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Abstract Malnutrition refers to deficiencies, excesses or imbalances in a person’s intake of energy and/or
nutrients and can be the ground for both communicable and Non Communicable Diseases (NCDs). Nutrition is
essential and Energy Expenditure (EE) assessment in an individual’s daily routine is the key to it as both under
nutrition and over nutrition are detrimental. Currently, an individual is categorised as having sedentary behaviour or
light/ moderate/ vigorous intensity activities based on the Metabolic Equivalents (METs) and duration of activity.
MET values for the same are given for the activity as such but using this to classify an individual sedentary or
moderate or a vigorous worker is not appropriate especially when duration of activity is less than 10 minutes. As
there is no single effective tool available to calculate Total Energy Expenditure (TEE), we developed a simple
android application based 24 hour Activity Recall Method abbreviated as “24 ARM” to calculate TEE along with
its 3 components (Resting Energy Expenditure (REE), Activity Energy Expenditure (AEE) and Diet Induced
Thermogenesis (DIT)) and results can be shared with other persons also.
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1. Introduction
Low and Middle Income Countries (LMIC) around
the world suffer from a triple burden of disease: the
backlog of common infections, malnutrition, the emerging
challenges of Non-Communicable Diseases (NCDs), such
as cancer, diabetes, heart disease, and mental illness. [1]
Malnutrition refers to deficiencies, excesses or imbalances
in a person’s intake of energy and/or nutrients and can be
the ground for both communicable and NCDs. The term
malnutrition covers 2 broad groups of conditions. One is
‘under nutrition’—which includes stunting (low height for
age), wasting (low weight for height), underweight
(low weight for age) and micronutrient deficiencies or
insufficiencies leading to communicable diseases. The
other is overweight, obesity and diet-related NCDs (such
as heart disease, stroke, diabetes and cancer). [2]
Table 1. Global & India’s Nutritional Status of Children aged
≤ 5years
Nutritional Status of Children aged ≤ 5years
Stunted (height for age)
Wasted (weight for height)
Severely wasted (weight for height)
Underweight (weight for age)
Overweight

Global
(in million)
150.8 (22.2%)
50.5 (7.5%)
17 (2.4%)
91.1 (13.5%)
38.3 (5.6%)

India
(%)
38.4
21.0
7.5
35.7
19.3

In India, of children aged ≤ 5 years, 38.4% are stunted
[3] (22.2% globally) [4], 21% children are wasted [3]
(7.5% globally) [4], 7.5% severely wasted [3], 35.7%
underweight [3] (13.5% globally) [5] and 19.3%
overweight [6] (5.6% globally) [4].
Globally, the prevalence of overweight among adults
(age ≥18) shows an increase from 35.7% in 2010 to 38.9%
in 2016 (38.5% in men and 39.2% in women). Obesity
prevalence in adults is also on the rise: from 11.2% in
2010 to 13.1% in 2016 (11.1% men and 15.1% women).
The prevalence of women being underweight (BMI is less
than 18.5 kg/m2) is 9.7%. [4]
Table 2. Nutritional Status of Adults in India (age 15-49 years) [3]
Nutritional Status of Adults in India (age 15-49 years)

Percentage

Women whose Body Mass Index (BMI) is below normal
(BMI < 18.5 kg/m2)

22.9

Men whose Body Mass Index (BMI) is below normal
(BMI < 18.5 kg/m2)

20.2

Women who are overweight or obese (BMI ≥ 25.0 kg/m2)

20.7

Men who are overweight or obese (BMI ≥ 25.0 kg/m2)

