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bstract Objectives: We evaluated, from anthropometric and biochemical indicators, the prevalence of
undernutrition within an elderly population hospitalized in Belo Horizonte, Minas Gerais, Brazil,
and identified social demographic, clinical and biochemical factors associated with undernutrition.
Methods: A transverse sectional study involving 197 elderly patients was conducted. Anthropo-
metric data were obtained from subjects directly or indirectly; clinical characteristics, including
health problems, functional and cognitive abilities, and use of medication, were gathered from
medical records; social demographic information was acquired by interviewing the subject or carer.
Logistic regression analysis was employed to identify factors associated with undernutrition.
Results: According to the body mass index cutoff points recommended by the World Health
Organization, 29.7% of subjects were classified as undernourished and 43.8% as eutrophic. Appli-
cation of the Nutrition Screening Initiative system gave rise to an inverse situation in which 54.7%
of subjects were considered undernourished and only 29.2% were eutrophic. Statistical analysis of
the studied variables showed that calf circumference �31 cm was significantly associated with
undernutrition (P � 0.0001) irrespective of the classification system employed, and may thus be
considered a strong marker for undernutrition. In contrast, total serum cholesterol level �4.14
mmol/L was identified as a protective factor against undernutrition (P � 0.01).
Conclusion: The prevalence of undernutrition among the hospitalized elderly in Brazil is very high.
The measurement of calf circumference is a non-invasive and economical approach that can
facilitate evaluation of the nutritional status of elderly individuals. © 2006 Elsevier Inc. All rights
reserved.

eywords: Hospitalized elderly population; Anthropometric evaluation; Indicators of undernutrition; Nutritional assess-

Nutrition 22 (2006) 1005–1011
www.elsevier.com/locate/nu
ment; Calf circumference

d
o

B
f
a
k
d
i
a
i

ntroduction

One of the most important clinical conditions that affect
he elderly population is undernutrition. The main factors
ssociated with nutritional disorders are multiple patholo-
ies, poor oral health, problems with deglutition, pain, hy-
ercatabolic status, and the use of medication [1]. More-
ver, social isolation, poverty, and functional limitations
ften impose restrictions on the preparation and consump-
ion of food. Moreover, within the elderly population, un-
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tE-mail address: adrianakeller@terra.com.br (A.K. Coelho).
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ernutrition is generally associated with higher incidences
f morbidity and mortality [2,3].

It is estimated that by 2025 the elderly population of
razil will exceed 30 million [4]. Despite this disturbing

orecast, and its implications with respect to the provision of
ppropriate health care in the future, very little is currently
nown regarding the nutritional status of hospitalized el-
erly people. Thus, it is imperative to carry out studies
nvolving this segment of the population to establish suit-
ble monitoring and intervention procedures with the aim of
mproving the quality of life of the elderly.

The present study evaluated the prevalence of undernu-

rition among patients admitted to the Geriatric Unit of the
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ospital do Instituto de Previdência dos Servidores do Es-
ado de Minas Gerais (IPSEMG), Belo Horizonte, Minas
erais, Brazil, and identified factors associated with under-
utrition. To attain this objective, anthropometric and bio-
hemical parameters in addition to the clinical, social and
emographic histories of a group of elderly subjects were
nalyzed.

aterials and methods

Details of the project were presented to and approved by
he ethical committee of the IPSEMG before commence-
ent of the study. Appropriate informed consent was ob-

ained in writing from each participant.

opulation studied

The investigation involved 197 men and women �60 y
ld who had been admitted to the hospital of the IPSEMG.
he size of the sample population required to permit anal-
sis at the 95% confidence level and with a precision of 5%
as based on the total number (372) of individuals admitted

o the Geriatric Unit of the hospital during 2003 and, in the
bsence of precise information pertaining to geriatric pa-
ients in Brazil, on an incidence of undernutrition estimated
o be 50%.

ata collection

Data were collected from October 29, 2004 to March 28,
005 by three trained nutritionists. Socioeconomic informa-
ion, i.e., living arrangements, residential status, civil status,
evel of schooling and income, was acquired directly from
he subjects or from their carers. Data concerning clinical
spects, including health problems, cognitive and physical
onditions, and medicines administered, were obtained from
he subjects and from their medical records.

With respect to health aspects, the organ and/or system
ffected was considered in the classification of pathologies
nd symptoms. Physical functions were evaluated by using
he Katz Index of Activities of Daily Living [5], with sub-
ects classified as being independent, partially dependent, or
ependent. Cognitive abilities were assessed with the Mini-
ental State Examination [6], which provides a quantitative
easurement of cognitive impairment, and the clock draw-

ng [7] test, which is a simple and rapid qualitative method
y which to detect cognitive disorders involving attention,
anguage, orientation in time and space, and executive func-
ion deficits.

