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Dishman challenged kinesiologists to seek a compromise between “the ideal physiological prescription and a manageable
behavioral prescription.” High-intensity interval training (HIIT) is the first exercise modality that has been claimed to meet this
challenge, combining substantial benefits for fitness and health with pleasure and enjoyment. If true, these claims may
revolutionize the science and practice of exercise. In this paper, four claims are critically appraised: (a) HIIT lowers the risk of
mortality more than moderate-intensity continuous exercise, (b) HIIT doubles endurance performance after only 15 min of
training over 2 weeks, (c) 1 min of HIIT is equivalent to 45 min of moderate-intensity continuous exercise, and (d) HIIT is more
pleasant and enjoyable than moderate-intensity continuous exercise. The evidence for these claims appears questionable.
Kinesiology should heed the principle endorsed by Hume, Laplace, and Sagan, namely that extraordinary claims should be

supported by commensurate evidence.
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Increasing the rates of physical activity in the population has
proven one of the most challenging and persistent problems in the
chronicles of public health (Barreto, 2013; Holtermann et al., 2021;
Pratt et al., 2020; Riitten et al., 2013). For the past half-century,
researchers have been striving to understand the motivational
processes underlying the behaviors of engaging in physical activ-
ity, adhering to it, and dropping out to return to a state of
hypoactivity. This extensive search has yielded few reliable an-
swers beyond the consensus that the problem is multifaceted and
complex. Accordingly, efforts to encourage a change from hy-
poactivity to activity (targeting individuals, schools, workplaces,
communities, etc.) have had limited success (e.g., Guthold et al.,
2018; Hoffman et al., 2017; Love et al.,, 2019). In the latest
installment of The Lancet series on physical activity and health,
the editors wrote: “Since 2001, there has been no improvement in
global levels of physical activity” (The Lancet, 2021, p. 365).
Researchers are conceding that, despite “exploding recognition and
research” regarding the health benefits of physical activity, “popu-
lation impact has been elusive” (Pratt et al., 2020, p. 760) and
progress in increasing the rates of public participation “remains
illusory” (p. 761).

Against the backdrop of researchers grappling with this highly
complex problem, high-intensity interval training (HIIT), namely
the modality of exercise in which several short periods of high-
intensity exercise are interspersed with periods of low-intensity
active recovery or passive rest, quickly transcended the boundaries
of basic research and gained exceptional popularity in the mass
media and the fitness industry (Thompson, 2013). At least in part,
this popularity may be attributable to the combination of (a) a
central message characterized by simplicity, definitiveness, and
optimism appearing against the backdrop of messages from science
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characterized by complexity, uncertainty, and a disheartening lack
of breakthrough insights; and (b) a series of extraordinarily bold
and intriguing claims. For example, while the problem of physical
inactivity is described elsewhere in the exercise-science literature
as the result of “interconnected complex, multifaceted cognitive,
neurological and physiological processes” (Rhodes et al., 2019,
p. 104), its portrayal in the HIIT literature is reassuringly simple,
albeit inaccurately so. The low level of physical activity participa-
tion is described as being mainly due to “lack of time,” which is
described unambiguously as “the primary reason for [the] failure to
exercise on a regular basis” (Gibala & McGee, 2008, p. 61).
Accordingly, researchers have suggested that the problem of
physical inactivity can be addressed, to a large extent, by offering
“time-efficient” forms of exercise, namely HIIT or its variants
(Coyle, 2005; Gibala, 2007; Gillen & Gibala, 2018). As an
editorialist wrote in the prestigious Journal of Physiology, “for
those looking to do the least possible work to be fit,” research on
HIIT “presents hope” (Baar, 2006, p. 690).

A claim or promise can be deemed “extraordinary” if it falls
outside the boundaries of current understanding or scientific con-
sensus (Deming, 2016). For example, a well-publicized claim in
the HIIT literature is that a total of only 15 min of high-intensity
interval exercise performed in six sessions over a period of 2 weeks
“doubled endurance time to fatigue during cycling at 80% VOzpeak
in recreationally active subjects” without changing maximal aero-
bic capacity (Burgomaster et al., 2005, p. 1988). This qualifies as
an “extraordinary” claim for at least three reasons. First, there is a
striking lack of proportionality between the unusually large train-
ing effect (d=1.13) compared with the minimalist intervention.
Second, there is no readily apparent mechanistic explanation that
can convincingly account for the full magnitude of this effect.
Third, in the past nearly two decades, there have been no direct
replications. Yet, this “extraordinary” result has been cited hun-
dreds of times, suggesting that within kinesiology, as in other
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scientific fields (Serra-Garcia & Gneezy, 2021), “extraordinary”
results may have broader appeal or hold greater intrigue than
“ordinary” results.

Four decades ago, Dishman (1982) issued a grand challenge to
kinesiology. He wrote that, while much is being discovered about
the “doses” of exercise that lead to favorable adaptations in
multiple bodily systems, not nearly as much is being learned about
the “dose” that encourages exercise adherence, even though one is
not meaningful without the other. So, his challenge was to seek an
elusive “compromise between the ideal physiological prescription
and a manageable behavioral prescription” (p. 248). Dishman
argued that finding this compromise “may be necessary to allow
adherence to be sufficient for desired biological changes to occur”
(p. 248). Specifically regarding intensity, he warned that, although
higher intensity may prompt faster or larger adaptations in multiple
bodily systems, “it is clear ... that an exercise intensity that
exceeds tolerance for physical stress will force an individual to
stop exercising” (p. 248).

Arguably, HIIT may represent the first instance in which
researchers have claimed to have devised an exercise training
method that approximates an “ideal physiological prescription”
and, at the same time, “a manageable behavioral prescription,” thus
approaching the elusive “compromise” that Dishman (1982) had
envisioned. The literature contains numerous studies claiming to
have demonstrated that HIIT is a powerful stimulus for a wide
range of physiological adaptations and health benefits. For exam-
ple, a review on the benefits of HIIT concluded that “higher
exercise intensities may be superior to moderate intensity for
maximizing health outcomes” (Karlsen et al., 2017, p. 67). In
addition, despite early warnings that “given the extreme nature of
the exercise, it is doubtful that the general population could safely
or practically adopt [HIIT]” (Gibala, 2007, p. 212; also see Gibala
& McGee, 2008, p. 62), more recently, reviewers have asserted that
HIIT is accompanied by a higher level of enjoyment than moderate-
intensity continuous exercise: “participants report highest enjoy-
ment for HIIT conditions” (Kilpatrick et al., 2014, p. 14).

The following sections examine four of the most noteworthy
claims that have appeared in the HIIT literature. Specifically, the
following dubious claims are subjected to critical appraisal:
(a) HIIT lowers the risk of mortality more than moderate-intensity
continuous exercise, (b) HIIT doubles endurance performance after
a total of only 15 min of training over 2 weeks, (c) 1 min of HIIT is
equivalent to 45 min of moderate-intensity continuous exercise,
and (d) HIIT is more pleasant and enjoyable than moderate-
intensity continuous exercise. By adopting a critical perspective
and invoking basic, uncontroversial, and well-known principles of
statistics and research methods, findings that might have seemed
“extraordinary” upon initial examination appear doubtful upon
closer inspection.

The working hypothesis adopted here is that the main driver of
extraordinary claims about HIIT is “spin” (Boutron et al., 2010;
Boutron & Ravaud, 2018). Spin often stems from “a burning desire
to demonstrate that treatments researchers believe in are effective”
(Harvey, 2015, p. 417). Because spin usually does not amount to
outright fabrication or falsification, it is commonly practiced and,
importantly, widely tolerated, “even, sometimes, presented as the
way to get ahead in science” (Bailar, 20006, p. 217). In the case of
HIIT, it could be argued that the intense worldwide fascination with
the subject has led to spin becoming more frequent, more brazen,
and more widely tolerated. The common denominator of “spun”
articles, editorials, and news items appears to be a shared desire
among authors, reviewers, editors, journalists, and social-media

personalities to amplify the virtues of HIIT, even in the absence of
strong supporting empirical evidence. In addition, “spin” may be
fueled by the fact that the popularity of HIIT within the fitness
industry has added a financial dimension, resulting in lucrative
book deals, media appearances, contracts with speaker bureaus,
and increased opportunities for grant funding for HIIT researchers.
The narrative underscores the importance of critical appraisal in an
informational landscape that contains claims ranging from those
whose scientific basis is obscure (e.g., 10,000 steps a day; Tudor-
Locke et al., 2011) to those that are blatantly pseudoscientific
(Tiller et al., 2022).

