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cer.[1,2] In addition, it has been shown that CA 125 is
increased in patients with heart failure,[3-9] and related to congestive heart failure severity,[4-8] short-term
prognosis,[5]DQGSOHXUDOÀXLGLQYROYHPHQW[9] CA 125

arbohydrate antigen 125 (CA 125) is a highmolecular-weight glycoprotein produced by
epithelial ovarian tumors and by mesothelial cells and
is normally used as a tumor marker of ovarian can-
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levels have also been shown to be increased in severe
symptomatic mitral stenosis patients with normal left
ventricular ejection fraction (EF) and dimensions.[10]
Recently, it has been shown that both CA125 and brain
QDWULXUHWLFSHSWLGHOHYHOVZHUHVLJQL¿FDQWO\FRUUHODWHG
with New York Heart Association (NYHA) class and
outcome in patients with aortic stenosis (AS).[11]
The purpose of the present study is to evaluate the
levels of CA125 in patients with AS and to study the
relationship between the levels of CA 125 and functional class and echocardiographic parameters.
3$7,(176$1'0(7+2'6

Subjects and study design
Patients with isolated AS referred to our echocardiography laboratory between August 2006 and July 2010
were enrolled in this prospective study consecutively.
Control subjects were selected from individuals who
were admitted to our outpatient clinic due to suspicion
of heart disease and whose examinations, including
HFKRFDUGLRJUDSK\VKRZHGQRUPDOFDUGLDF¿QGLQJV$OO
patients and control subjects underwent medical history, physical examination, electrocardiogram, chest
X-ray, and echocardiographic evaluation. Patients
with AS admitted during this period, with the exception of patients having one or more exclusion criteria,
were included in our study. None of the patients had
pleural or pericardial effusion, or ascites. Symptoms
were assessed by experienced cardiologists blinded to
echocardiographic results and CA 125 levels.
Patients were grouped according to the NYHA
FODVVL¿FDWLRQ$VDFRQFRPLWDQWYDOYXODUGLVHDVHRQO\
mild ortic/mitral/tricuspid/pulmonary regurgitation
without mitral/tricuspid/pulmonary stenosis was allowed. Exclusion criteria were left ventricular systolic dysfunction, known coronary artery disease, acute
coronary syndrome, previous myocardial infarction,
DWULDO¿EULOODWLRQKLVWRU\RIUHQDORUOLYHUGLVHDVHPDlignancy, hematological disorders, acute or chronic
infection. The study was approved by the institutional
ethics committee and all patients gave their informed
consent.
Echocardiography
The M-mode, two-dimensional, and Doppler echocardiographic examinations were obtained using a GE
VingMed System FiVe (Norway) to asses left atrial
diameter, left ventricular systolic and diastolic dimen-

sions, left ventricular EF,
aortic velocity and transaortic pressure gradient.

$EEUHYLDWLRQV
AS
CA 125
DT
EF
IVRT
LVM
MPI

Aortic stenosis
Carbohydrate antigen 125
Deceleration time
Ejection fraction
Isovolumic relaxation time
Left ventricular mass
Myocardial performance
index
NYHA New York Heart Association

