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Effectiveness of HIIE versus MICT in Improving
Cardiometabolic Risk Factors in Health
and Disease: A Meta-analysis
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ABSTRACT

MATTIONI MATURANA, F., P. MARTUS, S. ZIPFEL, and A. M. NIEB. Effectiveness of HIIE versus MICT in Improving Cardiometa-
bolic Risk Factors in Health and Disease: A Meta-analysis. Med. Sci. Sports Exerc., Vol. 53, No. 3, pp. 559-573, 2021. Purpose: We aimed
to investigate differences between high-intensity interval exercise (HIIE, including high-intensity interval training and sprint interval training)

and moderate-intensity continuous training (MICT) on physical fitness, body composition, blood pressure, blood lipids, insulin and glucose
metabolism, inflammation, and endothelial function. Methods: Differences between HIIE and MICT were summarized using a
random-effects meta-analysis on the effect size (Cohen’s d). A meta-regression was conducted using the following subgroups: population,

age, training duration, men ratio, exercise type, baseline values (clinical relevant ranges), and type of HIIE. Studies were included if at least
one of the following outcomes were reported: maximal oxygen uptake (VOrmax), flow-mediated dilation (FMD), body mass index (BMI),
body mass, percent body fat, systolic and diastolic blood pressure, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycer-

ides, total cholesterol, C-reactive protein (CRP), fasting glucose and insulin, glycated hemoglobin (HbAlc), and insulin resistance
(HOMA-IR). A total of 55 studies were included. Results: Overall, HIIE was superior to MICT in improving VOzmax d = 0.40,
P <0.001) and FMD (d = 0.54, P < 0.05). Oppositely, MICT was superior to HIIE in improving HbAlc (d=-0.27, P <0.05). No differences
were observed in BMI (d = —0.02), body mass (d = —0.05), percent body fat (d = 0.04), systolic blood pressure (d = —0.04), diastolic blood
pressure (d = 0.03), HDL (d = —0.05), LDL (d = 0.08), triglycerides (d = 0.03), total cholesterol (d = 0.14), CRP (d =—0.11), fasting insulin
(d =0.02), fasting glucose (d = 0.02), and HOMA-IR (d = —0.04). Moderator analyses indicated that the difference between HIIE and MICT
was affected by different subgroups. Conclusion: Overall, HITE showed to be more effective in improving cardiovascular health and cardio-
respiratory fitness, whereas MICT was superior in improving long-term glucose metabolism. In the process of personalized training counsel-
ing, health-enhancing effects of exercise training may be improved by considering the individual risk profiles. Key Words: EXERCISE,
META-ANALYSIS, CARDIORESPIRATORY, CARDIOVASCULAR, METABOLIC RISK FACTORS

healthy lifestyle is constituted primarily of regular

structured physical activity (i.e., exercise) (1). As a

result, there is vast research into the clinical benefits
of exercise, in most cases showing an overcoming of the ef-
fects of drug interventions (2). This extensive body of research
in the health-enhancing exercise training has shown relevant
benefits on cardiovascular end points and longevity in both
healthy and diseased populations (3). Ultimately, the aerobic
exercise-induced release of myokines into the circulation plays
an important role in cardiometabolic health, improving glucose
homeostasis and protection against cardiovascular disease (4).
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Current physical activity guidelines recommend a mini-
mum of 150 min of moderate-intensity exercise, or 75 min
of high-intensity exercise per week (i.e., 7.5-15 MET-h-wk ),
to maintain and/or improve cardiorespiratory fitness (CRF) and
cardiovascular health, as well as to reduce the risk of
noncommunicable diseases (e.g., type 2 diabetes [T2D], can-
cer, osteoporosis, stroke, and others) (5-9). In exercise training
prescription, moderate-intensity exercise is commonly classi-
fied as endurance training—also defined as moderate-intensity
continuous training (MICT)—which is performed for a pro-
longed time within the moderate-intensity domain (10-12).
High-intensity exercise, on the other hand, is often performed
as high-intensity interval exercise (HIIE)}—which may be di-
vided as follows: (a) high-intensity interval training (HIIT), per-
formed alternating bursts of higher intensity (>80% of maximal
oxygen uptake [VOama] or >85% of maximal heart rate
[HR,1x]) and lower intensity for active recovery; and (b) sprint
interval training (SIT), similar design as HIIT, but the
high-intensity bouts of exercise are performed in an all-out
manner and very short in time (<30 s) (13).

Different levels of exercise dose are required to induce a rel-
evant clinical benefit in key outcomes in clinical practice (e.g.,
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physical fitness, vascular health, etc.) (14). In this context, such
variability suggests that the optimal exercise prescription may
be best achieved by identifying a specific clinical end point
target for each individual. As such, it is crucial for the
health-enhancing exercise prescription that the effects associ-
ated with the two common exercise modalities (i.e., HIIE
and MICT) are known based on an individual basis, thus opti-
mizing the decision-making process. On this basis, the Exer-
cise Prescription in Everyday Practice and Rehabilitative
Training tool has been developed, which is a digital system
that aids tailored exercise training prescription based on car-
diovascular disease risk profiles (15). Moreover, results of
Wen et al. (16) led to the conclusion that the total volume of
physical activity, necessary to reduce the mortality risk, is
much smaller if exercise intensity is higher. Furthermore, stud-
ies showed that compared with moderate exercise intensities,
more intensive training (e.g., HIIE) leads to a higher improve-
ment in CRF (17-19). On the other hand, studies with coronary
artery disease patients showed that HIIE does not seem to be su-
perior with regard to influencing health-relevant variables such
as body weight, blood pressure, or resting heart rate (20,21).