“It Protects Against Premature Death”

On December 23, 2020, an article in The New York Times, one of
the highest-circulation newspapers in the United States, was enti-
tled: “The secret to longevity? 4-minute bursts of intense exercise
may help”' and subtitled “Including high-intensity training in your
workouts provided better protection against premature death than
moderate workouts alone.” Several similar statements can also be
found in the scientific literature: (a) “one large-scale randomized
controlled trial (n=1,567) investigated the influence of different
aerobic exercise modalities on overall mortality in healthy older
adults [and] provides prospective evidence that HIIT is superior to
continuous training with moderate intensity and standard training
recommendations” (Joisten et al., 2022, p. 85); (b) “high-intensity
exercise has been shown to lower the risk of mortality to a greater
extent than moderate exercise through greater improvements in
aerobic capacity” (Herbert, 2022, p. 48); and (c) “recent random-
ized trial data suggest even lower all-cause mortality in older
patients performing HIIT” (Wernhart et al., 2021, p. 2). These
articles referred to a publication in the British Medical Journal,
reporting results from the “Generation 100” study, one of the
largest randomized controlled trials ever conducted investigating
the effects of exercise (Stensvold et al., 2020).

The trial, conducted in Norway, was designed with the
extremely ambitious goal of attempting “to determine the effects
of regular exercise training over a 5-year period on overall mortal-
ity in elderly people (7076 years of age)” (Stensvold et al., 2015,
p- 2). Even in a sample of septuagenarians, investigating mortality
as the primary outcome in an experimental study is “extremely
difficult” (Bahls et al., 2022, p. e266) because (a) the sample size
must be sufficiently large and (b) the follow-up period must be
sufficiently long to result in a high enough number of deaths that
would give the trial a meaningful level of statistical power (Kujala,
2018). This challenge was exacerbated in the case of the “Genera-
tion 100” trial by the fact that there was no physically inactive
control group; instead, 78% of the participant-volunteers allocated
to the control group met the national physical activity guideline at
baseline. The study was powered (1 —=90%) to detect a 50%
reduction in mortality, from the 10% suggested by national statis-
tics for the age group to 5%. However, these power calculations
referred to a comparison between the control group (mostly active
but without supervision, N=780) and a combined group of
individuals participating in partially supervised exercise, either
in the form of HIIT or in the form of moderate-intensity continuous
exercise (N =400 + 387 = 787). In other words, the trial was neither
originally designed nor adequately powered to compare HIIT to
moderate-intensity continuous exercise in terms of mortality (the
power achieved for a 5% difference in mortality with sample sizes
of 400 and 387 was 75%, below the 90% target set in power
calculations).
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Comparisons between HIIT and moderate-intensity continuous
exercise were made considerably more complicated (or less mean-
ingful) by several factors. First, all-cause mortality as an outcome is
too unspecific, containing variance that may be unrelated to the
experimental treatments (e.g., deaths due to accidents). As a result,
when the total number of deaths recorded during the follow-up period
is low, even a small number of deaths from causes unrelated to health,
if distributed unevenly between the groups (which is possible given
their small number), may weaken the resultant effect size.

Second, in the “Generation 100” trial, all-cause mortality after
the 5-year follow-up period was much lower than the 10% that was
initially assumed (4.6% overall, 4.7% in the control group),
possibly because the sample consisted of volunteers who were
already mostly physically active. Whatever the case, the inaccurate
initial assumptions increased the sample size required to maintain
the desired level of statistical power (assuming a 50% reduction in
mortality from 4.7% would have required N=1,346+1,346=
2,692 to maintain 90% power).

Third, because the trial was not originally designed as a
comparison between HIIT and moderate-intensity continuous
exercise, no safeguards were put in place to minimize treatment
crossover (or “cross-contamination’). Specifically, the supervised
sessions occurred only once every 6 weeks, at which time the
participants wore heart rate monitors to ensure compliance with the
instructions given to their respective groups (i.e., either four 4-min
intervals at 90% of peak heart rate or 16 on the 620 rating scale of
perceived exertion versus 50 min of continuous exercise at 70% of
peak heart rate or 13 on the 6-20 rating scale of perceived exertion).
Importantly, however, when the participants were unsupervised,
the instructions they were given specified that they were expected
to comply with their prescribed type of exercise for only two out of
the recommended five exercise sessions per week. As a result, only
47%-50% of the participants allocated to the group labeled as
“HIIT” chose to do HIT (27%—-28% chose to do moderate-
intensity continuous exercise) and 33% had dropped out by the
fifth year. In contrast, 51%—63% of the participants assigned to the
moderate-intensity continuous exercise group adhered to their
given prescription (only 11%-14% chose to do HIIT) and only
26% had dropped out by the fifth year. This extensive crossover
between treatment groups further decreased the likelihood of
detecting any differential effects on mortality between the two
exercise treatments. Moreover, this situation created considerable
interpretational problems for intention-to-treat analyses, because,
when the investigators were referring to “the HIIT group,” they
were referencing a group of participants, most of whom either
decided to abandon HIIT and switch to moderate-intensity contin-
uous exercise (27%—28%) or dropped out of the study altogether
(33%). The investigators had announced in the trial protocol that, in
addition to the standard intention-to-treat analysis, they would also
“perform a per protocol analysis, based on adherence to the
intervention” (Stensvold et al., 2015, p. 6). However, a per protocol
analysis was not included in the final report (Stensvold et al., 2020).

Given these challenges, it is unsurprising that the “Generation
100” trial found no difference in mortality between the control
group (37 deaths) and the combined (HIIT + moderate) “supervised
exercise” group (35 deaths). The investigators then also performed
comparisons between the HIIT subgroup (12 deaths) and the
moderate-intensity continuous exercise subgroup (23 deaths).
The hazard ratio adjusted for sex, cohabitation status, and age at
baseline was 0.51, but the confidence interval (CI) was wide and
included 1.0 (95% CI [0.25, 1.02]), indicating that it was not
statistically significant. Moreover, an examination of the causes of

death showed no consistent pattern. In particular, the deaths from
cardiovascular causes were too few to be meaningful (two deaths in
HIIT and four deaths in the moderate-intensity continuous exercise
group). The largest imbalance between HIIT (one death) and the
moderate-intensity continuous exercise group (four deaths) was in
the “other” category (i.e., noncardiovascular, noncancer deaths).
Large imbalances in nonfatal clinical events were in favor of the
moderate-intensity continuous exercise group, since HIIT had, for
example, 3.2 times as many acute myocardial infarctions (16 vs. 5)
and 3.3 times as many diagnoses of prostate cancer (13 vs. 4). The
two groups exhibited nearly identical numbers of all cardiovascular
events combined and all cancers combined (moderate-intensity
continuous training: 58 and 43; HIIT: 61 and 48, respectively), with
adjusted hazard ratios of 0.98 (95% CI [0.69, 1.41]) and 1.05 (95%
CI [0.70, 1.58]), respectively.

Besides the primary outcome of all-cause mortality, in the
article published in the British Medical Journal, the “Generation
100" investigators chose to report results on three secondary
outcomes (out of a much larger set), namely (a) VOzpeak,
(b) physical component of health-related quality of life, and
(c) mental component of health-related quality of life. For all three
of these variables, the investigators reported statistically significant
differences between the HIIT group and the MICT group at the
5-year follow-up, all in favor of HIIT (for each comparison,
p =.04). However, all three of these differences should be viewed
cautiously for the following reasons.

First, there is no apparent explanation for choosing to report this
particular subset of secondary outcomes. For example, since these
outcomes clearly do not constitute complete reporting (the list of
secondary outcomes, according to the trial protocol, was much longer;
see Stensvold et al., 2015), it is possible that these variables were
selected because they happened to show differences in favor of HIIT.

