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Elevated Serum Retinol Binding
Protein 4 Level in Non-Obese Women

with Polycystic Ovary Syndrome

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: It has be en shown that in su lin re sis tan ce in wo men with polyc ystic ovary
syndro me (PCOS) is in de pen dent of obe sity and body com po si ti on. Re ti nol bin ding pro te in 4 (RBP
4) is an adi po ki ne which plays a ro le in in su lin re sis tan ce in as so ci a ti on with glu co se trans por ter 4
(GLUT 4). In this study, we ai med to eva lu a te the re la ti ons hip of RBP4 with hor mo nal, me ta bo lic
pa ra me ters and in ter le u kin-6 (IL-6) as a mar ker of subc li ni cal inf lam ma ti on in non-obe se pa ti ents
with PCOS. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The study gro ups we re com po sed of 21 non-obe se wo men with
PCOS and 15 he althy, nor mally mens tru a ting wo men. Se rum con cen tra ti ons of RBP4 and IL-6 we -
re de ter mi ned along with me ta bo lic and hor mo nal pa ra me ters. RRee  ssuullttss::  HO MA-IR va lu es and se -
rum RBP4 le vels in PCOS gro up we re sig ni fi cantly in cre a sed com pa red to the con trol gro up. RBP4
le vels we re sho wing po si ti ve cor re la ti on with IL-6 and 17-HP in the PCOS gro up. Ho we ver, the -
re was no cor re la ti on bet we en se rum RBP4 le vels and me ta bo lic and hor mo nal pa ra me ters. Pa ti -
ents with se rum RBP4 con cen tra ti ons hig her than the me di an le vel we re mo re in su lin re sis tant
than pa ti ents with se rum RBP con cen tra ti ons lo wer than the me di an le vel, and they had hig her in-
su lin and 17-hydroxy pro ges te ro ne va lu es. CCoonncc  lluu  ssii  oonn::  Our da ta in di ca te that se rum RBP4 le vels in-
cre a se in le an in su lin re sis tant wo men with PCOS. Event ho ugh this in cre a se was cor re la ted with
in su lin re sis tan ce, pa ti ents with sig ni fi cantly high le vels of RBP4 had mo re in su lin re sis tan ce. Ele -
va ted se rum RBP4 le vels in non-obe se pa ti ents with PCOS was re la ted to IL-6, whe re as the re was
no re la ti ons hip with ot her me ta bo lic pa ra me ters and tes tos te ro ne le vels.

KKeeyy  WWoorrddss::  RBP4 pro te in, hu man; polyc ystic ovary syndro me; inter le u kin-6; insu lin re sis tan ce 

