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Abstract
Background/Objectives Young Indian adults are at greater risk of overweight/obesity due to their high energy intake and
sedentary lifestyle. Their energy requirement (ER) is based on their total energy expenditure (TEE) estimated from factorial
method, which possibly overestimates their basal metabolic rate (BMR) and physical activity level (PAL). This study aimed
to compare the accurately measured TEE with ER in young adults. Secondarily, to compare measured with predicted BMR
and guideline PAL with that obtained from questionnaire and step counts.
Subjects/Methods TEE was measured in 19 male adults (18–30 years), using the doubly labeled water technique, over
14 days. Indirect calorimetry was used to measure BMR, while the PAL was estimated by (a) the ratio of measured TEE and
BMR, (b) step counts over 7 days measured using tri-axial accelerometers and (c) a physical activity questionnaire (PAQ).
Results The measured TEE (9.11 ± 1.30MJ/d) was significantly lower than the ER using either the Indian (15.2%) or the
FAO/WHO/UNU (11.9%, both p < 0.01) recommendations. The measured BMR (6.90 ± 0.65MJ/d) was significantly lower
than that predicted using the FAO/WHO/UNU equation (6.5%, p < 0.01) but not for the Indian equation. The estimated PAL
from measured TEE and BMR (1.35 ± 0.18), and from accelerometers (1.33 ± 0.11) was significantly lower than PAL
obtained from PAQ (1.53 ± 0.17) or the guideline of 1.53 for Indians.
Conclusions The predicted BMR and PAL guideline value was higher than that measured in young Indian adults, resulting
in a ~13% lower measured TEE. This emphasizes the need to revisit the guidelines for predicting ER for this population.

Introduction

There has been a rapid increase in the prevalence of over-
weight/obesity worldwide, which is a leading risk factor for
non-communicable diseases. Even low-middle income coun-
tries (LMIC) like India are following this trend where over-
weight/obesity rates increased from 9.3 to 18.9% in men and
12.6 to 20.7% in women over last decade [1]. This is a
concern when it occurs in young adults as they comprise 23.4
and 36.3% of world and Indian populations, respectively
[2, 3], and can track into later life. Overweight/obesity is the

result of positive energy balance due to too little daily energy
expenditure from a sedentary lifestyle and too much daily
energy intake, especially from high energy density processed
foods containing large amounts of carbohydrates and fats [4–
8]. The FAO/WHO/UNU (1985) suggested that the energy
requirement (ER) should be based on the daily total energy
expenditure (TEE) in weight stable individuals [9].

The best method to accurately measure the daily TEE is
the doubly labeled water (DLW) technique [10], but the
more practical and widely used method is the factorial
approach, where the components of energy expenditure
such as the basal metabolic rate (BMR), the thermic effect
of food, and the energy expended in physical activity
(measured from the physical activity level or PAL) are
summed to arrive at the TEE [11]. Currently, the ER for
Indians, recommended by the Indian Council of Medical
Research (ICMR), is based on this factorial approach [12].

There are some limitations to this approach. First, the
prediction of BMR using the FAO/WHO/UNU (2004)
equation is likely to be incorrect [11], since this equation was
derived from young muscular Europeans, which questions its
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applicability for other ethnicities with different body compo-
sition [13]. This may be particularly relevant in South Asians,
including Indians, who have higher fat mass for a given body
mass index (BMI) [14, 15], which could explain why the
FAO/WHO/UNU (2004) equation overestimates the mea-
sured BMR in these populations by 9–12% [ref. 13, 16–20].
Second, the factorial method assumes a single value of PAL
to define the energy expended in daily physical activity. The
ICMR (2010) recommended a PAL of 1.53 for sedentary
activity [12], while FAO/WHO/UNU (2004) provides a range
of 1.40–1.69 rather than a single value [11]. The ICMR
(2010) recommendation might be an overestimate, as there
has been a decline in daily physical activity, even among the
sedentary, in India over the last two decades [21, 22]. If either
the BMR prediction equation overestimates or the assumed
PAL value is too high, the resultant ER will be an over-
estimation, suggesting that the current recommendation is
incorrect and could provide a basis for positive energy bal-
ance in this LMIC population.