Given the increasing interest for intermittent intense exer-
cise (22), we sought to investigate the clinical benefits distin-
guishing each exercise modality in health and disease.
Therefore, this meta-analysis aimed to address the comparison
of the effects between HIIE and MICT on seven key clinical
end point domains: (i) physical fitness (VOaumayx), (ii) endothe-
lial function (flow-mediated dilation [FMD)]), (iii) body com-
position (body mass index [BMI], body mass, and body fat),
(iv) blood pressure (systolic and diastolic blood pressure),
(v) blood lipids (HDL, LDL, triglycerides, and total choles-
terol), (vi) inflammation (C-reactive protein [CRP]), and (vii)
insulin and glucose metabolism (fasting glucose, fasting insu-
lin, glycated hemoglobin [HbAlc], and insulin resistance
[HOMA-IR]). Furthermore, these differences were explored
in subgroup analyses (secondary outcomes): (i) population,
(ii) age, (iii) training duration, (iv) men ratio (i.e., number of
male participants divided by the sample size), (v) type of exer-
cise (cycling vs running/walking), (vi) baseline values of the
clinical end point of interest, and (vii) type of HIIE (HIIT vs
SIT). We hypothesized that HIIE would be more effective than
MICT in improving physical fitness, but heterogenic results
would be found in the other clinical end points.

METHODS

Search strategy. A systematic search of randomized
controlled trials was initiated in January 2018 and completed
in July 2020, based on the PRISMA guidelines (23). The
meta-analysis protocol was preregistered in PROSPERO un-
der the ID CRD42018088023. The search was conducted in
PubMed, and the search criteria are available in Supplemental
Digital Content 1 (see Document, Supplemental Digital
Content 1, PubMed search strategy, http://links.lww.com/
MSS/C120).

The titles and abstracts (N = 2056) were individually
screened by two independent reviewers (FMM and AMN),
which subsequently reviewed the full text of the potential eli-
gible articles (V= 453). In addition, more articles were freely
searched in Google Scholar as well as in the reference list of
relevant review articles previously published (N = 19),
forming the final studies selection (N = 55). Figure 1 displays
the flow diagram of studies selection. Our eligible criteria in-
cluded the following: (i) the study examined at least one of
these clinical end points—VOzmax, FMD, BMI, body mass,
percent body fat, systolic blood pressure, diastolic blood pres-
sure, HDL, LDL, triglycerides, total cholesterol, CRP, fasting
insulin, fasting glucose, HbAlc, or HOMA-IR; (ii) the study
was a randomized controlled trial with training programs last-
ing a minimum of 2 wk, with participants randomly assigned
to either HIIE (HIIT/SIT) or MICT; (iii) the study involved
only exercise training intervention—studies, or groups within
the study, that involved any nutritional, resistance training, or
any other kind of intervention were not considered; and (iv)
the study was conducted in humans and published in English.

Exercise training classification. HIIE was considered
as two exercise training modalities: HIIT, characterized by
near-maximal efforts interspersed with active or passive re-
covery periods, and SIT, characterized by maximal or
supramaximal efforts, performed as an “all-out” exercise, in-
terspersed with active or passive recovery periods. Previous
research has shown that the different characteristics of HIIT
and SIT likely lead to different physiological adaptations
(13,24). Therefore, we also aimed to analyze the effectiveness
of HIIE protocols compared with MICT (i.e., HIIT vs MICT
and SIT vs MICT) in a subgroup analysis for each clinical
end point. According to the aforementioned criteria, although
studies reported their exercise training interventions as being
HIIT, but were performed in an all-out manner, we classified
them as being SIT (25-30). In addition, the nomenclature used
to identify HIIE in the original studies presented a considerable
variability. Classifications included “aerobic interval training,”
“interval training,” “transitory stimulation interval exercise,”
“maximal intensity interval training,” “4 x 4 min,” “15/15,”
“maximal volitional intensity training,” and “interval endurance
training.” Research on exercise training interventions lacks con-
sistent nomenclature based on the characteristics of the training
protocols, and there is an increasing need for a consensus, as al-
ready suggested elsewhere (31). MICT was considered as a
continuous exercise intensity program, performed at lower in-
tensities than HIIE. By definition, MICT should be performed
within the moderate-intensity domain (below lactate threshold);
however, some studies prescribed the exercise intensity as a
percentage of VOo,ax OF HR 1o, limiting the ability to classify
as a true moderate exercise. Because conflicting nomenclature
exists, all types of MICT were considered. It is important to note
that we considered studies that did not explicitly reported that
HIIE and MICT interventions were matched. Most of the stud-
ies justify their exercise training protocols simply based on pre-
vious clinical trials and identify their interventions as being
matched. We believe that it is not enough to simply state that
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FIGURE 1—Flow diagram displaying the studies selection process following the PRISMA guidelines.

because a certain protocol was shown to be equalized between
the two training modes in previous studies, this protocol is also
going to be equalized in another study. Researchers conducting
randomized controlled trials should justify their statements with
actual training data, and this is rarely seen.

Bias assessment. The included studies were assessed
for risk of bias according to the Cochrane risk of bias for ran-
domized trials using the most up-to-date guidelines (32). Spe-
cifically, bias was assessed in five different domains: bias
arising from the randomization process, bias due to deviations
from the intended intervention, bias due to missing outcome
data, bias in measurement of the outcome, and bias in selec-
tion of the reported result. Judgment was made according to
three categories within each domain: “low,” “some concerns,”
and “high.”

Small-study effect—the phenomenon in which smaller
studies may present different (often larger) treatment effects
than bigger sample studies—was assessed for publication bias
control. First, the publication bias was analyzed graphically
through contour-enhanced funnel plots (33). Contour lines
representing well-established levels of statistical significance
are added to a funnel plot to indicate regions where a test of
treatment effect is significant. The treatment effect (i.e., mean

