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ABSTRACT
Introduction We previously reported an increased risk 
of being small for gestational age (SGA) and a decreased 
risk of being large for gestational age (LGA) after in utero 
exposure to metformin compared with insulin exposure. 
This follow- up study investigated if these observations 
remain when metformin exposure (henceforth, metformin 
cohort) is compared with non- pharmacological antidiabetic 
treatment of gestational diabetes mellitus (GDM; naïve 
cohort), instead of insulin.
Research design and methods  This was a Finnish 
population register- based cohort study from singleton 
children born during 2004–2016. Birth outcomes 
from metformin cohort (n=3964) and the naïve cohort 
(n=82 675) were used in the main analyses. Additional 
analyses were conducted in a subcohort, restricting the 
metformin cohort to children of mothers with GDM only 
(n=2361). Results were reported as inverse probability of 
treatment weighted OR (wOR), with the naïve cohort as 
reference.
Results   No difference was found for the outcome of SGA 
between the cohorts in the main analyses (wOR 0.97, 95% 
CI 0.73 to 1.27) or in the additional analyses (wOR 1.01, 
95% CI 0.75 to 1.37). No difference between the cohorts 
was found for the risk of LGA (wOR 0.91, 95% CI 0.75 
to 1.11) in the main analyses but a decreased risk was 
observed in the additional analyses (wOR 0.72, 95% CI 
0.56 to 0.92).
Conclusions  This follow- up study found no increase 
in the risk of SGA or LGA after in utero exposure to 
metformin, compared with drug- naïve GDM. The decreased 
risk of LGA in mothers with GDM may suggest residual 
confounding. The lack of increased SGA risk aligns with 
findings from studies using metformin in non- diabetic 
pregnancies. In contrast, lower birth weight and increased 
SGA birth risk were observed in GDM pregnancies for 
metformin versus insulin. Metformin should be avoided 
with emerging growth restriction in utero. The interplay 
of intrauterine hyperglycemia and pharmacological 
treatments needs further assessment.

INTRODUCTION
Metformin use in pregnancy is increasing 
worldwide, both for continued use in preg-
nant women with underlying type 2 diabetes 
mellitus (T2DM) and for gestational diabetes 
mellitus (GDM).1 2 Metformin is also 
commonly prescribed off- label in women 

with polycystic ovary syndrome (PCOS) to 
induce ovulation and to improve pregnancy 
outcomes.3 Metformin crosses the placenta, 
exposing the fetus to plasma concentra-
tions comparable to maternal circulations.4 
However, several studies reported the effec-
tiveness of metformin for glycemia control 
without short- term adverse effects and with 
additional potential benefits in the neonatal 
period.5–7 In early 2022, European Health 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ In many studies, including our previous report on the 
main CLUE study, metformin exposure, compared 
with insulin exposure, during pregnancy was asso-
ciated with increased relative risk of being small for 
gestational age (SGA) and decreased risk of being 
large for gestational age (LGA).

WHAT THIS STUDY ADDS
 ⇒ Exposure to metformin at any time during pregnan-
cy, regardless of the indication (ie, gestational dia-
betes mellitus (GDM), pregestational type 2 diabetes 
mellitus or polycystic ovary syndrome), compared 
with non- pharmacological antidiabetic treatment 
(naïve cohort) was not associated with difference in 
risk of SGA or LGA in the offspring.

 ⇒ Among mothers with GDM, only a decreased risk of 
LGA was found when metformin cohort was com-
pared with naïve cohort; however, given the obser-
vational nature of the data, differences in baseline 
risk between exposure groups and unmeasured 
or residual confounding cannot be ruled out as an 
explanation.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This follow- up study suggests that exposure to met-
formin does not translate into difference in the risk 
of SGA or LGA.

 ⇒ These results add further evidence to support safe 
use of metformin during pregnancy.

 ⇒ Nonetheless, when antihyperglycemic treatment 
is needed in a GDM pregnancy complicated by in-
trauterine growth restriction, metformin should be 
avoided.
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authorities approved the use of metformin during preg-
nancy and in the periconceptional period for the orig-
inator metformin product (Glucophage, Merck KGaA, 
Darmstadt, Germany).8 This change was, at least in 
part, based on the large register- based cohort (main 
CLUE study), in which maternal pregnancy exposure to 
metformin was studied and both short- term and long- 
term adverse outcomes in children (up to 11 years after 
birth) were assessed.9 The study found no increased 
long- term risk associated with pregnancy exposure to 
metformin. However, an increased risk of being small for 
gestational age (SGA) and a decreased risk of children 
being large for gestational age (LGA) after in utero expo-
sure to metformin in comparison to in utero exposure to 
insulin was found. Similar results were observed in chil-
dren born to mothers with GDM and naïve to in utero 
exposure to non- pharmacological antidiabetic treatment 
compared with in utero exposure to insulin.

