
Vol.:(0123456789)

Sports Medicine 
https://doi.org/10.1007/s40279-021-01539-1

SYSTEMATIC REVIEW

Resting Oxygen Uptake Value of 1 Metabolic Equivalent of Task 
in Older Adults: A Systematic Review and Descriptive Analysis

Javier Leal‑Martín1,2  · Miguel Muñoz‑Muñoz1,2  · Sarah Kozey Keadle3  · Francisco Amaro‑Gahete4  · 
Luis M. Alegre1,2  · Asier Mañas1,2  · Ignacio Ara1,2 

Accepted: 5 August 2021 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Abstract
Background It is important for sport scientists and health professionals to have estimative methods for energy demand during 
different physical activities. The metabolic equivalent of task (MET) provides a feasible approach for classifying activity 
intensity as a multiple of the resting metabolic rate (RMR). RMR is generally assumed to be 3.5 mL of oxygen per kilogram 
of body mass per minute (mL  O2  kg−1  min−1), a value that has been criticized and considered to be overestimated in the 
older adult population. However, there has been no comprehensive effort to review available RMR estimations, equivalent 
to 1 MET, obtained in the older adult population.
Objective The aim of this review was to examine the existing evidence reporting measured RMR values in the older adult 
population and to provide descriptive estimates of 1 MET.
Methods A systematic review was conducted by searching PubMed, Web of Science, Scopus, CINAHL, SPORTDiscus, 
and Cochrane Library, from database inception to July 2021. To this end, original research studies assessing RMR in 
adults ≥ 60 years old using indirect calorimetry and reporting results in mL  O2  kg−1  min−1 were sought.
Results Twenty-three eligible studies were identified, including a total of 1091 participants (426 men). All but two studies 
reported RMR values lower than the conventional 3.5 mL  O2  kg−1  min−1. The overall weighted average 1 MET value obtained 
from all included studies was 2.7 ± 0.6 mL  O2  kg−1  min−1; however, when considering best practice studies, this value was 
11% lower (2.4 ± 0.3 mL  O2  kg−1  min−1).
Conclusion Based on the results of this systematic review, we would advise against the application of the standard value 
of 1 MET (3.5 mL  O2  kg−1  min−1) in people ≥ 60 years of age and encourage the direct assessment of RMR using indirect 
calorimetry while adhering to evidence-based best practice recommendations. When this is not possible, assuming an overall 
value of 2.7 mL  O2  kg−1  min−1 might be reasonable. Systematic review registration: International Prospective Register of 
Systematic Reviews on 30 September 2020, with registration number CRD42020206440.
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Key Points 

The weighted average value of 1 MET obtained from 
1091 older adults was 23% lower than the standard 1 
MET (3.5 mL  O2  kg−1  min−1).

Assuming the 3.5 mL  O2  kg−1  min−1 standard 1 MET in 
the older population could lead to an important physical 
activity intensity misclassification.

The scientific community is encouraged to directly 
derive the individual 1 MET through a referenced RMR 
protocol or, if this is not possible, it might be reason-
able to assume an estimated evidence-based value of 
2.7 mL  O2  kg−1  min−1.

1 Introduction

Physical inactivity and sedentary behavior are two major 
concerns in the public health community [1–4]. A wealth 
of evidence supports their independent role as important 
risk factors of cardiovascular disease, cancer, and all-cause 
mortality [5–7]. Providing precise and simple interpretable 
physical activity-intensity metrics is paramount for deter-
mining daily energy expenditure, assessing compliance with 
physical activity guidelines and holistic nutritional interven-
tions. The metabolic equivalent of task (MET) provides a 
feasible approach for classifying physical effort by express-
ing activity intensity as a multiple of resting metabolic rate 
(RMR) [8].

The RMR, also termed resting energy expenditure, is 
defined as the energy needed to maintain essential body 
functions in an awake, restful, postabsorptive and thermo-
neutral state, and is usually measured by indirect calorim-
etry [9]. When the RMR cannot be directly assessed, an 
RMR value of 3.5 mL  O2  kg−1  min−1 is commonly assumed, 
originally derived from a single 70-kg, 40-year-old man [8, 
10–12], and is generally regarded as 1 standard MET. How-
ever, studies conducted by Kozey et al. [13], Byrne et al. [11] 
or Ainsworth et al. [14] have shown this reference value may 
be overestimated for several population subgroups including 
older adults.

