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B Abstract

OBJECTIVES: Studies in rodents suggest that metformin
treatment during pregnancy may have harmful effects on
testicular development in offspring. Our aim was to deter-
mine whether metformin treatment of gestational diabetes
mellitus (GDM) affects testicular size in male offspring.
METHODS: We compared the testicular size in prepubertal
boys born to mothers who participated in a randomized con-
trolled trial (RCT) comparing metformin with insulin in the
treatment of GDM. Twenty-five (42.4% of invited) and 27
(52.9% of invited) boys whose mothers had been treated with
metformin or insulin, respectively, participated in the study.
Testicular size was measured by a ruler, an orchidometer,

and by ultrasonography at the age of 33 to 85 months. RE-
SULTS: The mean age of the boys was 60 months at the
time of examination, and did not differ between the met-
formin and insulin group (p = 0.88). There was no difference
in testicular size between the boys in the two groups (p al-
ways > 0.40), and there were no significant differences in
height, weight, BMI, BMI z-score, or waist-to-hip ratio
(WHR) between the boys in the groups. CONCLUSIONS:
Prepubertal testicular size did not differ between offspring
born to metformin-treated mothers and those born to insu-
lin-treated mothers.

Keywords: gestational diabetes mellitus - metformin - insu-
lin - offspring - testis - testicular size

1. Introduction

# etformin is increasingly being used as an al-
Wk’ ternative medication to insulin in patients
&3 with gestational diabetes mellitus (GDM).
To date, metformin has not been associated with a
higher risk for perinatal or neonatal adverse out-
comes in randomized studies comparing metformin
with insulin in GDM patients [1-7]. Metformin
crosses the placenta resulting in similar concen-
trations in fetal and maternal circulation [8, 9].
Knowledge on long-term effects in children ex-
posed to metformin in utero is limited.

In polycystic ovary syndrome (PCOS), there are
studies in infants of mothers who had been treated
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with metformin during pregnancy [10-12]. Com-
pared with placebo, one of these studies reported
no adverse effects of metformin on growth or mo-
tor-social development by the age of 18 months
[10]. In the study by Reg et al. (2012), height,
weight, fat composition, and insulin sensitivity
were similar at the age of seven to nine years [11].
Another study reported that the metformin-
exposed children weighed more than controls at
the age of one year [12].

In a follow-up study in children of GDM pa-
tients treated with metformin, a more favorable
fat distribution was observed at the age of two
years [13]. Another study reported that the chil-
dren of the metformin-treated patients showed in-
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creased weight and height at the ages of 12 and 18
months compared with the children of the insulin-
treated patients [14].

Animal studies have raised a concern that met-
formin may have harmful effects on developing
testes [15]. In the study by Tartarin et al. (2012),
metformin caused a decrease in testosterone secre-
tion compared with controls in organotypic cul-
tures of human and murine testicular tissue [15].
Furthermore, administration of metformin to preg-
nant mice reduced the size of fetal and neonatal
testes compared with controls [15]. There are no
reports on the effects of antenatal metformin expo-
sure on the development of human testes. There-
fore, we performed a follow-up study in male off-
spring of GDM patients to determine whether the
size of testes is affected by metformin treatment
compared with insulin treatment during preg-
nancy. The boys were recruited from the children
of 217 GDM patients who had recently partici-
pated in a randomized controlled trial (RCT) com-
paring metformin with insulin in the treatment of
GDM [2].

2. Methods and subjects

2.1 Study design and patients

This is a follow-up study in the male offspring
from the previously published study [2]. Briefly, an
open-label, randomized, clinical trial comparing
metformin with insulin in the treatment of GDM
patients was conducted between June 2006 and
December 2010 at Turku University Hospital,
Turku, Finland. The trial comprised 217 patients
at 22-34 weeks of gestation. A hundred and ten pa-
tients were allocated to metformin and 107 to insu-
lin treatment (Figure 1). In the metformin group,
23 (20.9%) patients needed additional insulin to
maintain adequate glycemic control. The median
daily metformin dose was 1500 mg.

