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Abstract 

Background: Malnutrition increases with age, but elderly nutritional status is difficult to ascertain and may be 
region-specific. The objective of this study was to define the cut-off value for body mass index (BMI) indicative 
of malnutrition in the elderly Croatian population. 

Methods: This was a cross-sectional study of the multicenter, randomized controlled trial conducted in 59 
Croatian general practices between May 2008 - August 2010 (Cardiovascular Risk and Intervention Study in 
Croatia [CRISIC-fm], trial Registration Code: ISRCTN31857696). A total of 738 participants aged ≥ 65 were 
surveyed using a CRISIC-fm questionnaire, including the Mini Nutritional Assessment-Short Form (MNA-SF) 
scale and body weight and height. The association between BMI and MNA-SF was tested using the chi-squared 
test and contingency coefficient. Receiver Operating Characteristic Curve (ROC) analysis was used to assess 
predictive value of BMI for malnutrition in relation to MNA-SF and ROC curve to determine the best cut-off 
value of BMI relative to the MNA-SF. 

Results: Twelve (2.4%) participants were “at risk of malnutrition” by the MNA-SF. ROC curve indicated that a 
BMI threshold as high as 26.5 kg/m2 is needed to identify 66% of these “at risk for malnutrition” elderly 
according to the MNA-SF (area under the curve [AUC]: 0.80, P<0.001). A BMI cut-off value of 24.5 kg/m2 has 
a sensitivity of 50% and a specificity of 86%. 

Conclusions: Higher BMI values, up to 24.5 kg/m2, should be considered as thresholds for better detecting 
elderly malnutrition. The current BMI cut-off value (<18.5 kg/m2) is not applicable to elderly Croatians. 
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Introduction 
Malnutrition is a term that covers all aspects of 
imbalance between nutrient intake and body 
requirements and includes both under- and over-
nutrition (overweight and obesity, respectively) [1]. 

The prevalence of malnutrition increases with age, 
especially in people over the age of 65 [2]. 
Malnutrition increases the risk of functional 
impairment, disability [3] and dependency on others 
and therefore, should be avoided to maintain 



 

      Healthy Aging Research | www.har-journal.com   Vrdoljak et al. 2014 | 3:9 2 

independence, autonomy and quality of life in the 
elderly as long as possible.  

A number of diseases, including osteoporosis, 
deficient anemia and cognitive disorders are linked to 
malnutrition and reduced intake of micronutrients. 
People with malnutrition have longer hospital stays, 
their wounds are more difficult to heal, they have 
slower recoveries from surgical procedures and bone 
fractures, and are more prone to bed sores and other 
complications [4]. Morbidity and mortality risks are 
increased in those with malnutrition when compared 
to their adequately nourished peers [5,6]. 

It is important to acknowledge that there is still no 
“gold standard” for the determination of malnutrition 
in the elderly, and that the nutritional status of the 
elderly is difficult to assess [2]. According to the U.S. 
project, Nutritional Screening Initiative (NSI), the 
assessment of nutritional status of the elderly is 
defined by A - anthropometric measurements, B - 
biochemical parameters, C- clinical examination, D– 
dietary, i.e. nutritional assessment, E - empathy and F 
- functional status (ABCDEF) and should be regularly 
performed by general practitioners (GPs) in 
community-dwelling elderly [7].  

Anthropometry is a simple, non-invasive and 
inexpensive method that is often used in everyday 
clinical practice and enables calculation of the body 
mass index (BMI) as a ratio of weight (kg) and 
squared height of a person (m2). It was first used in an 
epidemiological study in 1972 and, two decades later, 
accepted as the gold standard method by the World 
Health Organization (WHO) as a statistical measure of 
overweight and obesity in adults [8-10]. BMI, 
however, does not take into account the structure of 
the body or the percentage and distribution of adipose 
tissue, both of which change as a person ages [11,12]. 
It also does not reflect changes that may occur due to 
sarcopenia (loss of skeletal muscle mass) or decrease 
in stature (osteoporosis, degenerative changes in the 
vertebrae and vertebral discs thinning) [13], thus 
masking important weight changes and resulting in 
the failure to recognize malnutrition in time. 

