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Abstract Physical inactivity is the fourth leading cause of death in the world. It is associated
with myriad diseases and premature death. Two possible contributing factors are postprandial
lipidaemia (PPL), which accelerates atherosclerosis, and impaired whole-body fat oxidation,
which contributes to obesity. Acute exercise in physically active people is effective for increasing
whole body fat oxidation and lowering PPL the next morning. However, in people who have
low physical activity (<8000 steps/day), an acute bout of exercise (1 h at 62% maximal oxygen
consumption) has no effect on increasing fat oxidation or reducing PPL (‘exercise resistance’). The
acute harms of inactivity are not due to the lack of exercise and aremore powerful than the benefits
of exercise, at least regarding fat metabolism. The increase in mortality with reduced daily steps is
remarkably steep. Low background steps/day also impair themetabolic adaptations to short-term

Edward F. Coyle is a long time Professor at The University of Texas at Austin where he directs the Human Performance
Laboratory. He received his PhD in 1979 from the University of Arizona and thereafter conducted 3 years of research at
Washington University School of Medicine in St Louis. While most of his previous research has dealt with the metabolic and
cardiovascular limits to human performance, he has become intrigued in the last decade by the seemingly powerful physiological
effects of physical inactivity on human metabolism.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society. DOI: 10.1113/JP284169

https://orcid.org/0000-0002-4329-8287
https://doi.org/10.1113/JP284169#support-information-section
http://crossmark.crossref.org/dialog/?doi=10.1113%2FJP284169&domain=pdf&date_stamp=2024-03-13


2 E. F. Coyle J Physiol 0.0

endurance training, suggesting that the ills of inactivity extend beyond fat metabolism. ‘Exercise
resistance’ with inactivity could be a culprit, causing atherosclerosis, or maybe also a harbinger
(impaired fat oxidation) of more widespread diseases. Recommendations regarding the amount
of moderate to vigorous exercise needed for health should factor in the amount of background
activity (i.e. ∼8000 steps/day) necessary to avoid ‘exercise resistance’.
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Abstract figure legend Prolonged sitting throughout the day with a low step count, as an example of inactivity, impairs
postprandial fat metabolism when measured the morning after exercising for 1 h. This is termed ‘exercise resistance’
because prior exercise normally improves fat metabolism. For optimal fat metabolism and possibly health, exercise is
most beneficial when daily physical activity is high because the greater intensity of exercise promotes greater physio-
logical adaptations. Physical activity (defined as >8000 steps/day) is also very important because it counteracts physical
inactivity. The ills of physical inactivity are not due to the lack of exercise and appear more powerful than the benefits
of exercise. As a result, every 1000 steps/day decrease in physical activity is reported to increase the incidence of cardio-
vascular disease and death by ∼15%. Physical activity guidelines need to factor in a minimal level of daily background
physical activity in addition to exercise recommendations. The interrelationships depicted in this figure are analogous
to a popular game rock-paper-scissor.

Introduction

Over the past several decades, automation primarily
driven by computer technology has progressively reduced
the necessity for physical movement in both work
and leisure within modern societies (Bassett et al.,
2004). Physical inactivity is the fourth leading cause of
death in the world (World Health Organization, 2022).
People are spending increasingly more time sitting in
front of screens, which is driving the public health
crisis that is causing disease in numerous physiological
systems (Booth et al., 2012, 2017; Pedersen & Saltin,
2015). However, the physiological mechanisms by which
inactivity causes widespread disease are unclear and we
are just now gaining insight as to how much and what
type of physical activity or exercise is needed to prevent
inactivity-associated diseases.
Over the past 75 years, epidemiological studies have

been most informative by finding that physical inactivity
is highly associatedwith increasedmortality and incidents
of cardiovascular disease (Ekelund et al., 2016, 2019;
Morris et al., 1953; Paffenbarger et al., 1986; Pedersen &
Saltin, 2015). Furthermore, physical inactivity has been
associated with dozens of illnesses (Booth et al., 2017;
Pedersen& Saltin, 2015). Although the scientific literature
contains few hypotheses as to the potential mechanisms
by which inactivity produces such widespread disease,
one fact is clear: inactivity is not simply the lack of
the ‘good’ from exercise (Bey et al., 2003; Booth et al.,
2012, 2017; Hamilton et al., 2008). The acute genetic and
molecular responses to exercise are substantially different
from the responses to inactivity (Bey et al., 2003; Booth
et al., 2017). Exercise and inactivity are two separate

and distinct phenomena. This review posits that the ill
effects of inactivity on fat metabolism are not counter-
acted by adding exercise. Each has an independent effect
on health, one positive and one negative. As discussed,
optimal healthmay be achieved bymaintaining a sufficient
level of background activity in addition to performing
a sufficient amount and type of exercise. Thus, health
recommendations should address not only the role of
exercise but also the amount of background physical
activity (Hamilton et al., 2008).

Our model

Based upon rodent studies regarding inactivity and
lipoprotein lipase activity (Hamilton et al., 2007), our
laboratory has focused upon fat metabolism in people as
a system that is acutely inhibited by inactivity of only
2 days and maybe less. Our postprandial model (Fig. 1)
aims to control physical activity for at least 2–3 days and
then have subjects on the evening of the third day exercise
for 1 h at ∼ 62% V̇O2max (maximal oxygen consumption)
as this should acutely stimulate fat metabolism the next
morning. We further challenge fat metabolism after an
overnight fast by giving subjects a high fat meal in
the morning of Day 4 (a milkshake also containing fat,
carbohydrate and protein) and determine how much this
meal increases postprandial fat oxidation as well as plasma
triglyceride concentration over a 6 h period (post-prandial
lipaemia; PPL) (Fig. 1). If the 1 h bout of exercise fails to
improve fat oxidation and lower PPL the next morning,
this is a sign of ‘exercise resistance’, the inhibition of what
should be a normal healthy response due to low physical

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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activity (Fig. 2B). This approach has allowed us to describe
the amount of background physical activity required to
prevent a stalling of postprandial fat metabolism (i.e.
low whole body fat oxidation and increased PPL) and
to develop practical physical activity recommendations
(Burton &Coyle, 2021). It remains to be determined if the
presence of exercise resistance might also be a harbinger
of the ill effects of inactivity in other bodily systems in
addition to fat metabolism.