18.9

Nutrition is essential and Energy Expenditure (EE)
assessment in an individual’s daily routine is the key to it
as both under nutrition and over nutrition are detrimental.
Currently, an individual is categorised as having sedentary
behaviour or light/moderate/vigorous intensity activities
based on the Metabolic Equivalents (METs) of the
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activities he/she does for most part of the day and this
classification is used to calculate their daily calorie
requirement [7,8].
The respective MET values for sedentary behaviour,
light intensity, moderate intensity and vigorous intensity
activities are 1.0-1.5 METs, 1.6-2.9 METs, 3-5.9 METs,
>6 METs respectively. [7,9,10] As these values are given
for the activity as such, using this to classify an individual
sedentary or moderate or a vigorous worker is not
appropriate. This is because an individual doing Moderate
to Vigorous Physical Activity (MVPA) in bouts less than
10 minutes but for more than 150 or 75 minutes in a week
respectively should not be classified as sedentary. But
according to definition to classify into moderate or vigorous,
the activity bout should be a minimum of 10 minutes. [11]
Despite this historical notion that physical activity needs
to be performed for a minimum duration to elicit meaningful
health benefits, there are evidences showing that sporadic
and bouted MVPA are similarly associated with substantially
reduced mortality. [12] This finding communicates
future physical activity guidelines and can help clinical
practitioner while advising individuals about the benefits of
physical activity. Practitioners can promote either long
single or multiple shorter episodes of activity in advising
adults on how to progress toward 150 min/week of MVPA.
[12] This flexibility also means that an individual’s should
be evaluated for 24 hour EE for accurate predictions.
The classification for adults being inactive, insufficiently
active, active, and highly active based on the total duration
of moderate or vigorous activity over a week is useful
because these categories are related to how much health
benefit a person obtains at a given level and how to
become more active. [10] But this cannot be used to
calculate the Energy Expenditure (EE) of an individual
over a 24 hour period.
An individual’s 24 hour EE is so important that it reflects
the energy requirement per day of that individual. Conceiving
a concept that estimates Total Energy Expenditure (TEE)
of an individual reasonably close to the actual TEE is the
need of the hour. Having a point of survey tool is pivotal.

2. Total Daily Energy Expenditure
Total Daily Energy Expenditure (TEE or TDEE) is
comprised of Resting Energy Expenditure (REE), Activity
Energy Expenditure (AEE) or Thermic Effect of Physical
Activity (TEPA) and Thermic Effect of Food (TEF) also
referred to as Diet-Induced Thermogenesis (DIT). [13]
TEE = REE + AEE + DIT.

Resting Energy Expenditure represents the largest
proportion of TEE (60 to 75%). Activity Energy
Expenditure accounts for 15 to 30% and Thermic Effect of
Food for the remaining 10% of TEE [13,14].

3. Resting Energy Expenditure
REE represents the amount of energy expended by a
fasted individual at rest in a thermo-neutral environment.
Resting Metabolic Rate (RMR) is typically slightly higher
than basal metabolic rate (BMR) that is measured under

strict conditions. Basal metabolic rate (BMR) is more
precisely defined as the REE measured just after awakening
in the morning [15]. There are more than a dozen formulas
to estimate REE and notable ones are Harris-Benedict (HB)
equation [16,17], Schofield equation [18], WHO/FAO/UNU
[World Health Organization (WHO) equation] [19] and
Mifflin-St Joer equation [18,20,21].
Harris benedict equation:
For women, REE (kcal/24hr)
655 + (9.6 x Body mass in kg )
+ (1.85 x Stature in cms ) − ( 4.7 x Age in years )

For men, REE (kcal/24hr)
66.0 + (13.7 x Body mass in kg )
+ ( 5.0 x Stature in cms ) − ( 6.8 x Age in years )

Harris benedict equation is applicable to all age groups
with reasonably high percentage of accurate predictions
across the range of BMI values. Various researchers like
Hasson et al (2010) conducted a study [22] in 362 healthy
participants to test the accuracy of four commonly used
prediction equations: Harris–Benedict, Mifflin–St. Jeor,
Owen and WHO/FAO/UNU equations. They found that
Harris–Benedict equation was the most accurate, with
57.5% of predicted RMR values within ±10% of measured
RMR. The other significant findings are,
 HB equation is the most accurate for predicting
RMR in both males and females
 HB equation is accurate for predicting RMR across
all BMI groups
 HB and Owen equations accurately predicted RMR
in older participants.
In a study done by Lee et al in the year 2012 [23]
among police officers doing shift works, of the various
other predictive equations tested, Harris-Benedict equation
was the most accurate and precise. Amirkalali et al
conducted a study [20] to test the degree of agreement
between measured REE by indirect calorimetry and
predicted REE by HB and Mifflin-St Jeor equations.
There was no statistically significant difference between
the measured and predicted REE by both equations. But
when the participants were categorised according to
their sex, significant difference was found between the
measured and predicted equivalent by Mifflin-St Jeor
equation. In a study done by Jesus et al [18] in the year
2014 among 1726 patients being followed for malnutrition,
eating disorder or obesity, above the age of 18 years,
without acute diseases or chronic high-grade inflammatory
diseases, HB equation accurately predicted the REE in
73% (Figure 1) participants with normal BMI (18.6 to
24.9 kg/m2). But the accurate prediction of REE was only
51.8% in the group with BMI ranging from 16 to
18.5 kg/m2 and 39.3% in patients with BMI lesser than
16 kg/m2.
A major limitation in the use of Harris-Benedict
equation for critically ill patients is that, it was derived
from indirect calorimetry data of healthy volunteers. To
correct for disease states and degrees of stress, the REE is
multiplied by factors for better estimates of energy
expenditure of critically ill patients. These factors range
from 1.2 to 2.0. [24] Lower values of correction factors
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(approximately 10%) in the calculation of energy needs to
avoid overfeeding can also be done with the HarrisBenedict equations [25].

