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Antipsychotics During Pregnancy

Relation to Fetal and Maternal Metabolic Effects
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Context: Knowledge about the effects of exposure to the
newer antipsychotics during pregnancy is limited.

Objective: To investigate the effects of maternal use of
antipsychotics during pregnancy on gestational diabe-
tes and fetal growth.

Design: Population-based cohort study comparing
women exposed and not exposed to antipsychotics dur-
ing pregnancy. Exposure was defined as prescriptions
filled.

Setting: Swedish national health registers.

Participants: All women giving birth in Sweden from
July 1, 2005, through December 31, 2009, grouped by
filled prescriptions for (1) olanzapine and/or clozapine,
the most obesogenic and diabetogenic antipsychotics
(n=169), (2) other antipsychotics (n=338), or (3) no an-
tipsychotics (n=357 696).

MainOutcomeMeasures: Odds ratios (ORs) with 95%
CIs for gestational diabetes and being small for gesta-
tional age (SGA) and large for gestational age for birth
weight, birth length, and head circumference.

Results: Exposure to other antipsychotics was associ-
ated with an increased risk of gestational diabetes (ad-
justed OR, 1.77 [95% CI, 1.04-3.03]). The risk increase
with olanzapine and/or clozapine was of similar magni-
tude but not statistical significance (adjusted OR, 1.94
[95% CI, 0.97-3.91]). Infants exposed to either group of
antipsychotics had increased risks of being SGA on birth
weight, whereas only exposure to other antipsychotics
yielded increased risks of being SGA for birth length and
head circumference. None of the risks for SGA measure-
ments remained significant after adjusting for maternal
factors. There were no increased risks of being large for
gestational age for birth weight or birth length after ex-
posure to olanzapine and/or clozapine, but the risk in-
creased for head circumference (OR, 3.02 [95% CI, 1.60-
5.71]).

Conclusions: Women who used antipsychotics during
pregnancy had increased risks of gestational diabetes. The
increased risks of giving birth to an SGA infant seemed
to be an effect of confounders, such as smoking. Except
for macrocephaly, olanzapine and/or clozapine expo-
sure was not associated with anabolic fetal growth.
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S EVERE MENTAL ILLNESSES, SUCH

as schizophrenia and bipolar
disorder, are usually treated
with continuous antipsy-
chotic pharmacotherapy.1,2

However, theevidenceconcerninguseof an-
tipsychotics during pregnancy is generally
lacking or weak.3 Guideline recommenda-
tions lend little support to the patients and
their treating physicians in the difficult clini-
cal risk-benefit analysis.2,4 Observational
studies in this field are limited in numbers
and size. Associations between exposure to
the older typical antipsychotics and pre-
term birth or low birth weight have been re-
ported.5-7 Several of the newer antipsychot-
ics, such as olanzapine and clozapine, have
beenassociatedwith substantialweightgain,
hyperlipidemia, and increased insulin re-

sistance.8 Although the results from previ-
ous studies on the effects of exposure dur-
ing pregnancy are ambiguous, with reports
of growth restriction and escalation, con-
cern remains that in particular olanzapine
and clozapine may have anabolic fetal
growth effects and increase the risk of ges-
tational diabetes.6,7,9-13

The aim of the present study was to in-
vestigate the effects of maternal use of an-
tipsychotics during pregnancy on gesta-
tional diabetes and fetal growth using data
from national drug, patient, and birth reg-
isters. We hypothesized that pregnancy ex-
posure to olanzapine and clozapine is as-
sociated with an increased risk of
gestational diabetes and anabolic fetal
growth, whereas other antipsychotics are
associated with fetal growth restriction.
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METHODS

Data for this cohort study were obtained from 3 Swedish na-
tional health registers (the Swedish Prescribed Drug Register, the
Medical Birth Register, and the National Patient Register), all of
which operate under the umbrella of the National Board of Health
and Welfare. Data from the 2 former registers included the pe-
riod from 2005 to 2009, whereas data from the latter included
information from 1997 to 2009. The unique personal identifi-
cation number assigned to each resident in Sweden enabled the
linkage of information from these various sources.

