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Abstract
Objective To evaluate the effect of Diane-35, alone or in combination with orlistat or metformin, on androgen and body fat 
percentage parameters in Chinese overweight and obese polycystic ovary syndrome (PCOS) patients with insulin resistance.
Methods A total of 240 PCOS women were randomly allocated to receive Diane-35 alone (D group), Diane-35 plus orlistat 
(DO group), Diane-35 plus metformin (DM group), or Diane-35 plus orlistat plus metformin (DOM group). Serum TT, 
DHEA-S, androstenedione, SHBG, FT, FAI, body fat, and body fat percentage were assessed at baseline and after 12 weeks 
of treatment.
Results Significant changes in serum TT, SHBG, and FAI were observed in all treatment groups compared with baseline. 
DHEA-S and androstenedione significantly decreased in the DO, DM, and DOM groups after treatment. FT only signifi-
cantly decreased in the DOM group. Body fat and body fat percentage significantly decreased in the DO and DOM groups. 
Compared with the D group, DHEA-S significantly decreased in the DO, DM, and DOM groups (F = 4.081, p = 0.008); 
SHBG significantly increased in the DOM group (F = 3.019, p = 0.031); and FAI significantly decreased in the DO group 
(χ2 = 12.578, p = 0.006). There were significant differences between groups in body fat percentage (χ2 = 23.590, p < 0.001). 
Side-effects were less with orlistat than metformin.
Conclusions Diane-35 in combination with orlistat or metformin is more effective in reducing androgen than Diane-35 alone. 
Orlistat is more effective in reducing body fat percentage than metformin. In addition, orlistat has mild side-effects and is 
better tolerated compared with metformin.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common 
endocrine disorder of reproductive-aged women around the 
world [1]. PCOS affects 6–21% of the female population [2]. 
The prevalence of PCOS depends on ethnicity, environmen-
tal, and genetic factors [3]. Clinical presentation can vary 
widely but, in general, PCOS is characterized by hyperan-
drogenism, polycystic ovaries, and anovulation, after exclud-
ing other endocrine causes such as hyperprolactinemia [4]. 
The majority of women with PCOS have insulin resistance 
and/or are obese [5]. The risk of metabolic and cardiovascu-
lar disease and gynecological cancers associated with PCOS 
highlight the importance of early diagnosis and appropri-
ate multidisciplinary management. Lifestyle modification, 
including diet, exercise, and behavioral modification, is the 
first line in the management of all women with PCOS [6].

 * Xiangyan Ruan 
 ruanxiangyan@163.com

 Jinghua Song 
 songjinghua1985@163.com

 Muqing Gu 
 siyu2hao@126.com

 Lijuan Wang 
 wanglijuan_doctor@163.com

 Husheng Wang 
 377974713@qq.com

 Alfred O. Mueck 
 A.O.Mueck@t-online.de

1 Department of Gynecological Endocrinology, Beijing 
Obstetrics and Gynecology Hospital, Capital Medical 
University, Beijing 100026, China

2 Department of Women’s Health, University Hospitals 
of Tuebingen, Tuebingen, Germany

3 Department of Obstetrics and Gynecology, Beijing Anzhen 
Hospital, Capital Medical University, Beijing, China

http://orcid.org/0000-0001-7777-247X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-018-4762-0&domain=pdf