The diagnosis of mood disorders, including major de-
ression, bipolar and dysthymic disorders, and non-specific
epression, was based on the criteria adopted by the Amer-
can Psychiatric Association [8]. Information concerning
ral health was obtained directly from the subjects or from

heir medical records. The aspects investigated were pres- W
nce/absence of teeth, of dental prostheses (further classi-
ed, when present, as appropriate or inadequate), of caries,
nd of xerostomia. Medications received by subjects, as
ocumented in the medical records, were grouped according
o the Anatomical Therapeutic Chemical/Defined Daily
ose classification.

nthropometric evaluation

Weight (kilograms) and height (meters) were measured
sing standard methods for subjects classified as function-
lly independent. For partially dependent subjects, stature
as estimated from the knee height [9] and weight was

alculated according to formulae proposed by Chumlea et
l. [10]. Calf circumference was determined according to
ecommendations of the World Health Organization (WHO)
11]: a calf circumference �31 cm was considered an indi-
ator of undernutrition.

Body mass index (BMI) was calculated as weight (kilo-
rams) divided by height (meters) squared. To establish a
omparison between the elderly population of Brazil and
hose of other countries, the BMI cutoff points were based
n the Nutrition Screening Initiative (NSI) [12] and the
HO [11] classification systems, i.e., underweight (BMI
22 and �18.5 kg/m2, respectively, for men and women),

ormal weight ( BMI 22–27 and 18.5–24.99 kg/m2, respec-
ively, for men and women), and overweight (BMI �27 and

24.99 kg/m2, respectively, for men and women).

iochemical evaluation

Biochemical parameters, i.e., total serum cholesterol, se-
um albumin, and lymphocyte count, were obtained from
edical records. The sample population was classified as

ollows: total serum cholesterol, normal (3.36–4.13 mmol/
), indicator of undernutrition (�3.36 mmol/L) [12]; serum
lbumin, eutrophic (�35 g/L), slight undernutrition (28–35
/L), moderate undernutrition (21–27 g/L), and severe un-
ernutrition (�21 g/L) [13]; total lymphocytes, eutrophic
�1800/mm3), slight undernutrition (1200–1800/mm3),
oderate undernutrition (800–1199/mm3), and severe un-

ernutrition (�800/mm3) [14].

tatistical analysis

All statistical analyses were performed with Epi Info
000 (Center for Disease Control and Prevention, Atlanta,
A, USA) and Stata 6.0 software (STATA Corporation,
ollege Station, TX, USA), and differences were consid-
red significant at P � 0.05. Fisher’s and chi-square tests
ere used to evaluate the distribution of category variables

ccording to gender. The mean values of continuous vari-
bles with normal and asymmetric distributions were com-
ared by application of Student’s t test and the Mann-

hitney non-parametric test, respectively. Factors
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ssociated with undernutrition were analyzed using a logis-
ic regression model [15].

esults

The sample population consisted of 197 elderly individ-
als consisting of 57 men (28.9%) and 140 women (71.1%).
he men’s average age was 79.3 � 8.74 y (range, 63.6–
00.2 y) and the women’s average age was 81.0 � 8.36 y
range, 63.5–98.3 y). Of the total group, 71.1% were �75 y.

Table 1 lists the social, demographic, and clinical char-

able 1
ocial demographic parameters, distributed by gender, of the elderly popu
os Servidores do Estado de Minas Gerais, Belo Horizonte, Minas Gerais

arameters Males

n %

ge (y)
�75 20 35.1
�75 37 64.9

iving arrangements
With family 52 91.2
Alone 4 7.0
In an institution 1 1.8

esidential status
Owner occupier 50 89.3
Rented 4 7.1
Other 2 3.6

ivil status
Married 39 68.4
Single 6 10.5
Widow 12 21.1

chooling (y)
�4 36 64.3
4–11 11 19.6
�11 9 16.1

hysical functions
Independent 23 41.1
Partially dependent 12 21.4
Dependent 21 37.5

ognitive abilities
Unimpaired 17 30.9
Impaired 38 69.1

epression
Absent 35 61.4
Present 22 38.6

dentulous
No 30 65.2
Yes 16 34.8

resence of dental prosthesis
No 19 41.3
Yes and appropriate 17 37.0
Yes but inadequate 10 21.7

resence of caries
No 42 91.3
Yes 4 8.7

erostomia (dry mouth)
Absent 31 67.4
Present 15 32.6
cteristics of the sample population distributed according to f
ender. There was a significant difference (P � 0.0001)
etween men and women regarding civil status: most men
68.4%) were married, whereas most women were widows.

