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Context: Metformin is widely prescribed to pregnant women with polycystic ovary syndrome
(PCOS) in an attempt to reduce pregnancy complications. Metformin is not approved for this
indication, and evidence for this practice is lacking.

Objectives: Our objective was to test the hypothesis that metformin, from first trimester to delivery,
reduces pregnancy complications in women with PCOS.

Design and Setting: We conducted a randomized, placebo-controlled, double-blind, multicenter
study at 11 secondary care centers.

Participants: The participants were 257 women with PCOS, in the first trimester of pregnancy, aged
18–42 yr.

Intervention: We randomly assigned 274 singleton pregnancies (in 257 women) to receive met-
formin or placebo, from first trimester to delivery.

Main Outcome Measures: The prevalence of preeclampsia, gestational diabetes mellitus, preterm
delivery, and a composite of these three outcomes is reported.

Results: Preeclampsia prevalence was 7.4% in the metformin group and 3.7% in the placebo group
(3.7%; 95% CI, �1.7–9.2) (P � 0.18). Preterm delivery prevalence was 3.7% in the metformin group
and 8.2% in the placebo group (�4.4%; 95%, CI, �10.1–1.2) (P � 0.12). Gestational diabetes
mellitus prevalence was 17.6% in the metformin group and 16.9% in the placebo group (0.8%; 95%
CI, �8.6–10.2) (P � 0.87). The composite primary endpoint prevalence was 25.9 and 24.4%, re-
spectively (1.5%; 95% CI, �8.9–11.3) (P � 0.78). Women in the metformin group gained less weight
during pregnancy compared with those in the placebo group. There was no difference in fetal birth
weight between the groups.

Conclusions: Metformin treatment from first trimester to delivery did not reduce pregnancy com-
plications in PCOS. (J Clin Endocrinol Metab 95: E448–E455, 2010)

The polycystic ovary syndrome (PCOS) affects some
8 –11% of women in the reproductive age group

diagnosed according to National Institutes of Health
criteria (NIH) (1–3), and probably up to 15–20% ac-
cording to the Rotterdam consensus criteria. Its corner-
stones are insulin resistance and hyperandrogenicity,

although none is mandatory for the diagnosis according
to the Rotterdam criteria (4). PCOS has implications
both for fertility and pregnancy outcome, whereas an
increasing body of evidence points to a high prevalence
of pregnancy complications (5–9). Hyperinsulinemia
and hyperandrogenism have been suggested as patho-
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genic factors in both PCOS and pregnancy complica-
tions (10 –12).

Metformin, an insulin sensitizer used in the treatment
of type 2 diabetes, reduces fasting insulin and testosterone
levels in nonobese, nonpregnant PCOS women (13). Dur-
ing the last decade, several retrospective and nonrandom-
ized studies have reported beneficial effects of metformin
on pregnancy loss and pregnancy complications, in par-
ticular gestational diabetes mellitus (GDM) (5, 9, 14–19),
whereas our own small randomized placebo-controlled
study showed an overall reduction in pregnancy compli-
cations (20). Hence, we designed a larger study to test the
hypothesis that metformin use in PCOS pregnancy reduces
preeclampsia, preterm delivery, and/or GDM.

Subjects and Methods

Study design
The metformin treatment in pregnant PCOS women (Preg-

Met) study was a prospective, randomized, double-blind, mul-
ticenter trial comparing metformin 2000 mg daily with placebo.

The inclusion criteria were 1) PCOS diagnosed according to the
Rotterdam criteria (4), 2) age 18–45 yr, 3) gestational age between
5 and 12 wk, and 4) a singleton viable fetus shown on ultrasonog-
raphy. The exclusion criteria were alanine aminotransferase higher
than 90 IU/liter, serum creatinine concentration higher than 1.70
mg/dl, known alcohol abuse, previously diagnosed diabetes melli-
tus or fasting serum glucose higher than 126 mg/dl at the time point
of inclusion, treatment with oral glucocorticoids, or use of drugs
known to interfere with metformin.