We hypothesized from our previous study results that 
the observed increased risk of SGA and decreased risk 
of LGA may be related to the choice of insulin as the 
reference for comparison, given the known association 
between insulin and weight increase.10–12 Based on these 
findings and to further strengthen the evidence, this 
follow- up study was performed to investigate if metformin 
is associated with increased risk of SGA and decreased 
risk of LGA when compared with non- pharmacological 
antidiabetic treatment exposure.

METHODS
This was a follow- up study performed on our previously 
published population- based register data cohort study.9 
The study population included singleton children born 
to women, 18–45 years of age at the time of delivery, in 
Finland during 2004–2016. The children were identified 
using the Finnish Medical Birth Register,13 which holds 
information on all births in Finland, including date of 
birth, gestational age and birth weight. The start date of 
pregnancy was calculated by subtracting gestational age 
(recorded in weeks and days) from the date of delivery 
to obtain the date of the last menstrual period (LMP). 
The main analyses included two cohorts: children with 
in utero exposure to metformin (metformin cohort) 
regardless of the indication (ie, GDM, pregestational 
T2DM or PCOS) and children of mothers with GDM 
with non- pharmacological antidiabetic treatment (naïve 
cohort) (described in online supplemental item 1).

Exclusion criteria were maternal diagnosis of type 
1 diabetes mellius, maternal dispensation of systemic 
glucocorticoids during pregnancy (agents in this drug 
class are known to interfere with metformin) and 
maternal dispensation of antidiabetic medications other 
than metformin (anatomical therapeutic code (ATC) 
A10BA02) and insulin (ATC A10A) during pregnancy. 
To ensure adequate capture of information on exposure 
and baseline characteristics, children born to women not 
registered in Finland throughout the entire duration 

of pregnancy were excluded. Information on the selec-
tion of the study population and definitions of exclusion 
criteria are provided in online supplemental item 2 and 
3.

Furthermore, a metformin- GDM subcohort was created 
for additional analyses. This subcohort was identified by 
excluding women who were assumed to use metformin 
in the treatment of T2DM or PCOS (details provided in 
online supplemental item 1).

Maternal exposure to metformin and to other pharma-
cological antidiabetic treatment was defined as having 
any dispensed prescription between the LMP and the 
date of delivery obtained from the Finnish Prescription 
Register.14 Information to identify children with LGA 
(birth weight 2 SD above the gestational age- specific 
and sex- specific reference mean in Finland) and SGA 
(birth weight 2 SD below the gestational age- specific and 
sex- specific reference mean) was ascertained from the 
Medical Birth Register.13

The data sources used to identify covariates were the 
Medical Birth Register,13 the Prescription Register,14 the 
Care Register for Healthcare (HILMO),15 the Register 
of Primary Healthcare Visits (AvoHILMO),16 regional 
laboratory databases and Statistics Finland.17 A detailed 
description of the methods and covariate definitions is 
available in our previous publication.9

The analyses of SGA and LGA were conducted using 
logistic regression to estimate ORs with 95% CIs, with 
naïve cohort as the reference. Inverse probability of 
treatment weighting (IPTW) with stabilized weights 
based on propensity scores (PS) was used to control for 
confounding. Separate PS models were estimated for the 
main analyses with metformin cohort and naïve cohort; 
and for the additional analyses with metformin- GDM 
subcohort and naïve cohort. Analyses were conducted 
after trimming of children outside the overlapping 
range of the PS. The predictors of the PS models were 
a broad range of covariates describing the mothers and 
pregnancies, including demographic factors, comorbidi-
ties before and during pregnancy, lifestyle factors, gesta-
tional week of GDM diagnosis, region of residence for 
the child and calendar year of delivery.9 The standard-
ized mean difference was used to assess covariate balance 
between cohorts after weighting. Covariates that were 
not balanced after weighting (standardized mean differ-
ence ≥0.1) were included as independent variables in the 
outcome models.

