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BACKGROUND FOR THIS MASTER'S THESIS

Thismaster's thesis is a part dbagerstudythatwas comlucted intheM mendés c | iGBni c,
hospital in Norwayin cooperation withthe Norwegian University of Science and Technology
(NTNU), The Faculty of maicine This randomized controlled triadvestigated the effecif high-
intensity interval training versustrength training in women with polycystic ovary syndrome
(PCOS)on several outcome measurg$ie following measurements were perforna¢daseline

(week O)and aftettheinterventionperiod(week 11)

Biochemical: Insulin sensitivity measured with the homeostatic model assessment for insulin
resistance (HOMAR) method(1). HOMA-IR wascalculated as (FPI*FPG)/22.5, where FPI and
FPG are fastingnsulin and fasting glucose, respectiveBlood values oftestosterone, sex
hormone binding globulin (SHBG), dehydroepiandrosterone sulfate (DHEAS), estradiol,
progesterone, cholesterol, higensity lipoprotein (HDL), lowdensity lipoprotein (LDL),
triglyceride, insulin epeptide, glucose, follickstimulating hormone (FSH), luteinizidgormone

(LH), thyroid-stimulating hormondTSH), prolactin, antmullerian hormone (AMH), albumin,
high-sensitivity creactive protein (R€RP). Blood samples were obtathin the morning after an
overnight fast.Blood samples weranalyzed according to standard local procedures at the

Department of medical biochemistry, St.GmWniversity Hospital, Trondheim, Norway.

Physiological: Aerobic capacity measured as maximarygen uptake [in ml/min/kg] using a
direct ergospirometry system with a mixing chamber (Oxycon Pro, Erich Jaeger GmbH,
Hoechberg, Germany). All tests were performed on a treadmill (Woodway USA Inc., Waukesha,
WI, USA).

Anthropometrical:Height [cm] was reasured using a standard stadiomeédexdy weight [kg],

BMI [kg/m?] and body composition (body fat [kg and percentage], muscle mass [kg] and visceral
fat[VFA, cm2]) was measured using a bioelectrical impedance scale (BIA) (InBody720, Biospace
CO, Ltd, Seal, Korea). Fat distribution was measured as waist circumference (WC) in cm at the
level of the umbilicus using a measuring tape. Blood pressure [diastolic and systolic, in mmHg]

was measured using an automatic blood preskwiee(Welch Allyn, Germany.
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Endothelial function Measured as flownediated dilatation (FMD) of the brachial artery (in
percentage change compared to baseline) usingréggiution vascular ultrasound (14MHz
Doppler probe, GE Vingmed Ultrasound AS, Horten, Norway).

Biochemical hyprandrogenisnitotal tesosteroneimol/L], SHBG [nmol/L], free androgen index
(FAI)) and clinical hyperandrogenisndefined as the presence ofdatism (FerrimanGallwey

score greater than or equal to e)d@) was measured.
Menstruation, psychological welbeingandphysical activitywas registered with a questionnaire.

Ovulation frequencyvas recorded during the intervention period of 10 weeks and in the following

16 weeks (2&€9 weeks from baseline) by using menstruation diaries.

In this thesisthe primaryoutcomemeasurements atgody composition andisceral fat, and
secondary outcome measurements lavdy weight and waist circumference.tf@r outcome

measures are not further elaborated.
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ABSTRACT

Background: Polycystic ovary syndrome (PCOS)asommorendocrine disordeaffecting 6
20% of reproductiveage womenWomen with PCO$end to accumulate more upper body fat,
and the syndromis often present with abdominal obesity and visceralasitiyp whichis further
associated with metabolicand cardiovacularcomplications Despite welestablished benefits
of exercise and its recommendatiorHE@OS managemerfew randomized controlled trials have
evaluatedhe benefits oéxercise as the only intervention body compositiomn women with
PCOS. Objective: The aim of thepresent studyas to investigatéhe effect ofhigh-intensity
interval training(HIT) and strength trainin¢ST) versus controlpn body composition imomen
with PCOS.Methods We didarandomized controllettial, including31 previowsly sedentary
womenrandomly assignetb one of three groupsjigh intensity interval training (HITin = 10),
strength training (STn = 11) and control (G; n = 10). At baseline and 10 weeks follayp,
body compositionand anthropometriosasevaluatedand compared between groug@utcome
measures:Body compositiorand visceral fafVF), bodyweight,and waistircumferenc€WC).
Results: Twenty-five women completedhe study intervention and pesaining testing(ST;
n=8, HIT; n=8 andCG; n=9). Weight dd not change in any grouph&re was aignificant
decrease ipercentagéat mass (FMafter STTEMM: -1.6, 984 CI:-2.5 to-0.7]and HIT[EMM:
-0.9, 986 CI: -2.2 t0-0.0], respectively. Fafree masgFFM) increased significantly after ST
[EMM: 1.2, 95% CI: 0.47 2.1], but not after HIT EMM: 0.4, 986 CI:-0.2 to1.1]. There was
no significant betweergroup differences in the change ipercentagd-M (p=0.59 and FFM
(p=0.18. Therewas no changes WC or VFwithin or between group€onclusion Thesedata
indicates thain theabsence of body weight changksth ST andHIT havebeneficial effecon
body compositionn women with PCOSPercentage FM decreased significantly after both ST
and HIT, and FFM increased significantly after ST.

Key words: Polycystic ovary syndrome/ exercise training/ body composititat distributior
visceral faf strength traininghigh-intensity interval training
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RELEVANCE

Lifestyle intervention is recommended as flise therapy in PCOS management. Despite this,

a limited number o$tudieshave examined exercise as an independent intervention in PCOS. The
few studies that exist have usedoderateintensity endurance traininger exercise n
combination with diet. Previous studieave been conflicting inegard to theffect of exercise
training on body composition in PCOS women, anddtiect of different types of exercisis

still unknown Most previous studies report afgein body weight, without changes in body
compositioni a valuable measure of the fdistribuion and health risk ithese womenThis
studyis one of few randomized, controlled trials on the isolated effects of different modes of
exercise training on bodyomposition in women with PCO$ut furtherresearch imeeded to

establish guidelines foxercise intreatment and management of this syndrome
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1 THEORETIC BACKGROUND

Polycystic ovary syndrome (PCOS) & chronic condition andhe mostcommon endocrine
disorderof women in reproductive ag@, 4), affecting 620% (5) depending on theopulation
studied and theiagnostic criteria use(b, 6). PCOS first known as Sta-Leventhal Syndrome,
wasdescribedn 1935 as amenorrhessociatedvith bilateral polycystic ovarie€/). In recent
times,PCOSproved to be significantly more complex tHast thought(8). The syndromeresents
multiple associated pathagic conditiosrather than a single disorder, and the clinical implications
vary across the lifespdB, 9). PCOShas become aajor public healtltoncernwith reproductive,
cardiovasculametabolic, and psychological dysfunctspwhichseensto beincreasingn parallel

to theobesity epidemiexacerbatindpoth theprevalence and severity of PCQ®), 11).
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Figure 1: Factors affecting the development of PCOS



1.1 Causes and pathophysiology of PCOS

PCOS is a complexetepgeneous and poorly understayhdromewith reproductive, metabolic
and psychologicdeatureq9, 11). Reprodutive features include anovulation, irregular menstrual
cycle, pregnancy complicationspfertility, clinical hyperandrogenism (elevateshdrogens) and
biochemical hyperandrogenism (hirsutism and androgens affecting body {is$udyletabolic
features includgincreased prevalenad metabolic syndromél2), impaired gleose tolerance,
insulin resistance (IRtype 2 diabetes mellitus (DM2) and cardiovascular disease (CVD) risk
factors(3, 11, 13). As many as ne-third of women with PCOS develop DMBArough the lifespan
(10). Psychological faturesrelated to PCO#cludes depression, anxiety, poor seléteem and
body image, reduced quality of life, social phobia, eating disstet higher rates of suicidal
attempts than in the general populat{@d-16). The impact on psychological features in women
with PCOS is more extensive than previously thoght1, 15, 16).

The pathophysiologyf PCOSis probably multifactorialand remains largely unclear, although a
hormonal imbalance created by a combinatiomofease@ndrogens ardr insulinareimplicated

(3, 8). Hyperandrogeism and IRis a central featuréo the etiology of PCOS, which further
contributes to metaboliand reproductive complication®). Insulin increase the luteiniziry
hormone (LH) production, and can indirectly raise the serum concentration of free testosterone by
inhibiting the hepatic production of séwormonebinding globulin (SHBG)(17). In addition,

insulin stimulates glucose transportadipose tissue and skeletal musElarther, adrogens bind

to the androgen receptppresent in adipose tissue (higher in visceral fat than in subcutaneous fat),

and regulates sevd aspects of adipose cell functi¢hy).

Genetis, environmendl factors (iet, physicalinactivity and weight gai)) ovarian dysfunction

and hypothalamicpituitary abnormalitiesare also associated with theormonal disturbance in
PCOS(4, 9, 11). Genetic factorseems to influence the development of PCOS, as women with a
family history of PCOS are more likely to develop the syndr@8g The role of genetic factors

in the etiology of PCOS development is possibly different in lean and obese \{i@nhéfowever,
several gnes has been studied, but net grovento bedifferent in lean and obeseomenwith
PCOS(18).



