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Abstract
Background

Excess gestational weight gain (GWG) is an independent risk factor for several adverse maternal and
neonatal outcomes. It is more common among individuals with an elevated pre-pregnancy body mass
index (BMI), who are therefore advised to lose weight prior to pregnancy in order to enter pregnancy at a
lower BMI. However, emerging evidence suggests that pre-pregnancy weight loss may paradoxically
increase the risk of excess GWG. There is an increasing demand for weight loss medications, especially
by female individuals in their reproductive years, and therefore the association between the pre-
pregnancy use of those medications and GWG and other pregnancy outcomes needs to be examined.

Methods

We conducted a population-based retrospective cohort study using linked administrative and perinatal
data between 2018 and 2024. Women aged 18 to 45 years with liveborn singleton pregnancies and no
pre-existing diabetes were included. Exposure was defined as pre-pregnancy use of obesity medications
(liraglutide, semaglutide, tirzepatide, naltrexone/bupropion). Exposed pregnancies (n = 222) were
matched 1:1 to unexposed controls on maternal age, parity, and pre-pregnancy BMI. Primary outcomes
were GWG (kg) and guideline concordance of GWG. Secondary outcomes included gestational diabetes
(GDM), preeclampsia, caesarean section, and neonatal outcomes.

Results

Mean GWG was higher among exposed versus unexposed pregnancies (12.4 vs. 9.5 kg; p = 0.003), with
a greater proportion of excess GWG (60.8% vs. 43.5%). In matched analyses, exposure was associated
with increased odds of excess GWG (OR 1.38, 95% Cl 1.30—1.47) and decreased odds of insufficient
GWG (OR 0.86,95% CI 0.79-0.93). Exposure was also associated with higher odds of GDM (OR 1.10),
preeclampsia (OR 1.50), caesarean section (OR 1.32), and large-for-gestational-age infants (OR 1.50),
and lower odds of small-for-gestational-age infants (OR 0.56). Among exposed pregnancies, a
prescription within 6 months prior to conception was associated with higher odds of excess GWG
(adjusted OR 3.29,95% Cl 1.76-6.15) than a more remote prescription.

Conclusions

Pre-pregnancy use of obesity medications, particularly recent use, is associated with an increased risk of
excess GWG and other maternal and neonatal outcomes. These findings highlight the importance of
preconception counselling and prenatal weight management strategies following discontinuation of
obesity medications.
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BACKGROUND

The most recent guidelines for optimal gestational weight gain (GWG) were published by the Institute of
Medicine (IOM) in 2009 ', outlining an inverse relationship between GWG targets and pre-pregnancy
body mass index (BMI). For individuals with a singleton pregnancy and pre-pregnancy overweight (BMI
from 25.0 to < 30.0 kg/m?) or obesity (BMI = 30.0 kg/m?), the recommendations are for GWG ranging
from 7 kg to 11.5 kg, and 5 kg to 9 kg respectively over an entire term pregnancy (i.e., > 37 weeks’
gestation). However, considering the weight contributions of the fetus, placenta, amniotic fluid, uterine
muscle, and increased intravascular and total water volume ', achieving those GWG targets is potentially
difficult for these individuals with higher pre-pregnancy BMI who typically face challenges in managing
their weight regardless of the context of pregnancy. Consistent with this issue, cross sectional and
cohort data from several countries show that over 50% of pregnant individuals experience excess GWG 2,
in particular individuals with a pre-pregnancy BMI in the overweight range (25.0 - < 30.0 kg/m?) and with
Class | obesity (pre-pregnancy BMI 30.0 - < 35.0 kg/m?) 274, Indeed, pre-pregnancy BMI is an
independent risk factor for excess GWG 2. In Nova Scotia, among pregnancies with available pre-
pregnancy BMI information (70-75% of pregnancies), approximately 50% of pregnant individuals entered
pregnancy with a BMI = 25.0 kg/m? from 2010 to 2019 °. In 2019 specifically, that figure was 52%, and a
high proportion of pregnant individuals were therefore at risk of gaining excess GWG that year; in fact,
52.8% of pregnant individuals did so.

