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Background: The aim of this study was to determine the relevance of apelin and insulin resistance (IR) with polycystic ovary
syndrome (PCOS) and to assess the possible therapeutic effect of the combined therapy of drospirenone-ethi-
nylestradiol (DRSP-EE) combined with metformin.

Material/Methods: Sixty-three PCOS patients and 40 non-PCOS infertile patients were recruited. The fasting serum levels of fol-
licle stimulating hormone (FSH), luteinizing hormone (LH), testosterone (T), prolactin (PRL), estradiol (E,), glu-
cose (FBG), insulin (FINS), and apelin at the early follicular phase were measured. To further investigate the
relation between apelin and IR, we treated the PCOS patients with DRSP-EE (1 tablet daily, 21 d/month) plus
metformin (500 mg tid) for 3 months. All of the above indices were measured again after treatment.

Results: 1) Levels of apelin, LH, LH/FSH, T, and FINS, as well as homeostatic model assessment of IR (HOMA-IR) in PCOS
patients, were significantly higher than in the control group before treatment. 2) These indices significantly
decreased after treatment with DRSP-EE plus metformin. 3) Correlation analysis showed that apelin level was
positively correlated with body mass index (BMI), FINS level, and HOMA-IR.

Conclusions: Apelin level significantly increased in PCOS patients. The combined therapy of DRSP-EE plus metformin not
only decreases IR, but also improves apelin level. This combination is a superior approach for PCOS treatment.
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Background

Polycystic ovary syndrome (PCOS) is a common endocrine/met-
abolic disorder [1] among women of reproductive age. PCOS
is characterized by chronic anovulation (oligomenorrhea or
amenorrhea) and hyperandrogenemia (hirsutism, acne, and
increased androgen hormone plasma level, or a combination
of these conditions) [2]. Many studies indicate that PCOS is
associated with metabolic disorders [3,4] that lead to cardio-
vascular events, dyslipidemia, and insulin resistance (IR) [5,6].
IR with hyperinsulinemia plays an important role in the de-
velopment of hyperandrogenism through the enhancement of
androgen hormone biosynthesis in the ovaries In addition, IR
and the resultant hyperinsulinemia raise the risk of long-term
metabolic disorders, such as impaired glucose tolerance, type
2 diabetes, and cardiovascular diseases.

Apelin is a bioactive peptide originally identified from bovine
stomach extracts as the endogenous ligand of the G protein-
coupled receptor APJ [7]. Apelin has been recently identified
as a new adipokine expressed and secreted by mature adipo-
cytes in both humans and mice [8,9]. The apelinergic system
has been demonstrated to be involved in the pathogenesis of
many conditions, such as hypertension, heart failure, glucose
intolerance, and diabetes mellitus [10-12]. Apelin may be a
key regulator in glucose and lipid metabolism and may be as-
sociated with IR. PCOS is associated with the occurrence of IR
and other metabolic disorders, such as dyslipidemia, hyper-
tension, and atherosclerosis. Based on these facts, we con-
ducted this study to determine whether serum apelin levels
are different between PCOS women and healthy women. We
also evaluated the therapeutic effects of drospirenone-ethi-
nylestradiol (DRSP-EE) plus metformin combination on PCOS.

Material and Methods

PCOS patients

We recruited 63 PCOS women from the Outpatient Center of
Reproductive Medicine at the Affiliated Hospital of Taishan
Medical University between March 2014 and January 2015.
None of the patients had used hormonal preparations, includ-
ing oral contraceptives (OC). PCOS was diagnosed according
to the 2003 Rotterdam Criteria with at least 2 of the following
features: oligomenorrhea or amenorrhea, clinical or biochem-
ical hyperandrogenism, and polycystic ovaries on ultrasound.
Patients with oligomenorrhea or hyperandrogenism caused
by any other clinical conditions were excluded, such as non-
classical 21-hydroxylase deficiency, congenital adrenal hyper-
plasia, hypothyroidism, Cushing’s syndrome, or significant el-
evation in serum prolactin (PRL) [13,14].
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Control group

Forty infertile women with regular menstrual periods (26 days
< menstrual period <35 days) were recruited as a control group
at the same period. All of the controls were carefully evaluat-
ed to avoid any selection bias. None of them had any hirsut-
ism or other manifestation of hyperandrogenism, sonograph-
ic evidence of PCOS, sign of galactorrhea, thyroid dysfunction,
or diabetes, nor had any received hormonal therapy (including
oral contraceptives) or any drug therapy in the last 3 months.

