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METFORMIN IMPROVES MENSTRUAL PATTERNS, ENDOCRINE
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WOMEN WITH A POLYCYSTIC OVARY SYNDROME
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Abstract: Objective: To evaluate the therapeutic effect of metformin on the
clinical features, hormonal and metabolic profile in obese women with a hyperinsuli-
nemic polycystic ovary syndrome (PCOS).

Material and methods: We analyzed 25 women with PCOS, mean age 27.28
+7.85 years, BMI 34.42 + 6,61 kg/m2, Ferriman-Gallwey (F/G) score 17.43 + 5.45 and
duration of menstrual cycle 79.2 + 54.5 days. Basal hormone measurements included:
FSH, LH, total testosterone, DHEAS, 17a OHP and E2. All patients underwent a 75g
oral glucose tolerance test (OGTT), during which fasting and stimulated levels of glu-
cose and insulin were measured at 0', 60' and 120". The lipid profile was also performed.
Both basal and stimulated parameters were analyzed before and after treatment with
metformin (500 mg orally, three times daily for 9 months).

Results: After metformin treatment the mean frequency of menses became
significantly more regular (79.2 + 54.5 days vs. 31.61 £7.7 days, P < 0.01) and mean
testosterone level had significantly decreased (2.78 + 1.23 vs. 1.72 + 0.95 ng/ml, (P <
0.01). We also observed a statistically significant decrease in the metabolic parameters,
both basal insulinemia (22.18 £ 5.76 vs. 17.19 + 6.67 pU/ml, P < 0.01), stimulated
insulinemia after 60' (179.18 + 88.96 vs. 136.38 + 75.43 pU/ml, P = 0.04), stimulated
insulinemia after 120' (163.23 + 89.2 vs. 88.46 = 61.5 U/ml, P < 0.01) and glucose
response to OGTT on 120' (7.07 + 1.82 vs. 6.15 £1.52 mmol/L, P = 0.04). The levels of
HDL cholesterol had increased (0.94 + 0.16 vs. 1.13 £ 0.19 mmol/L, P = 0.04). No
changes were noted on the hirsutism score and other steroid levels.
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Conclusion: In women with PCOS treatment with metformin is effective in
the lowering of hyperinsulinemia and hyperandrogenemia. In most women metformin
improves the menstrual pattern, but has no effect on hirsutism.

Key words: PCOS, obesity, insulin resistance, hyperinsulinemia, metformin.

Polycystic ovary syndrome is a disorder characterized by chronic ano-
vulation, hyperandrogenemia, signs of hyperandrogenism, enlarged cystic ova-
ries and obesity. Most of the patients have metabolic disturbances with life-long
consequences on the women's health. There is evidence of decreased insulin sen-
sitivity in both lean and obese patients with PCOS [4], but insulin resistance,
accompanied by compensatory hyperinsulinaemia is significant in obese pati-
ents with PCOS [8, 10].

Astrong positive correlation exists between hyperinsulinaemia and hy-
perandrogenemia, and there is strong positive correlation between insulin levels
and ovary androgen secretion in hyperandrogenic patients with PCOS [2, 3, 8].
According to this, hyperinsulinemia, may cause even more hyperandrogenae-
mia, but not vice versa [5].

The patients with PCOS are at higher risk of developing type 2 diabetes
and dyslipidemia early in their lives (in their thirties and forties). Also, dyslipi-
demia is associated with hyperinsulinemia to higher degree than with high
levels of androgens. Patients with PCOS and hyperinsulinemia often show high
levels of low-density lipoproteins (LDL), cholesterol and triglycerides. This li-
pid pattern is a well-established risk factor for coronary artery disease. Insulin is
an aterogenic factor and hyperinsulinemia, independently of other factors, is a
risk factor for cardiovascular disease in diabetic and non-diabetic subjects. Fur-
thermore, insulin resistance and hyperinsulinemia are the major risk factors for
developing type 2 diabetes in younger patients [9, 11].

