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Relationship Between Serum Free
Testosterone Level and Coronary Artery

Disease in Postmenopausal Women

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Tes tos te ro ne is as su med to be a risk fac tor for co ro nary ar tery di se a se (CAD).
Ho we ver, stu di es ha ve de mons tra ted a be ne fi ci al ef fect of testosterone on myo car di al isc ha e mi a in
men with CAD. To as sess the po ten ti al ro le of testosterone in CAD in post me no pa u sal wo men, we
in ves ti ga ted the as so ci a ti on bet we en fre e tes tos te ro ne (FT) le vel and CAD and re la ti ons hip bet we -
en FT and ot her CAD me ta bo lic risk fac tors. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Eighty fe ma le pa ti ents un der -
go ing di ag nos tic co ro nary an gi og raphy we re stu di ed. Pa ti ents we re di vi ded in to two gro ups re la ted
to the pre sen ce of CAD. CAD was do cu men ted in 42 pa ti ents (CAD+). In all pa ti ents se rum le vel
of FT, to tal cho les te rol, low density lipoprotein (LDL)-cho les te rol, high density lipoprotein (HDL)-
cho les te rol, trigl yce ri des (TG) we re me a su red. CAD+ gro up had an un fa vo u rab le pro fi le of me ta -
bo lic CAD risk fac tors as evi den ced by ele va ted to tal cho les te rol, LDL-cho les te rol, TG and lo wer
le vel of HDL-cho les te rol (p< 0.05). RRee  ssuullttss::  We did not find any sig ni fi cant dif fe ren ce in FT le vels
bet we en two gro ups (p> 0.05) and any re la ti ons hip bet we en CAD se ve rity (one-ves sel vs. mul ti -
ves sel CAD) and FT. CCoonncc  lluu  ssii  oonn::  The re sults of our study show that in post me no pa u sal wo men FT
le vel is not as so ci a ted with CAD. The re are con tro ver si al stu di es on the ro le of testosterone and FT
le vels in pre dic ting CAD. Furt her stu di es on lar ger gro ups wo uld be ne e ded to in ves ti ga te this is -
su e.

KKeeyy  WWoorrddss::  Co ro nary ar tery di se a se; tes tos te ro ne; post me no pa u se

ÖÖZZEETT  AAmmaaçç::  Tes tos te ron ko ro ner ar ter has ta lı ğı (KAH) için bir risk fak tö rü ola rak ka bul edil mek -
te dir. An cak ça lış ma lar, KAH olan er kek ler de ki mi yo kar di yal is ke mi de testosteronun fay da lı et ki -
le ri ni or ta ya koy muş tur. Postmenopozal ka dın lar da ki KAH’da testosteronun ola sı ro lü nü
de ğer len dir mek için, ser best tes tos te ron (ST) ile KAH ve ST ile di ğer KAH me ta bo lik risk fak tör le -
ri ara sın da ki iliş ki yi or ta ya koy ma yı amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Ça lış ma ya ta nı sal ko ro ner an -
ji yog ra fi ya pı lan 80 ka dın has ta alın dı. Ko ro ner has ta lı ğı var lı ğı ve ya yok lu ğu na gö re has ta lar 2
gru ba ay rıl dı. KAH 42 has ta da sap tan dı (KAH+). Tüm has ta lar da se rum ST, to tal ko les te rol, düşük
yoğunluklu lipoprotein (LDL) ko les te rol, yüksek yoğunluklu lipoprotein (HDL) ko les te rol ve trig -
li se rid (TG) de ğer le ri öl çül dü. KAH+ olan grup ta yük sek to tal ve LDL ko les te rol, TG ile dü şük HDL
ko les te rol dü zey le ri ile or ta ya kon du ğu şekil de me ta bo lik KAH risk fak tör le ri pro fi li bo zuk tu (p<
0.05). BBuull  gguu  llaarr::  Ça lış ma mız da ST dü zey le ri açı sın dan iki grup ara sın da is ta tistik sel an lam lı fark sap -
ta ma dık (p> 0.05). Yi ne iki grup ara sın da ST ile KAH cid di ye ti (tek da mar-çok lu da mar) ara sın da
is tatis tik sel an lam lı fark bu lun ma dı (p> 0.05). SSoo  nnuuçç:: Ça lış ma mı zın so nuç la rı postmenopozal ka -
dın lar da ST dü ze yi nin KAH ile iliş ki si ol ma dı ğı nı gös ter mek te dir. KAH’ı ön gör me de testosteron
ve ST dü zey le ri üze ri ne çe liş ki li ça lış ma lar var dır. Bu ko nu da da ha ge niş grup lar da ya pı la cak da ha
ile ri ça lış ma la ra ih ti yaç var dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ko ro ner ar ter has ta lı ğı; tes tos te ron; postmenopozal dö nem 
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he stri kingly lo wer pre va len ce of myo car di -
al in farc ti on (MI) in pre me no pa u sal wo men
than in men of si mi lar age, the prog res si ve