Seeking to identify nutritional disorders in people 
aged ≥ 65 years better, the Mini Nutritional 
Assessment (MNA) Scale and its short form (MNA-
SF) were created and validated in the elderly 
population in many European countries[14] . The 

original MNA scale consists of 18 items: four 
anthropometric data (BMI, upper arm circumference 
and calf circumference, loss of weight in the last three 
months), six functional status assessment data 
(medication, the independence in activities of daily 
living, bed sores or their pre-stages, cognitive status), 
six dietary data (number of daily meals, number of 
protein meals, fruit and vegetable intake, reduced 
appetite, hydration, feeding autonomy), and two 
issues on self-assessment (self-perception of 
nutritional and health status compared to peers). The 
MNA-SF is comprised of six items (food intake 
decline due to loss of appetite, digestive problems, 
chewing or swallowing difficulties, weight loss in the 
last 3 months, mobility, psychological stress, 
neuropsychological problems and BMI) and used as 
standalone tool. It has been shown that MNA-SF has 
sufficient sensitivity and specificity even when 
compared to the full MNA. The specificity and 
sensitivity of the MNA-SF scale in detecting non-
institutionalized, malnourished elderly patients were 
estimated at 96% and 89%, respectively [14-16].  

Due to anthropometric differences between 
populations of some countries and variations among 
different ethnic groups, the WHO Expert Committee 
advised that each member country should regularly 
collect its own data on the anthropometric 
characteristics of their populations and calculate the 
BMI threshold values [17]. For this reason, we aimed 
to collect data on nutritional status in elderly 
Croatians and to redefine the currently used cut-off 
values for this population.  

 

Methods 
Sample and participants 

The sample for this study was selected from the 
Cardiovascular Risk and Intervention Study in Croatia 
(CRISIC-fm) (ISRCTN 31857696), which included 
participants of both sexes aged ≥ 40 years. In order to 
investigate the nutritional status of the elderly, we 
only selected participants aged ≥ 65 years. The target 
population for this part of the study included citizens 
of Croatia who visited their GP for any reason from 
May 2008 to August 2010. Participants with 
communication disabilities (dysphasia, aphasia), 
severe dementia or severe mental illness and those 
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with estimated life expectancies of less than six 
months were excluded from the target population. 
Enlisting of the participants was done in two phases. 
In the first phase, the 4-stage, disproportionate 
stratified random sampling of general practices was 
created. The sample of general practices was stratified 
based on 21 Croatian counties and 2 regions (coastal, 
continental). Coastal regions included practices on 
islands and in villages and towns up to 30 km away 
from the sea, if there was no natural obstacle, such as 
a hill or mountain, between them. Further 
stratification was performed into five strata according 
to the settlement size (up to 3999 inhabitants, 4000 to 
9999, 10000 to 29999, 30000 to 89999 and 90000 
inhabitants or more; settlements with < 4000 
inhabitants were defined as villages, while those with 
≥ 4000 were defined as a town). Finally, the sample 
was stratified into three strata based on the number of 
insured people in a GP’s care having a contract with 
the Croatian Institute for Health insurance (CIHI) in 
2007 (≤ 1399, 1400 – 1799, ≥ 1800). Within each 
stratum, GP offices were randomized and selected by 
a random number generator from the list of all 
contracted CIHI general practices in 2007. For each 
physician initially contacted, a reserve sample of two 
additional GPs was made, according to the four-fold 
stratum. If a GP refused to participate, the most 
closely located GP from a reserve sample was invited. 
All GPs were verbally informed in detail about the 
study and then signed a consent form to participate in 
the research. The sample size was calculated to reach 
95% confidence interval and the desired power of 
statistical tests. Of the 82 GPs invited to participate in 
this study, 64 of them accepted (78%); however, five 
declined participation following the first follow-up, so 
the total number of GPs in the final sample was 59. 