The pattern with which inactivity stalls postprandial
fat metabolism and causes exercise resistance appears
similar to the pattern of all-cause mortality with inactivity
in terms of increased mortality with decreased steps
and parallel increases in PPL and reduced fat oxidation
(Banach et al., 2023; Burton & Coyle, 2021; Paluch et al.,
2022) (Figs 3 and 4). Impaired fat metabolism may be the
proverbial ‘canary in themine’ and aharbinger or indicator
to warn that the consequences of inactivity are present
and harming bodily systems. Thus, a harbinger foretells
using signals that are a warning or an indirect byproduct
of disease. Reduced postprandial fat oxidation appears
to be a harbinger of metabolic dysregulation. A culprit
is the direct cause of the disease. Increased mortality
with inactivity might be due directly to the culprit
of the postprandial elevation of plasma triglycerides,
directly causing atherosclerosis (Zilversmit, 1979, 1995).
What is harbinger vs. culprit remains to be determined.
Identifying the mechanisms of impaired fat metabolism
after exercise when previously inactive may identify a
molecular trigger for more widespread disease in addition
to impaired fat oxidation (e.g. harbinger). As a practical
aside, we have reported that prolonged standing produces
nearly identical responses to prolonged sitting regarding
postprandial fat metabolism, indicating that to counteract

inactivity requires muscular movement (Crawford et al.,
2020).

Plasma triglycerides and acute exercise

Holloszy et al. (1964) were the first to report that an
acute bout of exercise lowers fasting basal levels of plasma
triglycerides the next morning. More recently, numerous
studies have further shown that acute exercise lowers the
next morning’s PPL during the 4–6 h period after a high
fatmeal, at least in subjects that assumedly had sufficiently
high levels of background physical activity (Freese et al.,
2014). Furthermore, this effect of exercise has been shown
to be amplified with increases in exercise duration and
intensity (Freese et al., 2014; Trombold et al., 2013).
However, most of these studies did not report or control
for the amount of physical activity (e.g. steps/day) on the
days before exercise. Because most of the subjects in these
studies were young and physically active, it is likely they
were taking a sufficient number of steps/day (i.e. ∼8000)
to prevent exercise resistance (Burton & Coyle, 2021;
Trombold et al., 2013). Thus, the literature regarding the
effects of exercise on PPL seems to not have recognized the
negative effects of the previous day’s background inactivity
(Frayn, 1998; Freese et al., 2014).

Inactivity is not simply the lack of exercise

Kim et al. (2016) may have been the first to report that
inactivity, as judged by a low daily step count, despite
being followed by a 1 h bout of exercise elicits low fat
oxidation and a very high PPL the morning after exercise
(i.e. exercise resistance) (Fig. 2A). This is an example

Figure 1. Experimental model used to detect ‘exercise resistance’
The goal is to stimulate and then measure fat metabolism (i.e. post-prandial plasma triglyceride elevation and
fat oxidation) after ingesting a high fat meal on the morning of Day 4. Fat metabolism was further potentially
stimulated by 1 h of exercise performed in the evening of Day 3 (12 h before the high fat meal). The experimental
conditions that were varied on Days 1, 2 and 3, were steps/day. ‘Exercise resistance’ was displayed when the
number of background steps/day failed to elicit an improvement in postprandial fat metabolism on Day 4, despite
the 1 h bout of exercise on the evening of Day 3.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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of why it is wrong to think that inactivity is simply
the lack of exercise (Hamilton et al., 2008). In subjects
who have been inactive (i.e. low background steps/day),
we have also shown that the addition of a 1 h bout of
running does nothing to improve fat metabolism, with
PPL and fat oxidation being identical to when no exercise
is performed (Fig. 2B) (Akins et al., 2019). When step
count is low, there is exercise resistance compared to
both a high step count (Fig. 2A) and even when adding
1 h of exercise (Fig. 2B). It seems that the unhealthy
effects of prior inactivity are more powerful than the
normally stimulating effects of exercise, at least regarding
fat oxidation and PPL. If inactivity and exercise were
responding to the same phenomena, then the effects of
inactivity should be countered with exercise. This does
not happen (Akins et al., 2019) (Fig. 2B). Once inactivity
induced exercise resistance sets in, we do not know how
long it lasts or what types of activity/exercise or lengths of

Figure 2. Plasma triglyceride response during the 6-h
postprandial period
A, plasma triglyceride response during the 6-h postprandial period
when both groups of subjects ran for 1 h the evening after taking
either ∼1700 steps/day (low steps) or ∼17,000 steps/day (high
steps) the days before. The 1-h run was effective in lowering the
postprandial plasma triglyceride response when steps were high but
not when steps were low (i.e. ‘exercise resistance’) (Kim et al., 2016).
B, plasma triglyceride response during the 6-h postprandial period
when the steps were low (∼4000 steps/day) in both trials.
Thereafter, in one trial the subjects exercised for 1 h and in the other
trial they did not exercise. The 1 h run failed to lower the
postprandial plasma triglyceride response (i.e. failed to prevent
‘exercise resistance’) (Akins et al., 2019). Reprinted and modified
with permission from the American Physiological Society.

time are needed to overcome it. Keep in mind that a 1 h
bout of exercise at 62% V̇O2max is ineffective, despite being
a moderate intensity of long duration.
It has been observed that people who meet the daily

recommendations for exercise but who are inactive most
of the time outside of exercise are still at higher mortality
risk (Biswas et al., 2015; Ekelund et al., 2020; Patel et al.,
2010). This is analogous to our experimental model
(Fig. 1) whereby sedentary inactive subjects having low
background activity (<5000 steps) then run for 1 h
(∼10,000 steps) late in the day and are still found to have
low fat oxidation and high PPL the next morning. The
background inactivity in these people, who have been
termed ‘active couch-potatoes’, causes not only exercise
resistance and impaired fat metabolism but possibly
augmented development of atherosclerosis (Zilversmit,
1979, 1995). As discussed below, inactivity greatly impairs
muscle metabolism. Recently, the effects of inactivity
have been extended to brain health by observing that
daily sitting of progressively longer than 10 h/day results
in increased incidence of dementia in a population
averaging 67 years (Raichlen et al., 2023). Like fat
metabolism, the effects of inactivity on dementia are
not countered by exercise (Raichlen et al., 2023). In
both the muscle and the brain, the unhealthy effects of
inactivity seemmore powerful than the suppressed effects
of exercise that are normally beneficial. The observation
that muscle and brain appear to be impaired progressively
with inactivity and without rescue via exercise suggests
inactivity might produce agents that target multiple organ
systems. This suggests that recommendations regarding
exercise/activity for overall health shouldminimize sitting
and inactivity lengths while also including aminimal level
of background activity (e.g. ∼8000 steps/day).

