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Abstract

Background: Lithium is an effective treatment in pregnancy and postpartum for the prevention of relapse in bipolar disorder, but there is a lack of
knowledge about the potential adverse impact on fetal development.

Aims: To investigate the impact of lithium exposure on early fetal growth.

Methods: In this retrospective observational cohort study, we included all singleton pregnancies of women using lithium and referred for advanced
fetal ultrasound scanning between 1994 and 2018 to the University Medical Centers in Leiden and Rotterdam, the Netherlands (n=119). The Generation
R study, a population-based cohort, served as a non-exposed control population from the same geographic region (n=8184). Fetal head circumference,
abdominal circumference, femur length, and transcerebellar diameter were measured by ultrasound at 18-22 weeks of gestation.

Results: Lithium use during pregnancy was associated with an average increase in head circumference of 1.77 mm (95% confidence interval: 0.53,
3.01), in abdominal circumference of 5.54 mm (95% confidence interval: 3.95, 7.12) and in femur length of 0.59 mm (95% confidence interval: 0.22,
0.96) at 18-22 weeks gestation. Furthermore, lithium use during pregnancy was associated with an average increase in birth weight of 142.43 grams
(95% confidence interval: 58.01, 226.89), whereas it was associated with an average decrease of 1.41weeks in gestational duration (95% confidence
interval: -1.78, -1.05).

Conclusions: Lithium use during pregnancy was associated with increased fetal growth parameters at 18-22 weeks gestational age and increased birth
weight. Further research is needed to evaluate both short- and long-term implications, as well as the mechanisms driving this difference in growth.
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Introduction

Lithium is currently the most effective drug for relapse preven-
tion and is widely used as a first-line treatment in bipolar spec-
trum disorder (Tondo et al., 2019). It has beneficial treatment
effects during both depressive and manic episodes, is associated
with a reduction in suicide risk, and is highly effective for
relapse prevention (Geddes and Miklowitz, 2013). Because the
onset of bipolar disorder often occurs before the age of 25 years
(Merikangas et al., 2011), lithium is frequently prescribed to
women of childbearing age. Women with bipolar disorder who
continue lithium use during pregnancy have a lower risk of
relapse, both during pregnancy and in the postpartum period
(Fornaro et al., 2020; Viguera et al., 2007; Wesseloo et al.,
2016). Although lithium has clear beneficial effects for the
mother, it may have unintended consequences for the develop-
ing fetus. Lithium is known to pass the placenta completely,
which means the fetus is exposed to the same level of lithium as
the pregnant woman (Newport et al., 2005). Intrauterine lithium
exposure has been associated with increased risks of congenital
malformations, but the risk is low (Diav-Citrin et al., 2014;
Fornaro et al., 2020; Munk-Olsen et al., 2018; Nora et al., 1974;
Patorno et al., 2017). Moreover, lithium has been associated
with spontaneous abortion, preterm birth, and increased neona-
tal birth weight in some studies, although others refute these
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findings (Diav-Citrin et al., 2014; Jacobson et al., 1992; Munk-
Olsen et al., 2018; Newport et al., 2005). Importantly, to our
knowledge no information is available relating maternal lithium
therapy during pregnancy to fetal growth patterns. An environ-
mental study showed an effect of lithium exposure through
drinking water on fetal growth (Harari et al., 2015). Studying
the effects of intrauterine exposure to lithium on fetal develop-
ment is especially important because the intrauterine environ-
ment impacts fetal programming. Even small changes can have
a large impact on the development of the child (O'Donnell and
Meaney, 2017). As fetal growth is an important marker for fetal
programming, the main aim of the current study is to examine
the association of prenatal exposure to lithium on fetal growth
and birth weight.

Methods
Study design and participants

In this retrospective observational cohort study, we collected
data from two academic medical centers in the Netherlands: the
Erasmus University Medical Center and the Leiden University
Medical Center. Pregnant women using lithium and referred for
advanced fetal ultrasound scanning between March 1994 and
January 2018 were evaluated for eligibility. In the Netherlands,
all pregnant women using lithium are referred for advanced
20-week ultrasound scan. All singleton pregnancies were
included if there was daily lithium use from conception until
20weeks of gestation and if data of the advanced 20-weeks
ultrasound scan were available (n=119). As a control population,
the Generation R Study, a prospective population-based study
conducted in Rotterdam with delivery dates from 2002 until
2006, was used. All participants in the Generation R study pro-
vided written informed consent. The Generation R Study is
designed to identify early environmental and genetic determi-
nants of growth, development, and health from fetal life until
young adulthood (Jaddoe et al., 2006). All singleton pregnancies
in the Generation R study with information available from the
start of pregnancy and data of the 20-week ultrasound scan were
included as a reference group (n=8184). None of these pregnan-
cies were lithium exposed. This study was approved by the
Institutional Review Board of the Erasmus University Medical
Center and conducted and reported in accordance with the
STROBE guidelines.

