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Context

Metformin is used in attempt to reduce pregnancymeations associated with polycystic
ovary syndrome (PCOS). Little is known about thefarenin impact on fetal development and
growth.

Objectives

Exploring the metformin effect vs. placebo on fegadwth and birth anthropometrics in PCOS-
offspring compared to a reference population iatreh to maternal BMI.

Design

Post-hoc analysis of an RCT

Setting

Double-blind, placebo-controlled, multicenter study

Patients

258 offspring born to PCOS-mothers

I ntervention

2000 mg metformin (N=131) or placebo (N=121) frost ttimester to delivery.

Main outcome measure

Mean abdominal diameter and bi-parietal diamet&{Bat gestational weeks 19 and 32. Head
circumference (HC), birth-length and weight relate@ reference population of healthy
offspring, expressed as gestational age - and gawijiested z-scores.

Results

Metformin vs placebo exposed offspring had larggads at gestational week 32 (BPD 86.1mm
vs 85.2mm, p=0.03) and at birth (HC 35.6cm vs 35,1u<0.01). Analyses stratified by
maternal pre-pregnancy BMI, larger heads were @bsieonly among offspring of
overweight/obese mothers. Among normal-weight nrsthiee effect of metformin compared to
placebo was reduced length (z-score: -0.96 vs2;@40.04) and weight (z-score: -0.44 vs. 0.02,
p=0.03). Compared to the reference populationpafig born to PCOS-mothers (placebo group)
had reduced length (z-score -0.40 (-0.60, -0.4@)) similar birth-weight and HC.

Conclusions

Metformin exposure resulted in larger head-sizefigpring of overweight mothers, traceable
already in utero. Maternal pre-pregnancy BMI maatifthe metformin impact on offspring
anthropometrics. Anthropometrics of offspring, btorPCOS mothers differed from the
reference population.
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Metformin vs. placebo on fetal growth and birth anthropometrics in pregnancies of women with PCOS.
Metformin increased offspring head size, maternal BMI interacted with offspring anthropometrics. .

1. Introduction

Polycystic ovary syndrome (PCOS) affects 5-13% oimen in childbearing age (1). Prevalence
varies according to applied criteria and populatiomen with PCOS have poorer metabolic
health and increased risk of developing complicettim pregnancy, such as gestational diabetes
mellitus, preeclampsia and preterm delivery (2Bath characteristics are associated to
metabolic health later in life (7), but the effe€¢tmaternal PCOS status on newborn
anthropometric data, as well as metabolic healtitasce and diverging. A population-based
study from Australia reported increased numbemnudlsfor gestational age (SGA) among
offspring born to mothers with PCOS (8). A retraspes study from Austria (9) showed no
increased risk of growth deviation according to FC@ population based study from Sweden
found more large-for-gestational age (LGA) offsgrlvorn to mothers with PCOS (3,10,11).

Metformin is an oral anti-diabetic drug used in tteatment of type 2 diabetes mellitus. It is
cheap and assumed safe. The effect of metforminsutin sensitivity, lipid metabolism and
inflammation has induced a wider area of applicati@uring the last decades, women with
gestational diabetes mellitus (GDM), PCOS and dpésive been treated with metformin in an
attempt to improve pregnancy outcome, but thistprads not based on solid scientific evidence.
Metformin passes the placental barrier, but tertagty is not reported (12). There is little
knowledge about possible effects of metformin awgh, metabolism, endocrine and nervous
system development in the fetus and cognitive aydhplogic effects later in life.

In five studies on GDM, in which mothers were ramiiced to metformin or insulin, no
difference was seen in offspring birth weight (18-10ne study report increased length at birth
in newborns (16) and another on shorter and liglif2y newborns in the metformin group. In
two large randomized control trials (RCT), metfonmmias compared to placebo in obese
pregnant women and no effect on birth weight waseoked (17,18).

In our initial analysis of women with PCOS in theegMet RCT(19), there was no difference
in pregnancy complications and newborn data betwlsemetformin and placebo groups,
except head size. Head size of the metformin-expose/borns was larger (19).