The diagnosis of PCOS was based on documentation before the
actual pregnancy, all diagnosed by a gynecologist. The participants
were included at 11 study centers: three university hospitals, seven
local hospitals, and one gynecological specialist practice. Before
inclusion, women who met the PCOS criteria of the Rotterdam
consensuswerescreenedwithvaginalultrasoundtoconfirmasingle
viable fetus and gestational age. Fasting plasma glucose concentra-
tions, creatinine, and alanine aminotransferase were determined to
exclude overt diabetes mellitus or kidney or liver disease before
inclusion in the study. Three hundred forty-eight PCOS women
with a total of 364 pregnancies were informed about the study (16
women participated twice); 32 did not meet inclusion criteria, and
58 declined to participate. Two hundred seventy-four pregnancies
were included and randomized (Fig. 1).

At inclusion, vaginal ultrasonography, drawing of fasting
blood samples, and a 75-g oral glucose tolerance test (OGTT)
were performed before randomization. Two hundred seventy-
four pregnancies (in 258 women) were randomly assigned to
either metformin or placebo treatment. In one patient, a partial
21-hydroxylase deficiency had been overlooked, but she was
excluded after randomization.

Randomization
Randomization was performed at the Trondheim University

Hospital Pharmacy in blocks of 10 (five metformin and five pla-
cebo) and stratified according to metformin use at conception.
The method was random drawing of an envelope (ordered in
groups of 10: five metformin and five placebo) by two pharmacy
employees, one executing the drawing and the other monitoring
the drawing.

Blinding
The enrolling doctor at the study centers faxed patient details

to the university pharmacy. The participants were allotted to
placebo or metformin, and the study medication was subse-
quently mailed to the participants. The participants and care
providers were blinded for treatment allocation.

Women who used metformin at conception and in early preg-
nancy had a washout period of at least 7 d before inclusion in the
study. All participants received written and individual verbal
counseling on diet and lifestyle at inclusion. Thereafter, treat-
ment with metformin 500 mg (metformin hydrochloride, Met-
formin, Weifa AS, Oslo, Norway) or identically coated placebo
tablets was initiated. The participants were instructed to take one
tablet twice daily during the first week and two tablets twice daily
for the rest of the study period. To counteract a possible met-
formin action on vitamin B levels, patients were advised to take
0.8 mg folate daily and one daily multivitamin tablet containing
800 �g vitamin A, 1.4 mg vitamin B1, 1.6 mg vitamin B2, 2 mg
vitamin B6, 1 �g vitamin B12, 200 �g folic acid, 18 mg niacin, 6
mg pantothenic acid, 60 mg vitamin C, 5 �g vitamin D, 10 mg
vitamin E, 14 mg Fe2�, 15 mg Zn�, 2 mg Cu2�, 150 �g iodine,
2.5 mg Mn2�, 50 �g Cr�, and 50 �g Se� (Vitaplex; Alpharma
AS, Oslo, Norway).

Standardized interviewer-administered questionnaires were
used to obtain self-reported data on former medical and gyne-
cological/obstetric history, ethnicity, employment, smoking
habits, study medication, and concomitant medication. Biomet-
ric variables, including height (measured only at inclusion),
weight, blood pressure, and heart rate, were recorded at inclu-
sion and at each prescheduled visit at gestational wk 19, 24, 32,
and 36. Fasting blood samples were directly analyzed at each
study center for plasma glucose. An OGTT (75 g glucose) was
performed at inclusion and gestational wk 19 and 32.

The Committee for Medical Research Ethics of Health Re-
gion IV, Norway, and The Norwegian Medicines Agency ap-
proved the study. Written informed consent was obtained from
each patient before inclusion, and the declaration of Helsinki
was followed throughout the study. The study was conducted
according to principles of Good Clinical Practice, and the trial is
registered at www.clinicaltrials.gov as NCT00159536.

