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High-Intensity Interval Training for CardiometabolicDisease Prevention.Med. Sci. Sports Exerc., Vol. 51, No. 6, pp. 1220–1226, 2019.Purpose:

The 2018 Physical Activity Guidelines Advisory Committee systematically searched existing literature reviews to assess the relationship between

high-intensity interval training (HIIT) and reduction in cardiometabolic disease risk.Methods: Duplicate independent screenings of 260 articles

identified from PubMed®, Cochrane Library, and CINAHL databases yielded suitable data from one systematic review and two meta-analyses.

Search terms included a combination of “high intensity” “physical activity/exercise” and “interval training” and outcome-specific terms. The qual-

ity of the included reviews was assessed using a tailored version of the AMSTARExBP report on quality. Exposure Subcommittee members

graded scientific evidence strength based on a five-criteria rubric and assigned one of four grades: strong, moderate, limited, or not assignable.

Results:Moderate evidence indicates that HIIT can improve insulin sensitivity, blood pressure, and body composition in adults with group mean

ages ranging from ~20 to ~77 yr. These HIIT-induced improvements in cardiometabolic disease risk factors are comparable with those resulting

frommoderate-intensity continuous training, and they are more likely to occur in adults at higher risk of cardiovascular disease and diabetes than

in healthy adults. Moderate evidence also indicates that adults with overweight or obesity classification are more responsive than adults with nor-

mal weight to HIIT-related improvements in insulin sensitivity, blood pressure, and body composition. Insufficient evidence was available to de-

termine whether a dose–response relationship exists between the quantity of HIIT performed and several risk factors for cardiovascular disease

and diabetes, or whether the effects of HIIT on cardiometabolic disease risk factors are influenced by age, sex, race/ethnicity, or socioeconomic

status. Conclusions: HIIT by adults, especially those with overweight and obesity classification, can improve insulin sensitivity, blood pressure,

and body composition, comparable with those resulting from moderate-intensity continuous training. Key Words: INSULIN SENSITIVITY,

BLOOD PRESSURE, BODY COMPOSITION, OVERWEIGHT, OBESITY, PHYSICAL ACTIVITY
r Correspondence: Wayne W. Campbell, Ph.D., Department of
cience, Purdue University, 700 West State Street, West Lafayette,
E-mail: campbellw@purdue.edu.
Physical Activity Guidelines Advisory Committee includes David
r, Wayne W. Campbell, Loretta DiPietro, Kirk I. Erickson, Charles
John M. Jakicic, Kathleen F. Janz, Peter T. Katzmarzyk, Abby C. King,
Kraus, Richard F. Macko, David X. Marquez, Anne McTiernan,
ate, Linda S. Pescatello,KennethE. Powell, andMeliciaC.Whitt-Glover.
for publication July 2018.
or publication January 2019.

/19/5106-1220/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2019 by the American College of Sports Medicine

49/MSS.0000000000001934

1220

Copyright © 2019 by the American College of Sports Medicine
raditionally, physical activity guidelines have focused
Ton moderate-intensity continuous training (MICT)
and, more recently, have included resistance training.

However, since the 2008 Physical Activity Guidelines Advi-
sory Committee (PAGAC) Scientific Report (1), there has
arisen a resurgence in interest and use of interval training.
High-intensity interval training (HIIT) is one type of interval
training that has progressively increased in popularity among
physically active individuals and has garnered scientific re-
search. The media also presents HIIT as an alternative means
by which individuals can achieve health benefits similar to
those of MICT. Some have suggested that it might be an
. Unauthorized reproduction of this article is prohibited.
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attractive long-term strategy by which to achieve the health
benefits of regular physical activity because HIIT consumes
less overall time per week. The 2018 PAGAC considered it
prudent to examine scientific evidence regarding the use of
HIIT for cardiometabolic health benefits relative to MICT (2).