1.2 Symptoms of PCOS

Women usually preseretinically with concerns regarding menstrual irregularities, hirsutism and
infertility (20). In reproductive agedwomen, PCOS isssociated with reproductive morbidity,
abnormal uterine bleeding, miscarriage and other pregnancy compliq@®a4), and as may

as 786 of women with PCOS suffer from a form of menstrual disor{2s The characteristic
multiple owarian cysts that can occur, often faildischarge their ovavhich can lead to infertility
(18). Further, the corpus luteum does not form, and levels of progesterespatigise normally

in the luteal phase of the menstrual cycle. This further prevents the normal progedtememe

hyperplasia, leading to long or irregular cycles or amerea(18).

PCOS is also associated with hyperandroger{®Bn 24). Increased levels of testosterone and
luteinizing hormone (LH), andeduced amount ahe transport mtecule sex hormone binding
globulin (SHBG)and progesterone is often observédd). In addition, Anti-Mullerian hormae
(AMH) concentration's measued to be two timesigher in women wh PCOS compareaith
normal controlg25). The most common signs ofinical hyperandrogesm areacne, hirsutism

and acathosis nigricans (dark, velvetiiickening of the skin(18, 23, 26).

IR andimpairedglucose intolerancéGT) are common featusean PCOS, and the prevalence of
DM2 and IGTare 10% and 3% among PCOS wome(l8). IR, DM2, IGT, increased insulin
levels, dyslipidemiarad hyperandrogenisareall metabolic symptoms #t are seeim PCOS(24).
Furthermoredyslipidemia andacarhosis nigicans mayalsoincrease the risk of hyperestrogen

related cancer (endometrial amigkast cancer) and CVQ7).

Obesity is a risk factor for the development of PCOS, with the distribution fciized in the

upper body sitesgs an importanfactor (18, 28). Excess boy weight increased WC, andeight

gain, especially abdominalnd VF accumulation areommon featureof PCOS(23, 26). This

leads to an increased risk of CVD and DM2 in these wo(@gnand the pevalenceof these
diseaseseems to be higher in overweight PCOS women compared to normal weight women with
PCOS(29). This may be due to thacreased circulatg levels offree testosterone and insuim
overweight compared to normal weight PCOS woii&h Further, obstructe sleep apne@DSA)

and nonalcoholic fatty liver disease (NAFLD) are otbgmptomsn PCOS and associated with
obesity(9).



In addition psycholgical disorderssuch as anxiety and depression aften seen in women with
PCOS(26). Such problems are probably associated WRhandthe physical symptoms of the

syndrome(hirsutism, obesity, acn€26).

Womenwith PCOSdo not typically experiencall of the symptms, and the presentation is highly

variable in symptoms and clinical ahiblogical manifestations of this conditiofi.0).

1.3 Diagnosis of PCOS

In 1990 The National Institutef Health (NIH) published the first diagnostic critef@ PCOS
comprising hyperandrogenism (biochemical or clinical) and anovul@@nLater, it has become
clear that the syndrome encompasses a broader spectrum of symptoms than thosi dieéned
NIH-criteria. In 2003, the European Society for Human Reproduction and Embyyolog
(ESHRE)/American Society for Reproductive Medicine (ASRM) international consensus
workshop group therefore expanded the diagnostic criteria for PCOS by also including ovarian
morphology(31). The 2003 Rotterdam critararea result of this, and includévo of the following
threecriteria: hyperandogenism(clinical and/or biochemical), irregulavulatory period4>35

days menstrual cycle or 1€ menstruatios/year] or ultrasound polycystic ovary (PCO)
morphology[2 10peripheral cyst8-8 mm in diameter and/or volurdel0 ml (31). TheRotterdam
criteriatakes greater account of the wide range of features PCOS is characterageddoypared

with NIH criterion The Rotterdam critéa arecurrently the recommended and most commonly
used definition of PCOS in countries outside the (B5.In recent times, the Androgdtxcess

and PCOS SocietyAE-PCOS $ciety) criteria(22) defined PCOS as clinical or biochemical
hyperandrogenism assated witholigo-anovulation or PCOsThis criterion together with e
NIH-criteria, differs fromTheRotterdam criteridoy hyperandrogenism being a requirement to get
the diagnosiqg22). Known disorders (such as androegatretingneoplasm, lat®nsetcongenital
adrenal hyperplasi&ushing syndrome, hyperprolactinemia, hypad hyperthyroidism), tich
mimic the PCOS phenotype a®rclusion criteria in all of the definitior{s, 9, 22, 31).

In addition,it hasbeen suggested that AM#dncentratioomay be useful in the diagnosis of PCOS

(25). AMH levels are shown to be significantly increased in women with PCOS compared to



normal controls, and asgronglycorrelated to hyperandrogenismd anovulatiori25). However

increased AMH concentration it jet a criterion for diagnosingCOS.

Although PCOS is a commomeaocrine disorder, theinical practice for diagnosis is inconsistent
and needs to be improved msny women arendiagnosed with the syndronf@ 32, 33). The
patientshistory (menarche, oral contraceptive pill use, weight gain), physical examination (vital
signs, hair and skin, pelvic exaBMI, WC), laboratorytesting (free androgen levels, lipid profile,
insulin, glucose) and transvaginal sonography are important components in diagnosin@8,COS
11).

1.4 Management/treatment of PCOS

There is no knowrturative treatments for PCOS. Treatment of women with PCOS depands
whatthe symptomsare There is considerable variability in syraptsand their severity, thufi¢
need for treatment and the type of treatment requiredvwarly among women with PCOBecause

of the increasethcidenceof CVD and DM2among women with PCOS, strategies to prevent these
two morbidities should be highly emphasized34). The herapyof PCOS oftenfocuses on
treatment of symptoms and prevention of further complicatesysecially addressing reproductive
dysfunction and IR35). Life-style intervention is regarded &rstline therapy, and includeéliet,
exerciseandweight losq3, 4, 8, 10, 11). Weight reduction is remnmended for overweight women
with PCOS(9), especially reduction in abdominahd visceralfat (34). Weight loss of 2%
combined with exercise, can decrease androgen levels, impreutishir andregularize the
menstrual cyclg18). Treatmentstrategies withboth diet and exercisare often advocate(®).
Exerciseper se(both with and without wight loss)34) can have positive effects on IR and MF
women with PCO$23, 36).

In addition the psychological factors often present in association with PCOSmbedscreened
for (8, 15, 16). Further, pharmacologic theragyan be relevant anshvolve the targeting of
hyperandrogenism, reproductive and metabolic fegtardsncludes starting ooral contraceptive
pill (OCP) cyclic progestin insulin sensitizing agentantrandrogensand Metformin (3, 8, 35).
Metformin is the most common medication for treating IR in women with PGD®CP isused

to treat menstrual irregularities, hirsutism and a@eOrlistat can promote weight loss, and can



be recommended it lifestyle change is not suffici@d). However, there is no pharmacological
therapy that fully reverses the hormonal distribution and treats all clinical features in(GQS$S
and such agentshould therefore be used in combination with lifestylangies or if lifestyle

changes argot sufficient(26).

1.5 PCQOS, obesity and body composition

The prevalence of overweight and obesity is increasing worldwide, and has become one of the most
important health problems e world(38). From the mid1980s, the prevalence of obesity has
increased in both Western and neastern countries, and public health experts are calling it an
epidemic.Obesi t y, abreofmalmreedcesaive faficumulation thapresents a risk to
healthd (39), worsens the hormonal disturbance and clinical featafedBCOSby increasing
androgens and insuli{3, 40). However, increased androgeitself may contributes to increased
abdominal fat tissue in women with hyperandroger(gih Overweight, obesity or central obesity

is common features of PCOS, but the exact prevalence is unKdoyA systematic review and
metaanalysis by Lim et al(40) investigated30 eligible studies othe effect of overweight and
obesityin PCOS. They reported that being overweight or obese wasisagniy associated with
worse metbolic and reproductive outcosmeasured, when compared to norwaight PCOS
women.Obesitysignificantly changes the reprodivet and endocrine environmentRCOS(40).
Excess body weight, esgalty abdominal and visceral adiposity appears to exacerbafé2R
reproductive and metabolfutures,increase riskor DM2, CVD, hyperandrogenisminfertility

and pregnancgomplications both independently and by exacerbating PEOE). Further, he
major endocrine symptoms of PCOS arest likely associated with the amount of fat accumutatio
in the upper body sitg28).

Both obese and leawomen with PCOS tend to have a different body composition and fat
distribution when compared to weigimatched controlg28, 40, 44-47), with a tendency to
centralized fat in the upper body regibiso called androidat accumulatiorf19, 28, 44, 47, 48).

Sevaal studieson obesity, body composition and metabalisturbance in PCO8ave found

PCOS women to hawagnificantly higher amount afentral adiposity independeuoit obesity(19,

28,44, 45, 47,49, 50). Further, central adiposity (visceral and subcutaneous fat) seems to be higher

in lean women with PCOS than lean cont(d!9), despite same age and B\ H).



