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Abstract

Background:Polycysticovarysyndrome(PCOS)isacom-
plex reproductive, endocrine-metabolic disorder with in-
sulinresistance(IR)asacommonfeature.Objective: To
clarifywhetherIRandassociatedhyperinsulinemiaplaya
keyroleinthepathophysiologicalchangesinPCOSespe-
cially,reproductiveandmetabolicchanges,andtheeffica-
cyofmetformintherapyinthesecases.PatientsandMeth-
ods:TwentyfivePCOSpatients receivedmetformin 850
mgtwicedailyforfourmonthsandfifteenhealthycontrols
wereincludedinthisstudy.Bodymassindex(BMI)evalu-
ationfollowedbyultrasoundexaminationformeasurement
ofantralfolliclecount(AFC)inbothovaries,oralglucose
tolerance test (OGTT), fastingbloodglucose, insulinand
glucose/ insulinratio(G/I)weremeasuredinadditionto
serumtotaltestosterone(T),luteinizinghormone(LH)and
insulinlikegrowthfactor-1(IGF-1)estimationforallsub-
jects.Theseparameterswerere-evaluatedagain4months
aftermetformintreatmentwasinitiatedinPCOSpatients.

Results:PCOSpatientshadsignificantlyincreasedfasting
bloodglucoselevels(P<0.05),BMI,T,IGF-1(P<0.01),
LH,insulinlevelsandAFC(P<0.001)butG/Iratiowas
significantly(P<0.001)lowerincomparisontocontrols.
SignificantnegativecorrelationsbetweenfastingG/Iratio
andeachofBMI,T,andAFCrespectivelywereevident.
ImpairedOGTTatbaselinewasobservedinPCOSpatients
withsignificantimprovementnotedafterinitiationofmet-
formin therapy. Metformin significantly decreased BMI,
serumT,LH,IGF-1levelsandAFCandincreasedtheG/I
ratioversuspretreatmentvalues.Conclusion:IRplaysavi-
talpathophysiologicalroleinPCOSpatientsasmanifested
by causal relationship between insulin resistance and the
reproductiveandmetabolicchangesofPCOS.Metformin
potentiallyimprovesthesechanges.
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Introduction

PCOS is a complexendocrine-metabolicdisorder charac-
terizedbychronicanovulationand/orclinical/biochemical
hyperandrogenismand/orpolycysticovariesatultrasonog-
raphy(1).Itisanendocrinologicaldisorderaffecting6-10
%ofallfemalesofreproductiveage(2,3).

IR is a common feature of PCOS and ismore prevalent
inobesewomen,suggesting thatPCOSandobesityhave
a synergistic effect on the magnitude of the insulin dis-
order. It leads to increased insulinsecretionbybeta-cells
andcompensatoryhyperinsulinemia(4).IRinPCOSwas
consideredariskfactorforgestationaldiabetes(5).More-
over,ifbeta-cellcompensatoryresponsedeclines,relative
orabsoluteinsulininsufficiencydevelopswhichmaylead
toglucoseintoleranceandtype2diabetes(6).

Ithasbeenhypothesizedthatinsulin-loweringagents(met-
formin), by reducinghyperinsulinemia,may improve the
metabolic and reproductive abnormalitiesof PCOS (7,8).
Nevertheless,themechanismsunderlyingthebeneficialef-
fects ofmetformin in the treatment of PCOS are still in
debate(9,10).ThisstudyaimedtoclarifywhetherIRand
associatedhyperinsulinemiaplayakeyrole in thepatho-
physiological changes in PCOS especially, reproductive
andmetabolicchanges,andtheefficacyofmetforminther-
apyinthesecases.

Patients and Methods

Study population

Twenty-fivePCOSpatientswithagerangingbetween22-
35yearsreceivedmetformin850mgtwicedailyforfour
months according to Trolle et al (11), were included in
the study and theywere recruited fromGynecology out-
patientclinicsincooperationofGynecology&Obstetrics
andPhysiologyDepartments,FacultyofMedicine,Assiut
University.TheyallmetthecriteriafordiagnosisofPCOS
according to theRotterdamConsensus (12).Thediagno-
sisrequires2ofthefollowing3criteria:1)Amenorrheaor
chronicoligomenorrhea(≤6menstrualcycle/year)indi-
catingchronicanovulatorydisorder2)Clinical(hirsutism
and/oracne)orbiochemicalhyperandrogenismafterexclu-
sionofothercausesofhyperandrogenismand3)Polycystic
ovarianmorphologybyvaginalultrasoundexamination.