Keys et al. [15] reported an age-related decrease in RMR 
at a rate of 1–2% per decade after 20 years old of age. This 
decline is closely linked to aging-attributable factors such as 
loss of fat-free mass, impairment of metabolic processes and 
health deterioration [16, 17]. To date, however, only studies 
with limited sample sizes are available and no comprehen-
sive effort has been made to bring together all published 

evidence. Accordingly, the main aim of this systematic 
review was to examine all available publications directly 
assessing the RMR in older adults ≥ 60 years of age, and to 
provide descriptive estimates of 1 MET in the older adult 
population.

2  Methods

The study protocol for this systematic review was registered 
at PROSPERO (International Prospective Register of Sys-
tematic Reviews) on 30 September 2020, with registration 
number CRD42020206440, and complied with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2009 guidelines [18].

2.1  Literature Search

Two authors (JLM and MM) systematically searched for 
published peer-reviewed articles, from database inception to 
14 July 2021, from six electronic databases: PubMed, Web 
of Science, Scopus, CINAHL, SPORTDiscus, and Cochrane 
Library. The search syntax and the adapted search strategy 
for Scopus are available in the electronic supplementary 
material (ESM). A secondary search of other sources was 
conducted using the reference lists of the included publica-
tions and researchers' personal databases to identify addi-
tional articles for possible inclusion.

2.2  Study Selection

Studies were selected in a two‐stage process. First, titles and 
abstracts from the electronic searches were independently 
examined by two authors (JLM and MM) and those meet-
ing inclusion criteria were collected. The inclusion criteria 
were as follows: (i) articles of all designs (excluding con-
ference papers, books, case studies, and reviews); (ii) arti-
cles published in the Journal Citation Reports; (iii) articles 
written in English or Spanish; (iv) articles involving partici-
pants ≥ 60 years of age; (v) articles assessing the RMR using 
the indirect calorimetry method; (vi) articles expressing the 
RMR in mL  O2  kg−1  min−1 or mL  O2  min−1 with standard 
deviation (SD). Second, examination of the full-text articles 
led to a final decision concerning inclusion or exclusion. 
Any disagreements were resolved after discussion with a 
third reviewer (AM). A graphical overview is given in Fig. 1.

2.3  Data Extraction

Two authors (JLM and MM) independently extracted the 
following data from each study: number of participants, 
number of participants in each group, characteristics of 
participants, characteristics of RMR protocols, and results. 
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Data were extracted, when available, as mean and standard 
deviation. This information was reviewed by a third author 
(AM) to ensure accuracy and completeness. A summary of 
this data is reported in Tables 1 and 2.

2.4  Quality Assessment of RMR Protocols

As there is currently no specific scale for quality assess-
ment of RMR protocols, we tailored one based on the review 
by Fullmer et al. [19]. This study describes a set of RMR 
assessment best practice items categorized according to the 
level of evidence. For the present systematic review, the fol-
lowing eight  items describing several measurement dimen-
sions were selected and subsequently categorized as subject 
conditions (1–4), environmental conditions (4–6) and data 
processing (7–8): (1) to have a fasting period of at least 7 h; 
(2) to refrain from caffeine ingestion for at least 4 h; (3) to 
refrain from nicotine ingestion for at least 140 min; (4) to 
maintain a room temperature between 22 and 25 °C or to 
provide a blanket during the measurement; (5) to perform 
the assessment with the participant resting in a supine posi-
tion; (6) to ensure a prior rest period of at least 20 min; (7) 
to discard the first 5 min of the record period; (8) to use 

a validated steady-state definition to determine the RMR 
value. Each item was scored as ‘Yes’ (Y = 1 point) if the 
study complied with the item, ‘No’ (N = 0 point) if it did not 
comply or report the item, or ‘Cannot determine’ (CND = 0 
point) when information was ambiguous. A total score 
was derived for each article (0–8) and each item (0–24), 
respectively.