Svendsen and colleagu@d®) conducted a study on obesity, body composition and PCOS. -Thirty
five women with PCOSrad 25control women werancluded, and body compositievasmeasured

by dual Xray absorpttmetryscan They reported significantly higher trunk/peripheral ratio in lean
women with PCOS than lean contrdBattaglia et al(45) alsoinvestigated weher lean women
with PCOS had more android fat distribution compared to women with polycystic ovaries and
healty controls. They found that 86 of women with PCOS had androidt faccumulation,
compared to 2% of women with polycystic ovaries (but not flléd the PCOS diagnosis), and
7% of control women(45). The mechanism underlying the abnormal fat accumulagomains
unknown, butis potentiallyassociateavith the hormonal imbalance (hyperandrogenism) present
in the syndromd49). Central fat accumulatigrespecially VEis known to be more metabolic
active in the production of molecules with inflammatory and fatiherogenic activityhan fat
accumulated in the lower body sitesading to @aormonal imbalance andgaeater health ris{d1,

45, 46, 51). In addition, visceral adiposity expresses severaleesyin the metabolism of steroid
hormonegq41). Androgens affect body fat distribution and muscle mass in both men and women
(49). Women with PCOS often presentreased testosterone levafed decreased estrogen leyels
therebysimilar to hormone levels in mef9, 52). This may lead to a masculinsody fat
distribution favoring the deposition of fat, especially in visceral adipose tissue déd@hts
Therefore, thedistribution of fat seems to pet least in partyesult of the imbalance between

androgens and estrogens in these woén

Obesity and overweighmay beboth a triggering factor and a result of the pathophysiology of
PCOS(44). However, sveral studies have suggested thatlistribution might be more important
than the total amount of body fa terms of health risk associated with the syndr¢4®e 52).
Therefore pbesity canot alone explain the healtisks associated with PCO& many nofobese
PCOS women have excessive VFurther, ivorable changes in body compositianith reduced

fat percetages and amount of Véeem to hve positive effect on metabolic and reproductive

outcomsa in these wome(0).



1.6 Exercise - impact on body composition in PCOS

It is well documented that exereisraining improves several heati#lated outcomes, including
reducedisk of CVD, DM2, altcause morbidity anchortality, andimprovement in psychological
variables in healthy aduli®3, 54). Further, noderateintensityaerobic exercise and/or strength
training(ST) has consistently been shown to improve headthted outcomes (DRland CVD risk
factors) inotherhigh-risk groupg55-58). In overweight or obese individualsoth aerol training,
ST andthe combintion of thesehave shown to improveody composition, gecially reducing
VF, maintaining FFM and reducing FI86, 59-61). Aerobic exercise training improves body
composition and CVD risk markesuch asadversdipid profile, blood pressure anBM2 risk,
independently of weight l0$62). In addition, exercise traing has been shown to mainta@sting
metabolic rate (RMR) and increase FFM during weight loss, in aintraietinduced weight loss

that isassociated with decrease@FM, leading to decreaddRMR (29).

Irving and colleague$55) investigatedthe effects ofenduranceexercise training intensitgn
abdominal VFandbody conposition in obese women witimetabolic syndromelTwenty-seven
middle-aged obese womemere randomized th6 weeks okitherno exercisemaintainingtheir
physicalactivity level, lowintensity aeobic exercisdator below theidactate threshold levebr
high-intensity exercisébetween their lactate threshold level and2M&). The duration of each
exercise session was adjusted so that each participant expkeadacheamount ofcaloriesper
training sessionThe highintensity exercise group significantly reduced total abdominal fat,
subcutaneous fat and VEompared tahe moderatentensity exercisegroup, under isocaloric
training conditions This study ther®re suggestthat body composition changes wexkfected
more effectively with higkintensity exercise for reducing abdomnlinsubcutaneous and ViR
obese women with metabolic syndro(d&). In contrastSlentz et al(57) reported thabothlow
amount(19.2 km/week)pf moderateintensity (40-55% VQpea andlow amount(19.2 km/week)
of high-intensity(65-80% VOypeay €ndurance training wergjuallyeffective in reducing FMind
WC in previous sedeaty overweight adultsHowever they also found that high amoun32
km/week)of highrintensity endurance training5-80% VOypeay Wasmore effective in reducing
FM thanthe twolow amountprotocols It has been debated whethdiTH63) or moderatantensity
training (64) is more advantageous in other higsk groups(65). With regard to decrease in FM

and body weighttotal energy expenditure seems to be the key fé&&rHowever some studies



have foundhe intensity of exercis¢o induce greatencreasen FFM (66) anddecrease in FM
(57), total abdominal and subcutaneous fat, andudéer equivalent energxpenditurg55). A
clear dosaesponseffect between amount and intensity of exercise, and decnsasaral obesity
and FMhas been found, leadingitoprovemensin total body fat, VFandrisk of CvD, DM2 and
hypertensiorf56, 57). Suggestinghatan interaction between training volume and training intensity
exists especially consideng VF loss.It has been shown th&tIT induces secretion of lipolysis
hormones, including growth hormone and epinephsiiech leads t@reater energy release and
fat-oxidation after exercis@7). Further, it is reported #t under isocaloriconditionsHIT can
induce a greater negative energy balance compared tinlemsity exercise traininge8). In
relation to the type of intervalthe 4x4minutesinterval has been found to positively affect fasting
glucosedevels, insulin sengitity, fithess andat metabolism in subjects with metabolic syndrome
(63). Further, 10x1 miate intervas has been found to improve glucose control and induce
adaptions in skeletal muscle in DM2 patients, which is further linked to improved metabolic health
(69). A review on exercise training by Chicco et @5) have suggested that HIT agd may
provide benefits thagxceedr supplement those elicited by continuous aerek&ciseraining.

The American Heart Association recommendatias included strength training (Si) their
exerciseguidelines for individuals with andiithout CVD (60). ST, which involves the use of
muscular strength to work againstesistive force or move a weightave beneficial effects on
several health parameters in adutsch as increased FFM, muscular strength, insulin sensitivity
bone mineral density, modestly decreased FM and VF, and reduced C\RQjiskavourable
changes ifbody composition such ascreased-FM anddecrease&M areseereven when weight
remains constar(60, 71). An increase irFFM can have beneficiflealtheffects, both in shoit

and long termSkeletaimuscleis an important compamt in the energy metabolism, because these
cells have the greatest ability to regulate the energy metabolism in relation to activity kkvel an
regulate the energy balan#&). Botero andcolleagueg73) investigded tre effecs of ST two
times weekly onbody composition in 23ostmenopausal women. They found a significant
increase in FFMind a decrease in FM after 12mtits of periodized STST can increase FFM, but
studies are conflicting in evidence regardinduetion in FM and VK61, 73, 74).

Despite wellestablshed benefits of exercise training and its recommendation in PCOS
managemeng limited number ofstudies have examined the impact of aerobic exeirtieasity



and ST on body composition and \ffwomen with PCOSVigorito and colleague§’5) is one of
the few studiesthat have examined the beneficial effectsrobderateexercise training40 min
cycling at 6070% VO2max threetimes per weelkds the sole treatentin women with PCOS. Ninety
overweight PCOS women were randomly subdivideditherthreemonths of structured aerobic
exerci® or no exercise. BMI and WC wesggnificantly reducedp <0.001)in the exercise group
compared to the neexercise group. Ko Palomba et al51) ran a pilot study on structured
exercise trainindthree times per week at G@% VOmay versus higkproteindiet in 400bese
women withPCOS. Theyeported significant reductisin body weight, BMI and WC after both
interventions with no difference betweethe groupsAnother study by Hutchinson et 4b0)
investigated the effects efercise on body composition. Twenty oveigte PCOS women and
14 overweight nolPCOS women underwent 12 wedkhree timesveekly) intensified exercise
programme(sequentially altered betweanoderatentensity at75-85% HRnax and HIT 6x5
minutes intervals at 95100% HRnax). VF was significantly reduced in botlhayps, in the absence
of changein bodyweight This study suggesthat weight loss should not be the sole foolis
exercise programs in these wonasnexecise can improve body composition without signifidgnt
altering body weigh{65). One study byRoessleret al.(76) examined the effectsf HIT (three
timesweeky of cycling andwalking/runningat 83100% HRhaxin the intervalg in overweight
womenwith PCOS.Seventeen sedentargverweight women were randomizeda 16weeks
cros®vertrial (eight weeks of HITand eight weeks of group aaselling). They found that HIT
(threeto five minutesintervalsat 8090% HRmaxand 2@ to threeminutesintervals at 8a100%
HRmax) in combination with counselling had benédiceffects orbodyweight and WCOnly one
study (59) have examinedhe effect ofST on body composition in women with PCQOSinety-
four obese women with PCOS weamr@ndomized to i¢her diet only(50006000 kJ/d) diet plus
aerobic exerciséfive timesweekly at 6880% HRnax) or diet plus STand aeobic exercise (two
timesweekly at &75% 1RM and aerobic exercise three timeskly at 7580% HRnay) for 20
weeks All groups reducetbodyweight and WC with no difference between treatra@omt0.05).
However,only the exercise groupgeduced FM(p<0.01) and FFM (p=<0.03)fter the exercise

interventiors.