Therefore, the present study primarily aimed to accu-
rately measure the TEE of young adults and compare this
with their factorially derived ER. As a secondary objective,
the measured components of TEE (BMR and PAL) were
compared with predictions based on body weight, ques-
tionnaires and step counts.

Materials and methods

Study participants

Young adult male participants aged between 18 and 30 years
were recruited from student population of St. John’s Medical
College, Bengaluru, India, having weight stability in last
3 months and BMI in the range of 18.5–29.9 kg/m2. A total of
19 participants were enrolled into the study; 10 normal weight
and 9 overweight. Participants who reported consumption of
any drug that increases energy expenditure, with history of
smoking or antibiotics, those who had any medical illness and
participated in any nutritional/clinical study within a month of
enrollment were excluded. The habitual physical activity of
the participants was assessed using a previously validated
physical activity questionnaire (PAQ) based on recalls [23].
The study protocol was approved by Institutional Ethics
Review Board of St. John’s Medical College (IEC study No.:
82/2019). The study was also registered at the Clinical Trials
Registry India (CTRI/2020/07/026550). A written informed
consent was obtained from all the participants.

Measurement of BMR

The standard procedure for measuring BMR was strictly
followed, which included a post-absorptive state with

10–12 h of fasting, resting in supine position but awake
with normal body temperature, ambient room temperature
(25 °C) and without physical/psychological stress [13].
After screening, on a scheduled day, the recruited partici-
pants were asked to have an early dinner by 19:30 h and
report to the Clinical Research Centre, Division of Nutrition
at St. John’s Medical College, Bengaluru by 21:00 h. All
participants retired to bed by 22:00 h on the night before the
BMR measurement. The BMR measurements were carried
out the following morning at 06:00 h using ventilated hood
based indirect calorimetry. Participants were asked to rest
for 30 min after waking up. After 30 min rest, a ventilated
hood (flow rate ~40 L/min) was placed, which covered the
subject’s head and chest. The air flowing into and out of the
hood was sampled to measure its humidity, filtered and
dried before being analyzed for its oxygen (O2) and carbon-
dioxide (CO2) content (Servomex 1440, PM1158-O2,
IR1520–5% CO2, Sussex, UK), to calculate amount of O2

consumed (VO2) and CO2 produced (VCO2) per minute.
The gas analyzers were subjected to a 2-point calibration
with a zero (99.9% nitrogen, Praxair, India) and span (21%
O2 and 1% CO2, Praxair, India) gas, while the flowmeter
used for measuring flow of air through the ventilated hood
was calibrated with a dry-gas meter (50–6162, Harvard
apparatus, United Kingdom). The error of measurement of
the whole system, measured by burning ethyl alcohol within
a specially designed hood, was <2% for both O2 and CO2

with a precision within 5%. Participants were instructed to
keep their movements minimal and steady readings were
recorded for 20 min. BMR (kcal/min) was calculated using
Weir’s equation; Energy Expenditure (kcal/min)= (3.941*
VO2+ 1.106*VCO2), which was extrapolated to 24 h to
obtain the BMR (kcal/day or MJ/d) [24].

Anthropometric measurements

After the BMR measurement, body weight was measured in
duplicate to 0.01 kg, on a calibrated digital weighing scale
(Goldtech, AE038, New Delhi, India), with minimal
clothing and empty bladder. Height was measured in
duplicate to the nearest 0.1 cm using stadiometer (Seca 213,
Hamburg, Germany).

Measurement of TEE

The TEE was measured using the DLW technique in a free-
living condition over 14 days. The dose was prepared with
1.25 g/kg of 10% H2

18O (Sercon Ltd., UK) and 0.07 g/kg of
99.9% 2H2O (Sercon Ltd., UK) and stored in a refrigerator,
one day prior to the administration. A baseline urine sample
was collected from each subject to estimate background
enrichment prior to dosing, following which the DLW dose
was administered. The dose bottle was rinsed twice with
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20–25 ml of water to ensure complete consumption of the
dose. Post-dose urine samples were collected between 4–5 h
after dosing and subsequently on 7th, 10th, and 14th day
[10]. The timing of the urine collection was recorded
accurately. In order to keep the body weight constant, the
participants were asked to perform their habitual activities
and refrain from consuming any food/ drug which could
increase EE. The body weight of the participants was also
measured at end of urine collection period. The urine
samples were stored as 5 ml aliquots immediately at
−20 °C, until further analysis by Isotope Ratio Mass
Spectrometry (IRMS, Delta V Advantage, Thermo Fisher
Scientific Inc., Bremen, Germany), for the enrichment of
18O and 2H. The precision of 18O and 2H measurements
were within 0.08% and 1.0%, respectively. The isotope
elimination rate constants at each point of measurement
were used to calculate rate of CO2 production (rCO2) using
Eq. (1) and a modified Weir’s Eq. (2) was then used to
calculate TEE [10].