Epidemiological studies are somewhat consistent
with each other

One goal is to reconcile epidemiological data describing
the pattern with which reducing daily steps increases
mortality with our acute observations describing the
pattern by which postprandial fat metabolism is impaired
by reducing daily step counts. We also determined if
background inactivity interferes with adaptations to short
term training. Since the pioneering studies of Morris
et al. (1953), numerous epidemiological studies have
shown that physical inactivity results in a higher risk
of heart disease and or all-cause mortality and that
inactivity is displayed in most of the population (Banach
et al., 2023; Ekelund et al., 2016, 2019; Patel et al.,
2010). Studies have varied their measurement tools of
physical activity assessment, with step count being our
model. A recent meta-analysis by Paluch et al. (2022)
showed that taking fewer than ∼8000 steps/day (i.e.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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J Physiol 0.0 Physical inactivity causes exercise resistance of fat metabolism 5

7000 to 9000 steps/day) resulted in a precipitous increase
in mortality (Fig. 3B). In agreement with this, Lee
et al. (2012, 2019) reported that 7500 steps per day
was sufficient to almost plateau the risk of all-cause
mortality and some studies have generally agreed with
this observation (Manas et al., 2022; Tudor-Locke et al.,
2011). However, another recentmeta-analysis does not see
a clear plateau with increasing steps above 8000 steps/day,
yet the slope is shallow (Fig. 3A) (Banach et al., 2023).

Regardless, the most striking feature of both Fig. 3A and
Fig. 3B is the precipitous increase in mortality when
steps/day drop below ∼8000 steps/day. Both Fig. 3A
and Fig. 3B (Banach et al., 2023; Paluch et al., 2022)
show that each 1000 steps/day (equivalent to walking
∼0.8 km in ∼10–12 min) reduction in background
activity below ∼8000 steps/day, is associated with at
least an ∼15% increase in mortality risk and risk of
cardiovascular disease. The steepness of that relationship

Figure 3. Association of steps/day and risk of all-cause mortality
A, recent meta-analysis (n = 226,889) on the relative risk of all-cause mortality vs. steps per day (Banach et al.,
2023). The vertical line indicates a comparatively low relative risk at ∼8000 steps/day which is the calculated
inflection point of this curvilinear relationship. There is a steep increase in relative risk when steps are reduced
below ∼8000 steps/day. B, recent meta-analysis (n = 47,471) of Paluch et al. (2022) on the hazard ratio vs.
steps/day by age group. The vertical line indicates a relatively low hazard ratios at ∼8000 steps per day, the activity
level that is recommended by the author for the population in general. In both A and B, note the precipitous
increase in hazard ratio and relative risk when steps/day decrease below ∼8000 steps/day, although this is less
obvious in A. In both A and B, the incidence of mortality increased ∼15% with every 1000 step/day reduction
below 8000 steps/day. Another reason for selecting ∼8000 steps/day is the fact that exercise resistance can be
prevented by taking 8481 steps/day and probably less (Fig. 4). Reprinted and modified with permission.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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6 E. F. Coyle J Physiol 0.0

is remarkable and cannot be overemphasized. It is
obvious that low-activity people (<8000 steps/day) can
derive huge benefits from even small amounts of added
activity. This point is sometimes lost in the ‘at least’
recommendations of the physical activity guidelines that
encourage people to perform ‘at least’ 150 min per
week of moderate intensity exercise or 75 min per week
of higher intensity exercise with an additional 2 days
per week of resistance training (Piercy et al., 2018).
Our data suggest that there should be two areas of
recommendation, one for preventing exercise resistance
and another for obtaining sufficient exercise. Interestingly,
societies that use additional walking or bicycling as a form
of transportation experience fewer cases of metabolic
syndrome and have better overall health (Guthold et al.,
2018; Pedersen & Saltin, 2015). A person getting only

Figure 4. Relationship between the three levels of physical
activity in steps/day on the next day’s fat metabolism
measured during a measure of postprandial plasma
triglyceride concentration area under the curve incremental
(AUCi) (A) and fat oxidation over 6 h (B)
The ‘Normal’ responses when taking 8481 steps/day the day before
was a high rate of fat oxidation and a low level of plasma triglyceride
concentration during the postprandial test. On the contrary, when
taking either Low (2675 steps/day) or Limited (4759 steps/day)
exercise, the postprandial triglyceride was significantly elevated (A)
and fat oxidation significantly reduced (B) compared to Normal (P <

0.05). ∗Low and Limited are significantly different from Normal (P <

0.05). From Burton & Coyle (2021); reproduced with permission.

4000 steps/day of background activity will increase their
steps/day to 8000 by walking an extra 3.2 km (2 miles)
in 30–40 min. That seems broadly achievable, especially
when integrated into transportation.

Fat metabolism and step count

In order to determine if inactivity caused a similar
pattern of harm with fat metabolism as it does with
mortality (Banach et al., 2023; Paluch et al., 2022), we
had participants vary their baseline step counts over the
days preceding the 1 h bout of exercise stimulus followed
by the next morning’s measures of PPL and fat oxidation
(Burton & Coyle, 2021). They took either approximately
2500 or 5000 or 8500 steps/day. The low and medium
step counts were not effective at promoting a healthy PPL
response or a healthy fat oxidation (Fig. 4). However,
taking ∼8500 steps/day was significantly better than both
other measures (Burton & Coyle, 2021). This agrees
with the epidemiological studies of (Banach et al. (2023)
and Paluch et al. (2022) reporting reduced mortality
when taking 8000 steps/day compared to<5000 steps/day
(Fig. 3). The fact that taking 8481 steps/day was effective
in preventing exercise resistance is another reason to
recommend 8000 steps/day as a general guideline for pre-
venting ‘exercise-resistant inactivity’. Thus, step counts
below 8000 steps/day might be considered as being
inactive although we currently have no fat metabolism
data in the range of 5000 to 8000 steps/day to make a
more precise estimate. Classification as ‘sedentary’ might
be based on sitting time and require appropriate metrics.
This general agreement between the epidemiological and
physiological exercise resistance data raises the possibility
that the precipitous increase in mortality and various
diseases (Banach et al., 2023; Sheng et al., 2021) when
step count is reduced below ∼8000 steps/day may be due
to similar mechanisms as the inactivity-induced stalling
of fat metabolism, also termed ‘metabolic inflexibility’
(Chacon et al., 2012). This is not to say it can be concluded
that increased mortality with inactivity is due entirely
to stalled fat metabolism, although it may be a strong
contributing factor (culprit) or just the harbinger of more
widespread disease.