Second, neither the statistical test (i.e., linear mixed models) nor
the mix of covariates (i.e., sex, cohabitation status, age at baseline)
were specified in the trial protocol. In their instructions for avoiding
false-positive results, Simmons et al. (2011) wrote that not having
prespecified the set of covariates or experimenting with various
combinations of covariates represents an example of what they called
“researcher degrees of freedom,” namely questionable statistical
practices that researchers can use to produce the desired result: “If
an analysis includes a covariate, authors must report the statistical
results of the analysis without the covariate. Reporting covariate-free
results makes transparent the extent to which a finding is reliant on the
presence of a covariate” (p. 1363). While the results for all-cause
mortality included both unadjusted and adjusted statistics, this was not
the case for the secondary outcomes of VOzpeak and quality of life.

Third, no adjustments were made to prevent the inflation of the
Type I error rate due to multiple comparisons. If such adjustments
were made, none of the comparisons would have remained statis-
tically significant given the reported p values of .04. In general,
unless the analyses of secondary outcomes are adjusted for multi-
plicity, any secondary outcomes should be discussed as exploratory
and, as such, subject to further confirmatory trials (Li et al., 2017).

Fourth, the reported difference in VOzpmk of 0.7 ml'kg_] -min"" at
the fifth year of follow-up cannot be regarded as statistically reliable or
clinically meaningful. It should be noted that (a) approximately
half of the difference in favor of HIIT over the moderate-intensity
continuous  exercise group already existed at baseline
(0.3 ml-kg-min": 28.9+6.4 vs. 28.6 +6.6) and (b) 41% of parti-
cipants did not meet the criteria for maximal oxygen uptake, so most
tests were terminated when participants decided to stop (reached
“exhaustion”; see Stensvold et al., 2017). A point of “exhaustion” that

(Ahead of Print)

Brought to you by MICHIGAN STATE UNIVERSITY | Unauthenticated | Downloaded 08/10/22 07:44 PM UTC



4 EKKEKAKIS AND TILLER

could not be confirmed by conventional physiological criteria (e.g., a
respiratory exchange ratio of 1.05, as specified in the trial’s protocol)
should be considered susceptible to social environmental influences
such as encouragement (e.g., Andreacci et al., 2002), especially since
there is no indication that the outcome assessors were blinded to group
allocation.

Fifth, differences in the physical and mental components of
health-related quality of life were reported as statistically signifi-
cant (p =.04), but the differences between the HIIT group and the
moderate-intensity continuous exercise group were consistently
lower than 2 units on a 100-point scale (see Figure 1). Although the
information on the “minimal clinically important difference” of the
shortened scale that was used (Medical Outcomes Study Short-
Form [8-item] Health Survey [SF-8]) is sparse, data obtained with
the unabridged original version (Medical Outcomes Study [36-
item] Health Survey [SF-36]), which is also scored on a T-score
scale with a mean of 50 and a SD of 10, suggest that the minimal
clinically important difference is 3—5 units (Samsa et al., 1999). It
should also be noted that approximately half of the 1.7-unit
difference for the physical component (d=0.22) and the 1.2-
unit difference for the mental component (d=0.20) of health-
related quality of life found at the fifth year of follow-up was
already present at baseline (delta=0.7, d=0.11 and delta=0.6,
d=0.10, respectively). These baseline differences apparently
occurred as a result of imperfect randomization and cannot,
therefore, be causally attributed to the interventions.

The report on the “Generation 100 trial was published in the
British Medical Journal on October 7, 2020. The following day, a
press release was issued by the Norwegian University of Science
and Technology, which appeared under the title “High intensity
training best for older people.”” The subtitle read: “Five years of

high-intensity interval training increased quality of life, improved
fitness and might very well have extended the lives of participants
in the Generation 100 study.”

This description of the results of the trial, however, was
misleading. An examination of the pattern of changes in VOpeax
(“fitness”) in a figure within the Supplementary Material (available
online) does not show an “improvement” per se but rather an initial
increase at the first year of follow-up, followed by a steady decline at
the third and fifth years (although it is important to note that
the absence of a decline from baseline by the fifth year of follow-
up in a sample of septuagenarians should be interpreted as a positive
outcome). Likewise, Table S6 in the supplementary material pub-
lished with the study shows small declines in the physical and mental
components of health-related quality of life over time. Moreover, as
noted earlier, the phrase “five years of high-intensity interval train-
ing” is a misrepresentation, insofar as most participants initially
allocated to “the HIIT group” either switched to moderate-intensity
continuous exercise or dropped out of the study. Finally, the
expression “might very well have extended the lives of participants”
was arguably a questionable way of stating that the difference was
not statistically significant. In the text of the press release, the lead
author was quoted as saying the following on this issue:

In the interval training group, 3% of the participants had died
after five years. The percentage was 6% in the moderate group.
The difference is not statistically significant, but the trend is so
clear that we believe the results give good reason to recom-
mend high-intensity training for the elderly.

When the results were summarized for American readers in
The New York Times, the important caveat “not statistically
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Figure 1 — Differences between the HIIT group and the MICT group in the Generation 100 trial on the physical component (left panel) and mental
component (right panel) of health-related quality of life. It can be seen that half of the differences deemed statistically significant (p = .04) at the fifth year
were already present at baseline as a result of imperfect randomization. HIIT = high-intensity interval training; MICT = moderate-intensity continuous

training.
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significant” and the equally important caveat “we believe” were
omitted. The subtitle of the article (“Including high-intensity
training in your workouts provided better protection against pre-
mature death than moderate workouts alone”) insinuated that
“better protection” was a definitively established result. No refer-
ence was made to the fact that the differences found were not
statistically significant: “the men and women in the high-intensity-
intervals group were about 2 percent less likely to have died than
those in the control group, and 3 percent less likely to die than
anyone in the longer, moderate-exercise group.” The results on
VOzpeak and health-related quality of life were likewise misrepre-
sented: “The men and women in the interval group also were more
fit now and reported greater gains in their quality of life than the
other volunteers.” As explained earlier, participants were not “more
fit” than they were at baseline and did not experience any “gains in
their quality of life” compared to baseline. Therefore, it could be
argued that the “spin,” ambiguity, and absence of crucial caveats
found in the university press release influenced the subsequent
newspaper coverage (Schwartz et al., 2012; Woloshin et al., 2009;
Yavchitz et al., 2012).

It is noteworthy that, in this case, both the press release issued
by the British Medical Journal on October 7, 2020 (“Exercise
intensity not linked to mortality risk in older adults, finds trial”)
and a summary published in the December 22, 2020 issue of the
Journal of the American Medical Association (“Exercise intensity
unrelated to older adults’ mortality risk”4; Slomski, 2020) were
both accurate and unambiguous in their representations of the
results.

In summary, despite assertions that the Generation 100 trial
demonstrated that “HIIT is superior to continuous training with
moderate intensity and standard training recommendations” with
regard to reducing mortality risk (Joisten et al., 2022, p. 85), this
conclusion is unsupported by a critical review of the data. What
remains as an interesting, albeit unanswered (and perhaps unan-
swerable), question is what is causing some researchers to argue
otherwise.

“It Doubles Endurance Performance in Just
15 Minutes of Training”

On June 1, 2005, the press office of McMaster University in
Canada issued a press release entitled “A few 30 second sprints
as beneficial as hour-long jog.”> The study in question, which
helped launch the HIIT phenomenon, was a study of only six men
and two women, and it did not involve a comparison to an
“hour-long jog.” The participants, described as “recreationally
active” university students (VOzpeak: 44.6+9 ml~kg_1~min_1), after
taking part in only six training sessions over a period of 14 days
(Monday, Wednesday, and Friday), reportedly doubled their
cycling endurance performance (time to fatigue while pedaling
at 80% VOZpeak)v from 26 + 14 to 51 + 31 min, without a change in
maximal aerobic capacity (Burgomaster et al., 2005). The authors
noted that the improvement would have been even larger (six of the
eight participants more than doubled their performance) if it was
not for a single participant who showed a slight decline. The
training consisted of four to seven 30-s Wingate tests of maximal
anaerobic capacity, performed back-to-back at “all out” intensity,
interspersed with 4-min periods of rest or low-intensity pedaling
(<50 rpm, <30 W). Thus, the total duration of high-intensity
training that was needed to produce this dramatic improvement
in endurance was only about 15 min.

