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Abstract 

Background: Malnutrition among older age people is becoming significantly higher in spite of improvements in 
the health care system. Life expectancy of Ethiopian elders is increasing; but reliable and valid tools for screening and 
diagnosis of malnutrition in this subgroup are limited. This study aimed to assess the validity of anthropometric meas-
urements: Mid Upper Arm Circumference (MUAC), Body Mass Index (BMI), and Calf Circumference (CC) in detecting 
malnutrition status of older age people in Ethiopia.

Methods: A community based cross-sectional study was conducted in Borena District from January to March, 
2020. A total of 421 participants aged were systematically included in the study. To test reliability and validity of the 
measurements,Cronbach’s α coefficient and Pearson’s correlations were used, respectively. The full Mini-Nutritional 
Assessment (MNA) tool was used to diagnosis malnutrition. Overall accuracy, sensitivity and specificity of BMI, MUAC 
and CC were estimated using Receiver Operating Characteristic curves. The Youden Index was used to determine the 
best cut-off point.

Results: The reliability of BMI, MUAC and CC by Cronbach’s alpha was found 0.847. Significant positive correlations 
between MNA, BMI(r = 0.56, p < 0.01); MNA, MUAC(r = 0.43, p < 0.01; and MNA, CC(r = 0.52, p < 0.01) revealed. The area 
under the curve (AUC) of BMI, MUAC and CC were found: 0.98(95% CI, 0.96–0.99, p < 0.001), 0.94(95% CI, 0.89–0.98, 
p < 0.001) and 0.96(95% CI, 0.94–0.98, p < 0.001) indicating the overall accuracy respectively. The sensitivity and speci-
ficity of BMI, MUAC and CC using established cut off points were found: 90%, 96%; 78%, 94% and 84%, 95% respec-
tively. However, using the Youden index the best cut-off point, the sensitivity and specificity of MUAC and CC were 
88%, 86%; 92% and 89% respectively and adjusted for age and sex.

Conclusions: The current study demonstrated that BMI was a reliable and valid method to identify the malnutrition 
status of older age people. A MUAC value of 19 cm and CC of 30 cm were simple and efficient cut-off points for the 
determination of malnutrition in the older age people. A future study is needed to validate the validity of BMI, MUAC 
and CC against biochemical tests as gold standard.
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Background
As medical advances have increased the availability and 
access to better preventive care, people have been living 
longer, and ageing has imposed a global public health 
challenge [1, 2]. According to the Population Divi-
sion of the Department of Economic and Social Affairs 
2020 report, the estimated number of individuals aged 
65 years or beyond will double from 727 million in 2020 
to 1.5 billion in 2050, which will comprise about 16% 
of the global population [3]. Population ageing in devel-
oping countries is rapidly increasing as these countries 
have experienced greater demographic, economic and 
sociological changes. In Ethiopia, for example, the cur-
rent life expectancy is 66.71 years, which has increased 
by 15.86 years since 2000 and older people comprise 4% 
of the general population [3, 4].

Increasing numbers of older age people in the global 
community require reconsideration of the suitability 
of health infrastructures [5]. This population group is 
vulnerable to malnutrition and chronic non-commu-
nicable disease. It is estimated that up to 50% of the 
older age population in the Ethiopian community have 
malnutrition, which leads to prolonged hospitalization, 
repeated infection, increased hospital readmissions by 
up to 30%, healthcare costs and mortality [6–10]. Older 
age populations are uniquely susceptible to malnutri-
tion due to the association of ageing with factors that 
influence nutritional status such as decreased appetite, 
decreased energy expenditure, weight loss, taste and 
smell changes, feelings of loneliness and depression, 
difficulty chewing, fatigue and co-existing morbidi-
ties. For older age people, the potential consequences 
of malnutrition include a decline in functional sta-
tus, impaired muscle function, decreased bone mass, 
immune dysfunction, anemia, reduced cognitive func-
tion, increased susceptibility to infection, and poor 
wound healing [10, 11].