ost individuals lived in their own houses with their fam-
lies. The major proportion (63.4%) of the population had
ttended school for a maximum of only 4 y. The distribu-
ions of physical function, cognitive abilities, and incidence
f depression were very similar for men and women within
he population: �50% of the subjects presented some de-
ree of physical or cognitive limitation, and depression
ffected �40.5% of individuals. Regarding oral health, the
ample population suffered mainly from a lack of teeth and

treated at the Geriatric Unit of the Hospital do Instituto de Previdência
il

les Total P

% n %

26.4 57 28.9 0.224
73.6 140 71.1

88.5 175 89.3 0.919
8.6 16 8.2
2.9 5 2.6

84.2 167 85.6 0.728
11.5 20 10.3
4.3 8 4.1

16.5 62 31.6 �0.0001
20.1 34 17.3
63.3 100 51.0

63.0 121 63.4 0.874
17.8 35 18.3
19.3 35 18.3

37.9 76 45.8 0.914
22.1 43 25.9
40.0 47 28.3

39.5 68 37.0 0.267
60.5 116 63.0

58.7 116 59.5 0.726
41.3 79 40.5

72.6 99 70.2
27.4 42 29.8 0.367

36.8 54 38.3
46.3 61 43.3 0.551
16.8 26 18.3

93.7 131 92.9
6.3 10 7.1 0.728

70.5 98 69.5
29.5 43 30.5 0.705
lation
, Braz

Fema

n

37
103

123
12
4

117
16
6

23
28
88

85
24
26

53
31
56

51
78

81
57

69
26

35
44
16

89
6

67
rom xerostomia (29.8% and 30.5%, respectively).
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The most frequent medications used by the studied indi-
iduals were analgesic (94.4%), antispasmodic (87.3%),
ntithrombotic (69.0%), antiulcer (51.8%), and antibiotic
43.7%) agents, angiotensin-converting enzyme inhibitors
36.5%), and diuretic (24.9%), antiasthmatic (20.3%), anti-
sychotic (19.3%), antidepressive (15.7%), and antiepilep-
ic (15.8%) agents. The most common illnesses were related
o the vascular and cardiovascular (68.5%), digestive
41.6%), genitourinary (37.6%), respiratory (31.0%), and
ndocrine (24.9%) systems, mental and behavioral disorders

able 2
nthropometric data, distributed by gender, of the elderly population

reated at the Geriatric Unit of the Hospital do Instituto de Previdência
os Servidores do Estado de Minas Gerais, Belo Horizonte, Minas
erais, Brazil

arameters Men Women P

n Mean � SD n Mean � SD

eight (kg) 55 54.88 � 13.58 137 50.77 � 16.08 0.10
tature (m) 57 1.63 � 0.08 139 1.49 � 0.08 �0.0001
MI (kg/m2) 55 20.51 � 4.23 137 22.60 � 6.55 0.03
C (cm) 56 30.48 � 3.82 138 30.41 � 5.71 0.93

BMI, body mass index; CC, calf circumference

able 3
nthropometric data and biochemical parameters, distributed by gender, o

nstituto de Previdência dos Servidores do Estado de Minas Gerais, Belo

arameters Men

n %

MI (WHO) (kg/m2)
�18.49 20 36.4
18.5–24.99 25 45.5
�25.0 10 18.1
Total 55 100.0

MI (NSI) (kg/m2)
�22 36 65.4
22–27 15 27.3
�27 4 7.3
Total 55 100.0

alf circumference (cm)
�31 24 42.9
�31 32 57.1

erum albumin (g/L)
35–50 14 24.6
28–35 23 40.4
21–27 16 28.1
�21 4 7.0

ymphocyte count (mm�3)
�1800 17 29.8
1200–1800 19 33.3
800–1199 12 21.0
�800 9 15.8

otal serum cholesterol (mmol/L)
�3.36 23 41.1
3.36–4.13 17 30.4
�4.14 16 28.6

BMI (NSI), body mass index cutoff points recommended by the Nut

ecommended by the World Health Organization [11]
22.3%), gastrointestinal problems (18.8%), dementia
17.3%), sensory loss (14.7%), ophthalmic problems
14.2%), and fractures (14.2%).