The study was approved by the Ethics Commit-
tee of the Hospital District of Southwest Finland,
the Finnish Medicines Agency, and the European
Union Drug Regulatory Agency (EUDRA). The
trial was registered at Clinicaltrials.gov,
NCT01240 785, http://clinicaltrials.gov/ct2/show/
NCT01240785. All patients gave their informed
consent prior to their participation in the study.
The present follow-up study was also approved by
the Ethics Committee of the Hospital District of
Southwest Finland, and the caretakers gave their
informed consent for their children’s participation
in the study.
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Abbreviations:

BMI body mass index (kg/m?)
BMI z-score BMI standard deviation (SD) score (measure
of relative weight adjusted for child age and

sex)
GDM gestational diabetes mellitus
gw gestational week
HbAlc glycated hemoglobin (hemoglobin Alc)
PCOS polycystic ovary syndrome
RCT randomized controlled trial
SD standard deviation
us ultrasonography
WHR waist-to-hip ratio

In the present follow-up study, an invitation
letter was sent to all 110 GDM mothers who deliv-
ered a male infant, and who were treated with
metformin (n = 59) or insulin (n = 51) (Figure 1).
Fifty-two (47.3% of those invited; 42.4% of those in
the metformin group, and 52.9 % of those in the
insulin group) boys participated in the present
study. Of the 52 boys attending the study, 25 were
exposed to metformin in utero, and 27 were born to
mothers treated with insulin during pregnancy.

The boys in the initial RCT [2] who were not
involved in the present study (n = 58), did not dif-
fer from the boys who participated (n = 52) with
respect to maternal (age, primiparity, smoking,
BMI, fasting glucose, HbA1c) or neonatal baseline
data (birth weight, prematurity, umbilical artery
pH, neonatal hypoglycemia), with p-values always
> 0.27. There was a slightly significant difference
in gestational weeks (gw) at delivery: mean gw of
participants was 39.44 and of non-participants
39.09 (p = 0.045), corresponding to a difference of
approximately two days.

2.2 Clinical examinations

Clinical examinations included the measure-
ment of height, weight, and waist and hip circum-
ference. Furthermore, testicular size and urogeni-
tal status was recorded, including testicular de-
scent as GDM has been associated with an in-
creased risk for abnormal testicular descent, i.e.
cryptorchidism [16]. Twenty-five boys were ex-
posed to metformin in utero, and 27 boys were
born to mothers treated with insulin during preg-
nancy.

Body mass index (BMI) was calculated as kg/m’
and expressed as BMI z-score [17], i.e. a standard
deviation score that indicates how many SD-units
a child’s BMI is above or below the average BMI
value according to age and sex. Waist-to-hip ratio
(WHR) was calculated as part of the anthropomet-
ric measurements.
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Figure 1. Flow chart of study design.

Maternal smoking during pregnancy was re-
corded as it has been reported to be associated
with congenital cryptorchidism [18] and dimin-
ished testicular size [19].

The clinical examination of the boys was per-
formed by trained andrologists (SS or HV) at the
Andrology Unit of the Department of Physiology,
University of Turku, between July 2013 and
March 2014. During the examination, SS and HV
had no information about the maternal GDM
treatment group. The height of the boys was
measured three times using the Harpenden Stadi-
ometer with VR High Speed Counter (Holtain
LTD, Great Britain), and weight was measured us-
ing the Detecto EU522 Digital Scale (Cardinal
Scale Manufacturing Co, USA). In these meas-
urements, the mean of three values was used in
the calculation.

Waist and hip circumference was measured
once in a standing position with a non-elastic tape.
Waist circumference was measured at the end of
exhalation at the horizontal level of the midpoint
between the lowest rib and iliac crest [20]. Hip cir-
cumference was measured at the horizontal level
of the widest part of the buttocks. The boys wore
only underpants during these measurements.