To this end, the 2018 PAGAC addressed the following:
1) the nature of the relationship between HIIT and reduction
in cardiometabolic disease risk, 2) whether a dose–response re-
lationship exists, and 3) what is the shape of any dose–response
relationship. Further, the committee was interested in any evi-
dence pointing to whether such relationships might vary by
age, sex, race/ethnicity, socioeconomic status, or weight status.
Finally, the committee explored the relative rates of adverse
events of HIIT programs compared with MICT programs.

Importantly, the term “HIIT” is not precisely defined, and
multiple descriptions, exercise protocols, and exertion-related
criteria are used among the original studies included in each
of the systematic reviews and meta-analyses of literature vet-
ted by the 2018 PAGAC.We retained the descriptions of HIIT
stated in each of the manuscripts included in this umbrella sys-
tematic review, in part, to avoid misrepresenting or redefining
the published research. For this review, we use the following
description of HIIT: “episodic short bouts of high intensity ex-
ercise separated by short periods of recovery at a lower inten-
sity.” On the basis of the literature vetted for this review, the
“high intensity” in these bouts may be as low as about 65%
of V̇O2 maximum or 60% of V̇O2 reserve (which may be infe-
rior to moderate continuous exercise) and as high as maximal
effort, such as during sprinting. The results and conclusions pre-
sented in this review encompass a relatively wide range of HIIT
exercise intensities, which should be taken into consideration
when evaluating these results and using them when developing
exercise programs.
METHODS

An umbrella systematic review was conducted to identify
existing reviews assessing the association of HIIT to reduction
in cardiometabolic disease risk. This review was one of the
systematic reviews conducted for the 2018 PAGAC, and the
full methods are described elsewhere (3). Briefly, systematic
searches were conducted in three electronic databases, includ-
ing PubMed®, CINAHL, and Cochrane from database incep-
tion until May 7, 2017. Subsequently, the search was updated
through March 30, 2018, for this manuscript. Search terms in-
cluded a combination of “high intensity” “physical activity/
exercise” and “interval training” and outcome-specific terms.

Final studies were selected using the following inclusion
criteria: systematic reviews, meta-analyses, and pooled analyses
published in English, including adult populations, assessing
PA performed as HIIT, and examining cardiometabolic risk
outcomes—all-cause and cardiovascular disease (CVD) mor-
tality, CVD incidence, type 2 diabetes, and CVD risk factors,
including blood pressure, blood lipids, and body composition.
Reviews exclusively examining patients with existing CVD or
athletes were excluded. All articles were independently screened
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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by two reviewers. Data abstraction was conducted by two inde-
pendent abstractors who also assessed the quality of the included
reviews using a tailored version of the AMSTARExBP (3,4).
The protocol for this review was registered with the PROS-
PERO database, registration ID CRD42018093024.

The full literature search strategy is available at https://health.
gov/paguidelines/second-edition/report/supplementary_
material/pdf/Exposure_Q6_HIIT_Evidence_Portfolio.pdf. In-
formation available here includes the following: 1) evidence
summaries of the three articles reviewed (website Table 2);
2) AMSTARExBP-based article review quality assessment chart
(website Table 3); 3) systematic review analytical framework
(website appendix A); 4) a priori strategies for the PubMed®,
CINAHL, and Cochrane searches (website appendix B); 5) lit-
erature tree detailing the identification, screening, eligibility,
and inclusion of vetted articles (website appendix C); 6) search
inclusion/exclusion criteria (website appendix D); and 7) the
rationale for excluding articles at abstract or full-text triage
(website appendix E).
RESULTS

Description of the Evidence

An initial search for systematic reviews, meta-analyses,
pooled analyses, and reports identified sufficient literature to
adequately address the research questions. The initial search
conducted for the 2018 PAGAC resulted in 274 articles iden-
tified among the three electronic databases. After removing
duplicates, 260 articles were title screened, of which 48 were
abstract screened, 11 articles were full-text screened, and three
articles used for data extraction. Two additional meta-analyses
provide pertinent data from 77 new articles identified in the
updated search. Figure 1 outlines the search results from both
the original and updated search.