RESULTS
A total of 3964 children in the metformin cohort and 
82 675 children in the naïve cohort fulfilled the criteria 
for inclusion in the main analyses (table 1 and online 
supplemental item 4). The metformin- GDM subcohort 
consisted of 2361 children. In the main analyses, 1070 
(27.0%) children in metformin cohort and 233 (0.3%) 
in naïve cohort were excluded due to non- overlapping 
PS. The corresponding numbers for the metformin- GDM 
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Table 1 Baseline characteristics of children with maternal exposure to metformin (metformin cohort) and children of mothers 
with GDM exposed to non- pharmacological antidiabetic treatment (naïve cohort)

Characteristics
Metformin cohort
(n=3964)†‡

Naïve cohort
(n=82 675)‡

Standardized difference*

Before
IPTW

After
IPTW§

Gestational age at birth (weeks), median (IQR) 39.4 (38.6–40.3) 39.9 (39.0–40.7) Not included in propensity score

Sex, n (%) Not included in propensity score

Female 1883 (47.5%) 39 624 (47.9%)

Male 2081 (52.5%) 43 051 (52.1%)

Year of birth, n (%) 0.577 0.025

2004–2008 605 (15.3%) 23 729 (28.7%) 0.475 0.013

2009–2013 1632 (41.2%) 34 095 (41.2%) 0.022 0.017

2014–2016 1727 (43.6%) 24 851 (30.1%) 0.404 0.006

Type of delivery, n (%) Not included in propensity score

Vaginal birth 2998 (75.6%) 65 700 (79.5%)

Cesarean section 966 (24.4%) 16 972 (20.5%)

Missing 0 (0.0%) 3 (0.0%)

Maternal age at delivery, median (IQR) 32.0 (28.0–35.0) 31.0 (27.0–35.0) 0.223 −0.016

Maternal prepregnancy BMI (kg/m2), median (IQR)¶** 29.7 (25.0–34.7) 26.9 (23.6–31.2) 0.697 0.056

Maternal smoking during pregnancy, n (%) 0.078 0.037

Yes 570 (14.4%) 13 683 (16.6%) 0.014 0.030

No 3337 (84.2%) 67 077 (81.1%) 0.012 0.038

Missing 57 (1.4%) 1915 (2.3%) 0.076 0.024

Maternal comorbidities before pregnancy

Pregestational T2DM, n (%) 154 (3.9%) N/A†† Not included in propensity score

PCOS, n (%) 463 (11.7%) 1164 (1.4%) 0.291 0.137

Obesity at the beginning of pregnancy, n (%) Not included in propensity score

Yes 1896 (47.8%) 25 133 (30.4%)

No 2019 (50.9%) 55 590 (67.2%)

Missing 49 (1.2%) 1952 (2.4%)

Any Toxemia in pregnancy, n (%)h 557 (14.1%) 9842 (11.9%) 0.071 0.005

GDM, n (%) 2897 (73.1%) 82 675 (100.0%) Not included in propensity score

Gestational week of maternal gestational diabetes diagnosis, 
median (IQR)‡‡§§

24.4 (15.0–27.7) 28.3 (25.1–34.4) 0.726 0.107

Essential hypertension in pregnancy, n (%) 58 (1.5%) 415 (0.5%) 0.096 0.009

Any toxemia in pregnancy, n (%)¶¶ 557 (14.1%) 9842 (11.9%) 0.071 0.005

Gestational hypertension in pregnancy, n (%) 293 (7.4%) 6076 (7.4%) 0.006 0.009

Pre- eclampsia in pregnancy, n (%) 155 (3.9%) 2917 (3.5%) 0.035 0.034

Other characteristics

Persistence of diabetes in the mother after birth 60 (1.5%) 64 (0.1%) Not included in propensity score

