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METABOLIC EQUIVALENT

METABOLIC EQUIVALENT (MET)

Primary Disciplinary Field(s): Exercise Physiology, Cardiology, Public Health

1. Core Definition

The Metabolic Equivalent of Task (MET) serves as a crucial physiological unit utilized to express
the energy cost of physical activities in a standardized, objective manner. It quantifies the rate of
energy expenditure during a specific activity relative to the energy expenditure rate while at rest,
thereby providing a simple multiple that allows for straightforward comparison of activity intensities.
Fundamentally, 1 MET is defined as the oxygen consumption of a person at rest. This resting
metabolic rate (RMR) is universally standardized for calculation purposes, equating to 3.5 milliliters
of oxygen consumed per kilogram of body weight per minute (3.5 mL O?/kg/min). This
standardization ensures that the intensity measurement is relative to the individual's basal state,
rather than an absolute measure like calories or total oxygen consumed, which would vary
dramatically based solely on body size.

The utility of the MET system lies in its ability to translate complex physiological processes--
namely, aerobic energy generation--into a single, digestible number applicable across diverse
populations and physical tasks. When an individual performs an activity rated at 4 METSs, it
signifies that the energy demand of that task is four times greater than the energy demand of the
body at rest. This relative measure is critical because it normalizes the effort required, enabling
clinicians and researchers to set consistent activity guidelines, irrespective of whether the activity
involves specialized athletic training or simple daily chores. The concept allows for the practical
assessment of the physiological strain imposed by various activities, acting as a standardized
currency for energy expenditure in the fields of preventative medicine and exercise science.

While the primary definition revolves around oxygen consumption, the MET unit is also implicitly
linked to caloric expenditure. Since the resting metabolic rate (1 MET) roughly corresponds to the
production of 1 kilocalorie (kcal) per kilogram of body weight per hour (1 kcal/kg/hr), the MET
system provides a direct, albeit estimated, calculation for energy burn. For instance, a 70 kg
individual performing a 5 MET activity for one hour would expend approximately 350 kilocalories
(70 kg * 5 METs * 1 hr = 350 kcal). This dual functionality--measuring relative oxygen demand and
estimating caloric output--makes the Metabolic Equivalent a cornerstone tool in both clinical
rehabilitation programs focused on cardiovascular risk reduction and in public health campaigns
promoting weight management and fitness.

2. Etymology and Historical Development

The necessity for a standardized metric to measure exercise intensity arose primarily within the
fields of cardiology and respiratory medicine in the mid-20th century. Before the formal adoption of
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the MET, quantifying the physical capacity of patients, particularly those recovering from
myocardial infarction or managing chronic lung disease, was challenging due to the lack of a
simple, comparative scale. Researchers sought a way to define exercise tolerance that could be
easily communicated to patients and integrated into clinical guidelines, allowing physicians to
prescribe safe and effective levels of physical activity based on individual physiological reserves.

The MET concept was formalized and popularized largely through the efforts of researchers
developing standardized exercise protocols, particularly those associated with treadmill and cycle
ergometer testing. Early clinical exercise laboratories recognized that patients needed a
guantifiable way to understand their improvement or decline in functional capacity. By
standardizing the resting metabolic state as the benchmark (1 MET), they created a scale where
the patient's peak oxygen consumption (VO? max) could be expressed as a maximum number of
METs achieved, thus providing a clinically relevant measure of aerobic fithess and overall health
prognosis. This standardization was instrumental in risk stratification, establishing that patients
unable to achieve a certain threshold (e.g., 5 METS) faced significantly higher mortality risks.

A pivotal development in the widespread utility of the MET system was the creation and
subsequent revisions of the Compendium of Physical Activities. Compiled originally by Dr. Bill

Haskell and later expanded by Dr. Barbara E. Ainsworth and colleagues, the Compendium
systematically categorized hundreds of common activities--from household chores to competitive
sports--and assigned each a specific MET value based on rigorous scientific measurement. This
comprehensive resource transformed the MET from a purely clinical measure used in stress
testing into a universal research and public health tool, allowing epidemiologists to accurately
assess and compare physical activity levels across large populations using self-reported data
linked to standardized intensity values.

3. Key Characteristics and Calculations

One of the defining characteristics of the MET is its basis on aerobic metabolism. The
measurement fundamentally tracks the consumption of oxygen, which is directly proportional to the
rate at which the body generates energy through oxidative phosphorylation. Activities that require
higher MET values demand a greater rate of oxygen delivery and utilization, reflecting a heavier
reliance on aerobic pathways. This characteristic makes the MET an excellent indicator of
cardiovascular fitness, as the ability to perform high-MET activities is constrained by the efficiency
of the heart and lungs in supplying oxygen to working muscles.

The calculation of a specific activity's MET value is typically derived from the measurement of
oxygen uptake (VO?) during that task. If an individual, through gas analysis (indirect calorimetry),
is found to consume 14.0 mL O?/kg/min while cycling, the calculation is straightforward: the
measured oxygen consumption (14.0 mL O?/kg/min) is divided by the standard resting rate (3.5
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mL O?/kg/min). In this example, the activity is rated at 4 METs. This ratio calculation ensures that
the resulting number is an intensity factor, independent of the individual's body mass, provided the
resting rate assumption holds true.

Standard Resting Value: 1 MET is equivalent to 3.5 mL O?/kg/min.

Intensity Classification: METs are used to classify activities into categories critical for health
recommendations:

Light-Intensity Activities: Tasks rated less than 3.0 METs (e.g., slow walking, desk work,
sleeping).

Moderate-Intensity Activities: Tasks rated between 3.0 and 5.9 METs (e.g., brisk walking,
general gardening, sweeping).