Overview

A total of three existing reviews were included: one system-
atic review (5) and two meta-analyses (6,7). The reviews were
published from 2012 to 2017. The systematic review by
Kessler et al. (5) included 24 studies and covered a time frame
from database inception to 2011. The meta-analyses included
larger numbers of studies. Batacan et al. (6) included 65 studies,
and Jelleyman et al. (7) included 50 studies. They covered time
frames from 1970 to 2015 and from 1946 to 2015, respectively.

Exposures

The three existing reviews examined physical activity per-
formed as HIIT. There are no universally accepted lengths
for the high-intensity period, the recovery period, or the ratio
of the two; no universally accepted number of cycles for any
HIIT session or the entire duration of the training bout; and
no universally accepted relative intensity at which the high-
intensity component should be performed. Batacan et al. (6)
defined HIIT as “activities with intermittent bouts of activity
that were performed at maximal effort, ≥85% V̇O2 max,
Medicine & Science in Sports & Exercise® 1221
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FIGURE 1—Literature Tree Study Selection HIIT Umbrella Review. Includes both original 2018 PAGAC search and updated search results.
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≥85% heart rate (HR) reserve or the relative intensity of at least
90% HR max.” Jelleyman et al. (7) applied the following de-
scription of HIIT to their literature search: “at least two bouts
of vigorous or higher intensity exercise interspersed with pe-
riods of lower intensity exercise or complete rest.” Kessler
et al. (5) defined HIIT as “vigorous exercise performed at a
high intensity for a brief period interposed with recovery inter-
vals at low-to-moderate intensity or complete rest.”

Outcomes

The outcomes initially identified for systematic review in-
cluded all-cause and CVDmortality, CVD and type 2 diabetes
incidences, cardiorespiratory fitness, and cardiometabolic
disease risk factors. After extensive discussion, the 2018
PAGAC Exposure Subcommittee members made a con-
scious decision to exclude cardiovascular fitness as a pri-
mary outcome of interest, choosing to focus effort and
resources on reviews of literature that included multiple risk
factors of CVD and diabetes. The decision to not focus on
cardiorespiratory fitness as an outcome of interesting was
PAGAC-wide for the entire report; this decision was multifac-
torial and is addressed in the report. While the Exposure Sub-
committee did not vet systematic reviews and meta-analyses
of literature exclusively focused on fitness-related parameters,
1222 Official Journal of the American College of Sports Medicine

Copyright © 2019 by the American College of Sports Medicine
pertinent cardiovascular fitness outcomes contained in the arti-
cles reviewed are described in the Review of the Evidence
(see below). The 2018 PAGAC Exposure Subcommittee’s as-
sessment and evaluation specifically focused on outcomes re-
lated to cardiometabolic disease risk factors (blood pressure,
fasting blood lipids and lipoproteins, fasting blood glucose
and insulin, and body mass index [BMI]) due to a lack of infor-
mation regarding mortality and cardiometabolic morbidities.

Review of the Evidence

The 2018 Advisory Committee based its conclusions on ev-
idence published before May 2017, specifically from the three
existing systematic reviews and/or meta-analyses (5–7). Par-
ticipants were men and women predominantly with group
mean ages ranging from ~20 to ~77 yr. The exposure was pre-
dominantly supervised physical activity performed as HIIT
using a variety of exercise modalities (mainly stationary cy-
cling or treadmill running/walking, and much less often swim-
ming, track running, or stair climbing).

Evidence on the Overall Relationship

Results from these systematic reviews and/or meta-
analyses of clinical intervention studies consistently support
http://www.acsm-msse.org
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that HIIT can improve cardiorespiratory fitness (increase
V̇O2 max) in adults with varied body weight and health sta-
tus (5–7). HIIT-induced improvements in insulin sensitiv-
ity (5,7), blood pressure (5,6), and body composition
(5–7) more consistently occur in adults with overweight or
obesity classification, with or without high risk of CVD and
diabetes—especially if these individuals train for 12 or more
weeks. These HIIT-induced improvements in cardiometabolic
disease risk are comparable with those achievable with
MICT (7).