Based on the available literature, there is no reason to believeathag RCOSwill negatively
affect the ability to responedxercise, and thaxercise programmes in PC@®men arewell
tolerated and saf@6).
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2 INTRODUCTION

Polycystic ovary syndrome (PCOS) iee mostcommon endocrine disorder e@fomen in
reproductiveageand a leading cause iofertility, affecting 620%(5) depending on the diagnostic
criteria usedPCOS is associated with multiple reproductive disorders, and featured by polycystic
ovaries, menstrual dysfunction, infertilitand biochemical (elevated androgens) and clinical
(hirsutism and/or acneflyperandrogenisn31, 59, 76). PCOS is also a major unrecognized
cardiovascular disease factor because of the increased prevalence of sulathercaclerosis,
DM2, hypertensionmetabolic syndromeand dyslipidemiaand glucoseantolerance(77, 78).
Although not included in the diagnostic criteria, weigidtependent insulin resistandéR) is
strongly implicated in the etiology of the syndrome, as more wanittrPCOS have IR and DM2
compared to weight matched contr(85, 50, 79-81). The mechanissunderlying his intrinsic IR

in PCOS remaininclear, but potentially these are associated iwdireased abdominalP(28, 46,

50, 82). Women with PCOS are more commonly overweight or obes®§38 with increased
central adiposity45, 47, 48, 83), although this does not form part of the diagnostic criteria for the
syndrome (35, 36). Further, it appears thathpsical inactivity, weight gain and genetic
predispositiorplay important rolsin the clinical expression of PCJ%6).

Lifestyle interventions regarded as firdine therapy in women with PCO@84), and haseen
proposed to improve both metabolic androgjuctive manifestations of the syndroifs 85).
Lifestyle modification strategies IRCOS include dietary interventipweight lossand increased
physical activity (84). Despite this, following modest wéig loss, weight maintenance is
challenging in long termand if weight is regained it mayorsenclinical features in PCO&5).
Exercise training improves sevehealth related outcomés, 51, 86), and it is a key pdictor of
long-term weight maintenancg6, 87), possible because of greafmeservation of FFMand
maintenance ofresting metabolic ratéRMR), compared to dighducedweight loss(59, 88).
Further, regular aebic exercise halseen found to alter body composition and provide weight loss
in overweight women with PCO@5, 51). Therefore, exercise as a part of the treatment in PCOS
may be favorablé35, 86). However, therds a lack of weldesigned studies on the effect of
exercise as an independent interventionlomncal outcomesnd body compositioim these women

(9, 35). Especially knowledge on the effect alifferenttypes, intensitiesfrequency and duration

of exercisas neededMost of the prior studies oaxercise in PCOS hawsedmoderate exercise
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intensity. There exsts a gap in the literature on the effect of other exercise intensitie$ @ow
very highintensity exercise) ohealth parameters in PCQ®men (35). To datethere are no
studies that hae examined the effect of HIdn body composition in women with PCQO&thout
combining it with other types of exercise or didbwever HIT hasbeen found to hav@gh impact

on body compositio (especially VF), anganthropomegical outcomes insubjects withother
metabolic conditiong55, 58). The dfects ofintensity and amount @&erobicexercise training@n
body compositiorand anthropometrioutcomeshave beersomewhartonflicting across studies
(35, 36, 55, 57). In addition, he majority ofmanystudieshavereported changes ibhodyweight,
without changes in body compositidB5, 36, 51, 75). Measuring changes in body coogion
provides valuable infomation on changes in FEMNd fat distibution (especially VIFassociated
with IR, CVD andhealth riskin PCOS(35). No prior study hagxaminedhe effect of STalone

on body mmposition and fat distribution in PCOS wom@é&n. date, most studies focus on dietary
treatment or a combination of both diet and exel(@seobicexerciseorthe combintion of aerobic
exerciseand ST, which makes it difficult to assess the effect of exer(asel different types of
exercise)as an independent interventi@m body compositionTo evaluate exercise as an
independent therapy in PCOS, exercise needs tedessed in a broad range of women, both lean

and obese, with varying degrees of symptoms

2.1 Main objective and hypothesis

We hypothesizeéthatboth STand HIT wouldimprove bodycompositionin women with PCOS.

In addition we assumed based on the yoris literaturethat such improvements woulead to
improvement irclinical features andsk factors associated with the syndrofieerefore, thenain
objective of this study wa® examine the effect of structured exercise training for 10 weeks in
women with EOS and to comparéhe effects of HITand ST on body compositionPrimary
outcome measurements wdxedy composition and V.FSecondary outcome measurements were
body weightand WC.

12



3 MATERIALS AND METHODS

3.1 Participants

Thirty-one previousy sedentay premenopausalvomen with POS (age 1815 years)were
recruted viapublic advertisemerdt local stores and public placeasdannounced at the hospital,

universityand collegavelpagesphetween Jun2013 and October 2013

Inclusioncriteria weredefined according to the Rotterdam critefaa diagnosing PCO&1), based
on the presence of two of the following three critenygperandogenism irregular anovultory
periods(>35 days menstrual cycle orl& menstruatios/yeaj or ultrasound polycystic ovary
(PCO) morphology(?10 peripheral cysts3-8 mm in diameter and/or volum&l0 ml).
Hyperandogenismwas defined as biochemical(total testosteronel,4 nmol/L) and/orclinical
(FerrimanGallwey scoing system with a tai scoreabove or equal to eighdefined as hautism)
(2). Both women diagnosed with PCOS and women witmptoms of PCOS were recruited.
Patientswho hada PCOS dignosis from a gynecologist ditbt have to go through additidna
screening. Other subjedtsd togo thioughscreeningat a gynecologisafter baseline testingo

confirm that they ha®COS according to the Rotterdam criteria as described above

Exclusion criteria includesgular highintensity endurance or strength trainidgfined as-2 hours
of vigorousexerciseper weel, physical ailments/injuriethat limitedexercise performancen-
going pregnancy, ancurrent treatments (insulin sensitizas metformin and pioglitazon@y
drugs known to affect gonadotropin or ovulation, with a wash out pefiede month prior to
inclusion (with the exceptionof regular use obral contraceptivebefore, during and aftehe

intervention period)

Diet was not controlledbut women were encouragedt to changetheir diet during the study
period The study waspproved by The Regional Committee for Medical and Health Research

Ethics (REK), and participants provided written informed consent before entering the study.
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3.2 Study design

This study was a randomized, controllettial with three parallel armsThe alle@ation to ths
superiority trial wad.:1:1 to a higkintensity interval training (HIT) group, a strengthining (ST)
groupand a control group (CG¥ubjects werstratified according to BMk o r baSed Bn7a
previous study89), and randomized to one of the three groups after baseline testing. A computer
random number generatdeveloped and administeratiThe Faculty of medicine, Department of
Pulic Health and General Practice, NTNGrondheim, Norwaywas used torandomize Data

were collectedrom August to December 201Bata from all subjects whoame back for testing

after the interventioperiod were used in trenalyss; hencejt wasan irtentionto-treat design.

3.3 Interventions

Participantswere asked to attentthree weeklyexercise sessiarfor 10 weekswith a trained
exercise physiologistThis gave a total of 30 exercise sessions. Particigamtpleted exercise
diaries to monitor thir training progress and calculate the compliance. Compliance was calculated

as the number of sessions compleatedded by the number odcheduledessions ithe study.

3.3.1 High-intensity interval training (HIT)

The HIT sessionsncluded two 4x4 mirutesinterval sessiongFigure 3 and one @x1 mirute
interval session(Figure 3. The HIT consisteaf treadmill or outdoorunningivalking and/or
cycling on spinning bikgselfselected)Exercise intensity for the HIT 4x4 program wa$95%
individual maximumheart rate iIRmax) as measured in the baseline exercise test (weék e
4x4 minutes intervals, the training started wigh10minuteswarmup period at60-70% of HRmax,
followed by fourintervals of 4minutestrying to react90-95% of individual HRnax. There was a 3
minutesactive recovery periodith the intention to reach0-70% ofHRmaxbetween each interval
The training session wasrminated by a 1inutescooldownperiod at50-70% ofHRmax Total

exercise tineper sessiomwas45 minutes
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At the 10x1minute intervals(Figure 3) the participants did a Ifinuteswarm-up at60-70%
HRmax followed by 10x1 minute intervals trying to reaclthe maximal intensity (that can be
performed folone minute). Each interval wasparated by thinuteactive recovery periodf very
light intensity exercise, walkirgycling at low pace. The training sessiaas terminated by a 5

minutescooldown at50-70% ofHRmax Total exercise mheper sessiowas 36 minutes

To ensure that the participants completegises and trained at the right intensity, each participant
was given a heart rate monitd?dlar RCX3, POLAR, Oulu, Finlandp lendthroughout the
intervention. Speed and incline was adjusted continuously to ensure that each session was
performed at the ssigned intensitylnterval intensity averaged across all intervals for all
participants in the HIT groupvas estimated as minute$ the totalexercisesession(including
warmup and coeldown) where they reached >90% of KRR During the training periodall

training files wer@ecorded and storetthewww.polarpersonaltrainerom(online training diary)

to ensure quality and performance in sessions

—
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Figure 2. High-intensity interval training, 4k minmodel
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Figure 3. High-intensity interval training, 1dxmin modelwith 100% effort trying to reach 100% of R