A critical reading of the study by Burgomaster et al. (2005)
reveals several potential sources of bias, including the absence of
random allocation to groups, the assessment of outcomes (includ-
ing endurance performance) by nonblinded assessors, uncertainty
regarding the possibility of selective outcome reporting due to the
lack of preregistration, the nonreporting of statistical details (e.g., ¢
values, degrees of freedom), the lack of adjustment for the inflation
of the Type I error rate due to multiple comparisons (each test was
performed at p <.05), and the extremely low level of statistical
power (6.6% to investigate a small effect, 15.4% for a medium
effect, 32.0% for a large effect, assuming no measurement error and
no adjustment for multiplicity).

These problems, while serious and likely consequential, even
if taken collectively, may still not account for the astounding
~100% improvement in endurance performance after only
15 min of training. In an insightful critical commentary, psycho-
physiologist Paul Grossman (2005), characterizing the “doubling
of endurance capacity” as “remarkable,” identified certain “behav-
ioral variables” that, if left uncontrolled, “‘could conceivably lead to
false inferences” (p. 2473). For example, Grossman asked about
the participants:

Did [the participants] derive from a pool of interested exercise
physiology students, did they have any knowledge of the
hypotheses of the study during the training period that could
have influenced their exercise performance during or between
the protocol laboratory trainings, and/or were subjects ran-
domly assigned to control and experimental groups (or possi-
bly explicitly or implicitly selected according to criteria that
could optimize positive findings, e.g., the experimental sub-
jects may have had more prior experience with exercise
studies)? (p. 2473)

Grossman (2005) explained that “awareness of the core
hypotheses of the study among subjects or laboratory research
staff could affect those exercise measures that are modifiable by
means of variations in motivation (effort-dependent variables,
e.g., cycle endurance time to fatigue)” (p. 2473). Even when the
participants are not aware of the research hypotheses a priori,
Grossman explained that participants, being active agents in the
process, always try to infer the expectations of researchers, and
often succeed, given that researchers tend to tacitly broadcast them
through subtle differences in instructions, nonverbal cues, or
communication styles:

Differences in expectations can be explicitly or implicitly
communicated to individual groups. When effort-dependent
measures are employed (e.g., spirometric evaluations), slight
differences in instruction or expectation may lead to significant
effects. Subjects may be made aware of the major hypotheses
of the study, and this could influence their behavior inside or
outside the laboratory. Unstandardized procedures in the
experimental settings may also occur, for example, haphazard
and varying instruction and behavior of experimenters, flurries
of extraneous experimenter activity and disturbance while
carrying out a protocol, or varying numbers of experimenters
and/or observers during measurements. These factors may
create extra “noise,” or error variance, if applied unsystemati-
cally or clearly bias experimental hypotheses if applied sys-
tematically. (p. 2474)

The researchers largely dismissed these concerns, reassuring
readers that they are “keenly aware of the potential for
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experimenter bias and/or sloppy procedures to create error variance
and/or prejudice study outcomes” and “judiciously guard against
the various pitfalls in subject recruitment and other parameters that
Dr. Grossman describes” (Gibala et al., 2005, p. 2475). Among the
specific examples they gave for “judiciously guarding against the
various pitfalls,” the researchers noted that they employed a
“control group for the performance test that was drawn from the
same subject population” and applied “appropriate and rigorous
statistical analyses” (p. 2475). However, as noted earlier, the
control group was not formed via random allocation and the
analyses greatly raised the risk of both Type I (i.e., false positives,
or rejecting the null hypothesis when it is true) and Type II errors of
statistical inference (i.e., false negatives, or failing to reject the null
hypothesis when it is false).

Of greater concern was a new description of the experimental
procedures that was published several years later in a book written
for the general public (Gibala, 2017). This new description re-
vealed that the sources of bias Grossman had intuitively suspected
were, in fact, present. The principal investigator explained that the
individuals who conducted the intervention and outcome assess-
ments were “talented and enthusiastic graduate students” who had
participated in “brainstorming sessions” and were fully aware of
the hypotheses and expectations of the study, having participated in
its design. The study participants, who were generically described
in the journal article as “recreationally active individuals from the

. student population” (Burgomaster et al., 2005, p. 1986), were
described in the book, more specifically, as “the sort of athletic
young adults, men and women, who tend to be around [a]
Kinesiology Department” (Gibala, 2017, p. 18).

Since the participants were students in the same department as
the investigators, it is possible that they were made aware of the
hypotheses of the study and could deduce the expectations of the
investigators. There are several reasons that strengthen this possi-
bility. First, the “study purpose was disclosed to all subjects before
their participation” as required by “institutional Research Ethics
Board guidelines” (Gibala et al., 2005, p. 2475). Second, “all
subjects performed extensive familiarization trials before testing”
(Burgomaster et al., 2005, p. 1989), thus having ample opportunity
to interact with and develop interpersonal bonds with the inves-
tigators. Third, this is suggested by the description of the training
sessions in the book, which differed considerably from the mun-
dane description in the journal article (“Subjects were verbally
encouraged to continue pedaling as fast as possible”; Burgomaster
et al., 2005, p. 1986):

The training sessions were pretty intense. In our write-up of the
experiment, we noted that the subjects were “verbally encour-
aged” during their sprints. That’s a staid depiction of what
actually happened. The atmosphere was as loud and enthusi-
astic as any I’ve seen in a laboratory setting. Rock music
blared. As each participant shifted into the sprint, a half-dozen
grad students gathered around to offer encouragement: High-
volume shouts. Lots of “Go! Go! GO!” and “YOU CAN DO
IT!” Then, after the sprint, there were high-fives and pats on
the back. (Gibala, 2017, pp. 18-19)

The day of outcome assessment was described as “the most
exciting day” (Gibala, 2017, p. 19). During testing, “the lab was
quiet,” no “encouragement or feedback” was given, and the
investigators “tried to keep [their] expressions blank, so as not
to affect the subject’s performance” (p. 19). However, once the
testing got underway, it became “difficult to maintain that fagade of
impartiality” (p. 19) because “the numbers were crazy” (p. 19),

“amazing” (p. 20), “incredible” (p. 20), “remarkable” (p. 20),
“powerful” (p. 20), “near magic” (p. 20), “enormous” (p. 20),
and “miraculous” (p. 21).

To readers with training in psychology, these descriptions are
probably reminiscent of examples they encountered during courses
on psychological research methods and, in particular, on the
importance of controlling for threats to internal validity. A large
set of highly influential articles, published mainly in the 1960s and
1970s, raised awareness among psychologists about the potential
sources of bias associated with both participants and investigators
(e.g., Mahoney, 1979; Orne, 1962; Rosenthal, 1963). Among the
most relevant sources of bias during the testing sessions in Burgo-
master et al. (2005), based on the descriptions provided above,
were “outcome-orientation effects” (Rosenthal, 1964), namely
(usually, unintentional) cuing or signaling that convey to partici-
pants the expectations and wishes of the experimenters, and the so-
called “early data returns effect,” whereby positive results arising
from testing the first batch of participants cause mood improve-
ments and subtle changes in the behavior of the investigators
(Rosenthal et al., 1965). Collectively, these factors are known to
raise the likelihood of results that are in line with the expectations
and wishes of the investigators.