Many therapeutic approaches have been used in reducing the clinical
features, but many of them have certain limitations. For example, oral contra-
ceptive pills suppress ovarian androgen production but they do not eliminate the
basic problem, e.g. insulin resistance. However, metformin reduces the glucose
levels through increased intestinal glucose utilization, increased peripheral glu-
cose uptake and inhibition of hepatic glucose production. It also increases insu-
lin sensitivity at the post-receptor levels, but it does not stimulate insulin se-
cretion.

The aim of the study is to evaluate the long-term therapeutic effects of
metformin on clinical features, and the hormonal and metabolic profile in obese
women with hyperinsulinemic PCOS.
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Material and methods

Twenty-five patients with PCOS were analyzed. The diagnosis was
established according to the Rotterdam diagnostic criteria (Rotterdam, 2003)
(9). Body mass index (BMI calculated as kg/ m?) was used to estimate obesity.
The women were considered obese when the BMI was > 30 kg/m?. Blood pres-
sure was measured with a mercury sphygmomanometer after the women had
been seated for five minutes. Clinical evaluation of hirsutism was based on the
Ferriman-Gallwey score; score > 8 was consider hirsutism. Metformin effects
on menstrual abnormality of patients were evaluated by assessing post-treat-
ment changes in the frequency of cycles. Transvaginal sonography was used to
evaluate the uterus and ovaries. Basal hormonal measurement included: Fol-
licle-stimulating hormone (FSH), luteinizing hormone (LH), total testosterone
(T), dehydroepiandrosterone—sulphate (DHEAS), estradiol (E2) and all were
measured by electrochemiluminescence (ECLIA-Roche Elecsys 1010). 17 a
hydrohyprogesterone (1700 OHP) was measured by radioimmunoassay. All hor-
monal measurements were performed before and after treatment with metfor-
min. The metabolic assessment included an oral glucose tolerance test (OGTT)
and lipids. All patients underwent 75 g OGTT, during which fasting and stimu-
lated levels of glucose and insulin were measured at 0°, 60°, 120°. Insulin levels
were measured by radioimmunoassay. Plasma glucose was measured by a glu-
cose oxidase assay on Beckman’s analyzer. Glucose tolerance was evaluated using
the criteria of the World Health Organization. Levels of serum total cholesterol,
triglycerides, high density lipoproteins (HDL) and low density lipoproteins
(LDL) were determined by standard methods, (cholesterol-enzymatic colorime-
tric method; triglyceride-colorimetric enzymatic test using glycerol-3-phospha-
teoxidase; HDL cholesterol-enzymatic clearance assay; LDL cholesterol is cal-
culated by the Friedwold formula).

The clinical features, hormonal and metabolic parameters were analy-
zed before and after treatment with metformin (500 mg orally, three times a day
for nine months). The first bleeding was considered a response to the therapy.
According to the response patients were divided into responders and nonrespon-
ders. Descriptive methods were used for statistic analysis. Results are reported
as the mean £SEM. U- test was used to compare the clinical and hormonal
indices between responders and non-responders. P value < 0. 05 was considered
of statistical significance.

Results

We analyzed twenty-five patients who were referred to the Endocrino-
logy Outpatient Department, at the Endocrinology, Diabetes and Metabolic Dis-
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orders Clinic. The clinical characteristics of PCOS women were: mean age
27.28 + 7.85 years, BMI 34.42 £ 6.61 kg/m2, Ferriman-Gallwey (F/G) score
17.43 £+ 5.45 and duration of menstrual cycle 79.2 + 54.5 days. All women with
PCOS had ovarian ultrasonic findings consistent with the diagnosis (9). Other
causes of hyperandrogenisms were excluded. None of the PCOS women had
taken any medication for at least 3 months before the study. The patients were
treated with metformin and all of them completed the study. Three of them sho-
wed minimal side effects on metformin: nausea and diarrhea.