*The distributions of the variables used in propensity score weighting were compared between exposure groups (metformin- only exposure: yes/no), by means of 
standardized difference of prevalence (binary variable), standardized difference of mean (continuous variable) or Mahalanobis distance (categorical variables with 
more than two levels).
†3967 children in metformin cohort were included in the original CLUE manuscript but in this follow- up study three children were excluded because of unknown 
information on the outcomes (SGA/LGA). See online supplemental item 2 for specific details.
‡Before IPTW being applied.
§Numbers ≥0.1 are in bold, meaning the variable was not balanced after IPTW.
¶Information missing for 49 (1.2%) children in the metformin cohort and 1952 (2.4%) in the naïve cohort.
**BMI was categorized as ≤18.5, 18.6–25.0, 25.1–30.0 and >30.0.
††Previously diagnosed T2DM variable is by definition ‘no’ for all patients in the naïve cohort.
‡‡Gestational week of maternal gestational diabetes diagnosis was categorized as: <12; 12–19; 20–23; 24–26; 27–30; >30; GDM detected, time unknown and no 
diagnosis of gestational diabetes.
§§Information missing for 1132 (28.6%) children in the metformin cohort and 9515 (11.5%) in the naïve cohort.
¶¶Named after and including primary care ICPC- 2 Code W81 (toxemia in pregnancy) in addition to secondary care ICD- 10 code O10- 16 (all edema, proteinuria and 
hypertensive disorders in pregnancy).
BMI, body mass index; GDM, gestational diabetes mellitus; ICD- 10, International Classification of Diseases, Tenth Revision; ICPC, International Classification of 
Primary Care; IPTW, inverse probability of treatment weighting; LGA, large for gestational age; N/A, not available; PCOS, polycystic ovary syndrome; SGA, small for 
gestational age; T2DM, type 2 diabetes mellitus.
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subcohort and naïve cohort in the additional analyses 
were 11 (0.5%) and 5080 (6.1%), respectively.

The median for gestational age at birth was 39.4 weeks 
in the metformin cohort and 39.9 weeks in the naïve 
cohort (table 1). In the metformin cohort, 43.6% of chil-
dren were born during the latest time period (2014–2016) 
and 15.3% during the earliest time period (2004–2008), 
whereas in the naïve cohort 30.1% of births were born 
in 2014–2016 and 28.7% in 2004–2008. Maternal median 
age at delivery was 32 years in the metformin cohort and 
31 years in the naïve cohort, while maternal prepreg-
nancy body mass index (BMI) median was 29.7 kg/m2 in 
the metformin cohort vs 26.9 kg/m2 in the naïve cohort.

Most covariates included in the PS models were 
balanced after applying IPTW (standardized mean differ-
ence <0.1), however gestational week of maternal GDM 
diagnosis and PCOS remained unbalanced (table 1). 
GDM was diagnosed earlier in the metformin cohort 
and later in the naïve cohort (median of 24.4 gestational 
weeks and 28.3 gestational weeks, respectively) and PCOS 
frequency was higher in the metformin cohort (11.7%) 
than in the naïve cohort (1.4%). Both variables were, 
accordingly, included as adjusting variables in subse-
quent outcome models.

SGA was found in 2.3% of the children in the 
metformin cohort and 2.2% in the metformin- GDM 
subcohort (table 2). The percentage in the naïve cohort 

was 2.0%. No difference was found in the risk for SGA 
when metformin cohort was compared with naïve cohort 
in the main analyses (weighted OR (wOR) 0.97, 95% CI 
0.73 to 1.27) or when the metformin- GDM subcohort was 
compared with naïve cohort in the additional analyses 
(wOR 1.01, 95% CI 0.75 to 1.37).

LGA was found in 4.0% of the children in the 
metformin cohort and 4.7% in the metformin- GDM 
subcohort (table 2). The percentage in the naïve cohort 
was 4.1%. No difference was found in the risk for LGA 
when metformin cohort was compared with the naïve 
cohort in the main analyses (wOR 0.91, 95% CI 0.75 to 
1.11) but the risk was decreased in the metformin- GDM 
subcohort, in comparison to the naïve cohort, in the 
additional analyses (wOR 0.72, 95% CI 0.56 to 0.92).

DISCUSSION
No difference in LGA risk was found in the metformin 
cohort compared with the naïve cohort in the main anal-
yses of this follow- up study to CLUE, but a decreased risk 
of LGA was found in the additional analyses with the 
metformin- GDM subcohort. A decreased risk of LGA 
birth for metformin versus insulin during pregnancy 
in this study cohort has already been described (online 
supplemental item 5).9 The recent large prospective clin-
ical trial MiTy found a reduced risk of LGA in offspring 

Table 2 Risk of being LGA or SGA at birth in the main analyses with metformin cohort and naïve cohort and in the additional 
analyses with metformin- GDM subcohort and naïve cohort

N Outcomes* Metformin cohort versus naïve 
cohort
OR (95% CI)Exposed to 

metformin
Naïve 
cohort†

Exposed to 
metformin

Naïve 
cohort†Outcome Unadjusted IPTW- weighted‡

SGA

  Main analyses with metformin 
cohort§

3964 82 675 92 (2.3) 1659 (2.0) 1.16 (0.94 to 1.43) 0.97 (0.73 to 
1.27)

