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Uvod

Neklasicka forma adrenalni hyperplazie (NCAH)

Hyperandrogenni stavy jsou nej¢astéjSi endokrinopatii Zen ve fertilnim
véku, postihujici pfiblizné 7% této populace (1, 2, 3). Pfevazna vétsina je
vyvolana poruchou steroidogeneze na urovni vaje¢nikli (hyperandrogenni
syndrom — HAS, syndrom polycystickych vaje¢nikli - PCOS). U ¢asti
hyperandrogennich Zen je pfi¢inou zvy§enych hladin androgennich hormont
uplny nebo ¢astecny blok enzymu uplatiujicich se v adrenalni steroidogenezi.
Naprosta vétsina pfipadl (pfes 95%) je zplsobena deficitem 21-hydroxylazy.
V disledku snizené aktivity enzymu se zpomaluje konverze 17-
hydroxyprogesteronu na 11-deoxykortizol (vétev glukokortikoidni) a
progesteronu na 11-deoxykortikosteron (mineralokortikoidni metabolicka
vétev).

Existuji dvé =zakladni formy onemocnéni - klasicka forma (classic

congenital adrenal hyperplasia - CAH) a neklasicka (pozdni) forma adrenalni
hyperplazie (nonclassic adrenal hyperplasia - NCAH). Klinické projevy
onemocnéni jsou pestré, od asymptomatického pribéhu az po Zensky
pseudohermafroditismus s depleci natria, manifestujici se jiz v prvnich
tydnech Zivota (CAH).
Klasicka forma kortikalni adrenalni hyperplazie (CAH) je charakterizovana
zavaznym deficitem 21-hydroxylazy (kompletni blok), virilizaci jiz v
prenatalnim obdobi a rliznym stupném adrenalni insuficience. Vyskytuje se ve
dvou subtypech : s depleci sodiku, oznatovaného SW-CAH (salt-wasting),
charakterizovanym deplecni krizi v jiz prvnich tydnech Zivota, a jako prosta
virilizujici forma, SV-CAH (simple virilizing). Incidence CAH se pohybuje mezi
1 na 12100 — 23000 (4).

LéCba vyZaduje substituci glukokortikoidy i mineralokortikoidy a supresi
nadmérné produkce ACTH. Ve zvlast tézkych pfipadech, kdy neni mozZno

dosahnout dobré kompenzace, je metodou volby bilateralni adrenalektomie.



V budoucnosti lze ocfekavat vyuZiti antagonistl corticotropin-releasing

hormonu (CRH) a genoveé terapie.

Incidence a prevalence

incidence NCAH se lisi u jednotlivych etnickych skupin. Nejvy§si vyskyt byl
zjistén mezi ASkenazskymi Zidy (1:27), v nezidovské bilé populaci je
odhadovan 1:1000-2000 (5). Nosi¢stvi alel pro mirnou nebo pro neklasickou
formu CAH kolisa podle etnicity vySetfeného souboru mezi 1:5 az 1:50 (New
Annu Rev med 1998 (6). V nejvétSim publikovaném souboru 873
hyperandrogennich Zen byla zjiSténa prevalence NCAH v 1.6% (7). Za vznik
onemocnéni muize byt odpovédny i deficit jinych steroidogennich enzymu
(zejména 11B- hydroxylazy), pfes 95% pfipadi NCAH je ale zpuUsobeno
snizenou aktivitou 21-hydroxylazy (5, 8). Kontroverzni je otazka, jaka jsou

hormonalni kriteria pro NCAH zpUsobenou defektem 3f3- hydroxylazy (20).

Genetika

Pfi¢inou jak klasickych, tak neklasickych forem kongenitalni adrenalni
hyperplazie, je geneticky podminéna nedostate¢nost enzymU steroidogeneze:
1) 21- hydroxylazy (CYP21, pseudogen CYP21P), 2) 11 [ -hydroxylazy
(CYP11B1), 3) dehydrogenazy 3 B -hydroxysteroidl a delta 5-4 izomerazy
(HSD3B1, HSD3B2), 4) steroidogenniho akutniho regulaéniho proteinu
(StAR) a 5) 17a-hydroxylazy (CYP17), pfitom u neklasickych forem jde vzdy o
mirngjsi enzymatickou poruchu. Jednad se o onemocnéni s autozomainé
recesivnim typem dédi¢nosti.

Dominantni pfi¢inou jak klasickych forem CAH, tak pozdni formy CAH, je

deficit enzymu 21-hydroxylazy, ktery je nachazen az u 90% pfipadu.

Jiz koncem 70. let byla popsana asociace riznych forem deficitu 21-
hydroxylazy s charakteristickymi haplotypy HLA (human leukocyte antigen),
¢ehoZ se vyuZivalo pro nepfimou molekularné genetickou diagnostiku CAH.
Pozdéji byly identifikovany dva geny koédujici 21-hydroxylazu u CElovéka —
funkéni gen CYP21 a nefunkéni, tzv. pseudogen CYP27P. Oba lezi na



kratkém raménku 6. chromozému, v tésné blizkosti oblasti kodujici alely HLA.
Praveé tato blizkd chromozomalni lokalizace genu a pseudogenu predisponuje
ke vzniku mutaci, mize dochazet k delecim, ke genovym konverzim mezi
funk&énim genem a pseudogenem. NejCastéji jsou u pacientll nalézany delece
rizného rozsahu v genu CYP21 (delece malych Usekl az po kompletni deleci
jedné alely), duplikace genu (jsou ¢astou pfic¢inou NCAH), &i bodové mutace.
Fenotyp u vétSiny pacientll dobfe koreluje s typem mutace. Mutace CYP21
vedouci k uplné deaktivaci 21-hydroxylazy jsou pfic¢inou virilizace spojené se
solnou poruchou, druha skupina mutaci CYP21, kdy produkt ma rezidualni
enzymatickou aktivitu, je spojena s prostou virilizaci a treti skupina mutaci,
které snizuji enzymatickou aktivitu o 50-70 %, je nalézana pfevazné u
neklasické formy CAH (21, 22).

U pacientek s NCAH je obvykle vySetfovano 10 frekventnich mutaci a
deleci (identifikace 90-95% defektnich alel).V etnické skupiné Askenazskych
Zidt byla potvrzena vysoka frekvence ,NCAH alel”, v subpopulaci pacientek
nezidovského plivodu byl zaznamenan vys$si vyskyt klasickych* mutaci (9).
Specifické mutace pro pozdni - neklasickou formu CAH byly zatim
identifikovany pouze pfi deficitu 21-hydroxylazy (CYP27), nikoliv u ostatnich
vySe zminénych enzymopatii, které mohou byt pficinou minoritnich forem

NCAH.

Laboratorni diagnostika

V dusledku deficitu aktivity enzymu 21-hydroxylazy (u NCAH snizeni
aktivity na 20 — 50%) se u pacientek s adrenalni hyperplazii zvySuji hladiny
jeho substratu, 170H-progesteronu.

Za zakladni laboratorni test ke stanoveni diagnézy NCAH je povazovan
ACTH stimulacni test. Provadi se vrannich hodinach folikularni faze
menstruacniho cyklu, po bazalnim odbéru je aplikovano 0.25 mg ACTH a za
60 min. stanovena hladina stimulovaného 170H-progesteronu. Hladina nad
30.3 nmol/l je diagnosticka pro NCAH. S cilem omezit nutnost provadéni
ACTH testu (z ddvodd ekonomickych, €asovych, nutnosti venepunkce)
stanovil Azziz hrani¢ni hodnoty bazalni hladiny 170OH-progesteronu, které

vylu€uji €i potvrzuji diagnézu NCAH pfi zachovani odpovidajici senzitivity a



pozitivni Ci negativni prediktivni hodnoty. Odbér by mél byt proveden ve
folikularni fazi cyklu, vrannich hodinach (7.30-9.30 hod.) vzhledem
k cirkadiannimu rytmu adrenalni sekrece. Diagnézu NCAH prakticky vylu€uje
hladina bazalniho 170OH-progesteronu nizs§i nez 6nmol/l (2ng/ml) ~ negativni
prediktivhi hodnota se priblizuje 100%. Naopak pfi bazalni hladiné 170H-
progesteronu nad 10nmol/l je diagnéza NCAH pravdépodobna (pozitivni
prediktivni hodnota (PPV) +/- 40%, senzitivita +/- 90%). Téchto vylucovacich
hodnot Ize vyuZit screeningové v populaci hyperandrogennich Zzen. ACTH test
tak mlze byt proveden jen u Zen s hladinami bazalniho 170H-progesteronu
mezi 6 a 10 nmol/l; zastoupeni téchto hyperandrogennich pacientek se
odhaduje mezi 3 - 6 % (10, 23).

Z dalSich laboratornich nalezli vétSina studii zjistila vys$si hladiny
celkoveho 1 volneho testosteronu, prestoze testosteron neni pfimym
ukazatelem aktivity 21-hydroxylazy, dale dehydroepiandrosteronsulfatu
(DHEAS) a androstendionu (11, 7, 12).

V jiz zmiflovane Azzizové praci sledujici 873 hyperandrogennich zen mély
pacientky s NCAH signifikantné vy8Si hiladiny celkoveho i volného
testosteronu ve srovnani se zenami s ovarialni hyperandrogenémii
(hyperandrogennim syndromem, HAS). Dal$im paradoxnim nalezem byly u
zen s NCAH vyznamné vy$Si hladiny SHBG (7).

Vy$$i hladiny androgenli u NCAH Ize vysvétlit pravdépodobné souc¢asnou
nadprodukci androgenl v nadledvinach a ve vajecnicich. Teorii o
kombinované pfic¢iné zvySenych hladin androgend podporuje i jejich pokles a
zlep$eni hirzutismu u pacientek s NCAH po podani agonistli gonadoliberinu

(13).

NCAH a inzulinova senzitivita

Rada praci se zabyva inzulinovou senzitivitou u hyperandrogennich Zen
s hyperandrogennim syndromem (HAS). Dlvodem jsou pozdni metabolicka
rizika HAS (metabolicky syndrom). V literatufe vSak neni dostupna studie
sledujici parametry inzulinove senzitivity u NCAH pomoci diagnostického
vySetfeni, které je povazovano za zlaty standard - euglykemickeho
hyperinzulinemického clampu. | jinak byla zatim pozornost inzulinove

senzitivité u 2Zen s NCAH vénovana jen okrajové. Speiser pomoci



tolbutamidem modifikovaneho intravenézniho glukézového toleranéniho testu
zjistil v malém souboru zen s NCAH (n = 6) sniZzenou inzulinovou senzitivitu
(14).

Ve vySe citované Azzizové studii byla popsana tendence k horSim
parametrim inzulinové senzitivity ve skupiné HAS ve srovnani se skupinou
NCAH (u HAS vys$Si hladina inzulinu nala¢no, vyssi HOMA index). Presto i
dal$i faktory (obezita neni Castd u Zen s NCAH,) podporuji pfedpoklad

pfiznivéjSich parametrl inzulinové senzitivity u NCAH nez u HAS.

Klinicka symptomatologie

Klinické projevy NCAH pfipominaji symptomy ovarialni hyperandrogenémie,
tedy nepravidelny menstruaéni cyklus charakteru oligo/amenorey, kozni
androgenni obtize — hirzutismus, aknée, ev. alopecie. Ve studiich zabyvajicich
se klinickou symptomatologii a le€¢bou NCAH je za dominujici pfiznak obvykle
povazovan hirzutismus. K manifestaci symptomd dochazi nej¢astéji v pozdni
puberté ¢&i Casne dospélosti, median véku, ve kterém je onemocnéni

diagnostikovano, se pohybuje mezi 22.3 — 24.5 roky (11, 13).

O mozné Casnejsi manifestaci (pod 10 let véku) a progresivnim charakteru
onemocnéni vypovida Moranova multicentricka studie sledujici 218 pacientek
s NCAH z 11 center. Ve skupiné divek mladSich deseti let zjistil u 92%
pred¢asnou pubarché. Ve starSich vékovych skupinach byly dominujicimi
pfiznaky hirzutismus a oligomenorea. Na progresivni charakter ukazuje dle
Morana stoupajici prevalence hirzutismu pfimo umérné véku — 10-19 let 70%,
20-29 let 82%, 30-39 let 90%, 40-49 let 94%. Zajimavy je fakt, Ze vzrlista
prevalence, nikoli stuperi zvySeného ochlupeni (dle Ferimann-Gallwey skore)

mezi uvedenymi vékovymi skupinami (11).

Dalsi androgenni pfiznak, akné, nepatii mezi Casty projev NCAH. Ve
zminované Moranové studii se vyskytoval s prevalenci mezi 20 - 40%,
konstantné ve vSech vékovych skupinach (11). Obdobnou prevalenci akné
mezi zenami s NCAH potvrdil Azziz (22.2%). Rovnéz v jeho praci byl hlavnim

pfiznakem hirzutismus (prevalence 72.2%). Oba soubory se naopak liSi ve



vyskytu poruch menstruacniho cyklu charakteru oligo/amenorey (89% vs. 50-
58%). Mezi typicky klinicky pfiznak nepatfila obezita, jeji prevalence se

pohybuje mezi 20 a 50%, mediany BMI mezi 23.7 a 29 kg/m?.

Vztah mezi genotypem a fenotypem u pacientek s NCAH porovnava
Speiserova multicentricka studie, ve které sledoval 34 Zen. Z vysledkl
vyplyva, Ze tzv. smiSeni heterozygoti, tedy nositelky ,klasické* mutace na
jedné alele a ,neklasické® mutace na druhé, maji vy$$i hodnoty 170OH-
progesteronu spolu se zvySenym vyskytem hirzutismu neZz homozygoti pro
mirné mutace (9). Naopak starSi prace Knochenhauera nezjistila vyssi riziko

manifestace hirzutismu u heterozygotnich nositell mutace genu CYP217 (15).

Lécba

AcCkoliv se vzhledem k mechanizmu onemocnéni nabizi mozZnost
terapeuticky zasahnout kauzalnéji nez v pfipadé hyperandrogenniho
syndromu, tedy Kkortikoidy suprimovat osu hypotalamus - hypofyza -
nadledviny a tim redukovat excesivni sekreci androgeni, nejsou klinické
ucinky teto lecby spolehlive. Strategie lé€by je obdobna individualnim
postuptim u HAS. Rovnéz v pfipadé NCAH zvazZujeme, které projevy chceme
terapeuticky ovlivnit : koZni androgenni pfiznaky (akné, hirzutismus, alopecie),
nepravidelny menstruaéni cyklus, ev. anovulaci - sterilitu. Dosud existuje malo
intervenénich studii na vétSich souborech a tedy jen malo spolehlivych dat

o lécbé NCAH.

Konvenéni |é€ba NCAH, substituce kortikoidy, je odvozena od lecCby
klasické formy adrenalni hyperplazie. V pfipadé CAH substituce koriguje
deficit kortizolu, inhibuje sekreci ACTH a snizuje stimulaci adrenalni
steroidogeneze. Hlavnim cilem kortikoidni lé€by u neklasické formy je rovnéz
suprimovat adrenalni produkci androgenu. V pfipadé NCAH vSak neni tfeba
korigovat hladiny kortizolu; jeho hladiny jsou u ¢aste¢ného deficitu 21-
hydroxylazy ve fyziologickych mezich. Nej¢astéji pouzivanym kortikoidem

pouzivanym v [éCbé NCAH je hydrokortizon v davce 10 — 20 mg denné. Efekt



lééby na hladiny androgenl je zfejmy, byl prokazan vyznamny pokles hladin
testosteronu, androstendionu a samozfejmeé i 170H-progesteronu (12).
Naopak ucinek leCby kortikoidy na klinicke projevy neni vyrazny. Ve studii
srovnavajici efekt lecby hydrokortizonem (2x10 mg, n=16) a antiandrogenem
cyproteronacetatem (CPA, 50mg denné, n=14) na laboratorni parametry a
dominujici klinicky projev, hirzutismus, bylo ve skupiné lé¢ené glukokortikoidy
zaznamenano pouze velmi pozvolne a mirne snizeni ochlupeni (FG skore 22,
21.3,195a16.5v 0. 3., 6. a 12. mésici léCby). Ve skupiné lécené CPA byla
signifikantni redukce ochlupeni zjiSténa jiz ve 3. mésici (FG skore 23, 17,
129a 10v 0., 3., 6. a 12. mésici leCby). Ve skupiné lé¢ené CPA doslo pouze
k mirnému poklesu hladin androgen(, které potvrdilo jeho periferni uginek —

kompetitivni inhibici vazby androgenl v cilovych tkanich (12).

DalSi zkouSenou leCebnou modalitou v terapii NCAH byla ovarialni suprese
agonisty gonadoliberinu. Po 6mési¢nim podavani byl zaznamenan pokles
hladin  170H-progesteronu, celkového i volneho testosteronu a
androstendionu. DHEAS =zUstal nezménén. Signifikantné bylo zlepSeno
zvySene ochlupeni — FG skore z 16.4 na 8.4 (13). PifestoZze se jedna o maly
soubor (n=6), vysledky potvrzuji vyznamny podil ovarialni

hyperandrogenémie.

S volbou lé€ebne modality souvisi otazka monitorovani ucinku intervence.
Logické je hodnoceni podle vyvoje hladin androgent. Kortikoidni substituci
lze souCasné se sniZzenim hladin testosteronu a androstendionu odekavat
pokles hlavniho markeru adrenalni hyperandrogenémie, 170H- progesteronu.
Presto jsou pfi teto 1éCbé Casto zjiStovany pretrvavajici zvySené hladiny, pfi
normalizaci hladin ostatnich androgenl. Je to nejspiSe zplsobeno vysSi
citlivosti androgen( ke kortikoidni supresi ve srovnani s C-21 steroidy.

Pfi monitorovani efektu léEby by meély byt sledovany hladiny testosteronu,
androstendionu, DHEAS, jejichZ adekvatni suprese mlze byt dosazeno i pfi
pretrvavajicich zvySenych hladinach 170H-progesteronu. Sledovani hladin
170H- progesteronu je povazovano za nejmené vyznamne; naopak snaha o
normalizaci jeho hodnot mlze vést az k ,overtreatmentu“ a rozvoji

cushingoidnich znakl. Nejsilnéj§i androgenni ucdinek ma testosteron,



androgenni potencial 170H-progesteronu je slabsi. Neni jasné, zda zvySené
hladiny 170OH-progesteronu zvysuji riziko pozdnich komplikaci (metabolicky

syndrom).
DalSim ukazatelem efektu l1éCby je zlepSeni klinickych pfiznak.

NCAH a gravidita
Ackoliv se u pacientek s NCAH vyskytuji ¢asto anovulaéni cykly, ¢ast z nich
otéhotni spontanné (16).

U sterilnich zen je po vylou€eni dalSich moznych pficin obvykle nejdfive
doporucovana ve snaze o nastoleni ovulacnich cykll kortikoidni substituce na
4 mésice. Neni-li uspésna, postupuje se obdobné jako v IéEbé anovulalni

sterility u HAS, tedy indukci ovulace antiestrogeny, event. gonadotropiny.

DalSi otazkou souvisejici s téhotenstvim je prekoncepéni pfiprava a
management gravidity Zzen s NCAH. Riziko porodu novorozence s klasickou
formou adrenalni hyperplazie (CAH) u Zzen s NCAH zavisi kromé genotypu
matky i na tom, zda je otec nosi¢em mutace genu CYP21. Riziko je vysSi
pouze v pfipadé otcova nosiéstvi a matciny mutace genu zpUsobujici tézky
deficit 21-hydroxylazy. V pfipadé mutaci genl kodujicich mirny &i stfedni
deficit tohoto enzymu je riziko kongenitalniho postizeni ditéte extrémné nizké
(pokud neni zaroven pfitomna dalSi neidentifikovana mutace, ¢i mutace pro
tézky deficit vznikly ,de-novo“). Nezname- li genotyp CYP21 u rodicl, je riziko
porodu ditéte postizeného CAH u pacientek s NCAH odhadovano na 1.7-
2.3/1000 (4). Takto nizka mira rizika neopravnuje k invazivni prenatalni

diagnostice ani ke kortikoidni substituci v pribéhu gravidity (23).

Zavér
Deficit aktivity 21-hydroxylazy patii mezi nejCastéjSi autozomalné recesivni
genetické choroby. Presto je incidence klasické i neklasické formy adrenalni
hyperplazie v celé populaci i v populaci hyperandrogennich Zen velmi nizka.
Ke stanoveni diagnézy NCAH v naprosté vétsiné pripadl staci vySetreni
bazalni hladiny 170H-progesteronu, provedeni ACTH-stimulacni testu je
vhodné u pfiblizné 6% hyperandrogennich Zen s hodnotami bazalniho 170H-

progesteronu mezi 6 a 10 nmol/l.



Klinicka symptomatologie mizZe byt velmi chuda, ¢asto pfipomina obraz
hyperandrogenniho syndromu; typicky pfiznak pro NCAH neexistuje.

Lécba substituci kortikoidy je odvozena od klasické formy adrenalni
hyperplazie. V korekci koZnich androgennich obtiZi Ize vyuzit antiandrogeny.
Vzhledem k normalnim hladinam kortizolu je racionalni i vyuziti kombinované
hormonalni antikoncepce. Cilem i ukazatelem adekvatni intervence by mélo
byt v prvni fadé zlepSeni klinickych obtizi.

Lécebny postup pii anovulacni sterilité se v podstaté neli§i od HAS. V
souCasnosti nejsou k dispozici spolehlivd data o riziku metabolickych

pozdnich komplikaci.



Popis projektu

Hyperandrogenni stavy jsou nej¢astéjSi endokrinopatii zen ve fertilnim
véku. Prevazna vetSina je vyvolana poruchou steroidogeneze na urovni
vajeniktd (hyperandrogenni syndrom - HAS, syndrom polycystickych
vajecniki - PCOS). Na druhém misté v diferencialni diagnostice
hyperandrogennich stavll je tradiéné uvadéna neklasicka forma adrenalni
hyperplazie (NCAH), tedy porucha adrenalni steroidogeneze. Zatimco o
ovarialni hyperandrogenémii existuje v literatufre mnoho udaji a zabyva se ji
drtiva vétSina studii, o NCAH je k dispozici malo dostupnych dat.

Uvadény rozptyl prevalence NCAH u hyperandrogennich zen (mezi 1 a 10
%) souvisi s odliSnym vyskytem v riznych geografickych regionech a
etnickych skupinach obyvatel. Dosud nejvétS§i soubory hyperandrogennich
Zen, které sledovaly prevalenci NCAH a jeji klinické a endokrinni parametry,
pochazeji z USA a Sicilie. V naSich geografickych podminkach a v nasi
populaci hyperandrogennich zen se neklasickou formou adrenalni hyperplazie
dosud Zzadna prace nezabyvala.

Nedostatek spolehlivych dat existuje o lécbé NCAH. Konvenéni léCba
substituci kortikoidy (hydrokortizonem) je odvozena od léCby klasické formy
adrenalni hyperplazie (CAH), kde koriguje deficit kortizolu a inhibuje sekreci
ACTH. Suprese ACTH tak vede i ke sniZzeni produkce adrenalnich
androgenl. V souvislosti s managementem NCAH je tfeba brat v uvahu
nasledujici faktory: 1) vzhledem k pouze ¢asteénému snizeni aktivity enzymu
21-hydroxylazy neni NCAH spojena s deficitem kortizolu a nadprodukci
ACTH (na rozdil od CAH), 2) nebyl prokazan uspokojivy efekt lécby kortikoidy
na klinickou manifestaci NCAH (nepravidelny menstruacni cyklus, kozni
androgenni obtize), 3) v 1éCbé NCAH byl zjistén efekt i IéCby analogy GnRH
(gonadotropin-releasing hormonu) - na androgenni nadprodukci se tak u
pacientek s NCAH podileji pravdépodobné i vajeCniky. Pfestoze je znam
ucinek podavani kombinované hormonalni antikoncepce nejen na redukci
ovarialni, ale i adrenalni produkce steroidd, nebyla k dispozici dosud zadna

studie, ktera by sledovala jeji efekt v managementu NCAH, nebo ji srovnavala



s klasickou lé&bou kortikoidy. U&inek kombinované hormonalni antikoncepce
na kozni androgenni symptomy je pfitom prokazan mnoha studiemi.

Cilem retrospektivné/prospektivni ¢asti bylo z naseho velkého souboru
hyperandrogennich Zen stanovit prevalenci neklasické formy adrenalni
hyperplazie, zjistit jeji laboratorni, klinické a endokrinni parametry a porovnat
je s naSi populaci zen s ovarialni hyperandrogenémii (PCOS, HAS) a dosud
nejvétSim publikovanym americkym souborem.

Cilem intervencni ¢asti bylo zjistit u€inek lé¢by kombinovanou hormonalni

antikoncepci na klinické a laboratorni NCAH a porovnat jej s lé¢bou kortikoidy.

Cile projektu. Zjistit, zda je odliSna manifestace klinickych symptomQ u
nejCastéjSich hyperandrogennich stavli (ovarialni a adrenalni etiologie), zda
se liSi naSe populace hyperandrogennich zen od dosud nejrozsahléjsSiho
amerického souboru v antropometrickych parametrech a manifestaci
klinickych symptom(, zda je nutné rutinné provadét ke stanoveni diagnozy
NCAH ACTH test, zda je mozné k léEbé NCAH vyuzit stejné jako v pfipadé
ovarialni hyperandrogenemie  pfipravky =~ kombinované hormonalni
antikoncepce s minimalni rezidualni androgenni aktivitou.

Ocekavanym prinosem projektu je kromé zjiSténi prevalence,
laboratornich a klinickych charakteristik NCAH v naSich geografickych
pomeérech, ovéfeni, zda ovarialni a adrenalni suprese androgenni produkce
kombinovanou hormonalni antikoncepci mize byt terapeutickou alternativou
ke kortikoidni substituci (jejiz efekt na klinickou manifestaci je slaby) v

managementu NCAH.



Vysledky projektu

I. Prevalence neklasické formy adrenalni hyperplazie (NCAH) u

hyperandrogennich Zen

Naprosta vétdina hyperandrogennich stavli u Zen je ovarialni etiologie,
oznac¢ované jako syndrom polycystickych vajecniki (PCOS) nebo
hyperandrogenni syndrom (HAS). Jeho prevalence je odhadovana na
priblizné 7% (1, 2, 3).

V diferencialni  diagnostice je vzdy (kromé vzacnych androgen-
secernujicich tumor( diagnostikovanych na zakladé rychlé progrese klinickych
znamek hyperandrogenizmu) doporuc¢ovano vyloucit adrenalni puvod
hyperandrogenémie, tedy neklasickou (pozdni) formu adrenalni hyperplazie
(NCAH).