2.5  Analysis

Study results were reported as indicated in the original 
articles (Table 2), with the exception of Logan and Spriet 
[20]. For this article, the RMR value was converted from 
mL  min−1 into mL  kg−1  min−1. Based on study samples, 
overall weighted averages and weighted standard deviations 
(SD) were derived. The following formulas were used using 
the Excel software (Microsoft Corporation, WA, USA).

An overall 1 MET value was derived from all studies, 
accounting for the most integrative RMR value of each 

x =
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w
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i
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Fig. 1  Flow diagram
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study. Average 1 MET values were also calculated from 
studies including non-clinical population and studies report-
ing RMR values by sex (Table 1). According to the score 
obtained in the RMR protocols’ quality assessment, stud-
ies were also classified as ‘best practice’ when obtaining at 
least half of the total possible score (4/8 points) and ‘other 
practice’ when they did not. Averaged 1 MET values for 
‘best practice’ and ‘other practice’ studies were also derived. 
Finally, 1 MET values were graphically reported for both 
studies and overall weighted averages (see Fig. 2). When 
no study’s general 1 MET values were found, subgroups’ 
values were presented.

3  Results

The database searches returned 3768 results (PubMed 341, 
Web of Science 537, Scopus 483, CINAHL 983, SPORT-
Discus 1334, and Cochrane Library 85) and five additional 
studies were imported from other sources. After removing 
duplicates and reading the titles and abstracts, 536 articles 
remained for full-text screening. Finally, 23 articles [20–42] 
met all predefined inclusion criteria and were included in the 
final analysis (see Fig. 1).

3.1  Study Characteristics

A total sample of 1091 subjects (426 men) aged ≥ 60 years 
was included in the systematic review. All but five of the 23 

Fig. 2  Average metabolic equivalent of task (MET) values. (1): 
65–75  years group; (2): ≥ 75  years group; (3): Men group; (4): 
Women group; (5): Placebo group; (6): Fish oil group; (7): Calibra-

tion group; (8): Cross-validation group; (9): Control group; (10): 
Statins group; (11): Cancer group; Smallest sample size: Chow et al. 
2018 (4); Largest sample size: Abizanda et al. 2016
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articles focused on community-dwelling non-clinical older 
populations. The five exceptions addressed the evaluation 
of frailty syndrome [21], moderate-to-heavy chronic disease 
burdens [29], hypercholesterolemia [37], cancer [41], and 
mobility problems [42] (Table 1).

For the most part, the included trials did not provide 
a detailed description of the physical activity restrictions 
before the RMR test, the selected period and/or the meas-
urement conditions. However, all of them used the indirect 
calorimetry method and reported mean values and SD.

3.2  Assessment of RMR Protocols

Only the cross-validation group from Migueles et al. [35] 
met all eight proposed requirements according to best prac-
tice evidence [19], and only six studies met at least four of 
them [21, 25, 30, 32, 35, 39].

In relation to the dimension of subject conditions, ten 
articles met the condition of a fasting period of at least 7 h 
[20, 21, 27, 30, 33, 35, 37–39, 41], seven articles met the 
requirement to refrain from caffeine in the 4 h prior to the 
test [21, 23, 25, 30, 32, 35, 38] and only two studies required 
participants to not ingest nicotine in the previous 140 min 
[21, 35].

Considering the environmental conditions and meas-
urement protocols, seven studies assessed the RMR with a 
temperature ranging from 22 to 25 °C [21, 25, 27, 28, 30, 
35, 37], 14 evaluated the RMR with participants lying in a 
supine position [20–22, 25–27, 30, 32, 35, 39–42], and seven 
used a pre-recording rest period of at least 20 min [25, 28, 
32, 35–37, 39].

Finally, regarding data processing, eight studies discarded 
the first 5 min of measurement [24–26, 30, 32, 35, 36, 42]; 
however, only four applied a valid, referenced steady-state 
criterion for RMR derivation [25, 35, 39, 42].