In the second stage, each GP chose a systematic, 
disproportionate sample of the first 55 patients who 
visited the practice for any reason from the day the 
study began, and who met the inclusion criteria and 
confirmed by written consent. All the participating 
GPs included the same number of patients (n=55), 
regardless of the total number of insured people they 
have contracted with CIHI, and the total number of 
patients from the target population they examined. 
This was corrected by post-hoc weight factors prior to 
statistical analysis. Out of 82 eligible GPs, 64 
accepted to participate and five withdrew at first 

follow-up. Out of 992 patients aged ≥65 years that 
were assessed for eligibility and invited to participate 
in the study, 738 patients completed the study as 
shown in Fig. 1. 

 

 
 

Figure 1. Flow chart of participant inclusion into the study 

 

Questionnaire and measurements 

For all participants, the CRISIC-fm questionnaire, 
designed for the purpose of this study, was used. It 
included the MNA-SF rating scale and BMI 
calculation. The MNA-SF includes two steps: the 
screening (MNA-SF1) and assessment scales (MNA-
SF2), the latter of which is used only if the MNA-SF1 
score is 11 points or below. Total malnutrition 
indicator score (MNA-SF1+MNA-SF2) in range 17-
23.5 indicated a risk of malnutrition, and < 17 
signaled that malnutrition was already present. 
Participants’ body weights and heights were measured 
twice using identical standardized scales, and BMI 
was calculated from weight (kg) divided by the square 
of body height (m2). 

Statistical analyses were carried out with Statistical 
Package for Social Science (SPSS) for Windows 
version 17.0 (SPSS IBM, Inc., Chicago, IL, United 
States). The association between BMI and MNA was 
tested using χ2-test and contingency coefficient. 
Receiver Operating Characteristic Curve (ROC) 
analysis was used to assess predictive value of BMI in 
detecting malnutrition in relation to MNA-SF and 
ROC curve to determine the best cut-off value of BMI 
in relation to MNA. Significance was set at P<0.05.  

 



 

      Healthy Aging Research | www.har-journal.com   Vrdoljak et al. 2014 | 3:9 4 

Ethics 

The work has been approved by ethical committees of 
the University of Split School of Medicine and Zagreb 
University School of Medicine. All participation was 
voluntary and included signing of the consent form.  

 

Results 
Nutritional status 

The whole sample of participants consisted of 248 
(38.6% ) males and 452 (61.4%) females, of which 
535 (72.5%) and 203 (27.5%) were living in urban 
and rural settlements, respectively. According to BMI, 
4 (0.5%) were undernourished, 133 (18.2%) had 
normal BMIs, 329 (45.1%) were overweight and 265 
(36.2%) obese. According to the screening scale 
scores (MNA- SF1), 102 (18.9%) of older patients 
required further nutritional status testing by using 
assessment scale (MNA- SF2). Of those, only 12 
(2.4%) participants were rated as “at risk of 
malnutrition”. Most participants (81%) did not require 
further MNA-SF assessment after the screening 
questions, because the MNA-SF1 determined that 
they were not at risk of malnutrition. The remaining 
subjects filled out the other part of the MNA-SF scale 
and the overall result was obtained. The results were 
grouped into three categories according to the number 
of points (Table 1). 