difference) is shown on the x-axis against a measure of
precision—the SE. Second, a statistical test for small-study ef-
fects was performed. A linear regression test called Egger’s
test was used to quantify the evidence for funnel plot asymme-
try. In addition, this linear regression can be visualized to-
gether with a radial plot. If there are no small-study effects,
individual studies are expected to scatter randomly around
the linear regression line. Altogether, we can note that if the re-
gression line differs markedly from the line through the origin,
it is an indication of asymmetry in the funnel plot.
Meta-analysis. In the present meta-analysis, we extracted
the mean, SD, and sample size reported for each group (HIIE
and MICT) pre- and postintervention. The standardized mean
difference (Cohen’s d) was the outcome used, which was
calculated with the random-effects model, applying the
DerSimonian—Laird estimator (34) for the estimation of the
between-study variance 7. Effect sizes were classified as triv-
ial (d < 0.2), small (d = 0.2-0.5), medium (d = 0.5-0.8), and
large (d > 0.8). Thereafter, a sensitivity analysis was per-
formed for each meta-analysis to determine the robustness of
the observed outcomes to the assumptions made in performing
the analysis. The method applied here was the leave-one-out
cross-validation (LOOCYV), which consists of performing the
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meta-analysis on each subset of the included studies by leav-
ing out one study at a time (35). This shows how each individ-
ual study affects the overall estimate of the rest of the studies.
In case the LOOCV showed that the mean effect was relying
on a single study (outlier), the study was then removed from
the overall analysis (no subgroups), and the meta-analysis
was run again. Importantly, if the single study was identified
through the sensitivity analysis, it was excluded from the over-
all results only, and it was kept in subgroup analyses (meta-
regression). The results after the LOOCV analysis (if any
outlier) are presented in our meta-analysis. For a comprehen-
sive overview, all the results may be accessed in the Appendix
(https://www.medizin.uni-tuebingen.de/sportmedizin/hiiemict/).
The significance level was set at a = 0.05 (two-sided).

Missing data and data conversion. Whenever rele-
vant measures were not reported in the original study, the re-
spective authors were contacted to provide the missing data
(see Document, Supplemental Digital Content 2, Additional
data provided by authors, http:/links.lww.com/MSS/C121).
For instance, if a clinical end point of interest was reported
only graphically, we contacted the research group to request
the values pre- and posttraining (i.e., mean and SD). In case the
study reported the SEM, it was then converted to SD using
the formula:

SD = SEMVN

where SD is the standard deviation, SEM is the standard error
of the mean, and N is the group sample size (36). In case the
study reported confidence intervals, it was then converted to
SD using the formula:
SD = VN Clhigh — Cliow
2t

where SD is standard deviation, N is the group sample size,
Clpign is the upper limit of the confidence interval, Clq,, is
the lower limit of the confidence interval, and ¢ is the ¢ distribu-
tion with N — 1 degrees of freedom the respective level of con-
fidence (e.g., 0.95) (36).

When performing a meta-analysis on the difference in
means between two interventions, it is necessary to have (i)
the difference in means (raw mean difference between post-
and preintervention for each intervention group) and (ii) the
SD of'the difference between pre- and postintervention. Calcu-
lating the raw mean difference is straightforward:

Mgiee = Mpost - Mpre

where Mg is the raw mean difference, Mo is the reported mean
postintervention, and M,y is the reported mean preintervention.

However, calculating the SD of the difference between pre-
and postintervention requires additional steps. For this pur-
pose, it is necessary to have the Pearson correlation coefficient
(r) between the raw values of pre- and postintervention for
each study (37,38). Such measure is rarely seen in exercise
training studies. In fact, from the studies included in this
meta-analysis, none of them reported it. Therefore, an » value
of 0.85 was chosen, and a sensitivity analysis was performed

with = 0.8, »=0.85, and = 0.9 (Fig. 2). Once the r coeffi-
cient is defined, then the SD of the difference in means is cal-
culated as follows:

SDgir = 1/SDpe? + SDpas” = 2 x SDye X SDpes

where SDy;r is the standard deviation of the difference in
means, SD,. is the standard deviation from preintervention,
and SDy, is the standard deviation from postintervention.

When performing the subgroup analyses (secondary out-
comes), categorical groups were used. However, for perform-
ing the meta-regression, the number associated with the
subgroup was analyzed. For example, the age subgroup was
divided into the following categories: (i) <30 yr-{age}, (ii)
30-50 yr-{age}, and (iii)) >50 yr-{age}; however, when
conducting the meta-regression, the median age between HIIE
and MICT was used. For this reason, we converted the end
point values that were reported in different units across the
studies for performing the meta-regression of the initial values
subgroups. If the end point had at least one study reporting its
values in different units, it was then converted to common
units according to the AMA Manual of Style: A Guide for Au-
thors and Editors (39) (see Document, Supplemental Digital
Content 3, Conversion of values for performing the meta-
regression, http://links.lww.com/MSS/C122).

Meta-regression. Subgroup analyses were performed
using the following categories (subgroups were mentioned in
the text as category-{major category}):

- Population: healthy (healthy-{population}), overweight/
obese (overweight/obese-{population}), cardiac rehabili-
tation (cardiac-rehab-{population}), metabolic syndrome
(MetS-{populationy), and T2D (T2D-{populationy})

- Age (defined as terciles from the included studies data):
<30 yr old (<30 yr-{age}), between 30 and 50 yr old
(30-50 yr-{age}), and >50 yr old (>50 yr-{age})

- Training duration (defined as terciles from the included
studies data): <5 wk (<5 wk-{training duration}), be-
tween 5 and 10 wk (5—10 wk-{training duration}), and
>10 wk (>10 wk-{training duration})

- Men ratio (number of male participants divided by the
sample size): <0.5 (<0.5-{men ratio}) and >0.5 (>0.5-
{men ratio})

- Type of exercise: cycling (cycling-{exercise}) and

running/walking (running/walking-{exercise})

- Baseline values——clinically relevant cutoff points in

each end point were defined as follows:

- VOsmax (age- and sex-adjusted percentile ranks were
specified [5]): <30% (<30%-{bsln-VO o), between
30% and 60% (30-60%-{bsIn-VO:q}), and >60%
(> 60%'{175]”' VOZmax})

- FMD (age-related cutting points were defined, as pre-
viously described [40]): <6% (<6%-{bsin-FMD}) and
>6% (>6%-{bsin-FMD})

- BMI, body mass, and body fat (body composition mea-
sures were all normalized by baseline BMI): <25 kg'm >
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(<25 kg'm 2-{bsin-BMI}), between 25 and 30 kg'm >
(25-30 kg'm™>-{bsIn-BMI}), and >30 kg'm 2 (>30 kg'm
-{bsin-BMI})

- Systolic blood pressure: <120 mm Hg (</20 mm Hg-
{bsin-SBP}), between 120 and 140 mm Hg (/20—
140 mm Hg-{bsIn-SBP}), and >140 mm Hg
(>140 mm Hg-{bsin-SBP})