The Swedish Prescribed Drug Register contains information
onallprescriptions filled inSweden, including thedispensedsub-
stances’ Anatomical Therapeutic Chemical code and the amount,
formulation,anddatesthesubstancewasprescribedanddispensed.14

However, theregisterdoesnot includedrugsadministered inhos-
pitals.TheMedicalBirthRegistercontainsdataonalmostallbirths
inSweden.15 The information isobtainedbymidwivesandattend-
ingphysicians inconnectionwithvisits andhospitalizations from
theantenatal visit through theneonatalperiod.Theobtaineddata
consistsofmaternaldemographicvariables, tobaccouse,earlypreg-
nancy height and weight, and complications during pregnancy,
delivery, and theneonatalperiod.Furthermore,offspringanthro-
pometrics on birth weight, birth length, and head circumference
are recorded in the register. Gestational age is primarily based on
prenatalultrasonographicestimationof the lastmenstrualperiod
if present; otherwise, it is estimated on the recorded date of the
first day of the last menstrual period. Ultrasonography for deter-
minationofgestationallengthhasbeenofferedtoallpregnantwom-
en in Sweden since 1990 (95% of whom accept it).16 The National
Patient Register contains information on diagnoses from all spe-
cialized inpatient and outpatient care in Sweden (excluding pri-
mary care facilities). The diagnoses have been coded according
to International Statistical Classification of Diseases, 10th Revision
(ICD-10), since 1997. All women (n=358 203) with a singleton
birth from July 1, 2005, through December 31, 2009, were iden-
tified in the Medical Birth Register.

MEASURES

Exposure was defined as filling a prescription for an antipsy-
chotic (Anatomical Therapeutic Chemical code N05A) from last
menstrual period to parturition. We excluded prochlorperazine,
levomepromazine, and melperone prescriptions because these
drugs are mainly used as antiemetics or anxiolytics with low and
intermittently administrated doses. Lithium, which also belongs
to the Anatomical Therapeutic Chemical category N05A, was ex-
cluded because of its different pharmacological action and pla-
cental passage compared with the other compounds in the N05A
group and because it is mainly used to treat bipolar disorder. We

divided the antipsychotics into 2 groups according to their obe-
sogenic and diabetogenic potential8; highly anabolic drugs (group
1) included olanzapine and clozapine, and less anabolic drugs
(group 2) included the remaining antipsychotics. Women using
olanzapine or clozapine alone or together with any other
antipsychotic during their pregnancy were included in group 1.
A flowchart of the exposure groups is depicted in the Figure.

Gestational diabetes was defined as a recorded diagnosis with
ICD-10 code O24 during pregnancy in the Medical Birth Reg-
ister. Preterm birth was defined as before 37 weeks of gesta-
tion. Being small for gestational age (SGA) or large for gesta-
tional age (LGA) on birth weight, birth length, and head
circumference was defined as a measurement at the 2.3rd per-
centile or less and the 97.7th percentile or more, respectively,
of the total population by infant sex.17,18 As potential confound-
ers, we included maternal country of origin, smoking, height,
and cohabitation status at the first antenatal visit; maternal age
when giving birth; and birth order of the infant. The study was
approved by the regional ethical board at the Faculty of Medi-
cine, Uppsala University (approval No. 2008/305).

STATISTICAL ANALYSIS

The 2 exposure groups (groups 1 and 2) were compared with the
total population of unexposed pregnancies one-by-one in sepa-
rate models. We analyzed the data in several steps. All outcomes
were analyzed using univariate logistic regression models.

