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Abstract

Aims: To compare anthropometrics, and lipid and glucose metabolism in the 9-year-
old offspring of mothers treated with metformin or insulin for gestational diabetes
mellitus (GDM).

Materials and Methods: This was a Finnish two-centre, 9-year follow-up study of two
open-label, randomized controlled trials comparing the effects observed in the offspring
of mothers who received metformin and insulin treatment for GDM. Measurements
included anthropometrics, blood pressure, lipoproteins, and oral glucose tolerance tests.
This study was registered with ClinicalTrials.gov, number NCT02417090.

Results: At the age of 9 years 172 children (55% of the original study cohort, 82 from
the metformin and 90 from the insulin group) participated in the study. No differ-
ences were found between the 9-year-old offspring groups in anthropometric vari-
ables, including body mass index and waist-to-height ratio. The offspring in the
metformin group had higher high-density lipoprotein (HDL) cholesterol concentra-
tions (1.72 vs. 1.54 mmol/L; P = 0.039) but lower low-density lipoprotein cholesterol
(2.39 vs. 2.58 mmol/L; P = 0.046) and apolipoprotein B concentrations (0.63
vs. 0.67 g/L; P = 0.043) than the offspring in the insulin group. The difference in HDL

cholesterol concentration was found to be significant only in boys (P = 0.003). The
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1 | INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as a condition in which
hyperglycaemia develops during pregnancy. The prevalence of GDM
has been increasing globally along with obesity,* and the overall prev-
alence of GDM is estimated at 12.8% according to the International
Diabetes Federation.? Generally, GDM increases the risk of an
adverse outcome during pregnancy and delivery,® as well as the risks
of later development of type 2 diabetes in mothers and of long-term
metabolic sequelae in the offspring.>*°

Adequate treatment of GDM reduces maternal and foetal adverse
effects.® First-line treatment includes combined nutritional therapy
and exercise, and pharmacological treatment is added if optimal glu-
cose levels are not obtained through lifestyle interventions.t”
Although insulin continues to be the first-line therapy recommended
by the American Diabetes Association,” metformin is increasingly
used instead of insulin. The American College of Obstetricians and
Gynecologists and the National Institute for Health and Care Excel-
lence in the United Kingdom consider either insulin or metformin as a
first-line pharmacological choice.'®

Metformin has been documented to cross the placenta, with foetal
levels similar to maternal concentrations.”° However, no risk of terato-
genicity has been observed when metformin is used from the first tri-
mester of pregnancy onwards in humans or in animal models.!* Two
recent meta-analyses®2 have indicated that the risks of adverse preg-
nancy outcomes, such as macrosomia, admission to a neonatal intensive
care unit, neonatal hypoglycaemia and preeclampsia, were actually lower
in the metformin group than in the group treated with insulin for GDM.

Long-term data on the growth, anthropometrics, blood pressure
(BP) and metabolism of the offspring of metformin-treated patients
with GDM are limited and the prepubertal metabolic effects are still
poorly known and controversial.1*>'* One meta-analysis?? suggested
that the offspring of metformin-treated mothers have a lower birth
weight but are heavier during infancy and mid-childhood than the off-
spring of mothers who have been treated with insulin. However, in a
recently published population-based cohort study of patients with
GDM who were treated with metformin or insulin, no differences
regarding childhood growth were found.?®

To obtain evidence regarding the possible late effects of foetal
exposure to metformin, therefore, we studied the growth and metab-

olism of the offspring, at 9 years of age, of mothers with GDM.

2-hour glucose value in the oral glucose tolerance test was 0.6-mmol/L lower in boys
from the metformin group than in those from the insulin group (P = 0.015).

Conclusions: Metformin treatment for GDM is associated with similar offspring
growth and glucose metabolism but a more favourable lipid profile at the age of

9 years as compared to insulin treatment.

anthropometry, gestational diabetes mellitus, glucose metabolism, lipid metabolism, metformin,

Follow-up data on mothers with GDM and their children were
obtained from two Finnish randomized controlled trials.2¢1” The aim
of the study was to compare the anthropometric variables as well as
the glucose and lipid metabolism of the offspring of women with

GDM who were treated with metformin or insulin.