Retrospective and prospective cohort studies have shown excess GWG to be an independent risk factor
for several short- and long-term adverse outcomes for mothers, including an increased risk of pre-
eclampsia, gestational diabetes, shoulder dystocia, caesarean section, and postpartum weight retention,
contributing to downstream obesity ®’. For offspring, excess GWG is associated with an increased risk
of neonatal adiposity, hypoglycemia and hyperbilirubinemia, macrosomia, being large-for-gestational age
(LGA), and downstream childhood obesity ®8~12. Of note, childhood obesity was declared in 2015 by the
World Health Organization as “one of the most serious public health challenges of the 21st century” '3
due to its increased risk of cardiovascular, endocrine, psychosocial and musculoskeletal complications,
many of which are sustained into adulthood, including adult excess weight and, therefore, contribute to
the intergenerational cycle of obesity 4720, Thus, excess GWG is an early marker of offspring obesity in
childhood with extension into adulthood. In addition to pre-pregnancy BMI, as stated above, some other

factors that influence GWG include maternal age, parity, race and smoking 2212223,

Due to this association between excess GWG and adverse outcomes, female individuals of childbearing
age with an elevated BMI are encouraged to lose weight prior to pregnancy in order to enter pregnancy at

a lower BMI and, theoretically, be more likely to achieve weight gains within the recommended ranges .
Similarly, the chapter entitled Weight Management over the Reproductive Years for Adult Women Living

with Obesity?* (led by the Principal Investigator of the present study) within the 2020 Canadian Adult

Obesity Clinical Practice Guidelines?® (co-authored by the Principal Investigator of the present study) also
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recommends that individuals with obesity should endeavour to lose weight before pregnancy.
Supporting this recommendation for weight loss are a number of recent observational studies and
systematic reviews (including a systematic review and meta-analysis co-authored by the Principal
Investigator of the present study), showing that pre-pregnancy weight loss is associated with a reduced

odds of having a LGA baby 2672°, a risk factor for childhood obesity 3C.

Weight loss attempts and weight cycling in the general population are common, in particular among
individuals with higher BMI (= 25.0 kg/m?) 1, and often result in weight regain 32. For non-pregnant
individuals using obesity medications, discontinuation of those medications has been also shown to
often result in in weight regain 3334, With an increasing number of people beginning to use obesity
medications, weight regain could become of increasing significance, as it is associated with type 2

diabetes, hypertension, cancer, bone fractures, increased mortality, and progressively higher weights 35~
39

For individuals planning a pregnancy, these statistics are less well documented. A recent cross-sectional
study showed that 37.5% of participants with overweight and 76.5% of participants with obesity made
pre-pregnancy weight loss attempts 4°. Carey et. al., recently examined the evidence pertaining to
outcomes associated with pre-pregnancy weight loss and found that little is known about those
associations 4'. Specific to the association between pre-pregnancy weight loss and GWG, only a few
studies have examined that area. Early work showed that individuals who reported pre-pregnancy weight
loss were more likely to experience higher GWG 4244 More recently, work in Canada showed that pre-
pregnancy weight loss was associated with excess GWG #°. Similar results were also reported in a
recent randomized controlled trial from the USA comparing GWG between participants randomly
assigned to a pre-pregnancy weight loss intervention and participants assigned to usual care “°. Finally,
a recent prospective cohort study (led by the Principal Investigator of the present study) showed that
participants who reported pre-pregnancy weight loss had a 1.32 odds of excess GWG compared to
participants who did not experience pre-pregnancy weight loss 4’. These studies therefore introduced
controversy to the current recommendation for pre-pregnancy weight loss, necessitating further
examination of the issue as the association between pre-pregnancy weight loss and GWG is not well
understood.