Maternal lithium use and psychiatric history

In the lithium-exposed group, information on lithium dose, dura-
tion of use, lithium blood levels, and use of additional psycho-
tropic medication were extracted from the medical files.
Information on psychiatric diagnosis was also collected from the
medical files. In the control group, information on psychotropic
medication use during pregnancy was collected using two sources
of information to minimize misclassification (self-reports in each
trimester of pregnancy and pharmacy records) (El Marroun et al.,
2012). Psychiatric symptoms were assessed by self-reported
vignettes in mid-pregnancy (~20weeks of gestation). Within the
control group, women were categorized with a bipolar spectrum
disorder if they reported at least one depression and (hypo)manic
episode in history.

Fetal growth

The records of the 20-week ultrasound scans were evaluated for
fetal growth measurements. The fetal growth measurements used
for this study are standardized measurements and measured by
well-trained and qualified sonographers in exactly the same way
in both patient and control group, according to international qual-
ity standards set by the International Society of Ultrasound in
Obstetrics and Gynecology (Salomon et al., 2019). In both
groups, head circumference (HC), transcerebellar diameter
(TCD), abdominal circumference (AC), and femur length (FL)
were measured at 18-22 weeks of gestation. In both groups ges-
tational age was assessed earlier by measuring the crown to rump
length in the first trimester. TCD is generally considered to be a
measure for gestational age in the second trimester of pregnancy.
Estimated fetal weight was calculated by means of the Hadlock
formula (Hadlock et al., 1985). Neonatal birth weight was col-
lected from the medical files.

Covariates

Covariates were maternal age, parity, smoking, psychotropic
medication use (other than lithium), body mass index (BMI) (cal-
culated using pre-pregnancy height and weight), gestational age
at birth, and child sex.

Statistical analyses

Descriptive statistics and statistical analyses were performed
using the Statistical Package for the Social Sciences (version 24,
IBM). The association of prenatal lithium exposure with fetal
growth measurements and birth weight was analyzed using sepa-
rate multiple linear regression analyses. Models for fetal growth
and birth weight were adjusted for the following covariates:
maternal age, maternal BMI, gestational age at the time of meas-
urement, parity, smoking, and psychotropic medication use other
than lithium (i.e., a combined covariate for the use of drugs for
depression, psychosis and insomnia/anxiety). In addition, the
model for birth weight was adjusted for sex of the child.
Interactions between the covariates and lithium use were tested
for significant improvement of the model fit. Quadratic and cubic
terms for gestational age were tested for significant improvement
of the model fit. Models for gestational age at birth were adjusted
for maternal age, maternal BMI, parity, smoking, and psycho-
tropic medication use other than lithium. To compare our results
to previous studies (Munk-Olsen et al., 2018; Troyer et al., 1993)
and assess clinical relevance, we additionally calculated odds
ratios for preterm birth (<37 weeks of gestation) and large for
gestational age (LGA) (i.e., a birth weight above the 90th percen-
tile of birth weight by gestational age and sex), using binary logis-
tic regression analyses. Odds ratios were adjusted for the same
covariates as described previously. All continuous covariates were
centered to improve interpretation. Missing data in the covariates
were handled using multiple imputations with chained equations.
Missing covariate values were imputed based on birth weight,
gestational age at time of ultrasound and birth, sex of the child,
age of the mother, BMI of the mother, smoking status during preg-
nancy, psychotropic medication use during pregnancy, gravidity,
and parity. A total of 10 imputed datasets were generated and ana-
lyzed. Pooled effect estimates and their 95% confidence intervals
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(CI) were reported. A two-sided p value of 0.05 was considered to
be statistically significant. All analyses were performed per preg-
nancy, not per mother. By directly comparing the lithium-exposed
group to a control group from the normal population one cannot
address the effect of confounding by indication (i.e., the indica-
tion for which lithium is most often described, bipolar disorder,
can potentially also affect fetal growth independent of lithium
exposure). To address this issue, we conducted sensitivity analy-
ses within the control group using a selection of pregnancies in
women with a broadly defined bipolar spectrum disorder but no
lithium exposure and compared these with the control pregnancies
in women with no bipolar spectrum disorder. Sensitivity analyses
were also performed limiting the analysis to one (the first) preg-
nancy per mother to explore the impact of consecutive pregnan-
cies on our results. In the lithium-exposed cohort, labor was
induced as part of regular clinical practice (before 2002) around
38 weeks of pregnancy. We therefore removed pregnancies before
the year 2002 in additional sensitivity analyses on gestational
duration. Additional sensitivity analyses were performed after
excluding pregnancies with gestational diabetes from the lithium
group. The aim was to investigate whether associations of lithium
with fetal growth were driven by gestational diabetes.