This study was approved by the Institutional Review Board of
Taishan Medical University. Written informed consent was ob-
tained from all participants.

PCOS patients were divided into subgroups A (BMI <25 kg/m?)
and B (BMI >25 kg/m?) by body mass index (BMI). Similarly,
the controls were divided into subgroups C (BMI <25 kg/m?)
and D (BMI >25 kg/m?).

Clinical and biochemical measurements

Serum levels of luteinizing hormone (LH), follicle stimulating hor-
mone (FSH), estradiol (E,), testosterone (T) and PRL were mea-
sured during the early follicular phase (days 2 to 5 of the men-
strual cycle). Serum samples were collected after fasting for 12
hours to test apelin, glucose (FBG), and insulin (FINS), total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), and
high-density lipoprotein (HDL) levels. In PCOS patients, the last
menstrual period was either spontaneous or induced by the ad-
ministration of dydrogesterone (10 mg/d for 7 days). FBG was
detected by the oxidase method with an AU640 biochemical au-
to-analyzer (Olympus Company, Hamburg, Germany). FSH, LH, T,
PRL, E,, T, and FINS were detected by chemiluminescence immu-
nization. Blood lipid levels were measured using an Ft-7060 pre-
cipitation and enzymatic device (Beckman Coulter Inc., Galway,
Ireland). Apelin was determined by platinum enzyme-linked im-
munosorbent assay (ELISA) kit (eBioscience, North America).

PCOS patients were treated with drospirenone-ethinylestradi-
ol (DRSP-EE, 3 mg DRSP - 30 ug EE, 21d/month) plus metfor-
min (500 mg tid) for 3 months. The above parameters were
recorded at day 0 and at 3 months after treatment.

IR expressed as the homeostatic model assessment of IR
(HOMA-IR) was calculated as fasting glucose x fasting insu-
lin/22.5. BMI was calculated as the weight (kg) divided by the
square of body height (m?).

Statistical methods

Descriptive characteristics are reported as mean + standard
deviation (X+SD). The differences in clinical, hormonal, and
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Table 1. Comparison of hormonal characteristics among four groups (X+SD).

A (n=40) B (n=23) C (n=20) D (n=20)

FSH (IU/L) 5.78+1.77 5.56+1.66 7.16+1.46%° 6.76+1.452P
Cwamy 10656517 980+463  519s189%  455:135e
o wesH 1851081 1905102 074:030% 0691020
7777777777 Tg/d)  4848:1953 48212119 2166£1021*  2841:1069%
C RLegm) 179141286 2013:1019 1851658 18515801
e gm)  as75:1950 527152012 431261925 488542135

2 Compared with A, P<0.05; ® compared with B, P<0.05.

Table 2. Comparison of clinical, metabolic characteristics among four groups (X+SD).

A (n=40) B (n=23) C (n=20) D (n=20)

Age 27.45+3.61 28.04+3.47 26.70+4.40 28.20+4.20
""""""" Weight k) 5774518 7608:692 5330586 72208434
O Height@m) 16253466 160526532 l6175:468 162306432
T 21805189 20474393 | 0398217 274341760
 RBG(mmol) 5311045 5461046 549:049 5461044
o oENs@u 159741043 1646:9.15 76313420 9961467
© HWOMAR 379073 3991076 1861041 2421050%
""""""" TC(mmol) 4861088 5073083 4181071 4485074
""""" TG(mmold) 1175055 115:038 104076 1211087
 HDUmmol) 1250031 123027 1442036 1330031
© Lmmoy)  300:071 3045060 2584066 2926051
""""" Apelin (ng/m) 2095070 3021086* 0241008 0485013