Table 1 — Tabena 1

The main clinical and endocrine characteristics of subjects given metformin, at baseline
and after treatment

[raBawm KIAAAYKA H XOPMOHCKH KapaKTEPHCTAKHA HA MALHCHTKATE TPETHAPAHH CO
MeTgopmuH, 6a3aJTHO U IO TEPAIH]a

Body mass index (kg/m?) 33,57 +/- 6,58 31,61 +/- 5,59 0.0031
Menses (days) 78,26 +/- 56,82 31,61 +/- 7,69 0.0004
F-G score 18,14 +/- 5,11 16,42 +/- 5,22 0.1723
LH/FSH ratio 1,06 +/- 0,64 0,89 +/- 0,54 0.1907
Estradiol (pmol/l) 116,25 +/- 82,58 127,45 +/- 98,18 0.6059
Testosterone (ng/ml) 2,78 +/- 1,23 1,72 +/- 0,95 <0,0001
DHEAS (umol/L) 7,37 +/- 2,63 7,02 +/- 3,21 0.5208
17 OHP (nmol/L) 4,60 +/- 0,88 6,33 +/- 2,87 0.4204
* P <0,05

We noted the positive effects of metformin on their BMI and menstrual
pattern. Thus, there was significant decrease in BMI after treatment ( P< 0,031).
We found very strong and statistically significant effects on the menstrual
patterns, so that the mean days of menstrual bleeding before an after treatment
were 78. 26 + 56. 82 and 31. 61 = 7. 69 days (P < 0.0004), respectively. There
were no differences to mean F/G score, LH/FSH ratio, DHEAS and 17a OHP
before and after treatment. The mean levels of total testosterone were higher
(2.78 £ 1.23ng/ml) in the basal state and decreased (1.72 = 0.95 ng/ml)
significantly after treatment (P < 0.0001) (Table 1). The basal mean LH to FSH
ratio was within the normal ranges (1. 06 £ 0. 64), with no significant changes
(0. 89 + 0. 54) after treatment.

Contribution, Sec. Biol. Med. Sci. XXVII/1 (2006) 57-66



Metformin improves menstrual patterns, endocrine and metabolic...

61

Table 2 — Tabena 2

Main biochemical characteristics of subjects given metformin,

at baseline and after treatment

Merabonnaan KapaKTEPHCTHKH HA NAHCHTKHTE TPETHPAHH
€O MeT@OpMHH, 0a3aJTHO H 110 TEPAITH]a

Basal insulinemia (nU/ml) 22,18 +/- 5,77 17,19 +/- 6,67 0,0001
Stimulated insulinemia at 60’

(pU/ml) 179,18 +/- 88,95 | 136,38 +/- 75,43 0,0410
Stimulated insulinemia at 120'

(pU/ml) 163,25 +/- 89,20 | 88,46 +/- 61,50 <0,0001
Basal glucose (mmol/L) | 505+-066 | 489+-067 | 03464 |
Stimulated glucose at 60'

(mmol/L) 8,84 +/- 1,94 8,73 +/- 1,87 0,7817
Stimulated glucose at 120'

(mmol/L) 7,07 +/- 1,81 6,15 +/- 1,52 0,0372
Cholesterol (mmol/L) | 44+-064 | 448+/-083 | 07805 |
HDL-cholesterol (mmol/L) | 094+-017 | 114+-019 | 00237 |
LDL-cholesterol (mmol/L) | 304+-059 | 282+-063 | 03440 |
Triglycerides (mmol/L) | 1,14+-045 | 112+-048 | 08990 |