nar ro wing of that dif fe ren ce with age af ter me no -
pa u se, and an ina bi lity to exp la in the dif fe ren ce by
known risk fac tors for MI ot her than gen der sug-
gest an im por tant ro le for sex hor mo nes in the de-
ve lop mentof MI.1-4 Wo men, even post me no pa u sal,
ha ve lo wer in ci den ce of CAD than men of a si mi -
lar age. It led to the hypot he sis of pro at he ro ge nic
ef fects of mas cu li ne sex hor mo nes. An dro id fat tis-
su e dis tri bu ti on was lin ked with an in cre a sed in ci -
den ce of CAD. An un fa vo u rab le inf lu en ce of
tes tos te ro ne on li pid me ta bo lism and fib ri noly sis
has furt her streng the ned the hypot he sis of pos sib -
le as so ci a ti on bet we en mas cu li ne sex hor mo nes and
gre a ter risk of at he rosc le ro sis.5,6

On the ot her hand, the re are se ve ral stu di es
that ha ve strongly chal len ged this com mon be li ef.
Stin ger et al des cri bed im pro ve ment in both isc ha -
e mi a on elec tro car di og ram and an gi nal symptoms
in men with CAD tre a ted with tes tos te ro ne pro pi -
o na te.7 Ro sa no et al con fir med the se fin dings in the
study with acu te tes tos te ro ne ad mi nis tra ti on in the
sa me pa ti ent po pu la ti on.8 Eng lish et al do cu men -
ted that CAD in men was as so ci a ted with lo wer le -
vel of an dro gens when com pa red with con trols
with nor mal co ro nary ar te ri es.9 In wo men the ex-
is ting da ta re gar ding the po ten ti al ro le of tes tos te -
ro ne as CAD risk fac tor are even mo re
con tro ver si al. Phi lips et al des cri bed that tes tos te -
ro ne le vel was re la ted to the se ve rity of CAD in
post me no pa u sal wo men.10 Ber ni ni et al do cu men -
ted that in pre- and post me no pa u sal wo men, an-
dro gens wit hin physi o lo gi cal ran ge cor re la ted with
lo wer risk of at he rosc le ro sis.11 The stu di es that eva -
lu a te the re la ti ons hip bet we en CAD and tes tos te -
ro ne le vels in wo men are li mi ted and most of them
are wit ho ut con trol gro up. 

The pre sent study was de sig ned to as sess
pros pec ti vely whet her the re is a re la ti ons hip bet -
we en plas ma FT le vel and CAD in a gro up of con-
se cu ti ve post me no pa u sal wo men un der go ing
di ag nos tic co ro nary an gi og raphy. We al so eva lu -
a ted whet her FT cor re la ted with the ot her CAD
me ta bo lic risk fac tors such as smo king, hyper li pi -

de mi a, di a be tes, ar te ri al hyper ten si on, and fa mily
his tory of CAD.

