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ABSTRACT

Objectives The aim of this study was to determine the
association between antidepressant (AD) classes, types
and duration of use during pregnancy and the risk of
gestational diabetes mellitus (GDM).

Design and setting A nested case—control study was
conducted within the Quebec Pregnancy Cohort (QPC), a
Canadian provincial database which includes data on all
pregnancies and children in Quebec from January 1998 to
December 2015.

Primary outcome measures Gestational diabetes
mellitus.

Participants Cases of GDM were identified after week 20
of pregnancy and randomly matched 1:10 to controls on
gestational age at index date (ie, calendar date of GDM)
and year of pregnancy. AD exposure was assessed by filled
prescriptions between the beginning of pregnancy (first
day of last menstrual period) and index date. Conditional
logistic regression models were used to estimate crude
and adjusted odds ratios (aOR).

Results Among 20905 cases and 209 050 matched
controls, 9741 (4.2%) women were exposed to ADs. When
adjusting for potential confounders, AD use was associated
with an increased risk of GDM (aOR 1.19, 95%Cl 1.08 to
1.30); venlafaxine (aOR 1.27, 95%Cl 1.09 to 1.49) and
amitriptyline (aOR 1.52, 95% Cl 1.25 to 1.84) were also
associated with an increased risk of GDM. Moreover, the
risk of GDM was increased with longer duration of AD

use, specifically for serotonin norepinephrine reuptake
inhibitors, tricyclic ADs and combined use of two AD
classes. No statistically significant association was
observed for selective serotonin reuptake inhibitors.
Conclusion The findings suggest that ADs—and
specifically venlafaxine and amitriptyline—were
associated with an increased risk of GDM.

INTRODUCTION

Gestational  diabetes mellitus (GDM),
defined as a carbohydrate intolerance occur-
ring during pregnancy, diagnosed between
24weeks and 28weeks of pregnancy, is a
major maternal health condition. * Studies
report that 1-20% of pregnant women are
affected by GDM worldwide, depending on
the population studied and the diagnosis
criteria adopted (International Association
of Diabetes and Pregnancy Study Groups
(IADPSG) criteria or WHO), and around
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Strengths and limitations of this study

» This is the first study investigating antidepressant
classes and individual drug use during pregnancy
and the risk of gestational diabetes owing to the
large number of pregnancies included.

» The Quebec pregnancy cohort is one of the largest
medico-administrative databases with 17 years of
follow-up, which provides prospectively collected
data for pregnant women with high validity and no
recall bias possible.

» Our analysis, restricted to a subgroup of pregnan-
cies with depression/anxiety before pregnancy, min-
imises the risk for confounding by indication.

» Even though our database included a large set of
variables, some lifestyle variables such as smoking
and body mass index are missing therefore residual
confounding cannot be completely excluded.

7-9% of pregnant women are affected in
Quebec.g_6 Moreover, the number is rising
concomitantly with the surge in overweight
and obesity.7 Pregnancies with GDM are
at higher risk of birth complications (eg,
macrosomia, caesarian and dystocia) and
may predispose offspring to type 2 diabetes
and obesity.*"’ Furthermore, mothers with
a history of GDM are more likely to develop
type 2 diabetes and cardiovascular diseases
later in life.""

Antidepressants (ADs) are commonly
used during pregnancy and neurotransmit-
ters such as serotonin, norepinephrine and
dopamine are the mainstay of their action.'
ADs have several side effects and some of
them increase weight.”” There is mounting
evidence suggesting that AD classes might
be involved in different ways in biological
mechanisms such as weight gain, insulin
resistance and glucose metabolism dysreg-
ulation to induce diabetes.'*” Moreover,
both depression and overweight/obesity
are prevalent among women of reproduc-
tive age.7 '® Discrepant findings have been
reported regarding the relationship between
depression and body mass index (BMI).
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Some previous studies reported no association, but a
meta-analysis reported a possible bidirectional relation-
ship.'”*’ Depression may increase weight gain and obesity
through changes in eating patterns or reduced physical
activity and biological mechanisms involving neuroendo-
crine disturbances could explain the association.'” Never-
theless, a recent study showed that antenatal depression
was not associated with inadequate and excessive gesta-
tional weight gain during pregnancy.®’ As maternal
depression could possibly increase weight gain and GDM,
the potential confounding effect of underlying maternal
depression should be addressed in studies assessing the
relationship between AD use during pregnancy and
GDM. Confounding can be controlled at the study design
stage (restriction, matching or randomisation) or at the
statistical analysis stage (multivariable models).**