Practical application

The steepness of daily steps vs. mortality is absolutely
remarkable in both models (epidemiology and fat
metabolism) (Figs 3 and 4). In sedentary low step
individuals, increases in activity of only 1000 steps/day,
which amounts to only ∼0.8 km/day of walking, elicit
linear reductions in mortality by ∼15% and hazard ratio
∼20%, which are in parallel with improvements in fat
oxidation (Figs 3A, B and 4B) (Banach et al., 2023; Burton

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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J Physiol 0.0 Physical inactivity causes exercise resistance of fat metabolism 7

Table 1. Percentage changes from pre-training to post-training as a result of short-term training (5 bouts in 9 days) in low-step and
high-step groups

Low step
(∼4800 steps/day)

High step
(∼16,000 steps/day)

Plasma triglyceride AUC; high fat tolerance test −4.2% NS −27%∗

Resting fat oxidation +6.0% NS +19%∗

Peak oxygen consumption +7.2%∗ +7.6%∗

Responses during submaximal exercise at 79%
V̇O2peak

Heart rate −2.7% NS −6.6%∗

Blood lactate concentration 0% NS −11.8%∗

Deoxy-haemoglobin +4.7% NS −7.4%∗

Rating of perceived exertion −7.6% (P = 0.07) −12.2%∗

∗
Significant improvement from pre- to post-training (P < 0.05). NS, non-significant. AUC, area under the curve. Reproduced from

Burton et al. (2021) with permission.

& Coyle, 2021; Paluch et al., 2022; Sheng et al., 2021).
Adding back even moderate amounts of physical activity
and ideally raising step count to∼8000 steps/day is amost
effective form of preventivemedicine with further benefits
derived thereafter from additional exercise that is not
hampered by exercise resistance. As we have shown, 1 h
of exercise against a background of only 4000 steps/day
is not going to improve acute fat metabolism or allow
chronic metabolic adaptations to short-term training,
but taking ∼8000 steps/day will allow improvements
to be manifested (Burton & Coyle, 2021; Burton et al.,
2021). This supports our general recommendation that
people should aim to take>8000 steps/day just to prevent
exercise resistance and thereafter perform exercise that
elevates heart rate and breathing frequency (Piercy &
Troiano, 2018). Finally, the impairment of fat oxidation
with exercise resistance amounts to 6 g over 6 h which
projects to 18 g over a day with three meals, which if
accrued over a year’s time amounts to a 6.6 kg gain in
body fat. That is enough to account for the average gain
in body fat within the US population (Parikh et al., 2007).

Effects of inactivity on short-term exercise training
responses

The level of background steps/day also influences the
adaptations to short-term endurance training. Subjects
taking a high number of background steps (16,048
per day) during five training bouts (40 min cycling at
80–90% V̇O2max) over 9 days showed the classic physio-
logical improvements during constant intensity cycling
post-training with significantly lower blood lactate,
heart rate and perceived exertion with improved muscle
oxygenation (Burton et al., 2021) (Table 1). However,
in the subjects taking low step count (4767 per day),
none of these metabolic measures showed significant

improvements. However, both groups displayed a 7%
increase in maximal oxygen consumption (V̇O2max)
(Burton et al., 2021). This suggests that the metabolic
systems involved in fat metabolism, lactate production
and heart rate regulation were unresponsive to training
in the low step group. However, since V̇O2max increased
equally in the two groups, it might be that central
cardiovascular adaptations such as stroke volume
and blood volume improved equally (Satiroglu et al.,
2021). This ‘metabolic exercise resistance’ to short term
training suggests that the effects of background inactivity
extend beyond effects on fat metabolism and may have
widespread effects on muscle metabolism with possibly
attenuated health adaptations in other systems such as
the brain and dementia (Livingston et al., 2020). Our
observations show that inactivity impairs fat metabolism
after 1 or 2 days or less of reduced activity. It has been
claimed that inactivity contributes to dozens of chronic
diseases (Booth et al., 2017). It is important to determine
which diseases stem largely as a result of the last few
days of inactivity such as insulin resistance, as opposed
to diseases that progress over longer times such as
atherosclerosis (Heath et al., 1983; Zilversmit, 1995).
Since low background activity blunts general metabolic
adaptations to exercise training, this would be a source
of individual variability with apparent ‘non-responders’
to training when background activity is not sufficiently
high as is typically the case with Type II diabetics (Sparks,
2017). Clearly, exercise resistance has influences beyond
short term fat metabolism.

Prolonged low intensity exercise and sprints with
high intensity interval training

We have shown that inactivity stalls resting fat oxidation,
yet it is possible to prevent that by taking 8500 steps/day

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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8 E. F. Coyle J Physiol 0.0

at low to moderate intensity throughout the day.
Furthermore, Hamilton et al. (2022) have argued
that frequent isolated soleus muscle contractions,
performed while seated, can improve postprandial
glucose metabolism, total plasma triglycerides and very
low density lipoprotein concentrations over several hours.
Thus, both forms of mild exercise frequently performed
periodically over prolonged periods seems to prevent
metabolic stalling of both fat and glucose metabolism.
Additionally, fat oxidation and PPL can also remain
at healthy levels despite prolonged sitting, by vigorous
inertial load cycling done hourly throughout the day that
totals only 2–3 min/day of actual exercise (Wolfe et al.,
2020). After control days with somewhat low background
steps, participants performed 20 s of intense cycling every
hour for 8 h, broken into 4-s sprints and rest, performed
5 times. The next morning, the group that performed the
sprints displayed significantly higher fat oxidation and
lower PPL despite prolonged sitting (Fig. 5) (Wolfe et al.,

Figure 5. Plasma triglyceride concentration during the 6 h
period after ingesting a high fat meal the morning after
subjects, on the previous day, either sat continuously for 8-h
(SIT) or also sat for 8-h but interrupted the sitting every hour
with seated cycling SPRINTS of only 4-s duration performed 5
times with ‘all-out’ effort
A, the SPRINT trial elicited a 31% reduction in the AUC of plasma
triglycerides compared to SIT (∗ P < 0.01). B, the SPRINT trial elicited
a 43% elevation in fat oxidation compared to SIT (∗ P < 0.01).
(Wolfe et al., 2020). Reproduced with permission.

2020).
The emerging picture is that sufficient movement is

healthy and that the more vigorous the activity the
more time-efficient its effectiveness (Gillen et al., 2016),
probably by recruiting more muscle mass, especially the
Type II fibres (Chi et al., 1983; Hamilton et al., 1998, 2007;
Skelly et al., 2021). High intensity interval training (HIIT)
is remarkably effective for raising mitochondrial activity
and probably fat oxidation especially in Type II muscle
fibres (Boullosa et al., 2022; Kristensen et al., 2015). The
common feature of models using soleus contractions, or
walking or 4-s repeated sprints is that muscle contractions
were performed at least every hour suggesting that some
aspect ofmuscle contractions and frequency are needed to
prevent exercise resistance and that only 5000 steps/day
does not deliver that stimulus (Burton & Coyle, 2021;
Hamilton et al., 2022; Wolfe et al., 2020).
Recently, a possible role for small amounts of vigorous

movements throughout the day have been associated
with reduced mortality (Stamatakis & Ahmadi, 2022).
It is reported that benefits can be gained with as little
as 15–20 min/week of vigorous movement (Stamatakis
et al., 2019). There has also been interest in the benefits
to glucose metabolism of performing short bouts of
somewhat vigorous activities throughout the day (e.g.
climbing stairs, fast walking, etc.) (Islam et al., 2022).
Maybe the goal in breaking up sedentary time is to simply
not allow enough ‘inactive time’ to pass which causes a
phenomenon like exercise resistance.