Healthy adults who have normal weight and lower risk of
cardiometabolic disease do not typically show improvements
in insulin sensitivity, blood pressure, and body composition
with HIIT. Blood lipids and lipoproteins apparently are not in-
fluenced byHIIT (6). Batacan et al. (6) reported findings based
on 65 individual studies involving 2164 participants (includ-
ing 936 individuals who performed HIIT). Participants were
predominantly 18- to 35-yr-old men and women (sex distribu-
tion not reported), and group mean ages ranged from ~20 to
~77 yr. This meta-analysis included randomized controlled tri-
als (RCT) and non-RCT and comparative studies in groups of
individuals without (46 of 65 studies) or with (19 of 65 stud-
ies) a diagnosed, current medical condition.

Batacan et al. (6) defined HIIT “as activities with intermit-
tent bouts of activity that were performed at maximal effort,
greater than or equal to 85% V̇O2max, greater than or equal
to 85% heart rate reserve or the relative intensity of at least
90% maximum heart rate.” The modes of exercise included
treadmill running, cycling, and swimming. The 65 studies
were categorized with respect to exercise training intervention
duration and participant BMI classification. Among groups of
participants with normal weight (BMI = 18.5–24.9 kg·m−2),
short-term (<12 wk) and long-term (≥12 wk) HIIT interven-
tions increased V̇O2max but did not significantly or consis-
tently influence clinical indexes of cardiometabolic disease
risk (systolic and diastolic blood pressures; total cholesterol,
HDL cholesterol, LDL cholesterol, or triglycerides, fasting
glucose, or insulin). Among groups of participants classified
with overweight (BMI = 25–29.9 kg·m−2) or obesity
(BMI ≥ 30 kg·m−2) status, short-term and long-term HIIT sig-
nificantly and consistently increased V̇O2max and decreased
diastolic blood pressure and waist circumference. Long-term
HIIT also decreased resting heart rate, systolic blood pressure,
and body fat percentage among groups with overweight or
obesity. Batacan et al. (6) presented these results as effect sizes
(ES) of the standardized mean differences, not as changes over
time in typical units of measure.

Jelleyman et al. (7) conducted a meta-analysis of 50 studies
involving 2033 participants (sex distribution not reported)—
including 1383 individuals who performed HIIT—to assess
the effect of HIIT interventions compared with continuous
training or control conditions on indexes of blood glucose con-
trol and insulin resistance. Both studies with a control group
(n = 36, 72%) and studies without a control group (n = 14,
28%) were included, but the results from studies without a
control group were only used for within-group analyses. HIIT
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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was defined as “at least two bouts of vigorous or higher inten-
sity exercise interspersed with periods of lower intensity exer-
cise or complete rest” (7). Participant ages ranged from 18 to
68 yr, and the HIIT interventions ranged from 2 to 16 wk.
Among 20 studies (40%) providing data, mean exercise ses-
sion attendance was 90% ± 10%. Subgroup analyses were per-
formed after stratifying participants by disease status based on
a wide range of health characteristics: the categories were la-
beled healthy (well trained, recreationally active, or sedentary
but otherwise healthy), weight status (overweight or obese),
metabolic syndrome (metabolic syndrome or type 2 diabetes),
or with another chronic disease.

Compared with baseline, V̇O2max increased after HIIT by
0.30 L·min−1 (95% confidence interval [CI] = 0.25–0.35,
P < 0.001). The increase in V̇O2max was greater for HIIT than
for nonexercising control conditions (weighted mean differ-
ence [WMD] = 0.28 L·min−1, 95% CI = 0.12–0.44,
P = 0.001) and attenuated but still significant compared
with continuous training (WMD = 0.16 L·min−1, 95%
CI = 0.07–0.25, P = 0.001). HIIT reduced body weight,
compared with baseline, by 0.7 kg (95% CI = −1.19 to −0.25,
P = 0.002). Compared with nonexercise control, the HIIT-
induced weight loss was 1.3 kg (95% CI = −1.90 to −0.68,
P < 0.001). HIIT-induced weight loss was not different than
weight loss from continuous training. HIIT decreased fasting
glucose, compared with baseline, by 0.13 mmol·L−1 (95%
CI = −0.19 to −0.07, P < 0.001). This response over time was
not statistically different compared with nonexercise control
or continuous training. In subgroup analysis, for the groups of
individuals with metabolic syndrome or type 2 diabetes, fasting
glucose was reduced by HIIT compared with nonexercise con-
trol by 0.92 mmol·L−1 (95% CI = −1.22 to −0.63, P < 0.001).
HIIT decreased fasting insulin from baseline by 0.93 μU·L−1

