in undernutrition, could potentially
explain anemia in these situations. Alternatively, protein-
energy malnutrition may impair haematopoiesis. Although
there is no available study in the elderly, an abnormal erythroid
progenitor cell pool has been described in children with
protein-energy malnutrition (37) and in animal models, with
ineffective erythropoiesis in malnourished mice (independently
of any iron or erythropoietin deficiency) and reduction of
bone marrow myeloid compartment resulting in anemia and
leukopenia (38, 39). Decrease in the percentage of proliferating
bone marrow cells has also been shown after short periods
of dietary deficiency in rats, with a recovery after nutritional
replenishment (40). Protein malnutrition results in pathological
changes in mice associated with peripheral leukopenia,
bone marrow hypoplasia and alterations in the bone marrow
microenvironment leading to hematopoietic failure (41).

The strengths of the study are the prospective design,
the large number of patients and the fact that a great part
of anemia causes (vitamin and iron deficits, inflammation)
were considered in the analysis. Also, the relation between
hemoglobin and albumin was studied after exclusion of
nutritional deficits. The limitations are the missing data, due
to the prescription of laboratory tests by different wards. Also,
the number of patients with anemia after excluding various
deficits was rather small. We had no indications of possible
current substitutions in vitamins/iron or other micronutritional
parameters that could have interfered with biological values,
and some other causes of anemia in the old has not been
excluded, as small intestinal bacterial overgrowth, celiac
disease, malabsorption syndromes, late onset hypogonadism,
medications with influence on haematological parameters or
inflammatory conditions, as not all inflammatory conditions
show elevated CRP. In particular, for example, obesity or
excess of fat deposition induce inflammation without CRP
elevation (33% of the study population has BMI>25 kg/m2).

Conclusion

Anemia and malnutrition are very frequent in elderly
hospitalized populations and associated with negative clinical
outcomes and with high mortality. Anemia may be caused by
one, but more frequently, a multitude of factors. Nevertheless,
one third of anemia cases in elderly populations have no
identified cause. We found that protein and energy deficit could
contribute to the pathogenesis of anemia of unknown origin
given the association found between hemoglobin and albumin,
independently from iron or B12/folate deficiencies. Further
prospective studies should be carried out in order to explore
the potential improvement or correction of hemoglobin values

by protein and energy supplements. Considering the prognostic
value of albumin and hemoglobin on outcomes in elderly, these
associations clearly deserve further studies.
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