* P<0.05

The major metabolic features are shown in Table 2. We observed a sta-
tistically significant decrease in the metabolic parameters, both basal insuline-
mia (22.18 = 5.76 vs. 17.19 + 6.67 uU/ml, P < 0.01), stimulated insulinemia
after 60" (179.18 £ 88.96 vs. 136.38 + 75.43 pU/ml, P = 0.04), stimulated
insulinemia after 120' (163,23 + 89,2 vs. 88,46 = 61,5 U/ml, P < 0,01). Glucose
response to OGTT on 120' was decreased (7.07 + 1.82 vs. 6.15 = 1.52 mmol/L,
P = 0.04). The mean levels of fasting and stimulated glucose at 60" did not
change significantly after treatment. The serum total cholesterol, triglycerides
and LDL cholesterol concentrations were within the normal ranges before and
after treatment. The low serum levels of HDL-cholesterol had increased
significantly at the end of the study (P <0. 02).
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Table 3 — Tabena 3

Mean post-treatment characteristics of women given metformin, divided into responders
and non-responders according to the efficacy of treatment on menstrual abnormalities
TepaneBckHOT eQOeKT HA METQOPMHUHOT Kaj TPETHPAHHTE MALHEHTKH, I10]EJICHH

BO pECIIOHJIePH H HEPECIIOHJEPH BP3 OCHOBA HA ePEKTOT
Ha TepanHjaTta Ha MEHCTPYAJIHHOT [HKJIIYC

*P<0.05

In order to avoid bias about the effect of metformin on individual pati-
ents we divided the cohort into responders and non-responders. We found a sta-
tistically significant difference in the mean length of menstrual cycles, between
responders (28. 55 +2.83 days) and nonresponders (42.6 = 9.93 days) (P <
0.0004). There was no significant difference in BMI between responders and
non-responders (N.S.) (Table 3).

As shown in Table 3, the mean basal testosterone levels (1.58 + 0.95
ng/ml) were lower in responders than in nonresponders (2.16 + 0.87ng/ml). Ho-
wever, the responders showed a significant decrease in the LH/FSH ratio (0.45
+ 0.54) comparing to nonresponders (2.36 £ 0.12) (P < 0.027). Metformin the-
rapy probably improved the menstrual pattern, with the change in the LH/FSH
ratio in responders. Moreover, only fasting insulin (P < 0.025) and stimulated glu-
cose at 120" (P < 0.03) decreased significantly.
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Discussion

In the past decades, most uncontrolled short-term studies have shown
different results in evaluating the effects of metformin in the treatment of hype-
randrogen women with PCOS., Velasquez et al. confirmed the clinical useful-
ness of metformin on the blood pressure and menstrual cycle in seven PCOS
women for the first time [1]. Furthermore, Nestle et al. [2] reported a decrease
in the levels of free testosterone and an increase of serum levels of SHBG, after
eight weeks of treatment.

There have been only a small number of studies where metformin has
been used for long-term treatment. In our study the outcomes of metformin tre-
atment were examined after nine months, especially the effects on clinical, hor-
monal and metabolic parameters. The first change was noted in menstrual abnor-
malities. Moreover, menstrual bleeding appeared during the first month of treat-
ment and became regular in the second and third months. We noted a positive
long-term effect on the menstrual pattern with continued therapy with metfor-
min. Actually, we considered the appearance of menstrual bleeding as the first
positive sign of treatment. On this ground we divided the patients into respon-
ders and non-responders. The meta-analysis shows that metformin is effective
in achieving ovulation in women with PCOS [12]. It is recommended to women
who desire to become pregnant. However, we did not examine the occurrence
frequency of ovulation during the treatment in this study. Spontaneous menses
is very important, because it refers to normal ovarian function. In women with
PCOS, especially the obese, regular menstrual cycles serve to eliminate the
well-known risks of endometrial hyperplasia and carcinoma.