(95% CI = −1.39 to −0.48, P < 0.001); however, this response
was not statistically different from the nonexercise control.
HIIT decreased insulin resistance compared with baseline
(change in Homeostasis Model Assessment of Insulin Resis-
tance score = −0.33; 95% CI = −0.47 to −0.18, P < 0.001). Re-
duction in insulin resistance (results from multiple insulin
resistance models combined) was greater for HIIT versus
nonexercise control (−0.49; 95%CI = −0.87 to −0.12) andHIIT
versus continuous training (−0.35; 95% CI = −0.68 to −0.02).
Among all 13 studies reporting data within metabolic syn-
drome or type 2 diabetes groups, HIIT did not change
HbA1c. In subgroup analyses, HIIT reduced HbA1c by
0.25% (95% CI = −0.27 to −0.23, P < 0.001). Among all
studies, the HbA1c response over time (no change) was
not statistically different among HIIT, continuous training,
and control groups. Subgroup analyses based on health
(physical activity) status or other chronic diseases were ei-
ther not significant or inconclusive; this was due, in part,
to limited data being available.

Kessler et al. (5) conducted a quasisystematic, qualitative
review of 24 RCT with 661 participants (sex distribution
not reported) assessing the effects of HIIT interventions
on changes in cardiometabolic disease risk factors. Of the
Medicine & Science in Sports & Exercise® 1223
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 24 trials, 14 included MICT comparison group, which in-

cluded a wide range of exercise programs, typically performed
at 50% to 75% of V̇O2 max for 45 to 60 min per session. The
other 14 studies included a nonexercise control group. Partici-
pants had various weight statuses (normal weight, overweight,
or obese) and health groups (17 studies), CVD (5 studies), met-
abolic syndrome (1 study), and type 2 diabetes (1 study). Inter-
vention durations ranged from 2 wk to 6 months. HIIT was
categorized into two subtypes: aerobic interval training (19
studies) and sprint interval training (SIT; 5 studies). For the sub-
committee’s assessment, because of the low number of SIT
studies included in the Kessler et al. (5) review (n = 3 for glu-
cose metabolism, n = 1 for lipids and lipoproteins, and n = 1
for blood pressures), results from only aerobic interval training
studies were considered for strength of evidence grading pur-
poses. Aerobic interval training increased V̇O2max (14 of 14
studies), increased insulin sensitivity (4 of 4 studies), and de-
creased blood pressure in participants not ingesting antihyper-
tensive medication (5 of 5 studies with intervention periods
≥12 wk). Other indexes of cardiometabolic disease risk were
not influenced by aerobic interval training, including fasting
glucose, total cholesterol, HDL cholesterol, LDL cholesterol,
and triglycerides. Results for body weight, BMI, body fat per-
cent, and waist circumference were mixed; improvements more
consistently were observed for aerobic interval training interven-
tions of 12 wk or longer in participants with overweight or obe-
sity classification. Collectively, these aerobic interval training
responses were comparable with continuous moderate-intensity
exercise, except V̇O2max, which was greater for aerobic interval
training versus continuous moderate-intensity exercise.

