
Abstract. – INTRODUCTION: Malnutrition is
associated with patient outcome, hospital stay
and costs. The objective of our study was evalu-
ated the relationship of different anthropometric
and biochemical nutritional markers with hospi-
tal stance (days) and mortality.

PATIENTS AND METHODS: A sample of 3087
hospitalized patients in a Universitary Hospital
was enrolled. Nutritional status was assessed
from anthropometric variables; body mass index
(BMI), weight, weight loss in previous three
months, tricipital skin fold thickness, midarm
muscle circumference and midarm muscle area.
Biochemical evaluation was assessed with albu-
min, prealbumin, transferrin and lymphocytes.
Length of hospital stance and mortality were
recorded.

RESULTS: A total of 3087 patients were en-
rolled, mean age was 67.7±18.3 years, weight
63.3±15,7 kg and BMI 23.7±6.8, with a weight
loss (3 months) of 6.3±4.6 kg. Length of stay
was 24.7±22.1 days. A total of 2583 patients
were discharged. Hospital discharge data
showed 87.8% of patients went home, and a
12.2% of patients were discharged to a sec-
ondary Hospital. A (n=504) 16.3% of patients
died. In the multivariate analysis with a depen-
dent variable [length of stay (days)], only albu-
min levels remained as an independent predic-
tor in the model (F=2.9; p < 0.05), with an in-
crease of 3.1 days in hospital stay (CI 95%: 0.4-
5.8) with each decrease of 1 g/dl of albumin. In
multivariate analysis, an independent factor
that decrease mortality was high albumin levels
(hazard ratio: 0.41; 95% CI: 0.22-0.80), adjusted
by age and sex.

CONCLUSIONS: Our study shows a signifi-
cant association among serum albumin levels
with length of stay in hospital and mortality.

Key Words:
Albumin, Hospitals, Length of stay, Mortality.

European Review for Medical and Pharmacological Sciences

Association of anthropometric and
biochemical markers with length of
stay and mortality in the hospital

D.A. DE LUIS, M.C. TERROBA, L. CUELLAR, O. IZAOLA,
B. DE LA FUENTE, T. MARTIN, G. CABEZAS

Unit of Endocrinology and Nutrition Hospital Rio Hortega and Center of Investigation of
Endocrinology and Clinical Nutrition, Medicine School and University of Valladolid, Valladolid,
Spain

Corresponding Author: Daniel A. de Luis, MD; e-mail: dadluis@yahoo.es 1321

Introduction

Malnutrition is a common an increasing problem
in hospitals1-4. Its medical and financial conse-
quences are significant and well demonstrated. Data
produced from studies involving different Hospitals
designed to study malnutrition in terms of patient
outcome, hospital stance or costs confirm the high
prevalence of malnutrition5-6. The Council of Eu-
rope has published the resolution “Food and nutri-
tional care in hospitals: How to prevent under nutri-
tion. Report and recommendations”7. However,
there is no centralized of malnutrition database for
hospital malnutrition, due to the lack of Nutrition
Units, and training on nutrition of medical staff8.
There are still no universal definitions for the

term malnutrition and the malnutrition is often
unrecognized and subsequently goes untreated.
Anthropometry measurements such as body mass
index (BMI), mid-arm circumference, and skin
fold thickness are generally considered as the
single most easily obtainable and non-invasive
method by which to assess nutritional state. Bio-
chemical measurements such as serum albumin
and lymphocyte count are also well known as
markers for the malnutrition and are the most
commonly used laboratory tests9.
According to current knowledge, early detec-

tion of malnutrition and subsequent basic treat-
ment using nutritional medicine not only has a
significant effect on the individual patient´s mor-
tality, morbidity and complication rate and,
therefore, prognosis and quality of life, but trials
also results in substantially shorter hospital stays
and a reduction in individual costs10.
In the present study we evaluated the relationship

of different anthropometric and biochemical nutri-
tional markers with length of stay and mortality.
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Patients and Methods

Sample and Procedures
A sample of 3087 hospitalized patients in an

Universitary Hospital was enrolled from January
2000 to December 2010. Patients were enrolled
through the realization of a clinical consultation
to the Nutrition Unit by the physician, by sus-
pecting a nutritional risk.
The final nutritional status was assessed by

specialist of nutrition of each Nutrition Unit. Nu-
tritional status was assessed from anthropometric
variables body mass index (BMI), weight, weight
loss in previous three months, tricipital skin fold
thickness (TSF), midarm muscle circumference
(MMC) and midarm muscle area (MMA). Bio-
chemical evaluation was assessed with albumin,
prealbumin, transferrin and lymphocytes. Length
of stay and mortality in-hospital were recorded.