3.3.2 Strength training (ST)

The ST started with a 10ninuteswarmup on a treadmill/rower/cycleand was followed by
dynamicstrength drillsat 75% oft h e s uRM (ene tefestion maximum). The 75% of 1RM
wasbased on the weight [kgdach participantbfted 10 repetitionmaximum 1RM refers to the
maximal amount of weight lifted once with properheic for a specific exerciseEach drill
conssted of 10 repetitions and threets separated Hyminute rest between set3he training
programcontaired eight exerciseon the majomuscle groups: Leg preslsinge, standing e
rowing, lat-pull-down,shoulder press, chgstesspushupsandcore plankexerciseheld as long
as possible, times thrie@ppendix G) In order to prgress in strength, there wagradual increase
in resistance (number of kg, time held in plank and difficulty or numbers ofypsiio maintain
the number of repitons recommended75% of 1RM) The training load was increased
progressively once the subjects could successfully perform three sets of 10 reyatttianload.
We suggested oner @t b et we e to ensuzesfdl recomesy of the muscl@® dbtain
goodtechnique progress antb provide motivationatrained exercise physiologistipervisedll
participantsonce weekly. All sessions were conductedl a localfitness center with good accesses
to equipmentTotal exercse timeper sessiowas45 minutes
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3.3.3 Control group (CG)

Women in he control group weradvisedto continue with their everydgghysicalactivity, and

adhere to the recommend&80 minutes of weekly moderaitetensityexercise(53, 90), without

any followup, during the 10 weeks intervention peridthe study investigators haw contact
with the control group between baselimsting and pogiesting. After posttesting, the control
groupreceived one month free training at a loiless centersandthey wereoffered theHIT and

STtraining program.

3.4 Measurements

The order of the testing and protas@lere identical foeach participarat baseline and poeggsts.
Baseline measuremerwere carried oupefore randomization. Later assessmam@re done non
blinded (aswe had not enough research staff to allow for blinded asses3nmEmtswomen
underwent testing at basadi (week 0), and posttervention (week 11)All measurements were
performed during one day at each time paoamigi total time spenn the laboratorythis daywas

about4 hoursTo avoid the influence of circadian variation participants were tested maming.
Participants were asked to fast for 12 hours, avoid alcohol and tobacco, and refrain from exercise
for 48 hours prior to testing sessiofdentical and calibrated equipment were used in all tests to
avoid errorslt was not feasible to contrébr menstrual cycle phase in most of the women with
PCOS, because of the erratic nature of their cycles. However, nine of the women had normal
menstual cycle, and pogesting wascheduled at the same time in the menstrual cycle as baseline

tests

The dudy was carried ouat the Department of Circulation and Medical Imaging, Faculty of
Medicine, Norwegian University of Science and Technol@gyNU), in collaboration withthe
Wo me n 0 s SCI i shis@tal, ®oth Trondheim, Norway.
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3.5 Body composition and anthropometric outcomes

3.5.1 Primary outcome measurements

Body compositionand VFwasmeasuredvith the participants weing light clothing and without
shoes or socks, msing InBody72Mioelectrical impedance analysis (Bl@)Body720, Biospace
CO, Ltd Seoul, Koren This analysis provides data regardingdy watey FFM and FM The
following body compositioomeasurementaere analyzed percentagd-M, FM [kg], FFM [kg],
andVF [VFA, cm2].

This methodestimates body composition by measuring the impeeldocresistance) to a s
electrical current§0 kHz) whichpasses across body tissugssistance to an applied alternating
current is a function ofissue composition: the greater the FFM of an individual faster the
current will travel (becausd d@s water and electronicontent). Bpulation specific equations are
used to estimatgercentagé&M andFFM. An estimate of VF igraphedand a value> 100 cnf is
considered significant abdominal obes(Bigure 4. To improve statistich predictability, the
measurement requi@ye, sex, body weight and heightEstimates can be affected by numerous
variables: body positiomydrationstatus, consumption of food abéverages, ambient agkin
temperature, recent physical activity and conductance aéxtmaining table(91). We therefore
standardized procedures minimize erroy including fasing prior to measurement, wearing light
clothes only and measuring at the same day of menstruation cycle in regularly cycling. women
Percentage body fat over@3women 2639 years)s considered overweight, anden83%b6 obese
(92.

& 250
S
5 20
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100

* 87.6
&0
¢ 0 40 60 80 Age

Figure 4: Visceral fat area (VFA) in chaccordng to age. Shaded area shows the avevigey age The apteryx

illustratesa measurement on InBody78electricaimpedancescale BIA) of a 39 years old person.
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3.5.2 Secondary outcome measurements
Body weight(to the nearest 0.1 kgndBMI (body weight kg]/ height n?]) were calculated by
InBody720 bioelectrical impedance scale (BIA).

BMI wasdefined according to WHO guidelines (6BMI greater to or equal 25.0 wasnsidered
overweight, and BMgreater to or equal 30.0 wasnsideedobesity.

WC wasmeasuredo the nearest 0.5 cm horizontallytla¢ leel of the umbilicus by using a metric

tape with the women in standing position ahda@malexpiration(93).

Heightwas measured to the nearest 0.5 stemding with heels against the wall and without shoes

using a standard stadiometer.

3.6 Sample size

The study sample sizeas calculatethased on the primary agme measure of the whole study:
inulin sensitivity. We selected the sample size to provide a statistical power of 80%, and with a
0.05 alpha level (twailed), to detect a difference in HOMIR of 18%, based on a prieus study

(94). This gives a minimum sample size of sevahjscts in each group. Tallow for 20% drop

out, and due to some uncertaintytire calculation, we included minimuf© subjects ireach

group, giving a total of 3%ubjects.

3.7 Statistical analysis

Baseline characteristics were compared between gragpsy oneway analysis of variance
(ANOVA). The analyses were done on an intentistreat basis, with outcome measures analyzed
according to the treatment to which patient were randomizeRlesults are reported asean +
standard deviatiorSD). The mea changes in each group aeported as the estimated margin of
the mean (EMM), as assessed by®bonfidence interval (Cl). Withigroup differences were
considered significant when 9% CI did not include zer{®5). Covariance analysis, witlné
Bonferroniadjustmentwereused to test differences between groups, with the diffe(erpalue)

as the dependent factor, group variable as the fixed factor, and baseline values as c@®@riates

P-values of <0.05 were considered significant.
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Statistical analysewere processed using a Statistical Package for Windows, IBM SPSS Statistics
software program version 20 (SPSS Inc., Chicago, IL., UBures and tables were made using
Microsott Excel(version2010), Microsoft Corporation a@nMicrosoft PowerPoint (versiaz010),

Microsoft Corporation.

3.8 Ethics

The study protocol was approved by the Regional Committee foickleResarch Ethics in
Norway (REK), Jun013, reference number 2018@REK midt (appendix A). ThBepartment
of Public Health and General Practice at the Norwegian University of Science amwblbgy
(NTNU) approved the study

All participans signed consents for participatituefore entering the study. Participants doat
any time withdraw from our study, without furttjastification.All data was treated confidgaally

to protect the participant privaclood samples werstored ina research biobank. All data were
stored in a dedentified form in SPSS files. Theyill be deletedno later thar2024

3.9 Time schedule and financing

REK approved the study in Ju2813, and recruitent was carried out between June 2013 and
October 2013Baselinetesting waslone between August and October 2013, and the intervention
was caducted between August and December 2013-teehg started i©ctober 201&nd until

the end of December 2013. Analyses were performed in January/ARtddndix C)

The authorshave no economic interest in this study. The project received a smallfigmant
Norwegian University of Science and Technology, Department of Public Health and General
Practice to cover expensgsppendix C) We also received grant from the Norwegian Sports

Medicine Research Fund.
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4 RESULTS

Baselinecharacteristis of the paitipantsare shown in Table,Jand a flowchart of he studyis
outlined in Figure 5At baseline, womemgE25) were overweigBMI 26 +5.5) with a meanNC

of 92cm = 15.2 percentage FM 082 + 8.1 and VF of 10k 43.9 There were naignificant
differences in baseline charatistics between groups (Tablg None of the participants began
any treatmen{insulin sengizers as metformin and pioglitazone) or started on drugs known to
affect gonadotropin or ovulatiaturing the studyThe exercise compli@e were27 + 1.9 (90%)
and26+ 6.5 (8'®0) of the prescribed exercise sessionthe HIT and ST grougn the 4x4 mintes
intervak 8.9 minutes (18%) of the total exercise session (including warmmand cool down) was
>90% of HRnax In the10x1 minute intervak 5.15 mirutes(14.3%) of the total exercise session
(including warmup and cool down) was >90% of KR, respectively6 participantsiropped out
(lossto-follow-up) during the intervention periodud to iliness not related to exercisedwe to
time concern(Figure5). We experienced no adverséfectsduring the study periodNo major

complications occurred during the study period.

Table 1 Baseline Characteristics of Total Group and After Randomization Into Groups (HI
and CG group).