The updated search identified two additional pertinent
HIIT-related reviews. Keating et al. (8) conducted a systematic
review with a meta-analysis of 31 studies directly comparing
MICT to HIIT (n = 17) or SIT (n = 14) on body adiposity.
For their analyses, HIIT and SIT studies were combined. Of
the 28 studies assessed by Keating et al. (8), 19 were not in-
cluded in the three reviews vetted by the 2018 PAGAC mem-
bers. A combined 837 individuals (402 women, 402 men, and
33 not reported) were assessed, with ages ranging from 10 to
65 yr, including two studies with a combined 59 adolescent
boys and girls. Keating et al. (8) included results from these
two studies with adolescents in their overall analyses. Most
studies recruited participants classified as untrained (n = 12)
or overweight/obese (n = 13), with three recruiting children/
adolescents. HIIT was defined as studies using 85%–95%
peak heart rate (PHR) or 80%–100% peak work rate for the
high intensities, with a minimum duration of 4 wk. Of the 31
studies, 17 (55%) included a HIIT intervention, whereas 14
(45%) included a SIT intervention. Interventions ranged
from 4 to 16 wk, with 12 wk the most common (42% of stud-
ies). Compared with baseline, both HIIT/SIT and MICT re-
duced body fat (%) and fat mass (kg). HIIT/SIT reduced
body fat (%), on average, by −1.26% (95% CI = −1.80 to
−0.72) and fat mass by −1.38 kg (95% CI = −1.99 to −0.77),
whereas MICT reduced by −1.48% (95% CI = −1.89 to
−1.06) and − 0.91 kg (95% CI = −1.45 to −0.37). When all
1224 Official Journal of the American College of Sports Medicine
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studies were pooled, no differences between HIIT/SIT and
MICT were observed for body fat percent (WMD = 0.15%,
95% CI = −0.57 to 0.88, P = 0.370) or fat mass
(WMD = −0.73 kg, 95% CI = −1.81 to 0.35, P = 0.619)
changes. Among a subset of studies with protocols having
the workload or energy expenditure of each HIIT/SIT session
less than the workload or energy expenditure of each MICT
session, there was a trend for MICT to have greater reductions
in total body fat percentage (P = 0.09). Among a subset of
studies with the workload and/or energy expenditure per exer-
cise session matched between exercise types, no differences in
body fat percentage were observed between HIIT/SIT and
MICT (P = 0.40). Further, no differences were observed for
fat mass when workload or energy expenditure was lower
for HIIT/SIT versus MICT (P = 0.56) or matched between ex-
ercise types (P = 0.38). Collectively, HIIT/SIT was compara-
ble, but not superior, when directly compared with MICT for
body fat reductions.

Maillard et al. (9) conducted a meta-analysis of 39 studies,
which included 617 individuals (321 women and 296 men)
who had completed a HIIT intervention assessing total
(n = 35), abdominal (n = 20), and visceral fat mass (n = 14).
Of the 39 studies assessed by Maillard et al. (9), 30 were not
included in the three reviews vetted by the 2018 PAGAC
members. Assessed individuals were adults with a mean age
ranging from 20 ± 0.8 to 69 ± 2.8 yr. Except for four studies,
which totaled 44 participants, all participants were classified
as overweight or obese (mean BMI range, 25.4 ± 2.4 to
38.2 ± 7.9 kg·m−2). Participants were generally healthy, al-
though some studies included patients with type 2 diabetes
(n = 6), polycystic ovary syndrome (n = 2), menopausal
(n = 2), nonalcoholic fatty liver disease (n = 1), metabolic syn-
drome (n = 5), and rheumatic disease (n = 1). HIITwas defined
as studies using 85%–95% PHR or 80%–100% peakwork rate
for the high intensities, with a minimum duration of 4 wk.
Studies using a SIT protocol were excluded. Interventions
ranged from 4 wk to 6 months, with the majority being
12 wk and used either cycling (n = 26) or running (n = 13).
Whole-body adiposity was assessed primarily by dual-
energy x-ray absorptiometry, with bioelectrical impedance,
plethysmography, and skinfolds also used. For the assessment
of visceral and abdominal adiposity, computed tomography,
magnetic resonance imaging, and dual-energy x-ray absorpti-
ometry were used. HIIT reduced total fat (ES = −0.2, 95%
CI = −0.31 to −0.07, I2 = 0.0%,P = 0.003), abdominal fat mass
(ES = −0.19, 95% CI = −0.32 to −0.05, I2 = 0.0%, P = 0.007),
and visceral fat mass (ES = −0.24, 95% CI = −0.44 to −0.04,
I2 = 0.0%, P = 0.018). Stratified analyses suggested that run-
ning (P = 0.003) was better than cycling (P = 0.137) for reduc-
tions in total fat mass, cycling (P = 0.004) was better than
running (P = 0.773) at reducing abdominal fat mass, and only
running (P = 0.042) reduced visceral fat mass. The greatest ef-
fect on total fat mass was observed with higher-intensity
(>90% PHR) protocols (P = 0.017), whereas lower-intensity
(<90% PHR) protocols elicited the best effects on abdominal
(P = 0.029) and visceral fat mass (P = 0.021). Although HIIT
http://www.acsm-msse.org
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was only successful at reducing total (P = 0.001), abdominal
(P = 0.008), and visceral (P = 0.016) fat mass in adults classi-
fied as overweight or obese, there were only two studies
assessing normal weight in each subgroup.