Similarly, during the training sessions, the descriptions make it
clear that several elements were introduced (without disclosing
them in the research article), besides the high-intensity interval
exercise per se, thus inviting possible alternative explanations for
the intervention effects (also see Halperin et al., 2015). Loud, high-
energy music has been extensively documented to have an inde-
pendent ergogenic effect, in addition to lowering perceptions of
exertion and increasing ratings of pleasure during exercise (Terry
et al., 2020). Moreover, following early research on the social
facilitation of task performance (Zajonc, 1965), exercise research-
ers have published substantial evidence that such factors as praise
and strong verbal encouragement can also have a powerful,
independent ergogenic effect (Edwards et al., 2018; Midgley
et al., 2018). Warnings about the potential biasing effects of social
interactions in the exercise laboratory have been issued for decades.
Peter Karpovich (1937), a student of Ivan Pavlov and one of the
pioneers of exercise physiology in North America, noted that
“cheering had the most marked effect” (p. 628):

In performing these tests special care should be taken to
eliminate any factor which may affect the subject, otherwise
the results will not be reliable. The following experiment
illustrates this. A subject was working on the arm ergograph.
The writer was sitting behind a screen, hidden from the subject
yet able to watch him. An assistant was pretending to do some
work at a table ten feet away from the ergograph. Occasionally
the assistant would rise, walk to the ergograph without paying
any attention to the subject and look at the kymograph. Each
time he did this the height of the contractions immediately
increased. The same thing happened also when the writer rose
and looked at the subject. (pp. 628-629)

Remarkably, despite their extraordinary nature, the results
reported by Burgomaster et al. (2005) have not attracted the critical
scrutiny of researchers in kinesiology besides the early incisive
commentary by Grossman (2005). However, one study that partly
replicated the procedures of Burgomaster et al. and used a sample
with similar characteristics failed to reproduce the original results
(Bertschinger et al., 2020).

In summary, although Burgomaster et al. (2005) expressed the
belief that it is “unlikely that this finding is a spurious result”
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(p- 1989), the doubling of endurance performance after only 15 min
of training (in six sessions over 2 weeks) is such an extraordinary
result that it should have prompted close scrutiny and replication
attempts by the global exercise-science-research community. Crit-
ical appraisal of the research methods, as summarized in the
previous paragraphs, would have revealed several plausible alter-
native explanations for this result other than the effect of training
alone. The mechanisms we outlined here are uncontroversial and
have long been established as representing potentially powerful
threats to internal validity. Nevertheless, it is noteworthy that,
while the study by Burgomaster et al. has received over one
thousand citations and became the impetus for the HIIT phenome-
non, the insightful, incisive, and accurate critique by Grossman
(2005) has been cited only once. This represents a remarkable
demonstration of the phenomenon described by Serra-Garcia and
Gneezy (2021), namely that, although experts (e.g., peer reviewers,
journal editors) can generally recognize methodological and sta-
tistical weaknesses, and therefore can identify studies with a low
reproducibility, they “may apply lower standards” (p. 4) when
considering its suitability for publication “when the paper is more
interesting” (defined as the potential to attract more attention).

“One Minute Is as Effective as 45 Minutes of
Moderate-Intensity Continuous Exercise”

On April 27, 2016, an article in The New York Times presented an
astounding claim, namely that “1 minute of all-out exercise may
have the benefits of 45 minutes of moderate exertion.”® This claim
was based on a study, according to which only 1 min of HIIT per
session (within 10-min sessions that also included warm-up,
cooldown, and recovery periods), performed three times per
week, resulted in “strikingly similar 19% improvement in VOzpeak
after 12 weeks” (Gillen et al., 2016, p. 8) as 50-min sessions
(including warm-up and cooldown) of moderate-intensity contin-
uous exercise in previously inactive men. This finding is “extraor-
dinary” because, over the past 70 years, research has yielded no
indication that the “exchange rate” between high-intensity exercise
and moderate-intensity exercise could be near 1-to-45 (“3x20-
second ‘all-out’ cycling efforts” vs. “45 minutes of continuous
cycling”; see Gillen et al., 2016, p. 4) or 1-to-50 (“3 minutes of
intense intermittent exercise per week” vs. “150 minutes per week
of moderate-intensity continuous training”’; see Gillen et al., 2016,
p.- 10). If true, this claim would warrant the overhaul of both the
science and the practice of exercise.

The study was a comparison of three nonrandomized groups,
one engaging in interval training (n =9 but 8 for some analyses),
the second engaging in moderate-intensity continuous exercise
(n =10 but 9 for some analyses), and the third being a nonexercise
control (n =6 but 5 for some analyses). Interval training involved
three weekly sessions of 3 x20-s “all-out” cycling against a
resistance equal to 5% of body mass (=500 W), interspersed
with 2-min active-recovery periods at 50 W. Moderate-intensity
continuous exercise involved 45 min of continuous cycling at
~70% of maximal heart rate (~110 W). Both interval training
and moderate-intensity continuous exercise were preceded by a
2-min warm-up and followed by a 3-min cooldown at 50 W.

The researchers examined a wide array of outcomes, including
variables from a maximal exercise test, a body composition
analysis, an intravenous glucose tolerance test, a resting muscle
biopsy, and an arterial ultrasound imaging test (the latter data
reported in a different publication). In the Gillen et al. (2016) report

alone, there were 23 dependent variables (measured by nonblinded
assessors), each analyzed with a criterion of p < .05 (i.e., unadjusted
for multiplicity). Some of the analyses found that, while interval
training and moderate-intensity continuous exercise differed from
no-exercise control, they did not differ significantly from each
other. For example, Gillen et al. reported “strikingly similar 19%
improvements” in maximal oxygen uptake between the groups
(although, at least at the level of group means, moderate-intensity
continuous exercise resulted in 19% improvement or 0.5 L/min,
from 2.7 to 3.2 L/min, whereas interval exercise resulted in
15% improvement or 0.4 L/min, from 2.6 to 3.0 L/min). On
the basis of these findings, the researchers concluded that
(a) “12 weeks of [sprint-interval training] in previously inactive
men improved insulin sensitivity, cardiorespiratory fitness, and
skeletal muscle mitochondrial content fo the same extent as [mod-
erate-intensity continuous exercise], despite a five-fold lower
exercise volume and training time commitment” and (b) “a
[sprint-interval training] protocol involving 3 minutes of intense
intermittent exercise per week, within a total time commitment of
30 minutes, is as effective as 150 minutes per week of moderate-
intensity continuous training for increasing insulin sensitivity,
cardiorespiratory fitness and skeletal muscle mitochondrial content
in previously inactive men” (p. 10, emphasis added).

This study exemplifies statistical problems that can raise the
risk of both Type I and Type II errors of statistical inference to
unacceptably high levels. Analyzing 23 dependent variables with-
out any correction for the inflation of « can raise the risk of Type I
error up to 69.3%, which entails that at least some of the analyses
could reach the p<.05 criterion of statistical significance by
chance. The likelihood of such events is enhanced by the extremely
small sample sizes for the groups engaged in interval training and
moderate-intensity continuous exercise (i.e., nine and 10 initially,
but eight and nine for some analyses). Such small sample sizes
entail extreme volatility of the sample means (e.g., due to presence
of one or two unusual scores). At the same time, claims of a
treatment being “as effective as” or inducing changes “to the same
extent as” another treatment on the basis of the p > .05 criterion for
a comparison between the group means is statistically inappropriate
(Lakens, 2017; Parkhurst, 2001; Smith, 2020). Sample sizes of nine
and 10 entail only 13.0% statistical power for intergroup compar-
isons for an effect on maximal oxygen uptake of d = 0.40 (as per the
meta-analysis by Mattioni Maturana et al., 2021), raising the risk of
a Type II error to 87.0%. For example, in regard to the finding
highlighted by the researchers, namely that interval training and
moderate-intensity continuous exercise were “as effective” in
improving cardiovascular fitness or changed cardiovascular fitness
“to the same extent,” the v-statistic (Davis-Stober & Dana, 2014,
Lakens & Evers, 2014) was zero. This indicates that a model of
estimation in which both the direction and the magnitude of the
effect were determined at random (and, therefore, the model was,
by definition, entirely uninformative) can be expected to be
consistently more accurate than a model based on the observed
data (i.e., estimation based on ordinary least squares).