To address the health problems among older people, 
provision of improved healthcare, both in hospital and 
in the community, from early detection to preventive 
care, is imperative [12]. The Mini-Nutritional Assess-
ment (MNA) tool, which was developed in 1994, is a 
non-invasive, reliable and extensively evaluated nutri-
tional assessment tool for free-living and clinically rel-
evant older age populations [2, 13]. The full MNA has 
been validated in many studies, and used as a refer-
ence standard to validate other screening tools globally 
[14–31]. The tool has been incorporated in at least 42 
Electronic Health Records Software Companies to be 

practiced using smartphones [32]. The tool includes 
body-mass index (BMI), mid-upper arm circumference 
(MUAC) and calf circumference (CC) together with 
recent nutrient intake, recent weight loss, functional 
mobility, recent acute disease or psychological stress 
and neurological problems.

Compared to the use of MNA, the assessment of 
nutritional status by a single or multiple anthropometry 
measurement is simple, non-invasive and time saving in 
health facilities and as part of community-based screen-
ings of malnutrition. Anthropometry also remains the 
most practical tool for the assessment of nutritional 
status among members of the community in develop-
ing countries where scarced resources and high patient 
load exist, in spite of some limitations, such as do not 
provide uniform body composition information and 
recent nutritional disturbance [24]. Moreover, the use 
of anthropometric measurement tools as an alternative 
to MNA are not validated for the older population in 
Ethiopia. Due to lack of simple, and valid measurement 
approaches, older age populations are always excluded 
from research that investigates the burden of malnutri-
tion in Ethiopia. For instance, the Demographic Health 
Survey of Ethiopia didn’t reveal older age malnutrition 
status, indicating they haven’t got due attention [12]. 
Identification of a more valid, reliable and practical tool 
to assess malnutrition status in older age people in a 
resource-limited settings is important so as to provide 
appropriate interventions [25].

This study was conducted with the aim of determin-
ing the reliability and validity of anthropometric meas-
urements in identifying malnutrition status among 
older age people living in Borena District, South Wollo 
Zone, Ethiopia. This study will help health care pro-
viders to assess the malnutrition status of elders using 
appropriate tools and thus provide appropriate care to 
improve nutritional status.

Methods
Study design, area and participants
A community-based cross sectional study was con-
ducted among older age people living in Borena Dis-
trict, South Wollo Zone, Ethiopia, between  25th January 
and  5th March 2020. Borena District is 180  km away 
from the zonal town, Dessie and 580  km away from 
Addis Ababa, the capital city of Ethiopia. The District 
administration has 39 Kebeles, (5 urban and 34 rural)
s and the population in 2019/20 was estimated to be 
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186,173. Of these, 3.2%, that is 5958 people, were esti-
mated to be aged 65 years and over [5].

All people aged 65 and over years old living in Borena 
District were potential study participants. The final sub-
jects need to have been living in the Kebele that was ran-
domly selected for at least 6  months. Those who were 
edematous and/or severely ill were not included in this 
study.

The sample size was determined by using the preva-
lence of malnutrition among older age individuals in 
Gondar, Ethiopia which was previously determined by 
Mesele [5] to be 21.9%. The confidence interval was con-
sidered to be 5% of confidence level with a 1.5 design 
effect, 5% margin of error and 10% non-response. Hence, 
a total of 436 study subjects were included. A multi-
stage sampling technique was then used to identify the 
study participants. A simple random sampling technique 
was used to select 12 Kebeles from 39 District Kebeles. 
Households with which had people aged 65  years and 
above were identified from Health Extension Worker’s 
family folder in the respective Kebeles. The sample was 
then proportionally allocated, depending on the num-
ber of people aged 65 years and over in each of the ran-
domly selected 12 Kebeles. Finally, a systematic random 
sampling technique, which include every 12 households, 
was used to select study subjects. When there were more 
than one elder in one house, one elder was elected by lot-
tery method.

Data collections and measurements
A pre-tested structured interviewer administered ques-
tionnaire that comprised of socioeconomic, demo-
graphic, environmental, and diet-related measures was 
used. Anthropometric measures were also taken. Five 
data collectors were trained to collect the data.