  Additional analyses with metformin- 
GDM subcohort¶

2361 82 675 51 (2.2) 1659 (2.0) 1.08 (0.81 to 1.43) 1.01 (0.75 to 
1.37)

LGA

  Main analyses with metformin 
cohort§

3964 82 675 159 (4.0) 3415 (4.1) 0.97 (0.82 to 1.14) 0.91 (0.75 to 
1.11)

  Additional analyses with metformin- 
GDM subcohort¶

2361 82 675 111 (4.7) 3415 (4.1) 1.14 (0.94 to 1.39) 0.72 (0.56 to 
0.92)

*The numbers of outcomes represent counts in the main cohort before trimming of children outside the overlapping range of propensity 
scores.
†Naïve cohort refers to children of mothers with GDM exposed to non- pharmacological antidiabetic treatment. The naïve cohort has a 100% 
GDM rate, by definition, thus the number of outcomes and cohort size is the same for both the main analyses and additional analyses.
‡Covariates used in IPTW: mother’s age at delivery, calendar year of the childbirth, child’s region of residency at birth, maternal 
comorbidities before pregnancy (pregestational T2DM and PCOS), maternal comorbidities during pregnancy (any toxemia in pregnancy, 
essential hypertension, gestational hypertension, pre- eclampsia), parity, educational level, maternal smoking during pregnancy, maternal 
prepregnancy, BMI, gestational week of GDM diagnosis).
§Main analyses: cases with unknown outcome (3 in metformin cohort and 70 in naïve cohort) are not included in the denominator (%).
¶Additional analyses: cases with unknown outcome (0 in metformin- GDM subcohort and 70 in naïve cohort) are not included in the 
denominator (%).
GDM, gestational diabetes mellitus; IPTW, inverse probability of treatment weighting; LGA, large for gestational age; N, number; PCOS, 
polycystic ovary syndrome; SGA, small for gestational age; T2DM, type 2 diabetes mellitus.
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exposed to metformin+insulin compared with placebo+-
insulin in pregnant women with T2DM.18 Furthermore, 
a large meta- analysis found no change in LGA inci-
dence between metformin- exposed and insulin- exposed 
neonates,12 with the caveat that the metformin groups 
in the underlying studies did not discriminate the use of 
additional insulin in the metformin treatment groups. In 
prospective clinical trials in obese non- diabetic women, 
metformin use versus placebo did not alter the risk of 
LGA birth,19 20 whereas in a recent cohort study on preg-
nant women without diabetes and PCOS exposed or non- 
exposed to metformin, a reduced LGA risk for metformin 
exposure was found.21 Prepregnancy BMI and gestational 
hyperglycemia are considered drivers of LGA risk in the 
offspring.22 In summary, current evidence suggests that 
metformin may reduce hyperglycemia- related LGA.

Our previous findings in the main CLUE study indi-
cated a significantly increased risk of SGA associated 
with in utero exposure to metformin when compared 
with insulin (online supplemental item 5),9 but not for 
metformin+insulin versus insulin. The MiTy study found 
an overall shift towards lower birth weight and increased 
risk of SGA in offspring exposed to metformin+insulin 
compared with insulin+placebo in pregnant women with 
T2DM.18 Likewise, in a recent randomized double- blind 
study, metformin- exposed babies born to GDM mothers 
were born approximately 100 g lighter than those 
exposed to placebo.23

A large meta- analysis12 24 found a significant decrease 
in birth weight after intrauterine exposure to metformin 
compared with insulin, but no difference in SGA risk.24 
Other observational studies have also not found differ-
ences in SGA risk when comparing metformin and diet 
treatment among pregnant women with GDM.25 26 And 
indeed, no differences were found in this follow- up anal-
ysis to CLUE regarding SGA risk in the metformin cohort 
compared with the naïve cohort, neither in the main 
analysis nor with the narrowed metformin- GDM subco-
hort. Metformin crosses the placenta,4 and based on the 
findings above, it is discussed whether metformin affects 
feto- placental metabolism27 leading to a reduced birth 
weight and accelerated catch- up growth later in life.24

However, large prospective studies in non- diabetic 
patient do not support a general impact of metformin 
on fetal weight: metformin did not alter median birth- 
weight z score (percentile) placebo19 28 or SGA risk20 in 
non- diabetic obese pregnant women at doses of 1500–
3000 mg/day. Birth weight and SGA risk were also not 
altered in babies born to women with pregestational 
insulin resistance29 or PCOS.30

