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ABSTRACT

STUDY QUESTION: What is the association between periconceptional GLP-1 receptor agonist exposure and risk of obstetric
complications?

SUMMARY ANSWER: Periconceptional GLP-1 receptor agonist exposure was associated with increased preterm birth risk when used
for diabetes treatment (liraglutide aOR 1.70, 95% CI 1.17-2.48; semaglutide aOR 1.84, 95% CI 1.24-2.7) but not for weight management,
suggesting the underlying diabetes rather than the medication may be the causal factor.

WHAT IS KNOWN ALREADY: GLP-1 receptor agonists are rapidly expanding in use among reproductive-age women for diabetes
and obesity treatment. While not approved for use in pregnancy, inadvertent periconceptional exposure occurs frequently. Limited
safety data exist, with recent small studies suggesting no increased risk of major congenital malformations, but comprehensive ob-
stetric outcome data remain lacking.

STUDY DESIGN, SIZE, DURATION: This nationwide observational cohort study used data from Danish health registries from
October 2009 through December 2023. We analyzed 756 636 singleton pregnancies among 480 231 women, with 529 pregnancies hav-
ing periconceptional GLP-1 receptor agonist exposure.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We identified periconceptional liraglutide or semaglutide exposure (prescription
redemption within 8 weeks before/after last menstrual period) using the National Prescription Register. Exposed pregnancies were
stratified by maternal pre-existing diabetes status and compared with propensity score-matched unexposed controls. Propensity
score matching incorporated maternal age, BMI, smoking, geographic region, education, pre-existing diabetes, parity, and tempo-
ral factors.

MAIN RESULTS AND THE ROLE OF CHANCE: Before adjustment, exposed women had higher rates of multiple obstetric complica-
tions. After propensity score matching, only the risk of preterm birth remained elevated for exposed women. This increased risk was
confined to women using GLP-1 receptor agonists for diabetes treatment (liraglutide aOR 1.70, 95% CI 1.17-2.48; semaglutide aOR
1.84, 95% CI 1.24-2.71). Among women without pre-existing diabetes using these medications for weight management, no association
with preterm birth was observed (liraglutide aOR 1.01, 95% CI 0.58-1.76; semaglutide aOR 0.71, 95% CI 0.30-1.70).

LIMITATIONS, REASONS FOR CAUTION: Study limitations include the absence of data regarding medication compliance post pre-
scription redemption, potential misclassification due to parallel importation, and the inability to control for unmeasured confound-
ing factors. The observational design cannot establish causality. Most semaglutide weight-loss prescriptions occurred late in the
study period, limiting long-term follow-up data.

WIDER IMPLICATIONS OF THE FINDINGS: The results are compatible with the hypothesis that diabetes-related factors, rather than
GLP-1 receptor agonist exposure itself, may contribute to the increased preterm birth risk. If so, there are important implications for
preconception counselling and may inform future guidelines for GLP-1 receptor agonist use in reproductive-age women.
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WHAT DOES THIS MEAN FOR PATIENTS?

This large-scale Danish study examined pregnancy outcomes in women inadvertently exposed to GLP-1 receptor agonists during
early pregnancy. Among over 750 000 pregnancies, researchers found that these medications were associated with increased pre-
term birth risk, but this risk was only present when the medication was used for diabetes treatment, not when used for weight
management. This suggests that diabetes itself, rather than the medication, may be responsible for the increased risk. Although
we are lacking data on how many women were actually using the medication after redeeming their prescriptions in the preconcep-
tual period, the results may indicate that women without diabetes who become pregnant while using these increasingly popular
weight-loss medications have no increased risk of complications or preterm birth.

Introduction

The prevalence of overweight and obesity continues to increase
globally, now affecting more than half the population in the
European Region (World Health Organization, 2022; World
Obesity Federation, 2022). In the forecast analysis of obesity tra-
jectories published in The Lancet in March 2025, it is predicted
that by 2050, up to 2 in 3 adults over 25 years will be overweight
or obese (Ng et al.,, 2025). In Denmark, 40-48% of women in the
fertile age are overweight or obese, which increases their risk of
obstetric and neonatal complications such as pre-eclampsia, ges-
tational diabetes mellitus, preterm birth and giving birth to a
child large-for-gestational-age (Marchi et al., 2015; Poston et al.,
2016; Sundhedsstyrelsen et al., 2022). Overweight and obesity are
associated with increased risk of infertility including an in-
creased time to pregnancy, ovulatory dysfunction, and when us-
ing assisted reproductive technology, a lower chance of
pregnancy success (Van Der Steeg et al., 2008; Wise et al., 2010;
Poston et al., 2016). Weight reduction increases the chance of nat-
ural conception and reduces the risk of obstetric complications,
leading to a particular interest in effective weight loss methods
such as the glucagon-like peptide-1 receptor agonist (GLP-1 RA)
among some women planning pregnancy (Best et al., 2017; Price
et al., 2020; Hunter et al., 2021; Schenkelaars et al., 2021). The first
generation of GLP-1 RAs typically induces a 5-10% weight loss,
whereas the newest more potent generation, semaglutide 2.4 mg
once weekly, has demonstrated a 15-16% weight loss (Wadden
et al., 2021; Wilding et al., 2021; Garvey et al.,, 2022; Weghuber
etal., 2022).

