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Sex-specific responses during interval trairi2ng

ABSTRACT

This study examined sex-specific responses duréigpaced, high-intensity interval training
(HIIT). Sixteen (8 male, 8 female) individuals qoleted a VQ,cactest and 3 treadmill HIIT sessions on
separate days. The HIIT sessions consisted oinindte intervals performed at the highest selfeteld
intensity individuals felt they could maintain. Reery between intervals were counterbalanced and
consisted of 1-min, 2-min, or 4-min recovery durgegrh trial. Relative measures of intensity inirigd
percent of velocity at V@eax (WOzpea), percent of VQueas percent of HRa, and blood lactate
concentration ([La]) were observed during the sridPerceived readiness was recorded immediately
before and ratings of perceived exertion (RPE) wecerded at the end of each interval with sesRiB&
recorded after each trial. Results revealed afsigni effect of sex on WO pear (p<0.01) and %HR.«
(p<0.01). Data show that across trials men self-sdiggher VO, peak (84.5% vs. 80.7%), whereas,
women produce higher %HR(96.9% vs. 92.1%) and %\4.«(89.6% vs. 86.1%) with no difference in
[La] or perceptual responses. These findings sugpernotion that women may demonstrate improved
recovery during high-intensity exercise, as thel vgelf-select intensities resulting in greater
cardiovascular strain. Moreover, results confirrayoous findings suggesting a 2:1 work-to-rest réatio

optimal during HIIT for both men and women.
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INTRODUCTION

It is well established that high intensity intertedining (HIIT) is a valuable modality in prepaoat for
competition dominated by oxygen-dependent (aerdlgig)., distance running/cycling etc.) and oxygen-
independent (anaerobic) metabolic pathways (eegmisports, sprinting, etc.) (4, 30, 32, 35, 40he
presumed benefit to this form of training lies panity in an athlete’s ability to maximize time spe or
above physiological thresholds by interspersinghhiilgensity running bouts with less intense recpver
periods. Seiler and Sjursen (32) state that thexevigtually limitless avenues to manipulate theemal
training model to individualize the session. Ch&hong the variables commonly manipulated are
recovery duration and intensity. As would be expecwhen these variables are manipulated they
manifest varying levels of fatigue relative to pioysgical (HR, VQ) and biochemical (blood lactate
concentration) responses, and/or levels of perdesteain as evidenced by changes in ratings of
perceived exertion (RPE). As Seiler and Sjurse?) (®te, the literature has largely focused on the
training response when subjects perform at prexohiied physiological thresholds; however, this kack
ecological validity. That is, when training atl@et a prescription of intensity is advised butlisnately
self-regulated by the individual.” To that endréhis a continuing need to monitor the impact afalde
manipulation on an individual’'s response duringinél training.

Seiler and Hetlelid (31) published a novel studyatieg the physiological and perceptual
response to manipulating recovery duration duriggntensity interval training in highly trainedates
(VOgzpear= 714 mikgmin™). In their study, individuals performed 3 boufsself-selected high-intensity
training using 6, 4-minute intervals with 1, 2,/mintues of recovery. Results from that studygesg
that the optimal work-to-rest ratio is 2:1, aslities an optimal training intensity with little befit gained
by affording extra recovery time. While this studynovel and provides much needed information bou
HIIT, there are a variety of other populations tlmitinely employ interval training as a meansrairing
that have not received adequate attention in teeture. Evidence from recent studies identifiepbal
differences in rate of fatigue and/or recovery lestv bouts of high(er) intensity exercise between me

and women (1, 8, 15, 22, 26, 39). However, thesipddy of a sex difference during prolonged, high
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intensity interval-type exercise is not well-undeosl. Identifying sex specific responses to thaleof
exercise is important as the specificity of thereise prescription should provide an adequate oadrto
maximize performance as well as minimize predigfmsito injury due to an ineffective training
stimulus. To provide this stimulus both the opfirmdensity and recovery duration deserve adequate
attention. Clearly, there is a need for further kvdelineating the sex-specific responses to higbrisity
exercise to more precisely optimize desired adapstfrom interval training (3, 14, 15, 19, 20, 22,

25, 33). It seems plausible that if women demastimproved resistance to fatigue or improveditgbil

to recover they may self-select higher relativeemsities than men during HIT when presented with
longer recovery periods. Therefore, the aim of gtigly was to examine physiological and performance
responses between well-trained men and women dsgtigpaced HIIT with variable recovery periods.
Thus, because of the potential impact of sex dgdhility and recovery it was hypothesized that veom
would manifest higher levels of intensity durin@thessions of HIIT when compared to men during self
paced HIIT with variable recovery periods, indiogtieither lower level of fatigue during the bout or

improved recovery between bouts.