1558 Archives of Gynecology and Obstetrics (2018) 297:1557–1563

1 3

Pharmacological treatment of PCOS includes hormonal 
contraceptives, metformin, myo-inositol, orlistat, and GLP1 
agonists. Diane-35 contains 2-mg cyproterone acetate (CPA) 
and 35-μg ethinylestradiol (EE), which is the first choice 
for the management of PCOS patients with hyperandrogen-
ism in China [7]. The antiandrogenic effect of Diane-35 
is achieved via many different mechanisms. Diane-35 can 
reduce biochemical hyperandrogenism and can treat clini-
cal signs of hyperandrogenism such as acne, seborrhea, and 
hirsutism, and is also active as an oral contraceptive [8]. 
Metformin is a first-line medication for metabolic mani-
festations such as hyperglycemia [9]. Metformin works by 
inhibiting the production of hepatic glucose, reducing intes-
tinal glucose absorption and improving glucose uptake and 
utilization [10]. Besides lowering the blood glucose level, 
metformin may have additional health benefits including 
weight reduction, lowering plasma lipid levels, and preven-
tion of some vascular complications [11]. Orlistat, an FDA-
approved drug, is an effective medication in the treatment of 
obesity. Orlistat is a potent and irreversible inhibitor which 
prevents the hydrolysis of dietary fat into absorbable-free 
fatty acids and monoglyceride with an increase in fecal fat 
excretion [12, 13]. Orlistat has excellent effects on reduc-
ing body weight and body mass index in overweight and 
obese patients [14]. Previous studies which have compared 
the effects of Diane-35 alone or in combination with met-
formin in PCOS patients showed favorable results [15, 16]. 
However, they only investigated a small number of cases and 
were not always well randomized. The aim of this study was 
to evaluate the effect of Diane-35, alone or in combination 
with orlistat or metformin on androgen and body fat per-
centage parameters in Chinese overweight and obese PCOS 
patients within a prospective randomized study.

Methods

Participants

The study was approved by the Ethics Committee of Bei-
jing Obstetrics and Gynecology Hospital, Capital Medical 
University. All procedures performed in studies involv-
ing human participants were in accordance with the ethi-
cal standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. All par-
ticipants gave their informed consent before enrolling in 
the study. Consecutive patients attending the Department 
of Gynecological Endocrinology, Beijing Obstetrics and 
Gynecology Hospital, Capital Medical University (Beijing, 
China), were recruited between July 2016 and April 2017. 
Women were included in the study if they met all the fol-
lowing conditions: being Chinese, diagnosis of PCOS, aged 

between 18 and 40 years, body mass index (BMI) ≥ 24 kg/
m2, fasting insulin (FINS) > 10 mIU/L, and no history of 
taking medication or dietary modification currently or for 
the preceding 3 months. The diagnosis of PCOS was made 
according to the Rotterdam criteria with the presence of at 
least two of the following three features: oligo- or anovu-
lation, clinical and/or biochemical hyperandrogenism and 
ultrasound finding of polycystic ovaries (presence of 12 or 
more follicles in each ovary measuring 2–9 mm in diameter, 
and/or increased ovarian volume > 10 ml), and exclusion of 
other etiologies (congenital adrenal hyperplasia, Cushing’s 
syndrome, androgen-secreting neoplasms, hyperprolactine-
mia, and thyroid disease). Exclusion criteria were ischemic 
heart disease, clinically evident vascular disease, type-2 dia-
betes with ketoacidosis, renal or hepatic impairment, severe 
infection, and malignant tumor.

Study design

The trial was a randomized, open-label, and parallel study. A 
total of 240 PCOS patients were randomly divided into four 
groups: (1) Diane-35 alone (D group); (2) Diane-35 + Orl-
istat (DO group); (3) Diane-35 + metformin (DM group); 
and (4) Diane-35 + Orlistat + metformin (DOM group). Ran-
domization was performed using a random number table. 
The four groups of patients were treated for 12 weeks. At 
baseline, a dietician prescribed an individualized low-fat diet 
and moderate daily physical activity, based on each patient’s 
basal energy requirements and on an estimation of the typi-
cal activity level. Diane-35 was taken once daily at the same 
time from the 5th day of menstruation or withdrawal bleed-
ing for a period of 21 days and for 3 menstrual cycles. The 
dose of orlistat was 120 mg three times daily before each 
meal, and the dose remained constant throughout the study 
period. The dose of metformin was increased stepwise, 
from 500 mg once daily for the first week, to 500 mg twice 
daily for the next week, to 500 mg three times daily for the 
remaining study period. The subjects attended two interim 
checks once every month for a compliance check and to 
record any side effects.