GLP-1 RAs are not approved for use during pregnancy, and
contraception is strongly recommended during treatment and
for a minimum of two months after discontinuation to avoid fetal
toxicity (European Medicines Agency, 2019; European Medicines
Agency, 2022a; European Medicines Agency, 2022b; European
Medicines Agency, 2024). While safety data remains limited, re-
cent studies on inadvertent exposure to GLP-1 RAs have
appeared. Six observational studies have evaluated pregnancy
outcomes after exposure to GLP-1 receptor agonists (GLP-1 RAs).

Four studies have examined risks of major congenital malforma-
tions, all-cause maternal mortality and fetal cardiac or
kidney anomalies, and none have found an increased risk after
GLP-1 RA exposure compared with various reference groups.
Cesta et al., Dao et al., and Hanif et al. included patients with type
2 diabetes, and compared women using GLP-1 RAs to either those
using insulin treatment during the periconceptional period
(Cesta et al., 2024) or patients receiving non-GLP-1 RA antidiabetic
drugs (mostly metformin) or women with overweight/obesity
without diabetes (Dao et al., 2024) or an unexposed control group,
not further described (Hanif et al., 2025). One study extracted
data from the US Food and Drug Administration (FDA) on inad-
vertent exposure in women participating in clinical trials of GLP-
1 Ras (Parker et al., 2025). Two large retrospective cohort studies
examined broader obstetric outcomes after GLP-1 RA use. In a
single academic health system, Maya et al. (2025) reported that
preconception or early-pregnancy GLP-1 RA exposure was associ-
ated with greater gestational weight gain and higher risks of pre-
term delivery, gestational diabetes and hypertensive disorders of
pregnancy. In contrast, using the US TriNetX database, Imbroane
et al. (2025) found that GLP-1 RA prescriptions within 24 months
before pregnancy were associated with lower odds of gestational
diabetes, hypertensive disorders of pregnancy, preterm delivery,
and caesarean delivery. Case reports with a variant exposure
time of GLP-1 RA during pregnancy report uneventful pregnan-
cies and births, while animal model organism studies have
shown signs of repro-toxicity with a reduction in embryonic sur-
vival, growth restriction, and skeletal malformation (Greco, 2015;
IvaniSevi¢ et al, 2018; European Medicines Agency, 2019;
European Medicines Agency, 2022a; European Medicines Agency,
2022b; Muller et al., 2023; Skov et al., 2023; Abushanab et al., 2025).
A dosage-response effect must also be considered, but such stud-
ies have been very limited. The repro-toxicity found in the animal
studies responds to a dose equal to the maximum human dose or
higher than that used for the studied animals (Food and Drug
Administration (FDA), 2017, 2023; Younes et al., 2020). However, it
remains unclear whether the cause is the drug itself or the
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decrease in intake of food and subsequent weight loss in the
mother mice (Muller et al., 2023; Drummond et al., 2025).

Liraglutide and semaglutide, two types of GLP-1 RAs, resemble
the native human GLP-1 hormone in their structure by 94-97%
and have a molecular weight of 3751.3Da and 4113.6 Da, for lira-
glutide and semaglutide, respectively (PDB-101: Protein Data
Bank, 2025a; PDB-101: Protein Data Bank, 2025b). The possibility
of a drug to transfer across the placenta is typically set below a
molecular weight of 600Da (Thomas and Yates, 2012). The high
molecular weight of both liraglutide and semaglutide would the-
oretically prevent them from crossing placenta; however, to our
knowledge, no studies have examined this. The newest system-
atic review by Muller et al. found only case reports with no evi-
dence of transfer of liraglutide from the mother to child
(Ivanisevic et al., 2018; Muller et al., 2023). Additionally, only a few
mouse model studies of exendin-4, another GLP-1 RA, were iden-
tified in the review to examine the possibility of transfer across
the placenta to the offspring. With a molecular weight of
4186 Da, exendin-4 should not either be able to cross the pla-
centa, however, when the pregnant mice had systemic inflam-
mation, exendin-4 did cross the placenta (Garcia-Flores et al.,
2018; Muller et al., 2023). Several reviews concur that the current
recommendations remain based on precautionary principles and
animal data, emphasizing the urgent need for robust human evi-
dence regarding the effects of periconceptional GLP-1 RA expo-
sure (Kuitunen, 2024; Maslin et al., 2024; Drummond et al., 2025;
Finkle and Brost, 2025; Price and Nankervis, 2025).