Malnutrition was assessed using the full MNA tool 
which comprised of anthropometric measurements, 
recent dietary intake, general condition and subjec-
tive assessments [13, 25]. A total of 18 items were used 
to generate a score with a minimum of zero and a maxi-
mum of 30 points. Based on the score, the malnutrition 
status was classified as malnourished, at risk of malnutri-
tion and well-nourished when the score was less than 17, 
17–23.5, and greater than 23.5, respectively [13, 26].

Anthropometric measurements
Height was measured using portable height stadiom-
eter. Participants were barefoot, legs straight, shoulders 
relaxed and look straight ahead in the horizontal plane. 
Participants were also asked to inhale deeply, hold their 
breath and maintain an erect position prior to taking 
the measurement. Height measurement was taken to 
the nearest 0.1  cm. For those people with a kyphosis, 

thus making it difficult to measure height, the arm span 
was used as an alternative.The arm span is the distance 
from the middle finger tip of the left hand to that of 
right hand when both arms are stretched out horizon-
tally. This length is then converted to a height equivalent 
[33]. Weight was measured with a portable digital weight 
scale. Participants wore minimum clothing and stood in 
the middle of the scale’s platform. Reading of weight was 
approximated to the nearest 0.1  kg. All measurements 
were taken three times and then averaged. Body Mass 
Index (BMI) is calculated as body weight in kilograms 
divided by height in meters squarred. In this study, nutri-
tional status was considered as normal when the BMI 
was between 18.5  kg/m2 and 24.9  kg/m2 and malnour-
ished when BMI was less than 18.5 kg/m2 [23].

To measure participants’ MUAC, non-stretch adult 
MUAC tape was used. The left arm was flexed at the 
elbow to 90 degree, and the midpoint between the lateral 
acromion and distal olecranon identified and marked. 
Then the arm was relaxed and the MUAC tape placed 
around the marked midpoint of the arm. The measure-
ment was recorded to the nearest 0.1 cm. An MUAC of 
less than 21 cm was considered as malnourished [34].

The CC was measured at the widest point of the calf 
circumference, between the ankle and knee in a sitting 
position with the leg bent 90° at the knee to the nearest 
0.1 cm using non-stretchable tape. The tape was manip-
ulated to maintain close contact with the skin without 
compressiing the underlying tissues. A CC less than 
31 cm was considered to be malnourished [27].

Data quality management
A questionnaire was prepared in English and translated 
into Amharic for the field work and then back to English 
for checking the language consistency. The interviewers 
and supervisors were trained in data collection, inter-
viewing and measurement techniques for two days. A 
pre-test (from 5% of older age people from non-seleced 
Kebeles) was undertaken prior to undertaking the data 
collection work to assess the consistence of responses, 
technical measurement error, precision and accuracy 
of anthropometric measurements. A digital scale was 
used to reduce frequent calibration and was standard-
ized with a constant weight. The collected information 
was reviewed on a daily basis and possible errors were 
returned to the data collectors for correction.

Statistical analysis
The data were entered into Epi-Data version 3.1, and 
after cleaning and coding, imported to STATA version 
15 (STATA Corp, College Station, Tx) for analysis. MNA 
was computed from the 18- items and used as a reference 
to compare the reliability and validity of BMI, MUAC and 
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CC. The data wre explored for missing values and outli-
ers before categoring variables. Characteristics of study 
subjects were expressed using frequency and percentage; 
and differences in distribution were demonstrated for 
categorical variables using Pearson’s chi-square test.

The reliability of the BMI, MUAC and CC was calcu-
lated using coefficient of Cronbach’s α and a Cronbach’s 
α value of 0.60, 0.70 & 0.80 were considered acceptable, 
adequate and good respectively [21]. Criterion related 
validity of the tools were checked after identifying a sig-
nificant positive Pearson correlation between total MNA 
score and the single anthropometric measurement of 
BMI, MUAC, and CC. Compared to the MNA, the over-
all accuracy of BMI, MUAC, and CC were assessed using 
the Area under Receiver Operating Characteristic (ROC) 
curve (AUC). If the area under curve (AUC) was 0.50, 
no acceptable combinations of sensitivity and specific-
ity could be found. As a general rule of thumb, an AUC 
of 0.60 was considered not acceptable; above 0.70, good; 
higher than 0.80, very good, and greater than 0.90 excel-
lent [21].