The anthropometric data presented in Table 2 showed
hat, although male subjects were significantly taller than
emale subjects (P � 0.0001), there were no gender-related
ifferences with respect to body weight and, hence, the
ean BMI value was significantly higher (P � 0.03) for
omen than for men. When BMI values were classified

ccording to WHO recommendations [11], the distributions
ithin the male and female groups were similar, and 43.8%
f the total population (45.5% of men and 43.1% of women)
ere categorized as eutrophic (Table 3). According to the
SI classification [12]; however, the total percentage of

utrophic subjects was much smaller at only 29.2% (27.3%
f men and 29.9% of women), although the distributions
ithin the male and female groups were similar. Approxi-
ately 57% of the total sample population presented calf

ircumferences �31 cm, and the male and female groups
xhibited similar distributions (Table 3). The biochemical
ata showed a high incidence of undernutrition within the
lderly population: the prevalence was 46.1% according to
otal serum cholesterol levels, 75.6% according to serum

elderly population treated at the Geriatric Unit of the Hospital do
nte, Minas Gerais, Brazil

omen Total P

% n %

7 27.0 57 29.7
9 43.1 84 43.8
1 29.9 51 26.5
7 100.0 192 100.0 0.20

9 50.4 105 54.7
1 29.9 56 29.2
7 19.7 31 16.1
7 100.0 192 100.0 0.06

9 42.8 83 42.8
9 57.2 111 57.2 0.99

4 24.5 48 24.5 0.323
1 51.1 94 48.0
0 21.6 46 23.5
4 2.9 8 4.1

0 28.6 57 28.9 0.99
7 33.6 66 33.5
9 20.7 41 20.8
4 17.1 33 16.8

6 19.0 49 25.4 �0.0001
3 16.8 40 20.7
8 64.2 104 53.9

Screening Initiative [12]; BMI (WHO), body mass index cutoff points
f the
Horizo

W

n

3
5
4

13

6
4
2

13

5
7

3
7
3

4
4
2
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2
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lbumin levels, and 71.1% according to lymphocyte count
Table 3).

Univariate logistic regression analysis suggested that the
actors positively associated with undernutrition according
o the NSI classification were age �75 y (odds ratio [OR],
.06; 95% confidence interval [CI], 1.10–3.87), lack of
eeth (OR, 5.46; 95% CI, 2.28–13.1), partial physical de-
endence (OR, 2.28; 95% CI, 1.01–4.93), physical depen-
ence (OR, 4.54; 95% CI, 2.27–9.01), cognitive impairment
OR, 2.18; 95% CI, 1.18–4.04), calf circumference �31 cm
OR, 22.1; 95% CI, 10.38– 46.99), and serum albumin level
35 g/L (OR, 4.05; 95% CI, 1.99–8.24). The protective

actors were appropriate dental prosthesis (OR, 0.35; 95%
I, 0.16–0.76), inadequate dental prosthesis (OR, 0.33;
5% CI, 0.12–0.86), and total serum cholesterol level
3.36 mmol/L (OR, 0.21; 95% CI, 0.09–0.46). The final

tatistical model (Table 4) indicated that the factors posi-
ively associated with undernutrition (NSI definition) were
alf circumference �31 cm (OR, 25.49; 95% CI, 10.61–
1.27) and serum albumin level �35 g/L (OR, 4.54; 95%
I, 1.65–12.46). Total serum cholesterol level �4.14
mol/L was identified as a protective factor against under-

utrition (OR, 0.20; 95% CI, 0.07–0.59).
Univariate logistic regression analysis suggested that

he factors positively associated with undernutrition ac-
ording to the WHO classification were age �75 y (OR,
.16; 95% CI, 1.02– 4.57), lack of teeth (OR, 3.41; 95%
I, 1.56 –7.44), physical dependence (OR, 7.16; 95% CI,
.19 –16.10), cognitive impairment (OR, 2.75; 95% CI,
.32–5.72), calf circumference �31 cm (OR, 42.3; 95%

able 4
elation between social demographic, clinical and biochemical parameter
y multivariate and logistic regression analysis

lassification of undernutrition Parameters

SI Calf circumference (cm)
�31
�31

Total serum cholesterol (mmol/L
�3.36
3.36–4.13
�4.14

Serum albumin (g/L)
35–50
�35

HO Calf circumference (cm)
�31
�31

Total serum cholesterol (mmol/L
�3.36
3.36–4.13
�4.14

Physical functions
Independent
Partially dependent
Dependent

NSI, Nutrition Screening Initiative; WHO, World Health Organization
I, 9.89 –180.97), and serum albumin level �35 g/L o
OR, 3.75; 95% CI, 1.49 –9.42). The single protective
actor was a total serum cholesterol level �4.14 mmol/L
OR, 0.25; 95% CI, 0.12– 0.52). The final statistical
odel (Table 4) indicated that the factors positively

ssociated with undernutrition (WHO definition) were
alf circumference �31 cm (OR, 30.98; 95% CI, 6.99 –
37.19) and physical dependence (OR, 3.29; 95% CI,
.27– 8.52). A total serum cholesterol level �4.14
mol/L remained the single protective factor against

ndernutrition (OR, 0.32; 95% CI, 0.13– 0.79).