Previous studies have shown that metformin has no effect on body wei-
ght [12]. It is not a "weight loss" drug. In our study, non-responders had a hig-
her BMI than responders, but the difference was not statistically significant.
This finding proved that metformin itself had no direct effect on body weight,
especially in the most obese patients. It is possible that women who do not show
the effect on 1.5 g metformin need a higher dose of metformin (e.g. 2.0 g daily)
[1, 2, 3]. Furthermore, we recommend metformin to obese PCOS women as an
adjuvant therapy to their life-style changes.

In our study, total testosterone levels were elevated at baseline and de-
clined after metformin treatment. It has been suggested that, even without chan-
ges in body weight, the insulin-sensitizing agents may reduce increased andro-
gen levels by a reduction of insulin levels [3]. We did not find a reduction in
1700 OHP levels after metformin treatment; surprisingly, 17a0 OHP levels were
higher after treatment. This is in contrast with the recent study in which metfor-
min produced an attenuation in serum 17a OHP hyperresponse to GnRH ago-
nist stimulation. This effect was independent of changes in body weight. The
investigators postulated that obese patients with PCOS may have an abnormal
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intracellular insulin signalling of P450c17a activity in the ovary, making the
enzyme complex more sensitive. Moreover, metformin can reverse enzymatic
activities to normal with an improvement in insulin levels [3].

The ratio of LH to FSH was within the normal range at baseline and did
not change after treatment (Table 1). However, when we divided the patients into
responders and non-responders according to the efficacy of treatment on mens-
trual abnormalities, the LH/FSH ratio was significantly lower in responders than
in non-responders. These data suggest that changes in insulin levels might chan-
ge ovarian androgen secretion through effects on the pituitary level [10].

PCOS is characterized by insulin resistance. Insulin resistance is a key
factor in the metabolic syndrome. If metformin improves some characteristics
of the metabolic syndrome, it can reduce the risk of cardiovascular events. After
nine months of treatment, metformin significantly decreased the levels of fas-
ting and stimulated insulin during OGTT, as reported previously in some stu-
dies [3, 12]. However, we found the greatest decline in fasting insulin and sti-
mulated glucose (120") in responders only. Also, meta-analysis confirms that met-
formin does significantly reduce fasting insulin levels [12]. So we can recom-
mend metformin as a first line drug. Metformin has little effect on plasma lipids
[6, 7]. We found statistically increased levels of HDL cholesterol after metformin
treatment and a slight decrease in LDL-C levels. There were no change in trigly-
cerides and total cholesterol. These data are not in agreement with the findings
of other investigators [3, 12]. Lord et al. reported a significant decrease in LDL-
C levels [12]. It is possible that the size of our sample is a reason for this finding.

In summary, this study shows that in women with PCOS metformin
treatment is effective in lowering hyperinsulinemia and hyperandrogenism. In
most women metformin induces a regulation of menstrual abnormalities and a
significant reduction of the LH/FSH ratio in responders only, but has no effect
on hirsutism. In future, a large group of patients is needed in order to assess
whether some of the factors explored can predict the response to metformin.
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Peszume

MET®OPMUHOT I'1 IIOJOEPYBA MEHCTPY AJIHUTE,
EHJJOKPMHOJ/IOMKWUTE N METABOJINMYHUTE HAPYIIIYBABA
KAJ OBE3HHM XEHUW CO XUITEPMHCYJIMHEMWYEH
TIOJINLIVICTUYEH OBAPUJAJIEH CUHIPOM

B. KpcreBcka, U. MumutpoBckw, I'. IlemoBcka, C. MuieBcka, 3. [ImMoBa,
C. Cameonosa, 1. AxmeTn

Kinanka 3a eHFOKpHHOJIOIHjA, JHja0eTeC H META00THIHA HAPYIIYBAbha,
YHnBEp3ATETCKH KIAHHHIKH [EATAP,
Mepnmurackn gakynrer ,,Cs. Kuprur m Meroguy*, Ckomje, P. Makegormnja