 
Table 1. Total MNA-SF (MNA-SF1+MNA-SF2) in the whole 
sample 

 n (%) 
Total MNA-SF (MNA-
SF1+MNA-SF 2) divided in 3 
nutritional categories* 

at risk 
12 (2.4) 

  normal 
504 (97.6) 

Total 517 (100.0) 
 

MNA-SF: Mini Nutritional Assessment short form 

MNA-SF1 + MNA-SF 2 = total malnutrition indicator score; ≤17 
malnourished, 17-23,5 “at risk of malnutrition”, >23.5-30 
normally nourished  
*total result is grouped into 3 categories according to the number 
of points   

 

Association of BMI and MNA 

Contingency coefficient showed a statistically 
significant positive correlation between BMI and 
MNA (r = 0.31, P <0.001). Eight percent of the 
respondents who were at risk of malnutrition 
according to MNA were also malnourished according 
to BMI, and no participants were obese (Table 2). 
Among participants with normal nutritional statuses, 
none were malnourished according to both the MNA-
SF and BMI, indicating that the categories completely 
overlap. 

 
Table 2. BMI and MNA-SF in the whole sample 

 

Total MNA-SF (MNA-
SF1+MNA-SF2) divided in 3 

nutrition categories 

  At risk Normal NS 

  n (%) n (%) 
BMI  
(kg/m2) 

Malnourished 
(<18.5) 1 (7.9)     

  Normal  
(18.6-24.9) 5 (42.6) 88 (17.6) 

  Overweight 
(25-30) 6 (49.5) 228 (45.6) 

  Obese 
(>30)     185 (36.9) 

Total 12 (100.0) 501 (100.0) 
 

BMI: Body Mass Index 

MNA-SF: Mini Nutritional Assessment scale, short form  

NS: nutritional status 

 

Receiver Operating Characteristic Curve Analysis  

Due to the large percentage of normally fed and 
overweight participants according to BMI who were 
deemed “at risk of malnutrition” according to the 
MNA-SF, it seems that the MNA-SF is a better 
detector of risk, but it is possible that it has a lower 
sensitivity because it did not identify any 
malnourished participants, thus reducing the 
correlation coefficient. A detailed comparison was not 
possible because BMI has four categories and the 
MNA-SF has only two; because it did not detect the 
malnourished, the third category is missing. 
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Therefore, Receiver Operating Characteristic Curve 
(ROC) analysis was performed, taking the MNA-SF 
scale as a validity criterion for detecting malnutrition 
in the elderly population, and BMI as the other 
possible criterion for which we wanted to check in 
terms of sensitivity and discriminability. Area under 
the curve (AUC) indicates the relationship between 
sensitivity (ability to detect subjects with a nutritional 
disorder) and specificity (ability to correctly classify 
"normal“ as those without a nutritional disorder) and 
shows how good a measure is compared to the "gold 
standard" or objective criteria, which, in our case, is 
the MNA-SF. 

We found that the BMI cut-off value should be 
increased to 26.5 kg/m2 in order to identify 66% of 
respondents revealed by the MNA-SF to be “at risk“ 
and classify them as malnourished (Table 3). That 
would allow for the highest sensitivity and specificity 
of BMI, about 70%, and make the AUC 0.80 (P 
<0.001) (Fig. 2). 

As the BMI of 26.5 kg/m2 already exceeds the 
“normal” category of weight to “overweight”, it 
would be considered excessive in younger 
populations. Therefore, the calculated sensitivity and 
specificity for the threshold BMI is 24.5 kg/m2 with a 
slightly lower sensitivity at 50% and specificity at 
86%, which is more appropriate. 

 

 
Figure 2. Receiver operating characteristic curve (ROC) showing 

sensitivity and specificity of BMI in identifying malnutrition in 
participants aged ≥ 65 years (thick full line)* 

*Diagonal line indicates the hypothetical ideal sensitivity and 
specificity 

Discussion 
BMI is the most commonly used anthropometric tool 
for monitoring of populations' nutritional, functional 
and health statuses; however, its cut-off values for the 
elderly population need to be determined to correctly 
reflect changes that occur with the aging of 
individuals. Consistent with these recommendations, 
we analyzed BMI numbers and MNA-SF results of a 
representative sample of the elderly Croatian 
population enlisted for GPs. We found that the BMI 
threshold value for malnutrition in the elderly in the 
Republic of Croatia should be set to 24.5 kg/m2.  