Measurements
Venous blood samples were drawn from an antecubital vein

between 0800 and 1100 h after an overnight fast. Blood samples
were collected and processed at each study site in accordance
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with local standardized manual of operation. A 75-g OGTT was
performed according to the World Health Organization (1998)
recommendations (21, 22). Blood pressure and heart rate were
measured while the patient was in the sitting position after at
least 10 min of comfortable rest in a chair. The blood pressure
and heart rate were measured three times, 2 min apart, with
digital devices. The mean of the second and third measurements
was calculated. Body weight was recorded with light clothes on
and without shoes. Gestational age was determined by exami-
nation with vaginal ultrasonography, measuring crown-rump
length and/r bi-parietal diameter of the fetus.

Outcomes
Primary endpoints of the trial were the prevalence of pre-

eclampsia, preterm delivery, GDM, and a composite of these
three diagnoses. Preeclampsia was diagnosed as blood pressure
of 140/90 mm Hg or higher measured on two occasions after
gestational wk 20 and albuminuria of at least �2 dipstick on one
occasion or �1 dipstick on two occasions. Preterm delivery was
defined as delivery before gestational wk 37, based on midpreg-
nancy ultrasound scan, performed during gestational wk 17–20.

GDM was diagnosed as fasting plasma glu-
cose higher than 126 mg/dl and/or 2-h se-
rum glucose higher than 140 mg/dl after an
OGTT (75 g glucose solved in 300 ml wa-
ter). Insulin treatment was considered if
plasma glucose levels 1–1.5 h after meal
were higher than 144 mg/dl (8 mmol/liter).
Composite endpoints were calculated as a
participant having one or more of the three
above mentioned pregnancy complications.
The choice of preterm delivery as a primary
outcome was based on the findings in our
randomized controlled pilot study (20) and
reports from other authors finding in-
creased incidents of preterm delivery among
PCOS women (5–8).

Secondary outcomes included weight,
blood pressure, heart rate, and mode and
length of delivery. Serious adverse events were
defined as fatal events to mother or offspring,
life-threatening conditions, or events that re-
quired prolonged hospitalization.

Protocol deviation
Because of time elapsed between infor-

mation about the study, clinical examina-
tion, and inclusion, 18 women (11 in the
metformin and seven in the placebo group)
were included later in pregnancy than
intended, i.e. between gestational wk13
and 15.

Compliance
Participants were asked about their in-

take of study medication at prescheduled
visits in gestational wk 19, 24, 32, and 36
and at delivery. Dose reductions or stops
were recorded. From these records we di-
vided participants into three categories:
good compliance, defined as medication
taken as intended; acceptable compliance,

defined as reduced medication to one to two tablets per day for
a maximum of 4 wk and/or no tablets for a maximum 2 wk,
otherwise as intended; and poor compliance, defined as re-
duced medication to one to two tablets per day more than 4
wk and/or no tablets more than 2 wk.

Data management
All data entry, data management, and data analyses were

performed at the Institute of Laboratory Medicine, Children’s
and Women’s Health and Institute of Public Health, Norwegian
University of Science and Technology. The first participant was
included in February 2005 and the last in January 2009. The last
patient gave birth in August 2009. Data were analyzed according
to intention to treat. Twelve women dropped out, i.e. discon-
tinued medication and did not turn up at scheduled visits. They
gave consent that data from their hospital records about preg-
nancy, delivery, and postpartum period could be included in the
analyses. Participants and all investigators were blinded to group
assignment. One of the authors (R.H.) evaluated and quality

FIG. 1. Patient flow through study.
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checked (blinded) all outcomes and diagnoses. Other authors
(E.V., P.R., and S.M.C.) analyzed the data.