Total group HIT ST CG
Variable (n=25) (n=8) (n=8) (n=9)
Age [y] 27.2+5.5 26.4+4.9 27+4.0 25.7+5.1
Body weight [kg] 74 +17.2 68 +14.1 77 +20.9 75+17.0
Height[cm] 168.8 £ 6.0 170+6.1 168 +5.1 169+7.3
Body mass indefkg/m?] 26+5.5 24 +4.8 27 +6.6 26+5.2
Waist circumferencécm] 92 +15.2 89.4+14.1 93.8+ 17.7 92.6 £ 155
Fat mas$%] 32+8.1 30+8.1 33+9.7 34+£7.0
Fat masgkg] 25+12 22+9.4 27+15.4 26+11.3
Visceral fatfVFA,cm?] 101 £43.9 86 + 39.3 107 £ 52.4 110+ 40.8
Fat free maskkg] 27 £ 3.6 26 £ 3.4 28+4.0 27 +£3.6

Data presented is means + standard devig8@) if not otherwise statedhere were no baseline differences
between goups in agebodyweight, height, body mass index, waist circumferefatemass [%)], fat mass [kg],
visceral fat [VFA,cm?] or fafree masgkg].
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<
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L participate (n=1) lliness/injury (n=1)

Drop-out (n=1)
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c_g Analyzed (h=8) Analyzed (n=8) Analyzed (n=9)

<

Figure 5. Flow-chartof participants in the study.

As can le seen from Table 2 and Figura®l 8 percentagé&M wassignificantlyreducedafter

ST and HITwith 4.8% and 3o, respectively There was n-significant betweeigroup

difference infat percentagehange (=0.54). FM [kg] was significantly reduced in the HIT group
with 2.8%, but not in the ST group (Table 2, Figure 8). There was no significanepejveip
difference in FM [kg] changd=FM increasedignificantly after STwith 4.4% (Table 2 Figure

7-8), but there was no significant betwegnoup difference in chang@<0.18. We saw no

significant changes in weight, BMI, WC or VF between baselimeposttestingin neither group
(all 95% Cls included zero, Table Bigure §. There was arénd towards reducedF after HIT

(Table 2, Figure B butno significant changes between group¥F changes
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Table 2 Outcome variables at baseline aaiter 10 weeks of HIT, ST and CG for participant
completed postesting.

ST HIT CG
Pre Post Pre Post Pre Post
Weight [kg] 77.0£20.9 78.1+20.0 68.3+14 68.5+14.2  75.3%17 75.5+17.5
EMM 1,1 0.2 0.4
95 % CI -1.2t0 3.5 -1.0to 1.3 -1.8t0 2.6
BMI 27.1+6.6 27.516.1 23.8t4.8 23.9t4.8 26.3t5.2 26.4t5.3
EMM 0,4 0.1 0.1
95 % CI -0.3t0 1.1 -0.3t00.4 -0.7t0 0.8
WC [cm] 93.8:17.6 92.8+16.4 89.414.1 87.2+16.6 92.6t15.5 92.3+16.4
EMM -1.0 0.4 -0.2
95 %Cl -2.5t100.5 -4.4105.3 -3.9t03.5
FM [kg] 27.1+15.4 26.1+14.7 21.6t9.4 21.0+9.4* 26.211.3 25.9+11.4
EMM -1.0 -0.6 -0.3
95 % CI -21t00.1 -1-1t0-0.0 -2.2t0 1.6
FM [%] 33.149.7 31.6£9.4 30.2t8.1 29.317.9 33.6t6.9 32.9+47.3
EMM -1.6 -0.9 -0.7
95 % CI -2.5t0-0.7 -2.2 t0-0.0 -2.2t00.9
VF [VFA, cm?] 106.6t52.4  105.5+48.4 85.7+39.3 82.4+38.7 109.9+40.8 109.7+41.0
EMM -1.0 -3.3 -0.3
95 % CI -4.6t02.5 -6.9t00.3 -7.7t07.1
FFM [kg] 27.7+4 28.9+4.F* 25.8:3.4 26.3+3.2 27.0+3.6 27.4+3.8
EMM 1.2 0.4 0.4
95 % ClI 0.4-2.1 -0.2to 1.1 -0.3to 1.0

Variables are expressed as means * standard devi@inChanges fronpre-testto posttest are
expressed as estiteal marginal means (EMM) and @bconfidence interval (Cl)

*Significant changes from baseline post-test (zero not within the 95 CI).

BMI = Body Mass Index, WC = Waist Circumference, FM = Fat Mass, VF = Visceral fat, FFM = [eal
Mass.
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Figure 6: Fat mass [%]atbaselingdark grey bars) angosttesting(light grey bars)Data aremears + standard
error of themean SEM). *= significant changeéwithin group. ST =Strength Taining, HIT = Hgh-Intensity
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Figure 7: Fatfree mass (FFM) diaselingdark grey bars) andosttesting(light grey bars) Daa are meast-
standard error of the meaBEM). * = significant change@within group. ST =Strength Taining, HIT = Hgh-
Intensity hterval training, CG = @ntrol Group.
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baseline to podsting.* = significant changeéwithin group. ST =Strength Taining, HIT = Hgh-Intensity
Interval training CG = Gntrol Group, WC = Waist @cumference, FM = Fat Mass, FFM = Hate Mass, VF =
Visceral fat.

25



26



5 DISCUSSION

5.1 Main findings

We evaluated the effect @D weeksHIT and STon body compositiom women with PCOSTo
our knowledge, this is the first randomized clinical trial to compare HIT and ST as independent
interventions in these amen. This thesis is concentrated on the effect of exearisbody
composition and ther important issues such aardianetabolicand endocrineoutcome are

acknowlelged, but are not mentioned in this thesis

The main findings of oustudy was significandecreasén percentagéM after both STandHIT
with 4.8% and 3%respectivelyFurther, we found significant increase iRFM after STof 4.4%
There was no difference in FM or FFM in the control grap.foundno significantdifference in
body weight, WC or VF within any group Although not significant, the HIT grougpad an
edimated reduction in VF 0f3.3(95% CI:-6.9to 0.3; Table 2), which may indicate tendency
toward an effectWe found nasignificantbetweenrgroup differenceand therefore nevidence for

a differenteffect between the exercise interventiomsabove the control group

5.2 Comparison to existing literature

A previous randomized controlled triay Thomson et a[59) found asignificantdecreasén FM

and increased~FM in obesePCOS women after both moderatéensily exercise and STh
combination with a lowcaloriediet Women(n=94)in their studywererandomized to 20 weeks
of either diet only, diet plus aerobic exerc{fge timesweekly at 7580% HRnay) ordiet plus ST
and aerobic exercigevo timesweekly at 6575% 1RMandthree timesveekly at 7580% HRnax).

All groups reducedbody weight and WC with no difference betweerrdatmeng (p>005).
However,the exercise groupsad 45% greater reduction KM and 60% better preservation of
FFM after theintervention Hence,compared with diet alone, exercise in combination with diet
provided more favorable efttson FM and FFM59). However, it is important to rice that the
energy deficitwas not equally between the three groups as all grprgscribed the same diet
(5000:6000kJ/day. In ourstudy,percentagé&M decreasednd FFMincreasedy exerése alone
and without reductioin body weight.This indicates that exercise as an independent intervention
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can have beneficial effects on body composition charigesbsace of weight changen these
women.This is in line withothes who have foundxerciseto haveonly modest effecon body
mass alone, bwith decreasg FM and maintaied FFM (29). Further, n a prospective exercise
intervention study on overweight women with and without PCOS, Hutchinson(80aleported
that 12weeks of moderat to highintensity exercise (three timegeekly sequentially altered
between moderatatensity at 75885% HRnaxand HIT 6x5minutesintervals at 95100% HRhax)
reduced VEmeasured by computer tomographypoth PCOS women and n&#COS vomen in
the absence of body weight changreour study, we found no significant difference in MFRany
groups This was pssibly because we included bdtlan and obese women with PCOS, or due to
difference in measuring methoddowever, the HIT groupn our study had d@rend towards
significantreduction in VF 0f-3.3 (95% CI:-6.9to 0.3), and possibly this woultave reached

statistical significancéd more subjects were enrolled.

Most of the previous exercise studiegswomen withPCOS have only repted changgin body
weight, BMI andér WC.In a norrandomized studyYigorito et al.(75) found that a thremontls
structued aerobic exercise program (tarémesweekly, 40 min cyclingat 66G70% VOzmay
improved BMI and WC in overweight women with PCQ&45), compared t@a non-exercise
PCOS groupr(=45). However, the participants in that study reeeia healt balanced meal plan
(without calorie restricting, and therefore the isolated effect of exercise could not be determined.
This is in line with other studies that have found similar effectWVC, weightandbr BMI after
exercisanterventons on women with PCOG9, 75). Palomba et a(51) found a reduction in WC

and body weight after 2dieeks ofeither aerobic exercise (three tinvesekly, 30 min cycling at
60-70% VOmay or diet (800 kcal defit/day) in 40 obese women with PCOS, with greater
reduction in WC in theexercise group. Thexercise progra was adjusted to create the same
energy deficit as the diet gro@®00 kcal deftit/day). However treatments were sedielected in

an unrandomized manner, which may have biased the résuits. study, we found nsignificant
differences in body weight olWC between or within groupdhis is not surprising giving that
numerous shoiterm exercisetadieshave consistently shown that exercise alone induces modest
weight losq35, 50, 59). Further the lack of weight loss in the presestiidy may alsbe due to the
small sample size, the increase in FFM andhe fact that we includdabth lean and obese PCOS
women In addition the HIT group in our study performed 4x4 minutes inteywahich gives an

energy deficit of about 400 kcal, and probably even less in the 10x1 minute mt€nslleads to
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an energy decit of about 1000 kcal per weelhich is much lower than the energy deficit in the
study by Palomba et gb1).