NCAH je ve vice néz 95% pfipadl zplsobena casteénym deficitem

aktivity enzymu 21-hydroxylazy (4, 5), snizené na 20 — 50%.

Prevalence NCAH se liSi u jednotlivych etnickych skupin. Nejvy$si vyskyt
byl zjistén mezi Askenazskymi Zidy (1:27), v nezidovské bilé populaci je
odhadovan 1:1000-2000 (5, 26).

Predpoklada se, Ze vice nez 1% populace je nositelem alely pro
neklasickou formu adrenalni hyperplazie (24).

Rozptyl prevalence mezi hyperandrogennimi Zzenami se pohybuje mezi 1
az 10%. V dosud nejvétsim publikovaném souboru 873 hyperandrogennich
Zen byla zjisténa prevalence NCAH v 1.6% (25). Data z nasi populace dosud
chybéji; cilem studie bylo zjistit skuteCnou prevalenci NCAH mezi

hyperandrogennimi Zzenami nasi populace.



Soubor a metodika

Od roku 1999 do 2006 byla u 298 pacientek endokrinologické ambulance
nasi kliniky  zjisténa zvySena hladina alespori jednoho z androgenl
(testosteronu, dehydroepiandrosteronu, dehydroepiandrosteronsulfatu,
androstendionu) v kombinaci s nékterym z klinickych projevl
hyperandrogenizmu (nepravidelny menstrua¢ni cyklus, zvy$ené ochlupeni,
akneé).

Analyzy hormonalnich hladin a sex hormone binding proteinu (SHBG) byly
provadény v Centralni laboratofi VSeobecné fakultni nemocnice. Plazmatické
koncentrace luteinizaéniho hormonu (LH), folikulostimulaéniho hormonu
(FSH) a testosteronu jsou stanovovany chemoluminiscenéni reakci (ACS:180
auto analyzér, Bayer Diagnostics GmbH, Némecko). Koncentrace
dehydroepiandrosteronu (DHEA), dehydroepiandrosteronsulfatu (DHEAS),
androstendionu, 170H-progesteronu RIA metodou (Immunotech, Francie).
SHBG je méfen pouzitim IRMA kitli (Orion, Finsko).

Kromé androgenl, LH, FSH a SHBG byly stanoveny hladiny prolaktinu
(PRL), thyreoideu stimulaéniho hormonu (TSH) a provedeno vySetfeni
ultrazvukem (vaginalni sondou).

V hodnoceni klinickych projevli byla oligo az amenorea definovana jako
menstruaéni cyklus del$i nez 35 dni. Hirzutizmus byl definovan na zakladé
skére dle Ferrimana — Gallweyoveé vys$sSiho nez 8.

Zaroven byly hodnoceny antropometrické parametry pacientek — body
mass index (BMI), obvod pasu a bokl.

Diagnoza NCAH byla stanovena na zakladé bazalni a stimulované hladiny
170H-progesteronu 60 min. po stimulaci v kratkém ACTH stimulaénim testu
(Controsyn/Synacthen 0,25 mg i.v.) vy$Si nez 30 nmol/l. ACTH test byl
provadén u pacientek s bazalni hodnotou 170H-progesteronu vysSi nez 6
nmol/l. Odbéry krve byly provadény ve folikularni fazi cyklu, mezi 8 a 10 hod.

ranni.

Vysledky
Vysledky studie a jejich srovnani s nasim souborem pacientek s PCOS a

nejvétSim dosud publikovanym souborem jsou shrnuty v tabulkach | a .



Deficit enzymu 21-hydroxylazy a diagn6za NCAH byla stanovena z celého
souboru 298 hyperandrogennich Zen u osmi pacientek.

Primérny body mass index (BMI) u zen s NCAH byl 22 .67 (20.64 -27.27),
hirzutismus a akné byly zjiStény pouze u dvou pacientek, oligomenoreu mélo
sest Zen.

Sedm ZzZen mélo zvySenou bazalni i stimulovanou hladinu 170H-
progesteronu, jedna pouze stimulovanou. U vSech pacientek s NCAH byl
zjistén zvySeny testosteron, u Sesti dehydroepiandrosteron (DHEA), ve 4
pfipadech snizena hladina SHBG. Pfekvapivé zadna z pacientek s NCAH
neméla zvySenou hladinu dehydroepiandrosteronsulfatu (DHEAS). U
poloviny pacientek byl pomér LH/FSH vyssi nez 1.

Pouze u jedné pacientky byly nalezeny polycystické vajecniky pfi

ultrazvukovém vysSetfeni.

Diskuze

Pfestoze je NCAH druhym nejcastéjSim hyperandrogennim stavem zZen ve
fertiinim véku, je k dispozici zcela minimum studii (a vétSinou na omezeném
poCtu pfipadll) zaméfenych na prevalenci, diagnostiku a symptomatologii
NCAH. Siroky rozptyl prevalence NCAH u hyperandrogennich Zen (mezi 1 a
10 %) souvisi s odlisnym vyskytem v rliznych geografickych regionech a
etnickych  skupinach obyvatel (4, 5, 26, 27). VnaSi populaci
hyperandrogennich zen se prevalenci NCAH dosud zadna prace nezabyvala.

Vnasi studii predkladame zkuSenosti =z vySetfeni velkého dobfe
definovaného souboru témér tfi set pacientek se zjiSténou nadprodukci
nékterého z androgenli a klinickym pfiznakem hyperandrogenizmu a
srovnani s nasimi pacientkami s PCOS a s velkym americkym souborem.

V populaci nasich hyperandrogennich Zen jsme zjistili prevalenci NCAH
2.68%. Tedy stejné jako Azziz v dosud nejrozsahléjSim, témér tisicovém
souboru hyperandrogennich Zzen spiSe pfi dolni hranici uvadéného rozmezi
(25).

NCAH byla diagnostikovana na zakladé bazalni ¢i stimulované hladiny
170H-progesteronu; kromé jedné mély pacientky v nasem souboru zvySené
jeho bazalni i stimulované hladiny. Screeningové u drtivé  vétsiny

hyperandrogennich Zen v diagnostice NCAH&iKy adel%tni senzitivité a



pozitivni i negativni prediktivni hodnoté vyluCujicich ¢i potvrzujicich hladin
(<6nmol/l, resp. >10nmol/l) postaCuje stanoveni bazalni hladiny 170H-
progesteronu (27).

K manifestaci symptomut dochazi nejcastéji v pozdni puberté &i Casné
dospélosti, median véku stanoveni diagnézy NCAH se pohybuje mezi 22.3 -
245 (28, 29, 30). Tomu odpovidaji i nase zkuSenosti; primérny vék pfi
stanoveni diagnozy byl 23.5 (17-28 let).

Na$ soubor se od amerického liSil v manifestaci klinickych symptomd a
vyskytu endokrinnich odchylek (tab. I). V obou souborech byla vedoucim
symptomem oligomenorea; Castéji se vykytovala u americkych NCAH
pacientek (88.9% vs. 62.5%). Nejvyznamnéjsi rozdily byly zjistény v
antropometrickych parametrech — rozdilné BMI (29.0 vs. 22.67), zatimco v
americkém souboru byla obéznich polovina pacientek, zadna pacientka s
NCAH z nasSeho souboru obézni nebyla. V americkém souboru byl ¢astym
pfiznakem hirzutismus (72.2%), v naSem souboru bylo zvy3ené ochlupeni
minoritnim problémem (pouze tfetina pacientek). Diskrepance v Kklinickych
symptomech je velmi pravdépodobné zplsobena rozdilnou prevalenci obezity
mezi obéma soubory. Obezita je tak nezavislym faktorem, ktery vyznamné
ovliviiuje fenotyp syndromu a zhorSuje metabolické a endokrinni parametry.

Z laboratornich charakteristik jsme potvrdili zvy$ené hladiny testosteronu
u NCAH (v8echny pacientky), ¢astéji nez u PCOS jsme v nasSem souboru
zaznamenali zvy3eni jak testosteronu tak androstendionu. Naopak jsme
nezaznamenali zvySené hladiny DHEAS, tedy androgenu dominantné
produkovaného nadledvinami. Narozdil od Azzizovy studie, kde byly zjistény
signifikantné vyssi DHEAS oproti dalSim skupinam hyperandrogennich Zen
(PCOS, hyperandrogennimu inzulinorezistentnimu acanthosis nigricans -
HAIRAN, idiopatickému hirzutismu). Rovnéz snizené hladiny SHBG u 50%
pacientek v nasem souboru nekoresponduji s vysledky Azzizovy préace, v niz
zjistil signifikantné vys$S$i hladiny tohoto vazebného proteinu ve skupiné NCAH
pacientek oproti pacientkam s PCOS (25).

Pomér LH/FSH vétsi nez 1 u 50% pacientek naseho souboru potvrzuje

niz8i specifitu tohoto laboratorniho kritéria pro hyperandrogenni syndrom.
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V naSem souboru nebylo zjisténo castéjSi zastoupeni ultrazvukového
morfologického nalezu polycystickych vajecnikl, ackoliv je tento nalez ¢asto
popisovan i u Zen s NCAH (4).

V nasem ani Azzizové souboru nebyly zjiStény vyznamné rozdily v klinické
symptomatologii mezi pacientkami s PCOS a NCAH. Obé diagnézy jsou tedy
na zakladé pfiznakl nerozliSitelné.

Nase vysledky mohou mit vyznam pro klinickou praxi v diferencialni
diagnostice hyperandrogennich stavil. Pokud bychom stanovovali samotnou
bazalni hladinu 17-hydroxyprogesteronu, nezachytili bychom pouze jeden
piipad NCAH z celeho souboru témér tfi set hyperandrogennich zen. Méfeni
bazalni hladiny 17-hydroxyprogesteronu tak patfi mezi zakladni diagnostické
nastroje u pacientek s androgenni nadprodukci, ve shodé s Azzizem jsme
potvrdili, Ze ACTH- test je mozné omezit pouze na Zeny s bazalni hladinou

17-hydroxyprogesteronu mezi 6 a 10nmol/l (27).

Zaver

V nasi studii byla prevalence NCAH mezi hyperandrogennimi Zenami
2.68%, tedy stejné jako v dosud nejvét§im publikovaném souboru na dolni
hranici obvykle uvadéného rozmezi. Ackoliv je tradiéné v diferencialni
diagnostice hyperandrogennich stavll uvadéna po hyperandrogennim
syndromu (PCOS) na druhém misté, znamena spiSe minoritni problém.
Detekce NCAH je komplikovana tim, Ze jeji klinicka manifestace je od dalSich
hyperandrogennich stavil (hlavné PCOS) neodliSitelna. Vedoucim klinickym
symptomem v nasem souboru byl nepravidelny menstruaéni cyklus
charakteru oligomenorey, naopak kozZni androgenni obtize nebyly vyznamné;ji
zastoupeny. Temér u vSech pacientek s NCAH byly zvySené bazalni hladiny
17-hydroxyprogesteronu, ktery tak mlze byt vyuzit jako zakladni test k detekci
pacientek s deficienci 21-hydroxylazy. U zadné z pacientek s NCAH nebyla
zjisténa zvysena hladina DHEAS, androgenu dominantné produkovaného

nadledvinami.



Tabulka |. Charakteristiky hyperandrogennich pacientek s NCAH a PCOS

srovnani se souborem publikovanym Azzizem.

NCAH Fanta, PCOS Fanta, @ NCAH Azziz,
n=8 n=290 n=18
pram. vek (1.) 235 248 2828
prm. BMI (kg/m?) 2267 2529 29.0
pram. WHR 0.74 0.8 0.83
oligo/amenorea 62.5% 71 % 88.9 %
hirsutismus 37.5% 49 % 722 %
akné 250% 32.0% 222%
obezita 0 1% 50 %

PCOS Azziz,

n=716
27.67
33.39
0.83
100 %
722 %
145 %
60 %

BMI = body-mass index, WHR = pomér pas/boky (waist to hip ratio)

Tabulka Il. Laboratorni parametry a morfologicky nalez polycystickych ovarii u

zen s NCAH a PCOS.

NCAH, n=8 PCOS, n=290
T17- OHP? (nmol/l) [87.5% 128 [1% 2.58
T17- OHP* 100 % 111.2 [na.
(nmol/l)
T testosteron (nmol/f) | 100 % 40 |63 % 3.26
T DHEA (ug/l) 175 % 275 |66 % 29.01
* DHEAS (umol/l) [0 11.44 (3% 8.9
T androstenedion  (nmol/l) |75 % 13.35 |14 % 8.58
1l SHBG (nmol/l) |50 % 321 123 % 41.8
LH/FSH > 1 50 % 59 %
polycysticka ovaria 125% 47 %

n.a. = not applicable, 17- OHP” = bazalni 17-hydroxyprogesteron, 17- OHP*" = stimulovany

17-hydroxyprogesteron, DHEA = dehydroepiandrosteron, DHEAS = dehydroepiandrosteron

sulfat, SHBG = sex hormone-binding globulin, LH = luteinizaénihormon, FSH = folikulo-

stimulaéni hormon
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II. Srovnani ucinku lécby kortikoidni substituci a kombinovanou

hormonalni antikoncepci v _managementu neklasické formy adrenalni

hyperplazie (NCAH)

Konvenéni leCba NCAH kortikoidni substituci (hydrokortizon — HCT) je
odvozena od klasickeé formy adrenalni hyperplazie (CAH), kde koriguje deficit
kortizolu a inhibuje produkci ACTH. Tim je dosazeno i poklesu androgenni
produkce v nadledvinach (12, 31). Kortikoidni terapie ma ale pouze omezeny
efekt na klinickou manifestaci NCAH (12). Na kozni androgenni symptomy
(hirzutismus) u pacientek s NCAH byl prokazan ucinek antiandrogenu
cyproteronacetatu (12). Rovnéz byl zjistén ucinek ovarialni suprese analogy
GnRH (gonadotropin-releasing hormonu), ktery potvrzuje i ovarialni u¢ast na
abnormalni androgenni produkci (13).

PrfestoZze ucCinek kombinované hormonaini antikoncepce na inhibici
ovarialnich i adrenalnich steroidli je znam pomérné dlouho, nebyla dosud
publikovana Zzadna studie, ktera by sledovala jeji efekt, nebo ho porovnavala s
ucinkem lé¢by kortikoidy v managementu NCAH (17, 18, 19). Cilem studie
bylo zjistit efekt leCby nizkodavkovanou hormonalni antikoncepci s minimalni
rezidualni androgenni aktivitou (obsahujici gestagen 3. generace) na hladiny

androgenl a klinické symptomy a porovnat jej s ucinkem lé¢by kortikoidy.

Soubor a metodika

Subjekty byly vybirany ze souboru 298 pacientek, u nichz byla zjisténa
elevace alespon jednoho z androgenl (testosteronu,
dehydroepiandrosteronu, dehydroepiandrosteronsulfatu, androstendionu)
v kombinaci s nékterym z klinickych projevl hyperandrogenizmu
(nepravidelny menstruacni cyklus, zvySené ochlupeni, akné).

Diagnéza NCAH byla stanovena na zakladé bazalni a stimulované
hladiny 17-hydroxyprogesteronu 60 min. po stimulaci v kratkém ACTH
stimulaénim testu (Controsyn/Synacthen 0,25 mg i.v.) u osmi pacientek.
Odbéry krve byly provadény ve folikularni fazi cyklu, mezi 8 a 10 hod.
Kritériem pro zafazeni do souboru pacientek s deficienci 21-hydroxylazy

(NCAH) z celé populace temér tfi set hyperandrogennich zen byly bazalni
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hladiny 17-hydroxyprogesteronu vysSi nez 10nmol/l, nebo stimulované
hladiny nad 30.3nmol/l.

Primérny vék pacientek v souboru byl 23.5 roku, primérny body mass
index (BMI) 22.67. Charakteristika souboru je shrnuta v tabulce |I. Vzhledem k
malému souboru byl k ziskani reprezentativnich vysledkli zvolen cross-over
design studie. Osm pacientek bylo rozdéleno do dvou stejnych podskupin
podle poradi aplikace leCebneé modality. Hodnoceni laboratornich a klinickych
parametrl bylo provadéno vzdy po kazdé terapeutické intervenci HCT nebo
COC (tab. Il). Le¢ba (proménna Treatment) tak byla testovana na kazdé
pacientce (proménna subject) dvakrat. HCT (20mg denné) byl podavan
podskupiné 1 (Group 1) v prvni periodé lécby po dobu 4 mésicl, poté
nasledovala 3 mesiCni wash-out perioda, a nakonec druha c¢tyfmésicni
perioda lecby pripravkem COC (30 pg ethinylestradiolu a 150 ug
desogestrelu). Paralelné byla podavana lécba v inverznim schématu
podskupiné 2 (Group 2). Timto formalnim pfistupem byl eliminovan vliv pofadi
lécby.

Pfed léCbou a po kazdé z period byly provadény krevni odbéry mezi 8 a 10
hod. ranni a stanovovany tyto parametry: LH, FSH, 17-hydroxyprogesteron,
testosteron, androstendion, dehydroepiandrosteron (DHEA),
dehydroepiandrosteronsulfat (DHEAS), sex hormone binding globulin
(SHBG), prolactin a TSH. Rovnéz byly hodnoceny po kazdé periodé
antropometrické parametry a klinické symptomy.

Analyzy hormonalnich hladin a sex hormone binding proteinu (SHBG) byly
provadény v Centralni laboratofi VSeobecné fakultni nemocnice. Plazmatické
koncentrace luteinizaéniho hormonu (LH), folikulostimulaéniho hormonu
(FSH) a testosteronu jsou stanovovany chemoluminiscencni reakci (ACS:180
auto analyzer, Bayer Diagnostics GmbH, Némecko). Koncentrace
dehydroepiandrosteronu (DHEA), dehydroepiandrosteronsulfatu (DHEAS),
androstendionu, 170H-progesteronu RIA metodou (Immunotech, Francie).
SHBG je méfen pouzitim IRMA kith (Orion, Finsko). Kromé androgend, LH,
FSH a SHBG byly stanoveny hladiny prolaktinu (PRL), thyreoideu
stimulaéniho hormonu (TSH) a provedeno vySetfeni ultrazvukem (vaginalni

sondou).
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V hodnoceni klinickych projevi byla oligo a amenorea definovana jako
menstruacni cyklus delSi nez 35 dni, resp. 3 meésice. Hirzutizmus byl
definovan na zakladé skore dle Ferrimana — Gallweyové vys$siho nez 8.

Zaroven byly hodnoceny antropometrické parametry pacientek — body
mass index (BMI), obvod pasu a bokl.

Cilem studie bylo porovnat efekt IéCby obou sledovanych lécebnych
modalit — HCT 2x10 mg denné vs. COC s obsahem 30 ug ethinylestradiolu a

150 ug desogestrelu — na laboratorni a klinické parametry NCAH.

Statistické zpracovani
Hodnoty parametrll z poslednich osmi sloupcl tabulky Il byly jako

nezavislé proménne y;x zpracovany v. ANOVA modelu (1)

yik = u+ Group; + Subject; + Periody + Treatment, + ejx (1)

p oznacuje celkovy ucinek (Intercept), ex je symbol pro chyby méfeni.
Normalni distribuce pro (yk) bylo dosazeno pouzitim Shapiro-Wilkova testu a
z-score testu. Z dlivodu nesymetrie dat a nekonstantniho rozptylu byla pred
vlastni analyzou provedena mocninna nebo logaritmicka transformace k
pfiblizeni Gaussovskému rozdéleni. Data tak byla dostatecné homogenni pro
v8echny kazdou proménnou, absolutni hodnota studentizovaného rezidua

nikdy nedosahla hodnoty 4.

Vysledky
Z velké kohorty témér tfi set hyperandrogennich Zzen dokoncilo studijni
protokol v§ech osm pacientek s NCAH. Obé& hodnocené terapeutické modality
(HCT vs. COC) byly podavany kazdé pacientce po dobu ¢&tyf mésich s
tfimési¢ni wash-out periodou.
Akné a hirzutismus mély pred intervenci pouze dvé pacientky, Sest Zen ze
souboru mélo oligomenoreu. VSechny pacientky s NCAH mély zvysenou
hladinu testosteronu, Sest androstendionu a DHEA, ¢tyfi snizenou hladinu

SHBG. Zadna neméla zvy$enou hladinu DHEAS.
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Jak je patrné z obr. 1 le€ba COC vedla k vyznamnému zvy$eni hladin
SHBG (graf 1G) a upravé nepravideiného menstrua¢niho cyklu (graf 1D).
Vyznamneé interindividualni  rozdily byly zjistény u hladin  17-
hydroxyprogesteronu (graf 1B), androstendionu (graf 1F) a FG-skére (graf
1H). Vliv skupiny (Group) a periody intervence (Period) nebyly signifikantni
pro zadnou ze zavislych proménnych, coz potvrzuje dostate¢nou délku wash-
out periody, resp. abscenci vlivu zmén doby uzivani na efekt IéCby.

Shrnutim kompletni statistické analyzy jsme zjistili vyznamny pokles
celkovych hladin androgenl v obou terapeutickych skupinach; vysledky se u
obou léCebnych modalit signifikantné neliSily. Naopak vyznamné vys$Si hladiny
SHBG a tedy sniZeni hladin volnych androgenl bylo zaznamenano ve
skupiné lé€ene COC ve srovnani s HCT. Logicky byl zjistén pfiznivy viiv COC
na nejfrekventnéjSi symptom NCAH, oligomenoreu, naopak ucinek HCT byl

neuspokojivy.

Diskuze

NCAH je druhou nejCastéjSi pfi¢inou hyperandrogenizmu u Z2en, po
syndromu polycystickych ovarii. Studie zamérené na jeji lecbu jsou vzacne a
na velmi malych souborech pacientek (12, 13).

Konvencni I1éCba glukokortikoidni substituci je odvozena od Ié€by klasické
formy adrenalni hyperplazie, ktera je zplsobena vyznamnym enzymatickym
defektem. Substituce tak upravuje deficit kortizolu, inhibuje sekreci ACTH a
vede tak k supresi adrendlni produkce androgen(. V managementu NCAH by
mely byt brany v uvahu nasledujici specifické faktory: 1) diky pouze parcialni
deficienci aktivity enzymu 21-hydroxylazy jsou u pacientek s NCAH normalni
hladiny kortizolu i ACTH, 2) standardni davka HCT nemusi pfesné korigovat
adrenalni steroidni produkci (“over/under- treatment”), 3) substituce HCT vede
k efektivni redukci androgenni produkce, ale vliv na klinickou symptomatologii
je velmi omezeny (12).

Dosud byly publikovany pouze dvé studie srovnavajici tradi¢ni lécbu
kortikoidy s jinou léCebnou modalitou. Spritzer a kol. srovnaval uc€inek
hydrokortizonu (HCT) a cyproteronacetatu (CPA) na klinicky a hormonalni

profil pacientek s NCAH (n = 30). Zaznamenal vyznamné zleps$eni hirzutismu,
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ale pouze nevyznamny pokles hladin androgentl ve skupiné pacientek
lé¢enych CPA a naopak, sniZzeni produkce androgend, ale minimalni efekt na
hirzutismus ve skupiné leCené HCT (12).

Carmina a kol. sledovala na malém souboru pacientek s NCAH (n = 6)
uéinek ovarialni suprese analogy GnRH. Po Sestimésicni |é¢bé bylo
dosazeno snizZeni hladin androgentl i zlepseni hirzutismu (13). Tyto vysledky
potvrzuji podil ovarialni steroidogeneze na nadprodukci androgenl i u
pacientek s NCAH. Na zakladé vySe uvedenych udaji byl zaloZzen nas
predpoklad, Ze i ovarialni suprese kombinovanou hormonalni antikoncepci s
minimalni rezidualni androgenni aktivitou (COC) muze byt ucinna v lécbé
NCAH, navic je vhodna pro dlouhodobé podavani, je dobfe tolerovana a je
levnéj$i nez analoga GnRH.

Podle nasich znalosti je nase studie prvni praci, ktera srovnavala ucinek
léCby COC s konvencni kortikoidni substituci v managementu NCAH. Hlavnim
limitem nasi prace je maly pocCet subjektli, ktery je dan (pfi uziti striktnich
diagnostickych kritérii) nizkou incidenci NCAH. Z velké kohorty témér tfi set
hyperandrogennich Zen jsme v pribéhu osmiletého follow-up identifikovali
pouze osm pacientek s NCAH. Obdobnym nedostatkem jsou zatiZzeny i
ostatni studie zabyvajici se managementem NCAH. V nasi praci jsme tento
nedostatek prekonali uzitim cross-over designu, ktery umoZnil ziskani
reprezentativnich vysledk(.

Zjistili jsme srovnatelny pokles celkovych androgend v obou skupinach,
ale signifikantné vyraznéjsi pokles hladin volnych androgend v kazdé periodé
s aplikaci COC (vzestup SHBG) - tento ucinek nebyl silnéji pfitomen v
periodach HCT. Zfejmé bylo i zlepSeni dominantniho klinického symptomu,
oligomenorey, v periodach s COC. Hirzutismus byl pouze minoritnim
problémem v nasem souboru, ktery tak neumoznil hodnotit ucinek obou
modalit. Zadna z pacientek souboru nevykazovala znamky adrenalni

insuficience v prlibéhu podavani COC nebo wash-out periody.

Zaveér
Vysledky na$i studie ukazuji, Ze podavani COC mize byt vyuZzZito v

dlouhodobé lécbé NCAH. U pacientek s nedostateénym ucinkem na kozni
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androgenni symptomy (hirzutismus, akné) je indikovana kombinace COC s
antiandrogenem CPA, stejné jako v pfipadé PCOS. Substituce kortikoidy by
tak mohla byt vyhrazena pro pacientky s NCAH, u nichZ nedoslo k adekvatni
supresi androgennich hladin béhem lécby COC, nebo pro pacientky se

znamkami adrenalni insuficience.
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Tabulka |. Charakteristika souboru pacientek s NCAH.