Sensitivity and specificity were calculated using (ROC) 
curves. The Youden Index (Sensitivity + specificity—1) 
was used to conclude the best cut-off point of BMI, 
MUAC and CC [12].

Ethical considerations
Ethical approval was obtained from the Research Eth-
ics Review Committee of the College of Health Sciences 
and Medicine, Wollo University with reference number 
WU-CMHS-3412/08/2019. All methods were carried 
out in accordance with the  Declaration of Helsinki and 
regulations. Informed written consent to participate was 
obtained from each selected participant confirmed by 
their signinature for those who are literate and by their 
finger stamp for illiterate participants. Participants were 
advised that they were free to withdraw or discontinue 
participation at any time without any form of prejudice. 
Privacy and confidentiality of the collected information 
was maintaned throughout the process. All information 
gained during the study was kept strictly confidential.

Results
Sociodemographic characteristics of participants
The overall response rate for the study was 96.6%. The 
characteristics of the sample are presented in Table 1. The 
mean age of participants was 68.2 (SD 2.8) years and the 
majority (78.9%) were aged between 65–69 years of age. 
Overall, 49.6% of participants were male, and more than 
half of the participants (53%) were Orthodox Christians, 
and the rest Muslims. Overall, 78.1% of the study subjects 

Table 1 Sociodemographic characteristics of older age people in Borena District, South Wollo Zone, Ethiopia in March 2020

Variables Men(n = 209)
Frequency (%)

Women(n = 212)
Frequency (%)

Total(n = 421)
Frequency (%)

P-value

Age group in years
 65–69 years 161(77) 171(80.7) 332(78.9) 0.310

 70–74 years 37(17.7) 35(16.5) 72(17.1)

 75–80 years 11(5.3) 6(2.9) 17(4)

Religion
 Orthodox 111(53.1) 112(52.8) 223(53) 0.954

 Muslim 98(46.9) 100(47.2) 198(47)

Education Status of Respondent
 No formal education 141(67.5) 188(88.7) 329(78.1) 0.0001

 Read and write 58(27.8) 19(9) 77(18.3)

 Primary and Secondary education 10(3.8) 5(2.4) 15(3.1)

Marital status
 Married 151(72.3) 131(61.8) 282(67) 0.005

 Widowed 37(17.7) 66(31.1) 103(24.5)

 Single/divorced/separated 21(10.0) 15(7.1) 36(8.5)

Educational status of partner (n = 281)
 No formal Education 142(94.0) 111(85.4) 253(90) 0.011

 Read and write 9(6) 19(14.6) 28(10.0)

Monthly income
  < 100 birr 23(11.0) 34(16.0) 57(13.5) 0.509

 100–500 birr 158(75.6) 159(75.0) 317(75.3)

 501–1000 birr 28(13.4) 19(9.0) 47(11.2)
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were unable to read and write and nearly two-thirds (67%) 
were married (Table 1). More men were able to read and 
write than women (27.8% vs 9%, p-value < 0.001), while 
more women has no formal education (88.7% vs 67.5%) 
and higher proportion of women were widowed than 
men (31.1% vs 17.7%, p-value = 0.005). The proportion 
of partners who were able to read and write are higher 
among women than men (14.6% vs 6%, p-value = 0.011).

Nutritional findings based on BMI, MUAC, CC, and MNA 
assessments
Based on an MNA score of < 17, 71.5% (95% CI 67.2–
75.3) of respondents were malnourished and 16.2% (95% 
CI 11.4–19.7) were at risk of malnutrition. Based on a 
MUAC of < 21  cm, 58.7% were malnourished, whereas 
65.8% were malnourished based on CC < 31  cm. Based 
on BMI of < 18.5  kg/m2, 69.1% were malnourished 
(Table  2). In addition, females were relatively more 
malnourished than males (74.5% compared to 68.4%, 
p-value < 0.009) based on the MNA score but no associa-
tion was observed between sex and malnutrition status 
by BMI, MUAC and CC.