Compounding this gap is the recent introduction of effective anti-obesity pharmacotherapies, which are
in high demand, particularly among women of reproductive age, including those with infertility. Their
appeal is driven by the substantial weight loss associated with their use 8. However, although these
agents are contraindicated in pregnancy, pregnancies do occasionally occur during treatment. Patients
of reproductive age are therefore counselled to use effective contraception while taking these
medications #° and to discontinue them in advance of planned conception (personal communication,
National Obesity Clinical Update 2025, Montreal, Canada).
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Building on our previous work #’, the primary objective of this retrospective cohort study was to explore
the relationship between pre-pregnancy use of obesity medications (i.e., liraglutide, semaglutide,
tirzepatide, or naltrexone/bupropion) and maternal and fetal outcomes (i.e., guideline-concordance of
GWG, GWG, gestational diabetes, pre-eclampsia, caesarean section, birthweight, LGA, SGA and
macrosomia) in female individuals 18 to 45 years of age with liveborn singleton pregnancies and without
pre-existing diabetes.

The secondary objective was to examine, among exposed pregnancies, whether timing of the most
recent prescription prior to pregnancy (< 6 months versus > 6 months) is associated with GWG.

METHODS

This was a retrospective cohort study using data linked between Health Data Nova Scotia (HDNS) and
the Nova Scotia Atlee Perinatal Database (NSAPDB).

Participants for data linkage: Inclusion criteria for data from HDNS included female individuals 18 to 45
years of age who filled a prescription at a Nova Scotia pharmacy for obesity medications: liraglutide
(Saxenda orVictoza), semaglutide (Ozempic or Wegovy), tirzepatide (Mounjaro), or naltrexone/bupropion
(Contrave) between October 1, 2018 and May 31, 2024. Inclusion criteria for data from NSAPDB included
liveborn singleton pregnancy, and exclusion criteria included pre-pregnancy diabetes.

Matched controls: Participants identified and linked as described above were matched 1:1 to unexposed
controls in the NSAPDB on maternal age (< 30 versus > 30 years), parity (nulliparous versus not

nulliparous) and pre-pregnancy BMI (< 30 versus = 30 kg/m?).

Variables: Primary outcomes were GWG (continuous, kg) and GWG concordance with recommended
ranges (insufficient / within / excess). Secondary pregnancy outcomes included gestational diabetes
mellitus (GDM), preeclampsia, mode of delivery (caesarean section), birthweight, LGA (birthweight > 90th
percentile), small-for-gestational age (SGA, birthweight < 10th percentile) and macrosomia (birthweight
> 4000 g). GWG was also analysed as two binary outcomes: excess GWG versus not excess, and
insufficient GWG versus not insufficient. The main independent variable was pre-pregnancy use of
obesity medications as specified above. Other independent variables included maternal age, parity, pre-
pregnancy BMI, pre-pregnancy smoking status, and smoking during pregnancy.

Data analysis

Data were de-identified and exported into SPSS (Version 29), a statistical data analysis software
program. Missing data were handled using multiple imputation under a missing-at-random

assumption®®. Alpha was set at .05.

A sensitivity power calculation was undertaken using a one-sample hypothesis test for a single
proportion (excess GWG versus not). Considering that approximately 50% of pregnant women with an
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elevated (i.e., = 25.0 kg/m?) pre-pregnancy BMI experience excess GWG, and setting alpha = 0.05 and
80% power, a sample of approximately 194 participants would detect a 10 percentage-point difference
from the reference prevalence of 50%.

Descriptive summaries (means + SD or n, %) used a single imputed dataset (Imputation_ = 1). For
unadjusted comparisons of outcomes by exposure status we used independent-samples t-tests for
continuous outcomes and chi-square tests for categorical outcomes. For matched inferential analyses
we combined estimates across all imputations using Rubin’s rules. We used conditional logistic
regression appropriate for the matched design; models were implemented in SPSS as stratified Cox
regressions with each matched pair defined as a stratum, and estimates were pooled across
imputations.

Secondary analyses restricted to the exposed group evaluated timing of the most recent prescription (=
6 months versus > 6 months before pregnancy); these models adjusted for maternal age, parity,
pre-pregnancy BMI (continuous), pre-pregnancy smoking and smoking during pregnancy. Secondary
analyses were considered exploratory because pharmacy dispensing records do not measure
medication adherence or treatment duration.