In the present study we examined ith@teroultrasound measurements of the fetuses to
explore the effect of metformin vs. placebo onlfatghropometrics, and birth anthropometrics
in PCOS-offspring compared to a reference populafitie results were related to maternal
BMI.
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2. Subjects and M ethods

The PregMet study was a prospective, randomizedgeplb-controlled, multicenter trial of
pregnant women with PCOS (19). The aim of the study to investigate whether metformin
exposure from first trimester to delivery couldy®et pregnancy complications. Eleven health-
care centers in Norway (three university hospitsésien local hospitals, and one gynecological
specialist practice) recruited women to the stuatyrd) 2005-2009. Primary endpoints were
prevalence of preeclampsia, preterm delivery, gest@ diabetes mellitus, and a composite of
the diagnoses. Inclusion criteria in the PregMedigtwere 1) PCOS diagnosed according to the
Rotterdam criteria, 2) age 18-45 years, 3) gestatiage between 5 and 12 weeks, and 4)
singleton viable fetus shown on ultrasonographyl&sion criteria were ALAT >90 IU/liter,
serum creatinine >1.70 mg/dl, known alcohol abpseviously diagnosed diabetes mellitus or
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fasting serum glucose higher than 126 mg/dl atithe point of inclusion. All participants
received written and individual verbal counselimgdiet and lifestyle at inclusion. Thereafter
treatment with metformin 500mg (metformin hydrocide, Metformina, Weifa AS, Oslo,
Norway), or identically coated placebo tablets wéisated. The participants were instructed to
take two tablets twice daily, a total of 2000mgyldor the rest of the study period. To
counteract a possible metformin action on vitamie\®ls, patients were advised to take 0,8mg
of folate daily and one daily multivitamin tabl&tudy medication was stopped at delivery.
Randomization was performed at the Trondheim UsitieHospital Pharmacy in blocks of ten
and stratified according to metformin use at cotioep The method was random drawing of an
envelope by two pharmacy employees, one execuimgiawing and the other monitoring the
drawing.

This study has been described in detail elsewhH&e (

A. Study population

In total, 274 pregnancies were included and randediiOne patient was misdiagnosed, three
miscarried and 12 dropped out (Fig 1). These 1§rmaecies were excluded due to lacking
ultrasound data. Present analyses comprise 258amegs. 84% of all participants took more
than 85% of the study medication, and were class$iis having good/acceptable compliance.

B. Ultrasound measurements
All ultrasound examinations were performed by doxtind specialized midwives trained to
perform routine ultrasound examinations. The egeipnused was the preferred, up-to-date
ultrasound devices used in every-day clinical pcaaiuring the study period. Estimated date of
delivery and gestational age were calculated fromwo-rump-length (CRL) and/or BPD in the
first trimester. Trans-vaginal ultrasound examioidi in the first trimester were performed at the
time of inclusion. Estimated date of delivery amstgtional age were calculated from crown-
rump-length (CRL) or bi-parietal diameter (BPD}fa first trimester scan and based on the
algorithm implemented in the first trimester sciegrprogram from Fetal Medicine Foundation
(https://fetalmedicine.org) (20,21). Transabdomiunasounds measurements were performed
at gestational week 19 (+/- 1 week) and week 32X week) with measurements of BPD (outer
to outer measurement of skull diameter) and medoraimal diameter (MAD)

Measurements of BPD and MAD in the second and thimkster referred to references in
“eSnurra” (22,23)

C. Offspring anthropometrics
Midwives and nurse assistants measured head ciecande, length and weight of the offspring
immediately after delivery. For head circumfererieagth and weight at birth, gestational age
and gender adjusted z-scores were calculated loasiklasson’s standard values from a large
Swedish population [20]. The standard is basedmgieton fetuses without chromosome
abnormalities or major birth defects.

The z-scores express the deviation between obsgaleds and the standard population
mean adjusted for gender and gestational agetht bir

THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
9
ﬁ

D. Statistical analyses

All data entry, data management and data analyses analyzed according to the intention-to-
treat principle. Baseline characteristics for the tmaternal groups were compared using t-tests
for continuous variables, and-tests for categorical variables. The effect offoratin, as well

as the effect of metformin in relation to materBMI| was analyzed using linear regression
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analyses. Offspring characteristics for differemttennal BMI groups were compared using t-test
for both the metformin and placebo group. P-valQés was considered statistically significant.

The statistical analyses were performed by IBM S#8Sion 23 and R version 2.13.1
(Copyright © 2011 The R foundation for StatistiCdmputing).

E. Rale of the funding source

The Liason Committee between the Central Norwayidted Health Authority and the
Norwegian University of Science and Technology (NO)Nunded the study. Weifa AS, who
supplied the study drug free of charge, and hal®oin the collection, analysis and
interpretation of the data or writing the reportdalecision to submit the paper.