Fifteenagematchedhealthycontrolswithabodymassin-
dex(BMI)oflessthan25kg/m2,regularmenstrualcycles
andnormalultrasoundexaminationoftheovarieswithno
clinical or biochemical signs of hyperandrogenism were
recruitedfromoutpatientclinicsforroutinecheck-uppur-

poses.TheAssiutUniversityEthicsCommitteeapproved
thestudyandeveryparticipantsignedtheinformedconsent
beforeenrollment.Exclusioncriteria includedpregnancy,
useofhormonesorhormonalcontraceptionforat least3
monthspriortothestudy,renal,hepaticorendocrinaldis-
ordersandfamilyhistoryofdiabetes.

For both control and patients groups physical examina-
tionandBMI[bodyweight(Kg)dividedbyheight(meters
squared)](13)weredonefollowedbyultrasoundexamina-
tiontodeterminetotalantralfolliclescount(AFC)inboth
ovaries.

Laboratory assays 

Basic oral glucose tolerance test (OGTT) was done at
08.00-10.00 AM after overnight fasting (10-14 h). The
fastingglucosesamplefollowedbyanother4sampleswas
takenat30,60,90, and120minutesafter anoral inges-
tionofglucoseloadof75grams.Theserumwasanalyzed
forglucoseand insulin immediately followingseparation
frombloodandtheremainderofserumwasstoredat-20оC
forlateruse.SerumglucosewasmeasuredbyHexokinase
enzymatic method and spectrophotometric quantitation
(Glucosekit,Sigma).Fastinginsulinwasmeasuredbyus-
ing (UBI-MAGIWEL insulin quantitative kit by ELISA
method). Glucose tolerance was assessed by The 1997
AmericanDiabetesAssociationand1999WorldHealthOr-
ganizationCriteria (14).Fastingblood samplewas taken
for assaying total testosterone (T) (FERFTIGNX-T-kit),
LuteinzingHormone(LH)(DRGdiagnostickit),andInsu-
linlikeGrowthFactor-1(IGF-1)(immunodiagnosticsys-
temlimited,UK,kit)byELISAmethod.Accordingtothe
basallevelsoffastingglucoseandinsulin,PCOSpatients
wereconsideredtobeIRasfastingGlucose/Insulin(G/I)
ratio less than 4.5 and/or fasting insulin levelmore than
20uIU/ml (15).Allsampleswere taken in thefirstweek
ofaspontaneousmenstrualcycle(patientsandcontrols)or
progesteronewithdrawalbleeding(patients).Alltheabove
parameterswerere-evaluatedagain4monthsafterreceiv-
ingmetformintreatment.

Statistical analysis

Data is expressed asmeans± standard error (SE) for all
parameters. The datawere analyzed by usingGraphPad
Prismdataanalysisprogram(GraphPadSoftware,Inc.,San
Diego,CA,USA).Forthecomparisonofstatisticalsignifi-
cancebetweenpatientsandnormalsubjects,orinpatients
beforeandaftertherapy,StudentNewman-Keulst-testfor
unpairedandpaireddatawasused.Correlationswereas-
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sessedusingSpearman’snon-parametriccorrelationcoeffi-
cientaccordingtothatdescribedbyKnappandMiller(16).
P≤0.05wasconsideredstatisticallysignificant.

Results
ReproductiveandMetaboliccharacteristicsofcontrolsand
womenwithPCOSatbaselinearesummarizedinTable1.
ThePCOSpatientsgrouphadsignificantlygreaterBMI(P<
0.01),T(P<0.01),LH(P<0.001),IGF-1(P<0.01),fasting
blood glucose (P<0.05) and insulin levels (P<0.001) and
AFC (P<0.001) and lowerG/I ratio (P<0.001) compared
withthecontrolgroup.

Correlationandlinearregressionarerepresentedinfigure
1A, B and C.At baseline evaluation of PCOS patients,
therewassignificantnegativecorrelationbetweenfasting
G/I ratioandeachofBMI(r=-0.72,P<0.001),T(r=
–0.73,P<0.001)andAFC(r=-0.82,P<0.001)respec-
tively.