Reliability and validity of anthropometric measurements 
(BMI, MUAC, and CC)
The internal consistency of the three anthropomet-
ric measurements as measured by Cronbach’s α coef-
ficient was found to be 0.847. However, deleting one 
of the BMI, MUAC or CC from the measurement sig-
nificantly lowers the Cronbach’s α value to 0.783, 0.777 
and 0.792 respectively. Anthropometric measurements 
(BMI, MUAC, and CC) and the total MNA were cor-
related to show the criterion related validity of the tool 

(between MNA, BMI(r = 0.562, p < 0.01) (Fig.  1 a); 
MNA, MUAC(r = 0.433, p < 0.01(Fig.  1 b); and MNA, 
CC(r = 0.521, p < 0.01)( Fig. 1 c).

Sensitivity and specificity of BMI, MUAC and CC
The area under the curve (AUC) for each anthropomet-
ric measurement BMI, MUAC & CC were illustrated in 
Fig. 2 with the the overall accuracy of each measurement 
0 0.978 (95% CI, 0.965–0.991, p < 0.001)), 0.937 (95% CI, 
0.897–0.978, p < 0.001) and 0.956 (95% CI, 0.936–0.976, 
p < 0.001) in their place of order.. The overall accuracy of 
MUAC and CC showed a slight variation in women and 
men. MUAC has higher accuracy in screening malnutri-
tion in women than men (Fig. 3) but CC has better accu-
racy in men than women ( Fig. 4).

Based on the established cut-off points using the ROC 
curve, the sensitivity and specificity of BMI, MUAC and 
CC in both sexes were found to be 90% ( 95% CI, 81.5%-
98.5%), 96% (95% CI, 92.9%-100%); 78% (95% CI, 70.8%-
85.1%) 94% (95% CI, 89.2%-99.7%) and 84% 95% CI, 
76.2%-91–8%), 95% (95% CI, 90.4%-99.6%) respectively. 
Using the Youden index the best cut of points were 19 cm 
for MUAC and 30  cm for CC with their sensitivity and 
specificity of 88%(95% CI, 79.7%-96.3%), 86% (95% CI, 
78%-94%), 92% (95% CI, 84.3%-100%) and 89% (95% CI, 
80.6%-97.4%) in both sexes respectively. Using a MUAC 
of 19  cm for screening malnutrition among older age 
s increases the sensitivity from 78 to 88% (Suplemen-
tary Table  1 a). Similarly, a CC of 30  cm also increases 
the sensitivity from 84 to 92% (Suplementary Table 1 b). 
However, in case of BMI, the Youden index and the estab-
lished cut-off point were the same (Suplementary Table 1 
C). The optimal cut-off points were relatively the same 
for both men and women (Supplementary Table 2 a-d).

Discussion
The current study determined the relaibility and accu-
racy of BMI, MUAC and CC against MNA screening 
tool among older age population in Ethiopia. The reli-
ability of BMI, MUAC and CC using Cronbach’s alpha 
was found 0.847 which is acceptable and have very 
good internal consistency to assess the malnutrition 
status of elders [12, 23]. Significant positive correla-
tions were observed between the full MNA and BMI, 
MUAC and CC. Previous studies showed similar find-
ings in Thailand and Turkey [29, 30].

The overall accuracies of BMI, MUAC and CC using 
ROC curve were found to be in the excellent category 
in both sexes [11, 12, 23, 34]. Based on the estab-
lished cut points, the sensitivity and specificity of BMI, 
MUAC and CC were classifed as very good [31]. This 
finding is similar to a study done in South India in 2014 
[26, 31]. However, in the current study, reducing the 

Table 2 Malnutrition status of older age individuals based on 
BMI, MUAC, CC and MNA score in Borena District, South Wollo 
Zone, Ethiopia March 2020 (n = 421)

CED Chronic energy deficiency, MNA Mini Nutritional Assessment, BMI Body 
Mass Index, MUAC  Mid Upper Arm Circumference, CC Calf Circumference, r 
Pearson correlation

Variable Nutritional Status Men
n (%)

Women
n (%)

P-value

MUAC Normal(> = 21 cm) 86(41.2) 92(43.4) 0.64

malnourished (< 21 cm) 123(58.8) 120(56.6)

CC Normal(> = 31 cm) 69(33.1) 64(30.2) 0.53

malnourished (< 31 cm) 140(66.9) 148(69.8)