METHODS
Experimental Approach to the Problem

This study aimed to identify sex-specific physiotad and perceptual responses to self-paced,
high-intensity interval running.. Methods were aligation of Seiler and Hetelid (31) that testedyon
highly trained male runners. Each subject in dudy completed four trials; a peak oxygen uptake
(VOopea) treadmill test and 3 subsequent trials of intkvaining. Each interval training trial had
subjects perform 6, 4-minute intervals on a treddatia self-requlated speed. The recovery dumatio
between each 4-minute interval was either 1, 2, minutes and was assigned in a counterbalanced. ord
That is, the first subject performed the 1-, thentBen 4-minute recovery session, the second subje
performed the 2-, then 4-, 1-minute recovery, attd this repeated throughout. The intervals were

performed at a self-regulated pace, with subjetdtructed to perform at the highest intensity thedy
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they could maintain knowing they were to perfornmtrvals and with consideration of the amount of

recovery they would be afforded between each iaterv

Subjects
All procedures were approved by and conducted icor@ance with the local university
institutional review board for the use of humanjeats. Sixteen subjects (8 men.and 8 women) betwee

19 and 30 years of age (data shown in Table 1)igedwvritten, informed consent prior to particijpati

Insert Table 1 about here

All subjects self-reported at least a moderateefitnlevel and participation in at least one sessfon
interval training per week. Prior to the experinatials, subjects were assessed for height (m)tetal
body mass (kg) using a calibrated physicians bezate and stadiometer (Detecto, Webb City, MO) with
body fat percentage estimated using skinfold cedijeange, Cambridge, MA) and a three-site skinfold
method (men: chest, abdomen, thigh; women: trideyg, thigh) (27). Criteria for exclusion includex
reported or demonstrated behavior of any medicabrtimopedic problem severe enough to disrupt
performance or endanger health or if an individwalvided a self-reported fitness classificationolel
moderately active. Subjects were told to repothtolaboratory well-hydrated and at least 4 h@os-
ingestion of a meal and to have abstained fromhalc84 hours prior and caffeine 4 hours prior. In
addition, all subjects were instructed to replidhter diet on days before the trials and to hah&taned
from training activities the day before a testiggsion. All subjects were given a minimum of 72rsou

but no more than 10 days of rest between sessions.

Procedures
VO,peax testing. The first session for all subjects involved a maaditneadmill test to determine Vigaax
and HR..x. Subjects were fitted with a heart rate monitad &elt (Polar, Stamford, CT) worn around the

chest. Maximal testing was performed on a motdrigeadmill (TrueFitness, O’Fallon, MO) with
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metabolic data measured via an automated metabméasurement system (Parvo TrueOne,
ParvoMedics, Sandy, UT). Prior to data collectithre metabolic system was calibrated in accordance
with manufacturer’'s suggestion using gases of awknaoncentration and a 3-L Hans-Rudolph
calibration syringe. The protocol incorporated aiBute warm-up with subjects walking at 4.8 kM
whereupon the speed of the belt was increasedgogn@h™ every minute until subjects reached volitional
fatigue. Throughout testing, the treadmill gradaesvget at a constant 5% incline. At the end oheac
minute, subjects provided their RPE using Borg’'206scale. Heart rate and metabolic data were
recorded at the conclusion of every minute. Thtera for VO,p.acWere confirmed by achievement of at
least three of the following criteria: an RER valu#&.15, VQ plateau with increasing intensity, HR + 10
bpm of age-predicted maximum, and an RPE of 18giren ). Data from the maximal test was used to
identify each subject’s velocity at \jgax (WO2peay, determined as the speed at which the individual

attained VQpeakas long as the speed was maintained for a fulliteim accordance with Billat et al. (5).

High-intensity interval training. At least 48 hours following maximal testing, sedif reported to the
laboratory to perform the first of three bouts diTH Each session consisted of 6, 4-minute intisrva
interspersed with either 1, 2, or 4 minutes of vecp. The recovery duration was counterbalancet an
subjects were informed of the specific work-to-restio prior to performing each session. Each tria
began with a 5-minute warm-up that consisted ofkimgl 4.8 kmh™ at 5% incline. Immediately
following the warm-up, subjects were asked to beba session by setting the treadmill to the highes
possible speed they felt they could maintain famiutes knowing they were to perform 6 intervals
considering their specific work-to-rest ratio. fadbs were told there is no right or wrong speather,
just set the belt at the speed they felt was thiginest effort given the testing situation. Theatimill
remained elevated at 5% incline for the duratiorth&f HIIT session. Prior to each interval, sulgect
estimated their level of readiness using a perdereadiness scale (11). The perceived readineds, sc

shown in Figure 1, is analogous to a RPE scalkanit uses numbers associated with anchors toa&si