We also performed multivariate analyses adjusting for po-
tential confounders. Because we regarded body mass index (BMI)
as a potential effect mediator and confounder, we made addi-
tional analyses that included early pregnancy BMI in a second
model for the analyses of gestational diabetes and preterm birth.
For those infants SGA or LGA regarding the anthropometric
measures, we adjusted for birth order and maternal age, coun-
try of origin, cohabitation, smoking, and height. We per-
formed a sensitivity analysis to address the issue of potential
misclassification of women with a severe mental illness treated
as inpatients and administered antipsychotics at the hospital.
After excluding patients with bipolar disorder who had filled a
prescription for a mood stabilizer during pregnancy, we iden-
tified women not exposed to antipsychotics who were admit-
ted to a psychiatric department for more than 28 days with a
nonaffective psychosis (ICD-10 codes F20-F29) or with bipo-
lar disorder (ICD-10 codes F30-F31). We calculated the num-
ber of potentially misclassified women who developed gesta-
tional diabetes and potentially misclassified infants born SGA
or LGA. In a second sensitivity analysis we included risperi-
done and quetiapine fumarate in the highly anabolic drug group
(group 1). Furthermore, in a post hoc investigation, we sought
to determine whether the infants exposed to olanzapine and/or
clozapine who had a large head circumference also had a hy-
drocephalus diagnosis recorded. To adjust for the effect of more
than 1 child of the same mother, estimates in all logistic re-
gression models were calculated using the generalized estimat-
ing equation method and determined with the use of commer-
cially available statistical software (GENMOD procedure in SAS
software, version 9.2; SAS Institute, Inc). Relative risks are pre-
sented as odds ratios (ORs) with 95% CIs.

RESULTS

DESCRIPTIVE DATA

Two (0.4%) children of the 507 mothers using antipsy-
chotics were stillborn and 1 (0.2%) died during the neo-
natal period 4 weeks post partum. The corresponding fig-
ures for those in the total population not receiving

Singleton births358 203

Mothers dispensed
antipsychotics during
pregnancy (ATC code N05A)∗

507 Mothers with no
antipsychotics dispensed
during pregnancy

357 696

Received olanzapine
or clozapine (group 1)

169 Received other
antipsychotics
(group 2)

338

Figure. Flowchart of exposure groups. ATC indicates Anatomical Therapeutic
Chemical. *Excludes lithium, prochlorperazine, levomepromazine, and
melperone.
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antipsychotics (n=357 696) were 1289 stillbirths (0.4%)
and 630 neonatal deaths (0.2%). Maternal sociodemo-
graphic and clinical characteristics are summarized in
Table1. Compared with the total population, women who
used antipsychotics during pregnancy were generally older,
smoked more often, had a higher BMI, and were more likely
to be born outside Sweden. Furthermore, they had given
birth to more children and were more often not living with
the father of the child. Most of the women in the antipsy-
chotic use groups had a recorded psychiatric diagnosis be-
fore or during pregnancy and about half had a psychotic
disorder. Compared with women using other antipsychot-
ics, women in group 1 were less often smokers, had a lower
BMI, and had more previous psychiatric hospitalizations.

The filled prescriptions of antipsychotics are listed in
Table 2. Of all women who used antipsychotics, 87.9%
used only 1 antipsychotic drug throughout the whole
pregnancy. The corresponding proportion among women
in group 1 was 80.5%. Distributions of birth weight, birth
length, head circumference, gestational age, and mater-
nal BMI by exposure are summarized in Table 3.

MAIN RESULTS

Gestational diabetes was more than twice as common in
mothers who used antipsychotics (7 mothers [4.1%] for

group 1 and 15 [4.4%] for group 2) than in the total popu-
lation of pregnant women (5970 [1.7%]). The unad-
justed ORs were of similar magnitude in antipsychotic
user groups 1 and 2 (2.44 [95% CI, 1.14-4.24] and 2.53
[1.48-4.34], respectively). The ORs remained similar af-

Table 2. Maternal Prescriptions for Antipsychotics
Filled During Pregnancy

Antipsychotic No. (%) of Subjectsa

Olanzapine 159 (31.4)
Clozapine 11 (2.2)
Other antipsychotics 338 (66.7)

Quetiapine fumarate 90 (17.8)
Risperidone 72 (14.2)
Flupentixol 58 (11.4)
Haloperidol 52 (10.3)
Aripiprazole 38 (7.5)
Perphenazine 35 (6.9)
Zuclopenthixol 30 (5.9)
Ziprasidone hydrochloride 18 (3.6)
Chlorprothixene 9 (1.8)
Fluphenazine 2 (0.4)
Pimozide 1 (0.2)

aPercentages sum to more than 100% because some of the
antipsychotics are used concomitantly.