iscussion

Considering the BMI cutoff points recommended by
HO [11], the incidence of undernutrition among subjects
as 29.7%, and 43.8% were classified as eutrophic. In

ontrast, according to NSI [12] recommendations, the fre-
uencies of undernutrition and eutrophia were 54.7% and
9.2%, respectively. The latter data are in agreement with
alues recently reported from other countries, especially
pain, and show a general high frequency of undernutrition
ithin hospitalized elderly populations [16–20]. With re-

pect to the apparent disparity between the WHO and NSI
ndicators of undernutrition, it is important to point out that
he former is not specific for the elderly population because
he cutoff points were derived from the extrapolation of data
btained from younger individuals. Thus, although the
HO classification adopts similar cutoff points for young

nd old adults, the NSI cutoff points relate specifically to

undernutrition (according to WHO and NSI classifications) as revealed

Odds ratio 95% Confidence interval P

1.00
25.49 10.61–61.27 �0.0001

1.00
0.31 0.09–1.09 0.07
0.20 0.07–0.59 0.004

1.00
4.54 1.65–12.46 0.003

1.00
30.98 6.99–137.19 �0.0001

1.00
0.67 0.21–2.18 0.51
0.32 0.13–0.79 0.01

1.00
1.63 0.51–5.17 0.41
3.29 1.27–8.52 0.01
s and

)

)

lder individuals.
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Information relating to the nutritional status of the el-
erly hospitalized population of Brazil is scarce. However,
multicenter study employing the Avaliação Nutricional

ubjetiva Global (ANSG) classification reported a preva-
ence of 52.8% for undernutrition in a sample population of
440 hospitalized elderly [21,22]. In another study involv-
ng hospitalized elderly women, undernutrition was esti-
ated to be 70% and 65%, respectively, according to the
NSG and WHO classifications [23].
Some researchers have suggested that the determination

f calf circumference represents a reliable method of as-
essing muscle mass in the elderly [24–26], and it has been
rgued that this parameter provides a more sensitive mea-
urement than upper arm circumference [11]. In the present
tudy, 57.2% of individuals presented calf circumferences
31 cm.
With respect to biochemical parameters, high frequen-

ies of hypoalbuminemia (75.5%), lymphopenia (71.1%),
nd hypocholesterolemia (46.1%) were established within
he elderly population studied. High incidences of hy-
oalbuminemia and lymphopenia have previously been re-
orded in elderly hospitalized subjects [16,18,19,27]. Sev-
ral authorities [28–31] consider that hypocholesterolemia
ay be associated with an increased risk of morbidity/
ortality within the elderly population because cholesterol

evels �4.14 mmol/L could indicate a decrease in the
mount of lipoprotein and visceral protein.

Irrespective of the BMI classification adopted, a calf
ircumference �31 cm was identified as an indicator of
ndernutrition, whereas a total cholesterol level �4.14
mol/L appeared as a protective factor. A serum albumin

evel �35 g/L emerged as an indicator of undernutrition
hen the NSI classification was used, although this result
as not unexpected because hypoalbuminemia is a
arker for the diagnosis of undernutrition in clinical

ractice. Further, functional dependence became a strong
ndicator of undernutrition when the WHO classification
as employed, but this result was also expected because

he BMI cutoff point of 18.5 kg/m2 selects for fragile
lderly people exhibiting some degree of functional de-
endence.

Although the use of calf circumference measurement as
reliable method of evaluating the nutritional status of

lderly individuals has often been suggested, this is the first
eport that attempts to establish an association between calf
ircumferences �31 cm and undernutrition within an el-
erly hospitalized population. Such an approach is particu-
arly relevant in clinical practice because it is non-invasive,
heap, and rapid, and the measurement can be readily ob-
ained, particularly for hospitalized patients who require
egular monitoring. The implementation of this method by
nstitutions involved in the care of geriatric patients could
ontribute to the improvement of the support given to the

lderly.
cknowledgments

The authors thank Letícia Clark Peres and Sylvana
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