Biochemical Assessment
Fasting serum samples were drawn for mea-

surement of, albumin (3.5-4.5 g/dl), prealbumin
(18-28 mg/dl), transferrin (250-350 mg/dl) with
an autoanalyzer (Hitachi, ATM, Mannheim, Ger-
many). Lymphocytes (1.2-3.5.103/uL) were ana-
lyzed with an analyzer (Beckman Coulter Inc.,
Los Angeles, CA, USA).

Anthropometric Assessment
The body mass index (BMI = weight/height2)

was calculated by measuring the patient’s height
(1 mm of precision), with the patient standing
erect, and weight (10 g of precision), with the pa-
tient on a standing scale. Tricipital skin fold, up-
per arm circumference (AMC), and leg muscle
circumference (LMC) were assessed in a stan-
dard way1, with the reference tables11. Weight
loss in previous 3 months was recorded, too.

Statistical Analysis
The results were expressed as mean±standard

deviation. The distribution of variables was ana-
lyzed with Kolmogorov-Smirnov test. Quantita-
tive variables with normal distribution were an-
alyzed with two-factor repeated measures ANO-
VA including interaction terms. Non-parametric
variables were analyzed using the Mann-Whit-
ney U test. Discrete variables were analyzed
with the chi-square test, with Yates correction as
necessary, and Fisher’s test. Pearson and Spear-
man test were used to correlation analysis. A
lineal multiple regression models were realized
to analyzed length of stay as dependent vari-

able. Hazard ratios and 95% confidence inter-
vals (95% CI) were calculated by multiple lo-
gistic regression models. A p-value under 0.05
was considered statistically significant. Soft-
ware used was SPSS package version 15.0
(SPSS Inc., Chicago, IL, USA).

Results

A total of 3087 patients were enrolled, mean
age was 67.7±18.3 years, weight 63.3±15,7 kg
and BMI 23.7±6.8, with a weight loss of 6.3±4.6
kg. The sex distribution of patients was 1318
(42.6%) females and 1769 (57.4%) males.
Distribution of diagnosis showed 277 cases

of haematological tumours (9.1%), 258 head
and neck cancer (8.5%), 599 other tumours
(19.8%), 450 cases of infectious diseases
(14.6%), 28 cases of HIV infected patients
(1.2%), 304 cases of neurologic diseases (10%),
334 cases of digestive tract diseases (11%), 103
cases of liver diseases (3.4%), and 678 cases of
miscellaneous (22.4%).
Length of stay was 24.7±22.1 days. A total of

2583 patients were discharged. Hospital dis-
charge data showed 87.8% of patients went
home, and a 12.2% of patients were discharged
to a secondary Hospital. A (n =5 04) 16.3 % of
patients died. Whole group was divided in quar-
tiles (Length of stay), quartile 1 (< 12 days),
quartile 2 (13-19 days), quartile 3 (20-31 days),
and quartile 4 (> 32 days). Table I showed the
frequencies of pathologies in different quartiles,
without statistical differences.
Table II shows biochemical and anthropometric

parameters of population. Table III shows that pre-
vious weight loss was higher in fourth and third
quartiles of hospital stays than second and first
quartiles. Albumin and prealbumin levels were
lower in the fourth quartile than other quartiles.
In whole group, the correlation analysis

among length of stay (days) and predictive para-
meters, showed a negative association between
length of stay and albumin (r = –0.12; p = 0.001)
and weight loss (r = –0.08; p = 0.04) .
In the multivariate analysis with a dependent

variable (length of stay (days)) and independent
variables (albumin and weight loss) adjusted by
age and sex, only albumin levels remained as an
independent predictor in the model (F = 2.9; p <
0.05), with an increase of 3.1 days in hospital
stay (CI 95%: 0.4-5.8) with each decrease of 1
g/dl of albumin.
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Characteristics Q1 Q2 Q3 Q4