Insert Figure 1 about here
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perceivedeadiness to perform. Throughout each interval, (frkgmin™), HR (bpm), and RPE were
measured at the end of each minute. At the coiociud the fourth minute, the treadmill was slowed
4.8 kmh for an active recovery, the mouthpiece and noipevére removed and a blood lactate ([La])
sample was obtained by a capillary draw from aguretl finger and analyzed using an enzymatic
portable lactate system (Lactate Pro, Arkray Ingotid, Japan). The lactate measurement system was
calibrated in accordance with manufacturer’s iredtams prior to each trial. Throughout the recgver
period, subjects were allowed to drink water. \iitie last 15 seconds of the active recovery,extbj
re-inserted the mouthpiece and applied the nopeadlil were given a countdown to initiate the next
interval. These procedures were followed idenftydalr each of the 6 intervals and across all 8lsriAt
the conclusion of the final interval of each sessBubjects were disconnected from the metabotitesy
and sat quietly in a chair in the laboratory fopagximately 15-20 minutes whereupon they provided a
session RPE (SRPE) using the OMNI scale (16).sélfljects were given at least 72 hours but no more

than 10 days of rest between HIIT sessions.

Statistical Analyses

Sex differences between physiological and percépasponses to self-selected interval training
were analyzed using the general linear model with(aex) x 3 (recovery duration) repeated measures
ANOVA to identify any significant main effect. Wheappropriate, univariate post-hoc follow-ups
including 1-way ANOVA and dependent paired t-tasése performed to identify significant differences
and 95% confidence interval for real change. Adtadare presented as mean = SD unless stated
otherwise. Power is reported as3Nind effect size for main effects are reported atigh eta squared
(n?) whereas post-hoc effect sizes are presented lasnGal. Between subject (i.e., sex) effect sizes are
classified in accordance with Cohen (10) with alseféect sized = 0.20, a medium effect sizk= 0.50
and a large effect siz¢= 0.80. Statistical significance was determingatiari at the 0.05 level and all

data were analysed using the statistical packagsofiial sciences (SPSS, v 19.0, Chicago, IL).
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RESULTS
Tables 2 — 4 present the mean, SD, 95% Cls, lefdignificance and effect size of the

differences between men and women during self-walddIIT.

Insert Tables 2-4 about here

Percent of HRyayx, VWOzpear, aNd VO,peax
As shown in Tables 2 — 4, there was a consistattifieant difference between men and women

on %HR,.« values with women producing significantly higheH%,,« values than men across all trials
(p = 0.03 — <0.01). Moreover, the effect sizes preskrare considered large and suggest that these
differences are meaningful.

Results also show men produced significantly higieéative velocities (i.e., ¥WO,peay during
the 1-minute recovery trial with the effect sizeggesting a large difference. During the 2-minute
recovery trial, men still produced higher velodtichowever, the difference was not significant but
produced a large effect size, suggesting a meanimtifference. This is further demonstrated by the
small overlap shown in the 95% confidence limixuring the 4-minute recovery trial, men still progd
higher velocities but values were not significamifferent and the effect size is considerably low.

As shown in Tables 2 - 4, women produced higher %\Mvalues than men across all three
recovery trials with values reaching significanceinlg the 4-minute recovery. The effect sizestfier 1-
and 2-minute trials were moderate despite no statissignificance and the effect size for the 4vme
recovery condition was large.

Blood Lactate Concentration

There were no significant differences between nmehveomen with respect to [La] during any of
the trials. During the 1-minute recovery trial Jlis nearly identical between men and women buindur
the 2-minute recovery trial women presented sliglmver [La] and then higher [La] during the 4-miau

recovery trial. The effect sizes of the differeméaund between sexes ranged from small to moderate
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Perceived Readiness, RPE and Session RPE
During the sessions, women report higher PR, iitigdess readiness, than men during all three

trials. However, there were no significant difieces between these values and the correspondiegt eff
sizes associated with the differences were coresilder be small.

Across all trials, women consistently reported BigRPE values. The values between sexes
were very similar in the 1-minute recovery triablehe associated effect size was small with largjéeit
non-significant, differences in RPE with increasohgrations of recovery. The 2-minute recovery frial
while not significant, produced a moderate effdze.s During the 4-mintue recovery, differences
produced a large effect size, suggesting the @iffezs, despite not reachipg 0.05, were meaningful.