Here, we conducted a nationwide observational study in
756 636 pregnancies in Denmark examining the association be-
tween inadvertent periconceptional GLP-1 RA exposure on ob-
stetric outcomes, including pre-eclampsia, gestational diabetes
mellitus (GDM), preterm birth, birth weight, placenta weight,
stillbirth, placental abruption, and placenta previa.

Materials and methods

Permissions

The study was carried out according to the General Data
Protection Regulation. According to Danish legislation, Medical
Research Ethics Committee approval is not required for register-
based studies, i.e. secondary analysis of administrative data. This
study is registered with the Data Protection Agency via
Statistics Denmark.

Study design

This nationwide cohort study used Danish health registries. A
unique personal identification number used in Denmark enables
direct linkage of individual-level information across registries.
We analyzed 756 636 singleton pregnancies among 480 231
women resulting in delivery from 1st October 2009 through 31st
December 2023 (Fig. 1). The total of 756 636 pregnancies included
the 529 pregnancies exposed to a GLP-1 RA. Data sources in-
cluded the National Prescription Register (medication exposures),
Medical Birth Register (pregnancy outcomes), National Patient
Register (diagnoses), Educational Register (socioeconomic status),
and Central Persons Register (demographics). All registries had
complete information up until 31st December 2023.

Exposure assessment

Periconceptional GLP-1 RA exposure was defined as liraglutide
(ATC: A10BJ0O2) or semaglutide (ATC: A10BJO6) prescription re-
demption within +8weeks from the date of the last menstrua-
tion, calculated using the date of birth and gestational age of the
child recorded in the medical birth registry (Supplementary Fig.

S1). This 16-week window captures the period when pregnancy
may be unrecognized and encompasses early organogenesis.
Prescription redemptions are mandatorily recorded, providing
complete capture. The Danish guidelines suggest a dosage of
1.8mg daily in women with diabetes or 3.0mg daily in women
with obesity for liraglutide, and 1.0 mg once weekly for semaglu-
tide for treatment of patients with type 2 diabetes or 2.4 mg once
weekly for patients with obesity (Dansk Endokrinologisk
Selskab, 2023).

Covariates

Potential confounders were selected based on clinical knowledge.
Demographic factors included maternal age (continuous), parity
(0, 1, 2, 3+), and geographic region of residence at the time of
conception (according to the calculated date of the last men-
strual period). Socioeconomic factors included education level
(DISCED-15 classification collapsed to: no formal/primary, sec-
ondary, undergraduate, postgraduate). Clinical factors included
pre-pregnancy BMI (continuous), smoking status, and pre-
existing diabetes. Temporal factors included year and month of
pregnancy to control for secular trends and seasonality. Pre-
existing diabetes was determined using a validated algorithm
(Sundhedsdatabanken, 2025).

Outcomes

Obstetric outcomes were pre-eclampsia, GDM, gestational age
(days), birth weight (grams), placental weight (grams), stillbirth,
placental abruption, and placenta previa. Obstetric complica-
tions were identified by ICD-10 codes (Supplementary Table S1)
or birth records. Pre-term delivery was defined as delivery before
the 37th completed gestational week (<37 +0). Small for gesta-
tional age (SGA) was defined as being in the lowest 10th percen-
tile when compared within groups of the same calendar year, the
same sex, and the same completed week of gestation; while large
for gestational age (LGA) was defined as being above the 90th per-
centile. Gestational age- and sex-specific percentiles for SGA/
LGA were calculated within each birth year to account for secular
trends, based on birth data, as intrauterine growth curves were
not available.

Statistical analysis

We used propensity score matching to create balanced compari-
son groups and estimate causal effects while controlling for mea-
sured confounders (see previous section). We constructed six
unexposed control groups by propensity score matching on: (1)
all confounders and (2) all confounders except BMI and pre-
existing diabetes to assess the influence of the primary indica-
tions for treatment. For control groups 3-6, we matched on all
confounders but multiplied pre-exposure BMIs by fixed percen-
tages to create counterfactual scenarios testing what would have
happened if unexposed women had higher baseline BMIs. This
approach addresses the fact that BMI in the exposed group is po-
tentially already affected by GLP-1 RA. Since the average causal
effect of GLP-1 RAs on BMI is unknown, we constructed four con-
trol groups with pre-exposure BMIs that were 5% (3), 7.5% (4),
10% (5), and 15% (6) higher than the corresponding exposed
group values.