BMI Normal (> = 18.5) 76(36.4) 55(26.0) 0.074

CED (< 18.5 kg/m. sq) 133(63.6) 157(74.0)

MNA Normal (> = 24) 36(17.3) 16(7.5) 0.009

At risk of malnutrition 
(17–23.5)

30(14.3) 38(17.9)

malnourished (< 17) 143(68.4) 158(74.5)
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Fig. 1 a-c: The correlation of MNA and anthropometric measurements a) MNA with BMI, b) MNA with MUAC and c) MNA with CC) among older 
people in Borena District, South Wollo Zone, Ethiopia March 2020(n = 421)
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Fig. 2 ROC curve analysis of BMI, MUAC and CC in predicting malnutrition among older people using MNA as reference in Borena District, South 
Wollo Zone, Ethiopia March 2020(n = 421)

Fig. 3 ROC curve analysis of BMI, MUAC and CC in predicting malnutrition among older women using MNA as reference in Borena District, South 
Wollo Zone, Ethiopia March 2020(n = 212)
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cut-off points to 19  cm for MUAC and 30  cm for CC 
had resulted in an increase in sensitivity by 10% and 
8% for MUAC and CC respectively and only a slight 
decrease in specificity. This adjustment of the cut-off 
point will help in efficient utilization of resources and 
older people will have the oppportunity to be included 
in nutrition intervention programs. While a geriatric 
assessment, using the MNA, is a more comprehen-
sive approach, anthropometric measurements such as 
BMI, MUA and CC are easy to apply at a health facil-
ity or community level by health care provider when 
limited time exists. Older people, with malnutrition 
or at risk of malnutrition need comprehensive mul-
tidisciplinary nutrition intervention to support ade-
quate dietary intake, maintain or increase body weight 
and/or improve functional and clinical outcomes 
[31, 35]. Studies from rural India, China, and Nether-
lands showed that MUAC and CC can be used as via-
ble measure of malnutrition screening and diagnosis 
alternative to BMI, full-MNA and MNA-short form in 
older individuals [36–38]. This study also confirm that 
MUAC and CC have a very good and excellent inter-
nal consistency and accuracy in screening malnutrition 
among older individuals. Rourtine application of these 

tools will significantly reduce mortality associated with 
malnutrition and improve clinical prognosis of older 
population [39].

One of the strengths of this study is the validation 
of anthropometric measurements against the MNA 
score, which is a screening assessment tool, used both 
in community-dwelling [40] and geriatric settings [41, 
42]. Moreover, MNA is a valid tool used to evaluate 
nutrient-rich food intake habits, functional status and 
cognitive function. A further strength of the study is 
conducted in rural community where the nutrition 
care practice and regular health screening services are 
neglected for older population and the validated tools 
are not complex and time consuming.

However, the current study has limitations in address-
ing biological biomarkers of malnutrition, examining 
usual nutrient intakes and concentration of albumin 
and other nutrients that may demonstrate the actual 
malnutrition situation in older population. Recall bias 
may be another source of error in the older age popula-
tion that could lead to over or underestimation of mal-
nutrition. The current study didn’t consider the effect 
cross-cultural adaptation of MNA tool in validating 
anthropometric measurements.

Fig. 4 ROC curve analysis of BMI, MUAC and CC in predicting malnutrition among older men using MNA as reference in Borena District, South 
Wollo Zone, Ethiopia March 2020(n = 209)
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Conclusion
The current study demonstrated that BMI has good 
sensitivity and specificity to identify malnutrition sta-
tus among older people with the established cut-off 
points (BMI < 18.5 kg/m2), whereas and MUAC < 21 cm 
and CC of < 31 cm had a lower sensitivity, compared to 
the proposed these new cut-off points (MUAC < 19 cm 
and CC < 30  cm). In areas where the use of the MNA 
is impossible, application of BMI, MUAC or CC can 
address the health demands posed by older people with 
malnutrition, particularly in resource-limited countries 
where the cases to service providers ratio is high. This 
is likely to have large public health and clinical prac-
tice implications, especially with respect to nutritional 
interventions.
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