Other models of inactivity

Other models of inactivity, besides reduced step count
include the extreme measures of limb immobilization or
prolonged bed rest with a focus typically on carbohydrate
and protein metabolism. In keeping with our model
of inactivity through reducing daily steps, a reduction
from ∼10,000 to 1500 steps/day reduced glucose uptake
during a hyperinsulinaemic–euglycaemic clamp when
first measured after 2 weeks while also impairing post-
prandial muscle protein synthesis, muscle mass and
insulin sensitivity (Alldritt et al., 2021; Breen et al., 2013).
One week of bed rest produces muscle insulin resistance
(Dirks et al., 2016). In work from Paul Greenhaff’s lab
using bed rest and a hyperinsulinaemic–euglycaemic
clamp, glucose disposal is reduced as much after 3 days
as after 56 days (Shur et al., 2022). Using forearm
immobilization, they also reported that postprandial
glucose uptake is reduced as much after 24 h as after 72 h
(Burns et al., 2021). Furthermore, an early study (Heath
et al., 1983) measured insulin sensitivity during an oral
glucose tolerance test after chronic exercise training the
day before and after 10 days of inactivity and then again
after 1 day of retraining. The large declines in insulin

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.
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sensitivity with inactivity were almost totally reversed
with only 1 day of exercise. The general picture seems to
be that postprandial fat, carbohydrate and possibly protein
metabolism can be blunted with as little as 1–2 days
of no exercise. Insulin sensitivity can be restored with
1–2 days of exercise.We do not know if 1–2 days of activity
(e.g. >8000 steps/day) can restore fat metabolism after
inactivity induced exercise resistance. The time course of
reduced fat metabolism with inactivity and restoration
may be short (Bey & Hamilton, 2003), especially if fat
metabolism follows lipoprotein lipase activity, which has
a time course of only 4–8 h (Seip et al., 1995, 1997).
This suggests that many of the metabolic changes with
exercise or inactivity happen quickly and probably are
largely influenced by the physical activity over the past
day or last training bout. Time periods of inactivity lasting
4–23 h have not been reported, raising the possibility that
some of the effects of inactivity on impairing metabolism
may set in over a remarkably short period andmay require
very frequent activity/exercise to prevent. Although we
have not found a small amount of extra carbohydrate after
exercise alters postprandial lipidmetabolism, it seems that
a large amount can influence it (Harrison et al., 2009; Kim
et al., 2016)

Summary

Mortality increases dramatically as background physical
activity levels decrease below ∼8000 steps/day, which
also induces a stalling of fat metabolism (reduced fat
oxidation and increased postprandial lipaemia). This may
be atherogenic and possibly make inactivity the main
culprit of increased mortality with inactivity. The stalling
of postprandial fat metabolism can be prevented by
taking ∼8500 steps/day. When the effects of inactivity
have set in (i.e. ‘exercise resistance’), not even a 1 h
bout of exercise can reverse it, indicating that the ills of
inactivity are not simply the absence of exercise: it is a
powerful and an independent risk factor in health. This
agrees with the observations that people who meet the
recommended level of exercise are still at increased risk
of mortality if they are largely inactive throughout the
day. Furthermore, chronic short-term exercise training
with a low amount of background steps will also inhibit
some metabolic adaptations suggesting that inactivity
might have widespread harm beyond fat metabolism
which could make ‘exercise resistance of fat metabolism’
a harbinger of more widespread disease. In agreement,
inactivity has been shown to impair insulin sensitivity and
thus also carbohydratemetabolism after only 24 h. Besides
increasing steps, the effects of inactivity can be negated
through hourly brief (4 s × 5) high intensity cycling,
suggesting that more time efficient methods besides
increasing steps can also prevent ‘exercise resistance’.

It seems that today’s modern societies might have
passed a proverbial tipping point in that the average daily
step count of the populations (e.g. ∼5000) (USA: 4774;
UK: 5444) (Tison et al., 2022) is less than that needed to
maintain health in general and fat metabolism specifically
(e.g.∼8000 steps/day). It is hoped that this knowledge can
be used to factor in the needed amount of background
activity to complement any guidelines for moderate to
vigorous exercise in order to avoid exercise resistance.
Both factors of exercise prescription and sufficient back-
ground activity are needed to derive the full health and
performance benefits of physical activity and exercise
training.

References

Akins, J. D., Crawford, C. K., Burton, H. M., Wolfe, A. S.,
Vardarli, E., & Coyle, E. F. (2019). Inactivity induces
resistance to the metabolic benefits following acute exercise.
Journal of Applied Physiology, 126(4), 1088–1094.

Alldritt, I., Greenhaff, P. L., & Wilkinson, D. J. (2021).
Metabolomics as an important tool for determining the
mechanisms of human skeletal muscle deconditioning.
International Journal of Molecular Sciences, 22(24), 13575.

Banach, M., Lipid Blood Pressure Meta A, & Ilep. (2023).
The association between daily step count and all-cause and
cardiovascular mortality: A meta-analysis. European Journal
of Preventive Cardiology, 30(18), 1975–1985.

Bassett, D. R., Schneider, P. L., & Huntington, G. E. (2004).
Physical activity in an old order Amish community.
Medicine & Science in Sports & Exercise, 36(1), 79–85.

Bey, L., Akunuri, N., Zhao, P., Hoffman, E. P., Hamilton,
D. G., & Hamilton, M. T. (2003). Patterns of global gene
expression in rat skeletal muscle during unloading and
low-intensity ambulatory activity. Physiological Genomics,
13(2), 157–167.

Bey, L., & Hamilton, M. T. (2003). Suppression of skeletal
muscle lipoprotein lipase activity during physical inactivity:
A molecular reason to maintain daily low-intensity activity.
The Journal of Physiology, 551(Pt 2), 673–682.

Biswas, A., Oh, P. I., Faulkner, G. E., Bajaj, R. R., Silver, M. A.,
Mitchell, M. S., & Alter, D. A. (2015). Sedentary time and
its association with risk for disease incidence, mortality,
and hospitalization in adults a systematic review and
meta-analysis. Annals of Internal Medicine, 162(2), 123–130.