rCO2 ¼ 0:455 � TBW 1:007ko � 1:041kdð Þ ð1Þ

where, TBW is total body water, ko is
18O elimination rate

and kd is
2H elimination rate constant

TEE kcal=dð Þ ¼ 22:4 � rCO2 � 1:10þ 3:90=RQð Þ ð2Þ
where, RQ is respiratory quotient; and a conversion factor
of 0.004184 was used to convert TEE in kcal/d to MJ/d.

Body composition was also measured by the two-
compartment model. The TBW was calculated from 2H
dilution using plateau enrichment between 4th and 5th h
post dose. To account for non-aqueous exchange, the 2H
dilution space was converted to TBW by dividing it by
1.041 [25]. The derived TBW was then converted to fat-free
mass (FFM), by assuming a hydration factor of 0.732 [26].
The fat mass (FM) was derived by subtracting FFM from
body weight.

Assessment of physical activity using tri-axial
accelerometer

The physical activity of the participants was assessed
simultaneously during the DLW measurement using tri-
axial accelerometers (GT3X+, ActiGraph LLC, Pensacola,
FL, USA). The accelerometer was placed on the right side
of waist and fixed using a stretchable belt. The participants
were instructed to wear it throughout the day and night and
recordings were made for 7 days. They were advised to
remove it during bathing and wear it immediately after. At
the end of the monitoring period, the participants were
asked to return the accelerometer and these data were
uploaded on using instrument software (ActiLife 6.2.1 from
ActiGraph) for analysis. The data were expressed as 60-s

epochs and when data were incomplete or showed an arti-
fact (mostly on the first and last day while validating for
wear time), these were excluded from the analysis. How-
ever, a minimum of 4 days readings were included to assess
the physical activity. The PAL was calculated as the aver-
age of hourly metabolic equivalent (MET) over 24 h
obtained from accelerometers.

Statistical analysis

A minimum sample size of 6 observations was calculated to
observe an assumed difference in TEE of 2.092MJ/d
(500 kcal/d) with standard deviation of 1.255MJ/d
(300 kcal/d), between measured and predicted estimates
from ICMR (2010) and FAO/WHO/UNU (2004) equations
for young adults, with 80% power and 5% level of sig-
nificance. The normality of the data was checked using Q-Q
plot and Shapiro Wilk test (p > 0.05). The data are presented
as mean and standard deviation (SD), unless specified. The
ER was estimated using the predictive equations provided
by ICMR (2010) and FAO/WHO/UNU (2004) [11, 12],
which is an estimate of the TEE for an individual. In TEE
estimation, an assumed PAL was used for sedentary activ-
ity; 1.53 for ICMR (2010) and 1.40 for FAO/WHO/UNU
(2004) [11, 12]. A one-way analysis of variance (ANOVA)
test was applied to compare the significant differences
between measured TEE with the ER based on factorial
approach. The other components of TEE, such as measured
BMR and PAL were also compared to the predicted values.
The predicted BMR was obtained using both ICMR (2010)
and FAO/WHO/UNU (2004) equations [11, 12]. The PAL
of each subject was calculated by dividing TEE (measured
by the DLW method) with BMR (measured by indirect
calorimetry). This calculated PAL was then compared to the
PAL obtained from PAQ and accelerometers. A sub-
analysis was carried out to compare the measured TEE,
BMR, and PAL after stratifying the data into two groups
based on BMI (normal and overweight group). To under-
stand the impact of body composition on variability in
BMR and TEE, a simple linear regression analysis was
carried out. An intercorrelation of TEE, BMR and physical
activity with body weight and FFM was assessed using
Pearson’s correlation coefficient. All analyses were carried
out on R (version 1.2.5033, 2009–2019) and significance
level was set at p < 0.05.

