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ABSTRACT
Introduction: Geriatric population is most vulnerable to various emerging communicable and non-

communicable diseases due to various socio-economic, physiological, psychological and nutritional risk 
factors. Adequate nutritional status is utmost important in older age as it helps in maintaining the immune 
response and preventing the morbidities and mortalities in this age. Thus, the opportunistic screening 
of malnutrition among geriatric population gives an extra edge for achievement of healthy ageing in the 
elderly. The objective of the present study was to assess the nutritional status among the elderly population 
and provide cut-off values of various anthropometric measurements for detecting the risk of malnutrition 
among old age people.

Materiala and methods: The present cross-sectional study was carried out among people aged 
≥ 60 years who visited the geriatric clinic of a tertiary health care center between May and December 2021. 
The nutritional status of the 468 selected elderly was assessed using the Mini Nutritional Assessment 
(MNA) tool and various anthropometric measurements. Receiver operating characteristic (ROC) curve 
and Youden index were used to determine the cut-off values of anthropometric measurements. Correlation 
between various anthropometric parameters was studied. Data was analyzed using SPSS vs. 20 software.

Results: Out of the 468 subjects, around one third had a risk of malnutrition and 7% malnutrition 
as per the MNA scale. Cut-off values of triceps skinfold thickness, neck circumference and arm muscle 
circumference were 12.5 cm, 32.5 cm, 18.3 cm and 11.5 cm, 35.5 cm, 21.2 cm for detecting malnutrition and 
risk of malnutrition, respectively. Neck circumference was found to be the most suitable measurement, with 
a cut-off value of 32.5 cm and 35.5 cm for detecting malnutrition and risk of malnutrition, respectively, as 
it possessed the highest Youden index and AUC.
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INTRODUCTION

The world is witnessing a demographic 
transition since the last few decades 
due to the unprecedented increase in 
human longevity in the 20th century. 
This transition has caused a striking 

magnification in the prevalence of older persons 
globally. The World Health Organization (WHO) 
initiated an action plan and started working on 
multiple fronts to ensure healthy ageing in the 
upcoming decades (1). Most populated nations 
such as the Chinese and Indian ones are witnes-
sing a widened elderly population burden at 
present. In India, the elderly population is in-
creasing geometrically and almost tripled in last 
50 years, amounting to 60.2 million (2). Such a 
large, exponential and ubiquitous growth has re-
sulted in an increase in the proportion of old 
people (> 60 years) from 7.7% in 2001 to 8.94% 
in 2016 (3). 

Malnutrition is one of the important issues in 
the elderly population, which must not be ne-
glected as it is associated with several comorbidi-
ties. In the elderly, diagnosing the risk of malnutri-
tion is a challenging task which leads to 
inadequacy of macro- as well as micro-nutrients 
in this age group. To provide optimal health and 
prevent several deficiencies, health ailments and 
disorders among elderly people, timely detection 
of malnourishment risk is of the utmost impor-
tance. Various determinants, including socio-eco-
nomic condition, income source, dietary habits, 
family support, orthopedic, oral, cardiovascular 
and neurodegenerative diseases, play a key role 
in the nutritional status of the elderly (4). Lack of 
screening for malnutrition by health care workers 
is one of the prime factors which affect the health 
and nutrition status of the elderly (5). 

At present, non-invasive techniques to study 
the body composition are used for nutritional as-

sessment (6). In this context, nutritional asses-
sment through anthropometric measurements 
represents an important component for the el-
derly population (7). The reference values of older 
adults’ anthropometric measurements cannot be 
used for the geriatric population because of the 
significant differences in weight and posture loss 
as well as muscle volume and adipose tissue loss 
due to senility (8). Regular collection of anthropo-
metric data for keeping up to date with trends of 
health and nutrition related indicators through 
periodical surveys is recommended by WHO ex-
perts (9). 