A randomized controlled triddy Slentz and clleagueq57) reported thatight months oflow-
amount/moderatetensity (19.2 km/weekly at 4®5% VQOppeay and lowamount/vigorous
intensity (19.2 km/weekly at65-80% VQOypeay endurance training were equally effective in
reducing percent FMind WC in previously sedentaoyerweight adultsvith dyslipidemia They
also found that higlamount/vigorousntensity (32 km/weekly at 6880% VOypea) endurance
training was more effective in reducing percentage FM compared with th@doount training
groups. The authors did notnclude a highkamount/moderatetensity exercise gup, and
therefore had nopportunity to determine whether an interaction between trainingmeland
training intensity exigd However a doséresponse relationship between training volume and
amount of weight chang®&as reported byusingpooled analysisTo summarize,hese datanay
indicatean interaction between training volume andnirgg intensityfor FM, WC and VF loss
Further,Irving and colleagueb) reported that HITbetween lactate threshold level and &)
wasmore effectivan reducing total abdominal fand VFthan lowintensity exercise trainingat

or below their lactate thrhsld level)when adjusted for energy expenditure during exeraise,
obese women with metabokgndrome HIT can induce secretion of lipolysis hormones, including
growth hormone and epinephrine, whichn facilitate increased energy release andXatation
after exercis€67). Further, it has been reported that under the same energy release, HIT can induce
a greater negative energy balance compared teintemsity exercise training68). HIT may
therefore be preferable to achiekanges in body cgposition, especlly consideringFM and VF
lossin overweight womenHowever, we do not know if the effect of exerdisether population

groups are&omparable to women with PCOS.

As describe@bove gudies on exercise in PCOS have fowarduction in BMI, WC(51, 75), VF
(50), and FM(59) after moderaténtensity exerciser combined exercise intensities or typesly
onepreviousstudy(76) examired the effect of HI'as the only exercismode(three timeaveeHy,
cycling and walking/runningt 83100% HRmaxin intervalg on body weight and W@ overweight
women wth PCOS(n=17). They found a beneficial effect on bodyeight and WCafter HIT.
However, this study had a cras®r design in combination with group counselling, andlweot
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know whether it was the group coetisrg or the HIT that induakthe gratesteffects on body
weight and WC

Few studies have evaluditne effects of STh women with PCOSST can induce hypertrophy of

the skeletal musdature. FFM is an important component in the total energy metabolism because
the musclecells have a greatbility to vary the energy metabolism relaito the activity, and
regulate the energy balan¢@2). Therefore, change in FFM can have beneficial effects both in
shorti and long termln our study, the ST group showedgnsficant increase in FFMnd decrease

in FM after interventiorwith 4.4% and 4.8%espediely. Our results are in line with a study by
Botero and colleagud33) who found asignificant increase in FFM andecrease in FM after 12
mountsof periodizd STin postmenopausal women. Similar results are seen in othetrisigh
groups after ST(58, 60). Howewer, we do not knowfithe results on othepopulations are
comparable to women with PCOS, as physiological factors may differ from other population

groups.

The heterogenty of exercise interventiastudies in PCOS womeimcluding differencein study
design, diagnostic criteriadegree of symptoms and obesigxercise typeduration, frequency,
intensity,intervention lengtland supervisiodegree makes it difficult to conclude abthé effects

of exercisébased on the current literatuFaurther differencein primary and secondary outcomes
and different measuring methgdseakes it difficult to compare the effect of exercise on body
composition. The majority of studiemn women with PCOS reped change inbody weight
without data orbody composition ltange, with the exception of two studiésyy Thomson et al.
(59) and Hutchison et a(50). As previously describedhe study byrhomson and colleagues is
the only onethat had one @up on ST However,the ST was combined with diahd aerobic
exercisen their study(59), making it difficult to determine the isolated ef@&T had on body

composition.

5.3 Methodological consideration

A strength in our study is that we conductedradomized controlled trigRCT). This study dsign
is thefigold standardto evaluate the effect of interventioi®ichdesignreduce the importance
of other known and unknown influencing factors, becaussetliactors will, theoretically, be

equally located to all groups.
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PCOS is a complex and hetgeneous syndrome with highly variable presentation in symptoms
and clinical ad biological manifestation3 herefore, prticipants in our study were included based

on the Rotterdam criterialhe Rotterdam criteria areurrently the recommended and most
commonly used definition of ®OS, andit is the criteria that diagnosemost PCOS women.
Further,participantswere stratified according to BMl © r  (®aséddn a previous stu¢Bo),

and randomized to one of the three groups after baseline testing by a computer random number
generator. This gives us an even distribution in BMWMeen groupsThe analyses were done on

an intentionto-treat basis, with outcome measures analyzed according to the tretinaénth

patient were randomized to, regardlesthefamount of exercigeerformed.

Another strength in our study is that we compared HIT and ST as an independent intervention in
women with PCOSThe exercisdraining in our study was well controllecdaind documented
through regular supervision with a trained exercise physiolag@for physiotherapy studeat)d
throughmonitoringof the exercisgusingexercise diaries and heart rate monitdre ST program
included eight strength exercisies the wtole body. This caprovidea relatively large strain on
muscles when performdtree times weekly oantrained subjects. Therefore, we recomneehd

one residay between sessions to ensure full recovery of the muscles. Each drill consisted of 10
repetition andhree sets, based on the current literature for ST in untrained subj@ctelost of

the strength exercises weperformed with strength machines to ensuvedytechnique and to
prevent injuries (as we were not able to supervise all exercise sesBiartgjpants in the HIT

group achieved an adequate exercise intensity in the 4xstesand 10x1 minteintervals.The
compliance was high inlagroups, and one of the participants experienced any problems during

the training period.

InBody720bioimpedancacale (BIA)wasused to measure body composition, in additionady
weight and WC. This gavas valuable information on the distribution of FMEM and \F,

compared to most studies whnly reported changes bodyweight and WC.
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5.3.1 Study limitations

The study sample sizeas calculated based on the primary outcome measure of the whole study:
insulin sensitivity. In this thesighe primary outcome mearemergis body composition, and the

fact thatthe study sample sizewas calculatecbased on insulin sensitivitys regarded as a
limitation. Based on a previous stu(§9), the sample size needed to prowad&atistical power of

80% with a 0.05 alpha level (twtailed), to detect a difference in FM 4% was 81subjects
However, in our study we found a significant change in percentagkadskt on the samples
calculated forthe whole studyinsulin sensitivity, but with no difference between groups. This
may bedueto our small sample siz&he relatively small sample size of thgresent study is a
limitatonb ecause of the i ncrieasvenatablstodetedtangbetwgep e
group differencesPCOS is a heterogeneous group, andal demanda larger sample siz&o

detect a differenceghanwhen studyinga more homogenous populatidtiowever we found no
significant difference in &seline characteristics in our studypr@pared tather studies on women

with PCOS(50-52, 76, 78), oursample sizevas not much differenHowever, a other studies with
smallsample sizg this study mighbe subject to selection biéisllow-up bias participation bias,
sample bias, neblinded participabn) regarding the representativeness in siudy population.
Selection bias may give us a study population that is not representative for all PCOS population,
as women how enroll in an exercise study may have milder degrees of symptoms, higher fitness
level and/or are more motivated to exercise than the general PCOS populagostatistical
significantdifferenceswe found mighthavebeen more clinically significantith a larger sample

size. Agreater difference Ihweengroups ar@meeded to achieveadistical significancevith a small
sample size, compared to a larger sample Jizerefore,an actual difference may be missed or
disturbed because obnfounding variablegaused by our small sample size

Most previous exercise studies PCOS have dyincluded overweight or obese women. This is

in contrast to our study, as we included both lean and obese women with PCOS. The fact that we
included a comparatively large number of lean PCOS women, with WC and VF within the normal
range, may possibly havnfluenced the fact that we did not found any significant effadhese
parameters. With a larger data set, we could have createg@uyis analyss on participants with

B MI < atothvesigat The possibly different effects of exercise on body composition in

lean and obese PCOS women.
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As it is difficult to blind participants and treatment providers to behavior intervensiod we did
not hawe enough researdtaff to allow for blinded assessmerits intervention was not blinded.
Baseline measurements wgereowever, done before rafomization. Weargue that most
measurements in our stukyobjectively measured, therefore limiting the poiartiases of a nen

blinded assessor design.

Women were included in the study based on the Rotterdam critbese driteria areconsidered

to have sufficient specificitgnd sensitivity to define PC®) Not all women withPCOS need to
undergoultrasoundof the ovaries fi the womenhave both oligomenorrhea and evidence of
hyperandrogenismas polycystic ovaries are not requestedfit the criteria Clinical and/or
biochemical hyperandrogenism is obligatory in the NIH criteria andPRIES task force criter

to definePCQOS, but not in The Rotterdam critefraurther, The NIH criteria requiréhe presence

of irregular menstrual cyclewhile the other criteria do ndtdowever,The Rotterdam ceria take

greater account of the wide range of features PCQ8armcterized by, as compared with NIH
criterion.It may be that some of the women including in our stbdgel on the Rotterdam criteria,

did not have polycystic ovarieslowever,The Rotterdam criteria areurrently the recommended

and most commonly udedefinition of PCOS in countries outside the U(S. Further, the
Rotterdam criteria is the criteria that diagnoses most PCOS women. This may lead to that women
in our study had a milder degree of PCOS, when compared to studies using other criteria to define
PCOS Further, some studies that have used the Rotterdam criteria required that all three diagnostic

criteria (hyperandrogenism, irregular menses and polgoygaries) were fulfilled29, 97).