TheresultsofOGTTincontrolsandPCOSpatientsatbase-
lineandaftermetformintherapyaredepictedinfigures2A
and 2B.  InOGTT, PCOS patients had impaired fasting
glucose(110-126mg/dl)atbaseline(P<0.05atfastingand
at30min,P<0.01at60and90min,P<0.001at120min)
whencomparedwithcontrols(Fig.2A).Administrationof

Table1.ReproductiveandmetaboliccharacteristicsincontrolsandPCOSwomenatbaseline

Parameter Controls PCOS p-value

Number 15 25 -

Age(year) 28.6±2.6 29.3±4.5 NS

BodyMassIndex(kg/m2) 23.5±2.2 35.9±1.1 <0.01

SerumTestosterone(ng/dl) 42.5±8.7 95.7±13.5 <0.01

SerumLH(IU/L) 5.6±1.2 14.88±2.6 <0.001

SerumIGF-1(µg/L) 108±29 187.7±34 <0.01

Fastingglucose(mg/dl) 86±11 119±20 <0.05

Fastinginsulin(µIU/ml) 12±3 35.5±12 <0.001

FastingGlucose/Insulinratio 7.16±3.53 3.35±1.6 <0.001

AntralFollicularCount 8.2±2.4 32.6±5.5 <0.001

LH:LuteinizingHormone,IGF-1:InsulinlikeGrowthFactor-1,NS:nonsignificantDataexpressedasmeans±SE.

Table2.ComparisonofreproductiveandmetaboliccharacteristicsinPCOSwomenatbaselineandaftermetformintherapy.

Parameter BeforeMetformin AfterMetformin p-Value

BodyMassIndex(kg/m2) 35.9±1.1 28.5±3.7 <0.05

FastingGlucose/InsulinRatio 3.35±1.6 5.16±0.6 <0.01

SerumTestosterone(ng/dl) 95.7±13.5 55.3±9.1 <0.05

SerumLuteinizingHormone(IU/L) 14.88±2.6 9.08±0.37 <0.05

SerumInsulin-likeGrowthFactor-1(µg/L) 187.7±34.7 129.5±27.7 <0.05

AntralFollicularCount 32.6±5.5 16.2±3.8 <0.01

Pvaluesareforaftervs.before.Dataisexpressedasmeans±SE.
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Figure1.(A,B,andC)(above):CorrelationandlinearregressionbetweenfastingglucoseinsulinratioandBodymassindex(A),
Totaltestosterone(B)andAntralfollicularcount(C)inPCOSpatientsatbaseline.
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Figure2(AandB):Oralglucosetolerancetest(OGTT)incontrolandPCOSpatientsatbaselineandafterMetformintreatment.

Figure(2A):OGTTincontrolsandPCOSpatientsatbaseline,(P<0.05)atfastingandat30min,(P<0.01)at60and90min,
(P<0.001)at120minascomparedtocontrols.Thenumbers1-5
pointtotimeofsampling(atfasting,30,60,90,120minrespectively).

Fig.(2B):OGTTinPCOSpatientsatbaselineandaftermetformintreatment,(Pisnonsignificant)atfasting,(P<0.05)at
30,60and90minand(P<0.01)at120min,aftertreatmentvs.atbaseline.Thenumbers1-5pointtotimeofsampling(atfasting,
30,60,90,120minrespectively).



IbnosinaJournalofMedicineandBiomedicalSciences(2012)

IbnosinaJMedBS 95

metforminsignificantlyloweredthebloodglucoselevel(P
valuewasnonsignificantatfasting,P<0.05at30,60and
90minandP<0.01at120min)comparedwithpretreat-
mentvalues(Fig.2B).
The effects ofmetformin on reproductive andmetabolic
parameters inPCOSpatients are summarized inTable2.
AdministrationofmetforminsignificantlydecreasedBMI,
serumTestosterone,LH,IGF-1levels(P<0.05foreach)
andAFC(P<0.01)and increased theG/I ratio (P<0.01)
comparedwithpretreatmentvalues.

Discussion

Insulin resistance is defined as the inability of insulin to
exertitsphysiologicaleffect.Itismanifestedperipherally
(atthetissues)orcentrally(attheliver)throughreduction
intheabilityofinsulintolowerplasmaglucose(17).The
pathophysiologyofPCOSisstilllargelyunknownanduntil
now,medicalcareofthispatientpopulationhasbeenlim-
itedtosymptomaticcontrolandinfertility(18).Whilethe
basic pathophysiologicalmechanisms seem to be caused
by dysfunction of the ovary, the clinical expression and
severityof the symptomsaredependentonextraovarian
factors.OurknowledgeabouttherelationshipofPCOSto
IRisindistinct.Inthisstudy,wehypothesizedthatIRand
theassociatedhyperinsulinemiamayplayakeyroleinthe
pathophysiologyofthissyndrome.