Two studies in pregnant women have investigated the
association between AD use and GDM, but the evidence
was inconclusive and some methodological limitations
were not considered such as the non-adjustment for
maternal depression.”” ** The first study found that AD
use was associated with an increase in the risk of GDM
whereas the second showed no association with selective
serotonin reuptake inhibitors (SSRIs). The two studies
lack information about timing of the GDM diagnosis, and
confounding by indication related to maternal depres-
sion is possible. The small sample size in both studies did
not allow individual drug effects to be considered. Given
the increasing use of ADs during pregnancy, the biolog-
ical evidence and the scarcity of information on the asso-
ciated risk of GDM, this question urgently needs to be
addressed. To our knowledge, no study to date has been
designed to explore directly the association between AD
use and the incidence of GDM in pregnancy.

We therefore assessed the impact of overall AD medica-
tion, classes and types, as well as duration of AD exposure
on the risk of GDM in a population-based study of preg-
nant women.

METHODS

Patient and public involvement

Patients or the public were not involved in the design of
the study.

Source population

A nested case—control study was conducted within the
Quebec Pregnancy Cohort (QPC). The QPCis an ongoing
population-based cohort with prospective data collection
on all pregnancies insured by the Quebec Public Prescrip-
tion Drug Insurance Plan, from 1998 to 2015. Individu-
al-level information was obtained from province-wide
databases and linked using healthcare unique personal
identifiers.

The QPC was established by identifying all pregnancies
in the Régie de l'assurance maladie du Québec (RAMQ)
and the Quebec hospitalisation archives (MedEcho) data-
bases. The first day of the last menstrual period (first day

of gestation, 1DG) was defined using data on gestational
age, which was validated against ultrasound measure-
ments in patient charts. Prospective follow-up was avail-
able from lyear prior to 1DG, during pregnancy and
until December 2015.

Data sources for this study comprised the medical
service database (RAMQ: diagnoses and medical proce-
dures), the Quebec Prescription Drug Insurance Data-
base (drug name, start date, dosage and duration), the
Hospitalisation Archive Database (MedEcho: in-hospital
diagnoses and procedures) and the Quebec Statistics
Database (Institut de la statistique du Québec (ISQ):
patient sociodemographic information). Descriptive
information regarding the QPC is shown in the paper
by Bérard and Sheehy.* Validity studies were performed
and confirm the accuracy and high quality of the data
sources.”?’

The study was approved by the Sainte-Justine’s Hospital
Ethics Committee. The Quebec Commission d’acces a
I'information authorised database linkages.

Study cohort definition and study design
All women in the QPC continuously covered by the public
prescription drug plan for at least 6 months before and
during pregnancy were eligible. Given that GDM occurs
after week 20 of gestation, we excluded abortions and
miscarriages. We only included singleton pregnancies as
multiple pregnancies are a known risk factor of GDM.
Women with type 1 and type 2 diabetes were identified
between 6 months before pregnancy and up to week 20
of gestation, and were excluded because they are not at
risk of GDM and because overt diabetes is often diag-
nosed early in pregnancy. Similarly, women with a history
of GDM have different metabolic profiles and a different
baseline risk of GDM compared with women with no
history of GDM, and were thus also excluded from the
main analysis. This enabled us to quantify the incident
risk of GDM for women without a history of GDM. Studies
have reported that women with a history of GDM have a
faster deterioration in insulin sensitivity and a lower beta
cell compensation which continues to deteriorate after
pregnancy.”®

In order to select a homogeneous population at risk
of GDM, we also excluded pregnancies in women with
cystic fibrosis as well as those who were overweight (body
mass index (BMI) >25 kg/mQ) or obese (BMI >30kg/
m?).* Women with cystic fibrosis and overweight or obese
women are more likely to develop GDM. Hence, women
with obesity and cystic fibrosis have been consistently
excluded in previous studies with GDM as outcome.”
Women with cystic fibrosis are more likely to have pre-preg-
nancy diabetes” and pre-pregnancy obesity, which are risk
factors for GDM. We excluded those women with either
obesity or cystic fibrosis in order to have a homogenous
population with regard to these risk factors and to allow
comparisons with previous studies.