Left atrial and ventricular dimensions and
left ventricular EF were
measured by M-mode
echocardiography in the
parasternal long axis view using the American Echocardiography Society M-mode technique.[12] Peak
aortic velocity, peak aortic gradient and mean aortic
gradient were derived by Doppler.[13] Aortic and other valvular regurgitation were evaluated by Doppler
FRORU ÀRZ PDSSLQJ /HIW YHQWULFXODU PDVV /90 
was calculated using a simple and anatomically validated formula: LVM = 0.8 × 1.04 [(IVS + LVEDD +
/93: í/9(''@[14] LVM was corrected for
height[2,7] and LVM index (LVMI) was calculated.[15]
The left ventricular diastolic function was estimated
ZLWK 3:'RSSOHU PHDVXUHPHQW RI WUDQVPLWUDO ÀRZ
SDWWHUQV ( DQG$ YHORFLWLHV ($ UDWLR HDUO\ ¿OOLQJ
deceleration time (DT), and isovolumic relaxation
time (IVRT). The left ventricular myocardial performance index (MPI) was calculated as (isovolumic
contraction time + IVRT)/aortic ejection time using
PW-Doppler. The normal adult MPI is 0.39±0.05 and
increases with worsening left ventricular dysfunction.
*OREDO OHIW YHQWULFXODU G\VIXQFWLRQ ZDV GH¿QHG DV D
03,[16]
Biochemical measurement
Blood samples were drawn from the antecubital vein
by careful vein puncture in a 21 G sterile syringe
without stasis at 08.00-10.00 AM after a fasting periRGRIK*OXFRVHFUHDWLQLQHDQGOLSLGSUR¿OHVZHUH
determined by standard methods. CA 125 was measured with chemiluminescent enzyme immunoassay
methods by using an OM-MA commercial kit (DPC,
Los Angeles, CA, USA; upper normal limit 21 U/ml).
Statistical analysis
Data was analyzed with the SPSS software version
10.0 for Windows. Continuous variables from the
study groups were reported as mean ± standard deviation, categorical variables as percentages. Data were
tested for normal distribution using the KolmogorovSmirnov test. Normally distributed continuous variables were compared with Student’s t-test. Categorical variables were compared using the chi-squared
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WHVW&$ZDVQRWQRUPDOO\GLVWULEXWHG:H¿UVWO\
performed Mann-Whitney U test to compare mean
and medians of CA 125 with other variables. Afterwards, MPI and LVMI are taken as covariates, and
covariate analysis (ANCOVA) was performed for CA
125 comparison. One-way analysis of variance with
post- hoc Scheffé correction was used to compare the
variables between controls, functional class I/II patients, and functional class III patients. LVMI was different between groups. Because of this observation,
LVMI was taken as covariate and covariate analysis
(ANCOVA) was performed for CA 125 comparison
between three groups. Correlations between CA 125
and the baseline characteristics were sought by the
Spearman correlation test in whole group. Statistical
VLJQL¿FDQFHZDVGH¿QHGDVS
5(68/76

&OLQLFDOIHDWXUHVDQGODERUDWRU\¿QGLQJVRIWKHVWXG\
and control groups are summarized in Table 1. There
were forty-two patients (20 males, 22 females, mean
age 62.5±14.9 years) with AS in the study group and
WKHUH ZHUH WKLUW\¿YH KHDOWK\ YROXQWHHUV  PHQ
18 women; mean age 59.0± 9.1 years) in the control
JURXS 7KHUH ZHUH QR VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUences between the two groups with respect to age,

gender, body mass index, systolic and diastolic blood
pressures, and levels of glucose, creatinine, total cholesterol, triglyceride, low-density lipoprotein cholesterol, high density lipoprotein cholesterol. ComSDULVRQ RI WKH HFKRFDUGLRJUDSKLF ¿QGLQJV DQG &$
125 levels of the AS patients and control subjects are
shown in Table 2. Aortic peak velocity, aortic peak
JUDGLHQWDQGDRUWLFPHDQJUDGLHQWZHUHVLJQL¿FDQWO\
higher in patients with AS than in controls. The MPI
DQG/90,ZHUHVLJQL¿FDQWO\KLJKHULQSDWLHQWVZLWK
AS than in controls. Because of this, they are taken
as covariates and covariate analysis (ANCOVA) was
performed for the CA 125 comparison to eliminate the
effects of these variables. We found that median CA
OHYHOZDVVLJQL¿FDQWO\KLJKHUDPRQJ$6SDWLHQWV
than control group (9.4 [2.5-38.1] vs. 6.8 [4.4-13.9]
U/ml respectively; p=0.001) and MPI and LVMI has
no effect on CA 125 levels (p=0.14 and p=0.23 respectively) in covariate analysis (ANCOVA).
(FKRFDUGLRJUDSKLF ¿QGLQJV DQG VHUXP &$ 
OHYHOV LQ$6 SDWLHQWV FODVVL¿HG DFFRUGLQJ WR 1<+$
functional class and in the control group are shown
in Table 3. LVMI was different between groups. Because of this, LVMI was taken as a covariate and covariate analysis (ANCOVA) was performed for CA
125 comparison to eliminate the effect of this vari-
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/&$&DUERK\GUDWHDQWLJHQSYDOXHLVIRUFRPSDULVRQEHWZHHQFRQWURODQGVWXG\SRSXODWLRQ
&RYDULDQFHDQDO\VLV $1&29$ ZDVSHUIRUPHG03,DQG/90,ZHUHWDNHQDVFRYDULDWHV