The differences between men and women in SRPE weftesignificant. In general, women
reported lower SRPE values when compared to meritendifference approached significance in the 4-
minute recovery trial. Moreover, the effect sizas@ciated with the difference is considered largjbe
effect sizes for the 1- and 2-minute recoverydrigere small and moderate, respectively.

DISCUSSION

In general, the goal of HIIT is to enhance physiatal, psychological and metabolic overload by
maximizing time spent performing high-intensity eotge. During HIIT, the ability to maintain adedea
overload without critical disruption of homeostaliading to premature fatigue is controlled by @ith
duration of the interval and/or the duration of theovery period (36). While the importance oéimdity
is fairly well-established and generally rangesmMeein 75-100% of VQea0r 85-100% of HRx, less is
known about optimal recovery duration. IndeedhBjsand colleagues (9) state that recovery istigalri
component of training, albeit not well understo®tlis is true not only between training sessions,ifu
recovery periods during sessions of repeated eseerdresults from the current study support theonot
that a 2:1 work-to-rest ratio, in this case 4 miasubf exercise with 2 minutes of recovery, during
extended HIIT tends to yield an appropriate tragnstimulus and is perceived as less difficult. In

addition, results suggest that women undertakinfipseed HIIT may produce disparate running
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velocities as well as different physiological anergeptual responses when compared to men despite
similar instructions relative to performance expéon.

The notion of a sex difference during high-intepsixercise has gained increased attention in the
literature (6, 7, 17, 22, 24, 25). In general, np@ssess higher total and lean body mass and produce
higher absolute and relative power. However, resardies show that women may demonstrate higher
resistance to fatigue and/or improved recoveryrduhiouts of repeated exercise despite men’s aldity
produce greater power (1, 8, 22, 26). While stuékdsto provide overwhelming support of a true sex
difference with respect to high-intensity exerq8e6, 17), evidence indicates that, at the veagtlesex-
specific training considerations are appropriate, (24, 34). Results from the current study provide
evidence that sex-specific considerations are gpjate during self-paced HIIT. As expected, thesrev
anthropometric and capacity differences between amehwomen (Table 1). Interestingly, data indicate
distinct sex differences with respect to high-isignexercise. Specifically, women demonstrate lowe
%W O,peak Values during each recovery condition, reachiggicant and meaningful levels during the
1- and 2-minute recovery trials (see Tables 2-4sgite lower relative velocities, women produce
significantly higher %HR.x and %VQ,.. response. This is observed despite near idermeshbolic
strain, as reflected by [La], during shorter reggvperiods with marked differences, although not
statistically significant, during longer recoveriats.

Seiler and Hetlelid (31) found that aerobicallyteslinales produce 9¢O,pearanging from 83-
85%, increasing as recovery duration increaseterdatingly, the men in the current study demotestra
comparable values of WO ,,cacranging from 82.5-86.1%. These are significahtbher than velocities
produced by the women in our study, which rangenfrt7.6-83.6%. Despite self-selecting a lower
%W O,peax WOomen did, indeed, produce at the very leastlaimand, in most cases, higher physiological
strain. As shown in Tables 2 — 4, women achievédni@oHR.x and %VQea With most reaching
significance but all being meaningful differenceghwespect to effect size. Whilst the responsbath
men and women are within accepted ranges of HIO) (hey are lower than two previous studies

utilizing similar work-to-rest durations. Studieg Beiler and Hetlelid (31) and Seiler and Sjurseé?) (
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report values of 90-100% of WQ.during 4-minute HIIT whereas our subjects show egrage VQ
response between 85-90% of }Q with women producing consistently higher valuesntthe men.

It seems plausible, then, that in order for wom@emaintain the requisite “high-intensity” presciipt, a
greater proportion of their aerobic capacity isessary (when compared to men). This may explayn wh
the average %HR values for women are 4-5% higher in women vs. imehis study. That is, in order

to maintain aerobic energy production via oxidatipathways, a greater strain is placed on the
cardiovascular system. This, when examined coantlyr with the higher %Vg.aVvalues, may suggest
that in order to maintain what women perceive aghiimtensity there is greater reliance on aerobic
mechanisms vs. anaerobic pathways. Overall, thdhglresponse of men and women tends to show that
both are able to produce an appropriate stimulusigigelf-paced HIIT.