Table 1. Maternal Sociodemographic and Clinical Characteristics

Characteristic

Drug Group, No. (%) of Births

Group 1:
Olanzapine and/or

Clozapine
(n = 169)

Group 2:
Other Antipsychotic

(n = 338)
No Antipsychotic

(n = 357 696)

Mother born in Sweden 103 (60.9) 226 (66.9) 279 837 (78.2)
Maternal age at parturition, y

�25 27 (16.0) 57 (16.9) 52 132 (14.6)
25-34 85 (50.3) 185 (54.7) 227 937 (63.7)
�35 57 (33.7) 96 (28.4) 77 627 (21.7)

Birth order
1 73 (43.2) 150 (44.4) 161 354 (45.1)
2 or 3 67 (39.6) 147 (43.5) 176 348 (49.3)
�4 29 (17.2) 41 (12.1) 19 994 (5.6)

Maternal cohabitationa

With father of child 122 (72.2) 259 (76.6) 320 429 (89.6)
Single 17 (10.1) 37 (10.9) 5902 (1.7)
Other forms of cohabitation 22 (13.0) 28 (8.3) 13 690 (3.8)

Maternal smoking in early pregnancya 38 (22.5) 107 (31.7) 24 007 (6.7)
Maternal early pregnancy BMIb

�18.5 5 (3.0) 7 (2.1) 7850 (2.2)
18.5-24.9 67 (39.6) 137 (40.5) 199 247 (55.7)
25.0-29.9 59 (34.9) 85 (25.1) 80 248 (22.4)
�30.0 24 (14.2) 79 (23.4) 38 333 (10.7)

Clinical psychiatric history (ICD-10 code)
Previous psychiatric hospitalization 135 (79.9) 226 (66.9) 9881 (2.8)
Any psychiatric diagnosis (F10-F99)c 158 (93.5) 300 (88.8) 30 966 (8.7)
Schizophrenia (F20, F25) 42 (24.9) 64 (18.9) 117 (0.03)
Other nonaffective psychosis (F21-F29, excluding F25) 34 (20.1) 55 (16.3) 459 (0.1)
Bipolar disorder (F30-F31) 20 (11.8) 37 (10.9) 749 (0.2)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ICD-10, International Statistical Classification of
Diseases, 10th Revision.

aData were missing for 4.9%.
bData were missing for 9.0%. P = .03 with �2 test.
c Indicates inpatient or outpatient diagnoses since 1997.
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ter adjusting for potential confounders of birth order and
maternal age, country of birth, cohabitation, smoking,
and height (1.94 [95% CI, 0.97-3.91] and 1.77 [1.04-
3.03], respectively). After including early pregnancy BMI
in the model, the ORs were slightly attenuated and no
longer statistically significant (1.71 [95% CI, 0.82-3.56]
and 1.46 [0.84-2.53], respectively). Subjects with miss-
ing data in the adjusted models were excluded from the
unadjusted model.

Of all unexposed infants, 5.1% were born preterm. The
corresponding figure for infants exposed to olanzapine
and/or clozapine was 8.0%, whereas it was 9.5% for other
antipsychotics. In comparison with unexposed births, the
ORs for being born preterm were 1.58 (95% CI, 0.91-
2.73) for group 1 infants and 1.94 (95% CI, 1.37-2.77)
for group 2 infants.

Birth anthropometric outcomes are summarized in
Table 4. Infants exposed to antipsychotics had a more-
than-doubled risk of being SGA regardless of group. For
group 2 infants, similar risk increases were found for being
SGA for head circumference and birth length. Group 1
infants had a more-than-doubled risk of being LGA with
respect to head circumference. After adjusting for ma-
ternal factors, the risk estimates on SGA were attenu-
ated and were no longer statistically significant. For group
1 infants, the risk of being LGA for head circumference
increased after the adjustments (OR, 3.02 [95% CI, 1.60-
5.71]).