RESULTS

Sample: The study included 444 pregnancies: 222 exposed to obesity medications prior to pregnancy
and 222 matched unexposed controls.

Baseline characteristics

Baseline characteristics are shown in Table 1. The mean maternal age was 32.8 years (SD 4.6) and the
mean pre-pregnancy BMI was 36.9 (SD 7.7). Parity distribution and pre-pregnancy BMI categories were
similar between cases and controls, consistent with the matched design. Smoking prevalence before
and during pregnancy is reported descriptively.
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Baseline characteristics of participants

Table 1

Characteristic Entire sample (N=444) Cases Controls
(n=222) (n=222)
Maternal age, mean (SD) 32.8 (4.6) 32.8(4.5) 32.8(4.7)
Pre-pregnancy BMI, mean (SD) 36.9 (7.7) 37.3(7.8) 36.6(7.5)
Pre-pregnancy BMI category, n (%)
<18.5 <5%* <5%* <5*
18.5-<25.0 15 (3.4) 6 (2.7) 9 (4.1)
25.0-<30.0 68 (15.3) 32(14.6)  36(16.2)
>30.0 353 (79.5) 179 (81.7) 174 (78.4)
Missing <5* <5* <5*
Parity, n (%)
0 130 (29.3) 65 (29.3) 65 (29.3)
1 188 (42.3) 99 (44.6) 89 (40.1)
>2 126 (28.4) 58(26.1) 68 (30.6)
Smoking before pregnancy, n (%)
No 401 (90.3) 204 (91.9) 197 (88.7)
Yes 43 (9.6) 18 (8.1) 25 (11.3)
Smoking during pregnancy, n (%)
No 411 (92.6) 211(95.0) 200 (90.1)
Yes 33 (7.4) 11 (5.0) 22 (9.9)

* Cells with small counts (< 5) were suppressed to protect confidentiality.
Pregnancy outcomes

Unadjusted comparisons are summarised in Table 2. The mean GWG was higher among exposed
pregnancies than controls (p = 0.003) and GWG concordance distributions differed by exposure status

(p =0.002). The frequency of GDM and preeclampsia was similar between the groups, whereas the
proportion of pregnancies delivered by caesarean section was higher among exposed pregnancies (p =
0.025). Birthweights were similar between groups as were the frequencies of SGA and macrosomia. LGA
occurred more frequently in exposed pregnancies (p = 0.020).
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Table 2
Pregnancy outcomes and unadjusted comparisons

Outcome Entire Cases Controls p-value
sample
(n=222) (n=222)
(N = 444)
Gestational weight gain, kg, mean 10.9 (10.3) 12.4 9.5(8.48) 0.003
(SD) (11.6)
GWG concordance, n (%) 120 (27.0) 50 (23.9) 70 (32.4) 0.002
(overall)
Insufficient
Within 84 (18.9) 32(15.3)  52(24.1)
Excess 221 (49.8) 127 (60.8) 94 (43.5)
GDM, n (%) 133 (30.0) 68 (30.6) 65 (29.3) 0.756
Preeclampsia, n (%) 13(2.9) 7 (3.2) 6(2.7) 0.778
Caesarean section, n (%) 173 (39.0) 98 (44.1) 75 (33.8) 0.025
Birthweight, g, mean (SD) 3429 (542) 3448 3410 0.458
(525) (559)
LGA, n (%) 72 (16.2) 45(20.3)  27(12.2)  0.020
SGA, n (%) 22 (5.0) 8 (3.6) 14 (6.3) 0.189
Macrosomia, n (%) 61 (13.7) 33 (14.9) 28 (12.6) 0.491

Medication exposures

There were 253 pre-pregnancy prescriptions for obesity medications among the participants, with 25
participants having filled a prescription for more than one obesity medication. For analyses the most
recent prescription prior to pregnancy was used. Among those, the medications included Ozempic (n =
106), Saxenda (n = 77), Victoza (n = 4), and Contrave (n = 35).