Zastoupeni
Laboratorni a klinické subjekta s patol.
parametry Jednotky Prumérné hodnoty hodnotami
17-OH-progesteron (0) nmol/l 12.8+3.92 87.50%
17-OH-progesteron (60) nmol/l 111.2+ 104 100%
Testosteron nmol/l 40+0.12 100%
DHEA Ha/l 27577 75%
DHEAS pmol/l 11.44 + 2.26 0%
Androstenedion nmol/l 13.35+0.55 75%
SHBG nmol/l 32.1+595 50%
Age years 23.51+3.04
BMI kg/m? 22671 1.91
WHR 0.74 £ 0.03
LH/FSH > 1 50,0%
Oligo/amenorrhea 62,5%
Hirzutismus 37.5%
Akné 25,0%
Polycysticka ovaria 12,5%
Obezita 0,0%
NCAH,n=8

BMI = body-mass index, Wt WHR=  pomér pas/boky (waist to hip ratio)

Tabulka Il. Hodnoty viozenych diagnostickych parametrll (input experimental data)

§ g
c (o8
5 £ @ 5 &
2 5% o4 3 2 ©
© o~ £ 5 ] > )
1] R
i 5 % 56 £ & % 8 o 8§
5 2 s g g 2 I T = S
(2] n a Q Q < O
1 1 1 1 648 533 37 25 1343 431 1 6
2 1 1 1 139 347 145 91 116 41 2 17,5
3 1 1 1 286 493 1083 281 734 367 1 8
4 1 1 1 905 431 872 98 845 353 1 3
5 2 1 2 1,38 43 523 118 563 176 2 16
6 2 1 2 1601 66 61 401 133 1283 2 5
7 2 1 2 163 29 88 92 76 1053 2 5
8 2 1 2 85 31 81 7,5 9 1191 2 10
1 1 2 2 586 761 871 165 1544 978 2 6
2 1 2 2 184 34 104 27 113 54 2 17,5
3 1 2 2 271 474 989 415 843 466 2 5
4 1 2 2 36 32 65 83 82 1166 2 3
5 2 2 1 208 44 523 118 563 501 2 16
6 2 2 1 125 3,83 944 208 83 458 1 5
7 2 2 1 371 381 131 191 10,15 231 1 5
8 2 2 11068 42 689 84 863 442 2 10
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Legenda ke grafum

Prazdné a teCkovaneé sloupce reprezentuji retransformované priimérné hodnoty na jejich

95% hladiné vyznamnosti pro nelé¢ené a lécené subjekty, vloZené tabulky vysledky

ANOVA testu.
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Zavery

V nasi populaci je prevalence NCAH mezi hyperandrogennimi zenami 2.68%, tedy
stejné jako v dosud nejvétSim publikovaném souboru na dolni hranici obvykle
uvadeéného rozmezi. AcCkoliv je tradi¢né v diferencidlni diagnostice hyperandrogennich
stavll uvadéna po hyperandrogennim syndromu (PCOS) na druhém misté, znamena
spiSe minoritni problém. Klinicka manifestace NCAH je od dalSich hyperandrogennich
stav(l (hlavné PCOS) neodliSitelna. Vedoucim klinickym symptomem v nasem souboru
byl nepravidelny menstruacni cyklus charakteru oligomenorey, naopak kozZni
androgenni obtize nebyly vyznamnéji zastoupeny. Ve srovnani s dosud nejvétsim
publikovanym souborem hyperandrogennich zen z USA se soubory liSily vyrazne
v antropometrickych parametrech a vyskytu hirzutismu. Tento fakt potvrzuje, Ze obezita
mlZe byt nezavislym faktorem ovliviiujicim manifestaci klinickych symptom(
hyperandrogennich stavd.

Téméf u vSech pacientek s NCAH byly zvySené bazalni hladiny 17-
hydroxyprogesteronu, ktery tak mize byt vyuzit jako zakladni test k detekci pacientek s
deficienci 21-hydroxylazy. Provadéni ACTH testu tedy neni nutné provadét rutinné u
vSech Zen s podezfenim na hyperandrogenémii. U vSech pacientek s NCAH byly
zvySené hladiny testosteronu, u vétSiny v kombinaci s dalSimi androgeny
(androstendion, DHEA). U zadné z pacientek s NCAH nebyla zjisténa zvySena hladina
DHEAS, androgenu dominantné produkovaného nadledvinami.

Vysledky intervenéni ¢asti projektu prokazali, ze podavani COC mUze byt vyuzito v
dlouhodobé Ié¢bé NCAH. U pacientek s nedostate¢nym ucinkem na kozni androgenni
symptomy (hirzutismus, akné) je indikovana kombinace COC s antiandrogenem CPA,
stejné jako v pfipadé PCOS. Substituce kortikoidy by tak mohla byt vyhrazena pro
pacientky s NCAH, u nichz nedoslo k adekvatni supresi androgennich hladin béhem

leé¢by COC, nebo pro pacientky se znamkami adrenalni insuficience.
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Conclusions

We found out a low prevalence of NCAH in a large group of well defined women with
androgen excess (2.68%) in our study. Although adrenal etiology is often declared as a
common cause of hyperandrogenism, diagnosis of NCAH is rarely established. The
detection of NCAH patients is complicated by the fact that their clinical presentation is
indistinguishable from that of other hyperandrogenic women, such as those with PCOS.
In comparison with our PCOS patients both study groups did not significantly differ in
anthropometric parameters and dominant clinical symptom, while only skin androgenic
problems were more frequent in PCOS. Manifestation of clinical symptoms and
occurence of endocrine abnormalities differs between our group and the largest
American one. Oligomenorrhea is the leading symptom in both groups. The most
significant differences exist in anthropometric parameters. BMI was significantly
different, none of NCAH patients was obese in our group, compared to 50 % in
American study. Hirsutism was frequent symptom in NCAH American group but was
found only in one third of patients in our study. Discrepancies in clinical symptoms can
be most probably caused by different prevalence of obesity. It was well documented that
obesity itself is a factor that influences phenotype of the syndrome and worsens
endocrine and metabolic parameters

Basal 17-hydroxyprogesterone level was elevated in almost all women with NCAH and
can be used as an effective screening test for detection of patients with 21-hydroxylase
deficiency. ACTH stimulation test can be performed only exceptionally, when basal
levels are moderately elevated (6 — 10 nmol/l). None of the NCAH patients had an
elevated DHEAS, the androgen dominantly produced by the adrenal glands.

Our results indicate that COC administration can be used for long-term treatment of
NCAH. In patients with inadequate effect on skin androgenic disorders (hirsutism) COC
treatment should be combined with CPA, as in PCOS patients. Corticosteroid
substitution can be limited to patients with inadequate response to COC on plasma

androgen levels or with signs of adrenal insufficiency.
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ADRENAL HYPERPLASIA

Prevalence of nonclassic adrenal hyperplasia (NCAH) in
hyperandrogenic women
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Abstract

Objective. The clinical symptoms of nonclassic adrenal hyperplasia (NCAH) are identical with polycystic ovary syndrome
(PCOS). The aim of our study was to determine the prevalence of nonclassic adrenal hyperplasia (21-hydroxylase-deficiency)
in hyperandrogenic women, its biochemical, endocrine and clinical characteristics and to compare them with parameters of
patients with ovarian hyperandrogenism.

Methods. Since 1999, 298 patients with elevation of at least one androgen and manifestation of one of the clinical
androgenic symptoms (oligo/amenorrhea, hirsutism or acne) have been identified in our database. A diagnosis of NCAH was
considered when the basal or stimulated 17-hydroxyprogesterone was elevated.

Results.  Only eight patients were identified as having 21- hydroxylase deficient NCAH in the whole group of 298
hyperandrogenic women. Hirsutism and acne were found only in three, two patients, five of them had oligo/amenorrhea.
Seven patients had both elevated basal and stimulated 17-hydroxyprogesterone, while in one case only elevation of stimulated
level was found. All of the NCAH patients had elevated concentrations of testosterone, six DHEA, lower SHBG was found in
four patients. Surprisingly, none of the NCAH patients had increased DHEAS.

Concluston. In our study, the prevalence of NCAH in hyperandrogenic women was 2.68%. Their leading symptom was
oligomenorrhea, skin androgenic disorders were a minor clinical problem. None of the NCAH patients had an elevated

DHEAS, the androgen dominantly produced by the adrenal glands.

Keywords: 21-hydroxylase deficiency, 17-hydroxyprogesterone, PCOS, hyperandrogenemia, oligomenorrhea

Introduction

Androgen excess is one of the most common
endocrine disorders of reproductive-aged women.
Hyperandrogenic disorders are dominantly caused by
overproduction of ovarian androgens in polycystic
ovary syndrome (PCOS). Prevalence of PCOS in
women of reproductive age is estimated to be about
7% (1,2,3].

Less frequent cause of androgen excess disorders
which is recommended to exclude (except of extre-
mely rare androgen-secreting neoplasms detected by
rapid progress of clinical presentation) is adrenal
etiology of hyperandrogenemia. In peripubertal or
later period it concerns nonclassic (late-onset) adrenal
hyperplasia (NCAH). NCAH is in more than 95%

cases caused by partial deficiency of enzyme 21-
hydroxylase activity {4,5], which is decreased to 20—
50%.

The incidence of NCAH due to 21-hydroxylase
deficiency varies especially according to ethnicity or
race, being the highest among Ashkenazi Jews (1:27)
In non-Jewish Caucasians it is estimated at 1:1000-
2000 [5,6]. It is suggested that about 1% of popula-
tion are carriers of allele for NCAH (7]. Data
concerning prevalence of NCAH among hyperandro-
genic women are limited and they fluctuate in
published articles between 1 to 10% [6,8,9,10,11].
Except ethnicity, differences can be caused by smaller
study groups and selection bias. Prevalence of NCAH
was often established in groups of patients with
some clinical signs of hyperandrogenism ¢hirsutism,
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alopecia, etc.), but without evidence of androgen
excess in laboratory parameters [9,10,11]. There
are only two large studies published so far by Azziz
et al, on American group of hyperandrogenic
women, and by Carmina et al., on population of
hyperandrogenic women from Southern Europe
[12,13].

As far as we are aware this is the first study
evaluating the prevalence of NCAH on well
defined hyperandrogenic women in Central Europe
and comparing their clinical and endocrine
aspects to American population of hyperandrogenic
women.

Subjects and methods

All patients with hyperandrogenemia investigated at
the university department from 1999 to 2006 were
included. A total of 298 patients were enrolled in the
study, based on the following diagnostic criteria : 1)
increased concentration ofi testosterone, andro-
stenedione,  dehydroepiandrosterone  (DHEA),
dehydroepiandrosterone sulphate (DHEAS) or 17-
hydroxyprogesterone and 2) clinical manifestation of
hyperandrogenism (oligomenorrhea or amenorrhea,
hirsutism, acne or both).

All analytical determinations were performed at
the National Reference Laboratory. Serum LH,
FSH, testosterone concentrations were measured
by chemiluminescent assay using an ACS: 180
autoanalyzer (Bayer Corp. Diagnostics GmbH,
Leverkusen, Germany). The concentrations of
DHEA, DHEAS, androstenedione and 17-
hydroxyprogesterone were determined by RIA meth-
ods (Immunotech, Marseille, France). SHBG was
measured using immunoradiometric assays Kits
(Orion, Turku, Finland). Concentrations of prolac-
tin (PRL-kit) and thyroid-stimulating hormone
(TSH-kit) were also measured. All subjects under-
went transvaginal ultrasound of ovarian morphology.

Oligomenorrhea was defined as menstrual cy-
cles > 35 days, amenorrhea>3 months. Body and
facial terminal hair growth was assessed using Ferri-
man-Gallwey score; hirsutism was defined as a score
equal or higher than 8. Anthropomethric parameters

(body mass index, waist and hip circumference) of
subjects were measured.

Diagnosis of NCAH was established by mea-
suring basal and stimulated concentrations of
17-hydroxyprogesterone (Controsyn/Synacthen 0.25
mg iv.). ACTH stimulation was performed
in patients with basal concentration of 17-
hydroxyprogesterone higher than 6 nmol/l. Diag-
nostic criteria for NCAH were either basal
17-hydroxyprogesterone equal or above 10 nmol/l,
or ACTH-sumulated 17-hydroxyprogesterone level
(60 min.) equal or above 30 nmol/l. Blood samples
were taken in follicular phase of cycle from 8 a.m. till
10 a.m.

Results

Results of our study and its comparison with
the largest published group are summed up in
Tables I, II.

Diagnosis of NCAH was established in our group
of 298 hyperandrogenic women in eight subjects
(2.68%).

The mean body mass index (BMI) in NCAH
subjects was 22.67 + 1.91, hirsutism and acne were
found only in two patients, six patients had oligo-
menorrhea.

Both basal and ACTH- stimulated level of 17-
hydroxyprogesterone was elevated in seven subjects.
One patient had elevated only ACTH-stimulated
level. Testosterone was elevated in all patients and
DHEA in six patients with NCAH. In four cases level
of SHBG was decreased. Surprisingly, none of the
NCAH patients had elevated DHEAS. In half of the
subjects LH/FSH ratio was greater than 1. Polycystic
ovaries on transvaginal ultrasound (TVS) were found
only in one subject.

Our PCOS group was comparable with that with
NCAH in anthropometric parameteres (BMI 25.29
vs. 22.67, WHR 0.8 vs. 0.74). A leading clinical
symptom was oligomenorrhea in both groups (71%
vs. 62.5%). Skin androgenic disorders were slightly
more frequent in PCOS group (hirsutism 49% vs.
37.5%, acne 32% vs. 25%). In PCOS group fewer
patients had increased level of testosterone and

Table 1. Characteristics (mean + SD) of hyperandrogenic patients with NCAH and PCOS - comparison with the group published by Azziz.

NCAH Fanta, n=8 PCOS Fanta, n=290 NCAH Azziz, n=18 PCOS Azziz, n=716

Age (y) 23.5 + 3.04 24.6 + 4.68 28.28 + 10.65 27.67 £ 7.26
BMI (kg/mz) 22.67 + 1.91 25.29 +5.32 29.0 + 6.32 33.39 + 9.26
WHR 0.74 + 0.03 0.8 + 0.36 0.83 + 0.069 0.83 + 0.39
Oligo/amenorrhea 62.5% 71% 88.9% 100%
Hirsutism 37.5% 49% 72.2% 72.2%
Acne 25.0% 32.0% 22.2% 14.5%
Obesity 0 11% 50% 60%

BMI =body-mass index, WHR = waist to hip ratio.



156 M. Fania et al.

Table II. Laboratory parameters (mean + SD) and finding of
polycystic ovaries in women with NCAH and PCOS.

NCAH, n=8 PCOS, n=290
* 17- OHP® 87.5% 1284392 1% 2.58+1.69
(nmol/l)
* 17- OHP® 100% 111.2 + 104.0 n.a.
(nmol/)
* testosterone 100% 40+0.12 63% 3.26+ 1.35
(nmol/)
* DHEA (ugM) 5% 275+ 1.7 66% 29.01 + 15.32
* DHEAS (umoll) 0 11.44 + 2.26 3% 8.9 + 4.65
* androstenedione  75% 13.35 + 0.55 14% 8.58 + 3.68
(nmol/l)
. SHBG (nmol/1) 50% 32.1+595 23% 41.8+ 2253
LH/FSH > 1 50% 59%
polycystic ovaries  12.5% 47%

n.a. =not applicable, 17- OHP® =basal 17-hydroxyprogesterone,
17- OHP®® =stimulated 17-hydroxyprogesterone, DHEA =
dehydroepiandrosterone, DHEAS = dehydroepiandrosterone sul-
phate, SHBG =sex hormone-binding globulin, LH = luteinizing
hormone, FSH = follicle-stimulating hormone.

androstenedione (63% vs. 100%, 14% vs. 75%),
SHBG was decreased more frequently in NCAH
group (23% vs. 50%). Higher levels of DHEAS were
found in 3% of PCOS patients while in none of
NCAH. Half of PCOS women and only one patient
in NCAH subgroup had polycystic ovaries on
ultrasound.

Discussion

NCAH is the second most frequent cause of
hyperandrogenism in fertile women following the
PCOS. Surprisingly, studies focusing on prevalence,
symptomatology and diagnostics of NCAH are rare,
and mostly on limited number of cases [9,10,11]. A
wide range of NCAH prevalence in current literature
(from 1% tll 10%) can be caused by different
geographic regions and ethnic groups, but inclusion
criteria and limited size of study groups can be
significant factors, too. There are only two large
studies published so far by Azziz et al., on American
group of hyperandrogenic women, and by Carmina
ct al., on population of hyperandrogenic women from
Southern Europe [12,13]. We present in our study
analysis of NCAH prevalence, and clinical manifesta-
tion in well defined group of almost threce hundred
hyperandrogenic women from different Europcan
region and compare it to the American population, in
the above study, and to our PCOS patients.

Clinical symptoms of hyperandrogenemia gener-
ally develop in late pubertal or carly adult age. The
median age at presentation varies in literature
between 22.3 and 24.5 years [14,15,16]. This
corresponds with our experience; median age of
referred patients was 23.5 years (17-28 years) in both
NCAH and PCOS groups.

Manifestation of clinical symptoms and occurence
of endocrine abnormalities differs between our group
and the Amecrican onc published by Azziz (Table I).
Oligomenorrhea is the leading symptom in both
groups, appearing more often in American NCAH
patients (88.9% vs. 62.5%). The most significant
differences exist in anthropometric parameters. BMI
was significantly different (29.0 vs. 22.67), none of
NCAH patients was obese in our group, compared to
50% in American study. Hirsutism was frequent
symptom in NCAH American group (72.2%) but
was found only in one third of patients in our study.
Discrepancies in clinical symptoms can be most
probably caused by different prevalence of obesity. It
was well documented that obesity itself is a factor
that influences phenotype of the syndrome and
worsens endocrine and metabolic parameters
[17,18].

In laboratory analysis we confirmed elevated
testosterone in all patients with NCAH, incrcased
both testosterone and androstenedione were
found more often in NCAH in comparison with
PCOS. Surprisingly, none of the NCAH
patients had an clevated DHEAS, the androgen
dominantly produced by the adrenal glands. In
Azziz’s group significantly higher levels of DHEAS
were found in comparison with other groups of
hyperandrogenic patients (PCOS, HAIRAN, idio-
pathic hirsutism). Decreased levels of SHBG in
50% of NCAH vs. 23% of PCOS patients in our
group also did not correspond with Azziz’s study,
where significantly higher levels of SHBG in
NCAH group than in PCOS group were found
[12].

Although finding of polycystic ovaries on ultra-
sound is often declared also in NCAH patients (4),
this ovarian morphology was present in one case
only.

Neither in our nor in American group were present
significant variations in clinical symptoms between
NCAH and PCOS patients. It implics that both
diagnoses are indistinguishable based on clinical
signs only.

Our results might have a direct implication on
clinical practise, specifically on differential diagnosis
of hyperandrogenic states. If only basal level of 17-
hydroxyprogesterone had been evaluated, only onc
casc of NCAH would have been missed in the whole
group of almost three hundred hyperandrogenic
patients. This legitimates the measurement of basal
17-hydroxyprogesterone level in the evaluation of
paticnts with androgen excess. In accordance with
Azziz we may confirm that ACTH stimulation
test can be limited only to patients with basal
17-hydroxyprogestecrone  levels between 6 and
10 nmol/ [19].

The main aim of our study was to evaluate the
prevalence of NCAH among women with androgen
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excess. This was low in our study, reaching 2.68%
only. This is in accordance with the study by Azziz
who also found prevalence close to the lower level of
declared prevalence range [12].

Conclusion

We found out a low prevalence of NCAH in a
large group of well defined women with androgen
excess (2.68%) in our study. Although adrenal
etiology is often declared as a common cause of
hyperandrogenism, diagnosis of NCAH is rarely
established. The detection of NCAH patients is
complicated by the fact that their clinical presenta-
tion is indistinguishable from that of other hyper-
androgenic women, such as those with PCOS. In
comparison with our PCOS padents both study
groups did not significantly differ in anthropo-
metric parameters and dominant clinical symptom,
while only skin androgenic problems werec more
frequent in PCOS, basal 17-hydroxyprogesterone
level was elevated in almost all women with NCAH
and can be used as an effective screening test for
detection of patients with 21-hydroxylase defi-
ciency. ACTH stimulation test can be performed
only exceptionally, when basal levels are moder-
ately elevated (6-10 nmol/l). Surprisingly, none of
the NCAH patients had an elevated DHEAS, the
androgen dominantly produced by the adrenal
glands.
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Abstract

Objective.  The clinical symptoms of non-classic adrenal hyperplasia (NCAH) are the same as those in patients with polycystic
ovary syndrome (PCOS). The aim of our study was to compare conventional corticoid treatment of NCAH with the effect of
combined oral contraception (COC) administration (used in treatment of PCOS) on clinical and laboratory parameters of NCAH.
Design. A prospective clinical study, cross-over design.

Material and methods.  Since 1999 from 298 hyperandrogenic women, eight patients having 21-hydroxylase deficient NCAH
have been identified. They were divided equally into two groups according to the order of application treatment modality
(hydrocortison ws. COC). Effect of treatment of both modalities on clinical symptoms (hirsutism - FG score, acne, menstrual
cycle) and laboratory parameters (testosterone, androstenedione, dehydroepiandrosterone, dehydroepiandrosterone
sulphate, sex hormone binding globulin (SHBG)) were evaluated.

Results. 'We observed the decrease of plasma androgens in both groups, which did not differ significantly. Significant
increase of SHBG (i.e. decrease of free androgens) was, however, documented in each period with COC administration. Not
surprisingly, improvement of the most frequent clinical symptom of NCAH in our study group, oligomenorrhea, was also
more apparent in COC. Hirsutism was only a minor problem in our group that did not allow to evaluate treatment effect of
both the modalities

Conclusion. Our results indicate that ovarian suppression by COC administration can effectively suppress androgen
production and improve the most frequent clinical symptom (irregular cycle) in patients with NCAH, so can be successfully
used for the treatment at least under basal conditions. Whether corticosteroid substitution can be limited to patients with
inadequate response to COC on plasma androgen levels or with signs of adrenal insufficiency requires further data.

Keywords: NCAH, hyperandrogenemia, combined oral contraception, corticosteroid, SHBG

NCAH are very limited. Main reason is very low

Introduction

Androgen excess is one of the most common
endocrine disorders in reproductive-aged women.
Hyperandrogenic disorders are dominantly caused by
overproduction of ovarian androgens in polycystic
ovary syndrome (PCOS). Less frequent cause of
androgen excess is adrenal aetiology of hyperandro-
genemia, non-classic (late-onset) adrenal hyperplasia
(NCAH). Although there are a lot of studies
concerning PCOS, data focused on treatment of

incidence [1,2]. The conventional treatment by
glucocorticoids  substitution  (hydrocortisone

HCT) is derived from classical form of adrenal
hyperplasia, where it corrects the cortisol deficiency
and inhibits ACTH secretion, thereby decreasing
adrenal androgen secretion [3,4]. The effects of
corticosteroid therapy on clinical manifestation of
NCAH, especially on skin androgenic disorders, are
disappointing [4]. Antiandrogen therapy with cypro-
terone acetate (CPA) has been used successfully for
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these patients with hirsutism [4]. As there may be a
significant ovarian contribution to the abnormal
androgen production of patients with NCAH, ovarian
suppression with GnRH agonists was also demon-
strated to be an cffective treatment modality [5].

Despite the known effect of combined oral contra-
ceptives (COC) on reduction of ovarian and adrenal
androgenic steroids [6—8], there is no study following
this treatment option and comparing it with corticoid
therapy in the patients with NCAH. The aim of our
study was to determine the efficacy of low-dose COC
with minimal residual androgenic potential (contain-
ing 3rd gencration progestin) on the levels of
androgens and clinical symptoms in comparison with
the treatment using corticosteroids (HCT).

Subjects and methods

Patients were sclected from a large group of 298
hyperandrogenic women with clevated androgens and
clinical symptom of hyperandrogenism (oligo/amenor-
rhea, skin androgenic disorders). Diagnosis of NCAH
was established by measuring basal and stimulated
concentrations of 17-hydroxyprogesterone (Contro-
syn/Synacthen 0.25 mg i.v.) in eight of them. Blood
samples were taken in follicular phase of cycle from
8 a.m. to 10 a.m. Basal levels above 10 nmol/l and/or
stimulated levels of 17-hydroxyprogesterone above
30.3 nmol/l identified as having 21-hydroxylase defi-
cient NCAH in the whole group of 298 hyperandro-
genic women were cnrolled in the study.

Median age of referred patients was 23.5 years, the
median body mass index (BMI) was 22.67. Char-
acteristics of study group are summed up in Table I.

Because of small study group cross-over designed
experiment was chosen to gain representative results.

Table I. Characteristics of hyperandrogenic patients with NCAH.

Comparison

Median, with normal
Indice Unit incidence values (%)
17-OH-progesterone (0) nmol/l 12.8 + 3.92 87.50
17-OH-progesterone (60) nmol/l 111.2 + 104 100
Testosterone nmol/l 4.0+ 0.12 100
DHEA g/ 275+ 7.7 75
DHEAS umoll  11.44 + 2.26 0
Androstenedione nmoll 13.35 + 0.55 75
SHBG nmol/1 32,1 +5.95 50
Age years 23.5 + 3.04
BMI kg/m?  22.67 + 1.91
WHR 0.74 + 0.03
LH/FSH > 1 50.0%
Oligo/amenorrhea 62.5%
Hirsutism 37.5%
Acne 25.0%
Polycystic ovaries 12.5%
Obesity 0.0%
NCAH, n=8

BMI, body-mass index; WHR, waist to hip ratio.

Eight patients were divided equally into two groups
according to the order of application treatment
modality. Laboratory and clinical parameters were
evaluated after the first and second application of HCT
or COC (alternatively) (Table II). The therapy (varia-
ble Trearment) was tested on cach patient (variable
Subject) twice. HCT (HCT 20 mg daily) was pre-
liminary administered to group 1 in the 1st period for 4
months, then 3-month wash-out period followed, after
that during 4 months 2nd period low-androgenic
COC (30 ug cthinylestradiol and desogestrel 150 ug)
were administered. The parallel treatment in inversc
therapeutic sequence has been applied to group 2. By
this formal approach the influence of ‘order of therapy’
was eliminated. (without fulfilment of this sequence of
steps the real effect of therapies stays hidden).

Before treatment and after each of the period,
blood samples were obtained between 8 and 10 a.m.
for the following paramecters: LH, FSH, 17-
hydroxyprogesterone, testosterone, androstenedione,
dehydroepiandrosterone  (DHEA), dchydroepian-
drosterone sulphate (DHEAS), sex hormone binding
globulin (SHBG) prolactin and TSH. Clinical
manifestation and anthropometric parameters were
also evaluated after each period.

All analytical determinations were performed at the
National Reference Laboratory. Serum LH, FSH,
testostecrone concentrations were measured by che-
miluminescent assay using an ACS: 180 autoanalyser

(Bayer Corp. Diagnostics GmbH, Leverkusen,
Germany). The concentrations of DHEA, DHEAS,
androstenedione and 17-hydroxyprogesterone were
determined by RIA methods (Immunotech, Mar-
seille, France). SHBG was measured using immu-
noradiometric assays kits (Orion, Turku, Finland).
Concentrations of prolactin (PRL-kit) and thyroid-
stimulating hormone (TSH-kit) were also measured.
All subjects underwent transvaginal ultrasound of
ovarian morphology.

Oligomenorrhea was defined as menstrual cycles
>35 days, amenorrhea >3 months. Body and facial
terminal hair growth was assessed using Ferriman-
Gallwey score; hirsutism was defined as a score >8.
Anthropomethric parameters (BMI, waist and hip
circumference) of subjects were measured.