Results

Descriptive statistics

Descriptive characteristics are shown in Table 1. In the lithium
group on average 1.4 (range 1-6) pregnancies per woman were
included, versus 1.1 (range 1-3) pregnancies per woman in the
control group. Maternal age and BMI were on average higher in
the lithium group than the control group. Within the lithium-
exposed group, most pregnancies were of women diagnosed with
a bipolar spectrum disorder (i.e., bipolar I disorder, bipolar II dis-
order or schizoaffective disorder) (n=110), other diagnoses were
postpartum psychosis in history (n=1) and depressive disorder
(n=8). Within the control group, 282 pregnancies were from
women with a categorized bipolar spectrum disorder, based on
self-reported lifetime experience of at least one depressive and
one (hypo)manic episode. A higher percentage of women in the
control group smoked throughout pregnancy (18.6% vs 6.7%).
Gestational diabetes was present in 4.2% of pregnancies in the
lithium group and in 1.0% of pregnancies in the control group.
Gestational age at ultrasound and sex of the child were compara-
ble in both groups. Notably, the rate of fetal death was 2.5% (n=3)
in the lithium group (one at 22weeks due to placental insuffi-
ciency and early intrauterine growth restriction, one at 38 weeks
due to a placental maturation problem, and one at 39 weeks dis-
covered during routine check-up, possibly due to missed signs of
impaired fetal condition) and 0.5% (#=37) in the control group.
These fetuses were included in the fetal growth parameter analy-
ses but not in the analyses on neonatal birth weight. The mean
percentiles of HC, AC, and FL were higher in the lithium-exposed
group whereas the percentile of TCD was comparable in both
groups. In the lithium-exposed group the rates of premature birth
and LGA were higher than in the control group.

Lithium use

Different types and various compounds of lithium were used. The
most commonly prescribed was lithium carbonate, also known as

Table 1. Descriptive characteristics of the study population.2

Lithium-exposed ~ Control group

group (n=119) (n=8184)
Maternal characteristics, mean (SD)
Age 34.0 (4.1) 29.7 (5.3)
BMI 26.3 (5.8) 23.6 (4.4)
Bipolar spectrum disorder, 92.4 3.4
0/0
Lithium use, % 100 0.0
Lithium dosage in mg, mean 1007 -
Lithium level in mmol/L, 0.44 -

mean
Psychotropic medication use during pregnancy other than lithium,
%

Drugs for depression 16.1 1.5
Drugs for psychosis 22.0 0.1
Drugs for anxiety/insomnia 10.1 1.5
Parity, %

0 46.2 56.3
>1 53.8 43.7
Gestational diabetes, % 4.2 1.0
Smoking habits, %

Never smoked in pregnancy 92.4 72.7
Smoked until pregnancy was 1.0 8.7
known

Smoked throughout preg- 6.7 18.6
nancy

Child characteristics
Gestational age at ultra-
sound, mean (5D)

Sex of the child, % of girls 54.3 49.4

20.2 (1.2) 20.7 (1.2)

Intrauterine fetal death, n 3 (2.5) 37 (0.5)
(%)

20-week fetal parameter percentiles, mean (SD)

Head circumference 58.4 (28.6) 48.9 (28.9)
Abdominal circumference 70.1 (24.8) 49.9 (28.9)
Femur length 60.9 (27.0) 50.3 (28.9)
Transcerebellar diameter 49.9 (25.2) 49.3 (28.7)
Birth outcome

Gestational duration in 38.4 (3.0) 39.8 (1.9)
weeks, mean (SD)

Premature birth, % 15.5 5.2

Birth weight percentile, 58.7 (29.8) 44.5 (29.6)
mean (SD)

Birth weight in grams, mean 3402 (600-4955) 3412 (635-5310)
(range)

Large for gestational age, % 19.6 8.1

aIn case of missing data, valid means and percentages are presented.
BMI: body mass index.

