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1. Introduction

Screening tools commonly include the measurement of body
mass index (BMI) as the widely accepted gold-standard indicator
of malnutrition (Cook et al., 2005). However, it may be an
unreliable nutritional marker in cases of recent weight loss in an
originally overweight or obese individual. BMI of 18.5–24.9 kg/m2

is generally accepted as the optimal range (Obesity, 2006) but
there is an ongoing debate on the ideal reference range for the
older subjects (Cook et al., 2005). Some studies suggested the low
BMI and some studies suggested the high BMI as a risk factor for
functional dependency. On the other hand, BMI cut-off values vary
also between ethnic groups (WHO, 2004). WHO Expert committee
encourages the countries to collect their own data on anthropo-
metric measures coupled with health and functional status
evaluation (De Onis and Habicht, 1996). In this study, we aimed
to investigate the relationships between BMI, the level of
functional independency and malnutrition in a group of elderly
living in a nursing home in Turkey.

2. Patients and methods

2.1. Patients

The study was conducted in a nursing home in Istanbul. The
residents who were not bedridden were included in the study for
exact anthropometric measurement.

2.2. Measurements

The heights and weights of all residents were measured and
BMIs were calculated from weight (kg) divided by the square of
height (m). We interviewed with the residents, nurse aides and the
health team including the medical nurses and local MDs. Their
chronic diseases and the currently used drugs were noted.
Functional status were evaluated with the 5-item ADL and 7-item
IADL. Nutritional assessment was performed by MNA. Residents
with a MNA score <17 were assessed as undernourished, with a
MNA score of 17–23.5 as at risk of undernutrition and �24 as well
nourished (Guigoz et al., 1994). This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki. Informed consent was obtained from all patients and/or
their related conservators.
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A B S T R A C T

BMI is commonly used indicator of malnutrition and 18.5–24.9 kg/m2 is generally regarded optimal.

However, there is an ongoing debate on ideal range for elderly. BMI cut-off values vary also between

ethnic groups. We aimed to investigate relationships between BMI, functional status and malnutrition in

elderly living in a nursing home in Turkey. BMIs of 254 residents were calculated. Chronic diseases and

currently used drugs were noted. Functional status was evaluated with Katz-activities-of-daily-living

(ADL) and Lawton-instrumental-activities-of-daily-living (IADL). Nutritional assessment was performed

by Mini-Nutritional-Assessment (MNA) test. Mean age was 75.2 � 8.2 years. Subjects were classified into

4 groups as BMI <18.5, 18.5–24.9, 25–29.9, and �30.0 kg/m2. ADL scores and IADL scores were higher in

higher BMI groups. There were no differences in terms of age-number of chronic diseases. Even in BMI

�35 kg/m2 residents, ADL was significantly higher than 25–34.9 kg/m2 residents. BMI was significantly

correlated with ADL and IADL scores. In Groups 3 and 4, there were 22.2% and 9.1% residents without normal

nutrition, respectively. Better functional status was associated with higher BMI values even in BMIs �30 kg/

m2. In elderly, relative high rates of undernutrition may be present in BMIs regarded as overweight or obese.
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2.3. Statistical analysis

The statistical analysis was carried out with Statistical Package
for Social Sciences for Windows ver. 14.0 (SPSS Inc, Chicago, IL,
USA). Numerical variables were given as mean � S.D. Two groups
were compared with paired Student’s t-test or Mann Whitney U tests
when necessary. Chi-square test with Yates correction and Fisher’s
exact test were used for 2 � 2 contingency tables when appropriate
for non-numerical data. Correlations between numerical parameters
were analyzed with Spearman’s rho correlation test. Groups were
compared with Student’s t-test or analysis of variance (ANOVA) as
necessary. Comparisons in the more than two groups were made by
Kruskal Wallis-H analysis of variance when the distribution was
abnormal. Tukey HSD was used for post-hoc comparisons. A p < 0.05
was accepted as significant.

3. Results

3.1. Demographic data

The heights and weights were successfully measured in 254
residents composing the cohort of our study. Of them, 97 residents
were female and 157 were male. Their mean age was 75.2 � 8.2
years (60–98), 74 (29.1%) residents were �80 years of age and 140
(55.1%) residents were �75 years of age. Of them, 171 (67.3%)
residents were well nourished, 58 (22.8%) were under malnutrition
risk and 25 (9.8%) were malnourished. The distributions of
demographic data of the study population according to the gender
are outlined in Table 1.