2 | MATERIALS AND METHODS

21 | Study population

This was a longitudinal follow-up study of two previously published
Finnish randomized controlled trials with similar study designs,¢”
comparing metformin and insulin treatment for GDM. These two orig-
inally separate trials were combined, in a follow-up setting, to obtain a
larger study population (Figure 1). In the two original trials, a total of
321 women (221 women at Turku University Hospital and 100 women
at Oulu University Hospital) with GDM were randomly assigned to
receive either metformin (n = 161) or insulin (h = 160) between
August 6, 2005 and October 14, 2010. Of these mothers, 314 com-
pleted the original trials.*®'” Out of these participants altogether,
311 offspring were eligible for this follow-up study and their mothers
were contacted and invited for a study visit with their 9-year-old chil-
dren between 2015 and 2019.

The age of 9 years, just before the onset of puberty, was regarded
as the most appropriate age to compare the rates of growth and
metabolism between the offspring of the two groups. The study visits
were conducted at two sites: Turku University Hospital in Southwest
Finland and Oulu University Hospital in Northern Finland. Written
informed consent was obtained from each mother, child and father.
The assessors were blinded to the treatment allocation of the
mothers. This 9-year follow-up study was registered with the Clinical
Trials Registry (NCT02417090) and approved by the Ethics Commit-
tee of the Hospital District of Southwest Finland (ETMK 31/2015,
April 27, 2015).

2.2 | Clinical examinations

Clinical examinations (BP, height, weight and waist circumference)

were performed at both sites using well-established methods, which
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Turku University Hospital
2006-2010
221 women with GDM
requiring medication

Oulu University Hospital
2005-2009
100 women with GDM
requiring medication

FIGURE 1 Participants of the two
original randomized controlled trials
and those of the 9-year follow-up
study. T From 110 participants, who
completed the original study in the
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are described in the Appendix. The Tanner stage (G1-5, M1-5, P1-5)
of pubertal development was assessed by a trained nurse or the study
physician. Height was expressed as a standard deviation (SD) score
that indicates how many SD units a child's height is above or below
the average height value according to age and sex.2* Body mass index
(BMI) was calculated. To express the proportion of normal-weight,
overweight and obese children, we used the international cut-off
points for BMI for overweight and obesity by sex and age used by

Cole et al.?®

At the age of 9 years, the cut-off point of BMI for over-
weight was 19.10 kg/m? for boys and 19.07 kg/m? for girls, whereas
the cut-off point of BMI for obesity was 22.77 kg/m? for boys and
22.81 kg/m? for girls. The waist-to-height ratio (WHtR) was calculated
and a cut-off limit of 0.5 was used to describe the risk for mid-body
obesity.? The neonatal ponderal index was calculated as birth weight
(g) x 100/crown-heel length (cm)>. All maternal and paternal baseline
demographic and lifestyle data as well as paternal height and weight

values were collected using questionnaires.

2.3 | Laboratory analysis
Venous blood was collected after an overnight fast. A 2-hour oral glu-
cose tolerance test (OGTT) with insulin and C-peptide determinations

was performed on both the children and their mothers. The oral

glucose load was 75 g, except for children weighing less than 43 kg,
for whom the glucose load was 1.75 g/kg. One child was found to
have type 1 diabetes and was excluded from the laboratory analyses.
Four children refused blood tests. The OGTT was discontinued for
three children, because of difficulties in drinking the total amount of
glucose in two children and vomiting in one child. For two children,
the OGTT samples were lost. The laboratory tests (lipids, lipoproteins,
glucose, insulin, C-peptide and glycated haemoglobin [HbA1c]) per-
formed are described in the Appendix (p 1). Insulin resistance was cal-
culated using homeostatic model assessment (HOMA) based on
fasting serum glucose and plasma insulin (HOMA-IR = glucose
[mmol/L] x insulin [mU/L]/22.5).2” Maternal type 2 diabetes was
defined as diagnosed previously or at the time of the 9-year study by
OGTT (fasting plasma glucose 27.0 mmol/L and/or 2-hour glucose
211.0 mmol/L).

24 | Statistical methods

Statistical power calculations were performed for two endpoints: off-
spring BMI and fasting serum glucose level at the age of 9 years. The
mean (SD) BMI was assumed to be 18 (2.5) kg/m? and the mean
(SD) fasting glucose level was assumed to be 4.8 (0.2) mmol/L, based

on average childhood values. A two-sided test with a power of 80%
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and a significance level of 0.05 would, thus, detect a 1.0-kg/m? mean
difference in BMI between the 110 metformin and 110 insulin group
subjects (71% of the combined cohort). Similarly, a two-sided test
with a power of 80% and a significance level of 0.05 would detect a
0.12-mmol/L difference in the fasting serum glucose level.