Results

The participant’s age was 20.5 ± 2.2 years, with mean body
weight and BMI of 71.2 ± 11.0 kg, and 24.0 ± 3.9 kg/m2,
respectively (Table 1). The mean difference in body weight
at the end of data collection was 0.02 ± 0.44 kg (p= 0.83).
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The habitual physical activity level as assessed by PAQ was
1.53 ± 0.17. The mean fat mass (%) was significantly lower
in normal weight (18.5 ± 4.7%) group than overweight
(24.5 ± 4.5%) group (p < 0.01). Overall, the measured TEE
(9.11 ± 1.30MJ/d) was significantly lower than the ER
predicted using both ICMR (2010) (10.73 ± 1.02MJ/d) and
FAO/WHO/UNU (2004) (10.33 ± 0.97MJ/d) equations
(p < 0.0001) (Fig. 1a). On comparing between BMI cate-
gories, the measured TEE did not differ significantly
between normal weight (8.83 ± 1.37MJ/d) and overweight
(9.56 ± 1.13MJ/d) group (Table 2). The mean measured
BMR (6.90 ± 0.65MJ/d) was significantly lower than BMR
predicted using FAO/WHO/UNU (2004) equation (7.38 ±
0.69MJ/d, p < 0.01), but did not show significance with the
ICMR (2010) equation (7.02 ± 0.67MJ/d) (Fig. 1b).
Between the BMI categories, the measured BMR was sig-
nificantly higher in overweight (7.46 ± 0.59MJ/d) group
compared to normal weight (6.48 ± 0.36MJ/d) group, but it
was significantly lower in overweight (0.09 ± 0.01MJ/kg/d)
group, when expressed as per kg body weight (Table 2).
The calculated PAL (1.35 ± 0.18), derived from measured
TEE and measured BMR, and the PAL estimated from
accelerometers (1.33 ± 0.11) were significantly lower than
the PAL obtained from PAQ (1.53 ± 0.17). There was no
significant difference between normal and overweight
group. The linear regression analysis showed that 29%
variability in TEE was attributed due to FFM (p= 0.03)
while it was only 1% with FM (p= 0.7003). In case of
BMR, 61% of variability seen due to FFM (p= 0.0003) and
23% due to FM (p= 0.059) (Table 3). A significant positive
correlation was observed between the measured TEE
(r= 0.537; p= 0.03) and FFM, while it was positive but
non-significant with body weight (r= 0.429; p= 0.09). The
TEE showed positive correlation with BMR (r= 0.503;
p= 0.04) and PAL (r= 0.803; p < 0.01), but the relation
was stronger with PAL. The measured BMR correlated

positively with body weight (r= 0.778; p < 0.01) and FFM
(r= 0.782; p < 0.01) but showed negative trend when BMR
was expressed as per kg body weight (r=−0.808;
p < 0.01). On other hand, the PAL did not show any cor-
relation with increasing body weight (r=−0.026; p= 0.93)
(Data not presented).

Discussion

The present study accurately measured the TEE of young
adults and compared it with the ER estimated using factorial
approach based on BMR and PAL. The measured TEE
using DLW was 9.1 (±1.3) MJ/d, which was 15.2% and
11.9% lower than the ER recommended by the ICMR
(2010) and FAO/WHO/UNU (2004), respectively. The ER
derived from the ICMR (2010) method had a higher dif-
ference from measured TEE due to the assumption of higher
guideline PAL value of 1.53 for sedentary activity. If a PAL
value of 1.40, the lower bound of the range provided by
FAO/WHO/UNU (2004) for sedentary activity, is used for
estimating ER based on ICMR (2010) equation, the dif-
ference between the measured TEE and ER was reduced to
7.7%. A strong positive correlation (r= 0.80) between
measured TEE with PAL was observed in the study, sug-
gesting that the low TEE could be due to low PAL. The
remaining difference of 7.7% in measured TEE and ER can
be attributed to a higher predicted BMR.