Camcolit® and Priadel®. Another preparation is lithium citrate,
also known as Litarex®. In 60 pregnancies women used lithium
carbonate (Camcolit® n=37, Priadel® n=19, and lithium carbon-
ate (other brands), n=4); lithium citrate was used in 38 pregnan-
cies; in the remaining 21 pregnancies the prescription of lithium
medication was unknown. The average daily lithium dosage dur-
ing pregnancy was 1007 mg divided over an average of 2.8 doses
per day. Lithium citrate dosages (Litarex 564mg = 6mmol
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Table 2. Associations of maternal lithium use in pregnancy with fetal
biometric parameters at 20 weeks gestation.

Fetal parameter B 95% (I p value
Head circumference (mm) 1.77 0.53, 3.01 0.005
Abdominal circumference (mm) 5.54 3.95,7.12 <0.001
Femur length (mm) 0.59 0.22, 0.96 0.002
TCD (mm) 0.13  -0.11, 0.36 0.28

Estimated fetal weight (grams) 21.05 12.29, 29.81 <0.001

Models were constructed using multiple linear regression analyses. 3 represents
the difference in fetal growth parameter between the lithium-exposed versus
controls. Models are adjusted for: gestational age at time of ultrasound, maternal
age and BMI, smoking during pregnancy, psychotropic medication use other than
lithium during pregnancy, and parity.

BMI: body mass index; CI: confidence interval; TCD: transcerebellar diameter.

Table 3. Associations of maternal lithium use in pregnancy with birth
weight and gestational duration.

Birth outcome B 95% (I p value
Birth weight (grams)? 142.43  58.01, 226.89 0.001
Gestational duration (weeks)® -1.41  -1.78, -1.05 <0.001

Models were constructed using multiple linear regression analyses. 3 represents
the difference in birth weight in grams and pregnancy duration in weeks between
the lithium-exposed versus controls.

2Adjusted for gestational age at time of birth, sex of the child, maternal age and
BMI, smoking during pregnancy, psychotropic medication use other than lithium
during pregnancy, and parity.

bAdjusted for maternal age and BMI, smoking during pregnancy, psychotropic
medication use other than lithium during pregnancy, and parity.

BMI: body mass index; CI: confidence interval

lithium) were multiplied by 0.395 to calculate lithium carbonate
dosage equivalents (400mg = 10.8mmol lithium). Maternal
lithium plasma level during pregnancy was available for 88 preg-
nancies. The mean lithium level close to the time of the ultra-
sound, was 0.44 mmol/L.

Fetal growth measurements

In Table 2 we present the associations of lithium exposure with
fetal growth characteristics. Lithium use during pregnancy was
significantly associated with an average increase in most growth
parameters at 20 weeks of gestation, including: HC of 1.77mm
(95% CT: 0.53, 3.01), AC of 5.54mm (95% CI: 3.95, 7.12), FL of
0.59mm (95% CI: 0.22, 0.96), and estimated fetal weight of
21.05 grams (95% CI: 12.29, 29.81). Lithium use during preg-
nancy showed no association with TCD measurements (3: 0.13,
95% CI: —0.11, 0.36).

Birth weight and gestational duration

The results of the multiple regression analyses on birth weight
and gestational duration are presented in Table 3. Lithium use
during pregnancy was significantly associated with an average
increase in birth weight of 142.43 grams (95% CI: 58.01, 226.89).
In addition, lithium use during pregnancy was associated with
gestational duration, with an average decrease of 1.41 weeks

(95% CI: —1.78, —1.05). Results of the binary logistic regression
analyses showed that lithium use during pregnancy was associ-
ated with LGA (adjusted odds ratio (OR) = 1.85, 95% CI: 1.09,
3.12) and premature birth (adjusted OR = 3.26, 95% CI: 1.86,
5.74).