ÖÖZZEETT  AAmmaaçç::  Po li kis tik over sen drom lu (PKOS) ka dın lar da in sü lin di ren ci nin obe zi te ve vü cut
kom po zis yo nun dan ba ğım sız ol du ğu gös te ril miş tir. Re ti nol bağ la yı cı pro te in 4 (RBP 4) glu koz ta -
şı yı cı sı 4 (GLUT 4) ile iliş ki li ola rak in sü lin di ren cin de rol oy na yan bir adi po kin dir. Bu ça lış ma da,
RBP4’ün obez ol ma yan PKOS’ lu has ta lar da hor mo nal, me ta bo lik pa ra met re ler ve subk li nik inf la -
mas yo nun bir gös ter ge si olan in ter lö kin-6 (IL-6) ile olan iliş ki si nin de ğer len di ril me si amaç lan dı. GGee  --
rreeçç  vvee  YYöönn  tteemm  lleerr::  Nor mal ki lo lu 21 PCOS’ lu has ta ve  nor mal mens tru as yo nu olan 15 sağ lık lı ka dın
kon trol gru bu ola rak ça lış ma ya alın dı. RBP4 ve IL-6 dü zey le ri me ta bo lik ve hor mo nal pa ra met re -
ler le bir lik te de ğer len di ril di. BBuull  gguu  llaarr::  PKOS gru bun da HO MA-IR de ğer le ri ve se rum RBP4 dü -
zey le ri kon trol gru bu na gö re an lam lı de re ce de yük sek bu lun du. RBP4 dü zey le ri PKOS gru bun da
IL-6 ve 17-hid rok sip ro ges te ron ile po zi tif ko re las yon gös ter di. An cak, se rum RBP4 dü zey le ri ile
me ta bo lik ve hor mo nal pa ra met re ler ara sın da ko re las yon sap tan ma dı. Se rum RBP4 kon san tras yon -
la rı me di an de ğe rin üs tün de olan has ta lar da in sü lin di ren ci, in sü lin ve 17-hid rok sip ro ges te ron de -
ğer le ri RBP4 kon san tras yon la rı me di an de ğe rin al tın da olan has ta la ra gö re da ha yük sek ti. SSoo  nnuuçç::
Ve ri le ri miz in sü lin di ren ci olan nor mal ki lo lu PKOS’ lu ka dın lar da se rum RBP4 dü zey le ri nin art tı -
ğı nı gös ter mek te dir. Bu ar tı şın in sü lin di ren ci ile ko re las yo nu ol ma ma sı na rağ men, RBP4 dü zey le -
ri an lam lı de re ce de yük sek olan has ta lar da da ha faz la in sü lin di ren ci var dı. Nor mal ki lo lu PCOS’ lu
ka dın lar da RBP4 ar tı şı IL-6 ile iliş ki liy ken di ğer me ta bo lik pa ra met re ler le ve tes tos te ron dü ze yi ile
iliş ki gös ter mi yor du.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: RBP4, protein, insan; po li kis tik over sen dro mu; in ter lö kin-6; in sü lin di ren ci  
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x cept oli go-ano vu la ti on, hype ran dro ge nism,
polyc ystic ovary morp ho logy and in su lin re-
sis tan ce have been fo und mostly as so ci a ted

with obe sity in pa ti ents with polyc ystic ovary syn-
dro me (PCOS). In su lin re sis tan ce and hype rin su li -
ne mi a are pre sent up to 70% in wo men with
PCOS.1 Non-obe se sub jects with PCOS who com-
po ses abo ut 40 to 45% of all PCOS pa ti ents also ha -
ve in su lin re sis tan ce.2 Post-re cep tor in trin sic de fects
in me ta bo lic sig na ling of in su lin in com bi na ti on
with yet un de fi ned in vi vo ac qu i red de fects de ve -
lo ped du e to en vi ron men tal fac tors play an im por -
tant ro le in the in su lin re sis tan ce pat ho ge ne sis of
pa ti ents with PCOS.3-5 The se in vi vo fac tors may be
adi po ki nes and fre e fatty acids.5 Mo re o ver, in wo -
men with PCOS, glu co se trans por ter 4 (GLUT4) ex-
pres si on in the adi po se tis su e is dec re a sed
in de pen dent of obe sity.6 The al te ra ti on in the ex-
pres si on of GLUT4 in mi ce eit her in adi po se or mus-
cu lar tis su e af fect the in su lin-sti mu la ted se con dary
in ta ke of glu co se to the li ver or ot her tis su es inc lu -
ding adi po se and mus cu lar tis su es, thus af fects the
in su lin sen si vity.7,8 It has be en sug ges ted that this
in te rac ti on bet we en adi po se tis su e, musc le and li -
ver is pro vi ded by so me adi po se tis su e-ba sed pro te -
ins inc lu ding re ti nol bin ding pro te in 4 (RBP4).9

RBP4 is the spe ci fic trans port pro te in for re ti nol in
the blo od. RBP4 has be en con si de red as an adi po ki -
ne -which ta kes ro le in the in su li ne re sis tan ce in as-
so ci a ti on with GLUT4- af ter it has be en fo und to be
sec re ted from the adi po se tis su e.10 Yang et al.11 re-
por ted that RBP4 mRNA ex pres si on in adi pocy tes
and se rum RBP4 le vels we re in cre a sed in adi po se-
spe ci fic GLUT4 knoc ko ut mi ce.11 RBP4 con cen tra -
ti ons and the mag ni tu de of in su lin re sis tan ce we re
cor re la ted with each ot her in pa ti ents with obe sity
and im pa i red glu co se to le ran ce, as well as in pa ti -
ents with type 2 di a be tes.12,13