2 Compared with A, P<0.05; ® compared with B, P<0.05; ¢ compared C, P<0.05

biochemical variables among subgroups were evaluated by ~ The PCOS group was not significantly different in age, height,
1-way analysis of variance (ANOVA) on SPSS 15.0 (Chicago, IL, FBG level, or TG level from the control group, but had higher
USA). The modifications linked to the treatment of PCOS were apelin level, FINS level, and HOMA-IR (Table 2).

evaluated with the t test for paired data. Correlation was ana-

lyzed by Pearson’s test and multiple stepwise regression anal- Comparisons before and after combined treatment in PCOS
ysis. P<0.05 was considered as significant. women

After the 3-month combined treatment with DRSP-EE plus met-

Results formin, the levels of apelin, T, LH, LH/FSH, and FINS, as well

as HOMA-IR, were decreased significantly (P<0.05). The levels
Comparison of clinical, hormonal, and metabolic of FBG, TC, TG, HDL, LDL, and FSH did not change significant-
parameters among the 4 subgroups before treatment ly (P>0.05) (Tables 3, 4).

PCOS patients and the controls had similar E, and PRL levels.
However, PCOS women had significantly higher levels of LH,
LH/FSH, and T than the controls (Table 1).
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Table 3. Comparison of hormonal characteristics before and after treatment (X+SD).

Non-obese PCOS group

Obese PCOS group

Before treatment After treatment Before treatment After treatment

FSH (IU/L) 5.78+1.77 6.06+0.95 5.56+1.66 6.08+1.57
o 10654517  618£13%  9.80s463  590:084°
T 185:081 112:033% 190:102 10120310
""""" Tg/d)  4848+1953  3368#806° 48212119 32224815
 PRLOYM) 179151286 16884467 0131009 18661548
B ym) 457541950 47498975 527142012 493741374

2 Before and after treatment, P<0.05.

Table 4. Comparison of clinical, metabolic characteristics before and after treatment (X+SD).

Non-obese PCOS group

Obese PCOS group

Before treatment After treatment Before treatment After treatment

BMI 21.80+1.89 20.25+2.34 29.4743.93 27.67+4.55
 FBG(mmolWl)  531x045  499:059 5461046 5084057
O ENS U 1597:1043 11188353 1646:915 1190:3548
© HOMAR 3795073 247:05¢  399s076 268065
""""" TC(mmoll)  486+088  471x081  507:083 487098
""""" 16 (mmoll) 117055  108¢033  115:038  105s031
© HDLmmo) 1256031 1456034 1231027 1426032
© DL@mmol)  300£071  285:057  304%060 266:064
""""" TC(mmoll) 4861088 453108 507:083 494127
""""" Apelin (ng/m) 2005070 138:046a  302:086  169s058
2 Before and after treatment, P<0.05.

Table 5. correlation analysis of serum Apelin and the variables.
FSH LH LH/FSH T PRL E,

r 0.063 0.162 0.137 0.130 0.038 -0.071
""""" p o067 o187 019 0208 0709 0569

Weight BMI FBG FINS HOMA-IR TC TG HDL LDL
r 0.055 0.3832 —-0.095 0.33°2 0.3432 0.127 0.061 -0.195 0.034
o 0580 <0001 0337 0001 <0001 0209 0650 0054 0740
2 P<0.01.
Correlations Discussion

Apelin level is positively correlated with BMI, FINS level, and
HOMA-IR (Table 5). Multiple stepwise regression analysis
showed that BMI and HOMA-IR were the independent factors
related to the level of serum apelin.

PCOS is the most common endocrine cause of menstrual irreg-
ularities, hirsutism and acne, but its pathogenesis remains un-
clear. IR and its compensatory hyperinsulinemia play an impor-
tant role in the pathogenesis of PCOS. This study shows that
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FINS level and HOMA-IR as parameters of IR in PCOS women
are significantly different from the control group. Also, serum
T levels are significantly different in PCOS women with and
without obesity compared with the control group. This result
suggests that IR and hypotestosteronemia are actively involved
in the pathogenesis of PCOS regardless of obesity.