The aim of our study was to compare effects of both
treatment modalities — HCT 2 x 10 mg daily wvs.
COC containing 30 ug cthinylestradiol and desoges-
trel 150 ug - on laboratory and clinical parameters.

Statistical evaluation

The values of the parameters from last eight columns
of Table II were used as independent variables y; in
ANOVA model (1)

Vi = i + Group; + Subject;; + Periody

(n

+ Treatmenty + ¢k
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Table II. The values of input diagnostic parameters (input experimental data).

Treatment Cycle

(1 =HCT, 17-OH- (1 =irregular; FG-
Subject Group Period 2=COC) Progesterone Testosterone DHEAS DHEA Androstendion SHBG 2 =regular) score
1 1 1 1 6.48 5.33 3.7 25 13.43 43.1 1 6
2 1 1 1 13.9 3.47 14.5 9.1 11.6 41 2 17.5
3 1 1 1 2.86 4.93 10.83 28.1 7.34 36.7 1 8
4 1 1 1 9.05 4.31 8.72 9.8 8.45 35.3 1 3
5 2 1 2 1.38 4.3 5.23 11.8 5.63 176 2 16
6 2 1 2 160.1 6.6 6.1 40.1 13.3 128.3 2 5
7 2 1 2 16.3 29 8.8 9.2 7.6 105.3 2 5
8 2 1 2 8.5 3.1 8.1 7.5 9 119.1 2 10
1 1 2 2 58.6 7.61 8.71 16.5 15.44 97.8 2 6
2 1 2 2 18.4 3.4 10.4 27 11.3 54 2 17.5
3 1 2 2 2.71 4.74 9.89 4.15 8.43 46.6 2 5
4 1 2 2 35.6 32 6.5 8.3 8.26 116.6 2 3
5 2 2 1 2.08 4.4 5.23 11.8 5.63 50.1 2 16
6 2 2 1 125 3.83 9.44 20.8 8.3 45.8 1 5
7 2 2 I 3.71 3.81 13.1 19.1 10.15 23.1 1 5
8 2 2 1 10.68 4.2 6.89 8.4 8.63 44.2 2 10

where i denotes the overall effect (intercept), Group;,
Subject;;, Periody and Treatmenty, are the main effects
for the model created by nominal crossing values
from first four columns of Table II and e is a symbol
for measurement errors. The ANOVA model re-
quires the measurement normally distributed error
vector ¢ with zero mean vector and diagonal
variance matrix of the same constants. The assump-
tion of normal distribution for (yk) was evaluated
using Shapiro-Wilk test and skewness z-score test.
Using these tests, we have found unacceptable
departures from normality in most variables. Accord-
ingly, the original data were treated by power
transformations to attain Gaussian distribution and
homoscedasticity before ANOVA testing. The data
after power transformation were sufficiently homo-
geneous for every variable; the absolute values of
studentised residuals never exceed the value 4.

Results

All eight subjects with diagnosis of NCAH from large
cohort of almost 300 hyperandrogenic patients
enrolled in our study completed the cross-over
designed study protocol. Both analysed treatment
modalities (HCT w»s. COC) were administered to
each patient for 4 month lasting treatment period,
with 3 month wash-out period in between.

Before treatment hirsutism and acne were found
only in two patients, and six patients had oligome-
norrhea. Testosterone was elevated in all patients
and DHEA in six patients with NCAH. In four cases,
level of SHBG was decreased. Surprisingly, none of
the NCAH patients had elevated DHEAS.

As shown in Figure 1, the treatment with COC
significantly increased circulating SHBG (Figure
1G) and reduced an incidence of cycle irregularities

(Figure 1D). Significant inter-individual differences
were found in 17-OH-Progesterone (Figure 1B),
androstenedione  (Figure 1F) and FG-score
(Figure 1H). The Group and the Period effects were
insignificant for all dependent variables, which
indicate sufficient duration of wash-out period and
absence of time changes independent of the treat-
ment, respectively.

In summarising complete statistical analysis, we
found a significant decrease of total androgen levels in
both treatment groups, the results did not differ
significantly between both treatment modalities. Sig-
nificantly higher levels of SHBG, i.e. decrease of free
androgens, were found in group treated with COC in
comparison with HCT. Not surprisingly, the effect of
COC on the most frequent symptom of hyperandro-
genism in our study group, oligomenorrhea, was
significantly more pronounced than in HCT periods.

Discussion

NCAH is the second most frequent cause of hyper-
androgenism in fertile women following the PCOS.
Surprisingly, studies focusing on treatment of NCAH
are rare, and mostly on limited number of cases {4,5].

The conventional treatment by glucocorticoid
substitution is derived from classical form of con-
genital adrenal hyperplasia resulting from a major
enzyme defect. Therapy corrects the cortisol defi-
ciency, inhibits ACTH secretion, thereby decreasing
adrenal androgen production. However, there are
some specific factors which should be considered in
NCAH management: (1) because ofpartial defect in
21-hydroxylase there are normal levels of cortisol and
ACTH, (2) standard HCT dose cannot accurately
correct adrenal hormonal secretion, which can lead
to over- or under-treatment, (3) HCT therapy is
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Figure 1. The empty and dotted bars with error bars represent the re-transformed mean values with their 95% confidence intervals for
untreated and treated subjects, respectively. The embedded tables represent the results of ANOVA testing.

effective in reduction of androgen levels, but effect
on clinical endpoints, especially oligo/amenorrhea
and hirsutism is poor [4].

There are only two studies comparing traditional
therapy with other treatment options. Spritzer et al.
compared effect of HCT and CPA on clinical and
hormonal profiles of the two groups of NCAH
patients (n = 30). Significant improvement of hirsut-
ism, but only slight decrease of plasma androgens in
the group treated with CPA and conversely, reduc-
tion of plasma androgens to normal levels in contrast
with only slight decrease in hirsutism in HCT-treated
group were observed [4].

Carmina et al. determined the effectiveness of
ovarian suppression with GnRH-agonist on a small
study group (n=6). Androgen levels were sup-
pressed and hirsutism was improved significantly
during 6 months treatment [5]. These results
document contribution of ovarian steroidogenesis
to the androgen overproduction in NCAH patients.
On the basis of the above arguments, we postulated

that ovarian suppression with low-androgenic COC
may also be an effective treatment, more suitable for
long-term therapy, cheaper and well-tolerated by
patients (in comparison with both HCT and GnRH
agonists).

Our study is, to our knowledge, the first report
comparing COC with conventional treatment of
NCAH. Main limit of our study is a small number
of subjects, which is caused by very low incidence of
NCAH, if strict diagnostic criteria are used. Despite
a large cohort of hyperandrogenic patients, only eight
cases were identified during 8 years of follow-up.
Similar published studies concerning treatment of
NCAH suffer from the same limitation [4,5]. This
was however overcome by using cross-over design.

We observed the decrease of plasma androgens in
both groups, which did not significantly differ. But
we documented significant increase of SHBG, i.e.
decrease of free androgens, in each period with COC
administration, whereas no such effect was present
with corticoids. Not surprisingly, improvement of the



most frequent clinical symptom of NCAH in our
study group, oligomenorrhea, was also more appar-
ent in COC. Hirsutism was only a minor problem in
our group, that did not allow to evaluate treatment
effect of both modalities. Treatment with COC was
better tolerated than with HCT. None of the patients
showed signs of adrenal insufficiency during COC
administration.

Conclusion

Our results indicate that COC administration can be
used for long-term treatment of NCAH. In patients
with inadequate effect on skin androgenic disorders
(hirsutism) COC treatment should be combined with
CPA, as in PCOS patients. Corticosteroid substitu-
tion can be limited to patients with inadequate
response to COC on plasma androgen levels or with
signs of adrenal insufficiency. Administration of
HCT to the patients exposed to stress will require
further data.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the article.
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Structured Abstract

Objective: To summarize available data concerning adrenal hyperandrogenemia caused by 21-hydroxy-
lase deficiency, non-classic adrenal hyperplasia (NCAH).

Design: eview article.

Setting: Department of Gynecology and Obstetrics, General Faculty Hospital and Ist Medical Faculty,
Prague.

Methods: Compilation of published data from scientific literature.

Conclusion: Although 21-hydroxylase deficiency is one of the most frequent autosomal recessive genetic
disorders, prevalence of NCAH in the whole population and among hyperandrogenic women is very low.
The measurement of 170H-progesterone should be incorporated into the standard evaluation of all
hyperandrogenic patients to establish or exclude the diagnosis of NCAH. There is no typical clinical sign
of NCAH, and clinical symptoms are to simllar to patients with PCOS. Corticoid substitution as a treat-
ment modality of NCAH is derived from therapy of classic congenital adrenal hyperplasia (CAH). Anti-
androgen therapy is effective in skin disorders (hirsutism). Due to normal cortisol value there is to use of
combined oral contraceptives in the treatment of choice. An improvement of clinical symptoms is a key
parameter for the evaluation of treatment effectiveness. There are no data about risk of late metabolic
complications in NCAH patients.

Key words: classic adrenal hyperplasia (CAH), non-classic adrenal hyperplasia (NCAH), polycystic ova-
ry syndrome, 170H-progesterone, corticoids

Strukturovany souhrn

Cil prdce: Shrnuti sou¢asnych znalosti o problematice adrenélni hyperandrogenémie na podklad€ defici-
tu aktivity enzymu 21-hydroxylazy, neklasické formé kortikalni adrendlni hyperplazie (NCAH) u Zen.

Typ studie: Prehledovy ¢lanek.
Ndzev a sidlo pracovisté: Gynekologicko-porodnick4 klinika 1. LF UK a VFN v Praze.
Metodika: Zpracovani idaju z literatury.

Zdvér: Deficit aktivity 21-hydroxylazy patfi mezi nejéast&j$i autozom4lné recesivni genetické choroby.
Presto je ncidence klasické i neklasické formy adrendlni hyperplazie v celé populaci i v populaci hyper-
androgennich Zen velmi nizk4. Ke stanoveni diagnézy NCAH v naprosté v&t$ind pripadd stali vySetfeni
bazalni hladiny 170H-progesteronu. Klinickd symptomatologie miZe byt velmi chud4, ¢asto pFipomina
obraz hyperandrogenniho syndromu; typicky pfiznak pro NCAH neexistuje. Lé¢ba pomoci substituce
kortikoidy je odvozena od klasické formy adrenilni hyperplazie. V korekci koZnich androgennich obtiZi
Ize vyuZit antiandrogeny. Vzhledem k norm4lnim hladindm Kkortizolu je racionlni i vyuZiti kombinova-
né hormonélni antikoncepce. Cilem i ukazatelem adekvitni intervence by mélo byt v prvni Fadé zlep3e-
ni klinickych obtiZi. V souasnosti nejsou k dispozici spolehliv4d data o riziku metabolickych pozdnich
komplikaci.

Klicovd slova: klasickd forma kortikilni adrendlni hyperplazie (CAH), neklasick4 forma adrenélni
hyperplazie (NCAH), hyperandrogenni syndrom, 170H-progesteron, kortikoidy
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Hyperandrogenni stavy jsou nej¢ast&ji endokrinopatii
sen ve fertilnim véku, postihujici ptiblizn& 7 % této popu-
lace [1. 2, 3]. PfevdZna vétdina je vyvoldna poruchou ste-
roidogeneze na urovni vaje¢nikl (hyperandrogenni syn-
drom - HAS. syndrom polycystickych vajednikd -
pCOS). U Ctésti hyperandrogennich Zen je pfitinou zvy-
genych hladin androgennich hormond vplny nebo &4steé-
ny blok enzyml uplatiujicich se v adrendlni steroi-
dogenezi. Naprostd vétlina piipadd (pfes 95 %) je
zpisobena deficitem 21-hydroxyldzy. V disledku sniZené
aktivity enzymu se zpomaluje konverze 17-hydroxy-
progesteronu na 11-deoxykortizol (vétev glukokortikoid-
ni) a progesteronu na lI-deoxykortikosteron (mineralo-
kortikoidni metabolickd vétev).

Existuji dvé zdkladni formy onemocnéni - klasick4
forma (classic congenital adrenal hyperplasia - CAH)
a neklasické (pozdni) forma kortikélni adren4lni hyperp-
lazie (non-classic adrenal hyperplasia - NCAH). Klinic-
ké projevy onemocnéni jsou pestré, od asymptomatické-
ho pribéhu aZ po Zensky pseudohermafroditismus
s depleci natria, manifestujici se jiz v prvnich tydnech«
¥ivota (CAH).

KLASICKA FORMA KORTIKALNI
ADRENALNI HYPERPLAZIE (CAH)

CAH je charakterizovdna zdvaZnym deficitem 21-hyd-
roxylazy (kompletni blok), virilizaci jiZ v prenatdlnim
obdobi a riznym stupném adrenélni insuficience. Vysky-
tuje se ve dvou subtypech: s depleci sodiku, oznaované-
ho SW-CAH (salt-wasting), charakterizovaného deple&ni
krizi )iz v prvnich tydnech Zivota, a jako prostd virilizu-
jici forma, SV-CAH (simple virilizing). Incidence CAH
se pohybuje mezi 1 na 12 100-23 000 [4].

Lé&ba vyZzaduje substituci glukokortikoidy i mineralo-
kortikoidy a supresi nadmérné produkce ACTH. Ve
zvl&3t t€zkych pripadech, kdy neni moZno dosidhnout
dobré kompenzace, je metodou volby bilateralni adrena-
lektomie.

V budoucnosti lze oZek4vat vyuZiti antagonistd corti-
cotropin-releasing hormonu (CRH) a genové terapie.

NEKLASICKA FORMA KORTIKALNI
ADRENALNI HYPERPLAZIE (NCAH)

Incidence a prevalence

Incidence NCAH se 1i3i u jednotlivych etnickych
skupin. Nejvy33i vyskyt byl zjidtén mezi adkendzskymi
Zidy (1:27), v nezidovské bilé populaci je odhadovan
1:1000-2000 [5]. Nosi&stvi alel pro mirnou nebo pro
neklasickou formu CAH kolisé podle etnicity vy3etie-
ného souboru mezi 1:3 aZz 1:50 [6]. V nejvétdim publi-

kovaném souboru 873 hyperandrogennich Zen byla zji3-
t€na prevalence NCAH v 1,6 % [7]. Za vznik onemoc-
n&ni miZe byt odpovédny i deficit jinych steroidogen-
nich enzymi (zejména 118- hydroxyl4zy), ptes 95 %
pfipadi NCAH je ale zpdsobeno sniZenou aktivitou
21-hydroxyldzy [5, 8]. Kontroverzni je otdzka, jakd
jsou hormondlni kritéria pro NCAH zplisobenou defek-
tem 3B8-hydroxyldzy [20].

GENETIKA

Pri¢inou jak klasickych, tak neklasickych forem kon-
genitdlni adrenélni hyperplazie je geneticky podmin&na
nedostatenost enzymu steroidogeneze:

1. 21- hydroxylazy (CYP21, pseudogen CYP21P),

2. 11 B -hydroxylazy (CYP1iBI),

3. dehydrogendzy 3 B - hydroxysteroidd a delta 5-4
izomerdzy (HSD3B1, HSD3B2),

4. steroidogenniho akutniho regulagniho proteinu
(S!1AR) a

5. 17-hydroxylazy (CYP17), pritom u neklasickych
forem jde vidy o mirnéj§i enzymatickou poruchu. Jedné
se o onemocnéni s autozomélné recesivnim typem dédic-
nosti.

Dominantni pfi¢inou jak klasickych forem CAH, tak
pozdni formy CAH je deficit enzymu 21-hydroxyldzy,
ktery je nachdzen aZ u 90 % pfipadd.

Jiz koncem 70. let byla popsdna asociace riznych
forem deficitu 21-hydroxyldzy s charakteristickymi hap-
lotypy HLA (human leukocyte antigen), Eeho? se vyuZi-
valo pro nepfimou molekuldrné genetickou diagnostiku
CAH. Pozdéji byly identifikovany dva geny kddujici 21-
hydroxyldzu u &lovéka — funk&ni gen CYP2/ a nefunkl-
ni, tzv. pseudogen CYP21P Oba leZi na kratkém ramén-
ku 6. chromozomu, v té&sné blizkosti oblasti kédujici
alely HLA. Pr4vé tato blizkd chromozomdlni lokalizace
genu a pseudogenu predisponuje ke vzniku mutaci, miZe
dochdzet k delecim, ke genovym konverzim mezi funk¢-
nim genem a pseudogenem. Nej&ast&ji jsou u pacientd
nalézény delece rizného rozsahu v genu CYP2] (delece
malych dseki aZ po kompletni deleci jedné alely), dupli-
kace genu (jsou Castou pfi¢inou NCAH), &i bodové
mutace. Fenotyp u véidiny pacientd dobfe koreluje
s typem mutace. Mutace CYP2] vedouci k tplné deakti-
vaci 21-hydroxyldzy jsou pfi¢inou virilizace spojené se
solnou poruchou, druh4 skupina mutaci CYP2/ kdy pro-
dukt m4 rezidudlni enzymatickou aktivitu, je spojena
s prostou virilizaci a tfeti skupina mutaci, které sniZuji
enzymatickou aktivitu 0 50-70 %, je nalézdna pfevdZné
u neklasické formy CAH (21, 22).

U pacientek s NCAH je obvykle vy3etfovédno 10 frek-
ventnich mutaci a deleci (identifikace 90-95 % defekt-
nich alel). V etnické skupiné adkendzskych Zidd byla
potvrzena vysok4 frekvence ,NCAH alel”, v subpopula-
c1 pacientek nezidovského piivodu byl zaznamenén vys-
8 vyskyt ,klasickych* mutaci [9).
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Specifické mutace pro pozdni — neklasickou formu
CAH byly zatim identifikovdny pouze pfi deficitu 21-
hydroxyldzy (CYP21), nikoliv u ostatnich vy$e zminé-
nych enzymopatii, které mohou byt pfi¢inou minoritnich
forem NCAH.

LABORATORNI DIAGNOSTIKA

V disledku deficitu aktivity enzymu 21-hydroxyldzy
(u NCAH sniZeni aktivity na 20-50 %) se u pacientek
s adrendlni hyperplazii zvy3uji hladiny jeho substrdtu,
170OH-progesteronu.

Za zékladni laboratorni test ke stanoveni diagnézy
NCAH je povaZovdn ACTH stimula&ni test. Prov4di se
v rannich hodindch folikuldrni fdze menstrua&niho
cyklu, po bazédlnim odbéru je aplikovdno 0,25 mg
ACTH a za 60 minut je stanovena hladina stimulova-
ného 170H-progesteronu. Hladina nad 30,3 nmol/l je
diagnostickd pro NCAH. S cilem omezit nutnost pro-
vddéni ACTH testu (z ddvodd ekonomickych, &aso-
vych, nutnosti venepunkce) stanovil Azziz hraniéni
hodnoty bazdlni hladiny 170H-progesteronu, které
vylu€uji &i potvrzuji diagnézu NCAH pfi zachov4ni
odpovidajici senzitivity a pozitivni & negativni predik-
tivni hodnoty. Odbér by mél byt proveden ve folikular-
ni fdzi cyklu, v rannich hodindch (7.30-9.30 hod.)
vzhledem k cirkadidnnimu rytmu adrendlni sekrece.
Diagn6ézu NCAH prakticky vylu€uje hladina bazélniho
170H-progesteronu niz8{ nez 6 nmol/l (2 ng/ml) -
negativni prediktivni hodnota se pfiblizuje 100 %.
Naopak pfi bazdlni hladiné 170H-progesteronu nad 10
nmol/l je diagnéza NCAH pravdépodobnd (pozitivni
prediktivni hodnota (PPV) je +/- 40 %, senzitivita je
+/- 90 %). Téchto vylu&ovacich hodnot lze vyuZit scre-
eningové€ v populaci hyperandrogennich Zen. ACTH
test tak mlZe byt proveden jen u Zen s hladinami baz4l-
niho 170H-progesteronu mezi 6 a 10 nmol/l; zastou-
peni téchto hyperandrogennich pacientek se odhaduje
mezi 3-6 % [10].

Z dal3ich laboratornich ndlezi v&t$ina studii zjistila
vy33{ hladiny celkového i volného testosteronu, prestoze
testosteron neni primym ukazatelem aktivity 21-hydro-
xyldzy, dale dehydroepiandrosteronsulfitu (DHEAS)
a androstendionu (7,11, 12].

V jiZ zminované Azzizové prici sledujici 873 hype-
randrogennich Zen mély pacientky s NCAH signifikant-
né vy33i hladiny celkového i volného testosteronu ve
srovndni se Zenami s ovaridlni hyperandrogenémii
(hyperandrogennim syndromem, HAS). Dal§im para-
doxnim ndlezem byly u Zen s NCAH vyznamné vy§si
hladiny SHBG (7).

Vy33i hladiny androgend u NCAH lze vysvétlit prav-
dépodobné soutasnou nadprodukei androgend v nadled-
vindch a ve vaje&nicich. Teorii 0 kombinované pfiiné
zvy3enych hladin androgenl podporuje i jejich pokles
a zlepSeni hirzutismu u pacientek s NCAH po poddni
agonistd gonadoliberinu [13].

NCAH a inzulinova senzitivita

Rada praci se zabyvd inzulinovou senzitivitou u hype-
randrogennich Zen s hyperandrogennim syndromem
(HAS). Diivodem jsou pozdni metabolickd rizika HAS
(metabolicky syndrom). V literatuie viak neni dostupnd
studie sledujici parametry inzulinové senzitivity
u NCAH pomoci diagnostického vy3etfeni, které je
povaZovdno za zlaty standard - euglykemického hyperin-
zulinemického clampu. I jinak byla zatim pozornost
inzulinové senzitivité u Zen s NCAH vénovéna jen okra-
jov&. Speiser pomoci tolbutamidem modifikovaného
intravenézniho glukézového toleran&niho testu zjistil
v malém souboru Zen s NCAH (n = 6) sniZenou inzuli-
novou senzitivitu [14].

Ve vyde citované Azzizové studii byla popsdna ten-
dence k hor$im parametrim inzulinové senzitivity ve
skupiné HAS ve srovndni se skupinou NCAH (u HAS
vy3%i hladina inzulinu nalagno, vy$§i HOMA index).
Piesto i dal3i faktory (obezita neni &astd u Zen s NCAH)
podporuji pfedpoklad ptiznivéjsich parametr( inzulinové
senzitivity u NCAH neZ u HAS.

KLINICKA SYMPTOMATOLOGIE

Klinické projevy NCAH pfipominaji symptomy ova-
ridlni hyperandrogenémie, tedy nepravidelny menstruaZ-
ni cyklus charakteru oligo/amenorey, koZzni androgenn{
obtize — hirzutismus, akné, ev. alopecie. Ve studiich
zabyvajicich se klinickou symptomatologii a lé&bou
NCAH je za dominujic{ pfiznak obvykle povaZzovén hir-
zutismus. K manifestaci symptoml dochdzi nejCastéji
v pozdni puberté & Casné dospélosti, medidn véku, ve
kterém je onemocnéni diagnostikovdno, se pohybuje
mezi 22 3-24.5 roky 11, 13].

O mozné &asné&j8i manifestaci (pod 10 let v&€ku) a pro-
gresiviim charakteru onemocnéni vypovidda Moranova
multicentrickd studie sledujici 218 pacientek s NCAH
z 11 center. Ve skupiné divek mladSich deseti let zjistil
u 92 % pred&asnou pubarché. Ve stardich vékovych sku-
pindch byly dominujicimi pfiznaky hirzutismus a oligo-
menorea. Na progresivni charakter ukazuje podle Mora-
na stoupajici prevalence hirzutismu pfimo timérné v&€ku
- 10-19 let 70 %, 20-29 let 82 %, 30-39 let 90 %, 40-49
let 94 %. Zajimavy je fakt, Ze vzristd prevalence, nikoli
stupent zvy3eného ochlupeni (podle Ferimann-Gallwey
skdre) mezi uvedenymi vékovymi skupinami [11].

Dalsi androgenni pfiznak, akné. nepatii mezi Casty
projev NCAH. Ve zmifiované Moranové studii se vysky-
toval s prevalenci mezi 2040 %, konstaniné ve v3ech
vékovych skupindch [11]. Obdobnou prevalenci akné
mezi Zenami s NCAH potvrdil Azziz (22,2 %). Rovnéz
v jeho praci byl hlavnim pfiznakem hirzutismus (preva-
lence 72,2 %). Oba soubory se naopak li8i ve vyskytu
poruch menstruagniho cyklu charakteru oligo/amenorey
(89 % vs. 50-58 %). Mezi typicky klinicky pfiznak
nepatfila obezita, jeji prevalence se pohybuje mezi 20
a 50 %, medidny BMI mezi 23,7 a 29 kg/m?.
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Vztah mezi genotypem a fenotypem u pacientek
s NCAH porovnévé Speiserova multicentrickd studie, ve
které sledoval 34 Zen. Z vysledkd vyplyvd, Ze tzv. smise-
ni heterozygoti, tedy nositelky , klasické" mutace na jed-
né alele a ,,neklasické” mutace na druhé, maji vy3si hod-
noty 170H-progesteronu spolu se zvySenym vyskytem
hirzutismu neZ homozygoti promirné mutace [9)]. Nao-
pak star3i prdce Knochenhauera nezjistila vy3$3i riziko
manifestace hirzutismu u heterozygotnich nositeld muta-
ce genu CYP2] (15).

LECBA

Aclkoliv se vzhledem k mechanismu onemocnéni
nabizi moZnost terapeuticky zasdhnout kauzédlnéji nez
v pfipadé hyperandrogenniho syndromu, tedy kortikoidy
suprimovat osu hypotalamus - hypofyza - nadledviny,
a tim redukovat excesivni sekreci androgend. nejsou kli-
nické ucinky této 1éCby spolehlivé. Strategie 1éCby je
obdobnd individudlnim postupim u HAS. Rovnéz v pfi-
padé NCAH zvaZujeme, které projevy chceme terapeu-
ticky ovlivnit: koZni androgenni ptiznaky (akné, hirzutis-
mus, alopecie), nepravidelny menstruaéni cyklus, ev.
anovulaci - sterilitu. Dosud existuje malo intervenénich
studii na vétSich souborech, a tedy jen mélo spolehlivych
dat o lé¢bé NCAH.