For the propensity score matching, we utilized fast general-
ized full matching, which outputs a set of matching weights that
can be used to balance controls (Ho et al., 2011; Savje et al., 2021).
The underlying distance for the fast generalized full matching
model was calculated using a generalized additive model, with a
probit link function, and a thin plate spline for BML
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Figure 1. Flowchart of inclusion into the study. All pregnancies, with the exception of multifold pregnancies, in the time period 2009-2023 are
identified from PREGDK, the unified pregnancy registry at Statistics Denmark. Pregnancies were categorized as exposed or unexposed based on
prescription redemptions. A total of 756 636 pregnancies were included in the study between 2009-2023. Of which, 756,402 pregnancies were
unexposed pregnancies, 295 pregnancies exposed to liraglutide and 234 pregnancies exposed to semaglutide.

We assessed the matching based on the standardized mean
difference and variance ratio, including polynomials up to degree
two (for continuous variables), and all two-way interactions
(Supplementary File S1). An absolute standardized mean differ-
ence < 10% and a variance ratio < 2 indicated a successful
match. An iterative process was used, where thin plate regres-
sion splines and/or interactions between variables were added
until balance was achieved. Love plots from the matching are
shown in Supplementary Figs S2-513.

We also attempted to utilize nearest neighbor matching, with-
out replacement, but we could not reach a satisfactory match
according to our criteria.

Continuous variables were summarized as mean (standard
deviation), and categorical variables were summarized as fre-
quency (percentage). Group comparisons used independent-
sample t-tests (continuous variables) and Chi-squared tests (cat-
egorical variables). A two-tailed P-value below 0.05 was consid-
ered statistically significant.

Outcomes were compared using linear regression (for birth
weight, placenta weight, gestational age, and birth weight-to-
gestational age ratio) and logistic regression (for pre-eclampsia,
preterm birth, LGA, SGA, and GDM). All analyses incorporated
matching weights with robust standard error estimation. Effects
were stratified by pre-existing diabetes status to account for dif-
ferent treatment indications. For the linear regression, we report
the adjusted unit increase by exposure, and for the logistic re-
gression, the adjusted odds ratio (aOR). We also estimated the ef-
fect in women with pre-existing diabetes and women without
pre-existing diabetes to take into account the two different indi-
cations. The resulting estimates of the Average Treatment Effect
on the Treated (ATT) are presented with the 95% confidence in-
terval (95% CI). In a sensitivity analysis, we re-estimated the pro-
pensity score-weighted models with additional adjustment for
maternal pre-pregnancy BMI, maternal age and pre-existing
diabetes.

Missing data were imputed using Multiple Imputation by
Chained Equations (MICE) with predictive mean matching, run-
ning 100 iterations with 10 independent imputations. We used
both exposure, confounders, and outcome variables for the im-
putation. We inspected trace plots and strip plots to verify that
the imputation algorithm had converged (Supplementary Figs
$14-517).

All statistical analyses were conducted using R (R Core Team,
2021), version 4.2.3 with packages: MICE (v 3.15.0) for imputations
(van Buuren and Groothuis-Oudshoorn, 2011), MatchThem (v
45.2) (Ho et al, 2011; Savje et al., 2021) for propensity score
matching, and marginal effects (v0.18.0) for ATT including robust
standard errors. Results are reported according to STROBE
guidelines.

Results

Study characteristics and descriptive data
Participant characteristics

From 756 636 eligible pregnancies, we identified 529 pregnancies
with periconceptional GLP-1 RA exposure (Fig. 1, Supplementary
Fig. S1). Exposed women were older with a higher mean BMI of 34
for women exposed to liraglutide compared to 23 for unexposed
women, and a mean BMI of 33 for women exposed to semaglutide
compared to 24 for unexposed women (equal to 47.8-37.5%
higher BMI, for liraglutide and semaglutide exposure, respec-
tively). Women exposed also had a higher frequency of pre-
existing diabetes: 34% compared to 1.5%, and 47% compared to
1.6%, for women exposed to liraglutide or semaglutide, respec-
tively (equaling a 22.7-29.4-fold higher frequency for liraglutide
and semaglutide exposure, respectively). A higher number of
women exposed to semaglutide were smoking: 17% compared to
9.5% of unexposed women (a 1.8-fold higher frequency) (Table 1).

Prescriptions of liraglutide and semaglutide stratified by indi-
cation (with pre-existing DM or without pre-existing DM) and by
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Table 1. Descriptive data on women with a GLP-1 RA exposure in early pregnancy.