3.2. Association of BMI with ADL and IADL

The residents were classified into 4 groups according to their BMI
values as Group 1: BMI <18.5 (19 residents), Group 2: BMI 18.5–24.9

(90 residents), Group 3: BMI 25–29.9 (90 residents), and Group 4:
BMI �30 kg/m2 (55 residents). In Group 4, there were 14 residents
with BMI �35 kg/m2. The ADL scores, IADL scores, MNA scores, age,
number of chronic diseases and no of currently used drugs were
compared between the different BMI groups. The ADL scores, IADL
scores and MNA scores were all significantly higher in higher BMI
groups. Between these four groups, there were no differences in
terms of age, number of chronic diseases but number of currently
used drugs was also higher in higher BMI groups (Table 2). When the
residents with BMI �35 kg/m2 were compared with BMI 25–
34.9 kg/m2 (131 residents), ADL but not IADL was significantly
higher in the BMI �35 kg/m2 group (9.9 � 0.5 vs. 8.8 � 1.9, p < 0.05
for ADL and 9.7 � 3.7 vs. 7.8 � 5, p = 0.168 for IADL, respectively). Due
to low number of BMI �35 kg/m2 residents, any possible impact of
gender on ADL could not be evaluated. BMI was significantly and
positively correlated with ADL and IADL scores (r = 0.23, p < 0.001 and
r = 0.18, p = 0.003, respectively). The correlation of BMI with ADL and
IADL scores were more pronounced in females (r = 0.37, p < 0.001 and
r = 0.45, p < 0.001 in females vs. r = 0.20, p = 0.01 and r = 0.10, p = 0.21
in males, respectively).

3.3. Association of BMI with nutritional status

Malnutrition and malnutrition risk rates were higher in the lower
BMI groups. In Group 1, there were 17 (89.5%) residents; in Group 2,
there were 41 (45.6%) residents, in Group 3, there were 20 (22.2%)
residents and in Group 4, there were 5 (9.1%) residents with either
malnutrition or malnutrition risk (Table 2). Having nutritional status
other than normal nutrition (either malnutrition or malnutrition
risk) was negatively correlated with ADL and IADL scores (r = �0.27,
p < 0.001 and r = �0.27, p < 0.001). Again, the correlation of having
nutritional status other than normal nutrition with ADL and IADL
scores were more pronounced in females (r = �0.41, p < 0.001 and
r = �0.48, p < 0.001 in females vs. r = �0.20, p = 0.01 and r = �0.19,
p = 0.02 in males; respectively).

Table 1
The distribution of residents’ data according to the gender, mean � S.D. (range).

Females Males Total p

Number 97 157

Age (year) 78.6 � 9.3 (60–98) 73.1 � 6.7 (60–90) 75.2 � 8.25 (60–98) <0.001*

Weight (kg) 60.3 � 15.3 (34.8–112.8) 67.0 � 14.1 (38.9–105) 64.4 � 14.9 (34.8–112.8) <0.001*

Height (cm) 149 � 8.2 (127–165) 162.2 � 7.7 (145–181) 157 � 10 (127–181) <0.001*

BMI (kg/m2) 26.8 � 6 (16.3–49.5) 25.4 � 5.0 (14.3–38.1) 25.9 � 5.4 (14.3–49.5) >0.05

No. of chronic diseases 3.7 � 1.7 (1–9) 3.7 � 1.8 (1–9) 3.7 � 1.8 (1–9) >0.05

No. of drugs 6.5 � 3.3 (1–16) 7.5 � 4.2 (0–18) 7.1 � 3.9 (0–18) >0.05

ADL score 8.4 � 2.4 (0–10) 8.9 � 2.0 (2–10) 8.6 � 2.2 (0–10) <0.001*

IADL score 5.3 � 5.2 (0–14) 8.7 � 4.6 (0–14) 7.4 � 5.1 (0–14) <0.001*

Malnutrition rate (%) 11.3 8.9 9.8 >0.05

* Statistically significant differences between genders.

Table 2
The comparison of the analyzed parameters between the different BMI groups, mean � S.D. (range), n(%).

BMI (kg/m2) classes p

<18.5 18.5–24.9 25–29.9 �30

Number 19 90 90 55

Fem/male (number) 7/12 25/65 38/52 27/28 0.057

Age (years) 76.2 � 8.1 (60–96) 74.1 � 7.2 (72–76) 76.2 � 8.1 (60–98) 73.4 � 8.2 (60–98) 0.238

ADL sc. 7.3 � 3 (0–10) 8.4 � 2.3 (0–10) 8.8 � 2.1 (0–10) 9.2 � 1.5 (0–10) 0.007*

IADL sc. 5.5 � 5.4 (0–14) 6.9 � 5.3 (0–14) 7.6 � 5.0 (0–14) 8.7 � 4.6 (0–14) 0.0074*

MNA sc. 16.1 � 3.1 (8–20) 17.5 � 3.2 (8.5–23.5) 19.5 � 2.4 (15.5–22.5) 21.3 � 0.7 (20.5–22.5) <0.0001*