Konvenéni 1ééba NCAH, substituce kortikoidy, je
odvozena od 1é¢by klasické formy adrendlni hyperplazie.
V pripadé CAH substituce koriguje deficit kortizolu,
inhibuje sekreci ACTH a sniZuje stimulaci adrendlni ste-
roidogeneze. Hlavnim cilem kortikoidni 1é¢by u nekla-
sické formy je rovnéZz suprimovat adrendlni produkci
androgent. V pfipadé NCAH viak neni tfeba korigovat
hladiny kortizolu; jeho hladiny jsou u ¢aste¢ného defici-
tu 21-hydroxylazy ve fyziologickych mezich. Nejéastéji
pouZivanym kortikoidem pouZivanym v 1é¢bé NCAH je
hydrokortizon v davce 10-20 mg denné. Efekt 1é¢by na
hladiny androgenil je zfejmy, byl prokdzdn vyznamny
pokles hladin testosteronu, androstendionu a samozfej-
mé i 170H-progesteronu {12].

Naopak ucinek 1é¢by kortikoidy na klinické projevy
nenf{ vyrazny. Ve studii srovnavajici efekt 1é¢by hydro-
kortizonem (2x10 mg, n=16) a antiandrogenem cypro-
teronacetitem (CPA, 50 mg denné, n=14) na laborator-
ni parametry a dominujici klinicky projev, hirzutismus,
bylo ve skupiné lé¢ené glukokortikoidy zaznamenano
pouze velmi pozvolné a mirné snizeni ochlupeni (FG
skére 22, 21,3, 19,52 16,5v0.,3.,6.a 12. mésici lé¢-
by). Ve skupiné 1é¢ené CPA byla signifikantni redukce
ochlupeni zji§téna jiz ve 3. mésici (FG skére 23, 17,
129 a 10 v 0., 3., 6. a 12. mésici 1é¢by). Ve skupiné
lé¢ené CPA doSlo pouze k mirnému poklesu hladin
androgenu, které potvrdilo jeho periferni dcinek -
kompetitivn{ inhibici vazby androgent v cilovych tké-
nich [12].

Dalsi zkou$enou 1é¢ebnou modalitou v terapii NCAH
byla ovaridlni suprese agonisty gonadoliberinu. Po
6mési¢nim poddvani byl zaznamenan pokles hladin

170H-progesteronu, celkového i1 volného testosteronu
a androstendionu. DHEAS zistal nezménén. Signifi-
kantné bylo zlepleno zvy$ené ochlupeni - FG skoére
z 16,4 na 84 [13]. PfestoZe se jednd o maly soubor
(n=6), vysledky potvrzuji vyznamny podil ovaridln{
hyperandrogenémie.

Lécba COC zpusobuje rovnéZ pokles hladin ovaridl-
nich i adrenalnich androgent [17, 18, 19). Uginck na
170H-progesteron je velmi individudlni, Casto b&hem
intervence prfetrvavaji jeho zvy3ené hladiny (dosud
nepublikovana data).

S volbou 1é¢ebné modality souvisi otdzka monitorova-
ni G¢inku intervence. Logické je hodnoceni podle vyvo-
je hladin androgent. Kortikoidni substituc{ lze soucasné
se snizenim hladin testosteronu a androstendionu oceka-
vat pokles hlavniho markeru adrendlni hyperandrogené-
mie, 1 70H-progesteronu. Pfesto jsou pfi této 1€EbE Casto
zjidtovéany pretrvavajici zvy3ené hladiny, pfi normalizaci
hladin ostatnich androgeni. Je to nejspiSe zpuisobeno
vys$si citlivosti androgeni ke kortikoidni supresi ve srov-
nani s C-21 steroidy.

Pri monitorovéani efektu 1é€by by mély byt sledoviny
hladiny testosteronu, androstendionu, DHEAS, jejichZ
adekvdtni suprese miZe byt dosaZeno i pri pretrvdvaji-
cich zvy3enych hladinach 170H-progesteronu. Sledova-
ni hladin 170H-progesteronu je povaZzovano za nejméné
vyznamné; naopak snaha o normalizaci jeho hodnot
muZe vést aZ k ,,overtreatmentu™ a rozvoji cushingoid-
nich znakd. Nejsiln€j8i androgenni G¢inek ma testoste-
ron, androgenni potencidl 170H-progesteronu je slab3i.
Neni jasné, zda zvy¥ené hladiny 170H-progesteronu
zvySuji riziko pozdnich komplikaci (metabolicky syn-
drom).

Dal§im ukazatelem efektu 1é¢by je zlep3eni klinickych
pfiznaku.

NCAH a gravidita

Ackoliv se u pacientek s NCAH vyskytuji ¢asto ano-
vulaéni cykly, €ast z nich otéhotni spontdnné [16].

U sterilnich Zen je po vylouceni dal§ich moZnych pfi-
¢in obvykle nejdrive doporucovéna ve snaze o nastoleni
ovulaénich cykld kortikoidni substituce na 4 mésice.
Neni-li Gspé3nd, postupuje se obdobné jako v 1é¢bé ano-
vulaéni sterility u HAS, tedy indukci ovulace antiestro-
geny, event. gonadotropiny.

Daldi otdzkou souvisejici s t€hotenstvim je prekon-
cepéni pifprava a management gravidity Zen s NCAH.
Riziko porodu novorozence s klasickou formou adrenal-
ni hyperplazie (CAH) u Zen s NCAH zavisi kromé geno-
typu matky i na tom, zda je otec nosi¢em mutace genu
CYP21. Riziko je vy338i pouze v piipadé otcova nosi¢stvi
a mat¢iny mutace genu zpUsobujici tézky deficit 21-hyd-
roxyldzy. V pfipadé mutaci geni kédujicich mirny i
stfedni deficit tohoto enzymu je riziko kongenitilniho
postiZeni ditéte extrémné nizké (pokud neni zdroven pfi-
tomna dal3i neidentifikovand mutace, ¢i mutace pro t€z-
ky deficit vznikly ,,de-novo*). Nezndme-li genotyp
CYP2] u rodi¢l, je riziko porodu ditéte postiZzeného
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CAH u pacientek s NCAH odhadovéano na 1,7-2,3/1000
(4]. Takto nizk4 mira rizika neopraviiuje k invazivni pre-
natdln{ diagnostice ani ke kortikoidn{ substituci v pribé-
hu gravidity.

ZAVER

Deficit aktivity 21-hydroxyldzy patf{ mezi nejlastéjsi
autozomdlné recesivni genetické choroby. Pfesto je inci-
dence klasické i neklasické formy adrendln{ hyperplazie
v celé populaci i v populaci hyperandrogennich Zen vel-
mi nizk4.

Ke stanoveni diagnézy NCAH v naprosté vét$iné pfi-
padi stal{ vy3etfeni baz4ln{ hladiny 170H-progesteronu,
provedeni ACTH-stimula&niho testu je vhodné u pfibliz-
né 6 % hyperandrogennich Zen s hodnotami bazélniho
170H-progesteronu mezi 6 a 10 nmol/l.

Klinickd symptomatologie muZe byt velmi chud4, &as-
to pfipominé obraz hyperandrogenniho syndromu; typic-
ky ptiznak pro NCAH neexistuje.

Lécba substituci kortikoidy je odvozena od klasické
formy adrendlni hyperplazie. V korekci koZnich andro-
gennich obtiZi lze vyuZit antiandrogeny. Vzhledem
k normdlnim hladindm kortizolu je raciondlni i vyuZit{
kombinované hormonélni antikoncepce. Cilem i ukaza-
telem adekvétni intervence by mélo byt v prvni fadé
zlep3eni klinickych obtiZi.

LéZebny postup pii anovulaéni sterilité se v podstaté
nelidi od HAS. V soucasnosti nejsou k dispozici spoleh-
livd data o riziku metabolickych pozdnich komplikaci.
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on insulin sensitivity, hyperandrogenaemia, SHBG
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BACKGROUND: Neither oral contraceptives (COC) nor metformin are an optimal modality for the long-term
treatment of polycystic ovary syndrome (PCOS). The aim of this study was to evaluate whether a combination of
both is beneficial over COC monotherapy. METHODS: Altogether, 30 women were included in the study and 28
finished the protocol. The patients were randomly assigned to two groups treated with either COC (COC group)
or COC and metformin (1500 mg/day) (METOC group) for 6 months. Anthropometric parameters, androgens,
lipids, fasting insulin, glucose and sex hormone binding globulin (SHBG) concentrations were measured before and
at the end of the sixth cycle of treatment. The insulin sensitivity index was evaluated using the euglycaemic clamp.
RESULTS: There were no significant changes in anthropometric parameters, fasting glucose or insulin sensitivity
in either group. Total testosterone, free androgen index, androstenedione and dehydroepiandrosterone decreased
and SHBG increased significantly in both groups. When comparing the effect of both treatments, only a more
pronounced deerease in free androgen index was found in the METOC group. CONCLUSIONS: Adding met-
formin slightly modified the treatment effect of COC, causing a more significant decrease in the free androgen
index but having no additional positive impact on lipids, insulin sensitivity, SHBG or testosterone. The available
data do not offer enough evidence to advocate the standard use of combined treatment in PCOS. Whether the
combination might be beneficial for specific subgroups of patients is of further interest.

Key words: androgens/insulin sensitivity/metformin/oral contraceptives/polycystic ovary syndrome

Introduction sensitivity in non-obese patients, a slight improvement
in obese patients and a significant decrease in fasting insulin
in both groups. During COC treatment, no changes in insulin
sensitivity or fasting insulin were found. The latter treatment

caused a more significant decrease in total androgens and

Polycystic ovary syndrome (PCOS) is a heterogeneous
syndrome with a wide variety of endocrine and metabolic
abnormalities and clinical symptoms. The optimal modality
for long-term treatment should favourably influence androgen

synthesis, sex hormone binding globulin (SHBG) production,
the lipid profile, insulin sensitivity, and clinical symptoms
including acne, hirsutism and irregular menstrual cycle. The
above requirements are difficult to meet with a single form
of treatment.

The two widely used options for long-term treatment, com-
bined oral contraceptives (COC) and metformin, have differ-
ent effects. There are data showing a direct comparison of
metformin and COC in women with PCOS. Two studies
separately evaluated the treatment effect in obese and non-
obese patients, with comparable results (Morin-Papunen
et al., 2000; 2003). Metformin caused no changes in insulin

highly significant increase in SHBG in both subgroups of
patients.

To date, only two studies have focused on treatment with
COC and mctformin in combination. Both included non-
obese subjects only. Elter er al. (2002) found a greater
decrease in androstenedione and more pronounced increase
in SHBG in the group receiving combination treatment. In a
recent study, COC was administered to adolescent PCOS
women receiving continuous metformin and flutamide treat-
ment (Ibanez and Zegher, 2003). Addition of COC was fol-
lowed by an increase in SHBG only. None of these studies
directly evaluated insulin sensitivity.
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The aim of our study was to evaluate the effect of treat-
ment with COC alone or in combination with metformin on
insulin sensitivity, total androgens, SHBG and lipids. A
priority of our study was the direct measurement of insulin
sensitivity, which should be a key argument for adding
metformin.

Materials and methods

Subjects

The subjects were recruited from the Unit of Reproductive Endocrin-
ology. Patients fulfilling the diagnostic criteria for PCOS were con-
secutively enrolled in the study. PCOS was defined as follows: (i)
oligomenorrhea from menarche (menstrual cycle > 35 days); (ii) an
increased concentration of at least one androgen above the upper
reference limit [testosterone 0.5-2.63 nmol/l, androstenedione 1.57—
5.4 nmol/l, dehydroepiandrosterone (DHEA) 0.8-10.5 nmol/L}; and
(iii) clinical manifestation of hyperandrogenism (acne, hirsutism or
both). Women presenting with a secondary endocrine disorder, such
as hyperprolactinaemia, thyroid dysfunction or a non-classical form
of congenital adrenal hyperplasia, those wishing to conceive within
the next 6 months, or women with contraindications to oral contra-
ceptive use were excluded from the study. The study was approved
by the local ethics committees of the First Faculty of Medicine and
General Teaching Hospital, and written informed consent was
obtained from all subjects.

Protocol of the study

All patients were randomly assigned to two groups using a generator
of random values with a uniform distribution within the interval 0 to
I (statistical software NCSS 2002). The values obtained were trans-
formed into rank values. The subjects with ranks 1-15 were
assigned to the COC group and received a monophasic COC (EE
35 pg/NGM 250 pg) in a cyclic regimen (21 days of active pills fol-
lowed by 7 days of pill-free interval) for 6 months. The remaining
15 subjects received an identical COC in combination with metfor-
min (1500 mg/day) for 6 months (METOC group). All laboratory
tests were performed prior to treatment and after the sixth cycle of
treatment.

The weight and height of all women were taken to calculate the
body mass index (BMI). The waist and hip circumferences were
measured in the standing position at the levels of the umbilicus and
spina iliaca anterior superior and the waist-to-hip ratio (WHR) was
calculated. Blood samples were taken in the early follicular phase,
i.e. between days 3 and 6 of the menstrual cycle.

Assays

All analytic determinations were performed at the National Refer-
ence Laboratory. Serum LH, FSH and testosterone concentrations
were measured by chemiluminiscent assay using an ACS:180 Auto-
analyzer (Bayer Diagnostics, GmbH, Germany). The concentrations
of DHEA, dehydroepiandrosterone sulphate (DHEA-S) and andro-
stenedione were determined by radioimmunoassay methods (Immu-
notech, Fullerton, CA, USA). SHBG was measured using IRMA
kits (Orion, Finland). The free androgen index (FAI) was calculated
according to the following formula: FAI = 100 X testosterone
(nmol/1)/SHBG (nmol/l). Plasma glucose concentration was deter-
mined by the glucose oxidase method (Olympus Diagnostica,
GmbH, Germany). Plasma insulin concentrations were measured by
radioimmunoassay kits (CIS Bio International, France; normal range
4-20m]U/; inter-assay %CV <§; intra-assay %CV <8.5). Serum
cholestero! and triglycerides were analysed using CHOD-PAP and
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GPO-PAP-based kits, respectively (Oxochrome; Lachema as..
Czech Republic). High-density lipoprotein (HDL) cholesterol was
determined by an immunoinhibition method (HDL-C Direct; Wako
Chemicals GmbH, Neuss. Germany). Low-density lipoprotein
(LDL) cholesterol was calculated using the Friedewald formula
(LDL cholesterol = total cholesterol-HDL cholesterol-triglycerides/
2.19 mmol/l) (Friedewald er al., 1972).

Euglycaemic hyperinsulinaemic clamp

The hyperinsulinaemic euglycaemic clamp was performed as
described previously (De Fronzo et al.. 1979). Briefly, to obtain
blood for biochemical analyses during the clamp, one cannule was
inserted into the wrist vein. For continuous blood glucose determi-
nation, a double-lumen catheter was inserted into the cubital vein of
the ipsilateral arm. A third cannule was inserted into the contralat-
eral forearm vein for insulin and glucose administration by Biostator
(GCIIS, Elkhart, IN, USA). After a 30-min washout period, a hyper-
insulinaemic euglycaemic state was attained during the next 45 min
and the clamp was then performed using a constant insulin infusion
rate (I mU/kg/min) over 120 min. The glucose solution (40% w/v)
was sampled by Biostator (mode 7:1) to maintain blood glucose
levels at baseline value. During the clamp, blood glucose levels
were repeatedly determined by glucose analyser (ESAT 6660-2;
PWG, Medingen, Germany). Two blood samples for insulin deter-
mination were collected in the last 20 min of the clamp.

The following characteristics of insulin action were calculated:
glucose disposal rate (M), defined as the amount of glucose supplied
by the Biostator to maintain blood glucose levels during the last
20 min of the clamps (in mmol/kg/min); the insulin sensitivity index
(ISI), defined as the ratio of glucose disposal rate to insulin con-
centration at the end of the clamps (in mmol/kg/min/mU/1 X 100);
and the metabolic clearance rate of glucose (MCRg), expressed as
the ratio of glucose disposal rate to blood glucose concentration
(ml/kg/min).

Statistical analysis

With respect to deviations from the Gaussian distribution of data
and the occurrence of severe non-homogeneities in some variables,
the treatment effect was evaluated using the robust paired Wilcox-
on’s test. For the same reason, the differences between the groups
were tested with the Mann—Whitney robust test. Spearman’s robust
correlations were used for evaluating the differences before and
after treatment. Besides the Mann—Whitney test, a general linear
model was applied with adjustment of FAI, DHEA and BMI to
eliminate the differences in androgens and BMI between the groups
found at the beginning of the experiment in relation to ISI. With
respect to the skewed data distribution in FAI and DHEA, the vari-
ables were transformed by a power transformation to attain a Gaus-
sian distribution. The minimum value of mean square error of the
linear fit in the normal probability plot (the plot of experimental
fractiles versus theoretical fractiles of Gaussian distribution) was
used as a criterion for optimal transformation parameters.

Results

A total of 30 women were enrolled in the study and 28
completed the protocol. Two subjects were excluded from
the study, both from the METOC group, for unacceptable
adverse events (gastrointestinal problem in one case and for
non-compliance with the study protocol in the other).

The characteristics of both groups before treatment as well
as the changes in the parameters during treatment are
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Table I. Summary statistics of anthropometric parameters, lipids, hormones and insulin sensitivity in the groups treated with combined oral contraceptives (COC) and COC with metformin (METOC)

Variable Indices at the beginning of the experiment Difference after treatment compared with before treatment
COC METOC COoC METOC
Mean SD 95% Cl Mean SD 95% Cl Differences Mean SD 95% Cl of Differences  Mean SD 95% Cl Differences  Differences
of mean of mean between mean from zero of mean from zero between
the groups the groups
Age 232 4.6 20.7-25.7 23.8 54 20.3-27.2 NS - - - - - - - -
Waist 74.1 10.5 68.3-79.9 80.0 12.6 72.0-88.0 NS - - - - - - - - -
WHR 0.752  0.079 0.708-0.796 0.794 0.086 0.740-0.849 NS - - - - - - - - -
Weight 633 119 56.7-69.9 68.6 133 60.1-770 NS 1.8 35 -02-37 NS -09 47 -39-21 NS NS
BMI 22.1 3.1 20.4-238 247 49 21.6-27.8 NS 0.6 1.2 -0.1-1.3 NS -03 1.7 -14-07 NS NS
Io 94 6.7 49-139 11.2 49 77-147 NS 5.40 2.67 3.3-75 P <001 3.90 631 -10-838 NS NS
Go 460 045 435-485 4.68 0.50 4.36-5.00 NS -0.22 067 -0.6-0.2 NS -0.26 059 -0.63-0.12 NS NS
ISI 59.2 297 42.0-76.3 444 276 25.8-629 NS -6.6 373 -—282-149 NS -35 30.8 -242-172 NS NS
MCRg 854 250 7.16-9.93 6.83 1.86 5.65-8.00 NS 0.66 396 -1.5-29 NS 043 341 -1.73-2.60 NS NS
CHOL 463 070 424-502 481 0.80 430-532 NS 0.62 0.72 0.2-10 P < 0.007 0.71 0.67 0.29-1.14 P < 0.006 NS
TGD 0941 0420 0.708-1.173 1.168 0480 0.863-1.473 NS 0.381 0.547 0.1-0.7 P <0.02 0.29 0.65 -0.12-0.700 NS NS
HDL 1.55 021 1.44-1.67 1.47 0.40 1.22-1.73 NS 0.13 040 -0.1-03 P <0.05 0.29 024 0.14-044 P < 0.008 NS
LDL 267 058 2.34-2.99 281 0.58 244-3.18 NS 0.31 0.54 0.0-0.6 P <005 0.29 067 -0.14-0.72 NS NS
LH 682 396 4.63-9.02 6.88 5.56 3.35-1041 NS -477 437 -72-24 P < 0.003 -407 571 —-7.69-044 P <0.003 NS
FSH 483 157 3.96-5.70 4.65 1.92 343-5.88 NS -1.47 397 -37-07 NS -091 241 —244-0.62 NS NS
PRL 11.8 55 8.7-14.8 11.7 5.6 82-153 NS 1.3 59 —-2.0-45 NS 1.1 6.8 -32-54 NS NS
T 394 149 211-476 4.84 1.16 4.10-5.57 NS -045 1.01 -1.0-0.1 P <0.05 -0.92 2.10 -2.25-042 P <0.05 NS
FAI 11.8 79 7.5-16.2 192 6.9 146-238 P <002 -90 72 -130-50 P < 0.001 - 155 8.2 -21.1-100 P <0.004 P <004
A 1.1 58 7.8-143 12.6 35 104-149 NS -40 64 -75-05 P <004 -48 2.6 -64-3.1 P <0.003 NS
DHEA 256 133 18.3-33.0 404 16.6 298-509 P<002 -78 146 -139-23 P <0.05 -143 12.1 -22.1-6.6 P <0.009 NS
DHEA-S 105 22 9.3-11.8 122 3.8 9.8-146 NS -4.1 30 -58-24 P <0.002 -25 4.0 -5.0-0.i NS NS
Progl7 374 332 1.73-5.74 347 1.17 273-422 NS -1.69 316 -36-02 P <0.02 -0.62 1.79 -1.82-0.58 NS NS
SHBG 32 13 31-58 27 9 21-33 NS 108 63 73.2-1433 P <0.001 116 7 68-164 P <0.004 NS

Cl = confidence interval: NS, not significant; -, not available; lo = fasting insulin; Go = fasting glucose: CHOL = total cholesterol: TGD = triglycerides; PRL = prolactin; T = testosterone;
A = androstenedione; Progl7 = 170H-progesterone.



demonstrated in Table 1. There were no differences in anthro-
pometric parameters, ISI, lipid profile, SHBG concentration
and hormones, except for a higher DHEA concentration
and higher free androgen index in the METOC group, of
borderline significance. Owing to significant differences in
androgens and an insignificant difference in BMI between
both groups, a general linear model was applied with adjust-
ment of FAI, DHEA and BMI to eliminate the effect of these
differences on the change of ISI during treatment. Even after
this adjustment, no differences were found in the change of
ISI between the COC and METOC groups.

As demonstrated in Table I, there was a slight weight gain
and increase of BMI in the COC group and the opposite ten-
dency in the METOC group, although this was not significant
in either group. Insulin sensitivity did not change signifi-
cantly in either group, but fasting insulin increased in the
COC group. Both treatment protocols caused an increase in
total cholesterol, triglycerides, HDL and LDL cholesterol;
changes in triglycerides and LDL cholesterol did not reach
significance in the METOC group. During treatment, there
was a significant decrease in testosterone, androstenedione,
DHEA, DHEA-S and 170H-progesterone in the COC group.
More pronounced changes in androstenedione and DHEA
and a lack of significance in changes of DHEA-S and 170H-
progesterone were found in the METOC group. Highly sig-
nificant changes in SHBG were found in both groups. Com-
paring the effect of treatment in both groups, only a decrease
in free androgen index was significantly different and more
pronounced in the METOC group.

Discussion

There is an ongoing discussion in the literature concerning
the role of metformin in the treatment of PCOS (Homburg,
2002; Legro, 2002). Promising results were not fully con-
firmed in prospective randomized studies (Harborne er al.,
2003). The most consistent effect of metformin is an
improvement in the ovulation rate (Lord et al., 2003). How-
ever, changes in insulin, glucose tolerance, BMI and andro-
gens vary. Stimulation of SHBG production, which is one of
the key mechanisms in acne and hirsutism improvement, is
not seen or is insignificant in the vast majority of studies.
Restoration of a regular menstrual cycle usually occurs in
<50% of patients. Based on the above data it is difficult to
consider metformin alone as a first-line option for the treat-
ment of PCOS.

A combination of metformin with COC would seem to be
a justifiable solution for many reasons. Treatment with COC
enables significant inhibition of androgen production and a
significant increase in SHBG synthesis (Cibula et al., 2002;
Elter er al., 2002). As a consequence, it is successfully used
in the treatment of acne and hirsutism (Redmond er al.,
1997). Restoration of a regular menstrual cycle is reliable.
On the other hand, a beneficial influence on glucose meta-
bolism or insulin action is unlikely, although some recent
papers showed neutral or even positive effects of COC with
low androgenic progestins on insulin sensitivity (Cibula et al.,
2002; Cagnacci er al., 2003). The significant effect of COC
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on SHBG, androgen production, skin androgenic symptoms
and irregular menstrual cycle might be successfully
combined with the effects of metformin on anthropomctric
parameters, glucose tolerance and insulin sensitivity. An
additional argument for combination therapy is the need for
effective contraception in women while on metformin.

Two studies have been published to date that used com-
bined treatment with COC and metformin in patients with
PCOS. In the first study, from 2002, the authors found a
significant decrease in BMI and WHR only in the group
on combined treatment, and a more pronounced effect on
androstenedione, SHBG and glucose-to-insulin ratio in the
same group (Elter et al., 2002). When comparing both
groups, only changes in androstencdione and SHBG
remained significantly higher in the group on combination
treatment. The authors concluded that adding metformin to
the COC treatment might improve insulin sensitivity and
further suppress hyperandrogenacmia in non-obese women
with PCOS. However, insulin sensitivity was not measured
directly.

The second paper, from 2003, focused on adolescent girls
with PCOS (Ibinez and Zegher, 2003). The design of the
study was different. COC was randomly added to a continu-
ous treatment with metformin and (lutamide. The additive
effect of COC was investigated as such. The only significant
change following addition of COC was an increase in SHBG
and consequently a decrease in the free androgen index.

In our study, we compared COC monotherapy with combi-
nation therapy of COC with metformin for 6 months. This
was the first study using the euglycaemic clamp for insulin
sensitivity evaluation during combination treatment.

In agreement with the paper by Elter er al. (2002), we
showed a slight decrease in fasting glucose in both groups,
although the above changes did not reach significance in our
study. A slight rise in fasting insulin was significant only in
the COC group. While Elter and colleagues evaluated insulin
sensitivity indirectly using a calculation of glucose-to-insulin
ratio, which improved significantly in the group on combined
treatment, we measured insulin sensitivity by the clamp tech-
nique and found no significant changes. It should be men-
tioned, however, that the effect of mectformin on glucose
metabolism is mostly exerted through the inhibition of glu-
cose production, and this mechanism might be masked by the
increased levels of insulin during the clamp. Therc were no
differences between the two treatments in the effect on glu-
cose or insulin in our study, as in the study by Elter er al.
(2002). In conclusion, we were not able to show an expected
improvement in insulin sensitivity while on combined treat-
ment, and the trends in fasting insulin and glucose concen-
trations were comparable in both groups.

Besides a potential improvement in insulin sensitivity,
another argument for metformin is its beneficial effect on
anthropometric parameters. While BMI and weight increased
in the COC group, these were decreased during combined
treatment. This is in accordance with Elter er al. (2002),
although the changes were not significant in our study in
either group. However, it is difficult to conclude whether
those changes are caused by direct metabolic effect of
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metformin or by frequent gastrointestinal problems at the
peginning of metformin treatment. The positive trend in
weight and body fat distribution should be confirmed in a
long-term follow-up.