All pregnancies meeting our inclusion criteria during
the study period were considered. Moreover, due to the
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time-varying nature of AD use during pregnancy, using
a nested case—control analysis was appropriate.” As well
as a time-dependent survival analysis, this method takes
into account time-varying exposure but has the ulti-
mate advantage of being computationally more efficient
and pg;);/iding ORs that are unbiased estimators of rate
ratios.

Definition of GDM cases

Cases of GDM were defined as pregnant women with a
diagnosis of GDM identified using diagnosis codes of the
9th or 10th editions of the International Classification of
Diseases (ICD-9: 250.0-250.9, 648.0, 648.8, 790.2, 775.1
or ICD-10: E10-E14, O24, R73.0) or at least one filled
prescription for an antidiabetic drug allowed during preg-
nancy (insulin, glyburide or metformin), both after week
20 of gestation, whichever occurred first (online supple-
mentary table S1)." This definition was used to identify
the earliest calendar date of GDM occurrence (EDI).
This definition of the outcome was previously used® *
and GDM ICD codes have been associated with high posi-
tive and negative predictive values (PPV: 85% and NPV:
99%).% According to the current guidelines in Canada,’
GDM is diagnosed between weeks 24 and 28 of gestation.
In our study we included a lag time of 3 weeks to capture
late diagnoses of GDM.” If the EDI was between week 20
and week 31 of gestation, the calendar date of the diag-
nosis of GDM or of a prescription of antidiabetic drug
was used as the index date. In other cases, when EDI was
recorded after week 31 of gestation, we developed an
algorithm which determined the index date by adding
217 days (equivalent to 31 weeks of gestation) to the first
day of gestation. This algorithm was used to ensure that
all cases were included in the study. Indeed, we hypoth-
esised that EDI could be recorded even after 31 weeks
of gestation for several reasons. First, it is possible that a
pregnant woman was diagnosed with mild GDM before
31 weeks of gestation and received a prescription of an
antidiabetic drug later as her diabetes was controlled with
non-pharmacological measures. Second, a woman could
also be diagnosed with GDM in her medical visit that was
not recorded before 31 weeks of gestation because it was
not the most serious medical condition at that moment.

Control selection

Using the nested case—control design and with the low
prevalence of exposure to AD among controls (4.1%), we
randomly selected 10 controls for each case among those
in the risk set (ie, pregnancy that did not have a diag-
nosis of GDM at the index date) and matched them by
gestational age at index date (ie, calendar date of GDM)
and year of pregnancy. As a woman could contribute with
repeated pregnancies during the study period, cases and
controls were matched on the year of pregnancy.

Antidepressant exposure
Gestational AD use was assessed using the RAMQ Prescrip-
tion Drug file. Data on AD prescription fillings have been

validated against maternal reports within the study popu-
lation and have a high predictive value (PPV 100% and
NPV 96%).%

Overall antidepressant exposure

Overall AD exposure was identified as having at least one
filled prescription from 1DG to index date. Prescriptions
filled before the pregnancy and with a duration which
included the 1DG were also considered. The overall AD
exposure category was compared with the reference cate-
gory: no AD exposure during the same period (see online
supplementary table S2 for codes of all ADs evaluated).

Antidepressant exposure by drug class

We considered AD exposure by class and formed six
mutually exclusive comparison groups: (1) selective sero-
tonin reuptake inhibitors (SSRIs), (2) serotonin norepi-
nephrine reuptake inhibitors (SNRIs), (3) tricyclic ADs
(TCAs), (4) others (this category includes all the other
ADs used). Pregnancies exposed to at least two classes
of AD were classified as (5) combined. No AD exposure
during the relevant period of time was classified as (6) the
reference category.

Antidepressant exposure by drug types

The following nine active categories were studied: (1)
citalopram, (2) fluoxetine, (3) fluvoxamine, (4) paroxe-
tine, (5) sertraline, (6) venlafaxine, (7) amitriptyline and
(8) others (this category includes all the other ADs used).
Pregnancies exposed to more than one AD were classified
as (9) combined. No AD exposure (10) between the 1DG
and index date was the reference category. The 10 catego-
ries were mutually exclusive.