Thus, it might be discussed that a potential (residual) 
lack of glucose control with insulin (or other comparator 
treatments) in GDM pregnancies leads to a relatively 
higher birth weight,31 32 for example, as suggested by 
better glycemic control with metformin versus placebo in 
MiTy.18 In the main CLUE study,9 the risk of SGA birth 
was increased for drug- naïve GDM women compared 
with those on insulin with wOR 0.72, 95% CI 0.56 to 0.92 

(see online supplemental item 5), which could be indica-
tive of insulin use shifting towards higher birth weight. As 
large prospective studies like EMERGE (NCT02980276) 
will be needed to clearly determine the underlying mech-
anisms, practitioners are well advised to monitor fetal 
growth and discontinue metformin in case of emerging 
growth restriction as well as countering overly fetal 
growth in utero in insulin- treated mothers.

Similar to the main CLUE study,9 this follow- up study 
has a number of strengths, being a comprehensive 
study involving national coverage of mothers’ exposure 
to metformin across the various levels of healthcare, 
allowing the results to be generalizable to the Finnish 
population. GDM in this study was identified from 
multiple sources (diagnosis code or laboratory records), 
which should provide extensive and precise information. 
Also, the use of IPTW methods based on PS, including 
a broad range of maternal characteristics, improved 
comparability between the cohorts and reduced the 
potential for confounding.

There were several limitations in this follow- up study 
that deserve comment. Drug exposure was potentially 
misclassified due to the non- use of the dispensed drug 
(eg, due to gastrointestinal side effects of metformin)33 34 
and, subsequently, dose stratification was not possible. 
Confounding by severity could affect the results, since 
information on PCOS, T2DM and GDM severity was 
not available in the data. Although IPTW methods were 
used to account for broad range of characteristics (eg, 
demographic characteristics, maternal comorbidities, 
pregnancy- related variables), the prevalence of PCOS, 
T2DM and GDM differed across treatment cohorts, 
which potentially caused a residual confounding. While 
the metformin cohort had the highest proportion of 
PCOS and the lowest proportion of GDM, the naïve 
cohort included, by definition, women with GDM diag-
nosis only. Furthermore, 27% of the metformin cohort 
was trimmed when IPTW analysis was performed due to 
PS non- overlapping in the main analyses, likely due to the 
absence of GDM diagnosis during pregnancy (table 1). 
Only 0.5% of the metformin cohort was trimmed when 
the PS procedure was applied in the additional analyses 
with metformin- GDM subcohort. Therefore, the addi-
tional analyses with metformin- GDM subcohort and 
naïve cohort improved the generalizability and robust-
ness of the results, since a smaller proportion of the chil-
dren were trimmed.

CONCLUSION
In conclusion, this CLUE follow- up study supports 
previous findings that in utero exposure to metformin 
in comparison to drug- naïve GDM is not associated with 
an increased risk of SGA or LGA. The observed decrease 
in the risk of LGA in the analyses focusing on mothers 
with GDM may imply residual confounding. Regarding 
SGA risk, the results of this analysis, and even more the 
neutral outcomes of prospective studies in non- GDM 
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indications add to an unclear relationship between 
metformin exposure in utero and potential risk of lower 
birth weight, as seen versus insulin. For the time being, 
physicians are well advised to consider other treatment 
options than metformin when (risk of) intrauterine 
growth restriction is observed. Large prospective studies 
assessing metformin alone versus placebo in GDM preg-
nancies, like EMERGE (NCT02980276) will help to clear 
the sight.
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SUPPLEMENTARY ITEMS 

Supplemental item 1. Description of the naïve cohort and metformin-GDM 

subcohort  

Description of the children of mothers with GDM exposed to non-

pharmacological antidiabetic treatment (naïve cohort) 

Children of mothers with GDM exposed to non-pharmacological antidiabetic 

treatment (naïve cohort) was formed by children born to pregnant women with 

GDM and no dispensation of metformin, combination of metformin and insulin 

or insulin dispensed at any point during the pregnancy (from the date of the first 

day of the LMP until the date of delivery). GDM was identified, during the 

pregnancy, from a diagnosis code for GDM in the Medical Birth Register, 

HILMO or AvoHILMO, or a record from a pathological Oral glucose tolerance 

test (OGTT) in the Medical Birth Register, or fasting plasma glucose 

≥5.3 mmol/l, or 1h OGTT ≥10.0 mmol/l, or 2h OGTT ≥8.6 mmol/l,[1,2]in the 

regional laboratory databases. 