Statistical analysis
The sample size calculation was based on the results of our

pilot study to detect a 25% difference in preterm deliveries and
insulin-requiring GDM (20). With at least 90% probability, we
needed 152 women in each group. Because of the expiry date of
the study drug batch, inclusion closed when 274 pregnancies had
been included and randomized. The inclusion rate declined in the
last 18 months of the study, probably because metformin became
more available for pregnant PCOS women.

The data were analyzed according to the intention-to-treat
principle using Stata software version 10.0 for Windows (Stata
Corp., College Station, TX). Binomial regression was used to
calculate difference in risk of pregnancy complications by treat-
ment group. The estimated risk differences were accompanied
with 95% confidence intervals (CI) and corresponding P values.
We also analyzed the data per protocol.

For repeated measurements during pregnancy (i.e. systolic
and diastolic blood pressure, heart rate, and maternal weight),
we used a random-effects model where we adjusted for the base-
line values and treated week of pregnancy (wk 19, 25, 32, and 36)
as dummy variables. The lincom command was used to estimate
mean values with 95% CI in each group according to treatment
and pregnancy week.

Categorical variables are presented as a frequency and per-
centage in each group. A �2 test was used to test differences
between the groups. If the smallest expected value in a cell was

less than five, we used the Fisher exact test. All tables, figures, and
statistical procedures including post hoc analyses were per-
formed before the randomization code was broken.

Role of the funding source
The Liaison Committee between the Central Norway Re-

gional Health Authority and the Norwegian University of Sci-
ence and Technology, who was funding the study, or Weifa AS,
who supplied the study drug free of charge, had no role in the
collection, analysis, and interpretation of the data or writing the
report and deciding to submit the paper.

Results

Study population
Baseline characteristics were not significantly different

in the two study groups (Table 1). During the study, eight
women dropped out immediately after inclusion (three in
the metformin group and five in the placebo group) and
four (one in the metformin group and three in the placebo
group) after gestational wk 24 (Fig. 1). The reasons given
were lack of motivation, long distance to the investigating
center, and time-consuming procedures. None dropped
out because of side effects. Three women in the placebo
group were lost to follow-up because of miscarriages.

TABLE 1. Baseline characteristics of the participants

Metformina (n � 135) Placeboa (n � 138)
Age (yr) 29.6 (4.4) 29.2 (4.4)
Weight (kg) 82.5 (20.1) 79.3 (18.0)
BMI (kg/m2) 29.5 (7.0) 28.5 (7.2)
Systolic blood pressure (mm Hg) 119 (12) 118 (11)
Diastolic blood pressure (mm Hg) 74 (12) 73 (10)
Heart rate (beats/min) 76 (10) 74 (10)
Fasting glucose (mg/dl) 83 (9) 83 (11)
2-h glucose (mg/dl) 101 (27) 101 (29)
Gestational length at inclusion (d) 74 (13) 75 (11)
GDM at inclusion (no.) 10 (7.4) 13 (9.4)
Metformin use at conception (no.) 45 (33.3) 42 (30.4)
Mode of conception (no.)

Spontaneous 77 (57.0) 80 (58.0)
Clomiphene citrate 40 (29.6) 31 (22.5)
IVF/ICSI 18 (13.3) 22 (15.9)
Others 0 (0) 5 (3.6)

Parity (no.)
0 77 (57.0) 77 (55.8)
1 47 (34.8) 45 (32.6)
2� 11 (8.2) 16 (11.6)

Experienced spontaneous abortions (no.)b 45 (58) 49 (56)
NIH criteria met (no.) 86 (63.7) 88 (63.8)
Only Rotterdam criteria met (no.) 49 (36.3) 50 (36.2)
Smoking (no.) 14 (10.4) 9 (6.6)
Caucasian (no.) 130 (96.3) 136 (98.6)

Values are given in means and SD or total number (%). NIH criteria for PCOS are hyperandrogenism (clinical or biochemical) and ovulatory
dysfunction in the absence of congenital adrenal hyperplasia. ICSI, Intracytoplasmic sperm injection; IVF, in vitro fertilization.
a No statistical differences between the groups.
b Percentage of the women who have been pregnant before.
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Primary outcomes
There were no differences between the groups in the prev-

alence of preeclampsia, preterm delivery, GDM, or the com-
posite of these three pregnancy complications (Table 2).