Clinicalevaluationofpatientsinthepresentstudyrevealed
increased BMI compared with controls that harmonized
withpreviousinvestigatorswhoreportedthatobesitycould
befoundin10–50%ofwomenwithPCOSwhoarehave
aBMIoutside theacceptable rangeof19–25kg/m² (17)
andBMI ishighlypredictiveofboth insulinandglucose
levelsinwomenwithPCOS(19).Obesity(thefatmass),
bodyfatlocationandmusclemassallhaveimportantinde-
pendenteffectson insulinsensitivity.Alterations in these
parameterscouldpotentiallyberelatedtoinsulinresistance
inPCOSinanumberofways.Inparticular,severalmetab-
olites(suchasfreefattyacidandlactate)aswellastumor
necrosis factor-1and leptin, theproductionrateofwhich
increasesintheobesitystate,directlyaffecttheperipheral
actionofinsulin(impairinsulin–mediatedglucoseuptake
in skeletalmuscle, adipocytesand liver anddecreasehe-
patic insulinsensitivityand increasehepaticglucoseout-
put)(20,21).

Significanthigher fasting insulin andglucose levelswith
decreasedfastingG/IratiowereobservedinPCOSpatients
ofthisstudywhencomparedwithcontrolvalue.Thesere-
sultsareinaccordancewithpreviousstudieswhichreport-

edthathyperinsulinemiaduetoinsulinresistanceoccursin
themajorityofwomenwithPCOS(22,23).Thisisthought
tobeduetodecreasedinsulinsensitivitywithpost–recep-
tordefect(reducedautophosphorylationofinsulinreceptor
intheovary)withdecreasinginsulin–stimulatedglucose
uptake(3).

InwomenwithPCOS,basalinsulinsecretionisincreased
andhepaticinsulinclearanceisreduced,resultinginhyper-
insulinemia. Insulin–stimulated glucose utilization is de-
creasedby35-40%inwomenwithPCOS,thereforeblood
glucoselevelsbecomeraised,aphenomenonknownashy-
perglycemia(24,25).Undernormalcircumstances,insulin
secretionincreasesasinsulinsensitivitydecreases,inorder
tomaintainglucosehomeostasis.Thisrelationshipofinsu-
linsensitivityandinsulinsecretionisknownasthedeposi-
tionindexthatwasdescribedbyMuniyapna,(26).

IntheOGTT,bloodglucoselevelswereprovedtobesig-
nificantlyhigherinPCOSpatientsatbaselineintheexist-
inginvestigationthanthecontrolgroupandwhenfasting
glucoselevelswereanalyzedaccordingtotherecommen-
dationsof theExpertCommitteeof theAmericanDiabe-
tesAssociation(14),wefoundthatmostofPCOSpatients
had impaired fasting glucose (≥110mg/dl and<126mg/
dl).Theseresultsindicatedthehighprevalenceofglucose
intoleranceinPCOSwomen,andthesepatientsareatin-
creasedriskofdevelopingnoninsulindependentdiabetes
mellitus (NIDDM) that harmonized with other previous
studies(27,28).

A significantnegativecorrelationbetweenBMIand fast-
ingG/Iratiowasobservedinthisstudy.Thiscouldsupport
thepossibilitythatobesityinwomenwithPCOScanexac-
erbate insulinresistanceandenhance theriskofNIDDM
that is accounted in this studyby the highprevalenceof
impairedoralglucosetolerancetest