Besides these fundamental statistical concerns, the study by
Gillen et al. (2016) underscores the need for readers to remain
critical and to attempt to scrutinize and independently verify, to the
extent possible, all claims made in research articles. For example,
in reviewing previous work in their introduction, the researchers
made a series of striking claims. They claimed that, according to
one study (Jung et al., 2014), “subjects reported greater enjoyment
of, and a preference to engage in [HIIT]” compared with moderate-
intensity continuous exercise (Gillen et al., 2016, p. 10). However,
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this assertion is inconsistent with the findings in the original report.
According to the data reported by Jung et al. (2014), “[HIIT] was
not statistically more enjoyable than [moderate-intensity continu-
ous exercise] at p=.08,” there were “no significant differences in
enjoyment between the [HIIT] and [moderate-intensity continuous
exercise] trials (p =.74),” and “there was no significant difference
in anticipated enjoyment between [HIIT] and [moderate-intensity
continuous] exercise (p =.60)" (p. 12). Likewise, preference for
exercise modality was assessed with two questions but neither
intergroup comparison reached statistical significance (p =.07 and
p =.59, respectively).

Likewise, Gillen et al. (2016) asserted that, according to
another study (Jung et al., 2015), “adherence to a 4-week high-
intensity interval training program, assessed by self-report in free-
living conditions, was greater than for moderate-intensity continu-
ous exercise in people with prediabetes” (p. 10). However, this
statement was also inconsistent with the data in the original report.
Jung et al. (2015) found that, out of 12 sessions prescribed over 4
weeks, participants in HIIT reported missing 1.32 of their 25-min-
long sessions (i.e., 89 + 11% adherence), whereas participants in
moderate-intensity continuous exercise reported missing 3.48 of
their 50-min-long sessions (i.e., 71 £ 31% adherence). This com-
parison did not reach the criterion of statistical significance
(p=.05133), but Jung et al. (2015) characterized it as “a significant
difference in adherence rates” (p. 5). More importantly, (a) the
higher adherence did not translate to more physical activity, since
the researchers found no difference in moderate-to-vigorous phys-
ical activity based on accelerometers (either overall or in 10-min
bouts) and (b) significantly more participants dropped out of the
HIT group (five of 15 or 33%) than the moderate-intensity
continuous exercise group (one of 17 or 6%), Xz =3.94, p=.047.

In summary, given the concerns outlined here, extraordinary
claims that “1 minute of intense intermittent exercise” can improve
indices of cardiometabolic health “to the same extent as ...
50 minutes of continuous exercise at a moderate pace” (Gillen
et al.,, 2016, p. 8, emphasis added) or “3 minutes of intense
intermittent exercise per week” are “as effective as 150 minutes
per week of moderate-intensity continuous training” (p. 10, empha-
sis added) should be viewed cautiously. The high risk of both Type
I (i.e., inflation of a up to nearly 14 times the conventional rate of
5%) and Type II errors (i.e., inflation of B to more than four times
the conventional rate of 20%) suggests that the results cannot be
considered credible. In addition, several of the assertions about the
benefits of HIIT included in the article diverge from the original
evidence and are, therefore, misleading.

“HIIT Is More Pleasant and Enjoyable Than
Moderate-Intensity Continuous Exercise”

The authors of a meta-analysis (Oliveira et al., 2018) comparing
pleasure and enjoyment responses to HIIT versus moderate-inten-
sity continuous exercise concluded that “most of the comparisons
performed presented positive effects for HIIT” (p. 1), and therefore,
“HIIT exercise may contribute to obtaining psychological re-
sponses that are equal to or more positive than [moderate-intensity
continuous exercise] sessions” (p. 8). Thus, the authors proposed
that “HIIT exercise may be recommended for obtaining positive
psychological responses” (p. 1). These assertions, which turned
decades of prior research on the negative relation between high
exercise intensity and pleasure on its head (e.g., Ekkekakis et al.,
2011), have had a considerable influence on the literature. For

example, citing this meta-analysis as evidence, researchers have
stated that “several studies have reported that HIIT usually offers
more enjoyment and affective responses both during and immedi-
ately after exercise. Therefore, HIIT may be an alternative to
[moderate-intensity continuous training] for inducing positive
physiological adaptations and doing so in a more enjoyable
way” (Serrablo-Torrejon et al., 2020, p. 2).

A closer inspection of the details of the meta-analysis conducted
by Oliveira et al. (2018), and some of the articles included therein,
reveals several irregularities. First, three studies contributed multiple
effect sizes, with the same samples used repeatedly. This approach
violates a fundamental assumption underpinning the random-effects
model of meta-analysis, namely the assumption of the independence
of effect sizes (Cheung, 2019; Gucciardi et al., 2022; Senn, 2009).
Violating the assumption of independence falsely attenuates esti-
mates of standard error, thereby resulting in deceptively narrow
confidence intervals and thus an inflation of the Type I error rate.
Second, claims in favor of HIIT should have been tempered by the
fact that the effect sizes were strongly heterogeneous (I* =79% for
pleasure, I* = 69% for enjoyment) and, importantly, the pooled effect
size for pleasure was not significantly different from zero.

As consequential as these issues are, there were even more
serious interpretational problems. Although the stated purpose of
the meta-analysis was to compare “the acute effects of HIIT and
[moderate-intensity continuous training] on affective and enjoy-
ment responses” (p. 2), some of the effect sizes that were pooled
referred, instead, to comparisons between HIIT and continuous
exercise sessions performed at intensities that were as high as or
higher than those used in HIIT but were misleadingly characterized
as “moderate-intensity.” Specifically, Oliveira et al. (2018) noted
that “the studies of [Jung et al., 2014], [Kilpatrick et al., 2015] and
[Martinez et al., 2015] showed in general beneficial effects of HIIT
on affective responses compared to [moderate-intensity continuous
training]” (p. 5). These were the same three studies that contributed
multiple effect sizes and were, therefore, collectively assigned
more weight in the meta-analysis. We next review the methodolo-
gies of these three studies in more detail, to explain why several of
the effect sizes derived from them did not represent comparisons
between HIIT and moderate-intensity continuous exercise, con-
trary to the claim by Oliveira et al.

Jung et al.’s Study

This study included, in addition to a HIIT condition, two continu-
ous-intensity conditions, one of which was labeled “continuous
vigorous intensity” (“CVI”). In this condition, the participants had
to maintain 80% of peak power for 20 min, a very demanding task.
Although Jung et al. (2014) did not disclose the full details of the
heart rate responses during their experimental conditions, they did
report that, at minute 18:30 of the 20-min “CVI” condition,
participants reached 169.40 + 14.24 beats/min. This intensity
approximately corresponded to 90% of maximal heart rate, which
is near the top of the “vigorous” range (i.e., 77%—-95% of maximal
heart rate), and just short of the range considered “near maximal”
(American College of Sports Medicine, 2022). The heart rate
reached at the same time during the HIIT condition was slightly
lower (167.93 + 14.62 beats/min). It should be emphasized, how-
ever, that, during the HIIT session, participants were exposed to
this level of intensity intermittently and only for a total of 10 min
(during the ten 1-min intervals), whereas participants in the “CVI”
condition exercised continuously for 20 min. Nevertheless, Oli-
veira et al. (2018) analyzed the comparison between HIIT and
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“CVI” as a comparison between HIIT and ‘“moderate-intensity
continuous exercise.”

Kilpatrick et al.’s Study

This study included four experimental conditions: (a) “moderate
continuous,” (b) “heavy continuous,” (c) “heavy interval,” and
(d) “severe interval.” The domains of “moderate,” “heavy,” and
“severe” intensity have profound implications for metabolic strain.
In theory, intensities labeled “heavy” are supposed to be higher
than those labeled “moderate,” and intensities labeled “severe” are
supposed to be higher than those labeled “heavy.” Kilpatrick et al.
(2015) set “moderate” intensity as 20% below the ventilatory
threshold, “heavy” intensity at the ventilatory threshold, and
“severe” intensity at 20% above the ventilatory threshold. How-
ever, they did not take into account that physiological indices of
metabolic strain (a) do not rise instantly but rather over a period of
minutes (with the rate depending on the workload) and (b) tend to
exhibit an upward drift over time (i.e., do not remain steady) during
continuous exercise, especially at high workloads. The combina-
tion of these two factors crucially altered the meaning of the labels
given to the intensity conditions. The so-called “moderate contin-
uous” condition culminated in 161 + 18 beats/min, whereas the
highest heart rate recorded during the so-called “heavy interval”
condition was only 154 + 16 beats/min. Likewise, the so-called
“heavy continuous” condition culminated in 174 + 17 beats/min,
whereas the highest heart rate recorded during the so-called “severe
interval” condition was only 165 =+ 17 beats/min. Moreover, while
the participants were exposed to supposedly “heavy” and “severe”
intensities for only a total of 10 out of 20 min during the interval
conditions, they were exposed to the “moderate” and ‘“heavy”
intensities for 20 out of 20 min during the continuous conditions
(i.e., resulting in a combination of higher physiological intensities and
double duration of exposure). Despite the fact that the lead researcher
of the Kilpatrick et al. (2015) study was also a coauthor of the meta-
analysis by Oliveira et al. (2018), the meta-analysis included one
comparison between the (higher intensity) “moderate continuous”
and the (lower intensity) “heavy interval” conditions, and another
comparison between the (higher intensity) “heavy continuous” and
the (lower intensity) “severe interval” conditions, both of which were
analyzed, inappropriately, as representing comparisons between
“moderate-intensity continuous exercise” and “HIIT.”