- Diastolic blood pressure: <80 mm Hg (<80 mm Hg-

- Fasting insulin (cutting points were defined according to
previous research [41]): <40 pmol-L ™! (<40 pmol-L™!
-{bsIn-fINS}) and >40 pmol-L ™! (>40 pmol-L~"-{bsIn-
JINS})

- Fasting glucose: <5.6 mmol-L ™! (<5.6 mmol-L™'-{bsin-
SGLU}) and >5.6 mmol-L™" (>5.6 mmol-L™'-{bsin-fGLU})

- HbAlc: <40 mmol'mol ! (<40 mmol-mol '-{bsin-

HbAIc)) and >40 mmol'mol ! (>40 mmol-mol -

{bsin-DBP}), between 80 and 90 mm Hg (80-90 mm Hg- {bsin-HbAIc})
{bsin-DBP}), and >90 mm Hg (>90 mm Hg-{bsln-DBP}) -HOMA-IR: <3 (<3-{bsIn-HOMA}) and >3 (>3-{bsin-
- HDL: <1.3 mmol-L™" (<1.3 mmol-L™'-{bsin-HDL}) HOMA})

and >1.3 mmol-L™! (>1.3 mmol-L™'-{bsin-HDL))
- LDL: <3 mmol-L™" (<3 mmol-L™'-{bsin-LDL}) and
>3 mmol-L ™! (>3 mmol-L™'-{bsin-LDL))
- Triglycerides: <1.7 mmol-L™" (<1.7 mmol-L™'-{bsin-
7G)), and >1.7 mmol-L ™" (>1.7 mmol-L™'-{bsin-TG})
- Total cholesterol: <5.2 mmol-L ™! (<5.2 mmol-L™*-
{bsin-TC}) and >5.2 mmol-L ! (>5.2 mmol-L™'-{bsin-TC})
- CRP: <2 mgL™"' (<2 mgL '-{bsin-CRP}) and
>2 mg' L' (>2 mg-L™'-{bsin-CRP})

- Type of HIIE: HIIT (HIIT-{type of HIIE}) and SIT
(SIT-{type of HIIE}).

To test for subgroup differences, a meta-regression (i.e.,
mixed-effects model) was performed, at which subgroups within
the study were tested if their effects differ (42,43). Information on
heterogeneity and residual heterogeneity as well as a test of mod-
erators was reported for each analysis in the Appendix (https://
www.medizin.uni-tuebingen.de/sportmedizin/hiiemict/).
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All data analyses and visualizations were performed in R Study characteristics. Figure 1 in Supplemental Digital

version 4.0.2 (44) with the packages tidyverse (45), meta Content 4 shows the study characteristics (see Figure, Supple-
(46), metafor (47), robvis (48), and patchwork (49). For im- mental Digital Content 4, Summary of all the included studies
proving transparency in the data analysis performed in this and their respective designs, http://links.Iww.com/MSS/
manuscript, as well as to make all the data collected available, C123). Fifty-five studies were included, which were published
the metabolic R package was developed. It may be accessed in between 1976 and 2020. In total, HIIE had 775 participants
GitHub (https://github.com/fmmattioni/metabolic). The pack- (476 males, 222 females, and 77 not reported) and MICT
age is also a collection of tools to reproduce the meta-analysis had 754 participants (468 males, 242 females, and 44 not
presented here in the manuscript. reported). Thirty-seven studies performed the HIIE inter-

vention using HIIT (50-86), and 21 studies performed
RESULTS SIT (25-30,56,58,64,87-98). The mean = SD sample size

for both HIIE and MICT was 13 £ 11 participants. The men
Figure 3 displays the overall results (primary outcomes) ratio was 0.64 + 0.33 for HIIE and 0.64 + 0.34 for MICT.

across the clinical end points. Figure 4 summarizes the effect The session duration (excluding warm-up and cooldown)
sizes obtained from each subgroup meta-analysis (secondary was 25.1 £ 9.5 min for HIIE and 42.3 + 13.2 min for MICT.
outcomes), individually reported in the Appendix (https:// The duration of exercise training per week was 72.1 + 37.3 min
www.medizin.uni-tuebingen.de/sportmedizin/hiiemict/). for HIIE and 123 + 44.7 for MICT. The exercise training
Number of Egger
Meta-Analysis Studies Favours MICT Favours HIIE d 95% CI p-value Effect Size p-value
Heterogeneity: 12 = 47%, t° = 0.1456, p < 0.01 48 —_ 0.40 [0.24; 0.57] <0.001 small >0.05
Heterogeneity: 12 = 78%, t° = 0.3999, p < 0.01 9 _— 0.54 [0.05; 1.03] 0.031 medium >0.05
Heterogeneity: 12 = 0%, 12 = 0, p = 1.00 30 _.|_ -0.02 [-0.15; 0.12] 0.792 trivial >0.05
Heterogeneity: 12 = 0%, 1 = 0, p = 1.00 43 _.|_ -0.05 [-0.17; 0.07] 0.412 trivial >0.05
Heterogeneity: 12 = 0%, = 0, p = 1.00 29 _|._ 0.04 [-0.11; 0.19] 0.612 trivial >0.05
Heterogeneity: 12 = 70%, t° = 0.3170, p < 0.01 25 —-|— -0.04 [-0.32; 0.23] 0.752 trivial >0.05
Heterogeneity: 12 = 50%, t° = 0.1369, p < 0.01 25 —|-— 0.03 [-0.19; 0.24] 0.816 trivial >0.05
Heterogeneity: 1% = 0%, t° = 0, p = 0.58 28 — -0.05 [-0.19; 0.08] 0.451 trivial >0.05
Heterogeneity: 12 = 35%, t° = 0.0751, p = 0.05 23 —+— 0.08 [-0.11; 0.28] 0.404 trivial >0.05
Heterogeneity: 12 = 0%, 12 = 0, p = 0.47 27 — 0.03 [-0.11; 0.17] 0.674 trivial >0.05
Heterogeneity: 12 = 35%, t° = 0.0801, p = 0.04 26 +— 0.14 [-0.05; 0.33] 0.149 trivial >0.05
Heterogeneity: 12 = 6%, > = 0.0085, p = 0.38 7 e -0.11 [-0.36; 0.14] 0.374 trivial >0.05
Heterogeneity: 12=0%,t° =0, p=0.74 18 —_— 0.02 [-0.17; 0.21] 0.807 trivial >0.05
Heterogeneity: 12 = 34%, v* = 0.0711, p =0.05 26 —_— 0.02 [-0.16; 0.21] 0.811 trivial >0.05
Heterogeneity: 12 = 0%, =0, p = 0.73 9 -0.27 [-0.52; -0.01] 0.040 small >0.05
Heterogeneity: 12 = 3%, 2 = 0.0049, p = 0.42 17 —— -0.04 [-0.23; 0.16] 0.697 trivial >0.05