3.3  Metabolic Equivalent of Task

All but two studies reported RMR values lower than 
the standard 3.5  mL   O2   kg−1   min−1 (Fig.  2). Bar-
tolomeu et  al. [26] reported the greatest value of 
4.0 ± 0.6 mL  O2  kg−1  min−1 (n = 18) and Abizanda et al. 
[21] reported the lowest value of 2.2 ± 0.7 mL  O2  kg−1  min−1 
(n = 402).

When all study samples were considered, a 23% 
lower value compared with the standard 1 MET 
was obtained, with a determined weighted aver-
age of 2.7 ± 0.6  mL   O2   kg−1   min−1. Similarly, a 
0.1 mL  O2  kg−1  min−1 higher value than the overall 1 MET, 
including clinical patients, was obtained when only the 
21 studies with non-clinical populations were accounted. 
Moreover, these differences were even greater when those 
studies categorized as ‘best practice’ were considered. In 

accordance, a 20% and 31% lower 1 MET value from the 
‘best practice’ (2.4 ± 0.3 mL  O2  kg−1  min−1), compared with 
the ‘other practice’ (3.0 ± 0.8 mL  O2  kg−1  min−1), and the 
standard 1 MET values were obtained, respectively. Finally, 
for studies reporting results stratified by sex, an overall 1 
MET value of 2.8 ± 0.2 mL  O2   kg−1   min−1 for men and 
2.9 ± 0.4 mL  O2  kg−1  min−1 for women was obtained.

4  Discussion

To our knowledge, this is the first systematic review to bring 
together all available estimates of 1 MET values in older 
adults ≥ 60 years of age. Moreover, when all estimates were 
averaged, a substantially lower value than the conventionally 
accepted 3.5 mL  O2  kg−1  min−1 was found, and it was even 
lower when only the ‘best practice’ studies were considered. 
Based on our findings, we would strongly recommend direct 
assessment of RMR or, if this is not possible, the applica-
tion of an estimated value of 2.7 mL  O2  kg−1  min−1 might 
be reasonable.

It has been estimated that the RMR decreases 1–2% 
per decade after 20 years of age [15, 43]. This is con-
sistent with a study by Kwan et al. [33], included in this 
review, which found a significantly different 1 MET value 
between young (men: 3.0  mL   O2   kg−1   min−1; women: 
3.3  mL   O2   kg−1   min−1) and older populations (men: 
2.8 mL  O2  kg−1  min−1; women: 2.8 mL  O2  kg−1  min−1). 
Similarly, a large body of evidence has highlighted poten-
tial overestimation bias when assuming a 1 MET value 
of 3.5 mL  O2  kg−1  min−1 in the older population [11, 25, 
31, 33]. Consistent with this, our present results reveal a 
weighted average of 2.7 ± 0.6 mL  O2  kg−1  min−1 from 1091 
adults ≥ 60 years old, which is 23% lower than the assumed 
standard 1 MET. Comparable results were reported by Hall 
et al. [31] and Barnett et al. [25], with average values of 
2.7 mL  O2  kg−1  min−1 and 2.8 mL  O2  kg−1  min−1, respec-
tively. Therefore, the RMR in the older population is likely 
to be overestimated when a value of 3.5 mL  O2  kg−1  min−1 
is assumed.

In terms of sex stratification, it should also be noted that 
hardly any differences between men and women were found, 
with a 3% lower overall 1 MET value reported in men. This 
contrasts with existing evidence suggesting a significantly 
lower RMR value in women compared with men [44]. Both 
the extreme values in the female population [20, 28] and the 
dissimilar overall sample size among groups (204 women; 
75 men) may be distorting obtained results. Therefore, the 
extent to which differences among sex persist into older 
adulthood needs to be further examined.

Our review also identifies a remarkable variability among 
reported RMR values, ranging from 2.2 mL  O2  kg−1  min−1 
[21] to 4.0  mL   O2   kg−1   min−1 [26], with two studies 
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reporting values over the assumed 3.5 mL  O2  kg−1  min−1 
[26, 38]. It is well known that while the variance in RMR 
is determined by multiple factors, fat-free mass (FFM) is 
accepted as its main contributor, accounting for 50–85% of 
RMR variance [45–47]. FFM is composed of tissues and 
organs with both low (e.g., bones, extracellular mass, etc.) 
and high (e.g., skeletal muscle, brain, liver, and kidney) 
metabolic activity [48]. Accordingly, understanding the fac-
tors affecting FFM components in the older population is of 
primary interest.