The Kolmogorov-Smirnov test was used to analyse whether the
variables were normally distributed and the Shapiro-Wilk test was
used to test the normality of the subgroups of boys and girls (n < 50).
Between-group comparisons were performed using Student's t-test
for normally distributed data and the Mann-Whitney U-test for
skewed data. Most variables were not normally distributed in the sub-
groups. Fisher's exact test was used for categorical variables and the
results are expressed as mean + SD or median (interquartile range
[IQR]) unless otherwise stated.

Potential differences in boys and girls between the treatment
groups were explored using subgroup analysis. The IBM SPSS Statis-
tics version 25.0 (IBM Corp., Armonk, NY, USA) statistical software
package was used and a P value of <0.05 was taken to indicate statis-
tical significance.

3 | RESULTS

A total of 172 children participated in this follow-up study, comprising
55% of all the eligible children (n = 311) from the two original tri-
als*®7 (Figure 1). The population was almost entirely of White ethnic-
ity (99%). The participation rate was 59% (127/214) in Turku
University Hospital and 46% (45/97) in Oulu University Hospital. In
total 82 (48%) of the participating children were born to mothers with
GDM who had been treated with metformin, and 90 (52%) were born
to mothers treated with insulin. Furthermore, in the metformin group,
27% of the mothers (22/82) received additional insulin (17 in Turku
University Hospital and five in Oulu University Hospital). In all ana-
lyses, children born to mothers originally randomized to receive met-
formin as initial drug therapy were handled as one group, including
also those whose mothers needed additional insulin. The study was
not powered to detect possible small differences between the off-
spring of mothers who had only metformin treatment (n = 60) and
the offspring of mothers who were treated with metformin and
needed additional insulin (n = 22). The anthropometry values, BP,
serum lipids and markers of glucose metabolism of these two groups
are presented in Table S1 (Appendix p 2).

Maternal baseline characteristics, such as prepregnancy BMI,
glycaemic status, smoking habits, distribution of metformin and insulin
treatment, duration of medication and gestational weeks at delivery,
were similar between the participants and nonparticipants of the
study (Table S2, Appendix p 3). Neonatal measures, such as birth
weight, crown-heel length, ponderal index and sex distribution, did
not differ significantly between these two groups. Maternal baseline
characteristics, pregnancy outcomes and neonatal measures were also
found to be similar in the metformin- and insulin-treated women who
participated in the study (Table S3, Appendix p 4). Parental character-
istics (ie, BMI, proportions of overweight and obese individuals, self-

reported smoking, educational level and perceived health status) were
similar in the two treatment groups at the 9-year follow-up (Table S4,
Appendix p 5). Only 15% of the mothers and 25% of the fathers had a
normal BMI. The 9-year overall prevalence of type 2 diabetes was
14% (24/172) in the mothers, 13% (11/82) in the metformin group
and 14% (13/90) in the insulin group.

All children were prepubertal. There were no significant differ-
ences between the metformin and insulin groups in the offspring's
weight, height, BMI, proportions of overweight or obese children,
waist circumference, WHtR, distribution of WHtR over 0.5 or systolic
or diastolic BP at the 9-year assessment (Table 1). A slight tendency
towards lower WHtR values (0.43 vs. 0.45; P = 0.06) was found in
the boys of the metformin group compared to those of the insulin
group.

The offspring of the metformin group were found to have a more
favourable lipid profile than the offspring of the insulin group
(Table 2). That is, their high-density lipoprotein (HDL) cholesterol con-
centration was higher (1.72 vs. 1.54 mmol/L; P = 0.039), whereas
their low-density lipoprotein (LDL) cholesterol (2.39 vs 2.58 mmol/L;
P = 0.046) and apolipoprotein B (0.63 vs 0.67 g/L; P = 0.043) concen-
trations were lower than those of the children in the insulin group. In
a detailed analysis, the difference in the HDL cholesterol concentra-
tion was evident in the boys (1.85 vs 1.54 mmol/L; P = 0.003 [Table 2,
Figure 2]), but not in the girls (Table 2, Figure 2). The median (IQR)
serum triglyceride concentration of the boys was 0.52 (0.4-0.7)
mmol/L in the metformin group and 0.63 (0.5-0.8) mmol/L in the insu-
lin group (P = 0.059). The glucose metabolism values (fasting glucose,
fasting insulin, fasting C-peptide, HbAlc, 0.5-hour and 2-hour glucose,
insulin and C-peptide in OGTT) were similar in the two treatment
groups. The glucose values in the OGTT were within the normal refer-
ence range in both sexes, but the 2-hour glucose value was
0.6 mmol/L lower (P = 0.015) in the boys of the metformin group
(5.3 mmol/L) than in the boys of the insulin group (5.9 mmol/L
[Table 2]).