MA TE RI AL AND MET HODS
With the ap pro val of the lo cal et hics com mit te e
and in for med con sent of the pa ti ents, eighty con se -
cu ti ve fe ma le pa ti ents un der go ing di ag nos tic co ro -
nary an gi og raphy we re stu di ed. The pa ti ents had
be en re fer red to the car di ac cat he te ri sa ti on la bo ra -
tory for eva lu a ti on of chest pa in syndro mes and/or
ab nor mal stress tests. Post me no pa u sal sta tus was
de fi ned as an ab sen ce of mens tru al pe ri od for at le -
ast 1 ye ar. Exc lu si on cri te ri a con sis ted of: pre vi o -
usly do cu men ted CAD (inc lu ding his tory of MI,
uns tab le an gi na, any ope ra ti on or car di o vas cu lar
in ter ven ti on < 3 months be fo re the study), age >70
ye ars, en doc ri ne di sor ders, we re ta king es tro gen,
thyro id hor mo ne, in su lin, or any ot her hor mo ne;
we re ta king di gi ta lis, which has be en re por ted to
af fect the tes tos te ro ne le vels; or had un der go ne a
hyste rec tomy and sig ni fi cant val vu lar he art di se a -
se re fer red for co ro nary an gi og raphy be fo re val vu -
lar rep la ce ment sur gery.12-14 For all wo men the
fol lo wing cli ni cal de ta ils we re re cor ded: he ight and
we ight [to cal cu la te body mass in dex, (BMI)], wa -
ist and hip (wa ist cir cum fe ren ce was me a su red at
the um bi li cus; hips we re me a su red at the le vel of
ma xi mal cir cum fe ren ce; and wa ist-to-hip ra ti o was
cal cu la ted) con co mi tant drug the rapy, con ven ti o -
nal CAD risk fac tors: smo king, hyper li pi de mi a, di-
a be tes, ar te ri al hyper ten si on, fa mily his tory of
CAD.

CO RO NARY AN GI OG RAPHY, BLO OD SAMP LING, AND 
AS SAY MET HODS

Co ro nary an gi og raphy was per for med vi a the fe -
mo ral ar tery with pre for med cat he ters, and an gi -
og rams we re ta ken by use of the Jud kins tech ni qu e
with mul tip le vi ews.15 Two in de pen dent, ex pe ri -
en ced car di o lo gists, una wa re of the la bo ra tory re-
sults, vi su ally es ti ma ted the ma xi mum per cent
re duc ti on in lu mi nal di a me ter of co ro nary ar te ri es.
Ba sed on ge ne rally app li ed cri te ri a pa ti ents we re
di vi ded in to tho se with CAD (CAD+) and wit ho ut
CAD (CAD-). Blo od samp les we re with drawnthro -
ugh the ne ed le in ser ted in to the fe mo ral ar tery for
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an gi og raphy. All blo od samp les we re ta ken be fo re
08:00 and 11:00 h af ter an over night fast. The se -
rum was ob ta i ned af ter spin ning the blo od and sto -
red at -70 °C. All me a su re ments, inc lu ding to tal
cho les te rol, HDL-cho les te rol, LDL-cho les te rol, TG,
FT and fas ting blo od glu co se we re per for med in all
pa ti ents. Se rum le vels of glu co se, to tal cho les te rol,
TG and HDL-cho les te rol we re de ter mi ned by enz -
yma tic tests (Roc he Di ag nos tics, Mann he im, Ger-
many). HDL-cho les te rol was de ter mi ned with a
ho mo ge no us as say (Roc he Di ag nos tics, Mann he im,
Ger many). LDL-cho les te rol was cal cu la ted by the
Fri e de wald for mu la. Plas ma le vel of FT was me a -
su red by RI A. The nor mal le vel of FT in wo men by
this met hod ran ges from 0.29-1.73 pg/mL. 

STA TIS TI CAL ANALY SIS

All sta tis ti cal analy ses we re per for med with SPSS
ver si on 11. Da ta are ex pres sed as me an ± S.D., or
per cen ta ge whe re ap prop ri a te. The un pa i red Stu-
dent’s t-test was used to com pa re dif fe ren ces bet -
we en gro ups. In the mul tip le-reg res si on mo del
used to de ter mi ne the re la ti ons hip of FT and risk
fac tors for CAD. A P-va lu e of less than 0.05 was
con si de red sig ni fi cant.

RE SULTS
Wit hin the 6-month study pe ri od, 130 post me no -
pa u sal wo men we re re fer red to our De part ment for
co ro nary an gi og raphy. Fifty pa ti ents we re exc lu -
ded from the study du e to the fol lo wing re a sons:
pre vi o usly do cu men ted CAD; his tory of myo car di -
al in farc ti on or co ro nary re vas cu la ri za ti on, re fer -
rals be fo re val vu lar rep la ce ment sur gery, en doc ri ne
di se a se, polyc ystic ovary syndro me, hyste rec tomy,
thyro id di se a se, ta king es tro gen, thyro id hor mo ne,
and in su lin. Fi nally 80 wo men met the study cri te -
ri a and com pri sed the study po pu la ti on. CAD was
do cu men ted in 42 pa ti ents (CAD+): one-ves sel
CAD was fo und in 18 wo men, 12 had two-ves sel
di se a se and 12 mul ti ves sel di se a se.