Description of the children of mothers with GDM only exposed to metformin (a 

metformin-GDM subcohort)  

A subcohort including children to mothers with gestational diabetes was created. 

Children born to mothers who were dispensed metformin after the gestational 

week 11 were included. All children born to mothers with dispensations of 

metformin or insulin before gestational week 12 were excluded, as it was thought 

likely that the drug was used for some other indication, such as PCOS or type 2 

diabetes. Additionally, children of mothers who had a diagnosis of type 2 
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diabetes or PCOS recorded by the end of pregnancy were excluded, if they did 

not have a diagnosis of gestational diabetes.  
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Supplemental item 2. Selection of study population and the number of 

children in each exposure group during the study periods 1996-2016 and 

2004-2016. Only the children with maternal exposure to metformin 

(metformin cohort) and children of mothers with GDM exposed to non-

pharmacological antidiabetic treatment (naïve cohort) are reported in this 

paper. 
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Abbreviations: GDM – gestational diabetes mellitus, LMP – last menstrual period, OGTT – oral 

glucose tolerance test,. 

a Number reported by the data holder. 

b 
Defined as one of the following: dispensation of metformin/insulin during pregnancy, or a 

diagnosis of GDM, or a pathological OGTT. 
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c
 The sub-categories overlap, thus this number is not the sum of numbers in sub-categories. 

d
 The naïve cohort was only defined for the 2004-2016 study period. 

e
 Migration abroad triggered end of follow-up. Children not registered as residing in Finland were 

thus excluded. 

f
 The first day of LMP had to be recorded during the study inclusion period. 

g
 In the previous manuscript “Metformin in pregnancy and risk of adverse long-term outcomes: a 

register-based cohort study”[3] exposure to metformin versus insulin and combination treatment 

versus insulin were analyzed.  

h 
Cases with unknown outcome were not included in the analysis as a denominator (%). 
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Supplemental item 3. Definitions of exclusion criteria. 

Exclusion criteria 

 Definition  

Time frame for the criteria   Data source  Code  Description of the code  

Previously diagnosed or post-partum 

Type 1 diabetes  

After delivery   HILMO and 

AvoHILMO  

(ICD-10 code, ICPC-2 

code)  

ICD-10: E10, O24.0  

ICPC-2: T89  

Type 1 diabetes mellitus  

Dispensation of systemic 

glucocorticoids during pregnancy  

During pregnancy, i.e. on the first 

day of the last menstrual period or 

any time after it until the date of 

delivery  

 The Prescription 

Register  

(ATC code)  

H02AB  Glucocorticoids  

Dispensation of antidiabetic 

medications other than metformin or 

insulin during pregnancy  

During pregnancy, i.e. on the first 

day of the LMP or any time after it 

until the date of delivery  

 The Prescription 

Register  

(ATC code)  

A10BA  

(Except for A10BA02)  

Biguanides  

A10BB  Sulfonylureas  

A10BC  Sulfonamides (heterocyclic)  

A10BD  Combinations of oral blood 

glucose lowering drugs  

A10BF  Alpha glucosidase inhibitors  

A10BG  Thiazolidinediones  

A10BH  Dipeptidyl peptidase 4 (DPP-
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4) inhibitors  

A10BJ  Glucagon-like peptide-1 (GLP-

1) analogs  

A10BK  Sodium-glucose co-transporter 

2 (SGLT2) inhibitors  

A10BX  Other blood glucose lowering 

drugs, excl. insulins  

A10XA  Aldose reductase inhibitors  

Abbreviations: ATC, Anatomical Therapeutic Code; AvoHILMO, the Register of Primary Health Care Visits; HILMO, the Care Register for Health Care; ICD-10, 

International Statistical Classification of Diseases and Related Health Problems, 10
th

  Revision; LMP: last menstrual period; ICPC-2, International Classification of 

Primary Care, 2
nd

 revision.  
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Supplemental item 4. Baseline characteristics of children with maternal 

exposure to metformin (metformin cohort) and children of mothers with 

GDM exposed to non-pharmacological antidiabetic treatment (naïve cohort). 