Secondary outcomes
Adjusted for weight at inclusion, women in the met-

formin group gained less weight from inclusion to wk 36
(�2.2 kg) compared with the placebo group (P � 0.001)
(Fig. 2A). We found no differences between changes over

time in the groups in systolic blood pressure (P � 0.09),
diastolic blood pressure (P � 0.29), or heart rate (P �
0.30) from inclusion to wk 36 in pregnancy (Fig. 2, B–D).
The length and mode of delivery and blood loss were also
similar in the two groups (Table 3). Three patients had
insulin-requiring GDM, all in the placebo group.

Other treatment effects
We found no differences in birth weight, birth length,

ponderal index, APGAR score, umbilical artery pH, and

TABLE 2. Primary endpoints

Metformin
[n (%)]

Placebo
[n (%)]

Risk difference
(%) 95% CI P value

Preeclampsia 10/135 (7.4) 5/135 (3.7) 3.7 �1.7–9.2 0.18
Preterm deliverya 5/135 (3.7) 11/135 (8.2) �4.4 �10.1–1.2 0.12
New GDM 22/125 (17.6) 21/124 (16.9) 0.8 �8.6–10.2 0.87
Composite primary endpoints 35/135 (25.9) 33/135 (24.4) 1.5 �8.9–11.3 0.78

New GDM was diagnosed after inclusion in the study. Composite endpoints were calculated as follows: if one patient had two complications, it
was counted as one composite outcome.
a Spontaneous preterm labor included four in the metformin group and six in the placebo group. Preterm delivery on maternal or fetal indications
included one in the metformin group and five in the placebo group.

FIG. 2. Weight, heart rate, and blood pressure development through pregnancy according to study group. The weight, heart rate, and systolic
and diastolic blood pressure at inclusion are adjusted for, to show the difference in development through pregnancy. The x-axis is skewed.
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placenta weight between the groups (Table 3). However,
neonatal head circumference was larger in the metformin
group compared with the placebo group.

Compliance and per protocol analyses
Among the 270 pregnancies (three were lost to follow-up,

because of spontaneous abortions), 201 (74.7%) reported
good compliance, 15 women (5.5%) reported acceptable
compliance, and 54 (19.8%) reported poor compliance or
were dropouts. No difference in compliance was observed
between the metformin and placebo groups (data not

shown). In the per protocol analyses, we included those 216
womenwhohadgoodandacceptablecompliance.Wefound
fewer preterm deliveries in the metformin group compared
with the placebo group (P � 0.03) (Table 4). Otherwise, we
found no differences in baseline data or other primary or
secondary endpoint data between the study groups.

Post hoc analyses
Subgroups stratified according to body mass index

(BMI) of 30 kg/m2 or lower and BMI higher than 30 kg/m2

showed no difference between the study groups (Supple-

TABLE 3. Secondary endpoints and neonatal outcomes in the metformin and placebo group

Metformin Placebo P value
Labor onset [n (%)] 0.52

Spontaneous 97/130 (74.6) 91/128 (72.1)
Induced 33/130 (25.4) 37/128 (27.9)

Mean length of labor (h) (SD)
All 6.3 (4.6) 5.7 (3.9) 0.28
Vaginal delivery 5.4 (3.3) 5.0 (3.5) 0.40

Mode of delivery �n (%)� 0.76
Vaginal delivery 94/135 (70) 94/135 (70)
Operative vaginal delivery 12/135 (9) 15/135 (11)
Cesarean section 29/135 (21) 26/135 (19)