able. We found that LVMI has no effect on CA 125
levels (p=0.25) in covariate analysis (ANCOVA). The
median CA 125 level in functional class I/II patients
ZDVVLJQL¿FDQWO\KLJKHUWKDQWKDWRIWKHFRQWUROJURXS
(9.0 [2.5-38.1] vs. 6.8 [4.4-13.9] U/ml, p= 0.04) and
the median CA 125 level in functional class III paWLHQWVZDVVLJQL¿FDQWO\KLJKHUWKDQWKDWRIWKHFRQWURO
group, independent of LVMI (13.0 [2.8-32.6] vs. 6.8
[4.4-13.9] U/ml, p=0.001). There was no difference
between the median CA 125 levels between functional class III patients and functional class I/II patients
(13.0 [2.8-32.6] vs. 9.0 [2.5-38.1] U/ml, p= 0.16).

Spearman correlation analysis in whole group indicated that CA 125 was positively correlated with
mean gradient (p=0.007, r=0.30) and creatinine
(p=0.02, r=0.26).
',6&866,21

In the present study, we investigated the CA 125 levels and its relation to functional status and echocardiographic parameters in patients with AS. We found
that CA 125 levels were higher in patients with AS
than that of control subjects. CA 125 levels in func-
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/&$&DUERK\GUDWHDQWLJHQ1<+$1HZ<RUN+HDUW$VVRFLDWLRQ
S DPRQJDOOWKUHHJURXSVS EHWZHHQ1<+$FODVV,,,DQGFRQWURO S EHWZHHQ1<+$FODVV,,,DQGFRQWURO
&RYDULDQFHDQDO\VLV $1&29$ ZDVSHUIRUPHGIRU&$FRPSDULVRQ/90,ZDVWDNHQDVFRYDULDWH

(OHYDWHG&$OHYHOVLQSDWLHQWVZLWKDRUWLFVWHQRVLV

WLRQDOFODVV,,,SDWLHQWVZHUHVLJQL¿FDQWO\KLJKHUWKDQ
LQWKHFRQWUROJURXS+RZHYHUWKHUHZDVQRVLJQL¿cant difference between functional class I/II patients
and functional class III patients. CA 125 was positively correlated with mean gradient and creatinine.
&$  LV D VHQVLWLYH EXW QRQVSHFL¿F WXPRU
marker and it was initially described in women affected by ovarian carcinoma, especially with peritoneal
involvement.[1,2] High CA 125 values have also been
observed in patients with lung, breast, uterine, and
gastrointestinal tract cancer.[17] Subsequently, It was
found to be increased in some other nonmalignant
diseases, especially those with serosal involvement
(which represents an important site of production)
such as hepatic cirrhosis, nephrotic syndrome, and
chronic renal diseases on hemodialysis with pleural,
peritoneal, or pericardial effusion.[18-20]
Involvement of CA 125 and other tumor markers
in heart diseases has gained interest in recent years.
CA 125 has been shown to be increased in patients
with moderate to severe heart failure[3-9] and related to
congestive heart failure severity,[4-8] short-term prognosis,[5]DQGSOHXUDOÀXLGLQYROYHPHQW[9] Furthermore,
Duman et al.[10] reported that CA125 levels, but not serum levels of other tumor markers (CA19.9, CA15.3,
CEA) were elevated in severe symptomatic patients
with mitral stenosis and normal left ventricular size
and function. They suggested that elevated CA 125
levels in this patient group might be due to venous
congestion and activation of peritoneal mesothelial
cells or increased signal peptides. Recently, it has
been shown that both CA125 and BNP levels were
VLJQL¿FDQWO\ FRUUHODWHG ZLWK 1<+$ FODVV DQG RXWcome in patients with AS.[11] They found that CA125
OHYHOVLQFUHDVHGVLJQL¿FDQWO\IURP1<+$FODVV,,,WR
NYHA class III-IV. However, they did not compare
CA125 levels in AS patients with control subjects.
In the present study, we have compared the CA 125
levels in AS patients with a control group.
Immunohistochemical studies shows that CA 125
is released from the pleura and peritoneum.[21,22] It has
been suggested that mesothelial cells are able to proGXFH&$SRVVLEO\DVDFRQVHTXHQFHRILQÀDPPDtion, stasis, or other stimulatory mechanisms.[8] Previous studies showed that serum CA 125 levels were
HOHYDWHGLQKHDUWIDLOXUHSDWLHQWVZLWKRXWÀXLGDFFXPXlation in the pleural, peritoneal, or pericardial space as
ZHOODVLQKHDUWIDLOXUHSDWLHQWVZLWKÀXLGDFFXPXOD-