Haematological tumors 23.6% 12.4% 40.4% 23.6%
Head and neck cancers 27.5% 20.2% 25.6% 26.7%
Other tumors 19.5% 21.9% 33.1% 25.5%
Infectious diseases 33.2% 23.6% 21.1% 22.1%
HIV 28.6% 28.6% 0% 42.9%
Neurologic diseases 30.7% 17.7% 24.5% 27.1%
Digestive tract diseases 23.7% 20.7% 33.6% 21.9%
Liver diseases 13.7% 20.6% 39.2% 26.5%
Miscellaneous 32.3% 20.4% 24.7% 22.6%

Table I. Frequencies of pathologies in each quartile of LOS.

LOS: Lenght of stay. No statistical differences among quartiles.

Previous weight (kg) 69.6 ± 14.3
Weight loss (kg) 6.2 ± 9.3
BMI (kg/m2) 23.7 ± 6.8
Tricipital skinfold (mm) 13.4 ± 6.9
Midarm muscle circumference (cm) 25.8 ± 4.6
Midarm muscle area (cm2) 21.6 ± 3.3
Albumin (g/dl) 2.6 ± 0.8
Prealbumin (g/dl) 3.2 ± 0.7
Transferrin (g/dl) 3.2 ± 0.7
Lymphocytes (count/mm3) 1527.9 ± 1187.63

Table II. Biochemical and anthropometric parameters.

BMI: body mass index. Previous weight: (3 months previous).

Characteristics Q1 Q2 Q3 Q4

Age (yr) 68.1 ± 19.7 69.1 ± 17.7 66.7 ± 17.8 68.4 ± 18.3
Male/female 441/411 333/284 536/341 455/275
Weight (kg) 61.2 ± 17.5 63.4 ± 16.4 64.1 ± 13.5 64.7 ± 15.7
Weight loss (kg) 4.6 ± 5.3 4.8 ± 3.5 6.3 ± 5.3* 6.9 ± 7.5$

Body mass index 23.4 ± 6.5 23.3 ± 6.4 24.1 ± 8.5 24.1 ± 5.3
TS (mm) 16.2 ± 8.2 13.8 ± 6.7 13.1 ± 7.2 12.2 ± 4.8
MMC (cm) 25.1 ± 4.5* 25.6 ± 4.5 25.1 ± 4.8 25.3 ± 4.1
MMA (cm2 ) 21.0 ± 3.4 21.4 ± 3.3 21.6 ± 3.2 21.8 ± 3.1
Albumin (g/dl) 2.8 ± 0.9 2.7 ± 0.7 2.6 ± 0.7 2.4 ± 0.6$

Prealbumin (mg/dl) 16.1 ± 6.4 16.3 ± 25.6 16.8 ± 26.1 13.7 ± 6.9$

Transferrin (mg/dl) 147.9 ± 63.1 144.4 ± 55.1 138.4 ± 56.9 139.6 ± 53.3
Lymphocytes (103/uL) 1325 ± 876 1456 ± 763 1250 ± 903 1285 ± 871

Table III. Nutritional characteristics by quartiles of LOS.

Quartile 1 (< 6 days), quartile 2 (6-10 days), quartile 3 (10-17.75 days), and quartile 4 (> 17.75 days). TS (tricipital skin fold),
(MMC) midarm muscle circumference, and midarm muscle area (MMA). Mini nutritional assessment test (MNA). *p < 0.05
statistical differences of Q4 with Q1, Q2 and Q3. $p < 0.05 statistical differences of Q3 with Q1 and Q2.
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multivariate analysis, an independent factor that
decreases mortality was high albumin levels
(hazard ratio: 0.41; 95% CI: 0.22-0.80), adjusted
by weight loss, age and sex

Discussion

Our study shows a significant association
among serum albumin levels with length of stay
in hospital and mortality.
Under nutrition is common in hospital pa-

tients, can develop or worsen in hospital, and is
associated with morbidity and mortality. Malnu-
trition was previously shown to increase length
of stay (LOS)5 and is associated with higher
rates of major and minor complications6, higher
mortality7 and higher costs8. Different studies
show the scarce attention granted to the nutri-
tional state in clinical practice in our area, using