Modification of the COC effect on androgens by metfor-
min is difficult to interpret. Randomized prospective studies
have documented a direct effect of metformin on ovarian
steroidogenesis (Pasquali er al., 2000; Ng er al., 2001;
Vibikovéd et al, 2001; Kocak et al., 2002). A more pro-
nounced decrease in androstenedione in the group on
combined treatment was described previously by Elter and
collcagues. In our study, comparable effects on testosterone
and androstenedione were found in both groups, and a
change in DHEA of higher significance in the women on
combined treatment might rather be explained by higher
basal concentrations at the beginning of the study.

Stimulation of SHBG production is one of the key mech-
anisms in the treatment of skin androgenic symptoms by
COC. Elter and colleagues found a greater increase in SHBG
in the group with combined treatment. This was not con-
firmed in our study. We showed a comparable significant
increase in SHBG in both groups. Our results are in agree-
ment with many papers that show insignificant changes or
cven a decrease in SHBG with metformin treatment (Nestler
et al., 1998; Pasquali er al., 2000; Ng er al., 2001; Fleming
et al., 2002).

In summary, our study confirmed a significant positive
effect of COC on androgens and SHBG. Combination with
metformin caused an additional decrease in FAIL. The bene-
ficial trends in anthropometric parameters in the METOC
group are in accordance with other studies, but weight
reduction and positive changes of body fat distribution should
be confirmed with long-term follow-up. Besides a few posi-
tive trends, combined treatment with metformin did not cause
added beneficial effects on lipids, insulin sensitivity, SHBG
or testosterone. It should be emphasized, however, that for
evaluation of insulin sensitivity the number of subjects
needed to reach enough power is very high (>300 patients),
and was not fulfilled in our study. We conclude that the avai-
lable data do not offer enough evidence to advocate the
standard use of COC in combination with metformin in the
long-term treatment of PCOS due to unsatisfactory improve-
ment of endocrine and metabolic abnormalities that character-
ize the syndrome. However, it might be argued that the value
of metformin could be different in specific subgroups of
PCOS patients, especially in obese ones. This can not be
addressed by our study and remains an area of future interest.
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BACKGROUND: Combined oral contraceptives (COC) effectively suppress hyperandrogenism in women with
polycystic ovary syndrome (PCOS), though deterioration of insulin sensitivity during treatment is assumed. The
study aim was to investigate insulin action and androgen production during treatment with COC containing low-
androgenic progestin. METHODS: A total of 13 PCOS women and nine controls was enrolled into the study. Only
non-obese women with a body mass index (BMI) <30 kg/m? were included. Hyperinsulinaemic euglycacmic clamp
techniques were performed before and after 6 months of treatment with a monophasic COC containing norgestiinate.
RESULTS: Anthropometric parameters [BMI, waist:hip ratio (WHR)] remained unaltered during the study in
both groups. No deterioration in glucose disposal rate (M), insulin sensitivity index (ISI) or metabolic clearance
rate of glucose (MCRG) was observed during treatment in PCOS subjects. Fasting glucose decreased significantly
(P < 0.01), but fasting insulin remained unchanged. Significant decreases in concentrations of testosterone
(P < 0.001), androstenedione (P < 0.01) and dihydroepiandrosterone (DHEA) (P < 0.001), a decrease in the free
androgen index, and an increase in concentrations of sex hormone-binding globulin were found in PCOS subjects.
CONCLUSIONS: The norgestimate-containing COC signiticantly decreased androgen production and concentrations

of free androgens, without reducing insulin sensitivity in non-obese PCOS subjects.

Keywords: androgens/insulin sensitivity/norgestimate/oral contraceptives/PCOS

Introduction

The polycystic ovary syndrome (PCOS) is one of the most
common cndocrinopathics in women of reproductive age
(Knochenhauer et al., 1998. Asuncion et al., 2000). It is the
leading cause of menstrual cycle disturbances, skin androgenic
complaints and anovulatory infertility. Onc of the principal
endocrine abnormalities of the syndrome is overproduction of
androgens in the ovaries, though many other endocrine and
metabolic disturbances characterize the syndrome. PCOS
women have been found to have lipid profile deterioration,
increased concentrations of plasminogen activator inhibitor
(PAI-1), and decreased concentrations of sex hormone-binding
globulin (SHBG) (Dunaif er al., 1987; Holtc et al., 1994;
Sampson et al., 1996; Atiomo ef al., 1998; Talbout et al.,
1998). A frequent finding in non-obese and obese PCOS
women is hyperinsulinacmia sccondary both to incrcased
peripheral insulin resistance and abnormal insulin secretion
(Chang et al., 1983; Dunaif et al., 1989. 1992; Dunaif and
Finegood, 1996). The major consequence of these abnormalities
is a high incidence of impaired glucose tolerance and type 2

diabetes in these patients (Ehrmann et al., 1999; Legro et al.,
1999). An incrcased risk of ischacmic hecart discasc and
hypertension in the perimenopausal age has also been demon-
strated (Dahlgren et al., 1992; Cibula et al., 2000).
Estrogen-progestogen products (combined oral contra-
ceptives; COC) are an cffective modality in the long-term
treatment of hyperandrogenism in PCOS patients. They
significantly suppress ovarian androgen synthesis and increase
the binding capacity for circulating androgens by increasing
SHBG concentrations (Falsetti and Pasinctti, 1995; Coencn
et al., 1996). COC containing progestins with a low androgenic
potency have a neutral or positive effect on the lipid profile.
and sufficicntly improve skin androgenic symptoms (Gevers
Leuven et al., 1990; Kuhl et al., 1990). Apart from these
beneficial effects a deterioration of insulin action is assumed.
The impairment of insulin sensitivity in healthy women using
COC has been demonstrated by several authors (Skouby et al.,
1987; Kasdorf and Kalkhoff, 1988; Godsland et al., 1992).
To our knowledge. only one report has been published to
date determining the changes in insulin action during COC
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administration in PCOS patients, with insulin sensitivity being
significantly decrcased during threc cycles of treatment in nine
paticnts (Korytkowski et al., 1995). Norcthindrone with a
relatively high androgenic potency was used in this study as
the progestogenic component. Howcver, a less pronounced
effect of agents with low-androgenic progestins on carbo-
hydrate metabolism was demonstrated (Godsland e al..
1992). Hence, the present study was conducted in order to
determnine the cffect of COC containing progestin with low
androgenic potency on insulin sensitivity in PCOS women.
The euglycaemic glucose clamp technique was used to study
insulin action.

Materials and methods

Study group

A total of 14 patients meeting the diagnostic criteria of PCOS
were enrolled into the study. PCOS was defined as follows: (i)
oligomenorrhoea from menarche (menstrual cycle longer than 35
days); (ii) an increased concentration of at least one androgen above the
upper reference limit (testosterone 0.5-2.63 nmol/l; androstenedione
1.57-5.4 nmol/l: dihydrocpiandrosterone (DHEA) 0.8-10.5 nmo/l:
dihydroepiandrosterone sulphate (DHEAS) 2.4-14.5 umol/l]; and (iii)
clinical manifestation of hyperandrogenism (acne, hirsutism. or both).
Only non-obese women with a body mass index (BMI) <30 kg/m?,
aged >18 years, and who had not used hormonal therapy during
the previous 6 months, were included. Women presenting with a
secondary endocrine disorder, such as hyperprolactinaemia, thyroid
dysfunction or a non-classical form of congenital adrenal hyperplasia,
those wishing to conceive within the next 6 months, or women with
contraindications to oral contraceptives use were excluded from the
study. Normal glucose tolerance was established according to both
the criteria of the World Health Organization and the revised criteria
of the American Diabetes Association using the 2-h, 75-g oral glucose
tolerance test (OGTT) (World Health Organization, 1985; The Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus,
1997). Only one patient did not complete the study protocol of COC
treatment because of the occurrence of side effects (nausea. breast
tenderness) requiring discontinuation. All patients were informed
about the study protocol and provided their informed consent. The
study was approved by the Local Ethics Committee of both institutions.

Control group

A control group was selected from women willing to use COC, who
agreed with the study protocol. All subjects met the following
inclusion criteria: (i) concentrations of androgens and SHBG within
the reference limits; (ii) a regular menstrual cycle from menarche to
the present; and (iii) absence of skin androgenic symptoms (hirsutism,
persistent acne). Only non-obese women with a BMI <30 kg/m?,
age >18 years and who had not used hormonal therapy during the
previous 6 months, were included. Patients with an established
endocrine disorder or with contraindications to hormonal contracep-
tion use were excluded. Normal glucose tolerance was established
before the study. All controls provided their informed consent.

Study protocol

All patients and controls received monophasic COC pills containing
ethinyl estradiol (35 pg/day) and low-androgenic progestin (norgesti-
mate 250 ug/day) for seven cycles. The COC agent was given in a
cyclic regimen of 21 active pills followed by 7 days without hormonal
use. All clinical investigations and laboratory tests were performed
prior to treatment and after the sixth cycle of treatment.

Insulin sensitivity in PCOS subjects

Blood samples taken prior to treatment were withdrawn during the
early follicular phase. 1.e. between days 3 and 6 of the menstrual
cycle. Provided that menstrual bleeding failed to occur until day 45
of the cycle, bleeding was induced by progesterone administration.
The second blood sample was taken after six cycles of COC
administration.

Euglycaemic hyperinsulinaemic clamp technique

The hyperinsulinaemic euglycaemic clamp was performed as
described previously (Flier. 1992). A flexible cannula was inserted
into the forearm vein to obtain blood samples for the determination
of basal insulin. and plasma glucose and potassium concentrations.
The cannula was then connected to an infusion module of a Biostator
(GCSII; Elkhart. IN, USA) to administer an insulin solution (160
units of Actrapid HM®; Novo-Nordisk, in 500 ml 0.9% sodium
chloride saline solution). 40% glucose solution, and wash-out sodium
chloride saline solution (0.9% w/v). At the same time. 7.5% potassium
chloride solution diluted with physiological saline solution 1:4 was
delivered by perfusor (Infusor Secura FT: B. Braun, Germany) to
another channel of the cannula at a rate of 0.1 + 0.05 ml/min to
maintain basal potassium concentrations. The rate of this infusion
was adjusted according to the results of repeatedly determined serum
potassium concentrations. A double-lumen catheter was inserted into
the contralateral arm for continuous blood glucose determination. A
third cannula placed into a wrist vein was used to collect blood
samples for biochemical measurements. After a 30 min washout
period, the hyperinsulinaemic euglycaemic clamp was performed
using the Biostator (mode 7:1) over 120 min using a constant insulin
infusion rate (I mU/kg per min) (Fogt e al., 1978). The glucose
solution (40% w/v) was sampled by the Biostator to maintain blood
glucose concentration at baseline value. During the clamp. blood
glucose concentrations were repeatedly determined using a glucose
analyser (ESAT 6660-2: Melsungen, Germany). Two blood samples
were collected for insulin determination during the last 20 min
of clamping.

The following characteristics of insulin action were calculated: (i)
glucose disposal rate (M, pmol/kg per min), defined as the amount
of glucose supplied by the Biostator to maintain blood glucose
concentrations during the clamps; (ii) the insulin sensitivity index
(IS1. pmol/kg per min per mU/1X 100). defined as the ratio of glucose
disposal rate to insulin concentration at the end of the clamps; and
(iii) metabolic clearance rate of glucose (MCRG. ml/kg per min),
expressed as the ratio of glucose disposal rate to blood glucose
concentration.

Analyses

All analyses were performed at the National Reference Laboratory.
Serum LH. FSH and testosterone concentrations were measured
with a chemiluminescence assay (ACS:180 auto-analyser: Bayer
Diagnostics GmbH, Germany). The concentrations of DHEA, DHEAS
and androstenedione were determined using radioimmunoassay
methods (Immunotech, France). SHBG was measured using an IRMA
kit (Orion. Finland). The intra- and interassay coefficients of variation
(CV) were respectively: <3.7 and <6.7% for LH, <2.6 and <4.2%
for FSH. <4.0 and <8.0% for testosterone, <7.9 and <11.9% for
DHEA. <74 and <10.6% for DHEAS, <89 and <10.3% for
androstenedione. and <5.5 and <6.9% for SHBG. The free androgen
index (FA1) was calculated according to the following formula: FAI
100 % testosterone (nmol/l)YSHBG (nmol/) (Carlstrom er al., 1987).
Plasma glucose concentration was determined by the glucose oxidase
method (Olympus Diagnostica GmbH, Germany). Plasma insulin
concentrations were measured using radioimmunoassay kits (CIS Bio
International. France). Normal range was 4-20 plU/ml; interassay
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=5 = CV was <5%. and intra-assay CV <8.5%. Glycated haemoglobin
zZZzZZzZVNzZVZZZ: Alc (HbAI) concentrations were measured using an IM kit (Abbott
analyser; Assay System Abbot IMX. IL. USA). Normal range was
4.4-6.4%: intra-assay CV was <4.5%. and interassay CV <8.5%.
Statistical analysis of data
e coRSEaRRREZx S Each variable was tested for normalit 1 j
S5 | gicSYcvidornmeos : S tey ‘ y using the Kolmogorov—
Smirmov test, the Martinez~lglewicz test and the D Agostino test. f
at least one of the tests indicated non-Gaussian distribution. or if the
variances were not homogeneous. the data were treated by square-
e A | rool or by logarithmic transformation. The raw or the treated data
° PSR Al S I were submitted to repeated measures two-way analysis of variance
|4 (ANOVA), using the control or patient status as the between-subject
effect and the treatment eftect (before versus after treatment) as the
cnZ2.%92°3 2. wilhin-subjccl- sffecl. This test unswered the question whelhc.:.r or not
G iSO i <o S lhe.rc were d.lttcrcnces between patients and controls, difterences
' before and after treatment, and if there was any interaction among
within-subject and between-subject effects.
Z oS ULV 2. When the between-subject effects were significant, the differences
—ococ—-S—-0Cc—-acun were identified using unpaired r-tests both betore and after treatment.
Significant within-subject effects were further explored by paired
o S 1T - E - 1-test. Patients and controls were considered as a whole if the between-
& Ly TN oo~ o subject effect was not significant. It the between-subject effect was
2 significant, the patients and controls were evaluated separately.
N AT NN Mo Results
The basic characteristics of the patients and controls before
treatment arc shown in Table 1. The mean age of both groups
was not significantly different; neither did patients and controls
differ in their mean BMI or waist:hip ratio (WHR). Anthropo-
25 Sl —ownao metric parameters remained stable during the study in both
B groups and did not differ at the end of the study. The
PCOS group entered the study with significantly higher serum
concentrations of LH and testosterone (2 < 0.001).
« 3852835 xF e Concentrations of gonadotrophins, androgens and SHBG
SSeTOFCTOS DT before and after treatment are shown in Figure 1 (retransformed
o means with 95% confidence intervals). A signilicant decrcase
- was observed in the concentrations of LH (P < 0.001),
2 androstencdione (P < 0.01), DHEA (P < 0.01) and DHEAS
ST I —0N®R S (P < 0.001). a significant decreasc in FAI (P < 0.01), and a
significant increase in SHBG concentrations (P << 0.001) during
trcatment in both groups. The concentration of testosterone
E w03 L o88rRTcd decreased signific: ; atients (P <
u xLgzss8ccrIzz . sed significantly in the patients (P < 0.001), but no
changes were observed in controls. LH concentrations
@ cn w—ecao  ® decreased more significantly in paticnts than in controls
<t o — I~ 00 W \D — I~
Mmoo YTvi—aarg (P < 0.01).
No significant differences were observed in cither fasting
plasma glucose, fasting insulin, M, ISI or MCRG between the
Slo groups (Figure 2). A significant decreasc in fasting glucose
was determined during treatment in both groups (P <2 0.01).
The mean HhA1 concentration was higher in patients before
treatment (P < 0.05); however, no difference was seen between
the two groups after treatment. No deterioration of cither M,
ISI or MCRG was observed during treatment in PCOS subjects.
c Morcover, nonc of the latter parameters was changed signific-
o E’ e antly during treatment in controls.
) ©
¢ E S2a€
32 9 o3, w = Discussion
E,E z _3 EN-ET 2 The most important consequence of endocrine and metabolic
<230_THdi <Oswn

disturbances associated with PCOS is an incrcased risk for
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Figure 1. Changes in LH, FSH. LH/FSH. sex hormone-binding globulin (SHBG). steroids and the free androgen index (FAI) during
treatment. Empty and full circles with error bars represent retransformed mean value = SEM in controls and patients respectively. Crosses
denote the significance of the differences in subjects between the stages of the study (before/after treatment) (+, P < 0.05; ++, P < 0.01;
+++, P < 0.001). Asterisks denote the significance of the differences between controls and patients (*, P < 0.05; **. I’ < 0.01). Closed
circles in the frame denote the significance of interactions (00. P < 0.01: 000, P < 0.001). A = androstenedione; DHEA =
dihydroepiandrosterone; DHES = dihydroepiandrosterone sulphate; T = testosterone.

impaired glucose tolerance and type 2 diabetes mellitus
(Dahlgren et al., 1992; Ehrmann et al., 1999; Legro et al.,
1999; Cibula et al., 2000). Insulin resistance independent of
obesity, abnotmal insulin secretion and dyslipidacmia are risk
factors participating in the pathogenesis of the above conditions
(Dunaif er al., 1987, 1989, 1992 Holte et al.. 1994; Talbott
et al., 1998). New findings regarding the metabolic con-
sequences have changed the concepts for the long-term treat-
ment of PCOS. The optimal therapeutic modality should
correct the increased androgen production, yet at the same time
exert a benelicial, or at least ncutral, effect on insulin action.

One of the most frequent treatment modalities—combined
oral contraceptives—fulfilled almost all the crileria for optimal
treatment. However, the impairment of insulin sensilivity. as
described in healthy users, might be a significant weakness.
The first study examining insulin sensitivity during COC use
was published in 1987 (Skouby et al.. 1987). These authors
performed the euglycaemic clamp technique to demonstrate a
decrease in insulin sensitivity in six healthy subjects after a
6-month administration of a levonorgestrel-containing COC.
Similar results were reported after 3 months of COC use:
however. insulin sensitivity returned toward control valucs
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Figure 2. Changes in glucose. insulin, glucose disposal rate (M), insulin sensitivity index (ISI). metabolic clearance rate of glucose (MCRG)
and glycosylated haemoglobin Al (HbAI) concentration during treatment. Empty and full circles with error bars represent retranstormed
mean value = SEM in controls and patients respectively. Crosses denote the significance of the differences in subjects before and after
reatment (++, P < 0.01). Asterisks denote the significance of the differences between controls and patients (**, P < 0.01). Closed circles

in the frame denote the significance of interactions (@. P < 0.03).

after 6 months (Kasdorf and Kalkhoff, 1988). A dccrecase in
insulin sensitivity was also demonstrated after application of a
minimal model approach in 296 contraceptive users (Godsland
et al., 1992).

To the best of our knowledge, only onc report has been
published to date addressing the changes in insulin sensitivity
during COC administration in PCOS patients (Korytkowski
et al,, 1995), with insulin sensitivity being studied in ninc
women with PCOS, and in 10 controls. The hypcrglycaemic
clamp technique was performed before and after 3 months of
therapy with triphasic oral contraceptives containing norethind-
rone, a progestogen with a relatively high androgenic potency.
Despite the short time of intervention, a decline in insulin
sensitivity was shown in both groups.

The present study is the first designed to investigate changes
in insulin sensitivity in PCOS women recciving a COC
containing a progestin with a low androgenic potency. The
minimal androgenicity of progestins is reflected in a more
pronounced incrcase in the concentrations of SHBG and a
decrease in free testosterone concentrations in COC users
(Hammond et al., 1984; van der Vange er al., 1990). Morcover,
a number of reports have documented only slight changes in
glucose tolerance, fasting insulin, fasting glucose and areas
under glucose or insulin curves in users of COC with low-
androgenic progestins (Petersen er al.. 1988; Corson, 1990;
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Godsland er al., 1992; Crook et al., 1993). Studics with
norgestimate, the progestin used in the present study, showed
virtually no cffect on carbohydrate metabolism. In two US
multicentre trials, no significant changes in fasting blood
glucose, or in the results ol a 3-h glucose tolerance test, were
demonstrated (Corson, 1990), whilst a 12-month German study
documented no adverse eflect of treatment on the insulin,
glucose, or HbA 1, concentrations (Becker, 1990). The effect
of two products containing progestins with a low androgenic
potency (norgestimate and gestodene) on insulin action was
cvaluated in a recent study (Petersen ef al.. 2000). Insulin
sensitivity was determined by a frequently sampled intravenous
glucose tolerance test. The users of either product showed
incrcased concentrations of fasting plasma insulin and a
decrease in insulin sensitivity. However, the relationship
between the ISI and insulin response remained unchanged.
An important inclusion criteria in the present study was that
of BMI. Only non-obesc patients were cligible for inclusion. as
it was well recognized that obesity is an independent risk factor
worsening the parameters of insulin resistance (Acién et al.,
1999; Ciampelli ef al., 1999). Every minor shift in BMI during
the study may dramatically influence insulin sensitivity in obcse
patients. On the other hand, impaired insulin action has been
repeatedly documented in both non-obese and obese PCOS
patients (Dunaif ef al.. 1989; Dunaif and Fincgood, 1996).



Higher insulin concentrations in PCOS patients compared
with controls were not observed prior to treatment. The value
of the IST was lower, though not signiticantly so, in the PCOS
group. Importantly, no adverse cffect of COC administration
was observed on cither insulin sensitivity, glucose disposal
rate or the metabolic rate of glucose. It might be speculated
therefore that COC could have had an adverse cffect on ISI,
but on the other hand there was a compensatory improvement
in ISI due to a decrcase in androgen concentrations. However.
the control group—where no such marked cffect on androgen
concentrations was seen—also did not show any deterioration
in insulin sensitivity. The only relevant effects of treatment on
carbohydrate metabolism were significantly decreased concen-
trations of fasting glucosc. Unlike the study of Pelersen
(Petersen et al., 2000), who used a frequently sampled intraven-
ous glucose tolerance test, no deterioration of insulin sensitivity
could be demonstrated in the group of healthy users.

The present study confirmed a marked suppressive effect of
COC trcatment on androgen concentrations that has been
observed in other relevant investigations (Falsetti and Pasinetti,
1995; Coenen et al., 1996). In addition to reduced androgen
production, the trcatment significantly raised the serum andro-
gen binding capacity. The significant increase in SHBG concen-
trations reflects the minimal androgenicity of the progestogenic
component used in COC.

It can be concluded that, in the present study therc was no
deterioration of insulin sensitivity in non-obesc PCOS women
during administration of COC containing low-androgenic pro-
gestin. In addition, the benelicial effect of COC administration
reducing the concentrations of total and free androgens was
confirmed. It is clear that whilst the present study was of
insufficicnt duration to draw any authoritative conclusions, the
results obtained provide significant evidence supporting the
usc of COC containing low-androgenic progestins in the long-
term trcatment of PCOS patients.
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Does obesity diminish the positive effect of oral

contraceptive treatment on hyperandrogenism in women
with polycystic ovarian syndrome?
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Polycystic ovarian syndrome (PCOS) is an obvious indication for long-term treatment. Combined oral contraceptives
(COC) remain the first choice for the treatment of hyperandrogenism in mest patients. However, differences in
endocrine and metabolic parameters between obese and lean patients have been postulated. This is the first study
evaluating the effect of COC treatment in obese versus non-obese PCOS patients. In total, 28 lean [body mass
index (BMI) <25 kg/m?)] and 15 obese (BMI >30 kg/m?) women patients were enrolled in the study. The
concentrations of androgens, sex hormone-binding globulin (SHBG) and lipids were measured before and after 6
months of treatment with COC containing low-androgenic progestins. Clinical androgenic symptoms were monitored.
There was a lower concentration of SHBG in obese patients, but there were no differences in androgen concentrations
between both groups before the study. Highly significant changes in concentrations of testosterone (P < 0.001),
androstenedione (P < 0.0001), SHBG (P < 0.001) and LH (P = 0.01) were demonstrated in lean patients, with only
less significant changes in SHBG (P < 0.01) and testosterone (P < 0.05) in obese patients during the study. Clinical
androgenic symptoms improved significantly (P = 0.05) only in the group of lean women. No reduction in low-
density lipoprotein-cholesterol/high-density lipoprotein-cholesterol ratio was observed in either group. In conclusion,
the positive effect of COC treatment on androgen production, serum androgen binding capacity, and clinical
androgenic symptoms was negatively influenced by an increased BMIL.

Key words: androgens/lipids/obesity/oral contraceptives/polycystic ovarian syndrome

Introduction metabolic disturbances. One of the most important factors
determining the phenotype of the disease is the presence or
absence of obesity. Approximately 50% of women suffering
from PCOS arec obese (Yen, 1980). Obesity itself negatively

influences the synthesis of sex hormone-binding globulin

Polycystic ovarian syndrome (PCOS) is an evident indication
for long-term treatment as a proven risk factor for non-insulin-
dependent diabetes mellitus (NIDDM) and coronary artery
disease (Dahlgren er al., 1992; Ehrmann et al., 1999; Legro

et al., 1999; Cibula et al., 2000). Moreover, improvement of
skin androgenic symptoms also requires long-term medication.
Combined oral contraceptives (COC) remain the first choice
for the treatment of hyperandrogenism, as a key endocrine
disturbance, for most women with PCOS. COC have been
shown to inhibit significantly the ovarian androgens production
and to increase serum androgen binding capacity (Falsetti and
Galbignani, 1990; Dahlgren er al., 1998; Gjonnaess, 1999).
An effect on adrenal steroidogenesis has also been proposed
(Wild et al., 1991). In consequence, treatment with COC
significantly reduces serum concentrations of both total and
free androgens.

PCOS is a heterogeneous syndrome in that it presents with
a broad spectrum of clinical manifestations and endocrine or
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(SHBG), androgen production, and insulin sensitivity (Kurtz
et al., 1987; Pasquali and Casimirri, 1993). Higher concentra-
tions of androgens and more pronounced insulin resistance
were demonstrated in obese PCOS women compared with lean
patients (Dunaif et al., 1989; Acién et al., 1999; Ciampelli
et al., 1999). The increased concentrations of androgens and
insulin stimulatc the synthesis of insulin-like growth factor-1
(IGF-I) and suppress SHBG and insulin-like growth factor
binding protein-1 (IGFBP-1) production in the liver (Buyalos
et al., 1995; Morales et al., 1996). As a rcsult, higher amounts
of free, non-bound forms of insulin and IGF-I might influence
ovarian steroidogenesis in obese PCOS patients.

Other than the documented differences in endocrine and
metabolic parameters in obese and lean patients, little is known
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about the effect of the treatment of PCOS women with different
body mass index (BMI). This is the first study evaluating the
effect of COC treatment in obese versus non-obese women.
The aim of this study was to compare the effect of COC,
containing low-androgenic progestins on clinical androgenic
symptoms, on androgen production, and on lipid profiles in
two groups of PCOS patients selected on the basis of their BML.