3. Results

Maternal baseline characteristics did not diffemEen the placebo and metformin groups, in
terms of BMI, blood glucose, ethnicity, smoking @@OS phenotypes (Table 1). Adherence to
study medication was similar in the two groups.o[€a)

The effects of metformin vs. placebo on fetal gtoate shown in Table 2. There was no
difference between the groups in BPD at gestatimeak 19, but metformin exposed offspring
had larger BPD than offspring in the placebo gratigestational week 32 BPD 0.9 mm,
p=0.027). At birth head circumference (HC) was laigghe metformin group compared to
placebo A HC 0.5 cmp=0.007). HC in the metformin group was also larpan the reference
population expressed as head circumference z-§856% CI): 0.3 (0.005, 0.52). MAD at
gestational weeks 19 and 32 weight and length didliffer between the metformin and placebo
groups.

The effect of metformin on birth anthropometricHeatied according to maternal pre-
pregnancy weight (BMI <25kg/chor BMI >25kg/cnf). The results from the interaction
analyses are shown in Table 3. HC at birth wasas®d in the metformin group, only among
offspring born to overweight womenAKIC z-score 0.509=0.002). Among normal-weight
women, HC did not differ between the metformin g@tatebo groupsAHC z-score -0.20,
p=0.367). Thus, the metformin effect on HC diffetetween maternal weight categories by z-
score 0.71, and this interaction effect reachetisstal significance=0.011).

Length was significantly reduced by metformin amoogmal-weight mothers\(length z-
score -0.54p=0.025), but not among overweight mothers. Theadiffice in metformin effect on
length between maternal BMI categories was 0p8®.038). Also birthweight was reduced by
metformin only in normal-weight mothera pirthweight z-score -0.45=0.041). The difference
in metformin-effect on birth weight z-score betweeaternal weight groups was 0.58-0.055).
All these interactions are of borderline statidtgignificance.

Sub-group analyses according to hyper-androgemarmdo-androgen maternal phenotype,
showed a larger HC; 35.8 cm vs. 35.2 cm, p= 0.888,HC z-score 0.67 vs. 0.27, p=0.008 in
metformin vs. placebo exposed offspring, only amthreghyper-androgen phenotypes. Among
normo-androgen phenotypes, there was no differeng€; 35.0 cm vs. 34.5 cm, p=0.237, and
HC z-score 0.17 vs. 0.17, p=0.992 between the meificand placebo groups.

In analyses stratified on offspring gender, metiorexposed girls, but not boys, seemed to
have a larger BPD at week 32 and larger HC at.dtice adjusted for maternal BMI, there was
no difference in metformin effect according to gentlata not shown). We also analyzed data
according to compliance. The difference in HC ar@@lz4score remained significant among
those with good compliance (84%), and not preserarg those with poor compliance (16%).
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The effect of PCOS on offspring anthropometrics arealyzed in the placebo group and
expressed by z-score deviation from the referenpeilption. The PCOS offspring were shorter
than the reference population, birth length z-se8r40 (-0.60, -0.20) (Table 2). Birth weight z-
score 0.06 (-0.11, 0.24) and HC z-score 0.03 (;M12P) did not differ from the reference
population. In contrast to the metformin group, enaal BMI (<25 kg/crhor BMI >25kg/cnf)
had no effect on offspring birth weight, lengthh@ad circumference (Table 4.)

4. Discussion

The main and novel finding of the present followatpdy is that metformin exposed offspring
had larger head circumference compared to offspnirtige placebo group. This was evident
already at gestational week 32. Birth weight amdjile did not differ between the metformin and
placebo groups.

This is the first study on PCOS exploring the dffffanetformin on fetal and newborn
anthropometrics in an RCT setting where the metioignoup and placebo group are
randomized with no baseline differences in knowteptal influencing factors. Little is known
about the metformin effect on fetal and newborrdh&ae. In one study on gestational diabetes,
metformin was compared to insulin. Head size asfhg in the metformin and insulin groups
did not differ (16). Among women with obesity ramdaed to metformin or placebo during
pregnancy, offspring had similar head circumferen(@8). Our results deviate from these
previous studies and the difference is most lileedglained by the variation in underlying
diagnoses. Also, differences in study design, papar number, aim, medical treatment,
maternal weight and ethnicity may have contributethe differing results. Head circumference
correlates accurately to brain volume (24,25), lange head size is associated with good
cognitive function and cardiovascular health (25,d6wus, large head at birth is a surrogate
marker for brain development and potentially a lhieiz effect.