4. Activity Energy Expenditure
Activity energy expenditure (AEE) is the modifiable
component of total energy expenditure (TEE) derived
from all activities, both volitional and non-volitional. [26]
As an individual has a daily routine of day to day
activities, it can easily be translated in terms of ‘24 hour
Activity Recall Method’ in which the person recalls the
set of activities he does in a 24 hour day. By doing so we
get the subjective set of activities for which the amount of
calorie he/ she has to spend during the course of the day
can be calculated. This will give us the Thermic Effect of
Physical Activity (TEPA) or Activity Energy Expenditure
(AEE).
The Compendium of Physical Activities (Compendium)
2011 [27,28] has received widespread acceptance as a
resource to estimate and classify the energy cost of human
physical activity (PA). The Compendium provides a
five-digit coding scheme linking categories and types of
PA with their respective MET intensity values. It provides
a comprehensive list of PA and their associated MET
values to facilitate the coding of self-reported behaviours
obtained from PA questionnaires, logs, and records. Its
use has since been expanded to include estimating the
energy cost of individual PA for exercise and weight
management programs.
The idea here is to make use of the list of physical
activities and MET values to calculate an individual’s
energy expenditure over a period of his/ her 24 hours. The
MET values given in the Compendium for various physical
activities can be modified in terms of Kilo Calories as, 1
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MET equates to 3.5 mL/O2/kg/min-1 or 1 kcal/kg/h [13,15].
For instance consider a 60 kg man sleeping for 8 hours.
The MET value for sleeping is 1.0. So, the energy expenditure
will be 480 kcal/kg/hr (1 kcal x 60 kg x 8 hours). In this
way the set of activities over a 24 hour period is recorded
and the energy expedited for the same is calculated.

5. Diet-induced Thermogenesis (DIT)
Diet induced thermogenesis (DIT) can be defined as the
increase in energy expenditure above basal fasting level
divided by the energy content of the food ingested and is
commonly expressed as a percentage different for each
nutrient. Reported DIT values for separate nutrients are 0
to 3% for fat, 5 to 10% for carbohydrate, 20 to 30% for
protein, and 10 to 30% for alcohol. In healthy subjects
with a mixed diet, DIT represents about 10% of the total
amount of energy ingested over 24 hours. When a subject
is in energy balance, where intake equals expenditure, DIT
is 10% of daily energy expenditure [29]. Therefore,
considering energy balance here the idea is to take 10% of
the TEE (the sum of REE and AEE).
The way forward-Concept of 24 hour Activity Recall
Method (24 ARM)
Though the importance of nutrition is widely recognized
there is no single effective method of estimating the
TEE of an individual so that the appropriate nutritional
requirement are prescribed.
Total Energy Expenditure= Resting Energy Expenditure
(REE) + Activity Energy Expenditure (AEE) + Diet Induced
Thermogenesis (DIT)
REE to be calculated with Harris Benedict (HB) equation.
AEE to be calculated with the MET values given in
Compendium of physical activities 2011.
DIT to be calculated as 10% of REE+AEE.

Figure 1. Percentage of accurate predictions by Original Harris Benedict equation
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Figure 2.

These formulas independently are in use for various
purposes but combining these three gives us the 24 hour
energy expenditure of an individual. An android mobile
application (currently in beta version) has been developed
using this concept to estimate the Total Energy Expenditure
(TEE) of an individual which can be used in field surveys,
clinics and hospitals. The EE thus calculated can be used
as a substitute for Calorie requirement of that individual.
About 24 ARM
24 hour Activity Recall Method abbreviated 24 ARM is
a simple way to calculate the average energy spent in a
day. It considers all 3 components energy is spent and so
is considered to give values close to true values, being
valid and reliable.
Using 24 ARM
1. Resting Energy Expenditure (REE) is calculated
using age (in years), weight (in kilograms), and
height (in cms). It is equivalent to Basal Metabolic
Rate (BMR).
2. Activity Energy Expenditure (AEE) is calculated
with the list of activities a particular person does
over a 24 hour period. Activities and duration are
obtained by 24 hour recall method.
3. The summary tells us the Total Energy Expenditure
(TEE) along with its 3 components which can be
shared with other persons also.
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