OTHER ANALYSES

In a post hoc investigation we assessed whether the in-
creased risks of being LGA for head circumference among
group 1 infants could be explained by hydrocephalus
being more frequent among infants exposed to the drugs.
However, none of the neonates had a hydrocephalus
diagnosis.

In the sensitivity analysis concerning potential mis-
classification of exposure, we identified 56 women who
had been treated as inpatients for more than 28 days with
a nonaffective psychosis or with bipolar disorder. Among
these women, 5 gave birth to infants who were SGA for

birth weight; 4, for birth length; and 3, for head circum-
ference. None of the infants was born LGA and none of
the women developed gestational diabetes.

By including risperidone and quetiapine in group 1
with olanzapine and clozapine, the risk of macro-
cephaly was no longer significant (unadjusted OR, 1.53
[95% CI, 0.84-2.77]; adjusted OR, 1.77 [95% CI, 0.98-
3.22]). Risks of gestational diabetes and deviant fetal
growth (other than macrocephaly) were essentially un-
changed (data not shown).

COMMENT

To our knowledge, no other population-based study
has investigated maternal and fetal metabolic effects for
different antipsychotics during pregnancy. We have 2
major findings. First, we observed an increased risk of
gestational diabetes for women filling prescriptions for
antipsychotics during pregnancy, even after adjusting
for maternal factors. However, similar risk increases oc-
curred for the more obesogenic and diabetogenic anti-
psychotics clozapine and olanzapine as for other anti-
psychotics, which suggest similar effects. Second,
women using antipsychotics had an increased risk of
giving birth to an SGA infant but, after adjusting for ma-
ternal factors, the risk was no longer statistically signifi-
cant. Contrary to our hypothesis, no increased risk of
being born LGA was associated with antipsychotic use
except for macrocephaly.

The major strengths of our study include the large
sample size and the population-based design. The study
design, in combination with minimal loss to follow-up,
should make the results highly generalizable. More-
over, because drug exposure was based on prescription
fills, recall bias could be precluded. In contrast to a pre-
vious study,19 which used information on drug use re-
corded in the Swedish Medical Birth Register, we ob-
tained this information from the Prescribed Drug Register.
The coverage of drug use is poor for late pregnancy in
the Medical Birth Register and is based on self-report,
which may result in several types of bias and underre-
porting.20 In contrast, obtaining information on drug use
from the Prescribed Drug Register ensures coverage
throughout the pregnancy except in cases of hospital-
ization, during which a drug might be administered with-
out an individual prescription. However, we consider the
issue of not covering antipsychotics administered at hos-
pitals a minor problem because only 56 women not re-
corded as having filled a prescription with an antipsy-
chotic were admitted to the hospital for more than 28
days during pregnancy because of a nonaffective psy-
chosis or bipolar disorder.

The most obvious source of potential confounding is
the indication for which the drug is used; that is, a se-
vere mental illness may in itself be associated with ad-
verse pregnancy and neonatal outcomes,6 as are associ-
ated lifestyle and comorbidity factors.21 For example,
clozapine is generally used for treatment-resistant schizo-
phrenia. Patients with this type of schizophrenia differ
from other schizophrenic patients considered for anti-
psychotic treatment. However, the clozapine-treated

Table 3. Birth Characteristics and Maternal BMI
by Maternal Use of Antipsychotics During Pregnancya

Drug Group

No
Antipsychotic

Group 1:
Olanzapine

or Clozapine

Group 2:
Other

Antipsychotic

Anthropometrics
Weight, g 3528 (567) 3427 (591) 3475 (587)
Length, cm 50.4 (2.6) 50.1 (2.7) 49.9 (2.6)
Head circumference,

cm
34.9 (1.7) 34.7 (1.9) 34.8 (1.7)

Gestational age, d 278 (13) 276 (14) 276 (13)
Maternal BMI 24.6 (4.6) 25.8 (4.1) 27.1 (5.8)

Median (IQR) 23.6 (5.2) 25.3 (5.2) 25.8 (7.5)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); IQR, interquartile range.