-1 -0.5 0 0.5 1
Cohen's d Effect Sizes

FIGURE 3—Overall meta-analyses results for each end point. The results of each analysis are displayed in the right-hand side of the graph as the effect size
(Cohen’s d), the 95% confidence interval of d, the P value of the overall pooled estimate, the classification of the effect size, two measures of heterogeneity
—+% and I, and the P value from the Egger test.
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FIGURE 4—Summary of the small, medium, and large effect sizes obtained from subgroups meta-analyses. Data points represent the Cohen’s d effect size
from the random-effects model and its 95% confidence interval (black lines). The dashed line on each plot (y = 0) represents no difference between HIIE and
MICT. Positive and negative values represent favorable effects for HIIE and MICT, respectively.

intervention was 9 £+ 5 wk for both HITE and MICT. The ranges
of exercise training intensities are summarized in Figure 5. The
total sessions during the intervention were 26 + 14 sessions for
HIIE and 28 + 17 sessions for MICT. The compliance with the
exercise training was 93.5% + 9.0% for HIIE and 94.1% + 8.5%
for MICT. HIIE presented in total 11 participants with adverse
effects related to the training intervention, which were described
as ankle fracture (77), headache (97), injury (25,64), knee pain
(60), muscle pain (27), hip pain (28), hamstring muscle pull

80-95% HRmax
80-100% HRR

5-7.5% BM % V
10% Lean BM 170% VOzmax
(__Bodymass J VO,

60-80% HRmax
50-85% HRR

50-79% VOamax

[ Heart rate

AnT+A35-A75
120% IAT
250

85-100% POpeak

Maximal effort

[ Threshold ]

[ Power output ]

Heart rate 'y

90-97.5% LT
90% IAT
95% VT1

Threshold

Power output

(93), and pain (70). MICT presented a total of four participants
with adverse effects, which were described as knee injury
(77), leg pain (60), knee pain (93), and one syncopal (fainting)
episode (92). The Cochrane bias assessment revealed that all
the included studies presented a low risk of bias in the bias re-
lated to the randomization process (domain 1), missing out-
come data (domain 3), measurement of the outcome (domain
4), as well as selection of the reported result (domain 5). A total
of 24 studies presented low bias in the bias related to deviations

FIGURE 5—Summary of the exercise training prescriptions in HIIT, SIT, and MICT. The prescriptions were divided into heart rate based, oxygen uptake
based, threshold based, power output based, and effort based. The numbers provided are the ranges from the reported intensities across the included stud-
ies. HRR, heart rate reserve; PO,.,x, peak power output; AnT, anaerobic threshold; VT1, ventilatory threshold 1; IAT, individual anaerobic threshold;
AS50, 50% of the difference between gas exchange threshold and VO,,,,; BM, body mass; LT, lactate threshold.
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from intended intervention (domain 2), and 30 studies presented
a bias classified as “some concerns.” This bias was due to the
fact that these studies did not present a priori statistical power
analysis to justify their sample sizes. Detailed information
may be found in Supplemental Digital Content 5 (see Figure,
Supplemental Digital Content 5, Figs. 1 and 2 show the sum-
mary of the risk of bias judgment and the judgment for each
study, respectively, http://links.lww.com/MSS/C124).

Physical fitness. Overall, HIIE was associated with
higher benefits over MICT in increasing VOsmax (d =040,
95% CI = 0.24-0.57, P < 0.001, * = 47%, 7* = 0.15), with
no single-study influence in the pool estimate during sensitiv-
ity analysis. The Egger test revealed no small-study effect
(bias = 0.738, P = 0.3). In subsequent subgroup analyses, the
level of significance was maintained for the all the population
subgroups, except the overweight and obese population. A
larger effect size was observed as age increased: <30 yr-{age}
(d=0.14, 95% CI = —0.10 to 0.39, P = 0.3), 30-50 yr-{age}
(d =043, 95% CI = 0.19-0.66, P < 0.001), and >50 yr-
{age} (d = 0.60, 95% CI = 0.31-0.89, P < 0.001). When
baseline values were adjusted by age and sex, <30%-{bsin-
VO:mat and >60%-{bsin-VO:,,.,} presented a significant ES
favoring HIIE, whereas no significant differences were ob-
served in 30—6()%—{bsln—V02me} between HIIE and MICT.
An interaction effect (P = 0.05) was observed in type of HIIE:
HIT-{type of HIIE} (d = 0.5, P <0.001) and SIT-{type of HIIE}
(d=10.18, P =0.2). Section 1 in the Appendix (https:/www.
medizin.uni-tuebingen.de/sportmedizin/hiiemict/) shows the re-
sults for each analysis.

Endothelial function. Overall, HIIE was associated with
higher benefits over MICT in increasing FMD with a medium
ES (d = 0.54, 95% CI = 0.05-1.03, P = 0.031, * = 78%,
7 = 0.40), with no single-study influence in the pool estimate
during sensitivity analysis. The Egger test revealed no
small-study effect (bias = 1.671, P = 0.4). The small number
of studies (9 in total) limits the discussion of subgroup analy-
ses; however, noteworthy, >50 yr-{age} (d = 0.54, P <0.05),
> 10 wk-{training duration} (d = 0.66, P = 0.1), and <6%-
{bsin-FMD} (d=0.75, P=0.06) presented an increased ES fa-
voring HIIE. Section 2 in the Appendix (https://www.medizin.
uni-tuebingen.de/sportmedizin/hiiemict/) shows the results for
each analysis.