The objective of the present study was to as-
sess the nutritional status of the elderly, to deter-
mine the cut-off values of anthropometric mea-
surements for detecting the malnutrition risk 
among elderly people in accordance with mini 
nutritional assessment scale and to provide evi-
dence for the utility of anthropometric parameters 
as a screening tool. q

MATERIAL AND METHODS

Study design and setting
The present research was a hospital based 

cross-sectional study conducted in the geriatric 
clinic of AIIMS Bibinagar, India, which is a tertiary 
health care organization providing health care 
services to 7.7 million people of Yadadri Bhuvana-
giri district of Telangana state (10). As per the latest 
2011 census, the above-mentioned district has a 
rural population of 6, 47,688 people (84% of the 
entire district population) and an urban popu-
lation of 1,23,165 persons (2). Individuals aged 
60 years and older of both genders who were at-
tending the geriatric clinic of AIIMS, Bibinagar, 
India, during the study period (May to December 
2021) and disability-free persons (Barthel index of 
> 20 (11) were included in the study. Old persons 
with end stage illness, cancer, active infections 

Conclusion: The prevalence of malnutrition was found to be low in the present study setting. Our 
findings firmly established that the neck circumference could be used as a simple, rapid, non-invasive and 
valid screening tool, with high sensitivity and specificity for detecting the risk of malnutrition in geriatric 
clinics or primary health care settings. 

Keywords: nutrition status, elderly, anthropometric measurements, cut-off value, Telangana.
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and hospitalization during the last three months 
were all excluded. 

The sample size was calculated using the for-
mula “Estimating the sensitivity of a new test” with 
a sensitivity of 80%, desired precision of 4% and 
desired confidence level of 95%. The calculated 
sample size was 384. Considering a non-response 
rate of 20%, the desired sample size is 460 
(N Master 2.0) (12). Consecutive sampling was 
used to recruit study participants until the achieve-
ment of sample size. 

Study instruments
The following anthropometric measurements 
were used in the present study: 
- weight – a portable scale with a 125 kg maxi-

mum capacity and a +/ - 100 g error margin 
was used; individuals had to remove shoes 
and heavy cloths prior to weighing; 

- height – taken when subjects stood with their 
scapula, buttocks and heels resting against a 
wall, the neck was held in a natural 
non-stretched position with the inferior orbital 
border in the same horizontal plane as the ex-
ternal auditive conduct (Frankfort's plane), the 
heels were touching each other, the toe tips 
were forming a 45-degree angle; 

- knee–heel length – the distance from the bot-
tom of the foot on the heel to the anterior sur-
face of the ankle joints of each knee (flexed 
90 degree); 

- body mass index (BMI) – calculated according 
to the body weight (kg) divided by height (m) 
squared. 

- Chumlea equations for women (a) and men (b) 
used to estimate the height and weight of indi-
viduals who were not able to stand (13):

a) weight = (AC x 0.98) + (CC x 1.27) + (ST x 0.4) 
+ (KH x 0.87) - 62.35
height = [knee height (cm) × 1.91] – [age (years) 
× 0.17] + 75.0

b) weight = (AC x 1.73) + (CC x 0.98) + (ST x 0.37) 
+ (KH x 1.16) - 81.69
height = [knee height (cm) × 2.08] +59.01

- calf circumference (CC) – determined at the 
widest part of the calf; 

- mid-arm circumference (MAC) – measured at 
the midpoint of the relaxed, non-dominant 
arm between the tip of the acromion and the 
olecranon process; 

- triceps skinfold thickness (TST) – measured us-
ing skinfold calipers at the level of the midpoint 

between the acromion and the radius on the 
midline of the posterior surface of the arm;

- arm muscle circumference (AMC) – calculated 
as MAC - (Π x TST) (14); 

- neck circumference (NC) – measured imme-
dia tely below the larynx (thyroid cartilage) and 
perpendicular to the longitudinal axis of the 
neck;

- Mini Nutritional Assessment (MNA) scale – de-
signed to assess the nutritional status of older 
people; it consists of three categories based on 
the malnutrition indicator score: normal 
(24-30 points), at risk of malnutrition (17-23.5 
points) and malnutrition (< 17 points) (15).
All data were collected by trained nursing offi-

cer using valid and calibrated instruments. The 
same sets of instruments were used throughout 
the data collection period. 