A possible factor that may influence increasedstasice to fatigue during exercise and sport
performance in women is estrogen level. Indeedlistuhave shown that estrogen may exert a progectiv
effect on skeletal muscle mediating strength, esmkte, resistance to fatigue and inflammation during
and following exercise (12, 20, 37). Studies, tilguhave produced only equivocal evidence in
determining the degree to which either estrogemenstrual cycle and its resultant effect on hormone
levels has on exercise or sport performance (12,480, and specific to our study, Hunter (20)ea®ot
that despite the potential protective and posigfkects of estrogen, the impact of estrogen lewels
younger women (vs. older) is negligible. That rittatanding, it does seem plausible that estrogay m
play at least some contributory role to explairhleiglevels of relative intensity during the repdabeuts
of high-intensity running with lower recovery pei® in women versus men in the current study.
However, this should be interpreted with some cawudis levels of estrogen or menstrual cycle wete no
measured or controlled for in this study.

With regard to perceptual responses during selégadlIT, Tables 2—4 show a relatively
uniform response. This finding is consistent witievious research suggesting the relative statlfity
RPE during high-intensity exercise (13, 21, 23, 38). However, there was a new measure of

perception, the perceived readiness scale, usatktermine if recovery duration influenced level of
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readiness during HIIT (11). In the only other stuging the perceived readiness scale, Edwardk et a
(11) found individuals were able to gauge readitegserform 1,000-meter time trials at a RPE anetior
intensity of “16” on the Borg scale. Those indivadsi were instructed to begin the time trial wheayth
reached a perceived readiness value of “4” (adetuatcovered) and results suggest that perceived
readiness is as accurate as HR recovery or traditwork-to-rest recommendations. In our study, we
aimed to evaluate if individuals would report vata levels of perceived readiness with increased or
decreased recovery durations. Results revealrttiaiduals seem to adjust physiological and meliabo
strain in such a manner that perceptual straimduamd between intervals is stable. This finding, along
with the finding of stable RPE response, despittabée recovery periods may suggest that indivislual
will more likely negotiate physiological strain yserceptual strain during self-paced HIIT.

The possibility of a sex difference in perceptusdponse is not well understood with studies
yielding overall equivocal results. Some have sstge that when exercise is performed at relative
intensity anchors there appear to be no sex difteré18). Others, however, show that when exeisise
performed using absolute anchors perceptual diftese may exist (29). Our results suggest that tere
meaningful sex differences in perceptual strairhlshiring and following self-paced HIIT as evidenced
by RPE and SRPE, respectively. Interestingly,ehegpear to be no differences, either statistiaadly
practically, on level of perceived readiness tofgren during self-paced HIIT. It seems that both
perceived readiness and perception of effort duhiigh-intensity bouts are stable within-sex regesdl
of recovery duration but may occur at differenatee points between men and women. That is, women
may incur greater cardiovascular and/or metabatairs at a similar level of perceptual level ofastr
As shown in Tables 2-4, during the 1-minute recpwyeen and women generally report the same average
RPE and SRPE values, however, during the 2-minmutedaminute recovery bouts, there was increasing
disparity. Women typically report higher perceptatrain during a bout but lower global values of
perceptual strain following a bout. While thesdéuea did not reach statistical significange=0.23—
0.10), the effect size for both the 2-minute recpumut and the 4-minute recovery bout were comeitle

moderate and large, respectively. This findingnisine with other research noting that women répor
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higher RPE values during and lower SRPE valueoviaig a bout of high-intensity exercise (22).
Reasons to explain this finding are not clear anliterature but is worthy of future research.

In conclusion, results from our study tend to swygthat women will produce higher
physiological, perceptual, and metabolic strainirdubouts of self-paced HIIT compared to men when
given standard instructions and prescribed a dategnrecovery duration between intervals. Moreover
our results support previous findings showing thaing extended bouts of HIIT, a 2:1 work-to-resia
is perhaps the optimal prescription to ensure aategaverload while concomitantly reducing the total
time in an exercise session. This is demonstratethe similarity in responses during the 4-minute

recovery bout vs. the 2-minute recovery bout.

PRACTICAL APPLICATIONS

Current results provide application to strength amhditioning professionals as well as
individuals taking part in training and program idesthat utilize HIIT. In most cases, athletes
undergoing HIIT training are directed to producegéh cardiovascular and metabolic strain using
prescribed effort levels provided by their coachEsr example, a strength coach may ask an indavidu
to perform a 4-min “hard run” and hope that thdetthwill self-pace themselves to reach the desired
intensity to elicit stimuli that are known to prpitate functional adaptations. Findings from tsiisdy
show that trained, but not necessarily aerobicglte, individuals produce optimal intensity levelsring
extended self-paced HIIT sessions using verbalruosbns. Moreover, it seems that during these
extended periods of HIIT a 2:1 work-to-rest ratroypdes adequate recovery between intervals and wil
minimize training time as no benefit is gained bgreasing recovery periods between intervals.