Characteristic Liraglutide Semaglutide
Unexposed (N =756 107") Exposed (N=295") Pvalue’ Unexposed (N=310825") Exposed (N=234") Pvalue®
Women—N 479716 284 248 563 231
Maternal age—years 31.0 (28.0, 34.0) 33.0(29.0,37.0)  <0.001 31.0 (28.0, 34.0) 32.0(29.0,36.0)  <0.001
Body mass index'
Mean 23.0(21.0,27.0) 34.0(31.0,38.0)  <0.001 24.0(21.0, 27.0) 33.0(30.0,38.0)  <0.001
Grouped <0.001 <0.001
<185 29 960 (4.1%) 0 (0%) 11218 (3.7%) 0 (0%)
18.5-24.9 413 535 (56%) 9 (3.1%) 165 087 (54%) 15 (6.4%)
25.0-29.9 183 394 (25%) 43 (15%) 79292 (26%) 40 (17%)
>30 110 766 (15%) 237 (82%) 49 539 (16%) 178 (76%)
Education <0.001 <0.001
None or primary 124 194 (16%) 65 (22%) 47 951 (15%) 65 (28%)
Secondary 282 231 (37%) 143 (48%) 111 188 (36%) 89 (38%)
Undergraduate (BSc) 210 161 (28%) 65 (22%) 87 837 (28%) 64 (27%)
Postgraduate (MSc/PhD) 139521 (18%) 22 (7.5%) 63 849 (21%) 16 (6.8%)
Geographic parish in Denmark 0.001 0.013
Capital Region 276 434 (37%) 105 (36%) 114 862 (37%) 80 (34%)
Central Region 177 098 (23%) 67 (23%) 73 483 (24%) 52 (22%)
North Region 71823 (9.5%) 22 (7.5%) 29 433 (9.5%) 17 (7.3%)
Region Zealand 85 464 (11%) 56 (19%) 34 813 (11%) 43 (18%)
Region of Southern Denmark 145 288 (19%) 45 (15%) 58 234 (19%) 42 (18%)
Parity 0.016 0.018
0 339 980 (45%) 135 (46%) 140 269 (45%) 90 (38%)
1 288 873 (38%) 105 (36%) 121073 (39%) 90 (38%)
2 97 305 (13%) 33 (11%) 38 598 (12%) 41 (18%)
3+ 29 949 (4.0%) 22 (7.5%) 10 885 (3.5%) 13 (5.6%)
Smoking (yes) 77 004 (10%) 36 (12%) 0.3 29 351 (9.5%) 40 (17%) <0.001
Pre-existing diabetes* 11 458 (1.5%) 101 (34%) <0.001 4996 (1.6%) 110 (47%) <0.001

N = number of pregnancies.
1 Median (interquartile range, IQR); n (%).

2 Wilcoxon rank sum test; Pearson’s chi-squared test; Fisher’s exact test.
t

*  Pre-existing diabetes, excluding gestational diabetes.

year, are shown in Supplementary Table S2. The prescriptions of
both liraglutide and semaglutide increased greatly in 2021 and
2022/2023, respectively, especially for women without pre-
existing diabetes.

Outcome data and main results

Obstetric complications in the GLP-1 RA-exposed vs.
unexposed pregnancies

Women with periconceptional GLP-1 RA exposure had a signifi-
cantly higher prevalence of pre-eclampsia, GDM, preterm birth,
and babies being born large for gestational age (LGA) (Table 2).
Results were consistent for both drugs, but not as pronounced
for GDM prevalence in pregnancy exposed to semaglutide.
Furthermore, placental weight was on average 40-50 g higher,
and the gestational age at birth was 8-12 days shorter, with sem-
aglutide exposure associated with the lowest placental weight
and the shortest gestational age difference (Table 2). There was
no difference in birth weight, but the birth weight: gestational
age percentile was higher when exposed to liraglutide or sema-
glutide (Table 2). No differences were found in stillbirth, placen-
tal abruption, or placenta previa (data not shown for
privacy reasons).

GLP-1 RA-exposed pregnancies compared to matched
control groups

When estimating the Average Treatment Effect on the Treated
(ATT), we did not observe any differences in birth weight, placen-
tal weight or the frequency of SGA or LGA, GDM or pre-eclampsia
between GLP-1 RA exposure and any of the six control groups
(Fig. 2, Table 3). However, the risk of preterm birth was

BMI, the body-mass index is the weight in kilograms divided by the square of the height in meters.

significantly higher in women periconceptionally exposed to lira-
glutide (adjusted Odds Ratio, aOR, 1.38, 95% CI 1.01-1.90) and
semaglutide (aOR 1.51, 95% CI 1.06-2.14) (Fig. 2, Table 3). The
magnitude of the effect increased substantially when the analy-
ses were not adjusted for BMI and pre-existing diabetes, with ele-
vated risks for both liraglutide (aOR 2.07, 95% CI 1.52-2.83) and
semaglutide (aOR 2.39, 95% CI 1.72-3.31, Table 3).