A cluster ofsymptoms characterizes PCOS, andphsicipantsn our studyexperienced varying
degree of symptom3he effect of exercise may be more difficult to achieve in women with milder
degrees of symptomin addition we included both lean and obese women with PCOS. Tdiiesn

it difficult to determinethe effect of exarise on body composition, as it may differ in lean and
obese PCOS women. In the future, it might be informative to group the participants according to
varying degrees of symptoms adhifferent phenotypes of PCOS. Due to our small sample size and
time concen, we did not have the opportunity to create-gudupsor to include women of only

one phenotype (for example only obese or only insulin resistémtaddition, intraindividual
variability in weight change is commonly observafier isolated exerciseterventions not

including dietary advice or interventigi2).

33



We did not excludeegularuse oforal contraceptive pills (OCH)efore, during and after the
intervention periodand the variation in use and type of OCP hhigave influenceesults on the
effect of body composition changbg making these participants more or less susceptible to the
adaption to exercisén addition, ethniovzariations are seen mssociation to PCO®). This was

not determinatg at inclusion, but the majority of participants were of Norwegian ethnicity.

However, this must be accounted for when generalizing to Bfi@&Spopulations.

Anotherlimitation in our studyis thatnot all the training session wesepervised, and we could
nat control the quality of all the sess®iHowever, the training sess®for the HIT weregecorded
with a heart rate monitor and registered throoghne training diary, and the ST group had to
monitor their training sessions in a diahy.the 4x4 mimitesintervak and 10x1 minteintervak,

8.9 mirutes(19.8%) and5.15 mirutes(14.3%9 of the total exercise session (including waurm
and cool down) was >90% of HR, respectively.This may indicatehat the participantsn
averagehave reached90% of HRmax in the last half of all intervals, indicating that they have
completed intervasessiongroperly considering that it takes time to reach the correct intemsity
each intervalThe ST sessiongere conducted at a local fithess center with good aesdss

equipmentand the HIT group could alternate between jogging and cycling to avoid strain injury.

The intervention period was shavith a large training loaddowever, sich a short intervention
periodseemdo be sufficient to achieve significantfidirence in body composition changeshese
women(29, 35, 36, 75). The short intervention period was due to time concern, and compliance to
exercise with a large training loddowever compared to previous studies on exercise in PCOS,
and in terms of conifance to exercise interventions, most studies had an intervention period
between 10 and 24 wee9, 51, 75). However longer intervention studies may be needed to find

a potentially greater effect in body composition changes in these wbomémer we did not follow

up the participants beyond the 10 weekstervention.A follow-up period to observe the effect

of detraining would be of interest.

We used HIT in cortrast tomost previousstudies using moderatetensity exercise HIT has
shown to have higher impact on body composition, especialiM(b7), FFM (66) andVF (55)
under isocaloric condition®articipants in our study wergevious sedentaryand it may be that
the high amount of vigorous exercigadto an excessive training loads in relation to training

status On the other handt is important to notice that the congolice in our study was 90% and
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87% in the HIT ad ST group, respectively. Thiadicates good compliance to the mise
interventions, with smaliropouts and therefore that suclhggrams can beell toleratedalso in

unfit subjectslt must alsdbe considereavhether this amount of exercise is feasible and realistic
over time for women with PCOS who are patticipatingin anexercisestudy withclosefollow-

up. In addition an adaption periodwvith gradual increase in intensity and resistance may be
considered in the futur® allowtime for adequate cardiovascular and musculoskeletal adaption,
andto achieve evegreater compliance and quality of the exercise interventions.

The HIT group perfomed to types ointervals(4x4 and 10x1 miate intervals), whichmakes it
difficult to distinguish betweethe two interval typesThe 4x4minutesinterval has been found to
positively affect fasting glucodevels, insulin sensitivity, fithess aridt meabolism in subjects
with metabolic syndromé&3). Further, 10x1 miate interval has been found to improve glucose
control and induce adaptions in skeletal musoleDM2 patients,which is further linked to
improved metabolic healt{69). However, we are not able to say which interval was the most
effective in improving baly composition change in these womém our study, we choose a
combination of thest interval types because itf@mund to have good effect on insulin sensitivity,
the main outcome of the whole study, and to add variety and reduce time consuingatdition,

both interval programs seems to have good compliance, aticharefficient. However, in @iture
studies it may be preferable tdistinguish between the two intervals to investigate the potential

different effects on outcome measures.

We useda bioelectrical impedance scaleBody720 (BIA) in addition tobodyweight and WC,

to measure body compositiodlthough computer tomographyCT) and magnetic resonance
imaging (MRI) is consiered the most accurate method &ssessing body compositiamd to
examine fat distributionand these arthe figold standard methals to measure both Vand
subcutaneous fathese methods arexpensive and not easily availabBual energy Xray
absorptiometryDEXA) is a more common form of measurement. Howetles, method is also
expensiveFurther, it has been shown tHB#A measurementsorrelates well with BEXA (98).
Although the BIAmethod is indirect, it is hidh reliability, inexpensive, simple to operate and
useful for determinatiorof body composition and changes in body composition over time

(geometrical assumption of the method is probably consistent within the same g@Bject)
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BMI is the most common used method to measure body sizeamngosition, and to diagnose
overweight and underweigt00. However, WC has been suggested to better measure for
abdominal obesity, and is superior to BMI in predicting risk factors like CVD and @. WC

is a major clinical parameter used for the indirect eatédn of increased V.ANevertheless, WC
alone does not help in distinguishing between subcutariaarsd VFmass. This is a cordgrable
drawback, given that VFand notsubcutaneous faplays a decisive role in the genesis of
cardiovascularffunctions (42). However, WC is closely coelated with abdominal VRissue
accumulation and related CVD risk factors, ametabolic variable€L00 101). To summarizethe

combination of WC and BMI is shown to be appropriate for determinate heal(i0idk

A limitation in our study is that the energy expenditure between HIT and ST was not controlled for
(not isocabric), and it is most likely diffieent in the two exercise groupdlT caninduce a greater
aaute energy expenditure, batrease in FFM in the ST group can result in increaseét@osing
energy expendituré/2). We did not have the opportunity to control for idocic conditions in

our study,and theefore, we do not know wheth#ne energy deficitvas different in the two

exercise groups.

Diet was not controlled for during the study interventibnvould have strengthened our study if
we had registed diet changes throughout the intervention periBdrticipants weresked to
continue their regular diet pattern, but we did not registered whether some of the participants began
a fAhedl &hbde orcaloeesds a mesult ef the exercise performédod intakeafter
exercisedoes not seem todd to compensatingpr energyexpendedas a result of exercise
performed(102). However physical activity often results gisappointing effects, mainly because
of inapprriate food choices and desirefor selfreward after exercis€102). Further, a
misjudgment to which extesnergycan be expendduly exerciseor taken in by eatinig observed
(102. However, studies oexerciseinduced suppression of appetite are conflicting in results, and
a combination of physiological and psychological facsamsms to influence the resu(192 103).

A mapping of lifestyle changes in terms of increased or decreased energy intake and aeisity le

may be important inuture research.
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5.4 Conclusions

Structured exeise programs can be a helpful therapeutic strategy for management and treatment
of PCOS. Our findings strengthens the recommendation that exercise should be included in

treatment and management of PCOS.

In conclusion, our results suggest that women RAIIOS can have some beneficial effects on body
composition after botHMIT and ST even wherbodyweight remains unchangeBercentage FM
decreased significantly after both HIT and ST, and FFM increased significantly after ST. However,
we found nacsignificantdifferences between groups. Although our results are unable to claim that
one treatment was superior to another, the results from our study provide sometioforim
suggest that lifestylstrategies, in the far of HIT or ST, may providéeneficial effects on laty
composition in women with PCOS. Further, the effectxdrciseintervertions inwomen with
PCOSshould nobe judge solely on weight losss exercise can improve body composition without
significantly altering body weighiThese findings may hawdinical relevance, as women with
PCOS who exerse without losing weight, can mncouraged that they stdfeachieving health

benefits.

5.5 Further Research

Studies on the effects of exercise as the only intervention on body composition in women with
PCOSare limited.Further research and larger clinical studies are needed to confirm our findings,
and to find the necessary dose, tygaration,intensity and frequency of exercise, and the health
benefits of exercise, that can provide the greatest benefithdése womenkocuson lifestyle
interventiors over a longer time perigcand with a larger sample size than in the present study
should be emphasizén evaluate whether these findings may translate intctemy improvement

in body compositionMore dudies are needed dhe effect ofHIT and STon different health
parametersn these women Few studieshave investigated the effect of exercise on lean PCOS
women, and whether theeneficial effects of existingxercise intervention is due to degree of
obesityor the syndrome itself remainsiclear.Whether favorable changes in body composition,

in absence of weight loss, can reduce the health risk associated with the syndrome should be
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investigated further in this populatiom addition, further reseeh on the pathophysiology and
causes of PCOS is needed to fully ustind the syndrome and fipdoper treatment strategies.
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