Martinez et al.’s Study

This study did not include a moderate-intensity continuous exercise
condition at all. It involved a comparison between a 20-min
continuous exercise condition performed at “heavy” intensity
(defined as 10% of the difference between the ventilatory threshold
and maximal capacity) and three 24-min HIIT conditions per-
formed at “severe” intensity (defined as 60% of the difference
between the ventilatory threshold and maximal capacity), the
difference between them being the duration of the high-intensity
intervals and rest periods (30, 60, and 120 s). Although Martinez
et al. (2015) did not disclose the full details of the heart rate
responses during their experimental conditions, they did report that
the overall average during the “heavy-intensity continuous” con-
dition was the highest of all experimental conditions (158 = 14
beats/min, approximately corresponding to 84 + 7% of peak heart
rate). This intensity is within what is considered the range of
“vigorous” intensity (i.e., 77%-95% of maximal heart rate;
American College of Sports Medicine, 2022) rather than

“moderate” (i.e., 64%—76% of maximal heart rate). Data reported
in the original Master’s thesis by Martinez, based on 14 of the
eventual 20 participants, show that heart rate in the “continuous
heavy” condition progressively drifted upward, from 141 + 14 to
167 + 17 beats/min (i.e., approximately equivalent to a drift from
75% to 88% of peak heart rate), and was within the “vigorous”
range (rather than “moderate”) for almost the entire 20-min session.
In contrast, only one of the three HIIT conditions (i.e., involving six
120-s intervals) exhibited heart rate peaks that were higher (from
151 £21 to 180 £ 10 beats/min). During the other two HIIT con-
ditions, heart rate peaked at levels lower than (30-s intervals: from
137 £20 to 149 + 18 beats/min) or similar to (60-s intervals: from
140 £22 to 168 + 14 beats/min) the levels recorded during the
“continuous heavy” condition. Furthermore, while participants
engaged in exercise continuously for 20 min during the “continu-
ous heavy” condition, they were only exposed to high intensities
for a total of 12 out of the 24 min in the three interval conditions
(recovery periods were at only 5 + 4% of peak workload or 10%—
20% of peak capacity). In other words, the condition labeled
“continuous heavy” involved intensity that was higher than or
similar to two of the three interval conditions and exposure to high
exercise intensity for a total duration that was 40% longer than all
three interval conditions. Despite the fact that the senior investiga-
tor of Martinez et al.’s study was also a coauthor of the meta-
analysis by Oliveira et al. (2018), the “continuous heavy” condition
was analyzed as being representative of “moderate-intensity con-
tinuous exercise” and the two interval conditions that involved
lower intensity than the “continuous heavy” condition (i.e., 30- and
60-s intervals) were considered as “HIIT.”

In summary, one of the two effect sizes associated with Jung
et al. (2014), two of the four effect sizes associated with Kilpatrick
et al. (2015), and two of the three effect sizes associated with
Martinez et al. (2015) represented comparisons in which the
conditions that were mislabeled “moderate-intensity continuous
exercise” involved intensities that were similar to or higher than
those in the “HIIT” conditions in terms of heart-rate responses (in
addition to involving, in all cases, longer-duration exposures). It
should be apparent that, if participants engage in exercise that is
(a) intermittent, (b) performed at lower intensity, and (c) for a
shorter duration, then they will report more pleasure and enjoyment
compared with exercise that is (a) continuous, (b) performed at
higher intensity, and (c) for a longer duration. Remarkably, the
mislabeling of the experimental conditions described in the pre-
ceding paragraphs has been overlooked not only by Oliveira et al.
(2018) but also in other reviews (e.g., Niven et al., 2021; Stork
et al., 2017), which have continued to present the studies by Jung
et al. (2014), Kilpatrick et al. (2015), and Martinez et al. as
containing evidence supporting the affective and enjoyment ben-
efits of HIIT.

Taken together, the problems identified thus far suffice to
invalidate the conclusions of the meta-analysis by Oliveira et al.
(2018). However, the validity of the meta-analysis is further
weakened by additional serious concerns. Specifically, it can be
easily demonstrated that some of the reported effect sizes could not
have been derived from the original studies. The authors reported
that “for the studies with several measurements of ... affective
responses (pre, during and post exercise), [they] calculated mean
and standard deviation values reducing the data to only one value in
each exercise condition” (p. 4). Despite experimenting with numer-
ous possibilities, however, it has not been possible to verify the
numbers that were reported. For example, participants in Jung et al.
(2014) reported consistently lower levels of pleasure throughout
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the HIIT condition compared with the moderate-intensity continu-
ous exercise condition (labeled “CMI”). Accordingly, Jung et al.
(2014) themselves unambiguously concluded that “affect was
significantly less positive in the [HIT] ... trial than in the
[continuous moderate-intensity] trial” (p. 10). Nevertheless, the
effect size associated with the comparison between the HIIT and
CMI conditions in the meta-analysis by Oliveira et al. was statisti-
cally significant in favor of HIIT (0.62, 95% CI [0.19, 1.04]).
Similarly, participants reported only slightly less pleasure during
the vigorous-intensity continuous exercise condition (labeled
“CVI”) than during HIIT. However, Oliveira et al. reported a large
and significant effect size of 1.38 in favor of HIIT (95% CI
[0.91, 1.85]).

The meta-analysis by Oliveira et al. (2018) continues to be
cited, even by some of its coauthors, as providing evidence that
HIIT is pleasant and enjoyable (e.g., Fleming et al., 2020).
Likewise, the authors of the Jung et al. (2014) study, who could
presumably detect that their study was portrayed as having found
the opposite of what they themselves had reported, have also been
echoing the conclusions of the meta-analysis without drawing
attention to the aforementioned irregularities. For example, citing
Oliveira et al.‘s meta-analysis as supporting evidence, Eather et al.
(2020) stated: “it has been suggested that HIIT is unlikely to have
utility as a public health intervention as programs will not be
adopted or maintained by the general public; however, new find-
ings suggest that HIIT sessions can positively influence
affective valence” (p. 115). Similarly, citing Oliveira et al., Sabag
et al. (2022) stated: “there is a relative lack of data to confirm that
HIIT leads to poor affective responses or that these supposed
responses impede exercise adoption and/or adherence; in fact, a
recent meta-analysis showed that HIIT was superior to [moderate-
intensity continuous training] for improving affective and enjoy-
ment responses to exercise” (p. 10). Likewise, citing Oliveira et al.,
Mastrofini et al. (2022) wrote: “Concerns regarding the tolerability
of HIIT have been raised, but research makes clear that a wide
variety of HIIT protocols produce psychological responses that are
perhaps equal to and in some cases more positive than the
continuous moderate-intensity exercise that is most often pre-
scribed for health and wellness” (pp. 1-2).