In the current study, PCOSpatients showed significantly
higherlevelsoftotaltestosterone,LHandIGF-1compared
withcontrols.AlsoinPCOSwomen,itwasfoundthattotal
testosteroneisnegativelycorrelatedwithfastingG/Iratio
whichmeansthatthehighertheinsulin,thehigherthean-
drogenlevelsuggestingapossiblecausalrelationship.The
pathophysiological mechanisms of hyperandrogenemia
foundinthisstudycouldbeexplainedbythathighcirculat-
ing insulin levels resulting from insulin resistance stimu-
lateovarianthecacellandrogenproductionbothbyadirect
actionon theovary (throughbinding to insulinor IGF-1
receptors)andbystimulatingthereleaseofLH.Hyperin-
sulinemiamayalsoenhancethebioavailabilityofandrogen
bydecreasing thebiosynthesis of IGF-bindingprotein-1
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thus elevating IGF-1 levelswhich like insulin stimulates
ovarian androgen production (29,30).These data support
thehypothesis that insulin resistancecouldplaya role in
thepathophysiologyofreproductiveabnormalitiescharac-
teristicofPCOS.
Inthepresentstudy,ultrasoundexaminationoftheovaries
reveledsignificantlyhighernumberofantralfolliclesinthe
patientgroupversuscontrols.These folliclesarearrested
indevelopmentatasizeof2-9mm,withenlargedstromal
volume>10cc.Itissuggestedthatexcessandrogensprob-
ablyplayakeyroleintheetiologyofthisabnormalovarian
morphologyasevidentbyincreasinglevelsoftestosterone
inPCOSpatientsof this study.Androgensencourage the
developmentofprimaryfolliclestothestagesofpre-antral
andsmallantralfolliclesandinthepresenceofexcessan-
drogen; thisprocess isacceleratedcomparedwith thatof
normalovaries.Inaddition,severalfactorsthatinhibitthe
endogenousactionofFollicleStimulatinghormone(FSH)
suchasfollistatin,epidermalgrowthfactorandanumber
ofanti-apoptoticfactorsleadtoarrestoffurtherfollicular
growthandslowdowntheturnoverofthesearrestedfol-
licles.All thesefactorscombinetogivethecharacteristic
polycystic ovarian morphology (31). In accordance with
Bayraketal.(15)dataofthecurrentstudyshowedasig-
nificant negative correlation between G/I ratio andAFC
thatsupportthatinsulinresistanceandhyperandrogenism
haveasignificant impactonpolycysticovarianmorphol-
ogy.Further,itwasreportedthatinsulinresistanceismore
severeinwomenwithPCOSwhoareanovulatorythanin
thosewhoareequallyhyperandrogedemicbuthavenormal
cycles.Thissuggeststhatinsulinresistancecontributesto
anovulation(32,33).

Perhaps,themostconvincingevidencelinkinginsulinre-
sistancewithreproductiveandmetabolicabnormalitiesin
womenwithPCOSistheutilizationofinsulin-sensitizing
drug (metformin) to restore ovulation andmetabolic dis-
orders.Therefore,inthepresentstudy,metformintherapy
improvedthemeasuredparametersofIRdemonstratedby
significant increaseG/I ratio and significant decrease to-
taltestosteronelevel,LH,IGF-1,AFCandBMIcompared
withpretreatmentvalues.Theseresultsare inaccordance
with previous studies (34-36).  Itwas reported thatmet-
formin reduces insulin resistance and insulin secretion
followedby a reductionof ovarian androgenproduction.
Also,adirectactionofmetforminonovarianthecacellsto
reduceandrogenproductionwasalsopostulated(37,38,9).

Inaddition,thepresentstudydemonstratedthatinOGTT,
administrationofmetformininPCOSpatientssignificantly
lowered the blood glucose level comparedwith pretreat-
ment values. Improved IR by metformin may not only

result from the well-known reduction of hepatic glucose
production and increase of peripheral glucose utilization
butalsofromadirecteffectonovariansteroidogenesis,as
demonstratedbyinvitrostudies(39).Moghettietal.found
thatmetformineffectsoccurwithoutsignificantactionon
beta-cell insulin production but may  reduce insulin re-
sponsetoanoralglucoseload(40).

ThesignificantdecreaseinAFCobservedinthisstudyfol-
lowingmetformintreatmentwasinagreementwithBayrak
etal(15).Therefore,thisdoseofmetforminmaybesuffi-
cienttoachieveimprovementsinthebiochemicalmarkers
andpolycysticovarianmorphologyasevidentbyourstudy.
On theotherhand,other studies that assessedmetformin
effects inhyperandrogenicsubjectsdidnotconfirmthese
findings(18).

Inconclusion, insulinresistanceplaysavitalpathophysi-
ologicalroleinPCOSpatientsintermofincrease,T,IGF-
1,LH,AFCandBMIbutdecreaseG/Iratioandimpaired
OGTT. This suggests a possible causal relationship be-
tweeninsulinresistanceandthereproductiveandmetabolic
changes.Metforminpotentiallyimprovesthereproductive
andmetabolicfeaturesofIRinPCOSwomen.Furtherin-
vestigationsareneededtoevaluatethecellularandmolecu-
larmechanismsofinsulinresistanceinPCOS.
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