In analyses stratified by pre-existing diabetes, we found that
the increased risk of preterm birth was only present when GLP-1
RAs were used for diabetes treatment: liraglutide (n=101, aOR
1.70, 95% CI 1.17-2.48) and semaglutide (n=110, aOR 1.84, 95%
CI 1.24-2.71) (Fig. 2, Tables 4 and 5). Importantly, when used ex-
clusively for weight management, GLP-1 RAs showed no associa-
tion with preterm birth (liraglutide, n=194: aOR 1.01, 95% CI
0.58-1.76; semaglutide: n=124, aOR 0.71, 95% CI 0.30-1.70)
(Tables 4 and 5). To assess whether the findings could be
explained by GLP-1 RA-related weight loss, we conducted a coun-
terfactual analysis in which we set pre-pregnancy BMI to values
consistent with a scenario without treatment-related weight re-
duction and repeated the analyses. However, this did not alter
the main findings (Fig. 3 and Tables 4 and 5). In a sensitivity
analysis with additional adjustment for pre-pregnancy BMI, ma-
ternal age, and pre-existing diabetes, results were materially
unchanged (Supplementary Fig. S18).

Discussion

In this nationwide study conducted in Denmark, we show that
periconceptional GLP-1 RA exposure was associated with a higher
risk of adverse obstetrical complications, pre-eclampsia, GDM,


https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag015#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag015#supplementary-data
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Table 2. Obstetrical outcomes when exposed to liraglutide or semaglutide in early pregnancy.

Liraglutide Semaglutide
Unexposed Exposed P value? Unexposed Exposed P-value?
(N=756 107" (N=295") (N=310825" (N=234")

Pre-eclampsia 26361 (3.5%) 27 (9.2%) <0.001 11958 (3.8%) 24 (10%) <0.001
Gestational diabetes mellitus 32217 (4.3%) 29 (9.8%) <0.001 17 000 (5.5%) 19 (8.1%) 0.075
Preterm delivery 37753 (5.0%) 35 (12%) <0.001 15 429 (5.0%) 32 (14%) <0.001
Gestational age at birth—days 281 (273, 287) 273 (265, 282) <0.001 281 (273, 287) 269 (262, 278) <0.001
Birth weight child—kg 3535 (3200, 3866) 3645 (3200,3960)  0.053 3550 (3212,3880) 3622 (3231,3934)  0.13
Birth weight/gestational age percentile*  0.50 (0.25, 0.75) 0.62 (0.29, 0.85) <0.001 0.50 (0.25, 0.75) 0.68 (0.40, 0.87) <0.001
LGAT 75 596 (10.0%) 52 (18%) <0.001 31076 (10%) 49 (21%) <0.001
SGA¥ 75 600 (10.0%) 28 (9.5%) 0.8 31076 (10.0%) 26 (11%) 0.60
Birth weight <2500 g 26 862 (3.6%) 10 (3.4%) 0.9 10726 (3.5%) 13 (5.6%) 0.079
Placental weight—kg 650 (560, 750) 700 (590, 807) <0.001 650 (558, 748) 690 (568, 800) <0.001
Male child 388 137 (51%) 151 (51%) >0.9 150 904 (49%) 118 (50%) 0.60

Median (interquartile range, IQR); n (%).
Wilcoxon rank sum test; Pearson’s chi-squared test.

1
2
: Birth weight/gestational age percentile according to birth year and child sex.

LGA, large-for-gestational-age, was defined as being in the highest 90th percentile when compared within groups of the same calendar year, the same sex,

and the same gestational age category.

¥ SGA, small-for-gestational-age, was defined as being in the lowest 10th percentile when compared within groups of the same calendar year, the same sex,

and the same gestational age category.

Liraglutide | |

Semaglutide

SGA_binary

Preterm 4

PE -

Outcome

LGA_binary 1

GDM +

AnyComplication 1

Strata

Full Cohort
With Pre-existing Diabetes
Without Pre-existing Diabetes

N - e P, TR SIS Sl ey M) [y TN e Tesary SIS L. (W) (TN TR

Estimate

il R R e e ) T o

Figure 2. Associations between periconceptional exposure and obstetric complications. Relative risk and 95% confidence intervals for the
associations between periconceptional exposure to liraglutide or semaglutide and obstetrical complications. Estimates are stratified by pre-existing
diabetes status. In the full cohort, no significant change in risk of obstetrical complications was observed with exposure to either GLP1-RA, except for
preterm birth. Stratification by pre-existing diabetes indicates that this increased preterm birth risk is primarily observed in the subgroup using GLP1-
RAs for weight management, which generally showed elevated risks across obstetrical complications. SGA, small for gestational age; preterm, preterm
birth; PE, pre-eclampsia; LGA, large for gestational age; GDM, gestational diabetes mellitus; Any complication: a diagnosis of either pre-eclampsia,

gestational diabetes, preterm birth, LGA, or SGA.