Study measurements

Clinical and biochemical assessments were performed at 
baseline and at the end of the 12-week period. The body 
weight, height, waist circumference, body fat, and body 
fat percentage were measured after an overnight fast with 
subjects wearing light clothes and no shoes. Blood samples 
were taken between the second and fourth day of a sponta-
neous menstrual cycle or at any time point in the menstrual 
cycle with no follicle of a diameter greater than 10 mm 
by vaginal ultrasonography after an overnight fast. The 
androgen profile including serum total testosterone (TT), 
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dehydroepiandrosterone sulfate (DHEA-S), androstenedi-
one, sex hormone-binding globulin (SHBG), free testos-
terone (FT), and free androgen index (FAI) were measured 
using an ADVIA Centaur XP immunoassay system (Sie-
mens, Germany). Body fat and body fat percentage were 
measured using an MC/MES00-042 muscle function ana-
lyzer (Maidakang, China).

Statistical analysis

All statistical analyses were performed using SPSS 22.0 for 
Windows (IBM SPSS Statistics, IBM software, Armonk, 
NY). Values were given as mean ± standard deviation (SD) 
or median (interquartile range). Continuous variables were 
tested for normality by the Kolmogorov–Smirnov test. The 
analysis of the differences between groups was assessed by 
the ANOVA or the Kruskal–Wallis test for parametric or 
non-parametric data, respectively. The paired-samples’ t test 
or the paired Wilcoxon test was used for assessing the effect 
of treatment for parametric or non-parametric data, respec-
tively. Significance was defined as p < 0.05.

Results

All 240 included subjects completed the 12-week study 
period. The baseline demographic and clinical characteris-
tics were similar in all four groups with no significant dif-
ferences (Table 1).

Androgen parameters

When compared with baseline, we observed significant 
reductions in serum TT and FAI, with significant increases 
in SHBG in all treatment groups. DHEA-S and andros-
tenedione were significantly reduced in the DO (p < 0.001 
and p = 0.026, respectively), DM (p < 0.001 and p < 0.001, 
respectively), and DOM (p < 0.001 and p = 0.001, respec-
tively) groups. FT was significantly reduced in the DOM 
(p = 0.002) group. Compared with the D group, DHEA-S 
reductions were significantly greater in the DO, DM, and 

DOM groups (F = 4.081, p = 0.008); SHBG levels were 
significantly increased in the DOM group (F = 3.019, 
p = 0.031); and the reductions in FAI were significantly 
greater in the DO group (χ2 = 12.578, p = 0.006) (Table 2).

Body fat and body fat percentage features

At the end of the 12-week treatment period, significant 
reductions in body fat and body fat percentage were observed 
in the DO (p = 0.005 and p = 0.002, respectively) and DOM 
(p < 0.001 and p < 0.001, respectively) groups (Figs. 1, 2). 
There were significant differences between groups in body 
fat percentage (χ2 = 23.590, p < 0.001). The reductions were 
significantly greater in the DO group compared with the D 
group, while the reductions were significantly greater in the 
DOM group compared with the D and DM groups.

Safety

Twenty-one patients who took Diane-35 experienced side 
effects including headaches, nausea, weight gain, breast 
tenderness, and loss of libido. However, in general, Diane-
35 was well tolerated and we did not observe any cases 
of venous thrombosis. Five patients who received orlistat 
experienced gastrointestinal adverse effects (mainly flatu-
lence and oily spotting) during the first 2 weeks of treat-
ment, which decreased in frequency with ongoing treatment. 
No subject stopped treatment or required any dose reduc-
tion. Nine patients taking metformin 1500 mg/day reported 
side-effects such as mild nausea and abdominal pain. Four 
patients tolerated the dose gradually, while in another five 
patients the tolerated dose was 1000 mg/day.

Discussion

In this open-label randomized study, we examined the effect 
of Diane-35, alone or in combination with orlistat or met-
formin, in Chinese overweight and obese PCOS patients with 
insulin resistance. Obesity is a major risk factor of PCOS 
and is usually of the central type [17]. Obesity exacerbates 

Table 1  Baseline demographic 
and clinical characteristics of all 
study patients

Values are expressed as mean ± SD
D Diane-35, DO Diane-35 +orlistat, DM Diane-35 +metformin, DOM Diane-35 + orlistat +metformin, 
BMI body mass index, and NS not significant