Characteristics 

Metformin 

cohort
a
 

(n=3964) 

Naïve 

cohort
a
 

(n=82675) 

Standardized 

difference
bb

 

Before 

IPTW 

After  

IPTW
c
 

Child’s region of residency at 

birth, n (%)
d
 

  0.454  0.019 

Helsinki and Uusimaa 1069 (27.0%) 24181 

(29.3%) 

N/A N/A 

Pirkanmaa 399 (10.1%) 8397 

(10.2%) 

N/A N/A 

Varsinais-Suomi 1067 (26.9%) 6235 (7.5%) N/A N/A 

Other (18 regions) 1429 (36.0%) 43862 

(53.1%) 

N/A N/A 

Maternal parity, n (%)   0.014  0.076 

Nulliparous  1710 (43.1%) 31193 

(37.7%) 

0.019  0.104 

Parity 1-2  1848 (46.6%) 41578 

(50.3%) 

0.011  0.072 

Parity ≥3  406 (10.2%) 9888 

(12.0%) 

0.012  0.047 

Missing  0 (0.0%) 16 (0.0%)   

Maternal educational level during 

pregnancy, n (%) 

  0.134  0.016 

Higher education  1801 (45.4%) 35107 

(42.5%) 

0.063  0.022 

High school  1560 (39.4%) 35915 

(43.4%) 

0.022  0.015 

Missing  603 (15.2%) 11653 

(14.1%) 

0.114  0.010 

Dispensation of antidiabetic 

medications within 3 months 

before the beginning of pregnancy, 

n (%)
c
 

  Not included in 

propensity score 

No pre-pregnancy pharmacological 

antidiabetic treatment  

2891 (72.9%) 82672 

(100.0%) 
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Pre-pregnancy metformin only  1072 (27.0%) 2 (0.0%)   

Other  1 (0.0%) 1 (0.0%)   

Gestational week of initiating the 

pharmacological antidiabetic 

treatment, median (IQR)  

24.29 (4.1-31.6) N/A Not included in 

propensity score 

Abbreviations: IPTW, inverse probability of treatment weighting; N/A, not applicable; IQR, 

interquartile range.  
a 
Before IPTW being applied. 

 

b
 Subject counts for two most frequent categories are presented. Counts for other six combinations 

of pre-pregnancy use of metformin, insulin, and other antidiabetic medications than metformin 

and insulin, are pooled. 
c
 Numbers ≥0.1 are in bold, meaning the variable was not balanced after IPTW. 

d 
The three hospital regions with the largest total number of study subjects are presented; counts 

from the other 18 regions are pooled. 

 

 

Supplemental item 5. Risk of adverse outcomes at birth by exposure group 

in the original CLUE analyses. The full methodology has been described in 

the previous publication.  

 Main analyses with metformin cohort, OR 

(95% CI) 

Additional analyses with 

metformin-GDM subcohort 
a
, 

OR (95% CI) 

 Metformin 

cohort 

vs.  

Insulin 

cohort
b
 

Combination 

cohort
c
 

vs.  

Insulin cohort 

Naïve 

cohort 

vs.  

Insulin 

cohort 

Metformin 

cohort 

vs. 

Insulin 

cohort 

Combination 

cohort 

vs. 

Insulin cohort 

SGA   

Unadjusted 1.93 (1.40-

2.67)  

1.40 (0.79-

2.46) 

1.67 

(1.30-

2.14) 

N/A N/A 

IPTW
d
 1.65 (1.16-

2.34)) 

1.21 (0.65-

2.28) 

1.41 

(1.11-

1.79) 

2.94 (1.54-

5.60) 

 not estimated
e
 

 LGA   

Unadjusted 0.63 (0.52-

0.76) 

2.00 (1.58-

2.52) 

0.65 

(0.58-

0.73) 

N/A N/A 

IPTW
d
 0.82 (0.67-

0.99 

1.58 (1.22-

2.05) 

0.72 

(0.64-

0.82) 

0.68 (0.49-

0.94) 

1.90 (0.89,4.04) 

Abbreviations: CI, confidence interval; GDM, gestational diabetes mellitus; IPTW, inverse 

probability of treatment weighting; LGA, large for gestational age; N/A, not applicable; OR, odds 

ratio; SGA, small for gestational age. 

a
 Additional analyses with metformin-GDM subcohort consisted of children of mothers with 

GDM who were analyzed to study the effect of the timing of metformin/insulin initiation during 

pregnancy. 
b
 Insulin cohort: Children with in utero exposure to insulin only. 
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c
 Combination cohort: Children with in utero exposure to a combination of metformin and insulin, 

subsequently or in combination. 
d 

IPTW models adjusted for outcome-specific confounders unbalanced after IPTW. For the 

additional analyses with metformin-GDM subcohort, the IPTW model included the interaction 

term of cohort and categorized gestational week at treatment initiation. 
e
 The cohort effect could not be estimated (model could not be fitted, or the estimate did not 

converge). 
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