The increase of LH level probably plays an important role in
the pathological mechanism of the higher androgens produc-
tion in the ovaries, which can interfere with the maturation
of the oocyte. In the present study, the serum LH levels are
significantly higher, while FSH level is lower in PCOS women
compared with controls. These results further confirm that
high LH level and relative insufficiency of FSH are the charac-
teristics of PCOS.

Apelin is a recently discovered peptide that is designated as
an endogenous receptor ligand and found in several organs
such as heart, brain, kidneys, and lungs [15]. Apelin level is re-
lated with the occurrence of obesity and IR [9]. Recently, vary-
ing expression levels of apelin and its receptor (APJ) have been
observed in different stages of cattle ovarian follicles [16,17].
There is little data in the literature regarding changes in apelin
level or its relation to PCOS, and even the existing published
results are inconsistent. One published research study report-
ed lower apelin level in normal-weight PCOS women than in
control subjects [18]. Choi et al. published a similar finding of
significantly lower serum apelin levels in PCOS women [19].
These 2 studies also suggest that serum apelin level is posi-
tively correlated with apolipoprotein A level, but is negative-
ly correlated with total testosterone level and free androgen
index (FAI) independent of IR. Moreover, serum apelin levels
are lower in PCOS women than in controls [20]. In contrast to
this finding, Cekmez et al. [21] reported that the mean level
of apelin is higher in PCOS adolescents than in controls, and
the apelin level is positively correlated with BMI and HOMA-
IR [21]. However, similar apelin levels between women with
and without PCOS were also reported in other clinical research
studies [22]. In our present study, however, serum apelin lev-
els are significantly higher in PCOS women compared with
controls. Moreover, we also observed that apelin level is sig-
nificantly and positively correlated with BMI, HOMA-IR, and
FINS level. These results are consistent with a previous study
(Cekmez et al.). Discrepant findings among the published stud-
ies may be attributed to the differences in ethnicity, age, study
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After the 3-month treatment with DRSP-EE plus metformin,
PCOS patients show significantly decreased levels of ape-
lin, FINS, LH, LH/FSH, and T, as well as HOMA-IR. A multivari-
ate regression analysis found that, in addition to IR, the use
of the combined treatment also reduced apelin level, LH lev-
el, and other parameters, which indicates that apelin level is
related to IR. Thus, we speculate that apelin level reduction
can improve IR and reduce the risk of cardiovascular events,
dyslipidemia, and IR associated with PCOS. The combination
of metformin and DRSP-EE might be a recommendation for
treatment of PCOS.

Conclusions

Chinese PCOS women exhibit higher apelin levels than con-
trols. Serum apelin level is positively correlated with BMI and
HOMA-IR. The treatment with metformin plus drospirenone-
ethinylestradiol is effective for the reduction of insulin resis-
tance, apelin level, and the improvement of other parameters
linked with a higher risk of type 2 diabetes mellitus and car-
diovascular diseases. Early recognition, proper intervention,
and long-term monitoring are therefore necessary, and ape-
lin is a candidate target for treatment of PCOS and follow-up.

Acknowledgements
We are grateful to all the participants involved in this study.
Conflict of interest

The authors have no conflicts of interest.

3. Park HR, Choi Y, Lee HJ et al: The metabolic syndrome in young Korean
women with polycystic ovary syndrome. Diabetes Res Clin Pract, 2007;
77(Suppl.1): S243-46

4. Baranova A, Tran TP, Birerdinc A, Younossi ZM: Systematic review: associ-
ation of polycystic ovary syndrome with metabolic syndrome and non-al-
coholic fatty liver disease. Aliment Pharmacol Ther, 2011; 33(7): 801-14

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




CLINICAL RESEARCH

5

o

~

foc]

el

10.

11

12.

13.

14.