Matched analyses (pooled across imputations): In conditional logistic regression models accounting for
the matched design, pre-pregnancy exposure to obesity medications was associated with higher odds of
excess GWG and lower odds of insufficient GWG. Exposure was also associated with higher odds of
GDM, preeclampsia, caesarean section and LGA, and with lower odds of SGA (Table 3).
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Table 3
Matched analyses

Outcome Odds ratio 95% CI p-value
Excess GWG 1.38 1.30-1.47 <0.001
Insufficient GWG 0.86 0.79-0.93 <0.001

GDM 1.10 1.01-1.18 0.020
Preeclampsia 1.50 1.14-1.98 0.004
Caesarean section 1.32 1.23-1.41 <0.001

LGA 1.50 1.34-1.67 <0.001

SGA 0.56 0.46-0.69 <0.001
Macrosomia 1.08 0.97-1.21 0.174
Secondary analyses (timing among exposed pregnancies; Imputation_ = 1 only; n = 222)

Among exposed pregnancies, those whose most recent prescription occurred < 6 months prior to
pregnancy had higher odds of excess GWG compared with those whose last prescription was > 6
months pre-pregnancy: unadjusted OR 2.88 (95% CI 1.62-5.13; p<0.001) and adjusted OR 3.29 (95% CI
1.76-6.15; p < 0.001) after controlling for age, parity, pre-pregnancy BMI, pre-pregnancy smoking and
smoking during pregnancy.

DISCUSSION

In this population-based retrospective cohort study of pregnancies in Nova Scotia, pre-pregnancy
exposure to obesity medications was associated with higher GWG and a substantially greater likelihood
of excess GWG compared with matched unexposed controls. Exposure to obesity medications was also
associated with higher odds of caesarean section, LGA, GDM, and preeclampsia, alongside lower odds
of insufficient GWG and SGA. Among exposed pregnancies, more recent prescription use (< 6 months
prior to conception) was strongly associated with excess GWG. Together, these results suggest that pre-
pregnancy use and recent discontinuation of obesity medications may influence weight trajectories
during pregnancy and maternal and fetal outcomes.

The results of the present study align with and extend an expanding body of literature showing that pre-
pregnancy weight loss may paradoxically increase the risk of excess GWG 4274751, More specifically, the
present study builds on that previous work by focusing specifically on pre-pregnancy pharmacologic
weight management, supporting very recent work from the USA that showed, in a sample of 448
exposed and 1344 unexposed matched controls, that pre-pregnancy exposure to obesity medications
was associated with higher GWG and with higher odds of excess GWG 2. There are a few plausible
explanations for these consistent results. First, a straightforward explanation is that discontinuation of
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obesity medications prior to pregnancy may be followed by rapid weight regain, as has been
documented in non-pregnant populations after cessation of obesity pharmacotherapy. As pregnancy
itself is a state of anabolic hormonal change, the combination of physiological pregnancy-related weight
gain with post-discontinuation weight rebound may predispose to higher overall GWG. Another
explanation is that individuals with prior pharmacologic weight loss may enter pregnancy with altered
appetite regulation, metabolic adaptation, or behavioural responses to weight monitoring and dietary
restraint. Prior studies demonstrated that greater dietary restraint and weight control attitudes prior to or
early in pregnancy are associated with higher GWG, potentially reflecting a restraint—disinhibition
response as pregnancy progresses. It is possible that similar dynamics operate among individuals
discontinuing obesity medications, particularly if expectations about “needing to gain weight” during
pregnancy are coupled with relief from prior dietary or pharmacologic restriction. However, overall,
results pertaining to the association between pre-pregnancy exposure to obesity medications and GWG
are inconsistent °3, and differences may therefore reflect baseline metabolic characteristics,
discontinuation timing and post-discontinuation weight rebound rather than a direct pharmacologic
effect.