Boys Girls
P =0.003

P =0.889

T
T
1

HDL cholesterol (mmol/L)

Metformin Insulin Metformin Insulin

FIGURE 2  Offspring high-density lipoprotein (HDL) cholesterol
concentrations. Data are expressed as median (interquartile range)
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4 | DISCUSSION

In the present follow-up study, which comprised 172 prepubertal
9-year-old children, we found no differences in anthropometric mea-
surements, BP values or growth levels between the offspring of
mothers who were treated with metformin or insulin for GDM. The
boys who were exposed to metformin during pregnancy were found
to have a more favourable lipid profile and better 2-hour serum glu-
cose values compared with the boys of insulin-treated mothers.

In a meta-analysis of 17 trials, Tarry-Adkins et al? reported that the
birth weight of the offspring of metformin-treated mothers with GDM
was on average 108-g lower than that of the offspring of insulin-treated
mothers. Moreover, as reported in three studies, the neonatal ponderal
index was 0.13 kg/m?® lower in the metformin group than in the insulin
group. However, in the present study, both the ponderal index and the
birth weight were similar in the two treatment groups. In contrast, sev-
eral studies examining body weight and BMI in the metformin-exposed
offspring of mothers with GDM during later infancy and mid-childhood
have reported inconsistent results.*®?*

To our knowledge, only three original randomized controlled tri-
als'>?” that have compared metformin and insulin treatment for
mothers with GDM have also reported longitudinal offspring anthropo-

metric measures, 82

with only one of these reports using the metabolic
follow-up data.?* ljss et al*” found that the children exposed to metfor-
min prenatally were taller and heavier at the age of 18 months than
those whose mothers were treated with insulin. However, their body
composition as defined by the ponderal index did not differ between
the treatment groups. Furthermore, the mean weight for length and the
proportion of overweight and obese children did not differ between the
groups at the ages of 6, 12 and 18 months.'? Tertti et al?® compared
the testicular size of 52 prepubertal boys at the age of 33-85 months
who were born to the mothers who participated in a trial'” comparing
metformin and insulin for GDM. They found no differences between
the study groups in the size of the testicles or in height, weight, BMI,
BMI z-score or waist-to-hip ratio. Rowan et al*® found no differences in
weight, height or waist circumference between the offspring of the met-
formin and insulin treatment groups at the ages of 2 and 7 years.!
However, at the age of 9 years,21 the offspring (n = 45) of the
metformin-treated mothers were found to be heavier and had a greater
waist circumference, WHtR and BMI than the offspring (n = 54) of the
insulin-treated mothers. The authors also reported that the 9-year-old
study group was ethnically more heterogenous than the total Metformin
in Gestational diabetes (MiG) cohort and that this might have influenced
these results. In the present study, we observed no significant differ-
ences in the anthropometric variables between the two homogenous
treatment groups (n = 172) at 9 years of age. Our study results are in
line with those of a large population-based cohort study by Landi
et alZ®> who found no differences in the weight, height or BMI, also
viewed by z-scores and percentiles, in 3928 children aged 4 years
whose mothers had been treated with metformin or insulin for GDM.

Aceti et al?® reported that the offspring of mothers with GDM
had 1.39-mmHg higher systolic (P = 0.05) but similar diastolic BP to
the offspring of mothers without GDM.

Battin et al®’ studied BP values in 170 offspring from the MiG
cohort?® at the age of 2 years and found no differences between the
offspring of the metformin and insulin groups. In the present study,
we found no difference in BP between the offspring of the metformin
and insulin groups at the age of 9 years.

Rowan et al*!

measured the concentrations of LDL cholesterol,
HDL cholesterol and triglycerides in 94 children aged 9 years and found
no differences between the groups, even though the children in the
metformin group were heavier than those in the insulin group. They also
adjusted the results for the offspring's gender without any change in the
significance. In the present study, we found that the HDL cholesterol
concentration was higher, and the LDL cholesterol and apolipoprotein B
concentrations were lower in the metformin group than in the insulin
group, suggesting a more advantageous lipid profile in the offspring of
the metformin group. However, the significantly higher HDL cholesterol
values in the metformin group were found only in the boys.