In the sensitivity analyses no association of bipolar spectrum
disorder with 20weeks’ fetal growth, birth weight, and gesta-
tional duration was found (Table 1, Supplementary Material).
The results of our analyses did not change when we limited the
analyses to one pregnancy per mother, when all pregnancies
before the year 2002 were removed from the analyses, and when
pregnancies with gestational diabetes were removed from the
lithium group.

Discussion

In this study we examined the association between lithium use
during pregnancy and fetal growth parameters. In the lithium-
exposed group, we found increased fetal growth at 20 weeks of
gestation when compared with the control group. In addition, we
found that prenatal lithium exposure was related to increased
birth weight, whereas the average gestational age at birth was
lower. Furthermore, lithium use during pregnancy was associated
with LGA birth weight and preterm birth. No association of
maternal bipolar spectrum disorder and fetal growth was found,
which may potentially suggest a specific effect of lithium expo-
sure during pregnancy on fetal growth.

An environmental study by Harari et al. found a non-signifi-
cant inverse association between lithium exposure during preg-
nancy and fetal size in the second trimester in a study of 194
pregnancies in the Argentinean Andes (Harari et al., 2015). In
addition, they found a significant association between lithium
exposure during pregnancy and birth length but no association
with birth weight. In this study, lithium exposure was through
drinking water in relatively very low concentrations (median
25 ug/L, which corresponds to 0.0036 mmol/L, i.e., 122 times
lower than the mean lithium blood concentration in our study),
which could explain the difference in our findings. It is possible
the increases in fetal growth and birth weight found in our study
are not present when lithium blood concentration is low. The
association of lithium and higher neonatal birth weight was pre-
viously found in a prospective cohort study by Jacobson et al.
(Jacobson et al., 1992). Three other studies reported no differ-
ences in birth weight between lithium exposed and non-exposed
neonates (Diav-Citrin et al., 2014; Munk-Olsen et al., 2018;
Troyer et al., 1993). Importantly, the largest study on this subject
investigated only the association of lithium with low birth weight
and being small for gestational age (<10th percentile) (Munk-
Olsen et al., 2018). In our study, we found an association of lith-
ium use during pregnancy with an average increase in birth
weight of 142 grams and with LGA. The magnitude of our find-
ings strengthens the clinical relevance of our results. There are
several effects of a high birth weight on the child, both short and
long term. Short-term effects are shoulder dystocia (obstructed
delivery of the shoulder due to mechanical issues), perinatal
asphyxia, hypoglycemia, and longer hospital stay (Junior et al.,
2017). Long-term effects are increased risk of obesity from child-
hood to early adulthood, as well as an increased risk of cardiovas-
cular disease (Yu et al., 2011).
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An increased risk of preterm birth was previously reported in
two studies including women who use lithium during pregnancy
(Diav-Citrin et al., 2014; Troyer et al., 1993). Our results are con-
sistent with these studies, although the mechanism of this asso-
ciation remains unclear. Our sensitivity analysis on the gestational
duration association showed that results remained unchanged
after excluding all pregnancies before 2002 (in which labor was
induced as part regular clinical practice) from the analysis. This
is particularly important because data on the lithium group were
collected over a long period of time (between 1994 and 2018)
and due to a change in clinical hospital guidelines in this time
period, the induction of labor around 38 weeks pregnancy became
less common after 2002. The association of lithium with preg-
nancy duration should be interpreted very carefully, as residual
confounding by indication is possible as symptom severity of
bipolar disorder or side effects from lithium could have influ-
enced healthcare professionals to induce labor prematurely, also
after 2002.

Further, our results suggest that lithium use during pregnancy
is associated with increased fetal growth, already measurable at
around 20 weeks of gestational age. The mechanism of this asso-
ciation should be investigated further, for example in animal
models. As an interesting hypothesis in this context we propose
the role of brain-derived neurotrophic factor (BDNF). Recent
research has indicated that BDNF plays a crucial role in fetal
metabolic programming through regulation of energy homeosta-
sis and by regulating glucose metabolism in peripheral tissues
(Briana and Malamitsi-Puchner, 2018). Further, it has been
shown that placental BDNF gene expression is upregulated in
maternal type 1 diabetes and gestational diabetes mellitus, and
downregulated in neonates with non-diabetic macrosomia, com-
pared with normal birth weight neonates (Briana and Malamitsi-
Puchner, 2018). Interestingly, lithium use has been associated
with increased BDNF levels (Malhi et al., 2013; Tunca et al.,
2014). Hence, one of the possible mechanisms underpinning the
association between lithium use and increased fetal growth might
be that lithium results in increased maternal serum BDNF, which
might subsequently result in altered regulation of placental
BDNF. This in turn could alter the regulation of fetal growth by
interfering with the energy homeostasis and regulating glucose
metabolism. In this scenario, the effect of maternal lithium use on
fetal growth most likely reflects altered fetal programming with
possible long-term impacts.