The metformin-effect of larger HC and HC z-scoreswaly seen among offspring of
mothers with hyper-androgenic phenotype wheredisemormo-androgenic phenotype there
was no difference between the groups. Howevertasenall sample size, metformin effect
according to maternal androgen status must bepirtiexd with great caution and should be
addressed in future studies.

The effect of prenatal metformin exposure seentsattslate differently depending on
maternal BMI and/or metabolic status. Offspring@sgxd to metformin, born to normal weight
mothers had significantly smaller head circumfeegneere shorter and lighter compared to
metformin exposed offspring of overweight/obesehract. While in the placebo group, we
found no difference in head size, birth length bimth weight between offspring of normal
weight and overweight/obese mothers. This indicatgsowth restrictive impact of metformin
among normal-weight mothers with PCOS. InteresyinGbhlomaki et al. reported similar
findings in a mouse model (27,28). Mice on regdiat and metformin during pregnancy, had
litters with lower birth weight and higher weigtdaig on a high fat postnatal diet (27). In
contrast, in mice on high-fat diet, metformin diat influence offspring birthweight, and had a
protective effect on the metabolic phenotype ofdfigpring (28). Salomaki et al. postulated that
metformin exposure in utero programs the metalpiEnotype (27), by mimicking a “dietary
restriction”-like state.

This corresponds to the actions of metformin atllular level, where it acts as a mild
inhibitor of the MRC1 leading to decreased celluéspiration (29). This activates the AMPK
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kinase which shuts down energy consuming processgswitches the cell from anabolic to
catabolic state, resulting in decreased lipid, gbecand protein synthesis and cell growth (29).

As in the study of Salomaki, we observe a growstrigtion induced by metformin in
offspring of normal-weight mothers. This may themeadly result in increased overweight later
in life, in line with the “developmental origin dkalth and disease” (DOHaD) hypothesis (30).

Another important finding of the study, was thaspfing born to mothers with PCOS
(placebo exposed) had similar birth weight and readimference, but were shorter at birth
compared to the gestational age and gender adjststedard population. This indicates that the
PCOSper sehas a “growth restrictive” effect on offspring yoe@ngth at birth. This is
interesting as mean BMI of mothers with PCOS (2@/57) was significantly higher than mean
BMI of the standard population (23.8 kdlmand one would expect that both birth weight, and
the prevalence of high birth weight would to bergased among women with PCOS. The
disproportional anthropometric measures found énstindy (offspring were shorter, but not
lighter) indicate that offspring were born relativéatter than the reference population. Increased
leptin concentration in the umbilical cord bloodsteen reported in offspring of mothers with
PCOS (31). This may reflect fetal adiposity, whigln line with the results from the current
study.

Another observation in the placebo group was tirétt Bnthropometrics did not differ
between offspring of normal-weight and overweigbé#ee mothers. Thus, our results indicate a
growth restrictive effect of PCOS on offspring aogpometrics that is relatively more
pronounced in offspring of overweight/obese mothers

Two counteracting physiological mechanisms relébefétal growth may explain a putative
stronger growth restrictive effect of PCOS withreesing maternal BMI. First, maternal
overweight/obesity promotes fetal growth througghhglucose transfer to the fetus and induces
increased fetal insulin production resulting inttéa” fetuses. Second, elevated maternal
androgens induce placental differentiations, loplacental weight and results in growth
restriction, as reported in other mouse models3@2]f these two counteracting mechanisms
are significantly in play, our data indicate tha# balance between them differ between organs
(skeletal vs fat mass/and growth of other organs).

More convincing data is needed on the potentiahetformin to decrease pregnancy
complications before metformin can be recommendetn-diabetic pregnancies. So far
precaution is advised when prescribing metformindomal weight mothers with PCOS without
well-documented indication.
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5. Conclusion

In conclusion, metformin altered offspring anthropairics. Maternal BMI modified the effect of
metformin resulting in increased head size in offgpof overweight/obese mothers, and shorter
and thinner offspring in normal weight mothers. Hs&e alteration was traceable already in
utero. Placebo exposed offspring born to mothetls RCOS were shorter but not lighter than
the reference population. Metformin administratiomormal-weight mothers with PCOS might
restrict fetal growth.
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Figure 1.