In the urogenital examination, the position of
the testis was assessed to detect possible cryp-
torchidism and retractile testis. The testicular size
was measured by ultrasonography (US) examina-
tion (using Aloka Prosound6, Aloka Co., Ltd, Ja-
pan, with 13 MHz linear transducer), with plastic
ruler (length and width of the testis were meas-

www.The-RDS.org

formula (0.71 x length x
width x height) based
on the ultrasonography
examination, and by el-
lipsoid formula (0.52 x
length x width?) based on the ruler measurements.
The parents were interviewed about the current
medication and diseases of the boys; their answers
were recorded.

2.3 Statistical analysis

Statistical analyses were performed by using
GraphPad Prism version 5.00 for Windows
(GraphPad Software Inc., La Jolla, CA, USA). The
normality of distributions was tested with the
Shapiro-Wilk normality test. Continuous variables
were compared between the groups using the
Mann-Whitney U-test or unpaired t-test, as ap-
propriate. For the categorical variable (maternal
smoking), Fisher's exact test was used. The two-
tail level of statistical significance was set at p <
0.05.

A secondary power-calculation was carried out
to determine the difference in testicular size (be-
tween boys born to mothers in the metformin and
those born to mother in the insulin group) which
can be excluded with 80% power and a significance
level of 0.05 when the group size was taken as 26
per group. In the calculation, we used ultrasound
volume data of the left testis, mean 0.90 ml and
SD 0.30 ml.

3. Results

The results are shown in Table 1. The size of
testes evaluated by a ruler, an orchidometer, and
by ultrasonography was similar in the metformin
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and the insulin group (p always > 0.40). A secon-
dary power calculation revealed that the sample
size was sufficient to exclude a 0.24 ml difference
in testicular size determined by ultrasonography
between boys in the metformin and insulin group.
Mean age of the boys was 60 months, age varied
from 33 to 85 months at the time of examination,
and it did not differ between the groups (p = 0.88).
There were no differences in height, weight, BMI,
BMI z-score, and WHR of the boys between the
groups (p = 0.95, p=0.61, p=0.11, p=0.16, p =
0.32, respectively). There was no significant differ-
ence in the prevalence of maternal smoking during
gestation between the metformin (n = 4/25, 16.0%)
and insulin (n = 3/26, 11.5%) group (p= 0.70, RR
1.2, 95% CI 0.59-2.44).

One boy had been operated on for congenital bi-
lateral cryptorchidism at the age of one year. His
22-year-old mother was treated with metformin
during pregnancy, and she smoked. At the time of
examination, the right testis was not detected in
the scrotum, and the boy was referred for surgery.
Furthermore, one boy was diagnosed with rectrac-
tile testis (testis saltans) during the examination,
and another boy had previously been operated on
for retractile testis at the age of four years. The
former of the boys belonged to the insulin group
and the latter to the metformin group.

4. Discussion

In the present study, we found no difference in
the testicular size of prepubertal offspring of moth-
ers treated for GDM with either metformin or in-
sulin. The age of the boys varied from 33 to 85
months at the time of examination; mean age did
not differ between the two groups. The oldest boy
examined in our study was aged seven. In a cross-
sectional study, the size of the testis did not in-
crease significantly during this time window, and
did not correlate with height and weight [21].

Testicular measurements were performed by
three methods: ruler, Prader’'s orchidometer, and
ultrasonography. These methods are widely used
and accepted to evaluate children’s testicular size
[22]. The size of the testes in our study is compa-
rable with measurements in other cross-sectional
studies in the normal population [22, 23], and with
our results on testicular size measured with an or-
chidometer in eight year old prepubertal Finnish
boys whose mothers did not have gestational dia-
betes (unpublished data).