Vigorous-Intensity Activities: Tasks rated 6.0 METs or higher (e.g., running, swimming laps,
competitive sports).

Calculating Total Energy Expenditure: The concept is extended through the use of MET-
minutes, which is the product of the MET level of an activity multiplied by the duration (in minutes)
the activity was performed. Public health guidelines often use weekly MET-minutes (e.g., 500-1000
MET-minutes per week) as the target dose for health benefits.

4. Significance in Clinical and Public Health Settings

In clinical cardiology, the ability of a patient to achieve a certain MET level during a cardiac stress
test is a powerful predictor of future cardiovascular events and overall mortality. A patient who can
successfully complete a test reaching 7 to 10 METs generally possesses a good prognosis,
reflecting robust cardiac reserve and high functional capacity. Conversely, inability to reach 5
METs is often a marker of significant functional limitation or severe disease, necessitating careful
monitoring and intervention. This clinical application transforms the MET unit from a simple
descriptive measure into a vital diagnostic and prognostic tool.

The MET system is equally foundational in contemporary public health efforts aimed at combating
sedentary lifestyles and chronic diseases. Major health organizations, including the World Health
Organization (WHO) and the Centers for Disease Control and Prevention (CDC), base their
physical activity recommendations directly on MET categories. The standard recommendation--150
minutes of moderate-intensity (3-6 METS) activity or 75 minutes of vigorous-intensity (= 6 METS)
activity per week--is entirely structured around the MET scale. This universal language ensures
consistency in health messaging across different countries and cultures, promoting a clear target
for achieving the minimum required exercise dose to mitigate risks associated with cardiovascular
disease, type 2 diabetes, and certain cancers.
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Furthermore, METs are crucial in the field of rehabilitation, particularly cardiac and pulmonary
rehabilitation. Therapists use standardized MET charts to prescribe incremental activity goals for
recovering patients. By starting with very low-intensity activities (1.5-2.0 METs) and gradually
progressing the patient to higher levels (e.g., 4-5 METs needed for independent daily living tasks
like stair climbing or vigorous housework), clinicians can safely and scientifically ensure that the
patient's exercise tolerance improves without undue risk. This structured approach, facilitated by
the MET framework, ensures adherence to safety protocols while maximizing physiological gains,
ultimately improving the patient's quality of life and functional independence.

5. Practical Application in Activity Assessment

One of the most practical uses of the MET is its application in epidemiological research and
population health surveys. By using the Compendium of Physical Activities, researchers can
assign a corresponding energy cost to virtually any self-reported activity. This allows for the precise
calculation of accumulated physical activity volume (MET-minutes) within large cohorts, enabling
the study of dose-response relationships between exercise and various health outcomes. For
example, studies can reliably correlate the amount of vigorous activity (high METSs) performed by a
population with its incidence of hypertension, providing evidence for policy interventions.

In the realm of fitness technology, wearable devices often utilize the MET concept, sometimes
implicitly, to calculate activity intensity and calorie burn. While many devices measure heart rate
and movement (accelerometry), the algorithms often convert these raw data points back into
estimated MET values to provide a consistent measure of exertion. This integration allows users to
compare the energy expended during different types of workouts--a long, slow walk (3.0 METS)
versus a short, intense circuit training session (8.0 METs)--and track their adherence to weekly
MET-minute goals recommended by health authorities.

The ability to categorize activities by intensity level provides clarity for individuals managing
specific health conditions. For example, for an individual with chronic obstructive pulmonary
disease (COPD), knowing that simple activities like washing dishes are approximately 2.5 METs
while strenuous cleaning might reach 4.0 METs provides the necessary information to pace
themselves throughout the day, avoiding excessive oxygen debt. Similarly, athletes use METSs to
plan cross-training and recovery, ensuring that rest days involve activities below 2.0 METSs,
facilitating optimal physiological recovery before high-intensity training sessions.

6. Debates and Limitations

Despite its wide acceptance, the MET system is not without significant limitations, primarily
stemming from its core assumption: that the resting metabolic rate (RMR) is universally and
uniformly 3.5 mL O?/kg/min across all individuals. In reality, an individual's actual RMR varies
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substantially based on factors such as age, sex, body composition (muscle mass versus fat mass),
genetics, and overall fitness level. Highly trained athletes, for instance, often have a lower RMR
per kilogram due to greater metabolic efficiency, meaning that 1 MET for them may be slightly
lower than the standardized 3.5 mL O?/kg/min. Conversely, an elderly, deconditioned individual
might have a higher actual RMR relative to the standard definition.

Another key debate surrounds the accuracy of applying standardized MET values to real-world
activities without accounting for environmental or individual technical factors. The Compendium
provides average MET values, but the actual energy expenditure for an activity rated 5 METSs (e.qg.,
cycling) can change dramatically depending on external variables. Cycling uphill versus downhill,
cycling into a headwind, or performing the activity at altitude will all alter the true oxygen
consumption rate without changing the nominal 5 MET rating. Furthermore, individual differences
in movement efficiency, such as running form or gait mechanics, mean that two people performing
the same activity at the same speed may have substantially different actual energy expenditures.

Finally, the MET system primarily measures aerobic effort and may underestimate the total energy
expenditure of activities that rely heavily on anaerobic metabolism or high eccentric loading, such
as intense resistance training, explosive movements (e.g., sprinting), or carrying heavy loads.
While these activities are often assigned high MET values based on general effort, the underlying
physiological demands involve significant non-aerobic energy production that is not fully captured
by a metric rooted in steady-state oxygen consumption. Therefore, while METs are an excellent
tool for moderate, sustained aerobic activities, they serve as a less precise estimate for highly
variable or primarily anaerobic tasks.
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