The results of the present study showed that pre-pregnancy exposure to obesity medications was
associated with an increased risk of GDM, aligning with the results of work by Maya et. al., °2, but

contradicting the results of other studies, in which that association was not observed >#7°%. The
difference in the results may be explained by factors such as inclusion of participants with pre-
pregnancy diabetes, varying timing of medication exposure (as long as 24 months pre-pregnancy) and
differences in pre-pregnancy BMI between groups. Also contradicting the results of the present study, a
recent systematic review >3 showed no consistent increase in risk of GDM attributable to GLP-1-based
therapy.

The present study also showed an increased likelihood of preeclampsia in the exposed group,

5357 which

showed inconsistent results for the association between pre-pregnancy use of weight loss medications

confirming the results of one study and contradicting the results of two systematic reviews

and preeclampsia and other hypertensive disorders of pregnancy. Similarly, the present study’s results
for the other outcomes (cesarean section, LGA, SGA and macrosomia) reflect the heterogeneity of

results in the current literature as shown in those systematic reviews >3/,

Strengths and limitations

The strengths of the present study include the use of population-based linked administrative and
perinatal data, objective pharmacy dispensing records, and a matched cohort design with robust
handling of missing data through multiple imputation. The inclusion of a timing analysis provides novel
insight into potential dose—-response or recency effects.

However, several limitations warrant consideration. First, the retrospective observational design
precludes causal inference, and residual confounding is possible despite matching and adjustment.
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Individuals prescribed obesity medications prior to pregnancy may differ systematically from unexposed
individuals in ways not fully captured by matching on age, parity, and pre-pregnancy BMI, including
weight cycling history, rate of pre-pregnancy weight loss, metabolic risk, and psychosocial

factors. Although matching and adjustment were employed, residual confounding cannot be excluded.
Although missing data were addressed using multiple imputation, this approach relies on a missing-at-
random assumption, and residual bias due to unmeasured or non-random missingness cannot be
excluded.

Second, data from HDNS only identify pharmacy dispensing data, which do not capture medication
adherence or exact duration of use. Thus, the exact interval between the discontinuation of the
medication and the onset of pregnancy could not be determined accurately and the secondary timing
analyses can only be considered exploratory. Third, GWG was analysed at the pregnancy level, and a
small number of participants contributed more than one pregnancy during the study period, which may
have introduced within-individual correlation. Fourth, information on SES was not collected for this study.
In view of the fact that the obesity medications we examined are quite expensive and therefore
disproportionally unavailable to individuals in lower income brackets, the participants in this study were
potentially of higher SES and not representative of the general population in Nova Scotia. Finally, the
study population reflects pregnancies in Nova Scotia, and findings may not be fully generalizable to
settings with different demographic or health system characteristics.

CONCLUSIONS

In this population-based retrospective cohort study, pre-pregnancy use of obesity medications was
associated with higher GWG, increased odds of excess GWG, and a higher likelihood of other adverse
maternal and neonatal outcomes. More recent, compared with more remote, use of those medications
prior to conception was strongly associated with excess GWG, suggesting that the timing of medication
discontinuation may play a clinically important role in pregnancy weight trajectories.

These findings have direct implications for clinical practice. Given the increasing use of obesity
medications among women of reproductive age, these results underscore the importance of targeted
preconception counselling addressing the potential for post-discontinuation weight regain and its
implications for pregnancy. In particular, proactive strategies to support weight stability after medication
discontinuation—such as behavioural interventions, nutritional counselling, and close monitoring of early
pregnancy weight gain—may be warranted.

Further research is needed to clarify causal mechanisms and to identify optimal clinical pathways for
managing weight in the preconception period among individuals using obesity medications. In the
interim, the results of this study support a more cautious and structured approach to discontinuation
and follow-up in this population.
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GWG: gestational weight gain

IOM: Institute of Medicine

BMI: body mass index

LGA: large-for-gestational age

USA: United States of America

HDNS: Health Data Nova Scotia

NSAPDB: Nova Scotia Atlee Perinatal Database
GDM: Gestational diabetes mellitus

SPSS: Statistical Product and Service Solutions

SGA: small-for-gestational age
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