aUnless otherwise indicated, data are expressed as mean (SD).
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mothers constituted only a small fraction of the com-
bined group of mothers using olanzapine or clozapine.
Also, clinicians might be less likely to prescribe olanza-
pine and clozapine to overweight women, which could
be an explanation for the observed lower BMI in group
1 during early pregnancy. A selection process such as this
could have concealed a pharmacological effect that in-
creased the risk of gestational diabetes. Our findings of
an attenuation of the association between exposure to an-
tipsychotics and being born SGA when adjusting for ma-
ternal factors suggest a combined effect of sociodemo-
graphic factors, disorder, and medication rather than a
direct pharmacological effect. The infants of the poten-
tially misclassified women hospitalized for more than 28
days during pregnancy because of a diagnosis of nonaf-
fective psychosis or bipolar disorder were to a higher de-
gree born SGA on weight (5 of 56 with uncertain expo-
sure status compared with approximately 5% for the
exposed infants). Thus, the findings of increased SGA risk
might be slightly underestimated, whereas our findings
concerning LGA would be sustained because none of the
infants with uncertain exposure were born LGA. Never-
theless, filling a prescription is not equal to taking the
medication. If the patients do not take the medication,
an underestimation of a potential pharmacological ef-
fect might result. Our hypothesis of a pharmacological
effect, however, was supported by the increased risk of
gestational diabetes being almost unaffected after adjust-
ing for maternal factors. The difficulties in measuring a
newborn infant’s length with precision and the small bio-
logical variation in head circumference measurements
make us confident in the other results for birth weight
and gestational diabetes.

The classification of antipsychotics into first and sec-
ond generation or typical and atypical, which has been
used in several studies, is probably less useful when as-
sessing metabolic outcomes.6,7,10,11 Accordingly, and
based on the lack of homogeneity within the classes, it

has been proposed to divide antipsychotics according to
their adverse effects, such as the propensity to cause
weight gain and metabolic syndrome.22 Olanzapine and
clozapine are the 2 most notorious agents associated
with substantial weight gain and increased insulin resis-
tance.8 Thus, in contrast to previous studies, the groups
in our study are formed on a potentially more rational
ground given the actual research question on anabolic
growth effects.6,7,10 We did not include quetiapine in
our group of highly anabolic drugs, which consisted of
olanzapine and clozapine. This decision was based on
the equivocal evidence concerning quetiapine’s meta-
bolic profile8 and the reported low placental passage ra-
tio of 23% compared with 72% for olanzapine.11 Knowl-
edge concerning placental passage of clozapine is
limited, with only 1 case report documenting fetal accu-
mulation.23 Because quetiapine and risperidone might
be considered to have high liability to induce glucose-
related adverse events,24 we made additional analyses
including those 2 antipsychotics in the high anabolic
risk group. Except for attenuating the risk of macro-
cephaly, the main results were not substantially differ-
ent using this alternative grouping.

When we compared all pregnancies, we found
higher risks of gestational diabetes in association with
the use of olanzapine and/or clozapine and with the use
of other antipsychotics. The risks were only partly at-
tenuated after adjustment for the potentially confound-
ing effects of maternal factors. When we adjusted for
early pregnancy BMI, the risk estimates were further at-
tenuated and no longer significant. Previous research
has shown that gestational diabetes leads to a higher
risk of the offspring being LGA for birth weight alone
and on both birth weight and length.25 The increased
risk of being born LGA associated with gestational dia-
betes has been explained by the lack of insulin resis-
tance in the fetus (in contrast to the mother). As a
result, the fetus grows in a hyperinsulinemic and hyper-

Table 4. Odds of Being SGA or LGA Associated With Maternal Use of Antipsychotics During Pregnancy
Compared With the Total Population of Births

Measurement by
Antipsychotic (No. of Births)

SGAa LGAb

% of
Births

OR (95% CI)
% of

Births

OR (95% CI)