Ba se li ne cha rac te ris tics of the two gro ups are
disp la yed in Tab le 1. The re was no sta tis ti cally sig-
ni fi cant dif fe ren ce bet we en two gro ups for age, du-
ra ti on of me no pa u se, wa ist cir cum fe ren ce,
pre sen ce of di a be tes and hyper ten si on, smo king,
fa mily his tory. Pa ti ents had si mi lar wa ist cir cum -
fe ren ce, BMI and con co mi tant drug the rapy. Wa -
ist Hip ra ti o (WHR) was hig her in CAD (+) and the
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TABLE 1: Baseline characteristics of women with coronary artery disease (CAD+) and without coronary artery disease
(CAD-).

CAD+, indicates women with coronary artery disease; CAD-, women without coronary artery disease; n indicates number of subjects. Values are mean ± SD or number of subjects. 

A P-value of more than 0.05 was considered non-significant (NS).

CAD (+) (n= 42) CAD (-) (n= 38) P

Age (year) 65 ± 6 63 ± 8 NS

Duration of menopause (year) 16 ± 7.9 15 ± 8.8 NS

Hypertension 26 (61%) 26(68%) NS

Diabetes 11(26%) 9(23%) NS

Smoking 1(2%) 2(5%) NS

Family history of CAD 8(19%) 10(26%) NS

Waist-hip ratio 0.86  ±  0.1 0.76  ±  0.1 0.04

Waist circumference (cm) 87.4 ± 11.9 83.2 ± 11.5 NS

Body mass index (kg/m²) 30.2 ± 5.2 28.4 ± 4.8 NS

Drug therapy:

Beta blockers 30 26 NS

Calcium antagonists 11 13 NS

ACE inhibitors 28 26 NS

Statins 22 17 NS

Aspirin 40 37 NS



dif fe ren ce in WHR was sta tis ti cally sig ni fi cant be-
t we en two gro ups (p< 0.05). Co ro nary ar tery di se -
a se me ta bo lic risk fac tors and fre e tes tos te ro ne in
both gro ups are disp la yed in Tab le 2. CAD(+) gro -
up had hig her un fa vo u rab le pro fi le of CAD me ta -
bo lic risk fac tors as evi den ced by: ele va ted to tal
cho les te rol, LDL-cho les te rol, TG and lo wer le vel
of HDL-cho les te rol. We did not find any sig ni fi -
cant dif fe ren ce in FT le vels bet we en two gro ups
(p> 0.05) and any re la ti ons hip bet we en CAD se ve -
rity (one-ves sel vs. mul ti ves sel CAD) and FT. The -
re was no sta tis ti cally sig ni fi cant dif fe ren ce
bet we en FT le vels and risk fac tors by mul tip le re-
g res si on analy sis (p> 0.05).

Exer ci se stress test was po si ti ve in 21 (55%) pa-
ti ents in CAD(-) gro up. We al so co uldn’t find sta-
tis ti cally sig ni fi cant dif fe ren ce bet we en FT le vels
and CAD risk fac tors (p> 0.05). 

DIS CUS SI ON
The ma in fin ding of this study was that post me no -
pa u sal wo men with CAD ha ve si mi lar FT le vel
when com pa red with wo men wit ho ut CAD. FT al -
so did not cor re la te with CAD risk fac tors. The ro -
le of an dro gens in at he ro ge ne sis re ma ins
con tro ver si al. Re sults of the stu di es in ani mal mo -
dels ha ve shown that an dro gens may exert be ne fi -
ci al inf lu en ces. Han ke et al eva lu a ted the ef fect of
tes tos te ro ne on pla qu e de ve lop ment in the aor tic
ring of ma le New Ze a land Whi te rab bits. They
conc lu ded that tes tos te ro ne in hi bi ted ne o in ti mal
pla qu e gro wing, and vas cu lar an dro gen re cep tors
co uld be in vol ved in this pro cess.16 Crews and Kha -
lil des cri bed that both fe ma le sex hor mo nes (es tro -