The re sults of the investigations eva lu a ting the
re la ti ons hip bet we en PCOS and RBP4 are conf lic -
ting. The re are so me stu di es sta ting no dif fe ren ce
bet we en the con trol gro up and obe se PCOS sub-
jects in terms of RBP4 le vels.14,15 In ves ti ga ti ons
which found higher le vels of RBP4 in cir cu la ti on
in PCOS pa ti ents when compared to con trols, also
report conflicting results abo ut the re la ti ons hip of

this in cre a se with in su lin re sis tan ce, body mass
index (BMI), fat mass and an dro ge ne mi a.16-19 Furt -
her mo re, the se stu di es we re mostly performed on
over we ight and obe se pa ti ents with PCOS. In our
study, sin ce we con si der that non-obe se and obe se
pa ti ents with PCOS ha ve dif fe rent me ta bo lic pro-
fi les, we ai med to in ves ti ga te RPB4 in pa ti ents ha -
ving PCOS wit ho ut obe sity.

Sin ce car di o vas cu lar risk is hig her in pa ti ents
with PCOS and RBP4 is con si de red as a car di o me -
ta bo lic risk fac tor, we al so eva lu a ted the re la ti on
with in ter le u kin-6 (IL-6), which is an anot her inf -
lam ma tory mar ker, and a car di o me ta bo lic risk fac-
tor.20,21

MA TE RI AL AND MET HODS
The groups studied com po sed of 21 le an wo men
with PCOS and 15 he althy nor mally mens tru a ting
wo men. Lo cal Re se arch Et hi cs Com mit te e ap pro -
ved the study, in for med con sents were ob ta i ned
from all pa ti ents in ac cor dan ce with the gu i de li nes
in the dec la ra ti on of Hel sin ki, 2000. All PCOS pa-
ti ents met two out of thre e cri te ri a of the re vi sed
2003 Rot ter dam ES HRE/ ASRM PCOS Con sen sus
Work shop Gro up di ag nos tic cri te ri a.22 All sub jects
in the con trol gro up had nor mal fin dings on pel vic
ul tra so und, re gu lar pe ri ods and no hir su tism or ac -
ne. Exc lu si on cri te ri a we re known car di o vas cu lar
and thyro id di se a se, ne op lasms, cur rent smo king,
di a be tes mel li tus, hyper ten si on and re nal im pa ir -
ment. No ne of the par ti ci pants we re on any me di -
ca ti ons for at le ast three months pri or to the study,
inc lu ding oral con tra cep ti ves, glu co cor ti co ids, ovu-
la ti on in duc ti on agents, an ti di a be tic and an ti o be -
sity drugs, or es tro ge nic, an ti an dro ge nic me di ca ti -
ons. Ot her en doc ri no pat hi es we re ru led out at the
ti me of rec ru it ment by me a su ring ba sal se rum 17-
hydroxy pro ges te ro ne, pro lac tin and mor ning cor-
ti sol le vels af ter 1.0 mg over night de xa met ha so ne
sup pres si on (A va lu e of <50 nmol/L was con si de -
red to ru le out Cus hing’s syndro me) al so. All par ti -
ci pants’ cor ti sol le vels we re sup pre sed to va lu es less
than 50 nmol/L. Physi cal exa mi na ti ons of pa ti ents
and ap prop ri a te la bo ra tory tests we re per for med
be fo re the study. Se ve rity of hir su tism was as ses -
sed ac cor ding the mo di fi ed Fer ri man-Gall wey sco -
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ring system. Tests we re per for med in re gu larly cy-
cling wo men du ring early fol li cu lar pha se (3-5
days) of the ir mens tru al cycle and in the PCOS gro -
up, 3 to 5 days af ter a spon ta ne o us menstruation or
in de pen dent of cycle pha se in the pre sen ce of ame -
norr he a. The BMI was cal cu la ted as body we ight
in ki log rams di vi ded to he ight in met re squ a res
(kg/m2). We ight, he ight, wa ist and hip cir cum fe -
ren ces we re me a su red. Whi le wa ist cir cum fe ren ce
was ob ta i ned as the smal lest cir cum fe ren ce at the
le vel of the um bi li cus, hip cir cum fe ren ce was me -
a su red as the wi dest cir cum fe ren ce at the le vel of
the but tocks.