Data analysis plan
Data were entered in MS Excel vs. 2019 and ana-
lyzed using IBM SPSS software version 20. Cate-
gorical variables were analyzed by χ2 test and con-
tinuous variables by t-tests. Pearson’s correlation 
coefficient was used for testing the association 
between continuous variables. We took depen-
dent variable as the MNA score and independent 
variables as anthropometric parameters and linear 
regression was performed. Gender and age adjus-
ted regression analyses for each anthropometric 
indicator were done. Regression analysis was repea-
ted 100 times with each equation and 468 cases 
were re-sampled with replacement for each equa-
tion. We determined sensitivity and specificity for 
each anthropometric indicator using receiver ope-
rating characteristic (ROC) curves according to the 
MNA scores. Youden Index, area under the curve 
(AUC) by ROC curve as well as sensitivity and 
specificity were used to determine the optimal 
cut-off points for anthropometric measurements.  
The level of significance was set at 0.05.

Ethical issue
Ethical approval was taken from the Institutional 
Ethics Committee (IEC) of All India Institute of 
Medical Sciences (AIIMS), Bibinagar, India (IEC 
Ref No: AIIMS/BBN/IEC/APR/7021/38-A Dated: 
07-07-2021). Informed written consent was taken 
from all participants after explaining them the 
study purpose in the local language. Participants 
who were identified as having malnutrition re-
ceived health education and dietary counselling. q

Anthropometric meAsurements And nutritionAl stAtus Among elderly in telAngnA
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RESULTS

In the present study, data were collected from 
468 participants who visited our geriatric clinic. 

Subjects’ mean age (±SD) was 66.9 years (±6.7) 
and their age ranged between 60-90 years. The 
majority of participants were male (62.8%) and 
illiterate (62%). Most of participants were living 
in rural area (89.7%) and had a monthly income 
lower than 10,000 rupees (72.2%). Out of all 
participants, one third were at risk of malnutri-
tion and about 7% had malnutrition based on 
MNA scale (Table 1).

Table 2 shows the association between the nu-
tritional status and sociodemographic factors. We 
found a statistically significant association be-
tween the nutritional status and age groups, edu-
cation level, occupation, income and marital sta-
tus (p-value <0.005). Participants’ gender and 
residence were not associated with the nutritional 
status. 

ROC analysis was performed to determine the 
cut-off values of different anthropometric mea-
surements among male and female participants 
for detecting malnutrition and the risk of malnutri-
tion. As shown in Table 3 and Figure 1, NC and 
TST had a good predictive power, with an AUC of 
0.986 and 0.999 for males and females, respec-
tively, and a high Youden index for detecting mal-
nutrition. For male subjects, the NC cut-off of 

Anthropometric meAsurements And nutritionAl stAtus Among elderly in telAngnA

TABLE 1. 
Distribution of 
study 
participants 
according to 
sociodemo-
graphic 
characteristics 
(n=468) 

TABLE 2. 
Association of 
nutritional status 
with sociodemo-
graphic variables 
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FIGURE 1. ROC curve for identification of malnourishment amongst the elderly

TABLE 3. Distribution of 
cut-off values of 
anthropometric 
measurements as per gender 
and nutrition status 
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31.5 cm had the highest sensitivity (87.6%) and 

specificity (100%) to detect malnutrition and for 

female participants, triceps skinfold thickness 

(TST) with a cut-off value of 13.5 cm had 98.1% 

sensitivity and 93.3% specificity for detecting mal-
nutrition. Table 3 and Figure 2 showed that AMC 
with cut-off values of 21.5 cm and 18.3 cm for 
males and females, respectively, had the highest 
sensitivity and specificity for detecting the risk of 
malnutrition. Overall, NC was found to be most 
suitable measurement, with cut-off values of 
32.5 cm and 35.5 cm for detecting malnutrition 
and the risk of malnutrition, respectively, as it pos-
sessed the highest Youden index and AUC 
(Table 3, Figures 1 and 2). 