Body composition. Overall, no significant differences
were observed in BMI (d = —0.02, 95% CI = —0.15 to 0.12,
P=0.8, P =0%, 7> =0), body mass (d=—0.05,95% CI=—0.17
t0 0.07, P=0.4, = 0%, * = 0), and body fat (d = 0.04, 95%
CI=-0.11100.19, P=0.6, P = 0%, * = 0) between HIIE and
MICT. In addition, no single-study and small-study effects
were detected during the sensitivity analysis and the Egger test
for all the body composition results. No interaction effects be-
tween HIIT and SIT were observed for BMI (P = 0.7), body
mass (P=0.5), and body fat (P =0.7). Sections 3 to 5 in the Ap-
pendix (https://www.medizin.uni-tuebingen.de/sportmedizin/
hiiemict/) show the results for each analysis.

Blood pressure. Overall, no significant differences in
systolic blood pressure were found when comparing HIIE

and MICT, with a trivial ES (d = —0.04, 95% CI = —0.32 to
023, P = 0.8, > = 70%, ©* = 0.32), and no additional
single-study effect during sensitivity analysis. The Egger test
revealed no significant small-study effect (P > 0.05). Simi-
larly, there were no overall significant differences in diastolic
blood pressure when comparing HITE and MICT, with a trivial
ES (d = 0.03, 95% CI = —0.19 to 0.24, P = 0.8, I* = 50%,
7 = 0.14), and no single-study effect during sensitivity analy-
sis. The Egger test revealed no small-study effect (P > 0.05).
Both systolic and diastolic blood pressure presented an in-
creased ES favoring HIIE as baseline values increased:
>[40 mm Hg-{bsin-SBP} (d = 0.55, P = 0.17) and
>90 mm Hg-{bsin-DBP} (d = 0.46, P = 0.08). No interaction
effects between HIIT and SIT were observed in systolic
(P =0.7) and diastolic blood pressure (P = 0.9). Sections 6
and 7 in the Appendix (https://www.medizin.uni-tuebingen.
de/sportmedizin/hiiemict/) show the results for each analysis.

Blood lipids. Overall, no differences between HIIE and
MICT in improving HDL were found (d = —0.05, 95%
CI = —0.19 to 0.08, P = 0.5, P = 0%, 7 = 0). No
single-study effect was observed during sensitivity analysis,
and the Egger test revealed no significant small-study effect
(P > 0.05). Although no interaction effects were observed in
subgroup analyses, an increased ES favoring MICT was ob-
served in <30 yr-fage} (d = -0.19, P = 0.2) and
>1.3 mmol-L™'-{bsin-HDL} (d = —0.21, P = 0.1). No interac-
tion effects between HIIT and SIT were observed (P = 0.7).

No differences between HIIE and MICT were found in the
overall effect in improving LDL (d = 0.08, 95% CI=-0.11 to
0.28, P=0.4, P = 35%, 7 = 0.08) and triglycerides (d = 0.03,
95% CI=-0.11t00.17, P=0.7, * = 0%, 7> = 0). In addition,
no single- and small-study effects were observed for both LDL
(bias = 0.462, P = 0.5) and triglycerides (bias = 0.035,
P =0.9). In LDL, there was a significant interaction effect in
the training duration (P < 0.01) and baseline values
(P=0.01) subgroups. An interaction effect of P=0.13 was ob-
served in type of HIE: HIIT-{type of HIIE} (d = —0.02,
P =0.8) and SIT-{type of HIIE} (d = 0.38, P =0.1). Notewor-
thy, there was a significant effect of HIIE over MICT in
healthy-{population} (d = 0.42, P = 0.036), 30-50 yr-{age}
(d = 042, P = 0.05), and >3 mmol-L '-{bsin-LDL}
(d=0.46, P <0.05). In triglycerides, there was a significant
interaction effect in the training duration (P < 0.01) sub-
group. No differences between HIIT and SIT were observed
(P=0.3).

No significant differences between HIIE and MICT in im-
proving total cholesterol were found (d=0.14, 95% CI=-0.05
to 0.33, P=0.15, > = 35%, 7 = 0.08). No single-study effect
was observed in the sensitivity analysis, and the Egger test re-
vealed no significant small-study effect (bias = 0.359, P=0.6).
There was a significant interaction effect in the training dura-
tion (P < 0.01) subgroup. An interaction effect of P = 0.17
was observed in type of HIE: HIT-{type of HIIE}
(d = 0.06, P = 0.5) and SIT-{type of HIIE} (d = 0.36,
P =0.06). In addition, HIIE had a significant effect over MICT
in healthy-{population} (d = 0.40, P < 0.05).
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Sections 8 to 11 in the Appendix (https://www.medizin.
uni-tuebingen.de/sportmedizin/hiiemict/) show the results for
each analysis.

Inflammation. Overall, there were no significant effects
between MICT and HIIE in CRP (d=-0.11, 95% CI=-0.36
to 0.14, P = 04, P = 0%, ©* = 0). No small-study and
single-study effects were observed (P > 0.05). Although not
statistically significant, an increased ES favoring MICT was
observed in healthy-{population} (d = —0.56, P = 0.1),
<30 yr-{age} (d = —0.56, P = 0.1), and SIT-{type of HIIE}
(d=-0.56, P =0.1). An interaction effect of P = 0.2 was ob-
served in the type of HIIE subgroup analysis. Section 12 in the
Appendix (https://www.medizin.uni-tuebingen.de/sportmedizin/
hiiemict/) shows the results for each analysis.

Insulin and glucose metabolism. No significant differ-
ences were found in fasting insulin (d = 0.02, 95% CI=-0.17
t0 0.21, P=0.8, I = 0%, 7> = 0) and fasting glucose (d =0.02,
95% CI=-0.16 t0 0.21, P = 0.8, I* = 34%, 7* = 0.07) when
comparing the effects of HIIE and MICT. No single- and
small-study effects were observed for both end points (fasting
insulin: bias = —1.5, P = 0.3; fasting glucose: bias = 0.65,
P =0.4). Albeit not statistically significant, increased ES favor-
ing MICT were observed in overweight/obese-{population}
(d =-0.24, P = 0.2) and running-{exercise} (d = —0.27,
P =0.1) for fasting insulin. For fasting glucose, an increased
ES favoring HIIE was observed in 72D-{population}
(d=0.45, P=0.1). No interaction effects between HIIT and
SIT were observed for fasting insulin (P = 0.3) and fasting glu-
cose (P =0.6).