BI OC HE MI CAL AND HOR MO NAL ANALY SES

As says for glu co se, to tal cho les te rol, HDL-C and
trigl yce ri de we re per for med by using a Co bas In te-
g ra 800 au to ma ted analy ser (Roc he Di ag nos tics,
Man he im, Ger many). The se rum LDL-C le vels we -
re cal cu la ted ac cor ding to the Fri e de wald’s for mu -
la. In su lin, cor ti sol, tes tos te ron, FSH, LH, es tra di ol,
pro lac tin, TSH, FT4 le vels we re me a su red with
Mo du lar E170 au to ma ted analy ser (Roc he Di ag -
nos tics, Man he im, Ger many). 17-OH pro ges te ro ne
le vel me a su re ment was do ne by enz yme-lin ked
im mu no sor bent as say (17-OH Pro ges te ro ne ELI -
SA Cat No. 063608, Bi o so ur ce In ter na ti o nal, Inc.,
Bel gi um). Se rum RBP4 le vels we re me a su red with
hu man Com pe ti ti ve ELİ SA-kit (Bi o so ur ce In ter na -
ti o nal, Inc. Ca ma ril lo, Ca li for ni a, USA). The in tra-
as say and in te ras say co ef fi ci ents of va ri a ti on (CV)
we re 9.2% and 10.3%, res pec ti vely. Sex hor mo -
ne- bin ding glo bu lin (SHBG) and IL-6 le vels we re
me a su red with che mi lu mi nes cen ce met hod by
using Im mu li te One analy ser (Di ag nos tics Pro ducts
Cor po ra ti on, Los An ge les, USA) with a co ef fi ci ent
of va ri a ti on of less than 4%.

Fre e an dro gen in dex (FA I) was cal cu la ted as
se rum tes tos te ro ne (nmol/L) X 100/SHBG (nmol/L)
ra ti o.23 The in su lin sen si ti vity was de ter mi ned by
ho me os ta sis mo del as sess ment mo del (HO MA) in -
dex with a for mu la of HO MA-IR= [fas ting in su lin
(mI U/mL) x fas ting glu co se (mg/dL)/18]/22.5.24

STA TIS TI CAL ANALY SIS

SPSS pac ka ge prog ram (ver si on 11.0, Chi ca go, IL)
was used for sta tis ti cal analy sis. Des crip ti ve sta tis -

tics we re performed for all pa ra me ters.

Va ri ab les we re pre sen ted as me ans ± standart
deviations (SD). Sta tis ti cal analy ses we re per for med
by using in de pen dent Stu dent’s t-tests. Simp le cor-
re la ti on analy sis was performed bet we en se rum
RBP4 and va ri o us pa ra me ters by using Pe ar son’s
cor re la ti on analy sis. The me di an va lu e of RBP4 was
cal cu la ted in the le an gro up of PCOS pa ti ents and
the pa ti ents we re di vi ded in to two gro ups ac cor -
ding to the va lu es abo ve and be low of the me di an
va lu e. Sta tis ti cal sig ni fi can ce was de fi ned as P<
0.05.

Med Calc ver si on 9.5.2.0 was used for po wer
analy sis. The dif fe ren ce bet we en the pa ti ents and
con trol sub jects in terms of RBP4 me ans was es ti -
ma ted as 18 µg/ml af ter re vi e wing re la ted li te ra tu -
re.16,17 Po wer analy sis, as su ming a stan dard
de vi a ti on of 20 µg/ml for RBP4, a type I er ror ra te
of 5% and a type II er ror ra te of 10%, re ve a led a
samp le si ze of 26 sub jects in both gro ups to get -
her.