. Sung YA: Insulin resistance in polycystic ovary syndrome. Korean Diabetes

J,2008; 32: 1-6

. Stanley T, Misra M: Polycystic ovary syndrome in obese adolescents. Curr

Opin Endocrinol Diabetes Obes, 2008; 15(1): 30-36

. Tatemoto K, Hosoya M, Habata Y et al: Isolation and characterization of

a novel endogenous peptide ligand for the human APJ receptor. Biochem
Biophys Res Commun, 1998; 251: 471-76

. Kleinz MJ, Davenport AP: Emerging roles of apelin in biology and medicine.

Pharmacol Ther, 2005; 107: 198-211

. Boucher J, Masri B, Daviaud D et al: Apelin, a newly identified adipokine

up-regulated by insulin and obesity. Endocrinology, 2005; 146: 1764-71

Falcao-Piresl I, Gongalves N, Henriques-Coelho T et al: Apelin decreases
myocardial injury and improves right ventricular function in monocrota-
line-induced pulmonary hypertension. Am J Physiol Heart Circ Physiol, 2009;
296(6): H2007-14

Masri B, Knibiehler B, Audigier Y: Apelin signalling: a promising pathway
from cloning to pharmacology. Cell Signal, 2005; 17: 415-26

Li L, Yang G, Li Q et al: Changes and relations of circulating visfatin, apelin,
and resistin levels in normal, impaired glucose tolerance, and type 2 dia-
betic subjects. Exp Clin Endocrinol Diabetes, 2006; 114: 544-48

Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group:
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome. Fertil Steril, 2004; 81(1): 19-25

Shi Y, Guo M, Yan J et al: Analysis of clinical characteristics in large-scale

Chinese women with polycystic ovary syndrome. Neuro Endocrinol Lett,
2007; 28(6): 807-10

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sun X. et al.:
Evaluation of apelin and insulin resistance in PCOS
© Med Sci Monit, 2015; 21: 2547-2552

Ricardo L, Jodo F, Adelino F: The apelinergic system: the role played in hu-
man physiology and pathology and potential therapeutic applications. Arq
Bras Cardiol, 2008; 90: 343-49

Shimizu T, Kosaka N, Murayama C et al: Apelin, APJ receptor expression in
granulosa, theca cells during different stages of follicular development in
the bovine ovary: Involvement of apoptosis and hormonal regulation. Anim
Reprod Sci, 2009; 116: 28-37

Schilffarth S, Antoni B, Schams D et al: The expression of apelin and its re-
ceptor AP) during different physiological stages in the bovine ovary. Int
Biol Sci, 2009; 5: 344-50

Chang CY, Tsai YC, Lee CH et al: Lower serum apelin levels in women with
polycystic ovary syndrome. Fertil Steril, 2011; 95: 2520-23.e1-2

Choi YS, Yang HI, Cho S et al: Serum asymmetric dimethylarginine, ape-
lin, and tumor necrosis factor-alevels in non-obese women with polycystic
ovary syndrome. Steroids, 2012; 77: 1352-58

Altinkaya SO, Nergiz S, Kiigiik M, Yiiksel H: Apelin levels in relation with
hormonal and metabolic profile in patients with polycystic ovary syndrome.
Eur J Obstet Gynecol Reprod Biol, 2014; 176: 168-72

Cekmez F, Cekmez Y, Pirgon O et al: Evaluation of new adipocytokines
and insulin resistance in adolescents with polycystic ovary syndrome. Eur
Cytokine Netw, 2011; 22: 32-37

Olszanecka-Glinianowicz M, Madej P, Nylec M et al: Circulating apelin level
in relation to nutritional status in polycystic ovary syndrome and its asso-
ciation with metabolic and hormonal disturbances. Clin Endocrinol, 2013;
79: 238-42

Pannacciulli N, De Pergola G, Ciccone M et al: Effect of family history of type
2 diabetes on the intima-media thickness of the common carotid artery
in normal-weight, overweight, and obese glucose-tolerant young adults.
Diabetes Care, 2003; 26(4): 1230-34

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