Another point-of-application from this study isathmen and women will demonstrate variable
levels of performance as well as physiological pacteptual responses to self-paced HIIT. Spedifica
women, given similar instructions to self-paced THitend to produce lower relative intensities with
respect to velocity of running but produce greaardiovascular strain as well as slightly increased

perceptions of effort. However, the increasedirstidoes not demand increased recovery times,
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suggesting that women may demonstrate improvedreegavhen afforded similar rest periods. Finally,
strength and conditioning personnel should be castinstructing or encouraging female athletes to
increase relative speeds to intensities similathtise of men as it may magnify the overload and, if
performed regularly, may lead to non-functional rogaching if sub-optimal recovery is afforded
between intervals. Results indicate female athletagant unique considerations compared to male

athletes with regard to training and acute recavery



Sex-specific responses during interval trainlitg

References:

1.

10.

11.

12.

13.

14.

15.

Albert WJ, Wrigley AT, McLean RB, and Sleivert G&ex differences in the rate of fatigue
development and recovery. Dynamic Med 5: 1-10, 2006

American College of Sports Medicine. Guidelinesdgercise testing and prescriptioff,eglition.
Philadelphia, PA: Lippincott Williams and Wilkin010.

Astorino TA, Allen RP, Roberson DW, Jurancich Mwig R, McCarthy K, and Trost E.
Adaptations to high-intensity training are indepemidof gender. Eur J Appl Physiol 111: 1279-1286,
2011.

Billat VL. Interval training for performance: a saitific and empirical practice. Special
recommendations for middle- and long-distance mugpnPart I: Aerobic interval training. Sports Med
31: 13-31, 2001.

Billat VL, Hill DW, Pinoteau, J, Petit B, and Koeattein J-P. Effect of protocol on determination of
velocity at VQmaxand on its time to exhaustion. Arch Phys Bioch@#:313-321, 1996.

Billaut F, and Bishop DJ. Mechanical work accountssec differences in fatigue during repeated
sprints. Eur J Appl Physiol 112: 1429-1436, 2012.

Billaut F, and Smith K. Sex alters impact of regelabouts of sprint exercise on neuromuscular
activity in trained athletes. Appl Physiol Nutr Met34: 689-699, 2009.

Billaut F, Giacomoni M, and Falgairette G. Maxinnalermittent cycling exercise: effects of recovery
duration and gender. J Appl Physiol 95: 1632-1@8D3.

Bishop PA, Jones E, and Woods K. Recovery fronmitngt a brief review. J Strength Cond Res 22:
1015-1024, 2008.

Cohen J. A power primer. Psychol Bull 112: 155-18992.

Edwards AM, Bentley MB, Mann ME, and Seaholme T&f-Bacing in interval training: a
teleoanticipatory approach. Psychophysiology 48-1481, 2011.

Enns DL, and Tiidus PM. The influence of estrogarskeletal muscle: sex matters. Sports Med 40:
41-58, 2010.

Eston R, Faulkner J, St Clair Gibson A, Noakes dily Parfitt G. The effect of antecedent fatiguing
activity on the relationship between perceived taerand physiological activity during a constant
load exercise task. Psychophiys 779—-786, 2007.

Esbjornsson-Liljedahl M, Sundberg CJ, Norman B, dawsson E. Metabolic response in type | and
type Il muscle fibers during a 30-s cycle sprintrian and women. J Appl Physiol 87: 1326-1332,
1999.

Esbjornsson-Liljedahl M, Bodin K, and Jansson Eafken ATP reduction in women than in men by
repeated bouts of sprint exercise. J Appl Phys3ol1975-1083, 2002.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sex-specific responses during interval trainlég

Foster C, Florhaug JA, Franklin J, Gottschall Lo¥#tivn LA, Parker S, Doleshal P, and Dodge C. A
new approach to monitoring exercise training. &&jth Cond Res15: 109-115, 2001.

Green JM, Crews TR, Bosak AM, and Peveler WW. Qlvaral differentiated ratings of perceived
exertion at the respiratory compensation thresheiffdcts of gender and mode. Eur J Appl Phyiol
89; 445-450, 2003.

Fukuda DH, Smith AE, Kendall KL, Hetrick RP, Hanteks, Cramer JT, and Stout JR. The reliability
of the intermittent critical velocity test and assment of critical rest interval in men and wonteuar.
J Appl Physiol 112: 1197-1205, 2012.

Hicks AL, Kent-Braun J, and Ditor DS. Sex differesdn human skeletal muscle fatigue. Exerc
Sport Sci Rev 29: 109-112, 2001.

Hunter SK. Sex differences and mechanisms of tpskific muscle fatigue. Exerc Sport Sci Rev 37:
113-122, 2009.