Malnutrition, n (%) 9 (47.3) 13 (14.4) 3 (3.3) 0 (0) <0.001*

Malnutrition, risk, n (%) 8 (42.1) 28 (31.1) 17 (18.9) 5 (9.1) <0.001*

Normal nutrition, n (%) 2 (10.5) 49 (54.4) 70 (77.8) 50 (90.9) <0.001*

No. of chronic diseases 2.9 � 1.4 (1–5) 3.5 � 1.7 (1–9) 3.8 � 1.7 (1–8) 4.0 � 2.0 (1–9) 0.09

No. of drugs 5.7 � 2.3 (1–10) 6.4 � 3.7 (0–18) 7.3 � 3.7 (0–17) 8.6 � 4.4 (1–18) 0.003*

* Statistically significant differences.
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4. Discussion

Anthropometry is the single most portable, universally
applicable, inexpensive, and noninvasive method available to
assess the proportions, size, and composition of the human body
(De Onis and Habicht, 1996). It reflects both health and nutrition
and may aid to predict performance, health, and survival (De Onis
and Habicht, 1996). For these reasons, it is used for monitoring the
health and nutrition of individuals and as a next step for selecting
them for health and nutrition interventions. Among these
anthropometric measures, BMI is commonly included in screening
tools as MNA (Beck et al., 1999), Malnutrition Advisory Group Tool
(BAPEN, 2000), Malnutrition Universal Screening Tool (BAPEN,
2003) as the widely accepted gold-standard indicator of malnutri-
tion (Cook et al., 2005). The Malnutrition Advisory Group (BAPEN,
2000) also suggested that BMI is a simple and reproducible
measure for assessing malnutrition in the older subjects.

Although, a BMI of 18.5–24.9 is generally accepted as an indicator
of the optimal weight (Obesity, 2006), there is an ongoing debate on
the ideal reference range for the older subjects (Cook et al., 2005). On
the other hand, BMI cut-off values vary between ethnic groups
(WHO, 2004). The WHO Expert Committee, did not recommend the
use of universal reference data, but rather the collection of data
describing local levels and patterns (De Onis and Habicht, 1996). The
prevalence of thinness and overweight varies widely from country to
country and there are no indications that different populations with
the same distributions of BMI have similar relative and attributable
risks of morbidity and mortality associated with different degrees of
overweight and thinness (De Onis and Habicht, 1996). There is no
evidence that what is normal for an i.e. 75-year-old man in the
United States is also normal for a 75-year-old man in a developing
country (De Onis and Habicht, 1996). For example, compared with
Western populations, the percentage of body fat and associated risk
factors for cardiovascular disease at a given BMI are generally higher
among Asian people. The WHO has suggested that the risk of obesity
related diseases among Asian people rises from a BMI of 23 kg/m2

compared to 25 kg/m2 for non-Asian groups (WHO, 2004).
Therefore, the WHO Expert Committee encouraged countries to
collect anthropometric data on adults aged �60 years through
anthropometric surveys coupled with the monitoring of health and
functional status of this segment of the population (De Onis and
Habicht, 1996). On the other hand, the elderly represent the fastest-
growing segment of populations throughout the world, with the
distinctive feature of being a very heterogenous group. A healthy 80-
year-old person is not compatible with a healthy 60-year-old person.
Indeed, the concept of functional or biological age should gain more
consideration in the elderly. Currently, few anthropometric data
exist for the elderly, especially for those >80 years and for the elderly
in developing countries (De Onis and Habicht, 1996). In clinical
practice, easy, inexpensive, universally applicable and portable
means to predict nutritional status are needed. This study
investigates the relationships between a very easy to use
anthropometric measurement as an index for nutrition and health
status: BMI, functional status and nutritional status in one of
developing country: Turkey and in a group of relatively old cohort
with a near 1/3 of residents �80 years and more than half �75 years
of age.

Our cohort was composed of residents with BMIs of mostly in
optimal range or overweight. The indexes of good functional status
were significantly higher in each higher BMI groups. BMI was
significantly and positively correlated with ADL and IADL scores.
This study suggests that in a group of elderly nursing home
residents, the better functional status was associated with higher
BMI values even in BMIs �30 kg/m2. Between these four groups,
there was no difference in terms of age and number of chronic
diseases suggesting that the association of higher BMI with better