In a study conducted by the group of Brazilian 
researchers, who compared BMI and MNA in 
hospitalized elderly, the BMI threshold for 
malnutrition was suggested to be set at an even lower 
value - 23.2 kg/m2 - than the one we report here [18]. 
Sergi et al. proposed a BMI value of 20 kg/m2 as a 
threshold to determine underweight elderly Italians 
[19], while the optimal BMI for older American 
people is set much higher, to 24-29 kg/m2 [20]. 
Moreover, Allison et al. showed that minimum 
mortality occurred at a BMI of approximately 31.7 
kg/m2 in men and 28.8 kg/m2 in women aged 70 and 
over [21]. 

Research on nutritional disorders in populations aged 
≥ 65 in Europe is primarily conducted on a sample of 
hospitalized and institutionalized persons (in homes 
for elderly people and retirees). Studies on 
populations of this age living independently in their 
own homes in the community are very rare. 
Depending on the study, the prevalence of 
malnutrition is 25-60%; in institutionalized elderly it 
is 35-65%; in hospitalized elderly, it is 35-65%; and it 
is much lower, about 1-5%, in community-dwelling 
elderly [22-24]. In our study, none of the participants 
had a total malnutrition indicator score below 17 
points, so there were no undernourished elderly in our 
sample, very similar to research from Beck et al. 
conducted in Danish general practice setting [25]. The 
percentage of elderly detected as “at risk of 
malnutrition” using the MNA-SF in our study was 
rather low, 2.4% of which can be explained by an 
absence of homebound and recumbent elderly in our 
study sample.  
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Table 3. Predictive value of BMI and MNA-SF in detecting malnutrition in people aged ≥ 65 years 

 

  AUC 95% CI 

Std. 

Error P 

Best 

cut-off 

Sensitivity 

(%) 

Specificity 

(%) 

         

Malnutrition 
according to 
MNA-SF 

BMI, cut-off 26 0.807 0.702-0.913 0.054 <0.001 26.5 67% 69% 

BMI, cut-off 24 0.807 0.702-0.913 0.054 <0.001 24.5 50% 86% 

 

AUC: area under the curve 

MNA-SF: Mini Nutritional Assessment short 
 
 

Namely, the study involved only insured populations 
aged ≥ 65 years in the care of a GP, who met criteria 
for inclusion and personally visited the GP practice 
during a given period. Thus, the recumbent and 
immobile elderly patients who were unable to come to 
the doctor's office and those who were not insured 
with CIHI (about 3% of Croatian population) could 
not participate in the sample. In effect, these are two 
limitations of our study. For these reasons, the sample 
does not fully reflect the average Croatian population 
aged ≥ 65 years, but it does accurately represent the 
population of elderly in the GP’s care. 

 

Conclusions 
Many studies suggest that routine nutritional 
screening of the elderly should become a routine 
procedure in order to detect nutritional problems or 
malnutrition better and improve the nutritional care 
for this population [26-28]. In this study using the 
MNA-SF, we identified 2.4 % of older people in the 
GP's care at risk for malnutrition. We also compared 
BMI and the MNA-SF in predicting malnutrition. 
According to our data, it appears that BMI reference 
ranges and current thresholds for the normal nutrition 
and malnutrition of younger adults are not completely 
applicable to the elderly. They should be redefined so 
that older people with BMI <24.5 kg/m2 in Croatia are 
already considered to be “at risk of malnutrition”. 
When identified, they should be carefully followed 
up; the cause of malnutrition should be investigated 
and/or corrected when necessary nutritional 
deficiencies are present in order to achieve better 
health outcomes in the elderly. 

A higher BMI threshold for the under-nutrition of the 
elderly could help diagnose the risk of malnutrition in 
an earlier stage and prompt intervention or treatment 
before severe malnutrition and its consequences 
actually develop. 
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