Materials and methods

Patients

Overall, 46 women with PCOS were enrolled in the study. PCOS
was defined as follows: (i) oligomenorrhoea (menstrual cycle longer
than 35 days) from menarche; (ii) increased concentrations of at
least one androgen; and (iii) clinical manifestations of hyper-
androgenism (acne, hirsutism, or both). Only lean patients with a
BMI <25 kg/m? and obese patients with a BMI >30 kg/m? were
selected. All women were aged over 18 years, had not used
hormonal therapy or systemic treatment of acne for the preceding
6 months, and were not using any long-term medication. Women
presenting with a secondary endocrine disorder, such as non-classic
congenital adrenal hyperplasia, hyperprolactinaemia or thyroid dys-
function, those wishing to conceive within the next 6 months,
those with contraindications to COC use, or with a blood pressure
>140/90 mmHg were excluded from the study. Altogether, three
women withdrew from the study (intolerance of COC treatment in
two cases, personal reasons in one case). A total of 28 lean and 15
obese women completed the study protocol. All participants were
studied before and after 6 months of therapy with monophasic
low-dose oral contraceptives containing 30-35 pg ethinyl oestradiol
in combination with a low-androgenic progestin (norgestimate, deso-
gestrel or gestodene). All women participating in the study gave their
informed written consent. The study was approved by the local Ethics
Committee.

Clinical examination

The weight and height of all women were taken to calculate the BMI.
Waist and hip circumference were measured in the standing position
at the levels of the umbilicus and spina iliaca anterior superior to
calculate the waist-to-hip ratio (WHR). Blood pressure readings
were taken twice in the sitting position after a 10 min rest. Increased
body hair was graded using a previously described method (Ferriman
and Gallwey, 1961); hirsutism was defined as a Ferriman-Gallwey
score >8. Acne severity was graded in three locations (face, back,
and chest) using a modification of a published technique (Burke
and Cunliffe, 1984). The value of total grade was analysed in this
study. Blood was collected from all women during the early follicular
phase, i.e. between days 3 and 6 of the menstrual cycle. Blood was
centrifuged and frozen at —20°C. Provided that spontaneous menstrual
bleeding failed to occur until day 45 of the cycle, bleeding was induced
by progesterone administration. A shortened adrenocorticotrophic
hormone (ACTH) test was performed to exclude non-classic con-
genital adrenal hyperplasia (NCCAH).

Laboratory investigations

Concentrations of LH, FSH, testosterone, androstenedione, dehydroepi-
androsterone (DHEA), dehydroepiandrosterone sulphate (DHEAS),
SHBG, total cholesterol, low-density lipoprotein (LDL)-cholesterol,
high-density lipoprotein (HDL)-cholesterol and triglycerides were
evaluated before and after the treatment. The concentrations of LH,
FSH and testosterone were determined by chemiluminescent assay
using an ACS:180 autoanalyser (Bayer Diagnostics GmbH, Munich,
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Germany). The concentrations of DHEA, DHEAS and androstenedione
were established using radioimmunoassay methods (Immunotech,
IOT. Marseille. France). SHBG was determined using immunoradio-
metric assay (IRMA) kits (Orion, Finland). The value of the free
androgen index (FAI) was calculated according to the following
formula: FAI = 100Xtestosterone (nmol/1)/SHBG (nmol/l). Serum
cholesterol and triglycerides were analysed using CHOD-PAP and
GPO-PAP-based kits respectively (Oxochorome, Lachema a.s., Brno,
Czech Republic). HDL-cholesterol was determined using an immuno-
inhibition method (HDL-C Direct, Wako Chemicals GmbH, Neuss,
Germany). LDL-cholesterol was calculated according to using the
Friedewald formula (LDL- cholesterol = total cholesterol - HDL-
cholesterol — triglycerides/2.19 mmol/l) (Friedewald et al., 1972).

The reference values for normal concentrations were as follows:
testosterone 0.5-2.63 nmol/l, androstenedione 1.57-5.4 nmol/l, DHEA
0.8-10.5 nmol/l, DHEAS 2.4-14.5 umol/l and SHBG 43.2-96.0 nmol/l.

Statistical analysis

Due to skewed distribution of the data, the sign test and Wilcoxon's
robust paired test were used for the evaluation of intra-individual
differences. Student’s s-test after transformation of original variables
to minimum skewness and the Mann-Whitney robust test in the
non-transformed variables were used for the evaluation of
differences between subjects with BMI <25 kg/m- and those with BMI
>30 kg/m2. For the evaluation of the pre/post-treatment differences in
the two groups with different BMI, the sign test and Wilcoxon’s
paired test were used.

Results

The two groups did not differ in mean age (23.5 = 0.925
versus 25.4 * 1.362 years). Mean BMI and WHR remained
stable during the study in obese women (BMI 32.3 + 0.262;
WHR 0.82 £ 0.017) and lean women (BMI 20.3 + 1.39;
WHR 0.65 * 0.013). Obesec women exhibited significantly
lower concentrations of SHBG (P < 0.05), and a higher FAI
(P < 0.05) (Table I). However, there were no significant
differences in lipid profile in the concentrations of androgens,
or in the severity of clinical symptoms between lean and obese
PCOS women before the trcatment.

The significance of changes in monitored parameters during
the study in both groups is demonstrated in Table II. In the
group of lean women, highly significant changes in circulating
concentrations of testosterone (P < 0.001), androstenedione
(P < 0.0001), LH (P < 0.001) and SHBG (P < 0.01) were
observed. Obese paticnts showed a less pronounced yet
significant increase in SHBG concentrations (P < 0.01), sup-
pression of testosterone production of borderline significance (P
< 0.05), and non-significant changes in androstcnedione and
LH concentrations. The acne score (P < 0.05) and the severity
of inereased body hair (P = 0.05) were significantly improved
in lean women only. The concentration of total cholesterol
inereased significantly (P < 0.05) during the treatment in both
groups; an increase in LDL-cholesterol (P < 0.05) was
demonstrated only in lean patients.

Discussion
The BMI exceeds the limit for obesity in about 50% of
PCOS patients. An increased BMI impairs many endocrine
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Table . Summarized statistics of the two groups with different body mass index (BMI) before the treatment

Acne F-G LH FSH  Testosterone SHBG  Log Androstene- DHEAS DHEA Towl-C LDL-C HDL-C TG
score  score (IUNM) (IU/M) (nmol/) (nmol/l) IFA dione (umol/1) (nmol/l) (mmol/1) (mmol/1) (mmol/l) (mmol/1}
(nmol/l)
BMI <25 kg/m*
Number 13 14 28 28 27 27 27 28 27 27 27 28 28 28
Mean 238 9.1 779 529 2.72 73.0 447 13.1 172 9.51 435 234 1.62 097
SEM_ 0213 1.193 1.0 0444 024 1.37 0.56 0.79 0.67 0.79 0.16 0.13 0.09 0.12
Median 3.0 9.0 6.7 53 2.7 66.7 4.09 124 8.0 8.8 421 237 1.62 0.77
Skewness -125 088 1.0 0378 0.795 1.285 1.86 0.848 0322 1209 0232 -0314 0830 2276
BMI > 30 kg/m?
Number 7 14 15 15 15 15 15 15 15 15 15 15 15 15
Mean 167 98 523 583 291 51.0 10.32 11.4 936 1075 4.69 2.68 1.57 115
SEM 0333 1.017 073 0485 0.31 10.51 242 1.10 1.23 1.37 0.18 0.11 0.11 0.17
Median 1.5 9.5 4.6 5.5 28 36.7 8.16 11.9 9.03 102 4.62 2.61 1.53 1.04
Skewness 0857 092 1.03 1249 0326 1.053 1.57 0.462 0552 1492 0558 1.181 0380 0621
Significance of the differences between subjects with BMI <25 kg/m~ and those with BMI >30 kg/m*
Student’s I-test NS NS NS NS NS P <00l P<005 NS NS NS NS NS NS NS
Mann—Whitney test NS NS NS NS NS P<005 P<005 NS NS NS NS NS NS NS
DHEA = dehydn_)epi_andros(e_ronc; DHEA-S = DHEA sulphate; FAI = free androgen index; F-G = Ferriman-Gallwey; HDL = high-density lipoprotein;
LDL = low-density lipoprotein; NS = not significant; SHBG = sex hormone binding globulin; TG = triglycerides.
Table I1. Statistical significance of the pre- and post-treatment differences (change in values) in the two groups with different body mass index (BMI)
Acne F-G LH FSH  Testosterone SHBG  Log Androstene- DHEAS DHEA Total-C LDL-C HDL-C TG
score  score (IU/1) (IU/1) (nmol/) (nmol/l) IFA dione (umol/l) (nmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l)
(nmol/l)
BMI <25 kg/m?
Number 13 14 28 28 27 27 27 28 27 27 25 24 25 25
Mean 092 217 414 0.15 1.28 -773 3.34 4.0 145 038 -036 -047 -0.03 -006
SEM 0.358 060 1.18 0.655 0.25 13.0 051 0.78 0.66 1.04 0.31 0.13 0.13 0.09
Median 1.0 2.0 3.1 -06 1.10 -79.5 298 32 1.06 000 -054 -0.31 =011 -017
Skewness -0.845 1473 046 0.643 0.328 0.782 1.46 1.035 1.041 060 -251 0-1.334 —1.613 -1592
Statistical significance of the pre-/post-treatment differences (paired tests, £ <.
Sign-test 005 0.05 0.001 NS 0.001 0.0001  0.001 0.0001 NS NS NS 0.05 NS NS
Wilcoxon'stest 005 0.01 0.01 NS 0.001 0.001 0.01 0.0001 NS NS 0.05 0.01 NS NS
BMI >30 kg/m?
Number 8 14 15 15 15 15 15 15 15 15 1n 11 1 11
Mean 088 258 1.62 1.12 1.26 —54.51 8.09 2.37 1.03 083 -055 -0.16 -0.15 -038
SEM 0295 0.857 0.788 0.741 044 13.82 241 1.33 1.04 1.48 0.28 0.29 0.13 023
Median 1.0 1.5 1.8 09 1.80 -59.60 698 13 048 130 =037 -0.12 -0.t6 —0.11
Skewness 0277 1.080 0326 0.005 0.064 0.891 1.280 0.182 -0.259 -0610 —-224 -—-0484 -0452 -0991
Statistical significance of the pre/post treatment differences (paired tests, P <...)
Sign-test NS 0.05 NS NS NS 0.01 0.01 NS NS NS 0.05 NS NS NS
Wilcoxon’s test NS NS NS NS 0.05 0.01 0.01 NS NS NS 0.05 NS NS NS

DHEA = dehydroepiandrosterone; DHEA-S = DHEA sulphate; FAI = free androgen index; F-G = Ferriman-Gallwey; HDL = high-density lipoprotein;
LDL = low-density lipoprotein; NS = not significant; SHBG = sex hormone binding globulin; TG = triglycerides.

and metabolic parameters. First, obesity significantly influ-
ences circulating concentrations of SHBG. BMI is inversely
correlated with SHBG in healthy women (Glass et al., 1981;
Purifoy et al., 1981; Pasquali er al., 1987), as well as in
women with PCOS (Dunaif et al., 1987; Graf et al., 1990).
Conflicting results have been reported in terms of a correla-
tion between BMI and androgen production. Significantly
increased production rates of androstenedione and DHEA were
demonstrated in obese non-PCOS women versus normal-
weight women (Kirschner er al., 1983; Kurtz er al., 1987).
Higher concentrations of androgens in obese PCOS patients
were documented by several authors (Dunaif et al.,, 1988;
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Conway ef al., 1989), but not confirmed by others (Golland
et al., 1990; Graf er al., 1990). Recently, a negative cffect of
obesity on plasma concentrations of testosterone and SHBG
in PCOS patients was reported (Ciampelli er al,, 1999).
These findings were supported by Acién et al. who found a
correlation between BMI and testostcrone concentrations
(Acién et al., 1999).

Moreover, the presence of obesity has a major impact on
the lipid profile and insulin metabolism. PCOS and obesity
exert a synergistic deleterious effect on glucose tolerance
and insulin sensitivity (Ciampelli ef al., 1999). Many studies
have demonstrated a more atherogenic lipid profile in obese



PCOS patients (Falsetti and Pasinetti, 1995). Furthermore, a
positive relationship between BMI and plasminogen activator
inhibitor-1 (PAI-1) activity and a negative relationship between
BMI and IGFBP-1 were found in PCOS women (Morales
et al., 1996; Atiomo et al., 2000).

As a result, obesity is one of the main factors determining
the phenotype of the disease. There are many pathogenic
mechanisms which could adversely influence the treatment of
obese PCOS women. However, little is known about the
influence of BMI on the effect of different treatment modalities.
One exception documented a significantly worsened response
by obese PCOS women undergoing ovarian electrocautery
(Gjonnaess, 1994).

This study appears to be the first evaluating a different
response by PCOS patients to COC on the basis of their
obesity. Oral contraceptives are a therapeutic modality which
addresses many of the endocrine disturbances associated with
PCOS. The treatment corrects androgen overproduction by
several mechanisms, including gonadotrophin suppression,
stimulation of the androgen binding capacity, and suppression
of ovarian and adrenal androgen synthesis. Reducing the
concentrations of free and total androgens during COC treat-
ment of PCOS patients has been demonstrated in many
studies (Falsetti and Pasinetti, 1990; Dahlgren er al., 1998;
Gjonnaess, 1999).

Agents containing norgestimate, desogestrcl, and gestodene
were used in the current study. All of the above gestagens are
classified into the same group of what is referred to as
low-androgenic progestins or ‘new progestins’ (Speroff and
DeCherney, 1993; Collins, 1994). The minimal androgenicity
of these progestins is reflected in significant increases in SHBG
concentrations in users of combined COC (Bergink e al.,
1981; Hammond ez al., 1984; Palatsi et al., 1984; van der Vange,
et al., 1990). A consequence of decreased concentrations of
free androgens and minimal affinity of new progestins alone
to the androgenic receptor is a beneficial effect of COC on
skin androgenic symptoms (Mango er al., 1996; Lucky et al.,
1997; Redmond er al., 1997). The low androgenic potency of
progestins also influences the effect of COC on the lipid
profile. A number of reports showed that COC containing new
progestins elevated cholesterol slightly, exert a neutral or
positive effect on LDL-cholesterol, and substantially increase
concentrations of HDL-cholesterol (Petersen er al., 1988;
Gevers Leuven et al., 1990; Kuhl et al., 1990; Falsetti and
Pasinetti, 1995). Besides reduction of the LDL-cholesterol/
HDL-cholesterol ratio, a significant elevation of triglycerides
has been reported.

The objective of the current study was to evaluate the effect
of COC treatment on hyperandrogenism, on clinical androgenic
symptoms, and on lipid profile. A limitation of the study was
that it did not determine changes in insulin action, which
might be an important factor in the pathogenesis of the disease,
at least in part of PCOS subjects. In accordance with the
literature, significantly lower concentrations of SHBG and
lower FAI values were found in the group of obese women.
On the other hand, it was not possible to confirm any differences
in lipid parameters or in the concentrations of androgens
between the two groups. Although no differences were found
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in androgen production between lean and obese women before
treatment, highly significant changes in androgen concentra-
tions were demonstrated in lean women, but only a minor
positive effect of the treatment in obese patients. The most
marked difference in treatment outcome between the two
groups was found in androstenedione, with lean women
showing a highly significant decline in serum concentrations
whereas circulating concentrations were not significantly
altered in obese women. SHBG production likewise was
increased in a more pronounced fashion in lcan women.
The different effect of treatment on androgen production is
consistent with a different clinical outcome. The acne score
and the grade of increased body hair growth improved signi-
ficantly only in non-obese subjects.

Surprisingly, no beneficial effect of COC treatment on
lipid profile was observed. The slightly increased concentra-
tions of total cholesterol in both groups, like the raised LDL-
cholesterol concentrations in lean women, are consistent with
published data (Petersen et al., 1988; Kuhl er al, 1990).
However, an increase in HDL-cholesterol, reportedly associated
with new progestin-containing agents by healthy users and
PCOS women alike (Peterson et al., 1988; Gevers Leuven
et al., 1990), was not demonstrated in cither of the patient
groups.

The finding in the current study of an adverse effect of
obesity on treatment outcome underlines the need for an
individualized approach to long-term treatment of PCOS
women. The optimal treatment modality in obesc women
seems to be weight reduction, where the effect on androgen
production and insulin sensitivity has been well demonstrated
(Pasquali et al., 1989; Andersen er al., 1995; Holte et al.,
1995). However, other possibilitics should be considered for
the future, such as a combination of COC with insulin-receptor
sensitizers. Future studies are warranted to evaluate the efficacy
of these combinations in obese women.
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Insulin resistance is a frequent (although not constant) ab-
normality in both obese and nonobese women with polycystic
ovary syndrome (PCOS). It plays a key role in the predispo-
sition to type 2 diabetes, which is the most important health
consequence of the syndrome. Identification of patients with
insulin resistance is significant both for follow-up and for
therapeutic reasons. The aim of the study was to evaluate the
relationships between insulin sensitivity, measured by eugly-
cemic clamp, and both endocrine and metabolic indices and to
identify the best model for predicting insulin sensitivity. A
total of 41 nonobese women fulfilling the diagnostic criteria
for PCOS were enrolled in the study. None of the androgens
correlated with the insulin sensitivity index. All clamp pa-

rameters correlated with SHBG, triglycerides, and body mass
index, although no correlation was found with waist to hip
ratio or waist circumference. The close relationship between
insulin sensitivity and SHBG was documented by factor anal-
ysis and by its presence in all prediction models as the most
significant (or even the single) predictor of the insulin sensi-
tivity index. In conclusion: 1) a decreased level of SHBG can
be used as a single relinble parameter in the prediction of
insulin sensitivity in nonobese women with PCOS; and 2)
waist to hip ratio, waist circumference, and androgen con-
centrations have no predictive value. (J Clin Endocrinol
Metab 87: 5821-5825, 2002)

DECREASED INSULIN SENSITIVITY has been docu-
mented in both obese and nonobese women with
polycystic ovary syndrome (PCOS), but the prevalence of
insulin resistance is not known (1, 2). Although there is no
prospective study, it is assumed that it is the subgroup of
women with PCOS and concurrent insulin resistance that is
at increased risk of diabetes and possibly cardiovascular
disease (3, 4). Identification of patients with impaired insulin
sensitivity is significant, both for follow-up and for long-term
therapy.

In our study, we investigated a large group of nonobese
women fulfilling the generally accepted diagnostic criteria of
PCOS, using the euglycemic clamp. The aim of the study was
to evaluate the relationships between insulin sensitivity and
endocrine and metabolic indices, and possibly to identify a
parameter or its combination, that would be applicable in
clinical practice to predict insulin sensitivity.

Subjects and Methods
Subjects

A total of 41 patients were enrolled in the study, based on the fol-
lowing diagnostic criteria of PCOS: 1) oligomenorrhea from menarche;
2) an increased concentration of testosterone (0.5-2.63 na/liter), andro-
stenedione (1.57-5.4 nm/liter), or dehydroepiandrosterone (DHEA)
(0.8-10.5 nm/liter); and 3) clinical manifestation of hyperandrogenism
(acne, hirsutism, or both). Only nonobese women with a body mass

Abbreviations: BMI, Body mass index; DHEA, dehydroepiandros-
terone; DHEAS, dehydroepiandrosterone-sulfate; Go, fasting glucose;
Go/lo, Go-to-lo ratio; HDL, high-density lipoprotein; HOMA, ho-
meostasis model assessment index; ISI, insulin sensitivity index; lo,
fasting insulin; LDL, low-density lipoprotein; M, glucose disposal rate;
MCRg, metabolic clearance rate of glucose; PCOS, polycystic ovary
syndrome; TGD, triglycerides; WHR, waist to hip ratio.

index (BMI) under 30 kg/ m?, above 18 yr of age, who had not used
hormonal therapy during the previous 6 months, were included. All
patients were informed about the study protocol and signed an informed
consent. The Local Ethics Committee approved the study protocol.

Euglycemic hyperinsulinemic clamp

The hyperinsulinemic euglycemic clamp was performed as described
previously (5). Briefly, one cannule, to obtain blood tor biochemical
analyses during the clamp, was inserted into the wrist vein. A double-
lumen catheter for continuous blood glucose determination was inserted
into the cubital vein of the ipsilateral arm. A third cannule for insulin
and glucose administration by Biostator (GCIIS, Elkhart, IN) was in-
serted into the contralateral forearm vein. After a 30-min washout pe-
riod, hyperinsulinemic euglycemic state was reached during the next 45
min, and the clamp was then performed using a constant insulin infusion
rate (I mU/kg'min) over 120 min. The glucose solution (40% wt/vol)
was sampled by Biostator (mode 7:1) to maintain the blood glucose level
at baseline value. During the clamp, blood glucose levels were repeat-
edly determined by glucose analyzer (ESAT 6660-2, PGV, Freital, Ger-
many). Two blood samples for insulin determination were collecled in
the last 20 min of the clamp.

The following characteristics of insulin action were calculated: glu-
cose disposal rate (M), defined as the amount of glucose supplied by the
Biostator to maintain blood glucose levels during the last 20 min of the
clamps (M, mm/kg-min); the insulin sensitivity index (IS1), defined as
the ratio of M to insulin concentration at the end of the clamps (IS],
mM/kg'min per mU/liter100); metabolic clearance rate of glucose
(MCRg), expressed as the ratio of M to blood glucose concentration
(MCRg, ml/kg'min).

Assays

All analytical determinations were performed at the National Ref-
erence Laboratory. Serum LH, FSH, and testosterone concentrations
were measured by chemiluminescent assay using an ACS:180 autoana-
lyzer (Bayer Corp. Diagnostics GmbH, Leverkusen, Germany). The con-
centrations of DHEA, dehydroepiandrosterone-sulfate (DHEAS) and
androstenedione were determined by RIA methods (Immunotech,
Marseille, France). SHBG was measured using immunoradiometric
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assay kits (Orion, Turku, Finland). The free androgen index (FAI) was
calculated according to the following formula: FAI = 100 X testosterone
(nm/liter) + SHBG (nMm/liter). Plasma glucose concentration was de-
termined by a glucose oxidase method (Olympus Corp. Diagnostica
GmbH, Hamburg, Germany). Plasma insulin concentrations were mea-
sured by RIA kits (CIS-Bio International, Gif-sur-Yvette, France); normal
range, 4+-20 mlU/ml; interassay CV < 5%; intraassay CV < 8.5%. The
homeostasis model assessment index (HOMA) was calculated using the
following formula: fasting serum insulin (mlU/ml) X fasting plasma
glucose (mM/liter) — 22.5 (6). Serum cholesterol and triglycerides (TGD)
were analyzed using CHOD-PAP and GPO-PAP-based kits, respectively
(Oxochrome, Lachema a.s., Czech Republic); HDL-cholesterol was
determined by an immunoinhibition method (HDI.-C Direct, Wako Pure
Chemical Industries Ltd. GmbH, Neuss, Germany). Low-density
lipoprotein (LDL)-cholesterol was calculated using the Friedewald for-
mula [LDL-cholesterol - - (total cholesterol ~ HDL-cholesterol - TGD) +
2.19 mm/ liter].

Statistical analyses

For evaluation of the relationships between indices of insulin resis-
tance, several methods were applied, such as correlation analysis fol-
lowed by factor analysis and multiple regression analysis. To approx-
imate the Gaussian data distribution and to straighten the relationships
between variables, the data were transformed by power transformation
to minimum skewness in individual dimensions. To avoid the influence
of univariate outliers, all data with absolute studentized values greater
than 2 were excluded. The multivariate outliers were searched using
F-distributed Mahalanobis distance (statistical software NCSS 2000). The
data treated as described above underwent correlation analysis followed
by factor analysis (the principal factor method) followed by VARIMAX
factor rotation (statistical software Stagraphics Plus 3.1). Besides factor
analysis, multiple regression models were used to find the best predic-
tors of insulin sensitivity represented by the indices of the euglycemic
clamp. Respecting the limited number of experiments, the correlation
matrix of transformed variables was used for choosing the preliminary
set of predictors. These were further evaluated using backward stepwise
multiple regression, with F-statistics less than 4 as the exclusion
criterion.

Results

The characteristics of the entire group are demonstrated in
Table 1. Table 2 summarizes the results of the correlation
analysis. There was a strong correlation of statistical signif-
icance among ISI and fasting insulin (Io), the ratio of fasting
glucose (Go) to Io (Go/Io), and HOMA. None of the andro-
gens (testosterone, androstenedione, DHEA, or DHEAS) cor-
related with ISI; only a correlation of borderline significance
was found among M, MCRg, and androstenedione. All pa-
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TABLE 2. Pearson’s correlations after power transformations

J Clin Endocrinol Metab, December 2002, 87(12):5821-5825 5823

Go 0227 -0128 -0211 -0.305 -0.336 0426 0170 0158 0218 -0271 — - :
0171 lo  ~0.943 -0542 -0.470 -0.447 0972 0230 0107 0175 -0.336 —8.323 3(2)31 gggg 8‘1’;’;2
0.438 0000 Go/lo 0538 0541 0401 -0.852 -0.272 -0.172 -0.192 0267 0135 -0116 0197 0024
0181 0.000 0000 M 0.863 0922 -0.547 -0.451 -0.158 -0.242 0598 0107 -0334 —-0208 -0216
0.062 0.003 0000 0.000 IS 0.852 -0.503 -0.388 -0.098 -0.197 0550 0.156 -0.062 -0010 0013
0.036 0005 0011 0000 0000 MCRg -0488 =-0452 -0.120 -0.284 0613 0042 -0332 —0147 0244
0.008 0.000  0.000 0000 0.002 0.002 HOMA 0219 0116 0183 =-0.872 -0279 0214 0061 0147
0.308 0172 0099 0004 0018 0004 0192 BMI 0439 0724 —-0.168 0029 0193 0211 0269
0.331 0.515 0.290 0.323 0.552 0.460 0.481 0.005 WHR 0.814 -0.167 -0.047 0.082 0:275 0.181
0.177 0286 0247 0127 0230 0076 0.264 0000 0000 WC -0.250 -0009 0113 0213 0279
0.091 0087 0096 0000 0000 0000 002 0306 0297 0.115 SHBG 0072 0147 —-0073 —-0.194
0742 0121 0418 0519 0356 0802 0094 0866 0778 0957 0662 1T -0.321 0013 0.330
0823 0183 0481 0035 0710 0039 0197 0238 0613 0485 0367 0049 A 0.295  0.195
0811 0730 0237 0205 0954 0380 0716 0210 0090 0192 0659 0939 0072 DHEA  0.518
0.907 0312 0886 0187 0938 0.141 0378 0107 0270 0085 0236 0043 0241 0001 DHEAS

The values above and below the diagonal represent the correlation coefficients and their statistical significance, respectively. Shaded values

denote significant correlations. T, Testosterone; A, androstenedione.