RE SULTS
Tab le 1 shows the cha rac te ris tics of the sub jects
par ti ci pa ted in the study. Age, BMI, wa ist cir cum -
fe ren ce, fas ting plas ma glu co se, in su lin, to tal cho-
les te rol, HDL, LDL and trigl yce ri de le vels we re
si mi lar in both gro ups. HO MA-IR va lu es in PCOS
gro up we re fo und to be in cre a sed sig ni fi cantly
com pa red to the con trol gro up (P< 0.05). Hir su tism
sco re, to tal tes tos te ron, fre e an dro gen in dex and LH
va lu es in the PCOS gro up we re sig ni fi cantly hig -
her than the con trol gro up (P< 0.05) as ex pec ted.
SHBG le vels in the PCOS gro up we re sig ni fi cantly
lo wer than the con trol gro up (P< 0.05), whi le IL-6
le vels we re si mi lar in both gro ups (P> 0.05). Se rum
RBP4 le vels in the PCOS gro up we re hig her than
the con trol gro up (P< 0.05). Tab le 2 shows Pe ar -
son’s cor re la ti on analy sis bet we en se rum RPB4 and
va ri o us pa ra me ters in wo men with PCOS. RBP4
sho wed po si ti ve cor re la ti ons with IL-6 and 17-HP
in the PCOS gro up and r va lu es we re r= 0.646 and
r= 0.446, res pec ti vely (P< 0.05). 

Ho we ver, we co uld not find any cor re la ti on of
RBP4 eit her with me ta bo lic pa ra me ters such as
BMI, wa ist cir cum fe ren ce, HO MA-IR, in su lin le -
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vel and li pid pro fi le, or with ot her en doc ri ne pa ra -
me ters inc lu ding hir su tism sco re, tes tos te ro ne, es -
tra di ol, LH, SHBG le vels, and FA I. Sub jects with
PCOS we re di vi ded in to two gro ups by using the
me di an le vel of 42.75 µg/ml as a cu toff va lu e. The
me an HO MA-IR va lu e of ele ven sub jects with le -
vels of RBP4 hig her than the me di an va lu e was
hig her than the me an HO MA-IR va lu e of ten pa ti -
ents with le vels of RBP4 lo wer than the me di an va -
lu e ( 3.74 ± 2.3 vs 1.91 ± 1.15, p= 0.037).

DIS CUS SI ON
In this study,non-obe se wo men with PCOS we re
fo und to be mo re in su lin re sis tant com pa red to the
con trols. Ho we ver ot her me ta bo lic pa ra me ters we -
re si mi lar in each gro up. In the pre vi o us stu di es it
has be en shown that in su lin re sis tan ce in PCOS
wo men is in de pen dent of obe sity and body com-
po si ti on.25 The most im por tant de fect res pon sib le
for the in su lin re sis tan ce in PCOS is the ex ces si ve
phosp hory la ti on of the se ri ne re si du es of the in su -
lin re cep tor.2 Anot her de fect which plays ro le in
in su lin re sis tan ce in PCOS is the dec re a sed ex pres -
si on of GLUT 4 in the adi po se tis su e in de pen dent of
the obe sity.6 Pre vi o usly, re la ti ons hip bet we en de-
c re a se in GLUT4 ex pres si on and in cre a se in RBP4
le vels has be en shown in mi ce.11 In our study, we
ha ve fo und sig ni fi cantly hig her le vels of RBP4 in
non-obe se and in su lin re sis tant wo men with PCOS
com pa red to nor mal wo men. So me of the ot her
pre vi o us in ves ti ga ti ons al so re ve a led similar re-
sults.16,26

In cer ta in stu di es that reported an in cre a se in
le vels of RBP4 in sub jects with PCOS a cor re la ti -
on has be en shown bet we en RBP4 and in su lin re-
sis tan ce .16,19 On the con trary, so me ot her
investigations did not find any cor re la ti on bet we -
en increased RBP4 le vel and in su lin re sis tan ce.17,18

Alt ho ugh we co uld not show any cor re la ti on bet -
we en the in cre a sed RBP4 le vels and in su lin re sis -
tan ce, we ob ser ved that pa ti ents ha ving RBP4
le vels abo ve me di an va lu es we re mo re in su lin re-
sis tant com pa red to ones ha ving le vels un der the
me di an va lu e. In trin sic va ri a bi lity in in su lin re sis -
tan ce me a su red with the HO MA met hod de tec ted
hig her variability in pa ti ents with PCOS com-
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Lean PCOS Control