Significant differences were observed in HbAlc, with a
small ES favoring MICT over HIIE (d=-0.27,95% CI=—0.52
to —0.01, P = 0.04, > = 0%, 7* = 0). A single-study influence
was observed during sensitivity analysis, but small-study ef-
fects were not found (bias = —9.0, P = 0.7). An increased ES
favoring MICT was observed in healthy-{population}
(d=-0.58, P=0.02), 30-50 yr-{age} (d =—0.38, P = 0.00),
<5 wk-{training duration} (d = —042, P = 0.09),
<40 mmol-mol '-{bsln-HbAIc} (d = —0.33, P = 0.06), and
SIT-{type of HIIE} (d=-0.42, P=0.09). No interaction effects
between HIIT and SIT were observed (P = 0.3).

Overall, no differences between MICT and HIIE were ob-
served in HOMA-IR (d = —0.04, 95% CI = —0.23 to 0.16,
P=0.7, = 0%, 7 = 0). No single-study effect was observed
in the sensitivity analysis, and the Egger test revealed no sig-
nificant small-study effect (bias = —0.283, P = 0.9). Albeit
not statistically significant, overweight/obese-{population}
presented an increased ES favoring MICT (d = —0.33,
P = 0.08), whereas healthy-{population} presented an in-
creased ES favoring HIIE (d = 0.23, P = 0.2). The type of ex-
ercise subgroup presented a significant interaction effect
(P < 0.05), with an increased ES favoring MICT in running/
walking-{exercise} (d = —0.28, P = 0.06). No interaction ef-
fects between HIIT and SIT were observed (P = 0.5).

Sections 13 to 16 in the Appendix (https://www.medizin.
uni-tuebingen.de/sportmedizin/hiiemict/) show the results for
each analysis.

DISCUSSION

The present meta-analysis is the first to comprehensively
combine and analyze the effectiveness in the effects associated
with HIIE and MICT on seven clinical end point domains re-
lated to cardiometabolic health: physical fitness, endothelial
function, body composition, blood pressure, blood lipids, in-
flammation, and insulin and glucose metabolism. Overall,
HIIE showed to be more effective in improving CRF (VOzmax)
and cardiovascular health (FMD), whereas MICT was supe-
rior in improving long-term glucose metabolism (HbAlc).

Regardless of training modality, epidemiological evidence
shows that the general practice of PA is associated with ex-
tended life expectancy (99-101). However, when examining
the effects of exercise training in cardiovascular health, a com-
prehensive view of the entire body system is essential. Despite
the well-known HIIE benefits on CRF, these improvements do
not necessarily happen cooperatively with other risk factors
(e.g., blood pressure, blood lipids, fasting glucose, body com-
position, etc.) (4,102), such that the underlying mechanisms
controlling the modification of clinical end points differ
widely. As posed by a fundamental review (1), exercise may
be the real polypill. Although, the efficacy of each dose of ex-
ercise on a specific cardiometabolic factor in a particular indi-
vidual is yet not well understood. In this context, the present
review investigated the efficacy of HIIE and MICT on essen-
tial subgroups: population, age, training duration, sex, exercise
modality, baseline values, and HIIE mode (HIIT and SIT).

Physical fithess. A wide body of research has previously
shown a significantly higher effect of HIIE over MICT on
VOZmaX in health and disease (17-21,31,103—105). In general,
our results indeed go in line with these findings. However, our
analysis provided a few more insights and new outcomes into
what was previously known. For example, an increase in the
ES favoring HIIE as the sample age increased was observed.
In other words, HIIE showed a higher effect over MICT for
older participants in improving VOamax. The age-related de-
cline in aerobic fitness may be mainly attributed to (i) reduc-
tion in cardiac output (106), (ii) aging-associated loss in
vasodilation (4,107), and (iii) reduction in physical activity
levels (108). In this context, it has already been shown that
age does not affect the improvements in VO,,,, When young
and old individuals perform HIIE (106) or MICT (109). Our
analysis, however, showed that indeed aging plays a role in
the response when the effects of HIIE and MICT are compared.
These adaptations are mainly ascribed by exercise-induced cen-
tral adaptations, such as increased HR,,,, and maximal stroke
volume (improving oxygen delivery to the active tissues)
(106,110,111). In addition, when baseline VOy,nax Values were
adjusted by age and sex, a significant effect of HIIE over MICT
was observed for the participants in the VOomax < 30% and in
the \'/OzmX > 60% percentile ranks, indicating not a clear effect
of initial physical fitness on the exercise training response.

Endothelial function. Similar to acrobic fitness, FMD
adaptations to exercise training showed, in general, higher ef-
fects with HIIE than with MICT. Such finding is partially
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explained by the ability of interval-like exercise training pro-
grams to induce a higher shear stress, promoting an increased
nitric oxide release (through activation of endothelial nitric ox-
ide synthase), and the aging-associated loss in vasodilation
(4,107). With regular exercise training, chronic (structural) ad-
aptations start to occur. These adaptations include (but are not
limited to) the increase in the luminal diameter, the decrease of
the wall thickness of conduit arteries, and the increased athero-
sclerotic plaque collagen and elastin content (which may also
be impaired with aging) (4,112,113). In summary, exercise
training-induced adaptations in endothelial function, especially
in aging, play a major role in improving vasodilation, which en-
sures an adequate oxygen delivery to the active tissues at the
microvascular level. Such improvement explains the fact that
HIIE presented a higher effect size in improving FMD in the
older subgroup, and also when baseline FMD values were be-
low 6% before engaging in the exercise training program.