Table 1. Baseline data on women with polycystic ovary spnae (PCOS) at inclusion, in first
trimester of pregnancy to the PregMet study

M etformin Placebo p-value®
N =131 N =127
M ean (SD) M ean (SD)
Age (years) 29.6 (4.3) 29.3 (4.4) 0.558
Height (cm) 167.3 (5.8) 167.7 (5.4) 0.549
Weight (kg) 82.9 (20.3) 79.3 (18.0) 0.131
BMI (kg/m?) 29.6 (7.1) 28.2 (6.4) 0.099
Systolic blood pressure (mmHg) 119 (12) 117 (11) 300.
s Diastolic blood pressure (mmHg) 74 (13) 72 (9) 8.26
Z Parity 0.825
28 Para 0 74 70
E g Para1 57 57
o Ethnicity N(%) N(%) 0.047
5% Caucasian 127 (97) 127 (100)
2 g Non-Caucasian 4(3) 0 (0)
£z GDM at inclusion 10 (4) 11 (4) 0.822
38 Smokers 14 (4.5) 7(2.7) 0.172
o Diagnostic criteria PCOS
= NIH diagnostic criteria 91 (70) 87 (69)
E Rotterdam diagnostic criteria 40 (30) 40 (31)
Androgen status 0.577
m Hyperandrogenism 98 (75) 91 (72)
U Normoandrogenism 33 (25) 36 (28)
— Mode of conception 0.200
Spontaneous conception 76 (58) 75 (59)
. = Ovulation induction 38 (29) 28 (22)
IVF/ICSI 17 (13) 21 (7)
Other 0 (0) 3(2)
Compliance of medication 0.552
Taken >85% of all study medication 108 (82) 8 185)
Taken <85% of all study medication 23 (18) (19)

aT-test was performed with equal variances assufearson Chi-square and Fishers exact test waspedd
National Institute of Health diagnostic criteria

Abbreviations: GDM, gestational diabetes mellifid4:, in vitro fertilization. ICSI, Intracytoplasmi§perm
Injection

Table 2. Anthropometric characteristics of offspring borntiomen with PCOS exposed to
metformin or placebo

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

M etfor min Placebo A M-P (95% CIy p-value”
N Mean N Mean
BPD week 19 (mm, mean S 1271464 (3.1 121|46.3 (3.4 0.1-0.72,0.92 0.81(
BPD week 32 (mm, mean S 12€ ] 86.1 (3.2 122]85.2 (3.3 0.9 (0.11, 1.7¢ 0.027
MAD week 19 (mm, mean SD) 14513.6 (3.9) 121 43.7 (4.9) -0.2 (-1.26, 0.96) 0.788
MAD week 32 (mm, mean SD) 1360.4 (5.2) 124 89.9 (4.8) 0.5 (-0.80, 1.71) 0.476
Head circumference at bir
cm, mean (SD) 13035.6 (1.6) 12§ 35.0 (1.6) 0.5 (0.15, 0.92) 0.007
z-score, (95% ClI) 1300.3 (0.10, 0.49) 1260.03 (-0.14, 0.22) 0.3 (0.005, 0.52) 0.045
Birth weight
- = N 4
‘II g, mean (SC 131 3567 (540 127 | 3545 (617 22 (-120, 163 0.76%
Ll z-score, (95% ClI) 131-0.05 (-0.23, 0.15) 12§0.06 (-0.11, 0.24) -0.1 (-0.36, 0.16) 0.431
ZE Birth length (cm, mean SD)
50
00
a2
& 9
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cm, mean (SD) 13050.1 (2.1) 124 50.0 (2.5) 0.1 (-0.51, 0.63) 0.826

z-score, (95% ClI) 130-0.52 (-0.72, -0.33) 12{1-0.40 (-0.60, -0.20) -0.13 (-0.40, 0.15) 0.375
Birth weight> 90percentile(N, %) 131} 15 (12) 127] 15 (12) 0.928
Birth weight< 10percentile(N, %) 131} 12 (9) 127] 13 (10) 0.832

a A M-P expresses the metformin effect on head cirevenfce, length- and weight z-scores in offspringn o
PCOS mothers

b T-test was performed with equal variances assumed

© Birth weight adjusted for gestational age

Abbreviations: BPD, bi-parietal diameter; MAD, megtodominal diameter

Table 3. Effect of metformin on anthropometric measurelidh according to maternal BMI