Characteristic Group D Group DO Group DM Group DOM p

Age, years 27.68 ± 4.99 26.77 ± 4.12 28.63 ± 5.12 27.57 ± 4.58 NS
Current smokers, n (%) 13 (21.67) 12 (20.00) 15 (25.00) 11 (18.33) NS
Body weight, kg 75.60 ± 14.82 72.92 ± 11.54 70.44 ± 11.27 74.59 ± 10.21 NS
BMI, kg/m2 28.64 ± 4.89 27.85 ± 4.10 27.00 ± 3.47 28.76 ± 3.43 NS
Waist circumference, cm 93.55 ± 11.42 92.45 ± 9.06 90.83 ± 10.58 93.47 ± 9.89 NS
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hormonal and clinical features of PCOS, and women with 
PCOS appear to be at higher risk of obesity, with multiple 
underlying mechanisms [18]. Insulin resistance appears to 
be the fundamental key factor within the pathophysiology of 
PCOS [19, 20]. Diane-35 is a reliable drug for women who 
suffer from PCOS. It works by blocking the effects of andro-
gens such as testosterone and by activating the progesterone 
receptor. In addition, it increases serum SHBG synthesized 
in the liver, thus decreasing free T. Orlistat is a drug which 
can induce weight loss with minimal systemic absorption. 
Therefore, any effect is a result of weight loss and not of 
any direct effect on ovaries [21]. Metformin has an insulin-
lowering effect by improving insulin sensitivity and in turn, 

can decrease circulating androgen levels. In our study, sig-
nificant reductions in serum total testosterone and FAI were 
observed in all treatment groups after 12 weeks of treatment. 
SHBG synthesis in the liver is down-regulated by hyperinsu-
linemia and has increased androgen levels [21]. Therefore, a 
significant increase in SHBG was observed in all the treat-
ment groups. Similar effects of Diane-35 or Diane-35 plus 
metformin on TT in PCOS patients were observed in an 
earlier study [22]. A previous study also demonstrated the 
same effect of orlistat in women with PCOS [23]. Combi-
nation treatment appeared to be more effective in reducing 
androgen compared with monotherapy.

Table 2  Androgen parameters 
at baseline and after 12 weeks 
of treatment

D Diane-35, DO Diane-35 +orlistat, DM Diane-35 +metformin, DOM Diane-35 + orlistat +metformin, TT 
total testosterone, DHEA-S dehydroepiandrosterone sulfate, SHBG sex hormone–binding globulin, FT free 
testosterone, and FAI free androgen index
Values are expressed as mean ± SD or median (interquartile range) for parametric or non-parametric data, 
respectively
*p < 0.05 vs baseline; **p < 0.01 vs baseline; †p < 0.05 vs group D
※ Assessed by the Kruskal–Wallis test

Characteristic Baseline 12 weeks Change χ2/F p

TT, ng/dL
 Group D 49.73 ± 18.22 44.29 ± 10.30 − 5.44 ± 20.84* 0.659 0.578
 Group DO 56.01 ± 24.55 44.28 ± 18.92 − 11.73 ± 29.18**
 Group DM 54.91 ± 21.37 44.92 ± 20.26 − 9.99 ± 30.45*
 Group DOM 50.78 ± 23.03 43.13 ± 12.94 − 7.65 ± 22.99*

DHEA-S, μg/dL
 Group D 210.77 ± 94.84 206.85 ± 67.75 3.92 ± 111.10 4.081 0.008
 Group DO 221.42 ± 75.56 175.02 ± 38.10 46.40 ± 68.07**†

 Group DM 224.10 ± 54.75 172.29 ± 48.83 51.81 ± 71.59**†

 Group DOM 233.50 ± 98.45 177.72 ± 94.93 55.78 ± 108.71**†

Androstenedione, nmol/L
 Group D 9.03 ± 3.95 7.89 ± 2.86 1.15 ± 5.05 0.980 0.403
 Group DO 8.45 ± 2.61 7.09 ± 3.99 1.36 ± 4.69*
 Group DM 8.74 ± 2.26 6.39 ± 3.05 2.35 ± 3.50**
 Group DOM 8.93 ± 3.88 7.51 ± 2.98 1.42 ± 3.23**

SHBG, nmol/L
 Group D 29.07 ± 14.21 58.47 ± 46.87 − 29.4 ± 46.8** 3.019 0.031
 Group DO 28.33 ± 19.91 72.41 ± 15.33 − 44.08 ± 30.82**
 Group DM 28.64 ± 15.8 73.33 ± 48.01 − 44.7 ± 53.21**
 Group DOM 28.65 ± 24.34 85.41 ± 67.51 − 56.76 ± 63.25**†