(n= 21) (n= 15) p

Age (year) 21.85 ± 4.06 23.46 ± 5.15 NS

Waist circumference (cm) 73.45 ± 7.42 78.40 ± 15.63 NS

BMI (kg/ m2) 20.74 ± 1.75 20.85 ± 2.08 NS

Hirsutism score 17.57 ± 5.79 4.86 ± 1.40 0.000

Fasting glucose (mg/dl) 85.80 ± 6.40 85.60 ± 5.87 NS

Fasting insulin (mU/ml) 13.42 ± 9.6 9.24 ± 3.59 NS

HOMA-IR 3.40 ± 2.59 1.96 ± 0.81 0.025

T. cholesterol (mg/dl) 175.14 ± 55.09  152.06 ± 25.50 NS

HDL-C (mg/dl) 61.35 ±13.20 54.85 ± 7.87 NS

Triglyceride (mg/dl) 85.38 ± 35.43 73.93 ± 19.74 NS

LDL-cholesterol (mg/dl) 96.23 ± 49.71 82.00 ± 26.64 NS

LH (mIU/ml) 9.47 ± 6.08 5.60 ± 3.16 0.018

FSH (mIU/ml) 5.69 ± 1.36 6.04 ± 1.72 NS

LH/FSH 1.81 ± 1.32 0.63 ± 0.16 0.019

Estradiol (pg/m)l 72.35 ± 47.26 90.51 ± 49.32 NS

T. testosterone (ng/dl) 0.92 ± 0.43 0.46 ± 0.18 0.000

17-OH progesterone (ng/dl) 1.38 ± 0.61 1.27 ± 0.41 NS

SHBG (nmol/l) 30.93 ± 17.03 60.52 ± 14.71 0.000

Free androgen index 3.83 ± 2.60 0.83 ± 0.59 0.000

IL-6 (pg/m)l 2.11 ± 0.50 2.13 ± 0.63 NS

RBP4 (µg/ml) 49.92 ± 19.38 28.83 ± 16.46 0.002

TABLE 1: Clinical, metabolic, and hormonal parameters
of women with PCOS and control subjects.

All values are means  ± SD. NS, not significant.
PCOS: Polycystic ovary syndrome.

Variables r p

Waist circumference (cm) -0.32 0.891

BMI (kg m72) 0.058 0.802

Estradiol (pg/m)l 0.327 0.148

Serum LH (mIU/ml) -0.042 0.856

Serum FSH (mIU/ml) -0.400 0.072

17-OH progesterone(ng/dl) 0.446 0.043

Serum testosterone (ng/dl) -0.128 0.581

Serum SHBG (nmol/l) -0.209 0.363

Free androgen index -0.035 0.881

Hirsutism score -1.176 0.446

Total cholesterol (mg/dl) 0.009 0.969

HDL-C (mg/dl) 0.314 0.166

Triglyceride (mg/dl) -0.244 0.286

LDL-cholesterol (mg/dl) -0.038 0.870

Fasting glucose (mg/dl) -0.128 0.581

Fasting insulin (mU/ml) 0.343 0.128

HOMA-IR 0.330 0.145

IL-6(pg/ml) 0.646 0.002

TABLE 2: Pearson’s correlation analysis between
plasma RPB4 and various parameters in women with

polycystic ovary syndrome (PCOS).



pareked to nor mal wo men.27 Sin ce we ha ve not
per for med re pe te ti ve me a su re ments for the cal cu -
la ti on of HO MA-IR, we might have not been ab le
to show the cor re la ti on bet we en HO MA-IR and
RBP4. Mo re o ver, similar to our findings, in su lin
re sis tan ce might be in cre a sing when RBP4 le vels
ba rely in cre a se to hig her va lu es in non obe se pa ti -
ents with PCOS. Pre vi o usly, Möh ling et al.28 in
one of the ir stu di es in which 110 PCOS pa ti ents
we re di vi ded in to ter ti les ac cor ding to HO MA %S,
ha ve rep re sen ted that the RBP4 le vels we re ele va -
ted the most in the ter ti le whe re the in su lin re sis -
tan ce was the hig hest.