Booth, F. W., Roberts, C. K., & Laye, M. J. (2012). Lack of
exercise is a major cause of chronic diseases. Comprehensive
Physiology, 2(2), 1143–1211.

Booth, F. W., Roberts, C. K., Thyfault, J. P., Ruegsegger, G. N.,
& Toedebusch, R. G. (2017). V role of inactivity in chronic
diseases: Evolutionary insight and pathophysiological
mechanisms. Physiological Reviews, 97(4), 1351–1402.

Boullosa, D., Dragutinovic, B., Feuerbacher, J. F.,
Benitez-Flores, S., Coyle, E. F., & Schumann, M. (2022).
Effects of short sprint interval training on aerobic and
anaerobic indices: A systematic review and meta-analysis.
Scandinavian Journal of Medicine & Science in Sports, 32(5),
810–820.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.

 14697793, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/JP284169 by U

niversidad C
om

plutense D
e M

adrid, W
iley O

nline L
ibrary on [17/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10 E. F. Coyle J Physiol 0.0

Breen, L., Stokes, K. A., Churchward-Venne, T. A., Moore, D.
R., Baker, S. K., Smith, K., Atherton, P. J., & Phillips, S. M.
(2013). Two weeks of reduced activity decreases leg lean
mass and induces “Anabolic Resistance” of myofibrillar
protein synthesis in healthy elderly. Journal of Clinical End-
ocrinology & Metabolism, 98(6), 2604–2612.

Burns, A. M., Nixon, A., Mallinson, J., Cordon, S. M.,
Stephens, F. B., & Greenhaff, P. L. (2021). Immobilisation
induces sizeable and sustained reductions in forearm
glucose uptake in just 24 h but does not change lipid
uptake in healthy men. The Journal of Physiology, 599(8),
2197–2210.

Burton, H. M., & Coyle, E. F. (2021). Daily step count and
postprandial fat metabolism. Medicine & Science in Sports &
Exercise, 53(2), 333–340.

Burton, H. M., Wolfe, A. S., Vardarli, E., Satiroglu, R., &
Coyle, E. F. (2021). Background inactivity blunts metabolic
adaptations to intense short-term training.Medicine and
Science in Sports and Exercise, 53(9), 1937–1944.

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985).
Physical-activity, exercise, and physical-fitness - definitions
and distinctions for health-related research. Public Health
Reports, 100(2), 126–131.

Chacon, A. C., Menshikova, E. V., Delany, J. P., Ritov, V. B.,
& Dube, J. J. (2012). Impaired malonyl-CoA synthesis in
response to insulin and metabolic inflexibility in obesity
and type 2 diabetes. Diabetes, 61, A415–A415.

Chi, M. M., Hintz, C. S., Coyle, E. F., Martin, W. H., 3rd, Ivy,
J. L., Nemeth, P. M., Holloszy, J. O., & Lowry, O. H. (1983).
Effects of detraining on enzymes of energy metabolism
in individual human muscle fibers. American Journal of
Physiology, 244(3), C276–C287.

Crawford, C. K., Akins, J. D., Vardarli, E., Wolfe, A. S., &
Coyle, E. F. (2020). Prolonged standing reduces fasting
plasma triglyceride but does not influence postprandial
metabolism compared to prolonged sitting. PLoS ONE,
15(2), e0228297.

Dirks, M. L., Wall, B. T., van de Valk, B., Holloway, T. M.,
Holloway, G. P., Chabowski, A., Goossens, G. H., &
van Loon, L. J. C. (2016). One week of bed rest leads
to substantial muscle atrophy and induces whole-body
insulin resistance in the absence of skeletal muscle lipid
accumulation. Diabetes, 65(10), 2862–2875.

Ekelund, U., Steene-Johannessen, J., & Brown, W. J. (2016).
Does physical activity attenuate, or even eliminate, the
detrimental association of sitting time with mortality? A
harmonised meta-analysis of data from more than 1 million
men and women. Lancet, 388(10051), 1302–1318.

Ekelund, U., Tarp, J., Fagerland, M. W., Johannessen, J. S.,
Hansen, B. H., Jefferis, B. J., Whincup, P. H., Diaz, K. M.,
Hooker, S., Howard, V. J., Chernofsky, A., Larson, M. G.,
Spartano, N., Vasan, R. S., Dohrn, I. M., Hagstromer, M.,
Edwardson, C., Yates, T., Shiroma, E. J., … Lee, I. M. (2020).
Joint associations of accelero-meter measured physical
activity and sedentary time with all-cause mortality: A
harmonised meta-analysis in more than 44 000 middle-aged
and older individuals. British Journal of Sports Medicine,
54(24), 1499–1512.

Ekelund, U., Tarp, J., Steene-Johannessen, J., Hansen, B. H.,
Jefferis, B., Fagerland, M. W., Whincup, P., Diaz, K. M.,
Hooker, S. P., Chernofsky, A., Larson, M. G., Spartano, N.,
Vasan, R. S., Dohrn, I. M., Hagstromer, M., Edwardson,
C., Yates, T., Shiroma, E., Anderssen, S. A., & Lee, I. M.
(2019). Dose-response associations between accelerometry
measured physical activity and sedentary time and all cause
mortality: Systematic review and harmonised meta-analysis.
British Medical Association, 366, l4570.

Frayn, K. N. (1998). Non-esterified fatty acid metabolism and
postprandial lipaemia. Atherosclerosis, 141(1), S41–S46.

Freese, E. C., Gist, N. H., & Cureton, K. J. (2014). Effect
of prior exercise on postprandial lipemia: An updated
quantitative review. Journal of Applied Physiology, 116(1),
67–75.

Gabriel, K. K. P., Morrow, J. R., & Woolsey, A. L. T. (2012).
Framework for physical activity as a complex and
multidimensional behavior. Journal of Physical Activity &
Health, 9(1), S11–S18.

Gillen, J. B., Martin, B. J., MacInnis, M. J., Skelly, L. E.,
Tarnopolsky, M. A., & Gibala, M. J. (2016). Twelve weeks of
sprint interval training improves indices of cardiometabolic
health similar to traditional endurance training despite a
five-fold lower exercise volume and time commitment. PLoS
ONE, 11(4), e0154075.

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2018).
Worldwide trends in insufficient physical activity from 2001
to 2016: A pooled analysis of 358 population-based surveys
with 1.9 million participants. Lancet Global Health, 6(10),
E1077–E1086.

Hamilton, M. T., Etienne, J., McClure, W. C., Pavey, B.
S., & Holloway, A. K. (1998). Role of local contractile
activity and muscle fiber type on LPL regulation during
exercise. American Journal of Physiology-Endocrinology and
Metabolism, 275(6), E1016–E1022.