FT, nmol/L
 Group D 1.50 ± 0.63 1.47 ± 0.54 0.02 ± 0.83 1.148 0.330
 Group DO 1.53 ± 0.51 1.41 ± 0.97 0.12 ± 1.04
 Group DM 1.50 ± 0.52 1.37 ± 0.85 0.13 ± 0.92
 Group DOM 1.51 ± 0.6 1.19 ± 0.67 0.32 ± 0.77**

FAI※

 Group D 6.48 ± 4.72 4.59 ± 5.91 − 1.99 (5.21)** 12.578 0.006
 Group DO 7.45 ± 4.16 2.15 ± 1.91 − 4.99 (7.06)**†

 Group DM 6.84 ± 4.33 2.90 ± 2.38 − 2.85 (5.40)**
 Group DOM 8.29 ± 9.77 3.01 ± 3.24 − 6.47 (5.86)**
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Weight gain is often considered to be a side effect of hor-
monal contraceptives. Concern about weight gain can limit 
the use of the medication in terms of initiation or cause early 
discontinuation among users. However, available evidence 
is insufficient to determine the effect of contraceptives on 
weight, since no large effect is evident [24]. In our study, 
we observed reductions in body fat and body fat percent-
age in all treatment groups, with significant reductions in 
the DO and DOM groups. There were also reductions in 
the D and DM groups, but without significant differences 
(p>0.05). A previous study reported that metformin alone or 
in combination with OCPs was associated with weight loss 
and improved body composition compared with OCP alone 
[25]. Our study indicated that Diane-35 plus orlistat is better 
for body composition than Diane-35 alone or in combination 

with metformin. Orlistat is more effective in reducing body 
fat and body fat percentage than metformin.

Combined oral contraceptives have been found to be asso-
ciated with an increased risk of venous thrombosis, depend-
ing on the estrogen dose and type of progestogen [26, 27]. 
In addition, two observational studies suggested that the risk 
of venous thrombosis is elevated in PCOS itself [28, 29]. In 
our study, no patient suffered a venous thrombosis during 
12 weeks of treatment. More studies and especially prospec-
tive, well-designed trials are needed to assess the risk of 
venous thrombosis in PCOS patients with Diane -35.

There could be some limitations to our study: in China, 
Diane-35 is the main drug used to treat polycystic ovary syn-
drome. Therefore, all patients in our study were treated with 
Diane-35. However, since we compared combinations versus 

Fig. 1  Mean change in body 
fat after 12-week treatment 
in four groups. D, Diane-35; 
DO, Diane-35 + orlistat; DM, 
Diane-35 + metformin; DOM, 
Diane-35 + orlistat + met-
formin. *p < 0.05 vs baseline; 
**p < 0.01 vs baseline

Fig. 2  Mean change in body fat 
percentage after 12-week treat-
ment in four groups. D, Diane-
35; DO, Diane-35 + orlistat; 
DM, Diane-35 + metformin; 
DOM, Diane-35 + orlistat + met-
formin. *p < 0.05 vs baseline; 
**p < 0.01 vs baseline; †p < 0.05 
vs group D; ‡p < 0.05 vs group 
DM
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Diane-35 alone in a randomized study design, we were able 
to evaluate possible effects of orlistat and metformin, respec-
tively. Another limitation may be that the treatment duration 
of 12 weeks might be too short to assess all possible effects. 
However, regarding effects on androgen parameters, relevant 
differences should be seen when comparing our results with 
other studies, although we cannot exclude changes in these 
effects during longer treatment durations.

In conclusion, Diane-35 in combination with orlistat or 
metformin appears to be an effective and safe treatment 
option for overweight and obese PCOS patients. Combina-
tion treatment is more effective in reducing androgens than 
Diane-35 alone. Orlistat is more effective in reducing body 
fat and body fat percentage than metformin. In addition, orl-
istat has mild side effects and is better tolerated compared 
to metformin. However, long-term, double-blind, placebo-
controlled studies are needed to confirm our findings.
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