A comparison of the measured TEE of the present study
with measurements made in similar age Indian participants
about two decades ago showed that the TEE has declined
[27–29]. Two studies that measured TEE using the DLW
method in normal BMI south Indian adults aged 18–24
years reported a TEE of 9.4 (±2.0) MJ/d and 11.2 (±2.7)
MJ/d, which is nearly 14% higher than TEE measured in
normal BMI participants from the present study [27, 28]. In
another study, the TEE was measured using the 13C labeled
bicarbonate method in normal BMI Indian adults aged
between 18–35 years and reported a higher TEE value of
10.3 (±1.7) MJ/d [29]. When young adults from present
study were compared to population from other ethnicities,
the measured TEE was higher in Caucasians (12.1 MJ/d)
[30–32], while it was similar to other Asian populations
(9.6 MJ/d) [33]. The differences observed in measured TEE
between these ethnicities could be attributed to the differ-
ences in body composition and body size, as Indians have
been reported to have a high body fat at lower BMI
[14, 15, 34]. The results of the present study were also
compared with a large database of DLW measured TEE,
compiled from different studies with 547 measurements
across all age groups [35]. The latter showed higher TEE
and BMR estimates for adults aged 18–30 years when
compared to the present study. In general, these

Table 1 Physical characteristics of the participants.

Characteristics Normal weight
(n= 10)

Overweight
(n= 9)

Overall
(n= 19)

Age (year) 20.4 ± 0.7 20.0 ± 0.8 20.5 ± 2.2

Body weight (kg) 62.9 ± 6.3a 80.3 ± 7.3a 71.2 ± 11.0

BMI (kg/m2) 19.5 ± 0.7a 27.5 ± 1.7a 24.0 ± 3.9

Fat mass (%) 18.5 ± 4.7a 24.5 ± 4.5a 20.8 ± 5.4

Fat free mass (%) 80.9 ± 3.9a 75.2 ± 4.7a 78.8 ± 4.9

PAQ – PALb 1.61 ± 0.18 1.44 ± 0.11 1.53 ± 0.17

Data presented as Mean and SD; Significance at p < 0.05.

BMI Body mass index, PAL Physical activity level, PAQ Physical
activity questionnaire.
aSignificant difference between normal and overweight group.
bThe PAQ - PAL was assessed using previously validated physical
activity questionnaire [23].
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comparisons are with measurements that were performed
more than two decades ago; one of the important reasons for
the lower TEE observed in the present study could be the
decline in the level of physical activity across populations
[22, 36], with young adults possibly being most vulnerable,
with the economic and nutritional transitions, that they face

as they shift from university life to office jobs [21, 36, 37].
For example, among the South Asian population, 47.4% of
the Indian population were physically inactive in 2008,
which increased to 54.4% in 2014 [38].

Since TEE was highly correlated with PAL, lowering the
guideline PAL value recommended for estimating TEE will
obviously provide closer estimates. However, there was also
a small difference in measured TEE with ER even after
lowering the PAL, which can be explained by the over-
estimation of BMR using the FAO/WHO/UNU (2004)
equations. In the present study, predictive equations over-
estimated BMR by 6.5%. Prediction equations for BMR
using FFM instead of body weight have shown to be more
accurate. This is evident from a systematic review which
provided the best fitting equation to predict BMR [39].
When FFM based equation was compared with the FAO/
WHO/UNU (2004) equation, on a theoretical Asian male,

Fig. 1 Comparison between measured and predicted TEE and BMR
(a) measured TEE with predicted TEE using ICMR (2010) and FAO/
WHO/UNU (2004) equations and (b) measured BMR with predicted
BMR using ICMR (2010) and FAO/WHO/UNU (2004) equations.
*Significant difference between measured and predicted values; Sig-
nificance at p < 0.05. TEE (Predicted ICMR) kcal/d= [BMR− Pre-
dicted ICMR (14.5 * Body weight+ 645) * 1.53]; The resultant is
multiplied with 0.004184 to obtain value in MJ/d. TEE (Predicted

WHO) MJ/d= BMR− Predicted WHO (0.063 * Body weight+
2.896) * 1.40. An assumed PAL of 1.53 and 1.40 was used for pre-
dicting TEE using ICMR (2010) and FAO/WHO/UNU (2004) equa-
tions, respectively, as suggested by the committees for sedentary
activities. The predicted TEE is the energy requirement recommended
by the respective committees. FAO/WHO/UNU: Food and Agriculture
Organization/World Health Organization/United Nations University;
ICMR: Indian Council of Medical Research.