Joseph T, Johnson B, Battista RA, Wright G, Dodgar@ Porcari JP. Perception of fatigue during
simulated competition. Med Sci Sports Exerc 40:-38b, 2008.

Laurent CM, Green JM, Bishop PA, Sjokvist J, Schakea RE, Richardson MT, and Curtner-Smith.
Effect of gender on fatigue and recovery followingximal repeated sprint performance. J Sports
Med Phys Fitness 50: 243-253, 2010.

Laurent CM, Green JM, Bishop PA, Sjokvist JS, Ridsan MT, Schumacker RE, and Curtner-
Smith M. Stability of RPE increase during repeatgdrmittent sprints. J Exerc Sci Fit 8: 1-10, 2010

Mageean AL, Alexander RP, and Mier CM. Repeatedthsperformance in male and female college
athletes matched for ViR, relative to fat free mass. Int J Exerc Sci 4:-239, 2011.

Mendez-Villanueva A, Hamer P, and Bishop D. Fatigjueepeated-sprint exercise is related to
muscle power factors and reduced neuromusculaditsgcteur J Appl Physiol 103: 411-419, 2008.

Perez-Gomez J, Rodriguez GV, Ara |, Olmedillas Hagarren J, and Gonzalez-Henriquez JJ. Role
of muscle mass on sprint performance: gender eifiegs? Eur J Appl Physiol 102: 685-694, 2008.

Pollock ML, Schmidt DH, and Jackson AS. Measurenaémardiorespiratory fithess and body
composition in the clinical setting. Compr Therl@:27, 1980.

Rechichi C, Dawson B. Oral contraceptive cycle plases not affect 200-m swim time trial
performance. J Strength Cond Res: 961-967, 2012.

Robertson RJ, Moyna NM, Sward KL, Millich NB, Gdsk, and Thompson PD. Gender comparison
of RPE at absolute and relative physiological oateMed Sci Sports Exerc 32: 2120-2129, 2000.

Rozenek R, Funato K, Kubo J, Hoshikawa M, and Ma&su Physiological responses to interval
training sessions at velocities associated with4©J Strength Cond Res 21: 188-192, 2007.

Seiler S, and Hetlelid KJ. The impact of rest dorabn work intensity and RPE during interval
training. Med Sci Sports Exerc 37: 1601-1607, 2005.



32.

33.

34.

35.

36.

37.

38.

39.

40.

Sex-specific responses during interval trainlig

Seiler S, and Sjursen JE. Effect of work duratiarphysiological and rating scale of perceived
exertion response during self-paced interval trmnScand J Med Sci Sports 14: 318-325, 2004.

Sjokvist J, Laurent CM, Richardson M, Curtner-SnithHolmberg H-C, and Bishop PA. Recovery
from high-intensity training sessions in femalec@layers. J Strength Cond Res 25: 1726-1735,
2011.

Smith TP, Coombes JS, Geraghty DP. Optimising mgdnsity treadmill training using the running
speed at maximal Quptake and the time which this can be maintaiged.J Appl Physiol 89: 337-
343, 2003.

St Clair Gibson A, Lambert E, Rauch LHG, TuckeBRden DA, Foster C, and Noakes TD. The role
of information processing between the brain antpperal physiological systems in pacing and
perception of effort. Sports Med 36: 705-722, 2006.

Stepto NK, Martin DT, Fallon KE, and Hawley JA. Mbblic demands of intense aerobic interval
training in competitive cyclists. Med Sci Sportsefx 33: 303-310, 2001.

Tiidus PM. Influence of estrogen on skeletal musielmage, inflammation, and repair. Exerc Sport
Sci Rev 31: 40-44, 2003.

Tucker R, Marle T, Lambert EV, and Noakes TD. Thie of heat storage mediates an anticipatory
reduction in exercise intensity during cycling dbxad rating of perceived exertion. J PhySai:
905-915, 2006.

Wust RC, Morse ClI, de Haan A, Jones DA, and DegknSex differences in contractile properties
and fatigue resistance of human skeletal muscle.Hbysiol 93: 843-850, 2008.

Zuniga JM, Berg K, Noble J;, Harder J, Chaffin MEdddanumanthu VS. Physiological responses
during interval training with different intensitiesd duration of exercise. J Strength Cond Res 25:
1279-1284, 2011.



Sex-specific responses during interval trainl&y

Figure Captions

Figure 1. The Perceived Readiness Scale (from Hisnetral., 2011).



Tables

Table 1. Descriptive characteristics of the sulsjéc= 8 men, 8 women).