Hamilton, M. T., Hamilton, D. G., & Zderic, T. W. (2007). Role
of low energy expenditure and sitting in obesity, metabolic
syndrome, type 2 diabetes, and cardiovascular disease.
Diabetes, 56(11), 2655–2667.

Hamilton, M. T., Hamilton, D. G., & Zderic, T. W. (2022). A
potent physiological method to magnify and sustain soleus
oxidative metabolism improves glucose and lipid regulation.
Iscience, 25(9), 104869.

Hamilton, M. T., Healy, G. N., Dunstan, D. W., Zderic,
T. W., & Owen, N. (2008). Too little exercise and too
much sitting: Inactivity physiology and the need for new
recommendations on sedentary behavior. Current Cardio-
vascular Risk Reports, 2(4), 292–298.

Harrison, M., O’Gorman, D. J., McCaffrey, N., Hamilton, M.
T., Zderic, T. W., Carson, B. P., & Moyna, N. M. (2009).
Influence of acute exercise with and without carbohydrate
replacement on postprandial lipid metabolism. Journal of
Applied Physiology, 106(3), 943–949.

Heath, G. W., Gavin, J. R., Hinderliter, J. M., Hagberg, J.
M., Bloomfield, S. A., & Holloszy, J. O. (1983). Effects of
exercise and lack of exercise on glucose-tolerance and
insulin sensitivity. Journal of Applied Physiology, 55(2),
512–517.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.

 14697793, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/JP284169 by U

niversidad C
om

plutense D
e M

adrid, W
iley O

nline L
ibrary on [17/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



J Physiol 0.0 Physical inactivity causes exercise resistance of fat metabolism 11

Holloszy, J. O., Toro, G., Cureton, T. K., & Skinner, J. S. (1964).
Effects of 6 month program of endurance exercise on serum
lipids of middle-aged men. American Journal of Cardiology,
14, 753–759.

Islam, H., Gibala, M. J., & Little, J. P. (2022). Exercise snacks: A
novel strategy to improve cardiometabolic health. Exercise
and Sport Sciences Reviews, 50(1), 31–37.

Kim, I. Y., Park, S., Chou, T. H., Trombold, J. R., & Coyle,
E. F. (2016). Prolonged sitting negatively affects the post-
prandial plasma triglyceride-lowering effect of acute
exercise. American Journal of Physiology-Endocrinology and
Metabolism, 311(5), E891–E898.

Kristensen, D. E., Albers, P. H., Prats, C., Baba, O., Birk, J.
B., & Wojtaszewski, J. F. P. (2015). Human muscle fibre
type-specific regulation of AMPK and downstream targets
by exercise. The Journal of Physiology, 593(8), 2053–2069.

Lee, I. M., Shiroma, E. J., Kamada, M., Bassett, D. R.,
Matthews, C. E., & Buring, J. E. (2019). Association of
step volume and intensity with all-cause mortality in older
women. Journal of the American Medical Association Inter-
nal Medicine, 179(8), 1105–1112.

Lee, I. M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N.,
Katzmarzyk, P. T., & Lancet Physical Activity Series
Working G. (2012). Effect of physical inactivity on major
non-communicable diseases worldwide: An analysis of
burden of disease and life expectancy. Lancet, 380(9838),
219–229.

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard,
C., Banerjee, S., Brayne, C., Burns, A., Cohen-Mansfield,
J., Cooper, C., Costafreda, S. G., Dias, A., Fox, N., Gitlin,
L. N., Howard, R., Kales, H. C., Kivimäki, M., Larson, E.
B., Ogunniyi, A., … Mukadam, N. (2020). Dementia pre-
vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet, 396(10248), 413–446.

Manas, A., Cruz, B. D., Ekelund, U., Reyna, J. L., Gomez, I.
R., Carreno, J. A. C., Manas, L. R., Garcia, F. J. G., & Ara, I.
(2022). Association of accelerometer-derived step volume
and intensity with hospitalizations and mortality in older
adults: A prospective cohort study. Journal of Sport and
Health Science, 11(5), 578–585.

Morris, J. N., Heady, J. A., Raffle, P. A. B., Roberts, C. G., &
Parks, J. W. (1953). Coronary heart-disease and physical
activity of work. Lancet, 265(6795), 1053–1057.

Paffenbarger, R. S., Jr., Hyde, R. T., Wing, A. L., & Hsieh, C. C.
(1986). Physical activity, all-cause mortality, and longevity
of college alumni. New England Journal of Medicine,
314(10), 605–613.

Paluch, A. E., Bajpai, S., Bassett, D. R., Carnethon, M. R.,
Ekelund, U., Evenson, K. R., Galuska, D. A., Jefferis, B.
J., Kraus, W. E., Lee, I. M., Matthews, C. E., Omura, J. D.,
Patel, A. V., Pieper, C. F., Rees-Punia, E., Dallmeier, D.,
Klenk, J., Whincup, P. H., Dooley, E. E., … Steps for Health
Collaborative. (2022). Daily steps and all-cause mortality:
A meta-analysis of 15 international cohorts. Lancet Public
Health, 7(3), E219–E228.

Parikh, N. I., Pencina, M. J., Wang, T. J., Lanier, K. J., Fox,
C. S., D’Agostino, R. B., & Vasan, R. S. (2007). Increasing
trends in incidence of overweight and obesity over 5
decades. American Journal of Medicine, 120(3), 242–250.

Patel, A. V., Bernstein, L., Deka, A., Feigelson, H. S., Campbell,
P. T., Gapstur, S. M., Colditz, G. A., & Thun, M. J. (2010).
Leisure time spent sitting in relation to total mortality
in a prospective cohort of US adults. American Journal of
Epidemiology, 172(4), 419–429.

Pedersen, B. K., & Saltin, B. (2015). Exercise as medicine -
evidence for prescribing exercise as therapy in 26 different
chronic diseases. Scandinavian Journal of Medicine &
Science in Sports, 25(3), 1–72.

Piercy, K. L., & Troiano, R. P. (2018). Physical activity
guidelines for americans from the US Department of
Health and Human Services Cardiovascular Benefits and
Recommendations. Circulation-Cardiovascular Quality and
Outcomes, 11(11), e005263.

Piercy, K. L., Troiano, R. P., Ballard, R. M., Carlson, S. A.,
Fulton, J. E., Galuska, D. A., George, S. M., & Olson, R.
D. (2018). The physical activity guidelines for Americans.
Journal of the American Medical Association, 320(19),
2020–2028.