Table 2 Total energy expenditure, basal metabolic rate and physical
activity level of the participants stratified by BMI category.

Variable Normal weight
(n= 10)

Overweight
(n= 9)

Overall
(n= 19)

Measured TEE (MJ/d) 8.83 ± 1.37 9.56 ± 1.13 9.11 ± 1.30

Measured BMR (MJ/d) 6.48 ± 0.36a 7.46 ± 0.59a 6.90 ± 0.65

Measured BMR (MJ/kg/d) 0.10 ± 0.01a 0.09 ± 0.01a 0.10 ± 0.01

Measured BMR (KJ/kg/d) 103.6 ± 9.2a 92.0 ± 6.5a 98.1 ± 9.8

Calculated PALd 1.36 ± 0.21 1.33 ± 0.10 1.35 ± 0.18

PAQ-PALe 1.61 ± 0.18 1.44 ± 0.11 1.53 ± 0.17b

Accelerometer-PALe 1.31 ± 0.09 1.35 ± 0.14 1.33 ± 0.11c

Data presented as Mean and SD; Significance at p < 0.05.

BMR basal metabolic rate, TEE total energy expenditure, PAL physical
activity level, PAQ physical activity questionnaire.
aSignificant difference between normal weight and overweight groups.
bSignificant difference between Calculated PAL and PAQ-PAL.
cSignificant difference between PAQ-PAL and Accelerometer PAL.
dCalculated PAL is derived by dividing measured TEE with
measured BMR.
ePAQ-PAL was estimated using previously validated physical activity
questionnaire [23]. The PAL was also estimated using accelerometers
which was calculated as the average of hourly MET over 24 h.

Table 3 Body composition and variability in TEE and BMR.

Variable FFM (kg) FM (kg)

β R2 p β R2 p

TEE (MJ/d) 0.086 0.29 0.03* 0.027 0.01 0.7003

BMR (MJ/d) 0.055 0.61 <0.01* 0.054 0.23 0.059

β is the slope estimate from regression analysis.

BMR basal metabolic rate, FFM fat free mass, FM fat mass, TEE total
energy expenditure.
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aged 30 years, with an assumed body weight of 65 kg and
80% FFM, it was found that the FAO/WHO/UNU (2004)
equation overestimated BMR by 12.9%. There is validity to
this calculation; in a study on white Americans males (~34
years) with 75% FFM, the measured BMR was close to the
FFM-predicted BMR, while FAO/WHO/UNU (2004)
equation overestimated BMR by 15.7% [ref. 40]. Similarly,
the BMR predicted using the FFM based equation [39] was
closer to the measured BMR (6.7 vs 6.9 MJ/d) in the
present study.

The accurate estimation of the TEE and ER is vital, as
even a small overestimation of 0.4 MJ/d (~100 kcal/d) in
ER, can lead to weight gain of about 4 kg over a year,
crudely assuming all the additional weight is fat. In the
present study, the prediction equations overestimated TEE
by 1.4 MJ/d (341 kcal/d) which is equivalent to an allow-
ance of an additional heavy snack or half a major meal. In
broad terms, the resultant positive energy balance could
lead to a weight gain of about 1 kg in a month, unless
physical activity is increased. At a public health level,
dietary recommendations are usually anchored to the ER of
the population and if unnecessarily high, will have pro-
portional impact across most nutrients.

A limitation was that the participants in this study were
restricted to a small sample of male young adults, due to
financial and logistic constraints. While new prediction
equations cannot be derived from the present study, these data
can contribute to collated large databases for TEE [41]. The
study location limited the measurements to an urban popu-
lation and generalizing the findings to the young adults from
rural areas would be inappropriate. The strength of the study
lies in accurate measurement of TEE and its components
using gold standard techniques among young adults. In con-
clusion, the present study accurately measured the daily TEE
over 14 days, using the best method available, and observed it
to be lower than the current ER recommended by the expert
national or international guidelines. This emphasizes the need
to revisit the estimation of the ER for adults, particularly those
leading a sedentary lifestyle, and flaws in the factorial
approach need to be addressed accordingly.
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