functional status was not due to better age and chronic disease
profiles. At this point, our study has a limitation. Chronic diseases
were evaluated by only the number but not any specific namely
characterization. However, it is known that the major causes of
morbidities in the elderly as hypertension, diabetes, ischemic heart
disease, hyperlipidemia and osteoarthritis are more prevalent in
higher BMIs. Therefore, although the specific names of the diseases
were not included in this study, we suggest that the better
functional status in the higher BMI groups were not quite possibly
due to better disease profile. Among the studies on BMI and
functional status in the elderly, some (Galanos et al., 1994; Stuck
et al., 1999; Covinsky et al., 2006; Imai et al., 2008) suggested the
low BMI and some (Galanos et al., 1994; Stuck et al., 1999;
Friedmann et al., 2001; Jensen and Friedmann, 2002; Covinsky
et al., 2006; Imai et al., 2008) suggested the high BMI as a risk factor
for functional dependency. The more the extreme of BMI (either
higher or lower), the greater the risk for functional impairment was
reported (Galanos et al., 1994). The high BMIs associated with poor
functional status were generally >35 or 40 kg/m2 (Friedmann
et al., 2001; Jensen and Friedmann, 2002; Imai et al., 2008). Also in
the most recent study reported from USA, the association of BMI
with functional status and how the association differs by age were
examined. Underweight and severe obesity were again consis-
tently associated with increased disability in all ages whereas
overweight and moderate obesity showed associations that vary
considerably by age. Overweight elderly (�65 years) and moderate
obese elderly men (�65 years) had lower risks of disability (Imai
et al., 2008). However, in our study, the correlation of both BMI and
nutritional status with functional status were more pronounced in
females. The optimal range of BMI for American elderly people is
suggested as 24–29 kg/m2 by the 1989 report of the American
Committee on Diet and Health (Ham, 1992). However, in regard of
these findings the upper cut-off level of BMI for elderly functional
independency may be put forward as 30 kg/m2, if not higher.

The reason why higher BMIs are associated with better
functional outcome in the elderly is yet not clear. One explanation
is that the stature decreases with age because of senile kyphosis,
shortening of spinal vertebrae and thinning of weight bearing
cartilages and this may reflect as increased BMI value for a given
weight in the elderly. The seemingly high BMI may be present even
in the malnourished elderly. Therefore, an elderly patient with a
BMI of e.g., 23 or even 30 kg/m2 should not be necessarily
considered to be in good nutritional status. Hence, the association
of BMI with functional status may vary significantly across ages.

In this study, we evaluated the nutritional status via MNA. The
MNA is a simple tool, useful in clinical practice to measure
nutritional status in elderly persons. From its validation in 1994,
the MNA has been used in hundreds of studies and translated into
more then 20 languages. It is a well-validated tool, with high
sensitivity, specificity, and reliability (Vellas et al., 2006). We
compared the role of BMI alone to predict malnutrition with MNA
in the elderly. MNA scores were all significantly higher in each
higher BMI groups and similarly malnutrition and malnutrition
risk rates were higher in the each lower BMI groups. However, even
in 25–29.9 kg/m2 BMI group, there were 3 (3.3%) residents with
overt malnutrition and 17 (18.9%) residents with malnutrition risk
determined by MNA. So, almost more than 1/5 of the residents
with BMI: 25–29.9 kg/m2 were not free of malnutrition (either
malnourished or under malnutrition risk). Also, in BMI: �30 kg/m2

group, there was no overt malnourished resident but 5 (9.1%)
residents with malnutrition risk.

In their paper on use of simple means for detecting malnutrition
on medical wards, Nightingale et al. (1996) used and compared 3
methods for malnutrition detection: BMI, midarm muscle circum-
ference and percentage weight loss in the preceding 3 months and
concluded that%weight lossdetected most patientsas malnourished.
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Similar to our study, they reported that four of seven patients who
had been detected as malnourished only via %weight loss, had had
BMI >25 kg/m2. In our study, in the residents with malnutrition or
with malnutrition risk determined by MNA, ADL and IADL scores
were significantly lower when compared with the residents without
malnutrition. Having nutritional status other than normal nutrition
(either malnutrition or malnutrition risk) was negatively correlated
with ADL and IADL scores.

We suggest that in the elderly, the relative high rates of
malnutrition or malnutrition risk may be present in even higher
BMIs regarded as overweight or obese in the younger counterparts
and the better nutrition profile may be the responsible factor for
the association of even as high as >30 kg/m2 BMIs with better
functional status. Beck and Ovesen (1998) concluded that any
extent of weight loss or BMI of <24 kg/m2 should be used in
combination with other variables when aiming the most favorable
outcome in the elderly. Our findings also support the idea that not
only BMI but percentage weight loss and the other health related
parameters of the individual as included in MNA (e.g., associated
medical problems, current nutrition intake, etc.) should be
incorporated in nutritional evaluation of the elderly. In elderly
individuals, the nutritional support shall be introduced much
earlier than in younger age groups with BMI values those are
regarded as optimal or even overweight. BMI may be regarded as a
tool for rapid insight for nutritional screening but should not be
used to replace exact nutritional evaluation.

In conclusion, in a group of elderly nursing home residents in
Turkey, better functional status was associated with higher BMI
values even in BMIs >30 kg/m2. There were significant percentage
of residents having malnutrition despite having BMI >25 kg/m2. In
elderly, relative high rates of undernutrition may be present in
BMIs regarded as overweight or obese.
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