preterm birth, and for babies to be born LGA, among 756 636
pregnancies with 529 exposed pregnancies. After adjusting for
measured confounders using a propensity score matching
method, we only found evidence for an increased risk of pre-
term birth. This increased risk was only observed in women
with pre-existing diabetes, and not those using GLP-1 RAs for

weight management. This suggests that GLP-1 RA exposure it-
self may not be driving the increased risk, but rather factors re-
lated to the underlying indication for prescription (i.e., diabetes)
may be contributory. We additionally performed counterfactual
experiments with assumed weight loss, but this did not alter
our findings.
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Figure 3. Sensitivity analyses with counterfactual scenarios for associations between periconceptional exposure and obstetric complications.
Relative risk and 95% confidence intervals for associations between periconceptional exposure to liraglutide or semaglutide and obstetrical
complications, with sensitivity analyses using counterfactual scenarios. Estimates from the primary matched analysis are compared with estimates
obtained after replacing pre-pregnancy BMI with counterfactual values representing a scenario without GLP-1 RA-related weight reduction. The effect
estimates for obstetrical complications were essentially unchanged. However, when pre-existing diabetes and BMI (control group 2) were omitted from
the propensity score model, substantially stronger associations between GLP1-RA exposure and obstetrical complications were observed. Grp, group;
SGA, small for gestational age; preterm, preterm birth; PE, pre-eclampsia; LGA, large for gestational age; GDM, gestational diabetes mellitus; Any
complication: a diagnosis of either pre-eclampsia, gestational diabetes, preterm birth, LGA, or SGA; BMI, body mass index; DM, diabetes mellitus

(pre-existing).

Interpretation

Obesity increase pregnancy complications.
Therefore, optimizing obesity and diabetes treatment in
reproductive-age women is important to reduce the risk of ob-
stetrical complications and also increase the likelihood of natural
conception (Nohr et al., 2008; Best et al., 2017). Established pro-
grams and recommendations for when to screen and monitor
women with obesity, diabetes, or incident GDM already exist, but
action prior to pregnancy or periconceptional would be ideal
(Tsakiridis et al., 2021). Besides lifestyle interventions, bariatric
surgery is an alternative intervention for weight loss that might
reduce weight; however, this method increases the risk of mater-
nal malnutrition and obstetric complications, e.g. SGA and pre-
term birth. GLP-1 RA-based therapy has introduced a new era in
the treatment of overweight and obesity, which is reflected in nu-
merous clinical trials and patient-reported outcomes, highlight-
ing its efficacy and safety profile (Kushner et al., 2020; Davies
et al.,, 2021; Rubino et al., 2021; Wadden et al., 2021; Wilding et al.,
2021; Garvey et al., 2022; Weghuber et al., 2022; Lincoff et al., 2023;
Wilkinson et al., 2023). However, no pharmacological weight loss
treatments are approved periconceptionally or in pregnancy
(Nuako et al., 2023). The prescription of GLP-1 RAs has increased
markedly within the last 4-8years as an anti-diabetic drug and
increased additionally following the approval of semaglutide for
weight loss treatment (Cesta et al., 2024; Mgller and Hegelund,

and diabetes

2024). In Denmark, as 70% of users of weight loss medication are
women, it would be inevitable that inadvertent periconceptional
GLP-1 RA exposure would occur (Ladebo et al., 2024). Thus, con-
investigation of periconceptional health effects
is warranted.

Recent studies on GLP-1 RA safety in early pregnancy remain
limited (Muller et al., 2023; Cesta et al., 2024; Dao et al.,, 2024;
Maslin et al., 2024; Drummond et al., 2025; Finkle and Brost, 2025;
Parker et al., 2025; Price and Nankervis, 2025). One study pre-
sented cases of obstetric complications without statistical analy-
ses, but found comparable rates of pregnancy loss, a decreased
rate of preterm births, and an increased number of elective ter-
minations following exposure to a GLP-1 RA (Dao et al.,, 2024).
Two studies (Dao et al. and Cesta et al.) reported no elevated risk
of major congenital malformations, which the few published
case reports also have shown (Greco, 2015; Ivanisevi¢ et al., 2018;
Muller et al., 2023; Skov et al., 2023; Cesta et al., 2024; Dao et al.,
2024), and the study by Hanif et al. (2025) reported no increased
risk of fetal cardiac or fetal kidney anomalies. Parker et al. (2025)
showed similar results when examining data from RCTs from the
US FDA. Animal model organism studies have, however, indi-
cated a reduction in fetal growth (European Medicines Agency,
2019; European Medicines Agency, 2022a; European Medicines
Agency, 2022b; European Medicines Agency, 2024). Yet, we did
not observe any differences in birth weight in our present study.