In the study by Tartarin et al. (2012), met-
formin decreased testosterone secretion in organo-
typic cultures of human fetal testicular tissue

Rev Diabet Stud (2016) 13:59-65

Table 1. Clinical data of male offspring aged 33 to 85 months

Metformin Insulin p
(n=25) (n=27)

Age (mo) 60.4+17.0 60.7+15.4 0.88
Height (cm) 1125+£101  1123+104 095
Weight (kg) 21.2+52 20.2+49 0.61
BMI (kg/m?) 164+2.1 155+15 0.11
BMI z-score 025+15 022£13 0.16
WHR 0.92+0.05 0.91+0.08 0.32
Testis volume (ml)°

Right 1.84+0.6° 1.80+0.4 0.86

Left 181+04 1.78+0.3 0.74
Testis volume by US (ml)°

Right 0.89 +0.4° 0.87+0.3 0.92

Left 0.93+0.3 0.86+0.3 0.40
Testis volume by ruler
(mly*

Right 1.74 £0.74 1.67+0.45 0.90

Left 1.72+0.53 1.60 £0.43 0.50

Legend: Data are expressed as mean + SD, or n (%). ' BMI standard
deviation (SD) score (measure of relative weight adjusted for child
age and sex). ° Measured by Prader’s orchidometer. ° Calculated by
using Lambert's formula (0.71 x length x width x height). * Calcu-
lated by using the ellipsoid formula (0.52 x length x width?). °n = 24
(one boy had an undetectable right testis due to cryptorchidism).
Abbreviations: BMI — body mass index, WHR — waist-to-hip ratio, US
— ultrasonography.

compared to control cultures [15]. In cultures of
mouse fetal testes, testosterone secretion was de-
creased only when dosages higher than the thera-
peutic concentration were used. Furthermore, ad-
ministration of metformin to pregnant mice during
early pregnancy reduced the size of the fetal and
neonatal testes compared to controls, but testicu-
lar testosterone concentration of newborn mice
was not reduced. The number of germ cells was not
affected, but the number of Sertoli cells was re-
duced [15]. Metformin also caused a dose-
dependent decrease in cell proliferation in cultures
of neonatal mouse Sertoli cells [15]. Sertoli cells
are located in seminiferous tubules; they support
the development of germ cells. Cell cultures from
male infant testes are not available to study the
effects of metformin. However, evaluating the size
of the testes is considered as a relevant proxy,
since there is a strong correlation between the
number of Sertoli cells and testicular volume [15].
In a study of mice, it has been observed that off-
spring of metformin-treated mice fed a normal diet
during pregnancy were lighter at birth, but when
the male offspring were fed a high-fat diet postna-
tally, they gained more fat and developed glucose
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intolerance compared to controls [24]. In contrast,
the offspring of mice that were fed a high-fat diet
prior to and during gestation and treated with
metformin, gained less body weight and adipose
tissue than control mice during a period of a high-
fat diet at adult age [25]. In a follow-up of the
MiG-study, it was shown that at the age of two
years children born to GDM mothers and exposed
to metformin in utero had larger amounts of sub-
cutaneous fat, but overall body fat was the same as
in children whose mothers were treated with insu-
lin alone [13]. In our study, there were no differ-
ences in height, weight, BMI, or WHR measure-
ments of the boys between the metformin and in-
sulin group.

Despite the absence of effects on testis size, it
cannot be excluded that the hormonal function of
the testis has been influenced by metformin. This
is a limitation of this study. The options for meas-
uring testicular function at prepubertal age, irre-
spective of the so-called mini-puberty, are limited.
Mini-puberty occurs during the first months of life
when the hypothalamic-pituitary-testicular axis is
very active and testicular hormone secretion soars
[26, 27]. The testosterone level declines to a very
low level before the age of six months [26], and
starts to increase again at the time of puberty. In
our study, the age of examined boys (33 to 85
months) was outside this time frame.

Preliminary human evidence has shown that
male and female steroid levels in metformin-
exposed offspring do not differ from those in non-
exposed controls [28]. In the study by Tartarin et
al., testosterone secretion in organ cultures of tes-
tes from fetuses aborted in the first trimester was
suppressed by metformin [15]. The first trimester
of pregnancy is the time at which the gonads are
most vulnerable to exogenous substances, as the
first step of gonadal differentiation occurs at this
time. However, our patients were exposed to met-
formin from gestational week 22 onwards only [2],
i.e. after the most critical time. The medication for
GDM patients is usually started after the first tri-
mester. However, fetal exposure to metformin from
the first trimester onwards is possible, namely in
the offspring of mothers with type 2 diabetes mel-
litus treated with metformin throughout the preg-
nancy. Therefore, a separate study is needed to
measure testis size in boys born to these mothers.