The aging process has been shown to be significantly 
associated with a decline in metabolically active tissues, 
mainly from the organs and musculoskeletal mass [49–53]. 
Furthermore, catabolic processes related to chronic dis-
eases have also been observed to cause a decline in the 
RMR through metabolically active body mass loss [54–56]. 
A recent study by Zampino et al. [57] revealed a signifi-
cant long-term role of cachexia-associated diseases such 
as chronic heart failure, chronic kidney disease, or cancer 
in RMR decline. This is in accordance with a study by 
Trutschnigg et al. [41], also included in this review, which 
reported an RMR value of 2.7 mL  O2  kg−1  min−1 in nine 
older adults with clinically diagnosed advanced cancer. 
Additionally, health disorders affecting physical perfor-
mance could also impact on the RMR. Frailty syndrome is 
a highly prevalent geriatric and multicomponent condition 
characterized mainly by impaired physical function and sig-
nificant loss of muscle mass [21, 58–61]. This is particularly 
relevant as skeletal muscle represents > 50% of FFM and 
18–25% of RMR [52, 62–65]. However, other clinical con-
ditions have also been found to be associated with an incre-
mental effect on the RMR value. In this regard, a multitude 
of health conditions such as osteoarthritis, type 2 diabetes 
mellitus, hyperthyroidism, hypertension, morbid obesity, or 
sepsis have been identified. This effect appears to be pro-
moted by both acute or chronic inflammatory responses and 
defense mechanism activation against stressors [57, 66, 67]. 
This systematic review identified five studies based on clini-
cal older adult populations. However, the heterogeneity in 
the addressed health conditions and the applied methodolo-
gies avoided consistent and meaningful conclusions. Fur-
thermore, only a 0.1 mL  O2  kg−1  min−1 difference was found 
when comparing the overall 1 MET, including the clinical 
studies, with the non-clinical 1 MET value. In accordance, 
this systematic review strongly recommends prioritizing 
direct assessment of RMR for 1 MET derivation in older 
adults with clinical conditions. Future experimental stud-
ies should aim to elucidate the extent to which each health 
condition may affect the 1 MET value and how it could differ 
from healthy older adults.

The results from this systematic review also highlight that 
applied methodological procedures can play an important 
role in RMR interpretation. For instance, the RMR value was 

20% lower in the six studies complying with best practice 
recommendations (2.4 ± 0.3 mL  O2  kg−1  min−1) compared 
with those that did not. RMR overestimation seems to occur 
when evidence-based protocols are not fully implemented. 
Factors that might play a significant role in altered RMR val-
ues include residual thermogenic effect of food [68], stimu-
lants (caffeine or nicotine) [69, 70], effects of environmental 
thermoregulation (i.e., cool temperature) [71, 72], unsuitable 
recording protocols (insufficient prior rest period or upright/
seated body position) [73, 74], or careless data processing 
(steady-state criteria) [75] (Table 3). However, these results 
should be considered with caution as they are based on lim-
ited evidence, and future research should confirm these find-
ings. Even so, we encourage future investigations evaluating 
the RMR to implement best practice recommendations to 
improve both the validity and comparability among studies.

4.1  Practical Implications

Our findings have important implications from a public 
health perspective. Firstly, practical methodologies are 
required to quantify physical activity levels and the related 
energy cost in the older population. The MET system is the 
method on which most quantification tools are based, gener-
ally assuming a standard 1 MET of 3.5 mL  O2  kg−1  min−1. 
Considering the results of this systematic review, we would 
advise against the use of these standardized tools in the older 
population, as they may underestimate the actual physical 
activity intensity. For instance, a physical activity performed 
by an older adult requiring 10 mL  O2  kg−1  min−1 would 
be classified as light physical activity (2.9 METs), when it 
should actually be classified as moderate physical activity 
(3.7 METs) if assuming a 1 MET of 2.7 mL  O2  kg−1  min−1. 
What appears to be a small difference when comparing 1 
MET values can be equivalent to a difference of 0.8 METs 
when translated into an activity, which is sufficient to mis-
classify a person's actual intensity.