Maternal BM| <25 Maternal BM | >25
(AM-P (BMI
>25)) - (AM-
Metformin | Placebo | AM-P p- Metformin | Placebo AM-P p- P (<25)) p-
(M) (P) (95% CI» [ value® | (M) (P (95% CI* | value® | (95% Cl* value®
= Head 0.18(- [-0.20¢(- 0.50
2 circumference (z- | -0.02 (-0.34,| 0.13, 0.65, 0.45 (0.23, |-0.05 (- (0.19, 0.71 (0.16,
.9 score, 95% Cl) | 0.29) 0.49) 0.24) 0.367] 0.67) 0.28,0.18) | 0.82) 0.002 | 1.25) 0.011
St -0.42 (- |-0.54(- 0.08 (-
zZs Length (z-score, |-0.96 (-1.30,| 0.76, - 1.01, - -0.31 (-0.54,|-0.38 (- 0.26, 0.62 (0.033,
oz 95% Cl) -0.63) 0.09) 0.07) 0.025 | -0.07) 0.63,-0.14) 0.24) 0.655] 1.20) 0.038
o3 0.02 (- -0.45 (- 0.07 (-
=5 Weight (z-score, |[-0.44 (-0.75,]0.29, 0.89, - 0.15 (-0.07, | 0.08 (-0.14, 0.24, 0.53 (-0.01,
T2 95% CI. -0.13 0.33 0.02, 0.041 |0.37 0.31 0.39 0.65( | 1.06 0.055
§§ aA M-P (BM1 <25) expresses the metformin effect on head circumérdength- and weight z-scores in offspring
ZF of normal weight mothers

bA M-P (BM1 >25) expresses the metformin effect on head circumésrdength and weight s-scores in offspring
of overweight/obese mothers
‘(A M-P (BMI <25)) - (A M-P (=25)) expresses thdifferencen metformin effect on offspring head circumference

length- and weight z-scores between overweightremohal weight mothers
d Statistical testing performed by multiple lineagmession analyses
Abbreviations: BMI, body mass index

10

LL] Table 4. Characteristics in offspring born to women with PE£&xposed to metformin or
— placebo in utero according to randomization
O Placebo M etformin
T BMI <25 BMI =/>25 [ p-value® BMI <25 BMI =/>25 [ p-value®
I_ N [Mean N [Mean N [Mean N [Mean
m BPD week 19 (mm, mean S 42]4653.9 [79]462(31 [o064C [44[4653.7 83| 46.4 (28 [0.79¢

BPD week 32 (mm, mean SD) 186.1(3.3) | 8084.7(3.2) [0020 [41]85.9(3.1) 8986.2(3.3) | 0.663
< MAD week 19 (mm, mean SD) 4231 (5.2) | 7444047 | 0326 | 4}443.5(3.5) 81436(4.1) [ 0.886

MAD week 32 (mm, mean S 42]905 4.7 |78]89.7(48 0071 [41[885(4.6 85]91.4 (5.3 | 0.003
LIJ Head circumferenc

cm, mean (SD) 4852 (1.8) | 84350(15 [ 0450 | 4B35.0(15) 8735.9 (1.5 [0.003
O z-score, (95% CI) 410.18 82| -0.50 0211 | 43-0.02 87] 0.45 0.022
Z Birth weigh 44] 3537 (655 | 83] 3550 (600 [ 0.90¢ [ 44[3327 (510 [87] 3689 (516 [0.000
g, mean (SC
< z-score, (95% CI) 44.02 83/ 0.08 0739 | 44-0.44 87 0.15 0.003
> Birth length
cm, mean (SD) 4%0.0 (2.6) | 8]50.1(2.4) [ 0779 | 4B49.2 (1.9 8750.6 2.1) [ 0.000

D Z-score, (95% Cl) 430.42 81]-0.38 0.861 | 43-0.96 87[-0.31 0.002
< @ T-test was performed with equal variances assumed

Abbreviations: BPD, bi-parietal diameter; MAD, meagtisdominal diameterc
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Excluded
N =90
32 did not meet inclusion criteria Randomized
58 declined to participate N =274
Metformin Placebo
N=136 N=138
1 misdiagnosed '_3 ~ o \ages
4 drop-outs  C | Sa p-outs

Analyzed Analyz |
N 131 N 127
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