Blood loss (ml) (SD)
Vaginal delivery 363 (267) 345 (202) 0.60
Caesarean section 564 (256) 570 (288) 0.94

Birth weight (g) (SD) 3550 (568) 3527 (615) 0.75
Length (cm) (SD) 50.3 (4.4) 50.0 (2.5) 0.44
Ponderal index (kg/m3) (SD) 28.4 (0.2) 28.2 (0.2) 0.48
Head circumference (cm) (SD) 35.5 (1.7) 35.0 (1.6) 0.01
Placenta weight (g) (SD) 666 (152) 673 (165) 0.74
APGAR score � 7 (%)

1 min (%) 8/135 (5.9) 7/135 (5.2) 1.00
5 min (%) 2/135 (1.5) 2/135 (1.5) 1.00
10 min (%) 0/135 (0) 1/135 (0.8) 1.00

Umbilical artery pH �mean (SD)� 7.25 (0.10) 7.27 (0.10) 0.34
pH � 7.10 �n (%)� 4/74 (5.4) 3/85 (3.5) 0.71
Newborn sex �n (%)� 0.63

Male 70/135 (52) 65/135 (48)
Female 65/135 (48) 70/135 (52)

Weight �n (%)� 0.32
�2500 g 8/135 (5.9) 8/135 (5.9)
2501–4500 g 125/135 (92.6) 120/135 (88.9)
�4500 g 2/135 (1.5) 7/135 (5.2)

Labor onset was defined as at least 3 cm cervical opening and regular contractions. Blood loss was estimated by the midwife or the doctor in
charge of the delivery. To account for multiple comparisons, we consider P value � 0.01 as significant.

TABLE 4. Subgroup analyses: per protocol analyses of primary outcome measures

Metformin
[n (%)]

Placebo
[n (%)]

Risk difference
(%) 95% CI P value

Preeclampsia 9/108 (8.3) 5/108 (4.6) 3.7% �2.8–10.3 0.27
Preterm delivery (�37 � 0)a 3/108 (2.8) 11/108 (10.2) �7.4% 0.9–13.9 0.03
New GDM 18/100 (18.0) 18/98 (18.4) �0.2% �10.9–10.5 0.97
Composite primary endpoints 28/108 (25.9) 30/108 (27.8) �1.9% �14.0–10.0 0.76

Included in these analyses were 216 women classified as having good and acceptable compliance. Gestational age for the preterm deliveries in the
metformin group were gestational wk 35, 36, and 36. Gestational age for the preterm deliveries in the placebo group were gestational wk 30, 31,
32, 32, 34, 34, 34, 35, 36, 36, and 36. New GDM was diagnosed after inclusion in the study. To account for multiple comparisons, we use
P value � 0.01 as significant.
a If we use Fisher’s exact test, the P value is 0.05.
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mental Table 1a, published on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org).
Analyses of subgroups stratified according to meeting
NIH criteria and meeting only Rotterdam criteria showed
fewer preterm deliveries in the metformin group among
those who met NIH criteria (P � 0.04) (Supplemental
Table 1b).

Maternal and newborn diagnoses in pregnancy, deliv-
ery, and postpartum and fetal congenital malformations
according to treatment groups are shown in Supplemental
Table 2.

Major adverse events
In the metformin group, we observed one postpartum

pulmonary embolism, one postpartum circulatory shock,
one peripartum cardiomyopathy and one sudden infant
death. In the placebo group, we observed three spontane-
ous abortions, ileus in one patient with former gastric by-
pass operation, and one perinatal infant death caused by
serious asphyxia (Supplemental Table 2).

Minor adverse events
Diarrhea was commoner in the metformin group

throughout the entire pregnancy compared with the pla-
cebo group. Bloating was more often experienced be-
fore wk 19 in the metformin group compared with the
placebo group. Nausea, vomiting, abdominal discom-
fort, and metal taste in the mouth were similar in both
groups (Supplemental Table 3).