Thanks to a collaboration between Erasmus University
Medical Center and Leiden University Medical Center, we were
able to include a large number of women with bipolar disorder
who used lithium during pregnancy. Also, thanks to a collabora-
tion with the Generation R study, we were able to compare this
group with a representative sample of the general population,
which increased the power of this study. The results of this study
need to be interpreted with a few limitations in mind. As in any
observational study, we cannot rule out residual confounding,
namely, unmeasured factors associated with both lithium and
fetal growth. For example, we did not have detailed information
on education and socioeconomic status in the lithium group and
were therefore not able to adjust for these possible confounders.
However, it is unlikely that our results are driven by a confound-
ing effect of socioeconomic status. Bipolar disorder is associated
with lower socioeconomic status (Schoeyen et al., 2011) and low
socioeconomic status has been associated with lower birth weight

(Jansen et al., 2009). On the contrary, we find fetal growth to be
increased in the lithium group. Other possible confounding fac-
tors of importance might be related to the severity of the psychi-
atric disease, as well as dosing regimens and serum levels of
lithium, glucose metabolism, and nutrition. Also, our study was
not designed to study trimester specific effects since we assessed
fetal growth at one time point during pregnancy. We did have
birth weight data, enabling us to conclude that the effect we
found at around 20 weeks of gestation was still present at birth.
Data from the lithium-exposed group were collected over a
longer time period (between 1994 and 2018) whereas data from
the control group were collected between 2002 and 2006. Ideally
data would have been collected in the same time period although
we believe our outcomes of interest (i.e., fetal growth and birth
weight) are relatively stable over time. Lastly, we cannot rule out
an effect of confounding by indication, even though we did not
find an association between fetal growth and unmedicated bipo-
lar spectrum disorder in our control group. In our study, we
investigated the influence of bipolar disorder without medication
on fetal growth, by running sensitivity analyses on women with
self-reported bipolar spectrum disorder (n=282). However, these
women likely have a less severe form of bipolar spectrum disor-
der compared with the lithium-exposed patients because diagno-
sis is based on self-reported vignettes. Because detailed
information on psychiatric history was not available for a large
part of the population, sensitivity analysis correcting for illness
severity was unfortunately not possible.

Our results are important for the estimation of all effects asso-
ciated with lithium use during pregnancy. These effects may not
only be limited to pregnancy but might also be carried into child
development later in life. The theory of Developmental Origins
of Health and Disease refers to the concept that early life events
could explain an individual’s risk for non-communicable disease
in later life (Barker, 1990). According to this theory, the intrauter-
ine environment can change fetal programming, which bears an
impact on much more than just birth weight, including changes in
physiology and metabolism. This means small prenatal changes,
such as the increased fetal growth we found in our study, can
have impact in later life (Hanson and Gluckman, 2014). As an
example, LGA fetuses have an increased risk of developing com-
ponents of the metabolic syndrome during childhood (Boney
et al., 2005). Only one study investigated the postnatal growth of
15 children exposed to lithium in utero and reported outcomes
within the normal range (van der Lugt et al., 2012). Therefore,
there is an urgent need for studies with a larger sample size. The
rate of fetal death, also before 20 weeks of gestational age, clearly
warrants further investigation.

Women of a fertile age who use lithium should be preconcep-
tionally informed about the potential risks and benefits associ-
ated with lithium use during pregnancy. Together with their
treating physician, women should weigh up the benefits of lith-
ium treatment during pregnancy against the risks of adverse fetal
and neonatal (long-term) outcomes and compare these risks with
those associated with the use of alternative medication.

Conclusion

This study investigated the effect of lithium use during preg-
nancy on fetal growth as an indicator of fetal programming. We
found associations of prenatal lithium exposure and increased
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fetal growth, which may have health implications in later life.
Knowledge of unintended consequences of maternal lithium use
during pregnancy is important for establishing clinical guidelines
to optimize the treatment of bipolar disorder during the perinatal
period.
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