tion.[4,5,8] Therefore, it was thought that CA 125 might
be produced from mesothelial cells even in the absence
RIFODVVLFVWLPXOL VXFKDVÀXLGDFFXPXODWLRQ DQGRU
that other cell lines may secrete CA 125. According to
another hypothesis, CA 125 may be produced as a consequence of cytokine network activation or increased
signal peptides. It has been reported that CA 125 is
produced and released from ovarian cancer cells and/
or peritoneal mesothelial cells when stimulated by cytokines such as interleukin-6 (IL-6).[23,24]
In a previous study, we found that CA 125 levels
were elevated in severe symptomatic hypertrophic cardiomyopathy patients with NYHA functional class III
and we also found that CA 125 levels increased as the
level of diastolic dysfunction increased.[25] We specuODWHGWKDWHOHYDWLRQRIFHUWDLQLQÀDPPDWRU\F\WRNLQHV
71)Į,/DQG,/ LQVHYHUHV\PSWRPDWLFK\pertrophic cardiomyopathy patients with high NYHA
functional class may stimulate expression of CA 125
from nonmesothelial cells or predispose to contributory factors for production of CA 125.
+LJK VHUXP OHYHOV RI LQÀDPPDWRU\ PDUNHUV OLNH
high sensitivity C-reactive protein and soluble adhesion molecules were also detected in patients with
VHYHUH$6LQGLFDWLQJDQLQÀDPPDWRU\SURFHVVLQ$6
[26,27]
7KLVLQÀDPPDWRU\SURFHVVPLJKWDOVRKDYHDUROH
in the elevation of CA 125 levels in AS patients.
It has been shown that CA125 levels increased sigQL¿FDQWO\DV1<+$IXQFWLRQDOFODVVLQFUHDVHGLQKHDUW
failure patients,[4-8] mitral stenosis patients[10] and AS
patients.[11] Although CA 125 levels increased in our
AS patients as functional class increased, the differHQFHGLGQRWUHDFKDVWDWLVWLFDOO\VLJQL¿FDQWOHYHO7KLV
could be due to low sample size, especially severe AS
(functional class III) patient group.
Recently, we studied CA 125 levels and some
LQÀDPPDWRU\ PHGLDWRUV LQFOXGLQJ WXPRU QHFURVLV
IDFWRUĮ 71)Į  ,/ DQG LQWHUOHXNLQ ,/ 
in heart failure patients.[28] We reported that CA 125
levels were elevated and positively correlated with
VHUXP 71)Į ,/ DQG ,/ OHYHOV LQ KHDUW IDLOXUH SDWLHQWV7KHUHIRUH DQ LQFUHDVH LQ LQÀDPPDWRU\
mediators that have been shown to be elevated in AS
patients may cause an increase in CA 125 levels. We
can say that CA 125 levels may increase in patients
with AS with normal left ventricular size and function
ZLWKRXWÀXLGDFFXPXODWLRQLQWKHSOHXUDOSHULWRQHDO
or pericardial space.
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The small sample size, and especially small number of severe AS patients, was the primary limitation
RIWKHVWXG\$OVRZHGLGQRWPHDVXUHLQÀDPPDWRU\
mediators and cytokines in the same setting.
In conclusion, we have shown that CA 125 levels
were higher in patients with AS than in control subjects. CA 125 level was correlated with mean gradient
and creatinine.
This study shows that AS is one of the nonmalignant conditions in which CA 125 levels are elevated.
Further studies with larger patient population are
needed to establish the pathophysiological and clinical
VLJQL¿FDQFHRILQFUHDVHG&$LQSDWLHQWVZLWK$6
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( 6DFKV , HW DO (FKRFDUGLRJUDSKLF DVVHVVPHQW RI OHIWYHQ
WULFXODUK\SHUWURSK\FRPSDULVRQWRQHFURSV\ÀQGLQJV$P-
&DUGLRO>&URVV5HI@
&XVSLGL&0HDQL61HJUL)*LXGLFL99DOHULR&6DOD&HW
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2(OHYDWHGFDUERK\GUDWHDQWLJHQOHYHOVLQK\SHUWURSKLF
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