How Should Scientists Treat Extraordinary
Claims? HIIT in Epistemological Context

In 2011, psychologist Daryl Bem, an experienced researcher
affiliated with one of the most prestigious universities in the United
States (Cornell University), published a paper in the flagship
journal of the American Psychological Association, the Journal
of Personality and Social Psychology. In it, Bem reported the
results of nine experiments, comprising more than 1,000 partici-
pants, which provided evidence for “psi effects,” such as precog-
nition and preemotion (i.e., having better-than-chance conscious
awareness of and congruent emotional reactions to events that have
not yet occurred and cannot be anticipated). For example, Bem
(2011) found that undergraduate students who were told that they
were participating in an experiment investigating extrasensory
perception predicted the future position (left or right) of an erotic
image on the computer screen at a rate that was significantly higher
than the 50% that could be expected by chance (i.e., 53.1%, p = .01,
d=0.25). Bem also found evidence of retroactive priming, with
students rating positive images as pleasant and negative images as
unpleasant, 15.0 ms faster when the images were followed, not

preceded, by subliminally presented primes (i.e., the words “beau-
tiful” or “ugly,” respectively), p = .006, d = 0.25. Bem insisted that
he “[does] not advocate believing impossible things” (p. 423) but
suggested that, based on the findings he reported, individuals may
“use psi information implicitly and nonconsciously to enhance
their performance in a wide variety of everyday tasks” (p. 422),
which is an ability that “might have been acquired through evolu-
tion by conferring survival and reproductive advantage on the
species” (p. 422).

Commenting on their decision to publish the extremely con-
troversial article by Bem, editors Judd and Gawronski (2011) wrote
that they did so after the manuscript successfully passed through “a
rigorous review process, involving a large set of extremely thor-
ough reviews by distinguished experts,” despite the fact that “the
reported findings conflict with [their] own beliefs about causality
and that [they] find them extremely puzzling” (p. 406). Echoing a
timeless scientific principle famously endorsed by Scottish philos-
opher David Hume (1748/1921), French polymath Pierre-Simon de
Laplace (1814/1951), and American astrophysicist Carl Sagan
(1979), Judd and Gawronski argued that “strong claims, running
strongly counter to expectations and existing understandings,
require exceptionally compelling evidence” (p. 406). So, in their
effort to offer readers a more balanced perspective on the article by
Bem, they also decided to publish a critique by Wagenmakers
et al. (2011).

Wagenmakers et al. (2011) expressed the view that, rather than
proving the existence of psi, the article by Bem proved that “the
field of psychology currently uses methodological and statistical
strategies that are too weak, too malleable, and offer far too many
opportunities for researchers to befuddle themselves and their
peers” (p. 426). Also echoing Hume, Laplace, and Sagan, Wagen-
makers et al. expressed their agreement with the principle that
“extraordinary claims require extraordinary evidence” (p. 428).
When trying to decide whether an “anomalous phenomenon” is
true or not, one must take into account whether the claimed
phenomenon “conflicts with what we know to be true about the
world” (p. 426). In Bayesian terms, they argued that “the prior
probability attached to a given hypothesis affects the strength of
evidence required to make a rational agent change his or her mind”
(p. 428). In the case of a phenomenon like “psi,” the prior
probability should be considered very low because (a) “there is
no mechanistic theory of precognition” and (b) “there is no real-life
evidence that people can feel the future,” since casinos still make
profits (p. 428).

It should be noted that some philosophers of science have
objected to the idea of two types of evidence, namely ordinary and
extraordinary, sounding the alarm that what is often hiding under
these terms is the resistance of the entrenched paradigm against
innovation. Deming (2016) wrote that ‘“extraordinary claims
require extraordinary evidence” is an argument that can be misused
“to suppress innovation and maintain orthodoxy” (p. 1329). He
emphasized that “ideas, theories, or observations that are merely
novel are not ‘extraordinary,’ nor do they require an ‘extraordinary’
amount of evidence for corroboration” (p. 1329). While this
warning can be said to apply to numerous examples in the history
of science, the argument can also be reversed: purported novelty
can also be used as a defense, to justify the use of questionable
research practices on the basis of the claim that they are widespread
or commonly tolerated or overlooked.

In the case of Bem (2011), the critique by Wagenmakers et al.
(2011) resembled Occam’s razor: before one accepts “psi” and
starts grappling with its dizzying implications for our current
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understanding of the laws of the universe, one must first ensure that
the research methods complied with certain fundamental princi-
ples. Taking this approach, Wagenmakers et al. offered a series of
elementary but compelling explanations that are taught as part of
every introductory course in statistics or research methodology. For
example, Bem noted that “all significance levels reported in this
article are based on one-tailed tests” (p. 409); likely conducted
multiple tests of probability without adjusting for the inflation of
the Type I error rate (e.g., the experiment showing prediction of the
location of an erotic image also included sets of neutral images,
negative images, positive images, and images that were romantic
but nonerotic); performed analyses on both transformed and
untransformed data when the need for the transformations was
not always established; and performed analyses of moderators
(e.g., by sex) when it was not always clear whether these analyses
were hypothesis-driven. Wagenmakers et al. concluded their cri-
tique by stating: “It is easy to blame Bem ... . However, Bem
played by the implicit rules that guide academic publishing ... .
Instead, our assessment suggests that something is deeply wrong
with the way experimental psychologists design their studies and
report their statistical results” (p. 431). Along similar lines, other
authors devised the term “researcher degrees of freedom” to
describe the “common (and accepted) practice for researchers to
explore various analytic alternatives, to search for a combination
that yields ‘statistical significance,” and to then report only what
‘worked’” (Simmons et al., 2011, p. 1359).

Since its publication, the article by Bem (2011) is widely
regarded as the singular event that initiated a phase of self-reflec-
tion in psychology, as the discipline was forced to confront the
deeply disconcerting fact that it was facing a replication crisis
(Colling & Szucs, 2021). Others have argued that the article by
Bem should not be seen as an indication that “science is broken,”
insofar as the problems were detected and widely exposed in the
literature:

This is precisely how science should work (i.e., science is
supposed to correct its inevitable mistakes in due course).
Instead, the problem is that, unlike the provisional findings
reported by Bem, other high-profile findings sometimes ap-
peared to pass the test of having been independently replicated,
yet they ultimately turned out to have effect sizes very close to
zero. Thus, something went wrong with the self-correction
mechanism. (Wilson et al., 2020, p. 5561)

The history of science dealing with extraordinary claims
contains some potentially useful exemplars and guidelines for
how a self-correcting kinesiology should respond to the extraordi-
nary claims in the HIIT literature: The level of evidence provided
should be commensurate with the extraordinary nature of the
claims. As Deming (2016) warned, it is possible that the “visceral”
skepticism triggered by these extraordinary claims represents
nothing more than the resistance of orthodoxy against novel ideas
that threaten the paradigmatic status quo. However, reasonable
people can probably agree that, before the textbooks are shredded
and rewritten anew, it is essential to first ensure that the studies
producing these fascinating results have adhered to fundamental
methodological and statistical principles.

Kinesiology should let history be its guide. It is not the first
scientific field that was infatuated by extraordinary claims, and it
will not be the last. Extraordinary claims, “spin,” and beguiling
narratives are part of scientific discourse, just as they are part of
marketing and the news industry. However, society has higher
expectations of science, and science itself has traditionally aspired

to be “self-correcting” (Alberts et al., 2015; Cofnas, 2016;
Toannidis, 2012; Jamieson, 2018). Failure to adhere to these ideals
can undermine public trust in science and raise the risk of exacer-
bating anti-science movements, as seen around the world in recent
years (Hotez, 2020). Confronted with extraordinary claims, kine-
siology should heed the Hume-Laplace—Sagan principle, just as
scientists have done throughout the history of science.

Notes

1. https://www.nytimes.com/2020/12/23/well/move/high-intensity-
exercise-workouts.html

2. https://norwegianscitechnews.com/2020/10/high-intensity-training-
best-for-older-people

3. https://www.bmj.com/company/newsroom/exercise-intensity-not-
linked-to-mortality-risk-in-older-adults-finds-trial/

4. https://jamanetwork.com/journals/jama/article-abstract/2774401

5. https://dailynews.mcmaster.ca/articles/a-few-30-second-sprints-as-
beneficial-as-hour-long-jog/

6. https://well.blogs.nytimes.com/2016/04/27/1-minute-of-all-out-
exercise-may-equal-45-minutes-of-moderate-exertion/
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