Dose–Response

Among the three review articles systematically reviewed for
the 2018 PAGAC report (5–7), results were not presented
from RCT designed to assess dose–response relationships of
duration of HIIT to responses in cardiometabolic disease risk
factors. Using meta-regression techniques, in the Batacan et al.
(6) report, change in V̇O2max was predicted by longer HIIT in-
tervention duration (β coefficient = 0.77, 95% CI = 0.35–1.18)
and BMI (β coefficient = 0.84, 95% CI = 0.29–1.38), but not
by total time performing HIIT (min) (β coefficient = 0.0002,
95% CI = −0.0017 to 0.0021) among groups of participants
with overweight or obesity classification. Intervention dura-
tion, total time performing HIIT, and BMI did not predict
the improvements observed in systolic blood pressure and di-
astolic blood pressure among groups with overweight or obe-
sity. Other cardiometabolic risk factors were not assessed due
to heterogeneity of responses. Regarding indexes of glucose
control, Jelleyman et al. (7) (also using meta-regression tech-
niques) reported that HIIT characteristics, interval intensity,
and weekly high-intensity exercise did not predict the im-
provements over time in insulin resistance, fasting glucose,
fasting insulin, or HbA1c.

Evidence on Specific Factors

Age, sex, race/ethnicity, and socioeconomic sta-
tus. Information on the age, race/ethnicity, and socioeconomic
status of participants was limited, inconsistently presented, and
not statistically assessed. As a result, no conclusions about these
relationships were possible. Only one of the new articles,
Maillard et al. (9), assessed differences between sexes for HIIT
and found no differences in changes for total, abdominal, or vis-
ceral fat mass.

Weight status. Weight status influenced the effect of
HIIT on several risk factors of cardiometabolic disease, with
groups of adults classified as overweight or obese, but not nor-
mal weight, reducing blood pressure and body fat (6) and im-
proving insulin sensitivity (5,7).

Evidence on Participant Safety

Participant safety is central to using HIIT as a tool to reduce
the risk of cardiometabolic disease among adults, especially
those who have overweight or obesity, with cardiometabolic
disease risk factors, diagnosed CVD or type 2 diabetes, or
other chronic diseases. Although the committee did not ad-
dress participant safety among adults performing HIIT, the is-
sue is highly relevant with respect to using HIIT for health
promotion. Jelleyman et al. (7) documented adverse events re-
ported in the 50 studies included in their meta-analysis.
Among the 19 total adverse events reported from the 17 stud-
ies (34% of the total studies), including this type of
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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information, 18 adverse events were attributable to musculo-
skeletal injuries incurred with exercise; 14 of 18 occurred with
HIIT. None of the reported injuries was a serious adverse
event or necessitated the participant to discontinue the inter-
vention or drop out of the study. Perhaps consistent with the
very low incidence of adverse events, mean participant
dropout rate was 10% ± 10% among the 36 (72%) studies
documenting attrition. The health and disease characteristics
of the participants experiencing an adverse event were not pre-
sented or discussed.