Body composition. In general, markers of anthropometrics
—BMI, body mass, and percent body fat—did not present any
significant difference between HIIE and MICT, with trivial effect
sizes. Despite the potential ability of exercise intensity to in-
crease basal energy expenditure, changes in body composition
may not occur unless accompanied by a controlled diet, en-
suring a disturbance in the energy balance (114-116). A meta-
analysis on the effects of HIIE on cardiometabolic health in
the overweight/obese population showed that only long-term
HIIE (i.e., more than 12 wk) significantly improved body com-
position markers (i.e., waist circumference and percent body
fat), whereas short-term HIIE did not present effects (19). How-
ever, our subgroup analyses revealed no effectiveness of HIIE
over MICT in any training duration or initial BMI levels. De-
spite that the effects of HIIE on reducing body fat are known
(19,117), our results show that HIIE may be as effective as
MICT in reducing body fat both in longer exercise training in-
terventions and in individuals with high BMI. In addition, a re-
cent meta-analysis showed that low-volume HIIE was not more
efficient than MICT in reducing body mass and body fat in
normal-weight and overweight/obese individuals (118). Alto-
gether, our results highlight that, in general, HIIE and MICT
likely induce similar effects on body composition, and a nutri-
tional intervention should be accompanied.

Blood pressure. A recent meta-analysis of 391 random-
ized controlled trials showed that, in a hypertensive population,
exercise interventions may be as effective as antihypertensive
medications in lowering systolic blood pressure (119). These
promising results, instead of abdicating medications for pa-
tients, should aid in the physical activity promotion. It should
be noted that in the aforementioned meta-analysis, all sorts of
aerobic exercise were included, such that HIIE and MICT were
considered into one category of exercise intervention. In our
review, we had the possibility to meta-analyze whether HIIE
and MICT would induce different effects overall and between
subgroups in systolic and diastolic blood pressure. Out of all
these comparisons, HIIE showed greater effect sizes in the
middle-age subgroup (30-50 yr-{age}) in reducing diastolic
blood pressure, as well as in participants with a higher initial

baseline (i.e., >140 and >90 mm Hg for systolic and diastolic
blood pressure, respectively). Otherwise, no evidence for dif-
ferent effects between training interventions was found, as al-
ready indicated in another meta-analysis (120).

Blood lipids. In general, the blood lipid profile often seen
in physically active individuals reflects a reduced CVD risk
when compared with their inactive counterparts (121). Our
analysis presented distinct results on the influence of HIIE
and MICT on blood lipids. The overall analyses revealed sim-
ilar effects of HIIE and MICT. In this regard, exercise endur-
ance training (as characterized by MICT here) has already
been associated with significant increases in HDL in both
men and women (122,123). HIIE has also been shown as an
effective strategy in increasing HDL levels, but such changes
do not seem to occur before approximately 8 wk of training
(79,124,125). Overall, no difference between HIIE and MICT
on LDL was observed. However, there was an increased effect
size favoring HIIE, albeit not significant, when SIT was per-
formed. Coincidently, however, most of these studies also
had participants with elevated LDL levels, which also showed
an increased effect size favoring HIIE in our baseline values
subgroup. Our results suggest that HITE may be more effective
than MICT for improving LDL levels depending on the char-
acteristics of the sample and the exercise training program,
contradicting previous studies (51,126—128). After all, the ex-
ercise training program that can trigger a higher fat oxidation
on a specific individual will induce a higher reduction in
LDL, either by increased clearance of blood lipids or by re-
duced lipid secretion by the liver (129). However, such im-
provement is challenging if not accompanied by a controlled
diet. In addition, the HIIE modality had an increased effect
size on the total cholesterol response when SIT (as opposed
to HIIT) was performed. Such finding suggests that SIT might
be an important exercise mode in lowering LDL levels, which
is one of the measures in the total cholesterol score.

Inflammation. Our analysis indicated increased effect
sizes favoring MICT in the healthy and young population, as
well as when SIT (as opposed to HIIT) was performed. Al-
though previous research has indicated that reductions in
CRP only occur with reductions in body composition markers
(i.e., body fat and BMI) (130-132), only one study (52) in our
analysis presented significant reductions in BMI and body
mass. It suggests that reductions in CRP after exercise training
may occur regardless of improvements in anthropometrics, as
indicated in a previous meta-analysis with 84 studies (133). As
for the difference between HIIE and MICT in improving CRP,
there is clear evidence showing the higher effectiveness of
MICT (131,134-136); contrarily, for HIIE, despite the poten-
tial of high-intensity training to elicit greater improvements in
insulin sensitivity, and the role of systemic inflammation to
develop insulin resistance, there is conflicting evidence that
HIIE can effectively reduce CRP levels (a marker for systemic
inflammation) (137).

Insulin and glucose metabolism. Structured exercise
training programs have already been shown to improve insulin
and glucose metabolism (138,139). Overall, not many differences
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between HIIE and MICT were observed in the improvements
in fasting insulin and fasting glucose. On the other side, MICT
showed superior improvements in long-term glycemic control
(HbAlc), a precursor of type 2 diabetes (140). In addition,
MICT showed an increased effect size in improving HbAlc
in the healthy population, as well as in improving HOMA-IR
in overweight and obese individuals. Despite evidence on the
mechanisms that HIIE and MICT induce improvements in in-
sulin and glucose metabolism, conflicting findings exist re-
garding which one of these pathways might be more
efficient (141). Debate exist regarding the intramuscular cal-
cium increase promoted by the calcium—calmodulin kinase
activation, mainly induced by moderate endurance exercise
training (141-143), and the activation of the adenosine
monophosphate-activated protein kinase (AMPK), induced by
high-intensity exercise training (144,145). The activation of
calcium—calmodulin kinase and/or AMPK is associated with
an increase in the PGC-1a (peroxisome proliferator-activated
receptor gamma coactivator 1-alpha) expression in mRNA,
which is key for the increase in mitochondrial biogenesis and
the overall fat metabolism, providing large improvements in insu-
lin sensitivity in individuals with obesity, metabolic syndrome,
and T2D (89,146,147). Worth noting, the increased effect of
MICT in improving HOMA-IR was mainly seen in studies that
performed the exercise training in running. Such exercise modality
might promote the downregulation of the transforming growth
factor-beta, which has shown to impair mitochondrial biogenesis
(148), and key signals in the skeletal muscle: increased muscle
tension, increased reactive oxygen species (up to nonharmful
levels), and increased muscle calcium concentration (141).
Limitations. Studies comparing the effects of HIIE versus
MICT often equalize their training interventions by work per-
formed or energy expenditure. However, actual training data
to justify the matching of exercise intensities are rarely seen.
Future exercise training interventions should consider collecting
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