TABLE 3. Factor analysis of 36 subjects and 7 variables (power transformation)

Factor . Proportion of explained Factor loadings
Eigenvalue ‘ariable ali i

number ¥ % Cumulative % Variable Comimunality “Factor 1 Factor 2
1 4.04 68.0 68.0 —~Io 0.992 0.977 0.191
2 1.69 28.4 96.4 3o/lo 0.898 0.938 0.131
3 0.19 3.2 99.6 HOMA 0.910 0.922 0.243
4 0.02 0.4 100 M 0.864 0.250 0.895
5 0.00 0.0 100 ISI 0.785 0.295 0.836
6 0.00 0.0 100 MCRg 0.904 0.1569 0.938
7 0.00 0.0 100 SHBG 0.371 0.035 0.608

rameters calculated on the basis of the euglycemic clamp
correlated significantly with SHBG. No significant correla-
tion of M or IS with Go was found. From the anthropometric
parameters, we found a correlation of clamp parameters with
BMI, whereas the waist to hip ratio (WHR) and waist cir-
cumference did not correlate.

The mutual relationships between the parameters of
insulin action (lo, Go/lo, HOMA, M, ISI, and MCRg) and
SHBG were evaluated by factor analysis (Table 3 and
Fig. 1). Factor loadings representing the correlation coef-
ficients between the factor and the individual variables
were used as a measure of the informative value in indi-
vidual markers. Two factors fulfilled Kaiser’s criterion
(which is commonly used for determination of factor num-
ber, i.e. only the factors with eigenvalue more than 1
should be considered). The first factor demonstrates the
similarity among lo, Go/lo, and HOMA; whereas the sec-
ond expresses the close relationship between clamp pa-
rameters and SHBG. The close alliance between insulin
resistance and SHBG is documented by its location in the
cluster of clamp indices close to the 2nd factor axis.

Using stepwise regression analysis, prediction models for
the individual clamp parameters were developed. The strong
relationship between SHBG and clamp indices is docu-
mented by its presence in all of the prediction models, as the
most significant or even the single predictor for the ISI as
described by the expression ISI°7 = —273 (3.39) + 561
(1.16)'SHBG"“” (R = 0.623, P < 0.0001, n = 37), where the
numbers in parentheses represent sps of the parameters, R is
a correlation coefficient of the regression, P is a statistical
significance of the model, and n is the number of subjects

investigated. The optimal prediction model for M comprises
SHBG in combination with androstenedione (A), as demon-
strated by the equation M®” = 239 (57) 1 6.56
(0.96)-SHBG 14.1 (3.1)A"* (R = 0.794, P < 0.0001,
n = 37); and the model for MCRg consists of SHBG in
combination with androstenedione and TGD, as docu-
mented by the model MCRg"”* = 2,69 (2.24) + 148
(0.36)-SHIBG"** — 2.83 (1.01)-A3* - 2.89 (1.21)TGD™"Y
(R = 0.769, P < 0.0001, n = 37).

Discussion

The present study demonstrates SHBG as a single reliable
parameter in the prediction model of insulin sensitivity in
nonobese women with PCOS.

Women with PCOS are at significantly increased risk for
type 2 diabetes and impaired glucose tolerance (7, 8). Because
of its high prevalence, which ranges between 4-7% in un-
selected population groups, PCOS is one of the greatest risk
factors at a young age (9, 10). Insulin resistance plays a key
role in the predisposition of women with PCOS to diabetes
mellitus (4, 11). Identification of the subgroup of women with
PCOS and concurrent insulin resistance is very significant,
for their follow-up but also for possible therapeutic measures
using insulin sensitizers.

The authors are aware that the study does not include a
control group. However, it was not the aim of the study 1o
determine the normal values for the ISI. The objective was to
evaluate the relationships between the studied parameters
and the insulin sensitivity measured by the euglycemic
clamp. For this purpose, it is of no importance whether ISI
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values lie within the normal range or not. Furthermore, we
included only nonobese women with a BMI lower than 30.
The obesity itself is a factor that influences the phenotype of
the syndrome and worsens endocrine and metabolic param-
eters, including insulin action (12-14). It is apparent that
in obese women, obesity is one of the most significant pre-
dictive parameters of insulin sensitivity (15). We assumed
that the model of nonobese women would enable us to iden-
tify other relationships than those with anthropometric
parameters.

In 2000, Gennarelli et al. (15) suggested three prediction
models for insulin resistance in PCOS. The diagnosis of
PCOS was made on the basis of ovarian morphology rather
than endocrine criteria. The study included both nonobese
and obese women. In all suggested models, waist circum-
ference was represented as an independent predictor in com-
bination with lo, serum TGD, or subscapularis skin fold. In
nonobese women, we confirmed a close relationship between
insulin sensitivity and BMI; on the other hand, we did not
find any relationship between insulin sensitivity and visceral
fat. Our results are in accord with other studies that did not
find an association between WHR and insulin sensitivity in
healthy nonobese women (16).

Although the euglycemic insulin clamp and a minimal
model method applied to a frequently sampled iv glucose
tolerance test are considered to be the gold standards in
evaluating insulin sensitivity, several other indices based on
oral glucose tolerance test values or on Go and insulin levels
are discussed. In our study, besides the clamp parameters,
we also evaluated Go, Io, Go/lo, and the homeostasis model
assessment. Although a very strong correlation was found
among all of the above-mentioned parameters with the
clamp results, factor analysis demonstrated weaker relation-
ships. This result is confirmed by the prediction models, in
which none of the parameters calculated from the fasting
values are present.

The most significant result of our study is the finding of
a very close relationship between SHBG and insulin sensi-
tivity. Insulin is an important regulator of hepatic SHBG
production. In physiological concentrations, insulin de-
creases SHBG production by cultured hepatoma cells (17).
OK as edited? In spite of stimulating hepatic production, the
acute effect of insulin on SHBG is possibly attributable to
changing of binding affinity (18). Low SHBG concentration
is considered a risk factor for type 2 diabetes in women (19,
20). A direct correlation between insulin sensitivity and
SHBG has been demonstrated in men with type 2 diabetes
(21). In patients with PCOS, one of the characteristic features
is low SHBG concentration (11). A direct relationship be-
tween insulin and SHBG in obese PCOS patients was doc-
umented by Nestler (22). Suppression of insulin by diazoxide
in combination with a GnRH agonist was followed by an
increase in SHBG, although no change was found after the
administration of a GnRH agonist alone. In our study, SHBG
significantly correlated with all clamp parameters. The re-
sults of the factor analysis show a clustering of clamp pa-
rameters with SHBG. It is apparent that SHBG is a much
better marker of insulin sensitivity, in comparison with
Go/lo or the HOMA index. SHBG is present in all prediction
models for ISI, M, or MCRg as the most significant or even

Cibula et al. » Prediction of Insulin Sensitivity in PCOS

the single predictor for ISI. Based on our results, we may
conclude that SHBG is a single reliable predictor of insulin
sensitivity in lean PCOS women. Considering its simple eval-
uation, it could be used in clinical practice as an indicator for
further tests of insulin sensitivity (preferably the euglycemic
clamp or iv glucose tolerance test) and potentially for treat-
ment with insulin sensitizers.

In summary, in nonobese women with PCOS, we did not
find a correlation between insulin sensitivity and WHR,
waist circumference, or androgen concentrations. Parame-
ters of insulin action that were calculated based on fasting
values correlated poorly with insulin sensitivity measured
by the euglycemic clamp. On the other hand, a very strong
relationship was found between insulin sensitivity and
SHBG. Although our study unables us to indicate the cutoff
value for SHBG, we may conclude that a decreased level of
SHBG can be used as a single predictor to define the sub-
group of patients with an increased risk of insulin resistance,
among nonobese women with PCOS.
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The aim of our study was to compare insulin sensitivity in lean
and obese European polycystic ovary syndrome (PCOS)
women with lean healthy women. We performed the euglyce-
mic hyperinsulinemic clamp in 83 women with PCOS [53 lean
with body mass index (BMI) of 21.5 + 1.8 kg/m? and 30 obese
with BMI of 29.6 + 8.7 kg/m?] and in 15 healthy women with
BMI of 21.6 * 1.8 kg/m? to determine glucose disposal (M) and
the insulin sensitivity index (ISI). Statistical evaluation was
done using Kruskal-Wallis ANOVA followed by Kruskal-Wallis
multiple-comparison z-value test. The basal blood glucose was
significantly higher in lean and obese PCOS women than in

controls (P < 0.02). Fasting insulin was significantly higher in
both lean and obese PCOS women than in controls (P <
0.000001). Obese PCOS women were more insulin resistant
than controls (P < 0.02 for M and P < 0.0008 for ISD); lean PCOS
women did not differ from controls in M or ISI. Posthepatic
insulin delivery was significantly higher in both lean and
obese PCOS women compared with controls (P < 0.000008). We
conclude that lean PCOS women are not more insulin resis-
tant than healthy controls. Insulin hypersecretion, on the
other hand, is present even in lean PCOS women. (J Clin
Endocrinol Metab 89: 2942-2945, 2004)

IT IS GENERALLY accepted that women with polycystic
ovary syndrome (PCOS) have a high prevalence of in-
sulin resistance, with a consequent increased risk of meta-
bolic discases later in life. It is well established that obese
PCOS women are insulin-resistant in excess of their adiposity
(1, 2). In lean PCOS women, however, the situation is not so
clear. To date, there have been two studies using the eugly-
cemic hyperinsulinemic clamp that were not able to dem-
onstrate a difference in insulin sensitivity between lean
PCOS women and healthy controls in Europe (3, 4), whereas
a study in the United States described significantly impaired
insulin action in lean PCOS in comparison with healthy
women matched for body fat and fat-free mass (2). Similar
results were obtained by another group in Turkey (5). All
these studies were conducted on small groups of lean women
with PCOS (from 7-11 patients). These discrepancies are not
easy to explain; ethnic origin of the patients could probably
account for part of the differences.

In the present study, we thus examined large groups of
both lean and obese women fulfilling the generally accepted
diagnostic criteria of PCOS, using an euglycemic clamp,
which is considered the gold standard in evaluating insulin
sensitivity. The aim of our study was to compare insulin
sensitivity in lean and obese European PCOS women with
lean controls.

Abbreviations: A, Androstenedione; BMI, body mass index; CV, co-
efficient of variance; DHEA, dehydroepiandrosterone; DHEA-S, dehy-
droepiandrosterone sulfate; ISI, insulin sensitivity index; M, glucose
disposal rate; MCRI, posthepatic clearance rate of plasma insulin; PCOS,
polycystic ovary syndrome; PHD, posthepatic insulin delivery; T, tes-
tosterone.

*G.S. died tragically in 2001.

JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

Subjects and Methods

The study group consisted of 83 oligo/amenorrheic women with
PCOS matching the National Institutes of Health criteria (6). All had
clinical manifestation of hyperandrogenemia presenting as hirsutism
and/or acne and with the elevation of the free testosterone (1) index
more than six and/or androstenedione (A) above the upper limit of the
normal range. Women were in good health condition, without any other
serious disorder. Women with epilepsy or migraine were excluded. In
all patients, 17-OH-progesterone was determined in the early follicular
phase of their cycle, and if levels were between 5 and 10 nmol/liter, an
ACTH test was undergone to exclude late-onset congenital adrenal
hyperplasia. Hyperprolactinemia (prolactin levels), hypercortisolism
(plasma cortisol, and, if necessary, urinary cortisol excretion per 24 h or
short dexamethasone suppression test with 1 mg of dexamethasone at
2200-2300 h), and thyroid dysfunction (TSH, free T,, antithyroglobulin,
and anti-thyroid-peroxidase antibodies) were excluded. In one patient,
cytologically benign nodular goiter was present; she was on thyroid-
suppressive medication with TSH, 0.04 mlU/liter; free T, 19 pmol /liter
(normal range, 12-22 pmol/liter), and T, 1.83 nmol/liter (normal range,
1.30-3.10 nmol/liter). None of the patients had taken oral contraceptives
or any other steroid or glucose-metabolism-affecting medication during
the preceding 3 months.

The control group consisted of 15 healthy women with regular men-
strual cycles (28-33 d) who also had not used oral contraceptives for at
least the preceding 3 months and had no clinical signs of hyperandro-
genemia. Their age and BMI were 27.6 * 6.4 yr and 22.0 = 2.7 kg/m’,
respectively. The controls were recruited from the healtheare personnel
of the hospital and their acquaintances.

The local ethical committees of the Institute of Endocrinology and the
Faculty Hospital of Charles University in Prague (Prague, Czech Re-
public) approved the protocol of the study.

The patients and controls were evaluated at the clinical departments
of both institutions as outpatients. After signing a written informed
consent, they underwent blood sampling for hormonal and biochemical
examinations between d 3 and 6 of the menstrual cycle or, in the case
of sccondary amenorrhea, at any time. After basal blood samples were
taken, a 2-h euglycemic hyperinsulinemic (1 miU/kg:min) clamp was
performed as described previously (7). Insulin sensitivity was deter-
mined from the values obtained during the steady-state period, between
the 100th and 120th minute. Target blood glucose level was 5.0 mmol/
liter, with the coefficient of variance (CV) less than 5%.
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The following parameters were calculated based on clamp results:
glucose disposal rate (M) was defined as the amount of glucose supplied
by the infusion to maintain the desired blood glucose level (M, umol/
kg'min), and the insulin sensitivity index (ISI) was defined as the ratio
of M and the average insulin concentration during the observed period
(1S1, pmol/kg:mm per mlU/liter X 100). The posthepatic clearance rate
of plasma insulin (MCR], liter/ kg'min) was calculated as the ratio of the
insulin infusion rate by the steady-state plasma insulin. Fasting pos-
thepatic insulin delivery (PHD, mIU/kg'min) was obtained as the prod-
uct of MCRI and fasting plasma insulin (8).

Blood glucose was determined in whole blood by electrochemical
method (Super GL; Dr. Muller Gerate Bau, Freital, Germany). Insulin
was estimated by immunoradiometric assay kit (Immunotech, Marseille,
France) or by RIA kits (CIS Bio International, Marseille, France) (inter-
assay CV < 5%; intraassay CV < 8.5%; correlation coefficient between
RIA and immunoradiometric assay was 0.92). T, A, dehydroepiandro-
sterone (DHEA), DHEA sulfate (DHEA-S), LH, and SHBG were deter-
mined as stated previously (9).

Statistical analysis

Kruskal-Wallis robust ANOVA was used for evaluation of the dif-
ferences between controls, lean PCOS patients, and obese PCOS patients.
The individual differences between the subgroups were evaluated by
Kruskal-Wallis robust multiple-comparison z-value test. NCSS 2001
(Number Cruncher Statistical Systems, Kaysville, UT) was used for the
calculations.

Results

The basal demographical, biochemical, and hormonal pa-
rameters in controls and lean and obese PCOS women are
given in Table 1. As expected, significantly higher levels of
T, A, and DHEA-S were found in both lean and obese PCOS
compared with controls. SHBG levels were significantly
lower in both lean and obese PCOS than in controls.

Basal blood glucose was significantly higher in lean and
obese PCOS than in controls (P < 0.02). Basal insulin was
significantly higher in obese and lean PCOS women than in
controls (P < 0.000001). M was significantly lower in obesc
than in lean PCOS and controls (P < 0.02), and the same was
observed for ISI (P < 0.0008). On the other hand, lean PCOS
did not differ in M or ISI from controls. MCRI was signifi-
cantly lower in obese than in lean PCOS (P < 0.03) and
showed no difference between lean PCOS and controls. PHD
was higher in both lean and obese PCOS compared with
controls (P < 0.000008; Fig. 1).

Discussion

PCOS is a heterogencous syndrome. In the phenotypic
spectrum, we can find obese, invariably insulin-resistant
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women, and at the other extreme, lean PCOS patients with
marked hyperandrogenemia but without insulin resistance.
Nevertheless, until now, there have been tew studies (3, 10)
conducted on larger groups of PCOS women to evaluate
whether insulin resistance is invariably connected with
PCOS and, consequently, whether the majority of lean PCOS
women is thus insulin resistant or whether insulin resistance
is only an epiphenomenon related to body weight. Few stud-
ies found decreased insulin sensitivity only in association
with abdominal obesity (3) or in lean PCOS women if they
were also hyperinsulinemic (10).

Insulin resistance is a well-known risk factor for diabetes
mellitus type 2. It is closely associated with syndrome X and
is probably one of its central features (11). PCOS women
show a pattern of cardiovascular risk factors (12) putting
them at a greater risk of cardiovascular events. Thus, the
early identification of insulin-resistant PCOS women could
be advantageous from the perspective of possible carly pre-
ventive measures.

In the present study, we documented that lean PCOS
women are not insulin resistant in comparison with
healthy controls. Lower insulin sensitivity was found only
in obese PCOS women when compared with both controls
and lean PCOS. This result is in accordance with others (3,
4) examining European PCOS women, who found no dit-
ference in insulin sensitivity between the PCOS women
and healthy women with BMI of 21 kg/m? but a significant
reduction at BMI of about 28 and 35 kg/m-, respectively.
After adjustment tor truncoabdominal fat, both groups
have similar insulin sensitivities over the whole range ot
BMI. On the contrary, there is good evidence in American
or Asian PCOS women that they are insulin resistant in-
dependent of BMI (5) and body composition (2). These
discrepancies cannot be easily explained and deserve fu-
ture investigations. Probably, ethnic background, dictary
composition, and a more sedentary lifestyle in the United
States could play a role.

In addition to normal insulin sensitivity in lean PCOS, we
found insulin hypersecretion in both lean and obese PCOS
women compared with healthy women. Although basal in-
sulin secretion was not measured directly in our study, our
data accord well with the values obtained by others in gen-
cral population using PHD as an estimate of insulin secrction
(8) or with the results of C-peptide deconvolution analysis
(13). The data related to insulin secretion in PCOS published

TABLE 1. Differences between group of controls (C) and lean (L) and obese (O) PCOS women in anthropometric characteristics and

biochemical markers

Controls Lean Obese Kruskal-Wallis Sm.l:.e‘::::::n d!;lrl‘:-‘:;:um
Count Mecan SD Count  Mcan SD Count  Mean SD test (P < 0.05F

Age (yr) 15 28.1 6.6 53 242 4.6 30 262 4.8 NS

BMI (kg/m?) 15 215 2.0 53 215 1.8 30 296 3.7 P < 0.000001 C-O,L-0

1.H (I1U/iter) 10 539 212 53 755 522 29 585 2.89 NS

SHBG (nmol/liter) 15 685 213 53 486 243 30 360 227 P <0.0002 C-L,C-0,L-O
T (nmol/liter) 15 1.78 064 53 344 127 29 3.31 151 P < 0.00003 C-L,C-0

A (nmol/liter) 15 6.1 4.1 52 10.7 5.0 30 9.9 5.7 P <0.002 C-L,C-O
DHEA (nmol/liter) 15 23.7 143 52 214 126 27 265 146 NS

DHEA-S (umol/liter) 15 468 220 52 872 358 30 10.09 4.18 P < 0.00004 C-L,C-O
17-OH-Progesterone (nmol/liter) 15 257 171 53 252 105 30 262 131 NS

@ Kruskal-Wallis multiple comparisons were used for evaluation of individual between-group differences.
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FiG. 1. Relationships between clamp indices and patient groups (C, controls; L, lean PCOS patients; O, obese PCOS patients). Dotted bars with
error bars represent means with their 95% confidence intervals, whereas P<. . . denotes statistical significance of the overall trend as found
by Kruskal-Wallis z-value test, multiple comparisons on the level of statistical significance of P < 0.05, were symbolized as follows: C-L. difference
between controls and lean PCOS patients; C-O, difference between controls and obese PCOS patients; L-O, difference between lean and vbese
PCOS patients. The numbers in parentheses at the end of the labels in the x-axis represent the numbers of subjects in the groups. G, Basal

blood glucose; IRI,, basal insulinemia.

so far are inconsistent. There is evidence supporting defec-
tive glucose-stimulated insulin secretion in PCOS using a
minimal model and disposition index (1, 14). On the other
hand, an increase in basal insulin secretion rate and a de-
crease in meal-stimulated pulses was found (15), as well as
insulin hypersecretion independent of obesity (3). We have
recently described increased glucose-stimulated B-cell func-
tion even in lean individuals with PCOS (16). Using the oral
glucose tolerance test and cuglycemic clamp, insulin resis-
tance and hypersecretion were found to be two distinct fea-
tures of PCOS (10). Higher basal insulin levels described in
lean PCOS women could thus be explained by basal insulin
hypersecretion rather than by insulin resistance. The exact
cause of basal insulin hypersecretion is not known. It could
be speculated that hypersecretion could be determined ge-
netically because heritability of fasting plasma insulin was
found even after adjustment for BMI and insulin resistance
(17). On the other hand, carly phase of insulin secretion
during iv glucose tolerance test was shown to be correlated
with androgenicity (3) in PCOS, and thus, environmental
tactors also could play a role.

Decreased hepatic clearance of insulin may also influ-
ence basal insulinemia. We found lower hepatic clearance
of insulin only in obese PCOS patients. This finding is in
accordance with others (10), who found impaired insulin

clearance defined by the ratio of basal C-peptide to insulin
in obese but not in lean PCOS women. We arc aware of the
fact that the MCRI could be underestimated, especially in
obese individuals when not corrected for the endogenous
insulin secretion. Thus, to what extent basal insulin levels
in obese PCOS patients are influenced by insulin resis-
tance, defective hepatic insulin clearance, and increased
insulin secretion remains to be established by other studies
using direct measurement.

In conclusion, we were not able to confirm insulin resis-
tance in lean PCOS women in comparison with lean healthy
controls. On the other hand, lean PCOS women had higher
basal insulin levels, probably caused by the increased basal
insulin secretion. Obese PCOS women were more insulin
resistant than both lean PCOS and lean controls.

Acknowledgments

Received August 18, 2003. Accepted February 23, 2004.

Address all correspondence and requests for reprints to: Jana
Vrbikov4, M.D., Institute of Endocrinology, Ndrodni 8, Prague 1, 116 94
Czech Republic. E-mail: jvrbikova@endo.cz.

This work was supported by Grants NB/6696-3 and NH/6558-3 from
the Internal Grant Agency of the Czech Ministry of Health.

J.V. and D.C. contributed cqually to the study.

Downloaded from jcem.endojournals.org by on March 23, 2009


mailto:jvrbikova@endo.cz

Vrbikova et al. ® Insulin Sensitivity in PCOS

References

. Dunaif A, Finegood DT 1996 B-Cell dysfunction independent of obesity and

glucose intolerance in the polycvstic ovary syndrome. J Clin Endocrinol Metab
£81:942-947

. Dunaif A, Segal KR, Futterweit W, Dobrjansky A 1989 Profound peripheral

insulin resistance, independent of obesity, in polycystic ovarv syndrome.
Diabetes 38:1165-1174

. Holte ], Bergh T, Berne C, Berglund L, Lithetl H 1994 Enhanced early insulin

response to glucose in relation to insulin resistance in women with polycystic
ovarv syndrome and normal glucose tolerance. ) Clin Endocrinol Metab 78:
1052-1058

. Ovesen P, Moller ], Ingerslev H]J, Jorgensen JO, Mengel A, Schmitz O,

Alberti KG, Moller N 1993 Normal basal and insulin-stimulated fuel metab-

olism in lean women with the polycvstic ovary svndrome. ] Clin Endocrinol
Metab 77:1636-1640

. Toprak S, Yonem A, Cakir B, Guler S, Azal O, Ozata M, Corakci A 2001

Insulin resistance in nonobese patients with polycvstic ovary syndrome. Horm
Res 55:65-70

. Dunaif A 1997 Insulin resistance and the polycystic ovary syndrome: mech-

anism and implications for pathogenesis. Endocr Rev 18:774-800

. DeFronzo RA, Tobin JD, Andres R 1979 Glucose clamp technique: a method

for quantifying insulin secretion and resistance. Am J Physiol 237:F214-F223

. Ferrannini E, Natali A, Bell P, Cavallo-Perin P, Lalic N, Mingrone G 1997

Insulin resistance and hypersecretion in obesity. European Group for the Studv
of Insulin Resistance (EGIR). j Clin Invest 100:1166-1173

. Vrbikova J, Hill M, Starka L, Cibula D, Bendlova B, Vondra K, Sulcova J,

Snajderova M 2001 The effects of long-term metformin treatment on adrenal

10.

12.

13.

14.

15.

16.

17

J Clin Endocrinol Metab, June 2004, 89(6):2942-2945 2945

and ovarian steroidogenesis in women with polycvstic ovary syndrome. Eur
J Endocrinol 144:619-628

Ciampelli M, Fulghesu AM, Cucinelli F, Pavone V, Caruso A, Mancuso S,
Lanzone A 1997 Heterogeneity in 8 cell activity, hepatic insulin clearance and
peripheral insulin sensitivity in women with polycvstic ovary syndrome. Hum
Reprod 12:1897-1901

. McFarlane SI, Banerji M, Sowers JR 2001 Insulin resistance and cardiovas-

cular disease. ] Clin Endocrinol Metab 86:713-718

Wild RA 2002 Polycystic ovary syndrome: a risk for coronary artery discase?
Am ] Obstet Gynecol 186:35-43

Polonsky KS, Given BD, Van Cauter E 1988 Twenty-four-hour profiles and
pulsatile patterns of insulin secretion in normal and obese subjects. [ Clin Invest
81:442-448

Ehrmann DA, Sturis J, Byme MM, Karrison T, Rosenfield RL, Polonsky KS
1995 Insulin secretory defects in polycystic ovary svndrome. Relationship to
insulin sensitivity and family history of non-insulin-dependent diabetes mel-
litus. ] Clin Invest 96:520-527

O’'Meara NM, Blackman JD, Ehrmann DA, Barnes RB, Jaspan ]B, Rosenfield
RL, Polonsky KS 1993 Defects in B-cell function in functional ovarian hy-
perandrogenism. ) Clin Endocrinot Metab 76:1241-1247

Vrbikova ], Bendlova B, Hill M, Vankova M, Vondra K, Starka L 2002 Insulin
sensitivity and B-cell function in women with polveystic ovary syndrome.
Diabetes Care 25:1217-1222

Weyer C, Hanson R, Tataranni PA, Bogardus C, Pratley RE 2000 A high
fasting plasma insulin concentration predicts type 2 diabetes independent ot
insulin resistance: evidence for a pathogenic role of relative hyperinsulinemia.
Diabetes 49:2094-2101

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

Downloaded from jcem.endojournals.org by on March 23, 2009


http://www.endo-society.org