tinuous
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In the first study by Cesta et al., the risk in patients with pregesta-
tional type 2 diabetes was examined, comparing the risk to
patients treated with insulin during pregnancy (Cesta et al., 2024).
The second study by Dao et al. compared pregnancy outcomes in
women exposed to GLP1-RAs in early pregnancy (n=168), com-
bining all GLP1-RA drugs despite the differences in effectiveness,
either for diabetes or obesity treatment with those in two refer-
ence groups: (i) women with diabetes exposed to at least one
non-GLP1-RA anti-diabetic drug during the first trimester and (ii)
a reference group of overweight/obese women without diabetes,
between 2009 and 2022 (Dao et al., 2024). No difference in major
congenital malformations or increased risk of pregnancy losses
between the three groups was found in the crude or adjusted
analyses. Although patients with type 2 diabetes are a patient
group in which the risk of major congenital malformations is
higher than the general population, these studies present the
first results on the risk of major congenital malformation after
periconceptional GLP-1 RA exposure in women (Dolk et al., 2010;
Ornoy et al., 2015). However, the potential risk of obstetric com-
plications specifically for semaglutide, the next generation of
GLP-1 RA, has not been previously evaluated.

Generalizability

This study provides potentially important evidence for counsel-
ling women inadvertently exposed to GLP1-RAs. We found no in-
creased risk of obstetric complications, except for preterm birth
when used for diabetes treatment. Preterm birth is a well-known
complication of pregnancy for women with pre-existing diabetes
(Jensen et al., 2004; Ludvigsson et al., 2019). The risk increases fur-
ther with poor glycemic control for both medically induced and
spontaneous preterm birth (Ludvigsson et al., 2019). Our findings
demonstrate the critical need for indication-specific research on
GLP-1 RA exposure during early pregnancy to establish a compre-
hensive safety profile. Such research could determine whether or
not GLP-1 RAs can be safely used periconceptionally for weight
management to enhance natural conception rates and reduce
pregnancy complications, ultimately improving both maternal
and offspring health outcomes. Further evidence in prospective
studies and randomized control trials of the safety of GLP-1 RAs
during pregnancy is urgently needed before a potential recom-
mendation can be made and its benefits can be used for future
patients and mothers-to-be.

Limitations and strengths

This study is based on comprehensive longitudinal data from
multiple nationwide registries in Denmark, where information
can be linked across registries due to the unique personal identi-
fication number. The GLP-1 RA exposure is based on the redemp-
tion of a prescription of liraglutide or semaglutide. It is
mandatory, by law, to report the redemption of prescriptions and
births to the national registry, which provides the study of both a
long and a complete follow-up period of every pregnancy. A very
large study population facilitated proper weighting and matching
using propensity scoring, in which we accounted for the two pri-
mary indications for GLP1-RA treatment: diabetes and obesity,
yielding balanced estimates of the effect on obstetric outcomes.
Furthermore, we could control socioeconomic factors, including
geographic region and education. However, residual confounding
is always a limitation to the observational design. We did not per-
form specific analyses excluding women with a history of bariat-
ric surgery, and we cannot exclude that this may have influenced
the results for a small subgroup. Another limitation of the study
is the lack of knowledge about GLP-1 RA compliance post pre-
scription redemption; however, compliance is considered to be

high given the high cost of the drug and the wish for weight loss.
We also cannot rule out that there may be an increased trend
amongst patients receiving GLP-1 RAs as a treatment of diabetes
to be more likely to continue its use during the period of precon-
ception, although this hypothesis needs independent confirma-
tion. Misclassification of unexposed also has to be taken into
account due to possible parallel import of GLP-1 RA and thus not
registered as a prescription in the national registry. The primary
and approved use of GLP-1 RAs in the study time period was dia-
betes, and weight loss treatment was off-label treatment for
most of the study time. Semaglutide for weight loss treatment
was first approved and marketed in Denmark from December
2022. However, the use of GLP-1 RAs for weight loss treatment in-
creased rapidly, and 65% and 53% of our included exposed preg-
nancies were under the indication weight loss (of liraglutide and
semaglutide exposure, respectively). The lack of association be-
tween GLP-1 RAs and weight loss for preterm birth could be due
to power issues, therefore, further studies are needed. We also
explored different models for propensity score matching that
yielded highly concordant results. Lastly, when excluding BMI
and pre-existing diabetes from the propensity score model, we
observed similar findings to completely unadjusted estimates,
for both semaglutide and liraglutide. It is also important to note
that the observational design cannot establish causality.

Conclusion

Our findings suggest that diabetes itself, rather than preconcep-
tional GLP-1 RA exposure, may be the likely cause of the associa-
tion with risk of preterm birth. This should be explicitly
accounted for in future studies.

Supplementary data

Supplementary data are available at Human Reproduction
Open online.
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