After the follow-up during hospital stance a
16.3% of patients had died. Death patients had
less albumin and transferrin levels than alive pa-
tients (Table IV). Weight lost is higher in death
patients that alive patients. Survival probability
was influenced only by the albumin levels. In
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parameters as weight, BMI, skin folds, corporal
circumferences, albumin and prealbumin
levels12. In clinical practice we have a lot of nu-
tritional assessment variables and these variables
vary in their ability to discriminate malnutrition.
On admission, we can use anthropometric para-
meters or biochemical parameters. The use of
anthropometric parameters has several limita-
tions concerning the scarce reproductibility of
the data. Albumin has been shown a good nutri-
tional marker in different populations13. A multi-
center study14 showed that serum albumin levels
were below 3.5 g/dl on admission in a higher
proportion of patients (21%). In our population
we detected an average albumin lower of 3 g/dl.
These data could explain the relationship be-
tween LOS and mortality with this parameter.
Hypoalbuminemia can result from a variety of
pathophysiologic processes and is associated
with multiple clinical situations. If it is associat-
ed an increased risk of mortality and hospital
stance, it could be used as a prognostic marker
to high risk groups, who might benefit from
more intensive nutritional care. Many condi-
tions, such as malnutrition, liver diseases, in-
flammatory states and renal diseases, reduce
serum albumin level. In addition to its role in
maintaining osmotic pressure, albumin has an
essential function related to its binding proper-
ties of nutrients and drugs. Since the low albu-
min levels usually occurs in the context of multi-
ple interacting medical problems, it is often ig-
nored, with attention usually focused on the pri-
mary reasons for patients’ hospitalization.
Total lymphocyte count has been also pro-

posed as a useful indicator of nutritional status

and outcome15. Therefore, in our work, lympho-
cyte is no associated with nutritional status or
outcomes as other studies16. However, immune
system function is reduced because of a decrease
in lymphocyte, cytokine and complement pro-
duction and an attenuated response to antigenic
stimuli. IL1, IL6, TNFα are deeply interested in
this defensive process and develop a modulation
action in order to cause an environment support-
ing the metabolism and the survival of the pa-
tients17. Nevertheless, interleukins have not been
measured in our design.

Conclusions

Immediately on admission, all patients´ nutri-
tional status must be systematically evaluated us-
ing anthropometric or biochemical parameters.
Albumin is an easy marker to prognostic hospital
stay and mortality in hospitals. Hospital stance
increases with low albumin levels and mortality
decreases with high albumin levels. Our findings
suggest that a patient´s serum albumin level on
admission may be an important variable that
should be considered for incorporation in all hos-
pital admission protocols. Therefore, Units of
Nutrition in Hospitals are important to detect
malnutrition and to treat in an early way18 and
malnutrition remains a largely unrecognised
problem in hospital and highlights the need for
education on clinical nutrition19. Efforts of inter-
national Scientific Societies as ESPEN (Euro-
pean Society of parenteral an enteral nutrition)
are needed to prevent and diagnosis under nutri-
tion in Hospitals.
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Characteristics Alive Exitus p

Age (yr) 67.1 ± 19.7 67.8 ± 17.7 ns
Male/female 1482/1101 287/217 ns
Weight (kg) 63.4 ± 15.8 62.5 ± 15.2 ns
Weight loss (kg) 5.1 ± 4.3 7.1 ± 3.2* < 0.05
Body mass index 23.7 ± 6.9 24.1 ± 5.8 ns
TS (mm) 13.5 ± 6.9 13.4 ± 6.7 ns
MMC (cm) 25.8 ± 4.6 25.1 ± 4.2 ns
MMA (cm2) 21.7 ± 3.3 20.9 ± 3.1 ns
Albumin (g/dl) 2.7 ± 0.7 2.3 ± 0.8* < 0.05
Prealbumin (mg/dl) 16.2 ± 10.4 14.1 ± 17.3 ns
Transferrin (mg/dl) 146.1 ± 56.1 111.4 ± 49.3* < 0.05
Lymphocytes (103/uL) 1345 ± 1073 1175 ± 999 ns
Length of stay (days) 24.5 ± 22.1 25.5 ± 19.7 ns

Table IV. Nutritional characteristics by mortality.

*p < 0.05 statistical differences between groups.
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