Discussion

Contrary to our hypothesis and data from our pilot study
(20), the results of this randomized controlled trial (RCT)
do not support the theory that metformin reduces preg-
nancy complications in PCOS. Our findings differ from
reports on the benefits of metformin treatment during
pregnancy, given that, without exception, all of them cite
a positive effect (5, 9, 14–20, 23). These reports are, how-
ever, based on study designs that are prone to different
sorts of bias, including our own pilot study where we
found higher prevalence of serious pregnancy complica-
tions in the placebo group. Well-conducted RCTs such as
ours are the cornerstone for medical practice. Moreover,
our data are consistent with a large multicenter RCT on
metformin vs. insulin treatment of a GDM population
where no benefits of metformin were seen on pre-
eclampsia and preterm delivery (24). Our study has par-
allels to the trial of Legro et al. (25). After many years
of use in fertility treatment, based on smaller studies, the
RTC showed that metfomin was inferior to traditional
ovulation stimulation.

It is noteworthy that metformin, an insulin-sensitizing
drug, did not reduce the prevalence of GDM. We cannot
explain this except that active diet and lifestyle manage-
ment in both groups may have reduced the effect of met-
formin on glucose homeostasis. Alternatively, the patho-
genetic mechanism for GDM differs from the mechanism
of type 2 diabetes mellitus in the nonpregnant state, met-
formin affecting only the latter.

At inclusion, no limitations were set on BMI or PCOS
phenotype. The study population mirrors the clinical het-
erogeneity of PCOS regarding both disease phenotype and
degree of obesity. Data on nonpregnant PCOS indicate
that metformin reduces insulin resistance and hyperan-
drogenism more in nonobese compared with obese
women (13). This was the rationale for performing strat-
ified, post hoc analyses according to a BMI below and
above 30 kg/m2. We also analyzed our data according to
PCOS diagnostic criteria. The use of the Rotterdam cri-
teria widens the diagnostic definition for PCOS compared
with the NIH criteria, which is more conservative and
strict. Preterm birth was less frequent among those who
met NIH criteria in the metformin group. Nevertheless,
this finding should be interpreted with caution because of
multiple testing and post hoc analyses. It is theoretically
possible that some subgroups of PCOS women could ben-
efit from metformin in pregnancy, but from the present
study, we cannot conclude that any particular subgroup
would benefit from metformin treatment. Per protocol
analyses shows a tendency toward fewer preterm births in
the metformin group, but also here is a need to interpret
with caution because of subgroup analysis and multiple
comparisons. Only a new RCT can clarify this question.

The uniform results by planned and post hoc analysis of
our study make it plausible that results may be generalized to
other populations, for example to a more obese population.
However, 95% of the participants were Caucasians, which
is an obvious limitation of the study. Sixteen women partic-
ipated twice. The results are not changed if we analyze only
the first participation, i.e. 257 pregnancies.

Our study did not address the possible effect of met-
formin on early pregnancy loss or the benefits of continu-
ing metformin after verified pregnancy. To answer these
questions, a study designed to initiate metformin/placebo
before conception and continued through pregnancy
should be conducted. The prevalence of pregnancy com-
plications in our study was lower than in previous reports
on PCOS. This can probably be explained by differences
in baseline characteristics of the study populations, be-
cause previous smaller studies might have included PCOS
women who were more affected by the condition. Another
explanation could be that all participants had tight and
thorough pregnancy follow-up and had diet and lifestyle
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intervention, which has been reported to be beneficial
(26). This could theoretically mask a small effect of met-
formin. But, not having lifestyle intervention would have
been unethical.

The results of previous reports indicating a beneficial ef-
fect of metformin in PCOS pregnancies have led to wide-
spread use of the drug. Our study of metformin treatment
from the first trimester to delivery does not show any benefit
of the drug on study endpoints and speaks against this
practice.
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