gen and pro ges te ro ne) and ma le sex hor mo ne (tes -
tos te ro ne) ca u se re la xa ti on of co ro nary ar te ri es of
cas tra ted ma le pigs. 17ß-Oes tra di ol ma inly in hi bi -
ted Ca+ -entry, and tes tos te ro ne ac ted vi a ot her not
well-cha rac te ri sed mec ha nisms.17 Yu e et al do cu -
men ted that tes tos te ro ne, in both se xes of New Ze -
a land Whi te rab bits, in du ced en dot he li um-
in de pen dent re la xa ti on in iso la ted co ro nary ar tery
and aor ta. The mec ha nism in which tes tos te ro ne
re gu la tes vas cu lar to ne may in vol ve po tas si um
chan nels and po tas si um con duc tan ce.18 One study
per for med in hu mans eva lu a ted the re la ti ons hip
bet we en ca ro tid ar tery in ti mal-me di al thick ness
(IMT) and an dro gens. In this study the an dro gens
le vel was in ver sely re la ted to IMT in wo men, sug-
ges ting that in wo men the physi o lo gi cal le vel of
an dro gens is cor re la ted with lo wer risk of at he -
rosc le ro sis.19 On the ot her hand, it was do cu men ted
that wo men with polyc ystic ova ri es are mo re li kely
to de ve lop CAD. In the se wo men ho we ver, an dro -
gen le vels usu ally sur pass physi o lo gi cal ran ges.20,21

In wo men the exis ting da ta re gar ding the po ten ti -
al ro le of tes tos te ro ne as CAD risk fac tor are even
mo re con tro ver si al. Phi lips et al des cri bed that tes -
tos te ro ne le vel was re la ted to the se ve rity of CAD
in post me no pa u sal wo men.10 One co uld spe cu la te
that low le vels of tes tos te ro ne co uld be the re sult of
in cre a sed con ver si on of an dros ten di o ne to es tro ne
by enz yme aro ma ta se in fat tis su e. That may be the
ca se in obe se wo men. Ber ni ni et al do cu men ted
that in pre- and post me no pa u sal wo men, an dro -
gens wit hin physi o lo gi cal ran ge cor re la ted with lo -
wer risk of at he rosc le ro sis.11 Kacz ma rek et al
re por ted that wo men with an gi og rap hi cally do cu -
men ted CAD we re fo und to ha ve sig ni fi cantly de-
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TABLE 2: Coronary artery disease metabolic risk factors and free testosterone in both groups.

CAD+, indicates women with coronary artery disease; CAD-, women without coronary artery disease; n, number of subjects. Values are mean ± SD. A P-value of more than 0.05 was

considered non-significant (NS).

CAD (+) (n= 42) CAD (-) (n= 38) P

Total cholesterol (mg %) 224 ± 35 180 ± 28 0.01

LDL- cholesterol (mg %) 142 ± 34 119 ± 24 0.04

HDL- cholesterol (mg %) 40 ± 8 65 ± 12 0.01

Triglycerides (mg %) 186 ± 84 145 ± 67 0.04

Free testosterone (pg/mL) 1.36 ± 0.67 1.43 ± 0.7 NS



c re a sed tes tos te ro ne le vel and TFI in com pa ri son
to tho se wit ho ut CAD.22 In our study, tes tos te ro ne
did not cor re la te with CAD risk fac tors. Kacz ma -
rek et al fo und an in ver se re la ti ons hip bet we en tes -
tos te ro ne le vel and li pop ro te in (a) a well-known
risk fac tor for CAD, es pe ci ally in wo men.22 In a re-
cent study with 258 ma le and 236 fe ma le post me -
no pa u sal par ti ci pants with an gi og rap hi cally
de fi ned stab le CAD, le vels of es tra di ol (E2), pro ges-
te ro ne (P) and tes tos te ro ne we re not sig ni fi cantly
dif fe rent from le vels in the con trol gro up. Ho we -
ver, in ma le study par ti ci pants the ra ti o of E2 to P
and in the post me no pa u sal wo men the E2 to P and

E2 to T ra ti os we re sig ni fi cantly lo wer than in the
con trol sub jects.23 He et al re por ted that sig ni fi cant
dif fe ren ces in sex hor mo ne ra ti os we re de tec ted in
both ma le and post me no pa u sal fe ma le par ti ci pants
with an gi og rap hi cally pro ven CAD.23

CONC LU SI ON
In conc lu si on, the re sults of our study show that
FT le vel is not as so ci a ted with CAD in post me no -
pa u sal wo men who ad mit ted to our hos pi tal. The -
re are con tro ver si al stu di es on the ro le of T and FT
le vels in pre dic ting CAD. Furt her stu di es on lar ger
gro ups wo uld be ne e ded to in ves ti ga te this is su e.
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