In our study, we did not find any cor re la ti on
bet we en the in cre a se of RBP4 and ot her me ta bo lic
pa ra me ters. Pre vi o usly, Yıl dız et al.29 showed that
the le vels of RBP4 in le an, nor mal glu co se- to le -
rant wo men with PCOS we re not dif fe rent than
the con trol gro up and RBP4 le vels we re not cor re -
la ted with the cli ni cal, hor mo nal or bi oc he mi cal
va ri ab les. They ha ve sug ges ted that the conf lic ting
re sults ob ser ved in dif fe rent stu di es may be as so ci -
a ted with ge og rap hi cal di ver gen ce of PCOS pa ti -
ents or com mer ci al im mu no as say va ri a ti ons.29 

Re ti nol is es sen ti al for fe ma le rep ro duc ti on,
and re ti no ids ha ve be en sug ges ted to play a ro le in
ova ri an ste ro i do ge ne sis, oocy te ma tu ra ti on, and
for ma ti on of the cor pus lu te um. The enz ymes res -
pon sib le for re ti nol me ta bo lism are pre sent in the -
ca cells and may be al te red in PCOS.30 Chan ges in
the synthe sis and ac ti on of re ti no ic acid in cre a se
the pro duc ti on of an dro gens in PCOS.31 This ef fect
co uld be me di a ted by en han ced de li very of the re -
ti nol li gand by RBP4. In ot her words, RBP4 may
be in cre a sing the an dro gen pro duc ti on with its re -
ti nol de pen dent ef fect. In our study, li ke we ha ve
ex pec ted, tes tos te ro ne was significantly increased
in PCOS patients when com pa red to nor mal wo -
men. Des pi te its li ne ar cor re la ti on with 17-hy-
droxy pro ges te ro ne, RBP4 did not ha ve any re la ti on
with tes tos te ro ne. In PCOS, the dis re gu la ti on of
CYP 17 enz yme ac ti vity which is a key enz yme in

the pro duc ti on of 17-hydroxy pro ges te ro ne has be -
en shown.31 Mo re o ver it has be en re por ted that re -
ti nol sti mu la tes the ac cu mu la ti on of CYP17
mRNA.32 RBP4, with its re ti nol de pen dent ef fect,
may in cre a se this ac cu mu la ti on. 

Re cently, it has be en shown that inf lam ma ti -
on mar kers in cre a se the at he rosc le ro sis risk in in-
su lin-re sis tant si tu a ti ons inc lu ding PCOS. It has
be en re por ted in pa ti ents with PCOS, par ti cu larly
in obe se wo men the most, that inf lam ma tory me-
di a tors inc lu ding IL-6 are hig her com pa red to we -
ight-math ced con trols.33 Ho we ver, the re are so me
stu di es sta ting that the re is no in cre a se in IL-6 le v-
els eit her in obe se or non-obe se pa ti ents with
PCOS.34 In our study, IL-6 le vels in non-obe se
women with PCOS we re not dif fe rent compared to
the he althy wo men. The po ten ti al re la ti ons hip of
RBP4 with car di o me ta bo lic risk fac tors li ke inf -
lam ma tory mar kers is unc le ar. It has be en shown
that reduction in le vels of RBP4 with li fest yle in-
ter ven ti on in obe se chil dren is cor re la ted with the
mag ni tu de of dec re a se in inf lam ma tory fac tors.35 In
our PCOS gro up, the re was a sig ni fi cant po si ti ve
cor re la ti on bet we en IL-6 and RBP4 le vels which
shows that the in cre a se of the IL-6 out of the nor-
mal ran ges is re la ted with the RBP4 in cre a se. IL-6
is a cyto ki ne which has pa rac ri ne and au toc ri ne ef-
fects even not synthe si zed in high le vels. The re fo -
re, we sup po se that investigation of the re la ti ons hip
bet we en IL-6 and RBP4 in tis su e le vel would pro-
vi de valvable in for ma ti on for in ves ti ga tors.

On conclusion, we sho wed that RBP4 le vels
we re in cre a sed in in su lin-re sis tant le an pa ti ents
with PCOS. Even tho ugh this in cre a se was not cor-
re la ted with in su lin re sis tan ce, the re sis tan ce was
hig her in pa ti ents who had sig ni fi cantly high le vels
of RBP4. The in cre a se in RBP4 le vels in le an
women with PCOS, was not associated wih ot her
me ta bo lic pa ra me ters or tes tos te ro ne le vels. IL-6
which is an inf lam ma tory mar ker, and con si de red
as a car di o me ta bo lic risk fac tor was associated with
RBP4 in cre a se.
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