IL]esr: [1a ce eBanympa TepaneBcKUOT edeKT Ha MeT(OpPMUHOT HA KIIU-
HUYKHUTE KapaKTePUCTHKH, XOPMOHCKUTE W METaOOJIMYHATE TTapaMeTpH Kaj 06e3HN
MaInueHTKy co xunepuncyianaeMudeH [TI1OC.
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Marepujan n meroqn: AHanusupaHu ce 25 MAlMEHTKH Ha BO3pacT Off
27,28 + 7,85 ropuan, BMU on 34,42 + 6,61 kg/m2, Ferriman-Gallawey (®/T") ckop
on 17,43 £ 5,45 u fonKWHA HAa MEHCTpyasieH nuKiayc of 79,2 £ 54,5 nena. basan-
HUTE XOPMOHCKM Mepewa BKiyunja: PCX, JIX, recrocrepon, HXEAC, 17 OXII
u E2. Kaj cure maumenTku Gelle u3BefileH 75 T opajieH TVIMKO3a TOJIEPaHC TeCT
(OI'TT), a 6Ga3ajaHUTE ¥ CTUMYJIUPAHU BPEHOCTH Ha TIIMKEMUja U MHCYJIUHEMU]a
Oea oppenyBanu Ha 0, 60 1 120 muH. JIunuagen npodun Oelle U3BEAyBaH Kaj cUTe
HNalUHTKYU. ba3zanHuTe U cTUMyNUpaHUTE MapaMeTpu 6ea OfipeflyBaHu Mpef U 1O
TepanujaTa co MeTdopmuH (500 Mr opaHO, TpU NaTH JTHEBHO, 3a TIEpHON Off 9 Me-
Cery).

Pesyrrata: 1o Tepanmja co MeT(OPMIH MOCTUTHATO € 3HAYAjHO TOA0OpPY-
Balbe BO MeHCTpyanHuoT mkiayc (o 79,2 + 54,5 wa 31,6 =+ 7,7 gena, P < 0,01),
CpefHATEe BPETHOCTH Ha TECTOCTEPOHOT 3HauYajHO ce Hamamnmja (og 2,78 £1,23 Ha
1,72 £ 0,95 ng/ml, P < 0,01) a yrBpuBMe 3Ha4YajHO HaMallyBamke BO MeTaboINd-
HHUTE MapaMmeTpu, Oa3anHara mHCynmHemuja (of 22,18 + 5,76 pU/ml mo 17,19 +
6,67 wU/ml), crumysupanaTa uHcyauHemuja Ha 60 muH. (of 179,18 + 88,96 nU/ml
Ha 136,38 + 75,43 wU/ml, P < 0,04), crumynupaHaTa uHcyauHemuja Ha 120 muH. (0o
163,25 + 89,2 pU/ml o 88,46 + 61,5 nU/ml, P < 0,01) u ctumynupaHaTa TIUKEMHAja
Ha 120 mun. og OITT (oxm 7,07 + 1,82 mmol/l Ha 6,15 £ 1,52 mmol/l, P = 0,04).
3HauajHo ofjo6pyBame Geme 3abeneskaHo Bo HuBoata Ha HDL-C (o 0,94 + 0,16
mo 1,13 + 0,19 mmol/l, P = 0,02). He Gea 3abeneskaHu MPOMEHU BO XUP3YTH3MOT U
APYTUTE CTEPOUTHA XOPMOHHU.

Bakmyqok: IIIOC Tepanujata co MeT(OpMUH € eprKacHa 3a Hamamy-
Bam¢ Ha XUIEPUHCYINHEMHUjaTa U XUIepaHAporeHeMujaTa. MeT(hOopMHIHOT Io pe-
TyI¥pa MEHCTPYATHUOT HUKJIYC, HO HeMa €(PEKT Ha XUP3YTU3MOT.

Kiyunu 360posu: [11HOC, ae6ennHa, HHCYIUHCKA PE3UCTEHINjA, XUNIEPUHCYIIH-
HeMHja, MET(OPMHUH.
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