Raichlen, D. A., Aslan, D. H., Sayre, M. K., Bharadwaj, P.
K., Ally, M., Maltagliati, S., Lai, M. H., Wilcox, R. R.,
Klimentidis, Y. C., & Alexander, G. E. (2023). Sedentary
behavior and incident dementia among older adults. Journal
of the American Medical Association, 330(10), 934–940.

Satiroglu, R. L. S., Hong, S., Nagel, M., & Coyle, E. F.
(2021). 4-s inertial load sprint training raises maximal
anaerobic power, peak oxygen consumption and blood
volume. Medicine and Science in Sports and Exercise, 53,
2536–2542.

Seip, R. L., Angelopoulos, T. J., & Semenkovich, C. F. (1995).
Exercise induces human lipoprotein-lipase gene-expression
in skeletal-muscle but not adipose-tissue. American Journal
of Physiology-Endocrinology and Metabolism, 268(2 Pt 1),
E229–E236.

Seip, R. L., Mair, K., Cole, T. G., & Semenkovich, C. F. (1997).
Induction of human skeletal muscle lipoprotein lipase gene
expression by short-term exercise is transient. American
Journal of Physiology-Endocrinology and Metabolism, 272(2
Pt 1), E255–E261.

Sheng, M. X., Yang, J. Y., Bao, M., Chen, T. Z., Cai, R. X.,
Zhang, N., Chen, H. L., Liu, M. Q., Wu, X. Y., Zhang, B. W.,
Liu, Y. T., & Chao, J. Q. (2021). The relationships between
step count and all-cause mortality and cardiovascular
events: A dose-response meta-analysis. Journal of Sport
and Health Science, 10(6), 620–628.

Shur, N. F., Simpson, E. J., Crossland, H., Chivaka, P. K.,
Constantin, D., Cordon, S. M., Constantin-Teodosiu, D.,
Stephens, F. B., Lobo, D. N., Szewczyk, N., Narici, M., Prats,
C., Macdonald, I. A., & Greenhaff, P. L. (2022). Human
adaptation to immobilization: Novel insights of impacts on
glucose disposal and fuel utilization. Journal of Cachexia
Sarcopenia and Muscle, 13(6), 2999–3013.

Skelly, L. E., Gillen, J. B., Frankish, B. P., MacInnis, M.
J., Godkin, F. E., Tarnopolsky, M. A., Murphy, R.
M., & Gibala, M. J. (2021). Human skeletal muscle
fiber type-specific responses to sprint interval and
moderate-intensity continuous exercise: Acute and
training-induced changes. Journal of Applied Physiology,
130(4), 1001–1014.

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.

 14697793, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/JP284169 by U

niversidad C
om

plutense D
e M

adrid, W
iley O

nline L
ibrary on [17/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 E. F. Coyle J Physiol 0.0

Sparks, L. M. (2017). Exercise training response heterogeneity:
Physiological and molecular insights. Diabetologia, 60(12),
2329–2336.

Stamatakis, E., & Ahmadi, M. N. (2022). Vigorous intermittent
lifestyle physical activity improves mortality risk. Nature
Medicine, 28(12), 2484–2485.

Stamatakis, E., Gale, J., Bauman, A., Ekelund, U., Hamer, M.,
& Ding, D. (2019). Sitting time, physical activity, and risk
of mortality in adults. Journal of the American College of
Cardiology, 73(16), 2062–2072.

Tison, G. H., Barrios, J., Avram, R., Kuhar, P., Bostjancic,
B., Marcus, G. M., Pletcher, M. J., & Olgin, J. E. (2022).
Worldwide physical activity trends since COVID-19 onset.
Lancet Global Health, 10(10), E1381–E1382.

Trombold, J. R., Christmas, K. M., Machin, D. R., Kim, I. Y., &
Coyle, E. F. (2013). Acute high-intensity endurance exercise
is more effective than moderate-intensity exercise for
attenuation of postprandial triglyceride elevation. Journal
of Applied Physiology, 114(6), 792–800.

Tudor-Locke, C., Craig, C. L., Aoyagi, Y., Bell, R. C., Croteau,
K. A., De Bourdeaudhuij, I., Ewald, B., Gardner, A. W.,
Hatano, Y., Lutes, L. D., Matsudo, S. M., Ramirez-Marrero,
F. A., Rogers, L. Q., Rowe, D. A., Schmidt, M. D., Tully, M.
A., & Blair, S. N. (2011). How many steps/day are enough?
For older adults and special populations. International
Journal of Behavioral Nutrition and Physical Activity, 8, 80.

Wolfe, A. S., Burton, H. M., Vardarli, E., & Coyle, E. F. (2020).
Hourly 4-s sprints prevent impairment of postprandial fat
metabolism from inactivity.Medicine and Science in Sports
and Exercise, 52(10), 2262–2269.

World Health Organization. (2022). The global health
observatory. https://www.who.int/data/gho/indicator-
metadata-registry/imr-details/3416

Zilversmit, D. B. (1979). Atherogenesis - postprandial
phenomenon. Circulation, 60(3), 473–485.

Zilversmit, D. B. (1995). Atherogenic nature of triglycerides,
postprandial lipidemia, and triglyceride-rich remnant
lipoproteins. Clinical Chemistry, 41(1), 153–158.

Additional information

Competing interests

As a matter of Financial Interests Disclosure, the author, E.
F. Coyle, owns equity in Sports Texas Nutrition Training and
Fitness, Inc., a company that sells the inertial-load ergometer
(i.e. sprint) mentioned in this review. The results are pre-
sented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation.

Author contributions

Sole Author.

Funding

No funding was received.

Acknowledgements

The following graduate students provided feedback regarding
this review: Jeiting Wang, Remzi Satiroglu, Chelsea Merseal,
Christos Kyrillou and Kristel Altmann.

Keywords

cardiovascular, health, obesity, sedentary, walking

Supporting information

Additional supporting information can be found online in the
Supporting Information section at the end of the HTML view of
the article. Supporting information files available:

Peer Review History

© 2024 The Authors. The Journal of Physiology © 2024 The Physiological Society.

 14697793, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/JP284169 by U

niversidad C
om

plutense D
e M

adrid, W
iley O

nline L
ibrary on [17/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416

	Physical inactivity causes exercise resistance of fat metabolism: harbinger or culprit of disease?
	Introduction
	Our model
	Plasma triglycerides and acute exercise
	Inactivity is not simply the lack of exercise
	Epidemiological studies are somewhat consistent with each other
	Fat metabolism and step count
	Practical application
	Effects of inactivity on short-term exercise training responses
	Prolonged low intensity exercise and sprints with high intensity interval training
	Other models of inactivity
	Summary

	References
	Additional information
	Competing interests
	Author contributions
	Funding
	Acknowledgements

	Supporting information