Maternal smoking during pregnancy has been
associated with impaired reproductive develop-
ment in male offspring, including reduced testicu-
lar size and semen quality, and increased risk of
cryptorchidism [18, 19]. In our study, no adjust-
ment for maternal smoking was needed, since
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there was no difference in the prevalence of ma-
ternal smoking between the metformin and insulin
group (p = 0.70).

Only one boy out of 52 (1.9%) had a history of
congenital cryptorchidism, which is in line with
the previously described prevalence of this condi-
tion in the Turku area in Finland (2.4% at birth
and 1.0% at the age of three months) [29]. Mild,
diet-treated GDM has been shown to be associated
with an increased risk of congenital cryp-
torchidism [16]. There is no information concern-
ing the association of metformin and cryp-
torchidism. In the present study, one boy with
congenital cryptorchidism was born to a mother
treated with metformin during pregnancy. She
also smoked, which has been associated with an
additional increased risk of cryptorchidism in the
offspring [18]. However, the sample size of our
study is too small to estimate the possible connec-
tion between metformin and cryptorchidism.

Power calculations were performed in our pri-
mary RCT with respect to birth weight, using a
non-inferiority design [2]. In the present testis
study, a secondary power calculation was per-
formed to determine the difference in testicular
size (between boys born to mothers in the met-
formin and those born to mothers in the insulin
group) which could be excluded with 80% power
and significance level of 0.05 when the group size
was 26 per group. This analysis revealed that our
sample size was sufficiently large to exclude a 0.24
ml difference in testicular size determined by ul-
trasonography, i.e. we were able to exclude a dif-
ference between the treatments that is smaller
than the SD of testicular size (0.3 ml). Moreover,
all other testis size measurements were very simi-
lar in the metformin and insulin group, suggesting
that any meaningful difference between the treat-
ments can be excluded.

To our knowledge, this is the first study to
evaluate the influence of metformin exposure on
testicular development of human infants. The rate
of participation in this follow-up study was nearly
50%, which we consider acceptable in view of the
delicate nature of testis examination. Additionally,
the sample size of the present study was suffi-
ciently large at 52 infants. All three different
methods applied to measure testicular size in this
study are widely used, and the measurements
were carried out by two trained professionals who
were unaware of which treatment group the in-
fants had been assigned to. Moreover, the results
of all three methods were consistent; none of them
detected any difference in testicular size between
the two groups.
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Regarding the representativeness of the data in
this study, there was a modest difference of ap-
proximately two days in gestational weeks at birth
between participating and non-participating boys
from the original RCT [2]; there was no difference
in other baseline variables. The difference in ges-
tational weeks may be due to chance. It is unlikely
that it could have affected our findings obtained
from the comparison of testis size between the
groups.

The present results alone are not sufficient to
justify an alteration in the treatment policy of
GDM. Studies on the long-term safety of the off-
spring are needed. They may include various
physical and psychological aspects of health, and
determine whether metformin could become the
first-choice treatment in place of insulin in GDM.
The present study suggests that metformin treat-
ment of GDM is safe with respect to the reproduc-
tive health of male offspring.

5. Conclusions

Prenatal metformin exposure in male rodent
offspring caused retarded growth of testes. Based
on these observations, we performed a study com-
paring testicular size in 52 boys aged 33 to 85
months exposed to intrauterine metformin or insu-

lin. The mothers had taken part in an earlier ran-
domized controlled trial comparing metformin and
insulin in the treatment of GDM. The testis meas-
urements were performed with three different
methods: ruler, orchidometer and ultrasonogra-
phy. There was no difference in testicular size
measured by any of the methods between met-
formin and insulin group boys. The results suggest
that metformin is safe in the treatment of GDM in
terms of the prepubertal gonad development of
male offspring. However, further studies are
needed to examine the possible association be-
tween intrauterine metformin exposure and tes-
ticular development, including hormonal func-
tions, during puberty.
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