For additional details on this body of evidence, visit https://
health.gov/paguidelines/second-edition/report/supplementary-
material.aspx for the Evidence Portfolio.
CONCLUSIONS

HIIT can improve insulin sensitivity, blood pressure, and
body composition in adults. These HIIT-induced improvements
in cardiometabolic disease risk factors are comparable with
those resulting from continuous, moderate-intensity aerobic
exercise, and they are more likely to occur in adults at greater
risk of CVD and diabetes, compared with healthy adults. The
committee considered the strength of evidence to be moderate
for this issue. Insufficient evidence was available to determine
whether a dose–response relationship exists between HIIT
quantity and several risk factors for CVD and diabetes. Insuf-
ficient evidence was available to determine whether the effects
of HIIT on cardiometabolic risk factors are influenced by age,
sex, race/ethnicity, or socioeconomic status. There was mod-
erate evidence indicating that adult weight status influences
the effectiveness of HIIT to reduce cardiometabolic disease
risk. Adults with overweight or obesity classification are more
responsive than adults with normal weight to HIIT’s effects on
improving insulin sensitivity, blood pressure, and body com-
position. The committee considered the strength of evidence
to be moderate for this conclusion.

Summary, public health impact, and needs for
future research.HIIT can improve insulin sensitivity, blood
pressure, and body composition in adults. Such improvements
in cardiometabolic disease risk factors are comparable with
those resulting from continuous, moderate-intensity aerobic
exercise and are more likely to occur in adults with overweight
and obesity classification.

Research is required in several areas to improve the scien-
tific foundations for long-term effectiveness and safety of
HIIT. Specifically, the committee recommends the following:

RCT of at least 6 months should be undertaken to assess the
adherence to and the effects of HIIT when compared with
other types of physical activity programs on physiological,
morphological, and cardiometabolic health outcomes. Such
studies should address issues of dose–response and be of at
least 6 months in duration. These RCT should include diverse
groups of adults, including those with overweight or obesity
classification and at high risk of CVD or type 2 diabetes. They
should systematically assess adverse events, including muscu-
loskeletal injuries, attributable to HIIT, compared with other
Medicine & Science in Sports & Exercise® 1225
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 types of exercise training, among adults with a wide variety of

health and disease characteristics.
Rationale: Most HIIT intervention periods are less than

12 wk, which are likely insufficient time to assess the magni-
tude and sustainability of clinically important changes in some
physiological, morphological, and cardiometabolic health out-
comes. The willingness and the ability of individuals to adhere
to HIIT currently are not well known. Further research, com-
plementary to the scoping review of the psychological re-
sponses to interval exercise that supports “the viability of
interval exercise as an alternative to continuous exercise”
(10), is warranted. Prescriptively designing these studies to in-
clude participants who have overweight or obesity classifica-
tion and are at high risk of CVD or type 2 diabetes will
inform health promotion practitioners and policy leaders on
the utility of recommending HIIT for health among a large
proportion of the U.S. adult population. At present, the evalu-
ation of the safety of HIIT among adults with varied health and
disease characteristics is compromised by the limited avail-
ability of relevant data; this is due, in part, to the low propor-
tion of studies reporting adverse events.

Continued research is warranted to assess, compare, and
systematically review the effects of specific types of HIIT-
related programs on cardiometabolic disease risk factors.

Rationale: There is no universally accepted definition for
HIIT. The relatively broad range of HIIT-related exercise pro-
tocols and intensities used among studies currently limit phys-
ical performance, fitness, and allied health professionals’
abilities to optimally plan HIIT programs for health. Yet HIIT
protocols generally fall into three categories based on exercise
intensities: SIT (intensities greater than V̇O2 maximum), near-
1226 Official Journal of the American College of Sports Medicine
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maximum interval training (90%–100% of maximum heart rate,
oxygen uptake, or other pertinent parameter), and vigorous
aerobic intensity (60%–89% V̇O2 reserve or 64%–90% V̇O2

maximum).
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