A frequently applied tool based on the standard 1 MET 
is the Ainsworth Compendium of Physical Activities [14, 
76, 77]. This is a widespread resource developed to provide 
exercise scientists and health professionals with a compre-
hensive list of physical activities and their associated energy 
cost. Because of its simple use and low time demands, it 
is usually included in epidemiologic and surveillance stud-
ies to evaluate self-reported behavior from questionnaires, 
diaries, and records. However, some studies have revealed 
significant differences between derived compendium METs 
and measured METs for many activities [31, 78]. This calls 
for a more comprehensive evaluation of the energy cost of 
activity specifically for older adults to inform a potential 
compendium revision.

Similarly, MET-based thresholds are commonly used 
in accelerometer devices, which are activity monitors that 
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Metabolic equivalent of task in older adults

record the amount and intensity of body movements dur-
ing physical activities [79]. The intensity of each movement 
is determined by applying a set of validated cut points of 
derived acceleration units (e.g., counts, Euclidean Norm 
Minus One, etc.) [80]. However, validated cut points for 
older adults are scarce and cut points based on the gen-
eral population are usually applied in this group, generally 
assuming 3.5 mL  O2  kg−1  min−1 as 1 MET [81, 82]. Indeed, 
a study by Barnett et al. [25] showed that applying cut points 
determined from younger adults in an older adult population 
may lead to a 20% lower absolute energy expenditure esti-
mation during a 3-MET activity engaged in by this group. 
Therefore, accelerometer thresholds based on the standard 1 
MET also seem to be potential sources of activity intensity 
misclassification in the older population.

Our findings may be revealing that, to some extent, 
assuming the standard 1 MET value in the older population 
could lead to a light physical activity overestimation by a 
moderate-to-vigorous intensity activities misclassification. 
Furthermore, from a nutritional perspective, misleading 
estimations of energy requirements would lead to nutrient 
imbalance and contribute to inefficacy of dietary interven-
tions. Accordingly, the scientific community is encouraged 
to directly derive the individual 1-MET value through an 
evidence-based RMR protocol or to instead assume an aver-
age value of 2.7 mL  O2  kg−1  min−1.

4.2  Strengths and Limitations

This work has several strengths and limitations. As far 
as we know, this is the first systematic review providing 
RMR values equivalent to 1 MET in older adults ≥ 60 years 
of age. The results were obtained from studies using the 
indirect calorimetry method, which is considered the gold 
standard procedure for RMR determination. This review 
also assessed the quality of applied RMR study protocols 
and highlighted methodological constraints. However, there 
was a small number of studies reporting RMR results in 
mL  O2  kg−1  min−1 or mL  O2  min−1, most sample sizes were 
small, and RMR assessment protocols were generally of 
poor quality. Accordingly, while this review is an important 
step forward in the 1-MET redefinition in the older popula-
tion, it also underlines major methodological deficiencies in 
RMR determination. Future studies should apply evidence-
based methodologies on larger sample sizes to verify our 
conclusions.

5  Conclusions

An overall 1 MET weighted average value of 
2.7 ± 0.6 mL  O2  kg−1  min−1 was obtained from available 
estimates in older adults ≥ 60 years of age. This value was 

11% lower (2.4 ± 0.3 mL  O2  kg−1  min−1) when only ‘best 
practice’ studies were considered. Therefore, adhering to 
the conventional 1 MET value (3.5 mL  O2  kg−1  min−1) may 
lead to physical activity intensity and energy expenditure 
miscalculations in this population. This systematic review 
encourages the direct measurement of RMR using the indi-
rect calorimetry method while adhering to best practice 
recommendations. Failing this, it might be reasonable to 
assume a 1 MET value of 2.7 mL  O2  kg−1  min−1. Future 
experimental studies should further investigate the reported 
findings.
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