Table 4 and Figure 3 showed the correlation 
between various anthropometric measure- 
ments. Neck circumference had a highly signifi-
cant po sitive correlation with MAC (r=0.655, 
p-value -0.0001), AMC (r=0.593, p-value -0.0001), 
BMI (r=0.507, p-value -0.0001), TST (r=0.170, 
p-value -0.0001), and CC (r=0.347, p-value 
-0.0001). The BMI had strong positive correlation 
with other anthropometric measurements (r>0.45, 
p-value <0.001). All anthropometric measure-
ments were internally correlated with each other 
but triceps skinfold thickness (TST) revealed a 
negligible association with AMC (r= -0.180) and 
CC (0.075). q 

FIGURE 2. ROC curve for identification of malnutrition risk amongst the elderly

TABLE 4. Distribution of cut-off values of anthropometric 
measurements as per gender and nutrition status 
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DISCUSSION

The nutritional status of the elderly population 
is an important public health issue in India as 

the country is currently going through a demo-
graphic and nutritional transition phase (16). In 
the present study we explored the nutritional sta-
tus of 468 elderly participants who visited the 
geriatric clinic of a tertiary health care institute of 
Telangana, India, using the MNA scale. We at-
tempted to determine the cut-off points of vari-
ous anthropometric measurements, including 
NC, BMI, CC, AMC, MAC and TST, using ROC 
analysis and Youden index for detecting malnu-
trition and the risk of malnutrition among elderly 
population. This study was the first of its kind to 
provide cut-off points of various anthropometric 
measurements in addition to prevalence of mal-
nutrition among elderly population from a tribal 
community dominant area. 

In our study, the majority of participants were 
males (62.8%) belonging to the 60–69-year age 
group (68.2%) and had a mean age (±SD) of 
66.9 years (±6.7). Most participants lived in the 
rural area (89.7%), which matched the Yadadri 
district profile (84%) as per the 2011 census report 

(2), were illiterate (62%) and had a monthly in-
come below 10,000 rupees (72.2%), which was 
lower than the national average monthly income 
of 13,912 rupees (44). Similar sociodemographic 
findings were reported by studies conducted in 
Puducherry (17), Uttarakhand (18), Delhi (19) and 
Coimbatore (20), except female dominance in the 
above-mentioned studies. In the present study, 
out of the total number of 468 elderly partici-
pants, one third (33.3%) had malnutrition risk and 
34 (7.3%) malnutrition. Our findings were sup-
ported by the studies conducted by Vaish K et al 
(21), in Delhi, and Sebastian IR et al (22), in Kera-
la, whereas various studies done in different parts 
of the world and India reported a higher propor-
tion of people at risk of malnutrition and malnou-
rishment among the elderly (12, 17, 18, 20, 23-30). 
This difference in prevalence may be explained 
by the fact that the majority of participants in the 
present study were young elderly (60-70 years) 
and males. We found that the prevalence of mal-
nutrition and malnutrition risk was significantly 
higher in the >70-year age group compared to 
the 60-69-year age group (p-value <0.001). We 
observed that elderly participants who were not 
working had a significantly poorer nutritional sta-

Anthropometric meAsurements And nutritionAl stAtus Among elderly in telAngnA

FIGURE 3. Scatter plot showing correlation between various anthropometric measurements 
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tus than those who were working (p-value < 0.05). 
By income, participants with a monthly income 
below 10,000 rupees had a higher malnourish-
ment level than those with >10,000 rupees 
(p-value < 0.05). We reported that subjects who 
were married (6.3%) had a significantly lower 
prevalence of malnutrition than single/widowed/
widower/divorced ones (18.9%) (p-value < 0.05). 
Similar associations were reported by various 
studies done among the elderly population in dif-
ferent research settings (4, 8, 19, 21, 25, 29-33).