Unadjustedc Adjustedd Unadjustedc Adjustedd

Birth weighte

Group 1: olanzapine and/or clozapine (187) 5.4 2.63 (1.35-5.14) 1.82 (0.91-3.61) 1.2 0.46 (0.12-1.74) 0.55 (0.14-2.11)
Group 2: other antipsychotic (354) 4.8 2.02 (1.19-3.43) 1.24 (0.72-2.15) 3.0 1.13 (0.57-2.25) 1.37 (0.69-2.75)

Birth lengthf

Group 1: olanzapine and/or clozapine (186) 3.6 1.70 (0.75-3.84) 1.17 (0.54-2.55) 3.6 1.71 (0.76-3.81) 1.94 (0.87-4.34)
Group 2: other antipsychotic (350) 5.2 2.17 (1.29-3.64) 1.35 (0.79-2.28) 1.8 0.72 (0.3-1.72) 0.96 (0.40-2.29)

Head circumferencef

Group 1: olanzapine and/or clozapine (186) 2.4 0.76 (0.24-2.44) 0.62 (0.19-2.01) 6.0 2.79 (1.48-5.25) 3.02 (1.60-5.71)
Group 2: other antipsychotic (340) 5.0 2.07 (1.21-3.54) 1.64 (0.97-2.77) 1.6 0.57 (0.22-1.49) 0.67 (0.25-1.76)

Abbreviations: LGA, large for gestational age; OR, odds ratio; SGA, small for gestational age.
aDefined as being in the 2.3rd percentile or less of the total population in our cohort.
bDefined as being in the 97.7th percentile or more of the total population in our cohort.
cSubjects with missing data in the adjusted models have been excluded from the unadjusted models.
dAdjusted for birth order and maternal age, country of origin, cohabitation, smoking, and height.
eGrowth references are from Marsál et al.17

fGrowth references are from Niklasson et al.18
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glycemic environment that leads to macrosomia and
thus a higher risk of being born LGA.26 However, in our
study, antipsychotic use was associated with higher
risks of gestational diabetes and of being SGA for birth
weight instead. This counterintuitive observation may
be the result of a more direct pharmacological insulin
resistance–promoting effect by the antipsychotics. Such
direct effects have been observed in animal models and
clinical studies and could cause the fetus to become in-
sulin resistant and unable to cope with the hyperinsu-
linemic and hyperglycemic environment.27-29 Although
studies investigating the effects of olanzapine or cloza-
pine specifically on insulin resistance and fetal growth
are lacking, there are reports on chlorpromazine hydro-
chloride and intrauterine growth restriction in rats.12

Chlorpromazine was the first available low-potency an-
tipsychotic and has also been associated with substan-
tial weight gain and diabetogenic potential, effects simi-
lar to those reported for olanzapine and clozapine.8,30

These similarities lend support to a growth-restrictive
effect that is due to induced insulin resistance in the fe-
tus. However, a direct pharmacological effect may also
be caused by other nonmetabolic factors (eg, vascular
toxic effects), leading to poor placental function.

In our study, the increased risks of being born SGA
were no longer significant after adjusting for potential
confounders. The findings reported in previous studies
are ambiguous, with reports on growth restriction and
escalation.6,7,9-11,19 The discrepancy in findings across
studies are likely due to different patient-selection cri-
teria, limited numbers of exposed infants, and different
drug selection and grouping, things that further under-
line the problems related to grouping of antipsychotics.
Another important difference between our study and
previous studies is that we had access to information on
important confounding factors, such as smoking. The
increased risk of giving birth to a macrocephalic infant
among women exposed to olanzapine and/or clozapine
was surprising, and we do not know the potential
mechanism underlying this observation.

In conclusion, maternal use of antipsychotics during
pregnancy, regardless of the drug group, is associated with
an increased risk of gestational diabetes. The increased
risk of giving birth to an SGA infant observed among
women treated with antipsychotics during pregnancy is
probably an effect of confounding factors, such as smok-
ing. Olanzapine and/or clozapine exposure during preg-
nancy is not associated with infants being born LGA, ex-
cept regarding head circumference. This observation
deserves to be investigated in future research. Pregnant
women treated with antipsychotics should be closely
monitored for gestational diabetes and deviating fetal
growth.
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