Variable Men Women
Age (yrs) 20.8+2.1 21.9+3.6
Height (m) 1.80 +0.03 1.67 +0.10*
Total Body Mass (kg) 746+ 5.0 61.3 £8.3*
Body Fat (%) 6.8+2.2 18.8 £ 2.2*
Maximal Heart Rate (bpm) 192 +11 7139
VOspeax(mikgmin™) 60.8+5.3 475 + 3.0*
Velocity at Peak (krh™) 154+1.6 12.7+1.1*

* Values significantly different gb < 0.05.

Table 2. Overall average, SD, 95% confidence linhitgel of significance and effect size of the aked response
between men and women during a bout of 6, 4-minsholuself-selected, high-intensity interval traigiutilizing 1-min

of recovery between intervals £ 8 men, 8 women)

Mean SD 95% CI Cohen’sd
%HR max
Men 92.2 3.0 89.7-94.6 0.03 1.17
Women 96.2 3.8 92.9-994
% WO2peak
en 82.5 4.0 79.0 -85.8 0.03 1.24
Women 77.6 3.9 74.4 — 80.9
%VO 2peak
Men 85.6 51 81.4-89 0.21 .650
Women 88.4 34 85.5-91.3
[La] (mmol)
Men 9.7 2.1 79-114 0.99 0.00
Women 9.7 2.9 7.3-12.0
PR (a/uk/I
en 2.9 0.9 21-37 0.48 0.37
Women 3.2 0.7 2.6-3.8
RPE (a/u)
Men 13.4 1.6 12.1-14 0.68 0.24
Women 13.8 1.8 12.2 -15.2
SRPE (a/u)
Men 7.6 0.8 7.0-8.2 0.23 0.12
Women 7.2 0.7 6.4-7.8




Table 3. Overall average, SD, 95% confidence lintgel of significance and effect size of the okled response
between men and women during a bout of 6, 4-minsholuself-selected, high-intensity interval traigiutilizing 2-min
of recovery between intervals £ 8 men, 8 women)

Mean SD 95% Cl p Cohen’sd
%HR max
Men 92.1 4.1 89.3-94.9 0.01 1.47
Women 97.4 34 95.0-99.8
%VVOZ eak
en 84.9 6.4 80.5-89.3 0.08 0.95
Women 80.2 4.1 77.4-83.0
%VO 2peak
Men 86.7 5.8 82.7 —-90.7 0.21 0.66
Women 89.8 4.2 86.9 —92.7
[La] (mmol)
Men 10.0 3.1 79-12.1 0.90 0.03
Women 9.9 4.6 6.7 -13.1
PR (a/uk/I
en 2.9 0.9 2.1- 3.7 0.79 0.13
Women 3.2 0.7 2683
RPE (a/u)
Men 12.8 1.4 11.8-13.8 0.14 0.74
Women 12.9 1.8 11.1-14.7
SRPE (a/u)
Men 7.5 0.8 6.9- 8.1 .30 0.54
Women 6.8 1.5 57— 8.1

Table 4. Overall average, SD, 95% confidence lingel of significance and effect size of the alied response
between men and women during a bout of 6, 4-minsboiuself-selected, high-intensity interval traigiutilizing 4-min
of recovery between intervals £ 8 men, 8 women)

Mean SD 95% CI p Cohen’sd
%HR max
Men 92.0 1.6 90.7 — 93.3 <0.01 0.91
Women 97.2 3.2 94.4 - 99.9
%VVOZ eak
en 86.1 4.9 82.1 -90.2 0.28 0.56
Women 83.6 4.0 80.2 -87.0
%VO 2peak
Men 85.9 4.2 82.3-89.4 0.03 1.22
Women 90.8 3.8 87.6 —93.9
[La] (mmol)
Men 9.9 2.4 79-12.0 0.27 0.59
Women 11.8 4.0 8.5-15.2
PR (a/uk/I
en 3.1 0.4 2.4-40 0.92 0.15
Women 3.2 0.9 2.86 3
RPE (a/u)
Men 13.1 1.1 12.2-14.0 0.06 1.36
Women 14.3 1.4 13.2-15.5

SRPE (a/u)
Men 8.0 0.5 7.6-8.4 100. 1.0



Women 7.0 1.4 5.7-8.3
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Figure 1.

7 — Exhausted

6 — Very tired

5 — Tired

4 — Adequately recovered
3 — Well recovered

2 — Very well recovered

1 — Fully recovered

(unable to exercise)

(unable to exercise at the required intensity)

(not yet able to exercise at the required intensity)
(able to exercise at the required intensity)

(able to exercise above the required intensity)
(well able to exercise above the required intensity)
(able to exercise at maximal intensity)