We tried to find out the cut-off values of an-
thropometric measurements for screening malnu-
trition among elderly population as early diagnosis 
of malnutrition is essential. In this study, we ob-
tained cut-off values of various anthropometric 
measurements in the elderly considering the 
18-item validated MNA scale with high predictive 
values (34) as gold standard. On ROC analysis, we 
found that NC with a cut-off value of 32.5 cm had 
85.4% sensitivity and 100% specificity (AUC 0.980) 
for detecting malnutrition. By gender, TST a with 
cut-off point of 13.5 cm had a good predicting 
power with 98.1% sensitivity and 93.3% specifi-
city (AUC 0.991) for detecting malnutrition among 
female participants, followed by NC (84.3% sensi-
tivity, 100% specificity). For detecting the risk of 
malnutrition among the elderly, NC with a cut-off 
value of 35.5 cm had 97.1% sensitivity and 86% 
specificity as well as a high Youden index, whereas 
AMC with a cut-off point of 21.5 cm and NC with 
a cut- off value of 34.5 cm had a good predictive 
power for detecting the risk of malnutrition among 
male and female elderly, respectively. Similarly, 
studies done by B Lardies-Sanchez et al (12) on 
elderly subjects, Das K et al (35) on adult popu-
ation and Patil CR et al (36) on children reported 
that NC had the highest predictive value for de-
tecting malnutrition. Our study showed that NC 
could be considered a simple anthropometric 
measurement for screening the malnutrition sta-
tus among the elderly population. Most of the 
time, elderly people have multimorbidity, bent 
over posture and bed-ridden when they come to 
hospital, and in such a situation, NC can be used 
as for a rapid assessment of malnutrition because 
it is a direct, non-invasive, rapid and easy mea-
surement method, with a high predictive value 
compared to other anthropometric measure-
ments. The measurement of NC can be used for 
screening the malnutrition status in various study 
settings such as hospitalized patients, outpatient 

departments, old-age homes and community/field 
surveys. Various studies had validated NC as a 
screening tool for nutrition assessment in children 
but to our knowledge, no previous study suppor-
ted similar findings in elderly population other 
than present study (37-40).

We found that all anthropometric measure-
ments had a significant positive correlation with 
each other (r >0.5, p-value <0.001). Our study 
showed that NC had a strong positive correlation 
with other anthropometric measurements and 
fulfilled most of the current criteria for screening 
and diagnostic test (41). Various studies on adult 
subjects indicated that NC had a good inter- and 
intra-rater reliability and a strong correlation with 
other anthropometric measurements, so it can be 
considered as a screening tool for malnutrition 
(26, 42, 43).

The key strength of our study is that it provides 
cut-off values of anthropometric measurements in 
male and female subjects for detecting the risk of 
malnutrition among the elderly population. We 
decided upon the cut-off values through compa-
rison to the MNA scale, a validated and highly 
predictive tool for the detection of malnutrition 
among the elderly. Data was collected by a single 
trained local language speaking nursing officer in 
order to avoid measurement bias as much as pos-
sible. Standard statistical tests such as ROC and 
correlation analysis were used to decide the 
cut-off values. Our study had also limitations, as it 
was a hospital-based study among elderly people 
coming to geriatric clinic for routine check-up. 
There was chance of recall bias as the actual nutri-
ent intake was not measured. q  

CONCLUSIONS AND  
RECOMMENDATIONS

The present study found a low prevalence of 
malnourishment and malnutrition risk among 

elderly people visiting a geriatric clinic of AIIMS, 
Bibinagar, India. Several factors such as age, edu-
cational level, monthly income, marital status 
and occupation were associated with the sub-
jects’ nutritional status. In addition, we provided 
the cut-off values of anthropometric measure-
ments along with levels of specificity and sensi-
tivity for both genders of participants. Neck cir-
cumference was found to be a valid anthro po- 
metric measurement for the rapid and easy as-
sessment of malnutrition risk among the elderly; 
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thus, NC can be used for the screening of the 
malnutrition status among elderly people in pri-
mary health care setting and geriatric clinics un-
der the National Programme for Health Care of 
the Elderly (NPHCE). q
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