Rowan et al?! found no differences either in the fasting glucose
levels between the metformin and insulin groups in 7-year-old off-
spring or in fasting glucose, fasting insulin values, HbAlc and homeo-
static model assessment of insulin resistance (HOMA-IR) in 9-year-old
offspring. In the present study, we found that HOMA-IR, 2-hour glu-
cose, insulin, and C-peptide values during the OGTT tended to be
slightly lower in the metformin group than in the insulin group. When
compared with the boys of the insulin group, the boys of the metfor-
min group had lower 2-hour glucose values.

Brawerman et al* reported that metformin as a treatment for GDM
within the third trimester may influence the offspring not only through
interactions affecting foetal growth but also through epigenetic mecha-
nisms that may possibly modify the long-term metabolic health of the
offspring. As discussed earlier, metformin treatment for GDM has been
suggested to result in a lower birth weight of the offspring,2? which may
lead to the offspring having a higher weight and BMI during infancy and
mid-childhood.**?* However, in the present study, we did not find evi-
dence of lower birth weights or higher BMI values at the age of 9 years
in the offspring who had been prenatally exposed to metformin.

It should also be noted that the percentage of parental over-
weight and obesity was similar in the two groups, which may denote a
similar lifestyle in the offspring in the two groups. Only 15% of the
mothers and 25% of the fathers had a normal weight. Despite this,
70% (120/172) of the offspring had a normal weight at the age of
9 years. Indeed, we observed a slight tendency towards a higher per-
centage of normal-weight offspring in the metformin group, particu-
larly among boys.

An interesting question is whether metformin exposure during
pregnancy can have a different long-term influence on lipid and glu-
cose metabolism of the boys and the girls of mothers with GDM,
either independently or mediated by the anthropometric variables.
Although statistically insignificant, the WHtR as an adiposity-related
variable was more favourable in the boys of the metformin group than
in those of the insulin group. Among the girls, however, there was no
such tendency. These findings might partly explain why a higher HDL
cholesterol level was found only in the boys of the metformin group.

In addition to adiposity variables, inherited genetic factors, other
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postnatal environmental factors and epigenetics might also have been
involved in the sex-associated difference in the serum lipids of the
offspring of metformin- and insulin-treated mothers with GDM.
Regarding epigenetics, the non-coding RNA 866 (nc866) epiallele
methylation status might be one possible explanation for our findings of
the HDL cholesterol concentration differences between sexes. Marttila

[3? studied the role of the nc866 epiallele methylation status in met-

eta
abolic traits in childhood and early adulthood. In general, the methyla-
tion status of a nc866 epiallele in the offspring is dependent on the
maternal nc866 epiallele methylation and the ambient conditions during
gestation. Indeed, they found that boys, but not girls, with a non-
methylated nc866 epiallele had higher (P < 0.05) estimated HDL choles-
terol levels during childhood (ages 6-12 years) and adolescence than
those of boys with a hemimethylated nc866 epiallele. Thus, differences
in epigenetic regulation might be a possible mechanism behind the
observed sex-associated difference in HDL cholesterol between the off-
spring of metformin- and insulin-treated mothers.

The major strength of the present follow-up study is that the
9-year-old offspring provided a favourable representation of the origi-
nal cohort, allowing valid comparisons between the treatment groups.
Moreover, the baseline data were similar between the 9-year study
participants and the group of nonparticipants. Among the participating
children, both sexes and medication groups were evenly distributed,
and all the children were prepubertal. All measurements were per-
formed using strict procedures and all blood samples were stored
under similar conditions and analysed at the same time in one labora-
tory. In addition, the study protocol was similar at the two study sites
as well as at the baseline and follow-up. Currently, this follow-up
cohort of 172 9-year-old offspring whose mothers received either
metformin or insulin treatment for GDM is the largest published
cohort. Power calculations were performed before the study was per-
formed. Notably, the follow-up rate of 55% obtained for the total
cohort was relatively favourable, considering the long period of
9 years between birth and follow-up, although it was slightly lower
than expected in the power calculation. This may have led to some
potential differences not being detected between the treatment
groups. Lastly, the participants were mainly White, which may affect
the applicability of the results to other ethnic groups.

Our results, however, leave open an interesting question as to
whether exposure to metformin during pregnancy may influence the
offspring sexes differently with regard to lipid and glucose metabolism.

In conclusion, treating GDM with metformin or insulin was found
not to lead in differences in the anthropometric values, BP, or glucose
metabolism of the offspring at the age of 9 years. Lipid profiles were
similar in the two treatment groups in the girls but more favourable in
the boys in the metformin group than in those in the insulin group.
These results support the hypothesis that using metformin for the
treatment of GDM has no negative effects on the growth or glucose
and lipid metabolism of the offspring during the prepubertal period.
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