Antidepressant duration of exposure

Finally, we looked at the duration of exposure to AD
during pregnancy by adding the length of the filled
prescriptions in order to calculate the exact number of
days covered by the prescriptions. For pregnancies with
a combined use of two or more ADs, if the two ADs had
the same overlap, only one exposure time was consid-
ered. However, if the duration for the two ADs was not
completely overlapping, the additional days of both ADs
were added to the overlapping time. Consequently, four
mutually exclusive categories were defined: (1) short
duration (£90days of AD exposure), (2) medium dura-
tion (90days<AD exposure<180days), (3) long duration
(z180days of AD exposure). The reference category was
(4) no exposure to AD in the relevant time period. We
also looked at duration of exposure within each AD class.

Covariates

Potential confounders considered for all analyses were
(1) sociodemographic variables and maternal character-
istics on the 1DG including maternal age, receipt of social
assistance (yes/no) and area of residence (urban/rural);
(2) maternal chronic comorbidities in the 6months
prior to the pregnancy (physician-based diagnoses or
filled prescriptions of related medications for chronic
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comorbidities (depression/anxiety, chronic hyperten-
sion, asthma and thyroid disorders); physician-based
diagnoses of cardiovascular diseases and polycystic
ovarian syndrome); (3) healthcare services utilisation and
co-medication (physician visits, hospitalisations or emer-
gency department visits, number of other medications
used other than ADs and medications related to chronic
comorbidities (antipsychotics, benzodiazepines and corti-
costeroids are included), visits to a psychiatrist within the
6 months prior to pregnancy). All the previous conditions
were identified from either diagnoses or disease-specific
medications available in our databases (see online supple-
mentary table S3).

Statistical analysis

Descriptive analyses (t-tests and % tests for continuous

and categorical variables, respectively) were performed to

describe the study population. Crude and adjusted ORs
and 95% CIs using conditional logistic regression models
were calculated. We considered all analyses significant at

a p value <0.05 (two-tailed). We conducted all analyses

using SAS version 9.3 software (SAS Institute Inc).

Additionally, the following sensitivity analyses were
performed:

1. We restricted the study population to women with de-
pression/anxiety prior to pregnancy as identified by
either a diagnosis code for depression or anxiety or
an AD prescription within 6 months before the 1DG.
For women with both a diagnosis code and AD use in
the 6 months before the 1DG, only one occurrence was
taken into account. This method allowed us to take
into account potential confounding by indication.

2. According to the guidelines, GDM is diagnosed be-
tween 24 and 28weeks of gestation; therefore, we
looked at diagnoses of GDM strictly between week 24
and week 28." This will minimise a potential non-differ-
ential bias that would underestimate the true estimate.

3. We looked at the exposure within the window from the
1DG to 15days before the index date in order to en-
sure that the exposure preceded the outcome.

4. As women with a history of GDM may be at risk of
GDM in a future pregnancy, we included women with
a history of GDM in the cohort and adjusted for this
variable to take into account the confounding related
to a history of GDM.

5. As a woman could contribute to the study with repeat-
ed pregnancies, and these pregnancies within the same
woman may be correlated, we performed an addition-
al analysis using Generalised estimate equation (GEE),
which is a method used to address intra-subject cor-
relation.” Results obtained from GEE were compared
with findings from the main analysis.

6. In the main analysis, women with obesity and over-
weight were excluded as obesity/overweight can be a
potential confounder and/or effect modifier. We per-
formed the same analysis in the subgroup of women
with obesity and overweight.

RESULTS

In a total of 237172 pregnancies from the QPC meeting
the study inclusion criteria, 20905 (8.8%) cases of GDM
were identified. This prevalence is concordant with the
prevalence reported in Quebec.? Among the cases, 1152
(5.5%) women were exposed to ADs (figure 1). The
characteristics of the cases and their matched controls
(n=209050) are shown in table 1. Women with GDM were
more likely to be older urban residents and to benefit
from social assistance. Maternal comorbidities and risk
factors for GDM were more prevalent in cases than in
controls.

Primary analyses

When adjusting for potential confounding factors, using
ADs during pregnancy was associated with a modest
increased risk of GDM compared with non-users during
the study period (adjusted OR (aOR) 1.19;95% CI 1.08 to
1.30, 1152 exposed cases). AD use before 1DG as well as a
history of depression and anxiety were not associated with
GDM risk (table 2).

For AD classes specifically, SNRI (1.27, 95% CI 1.08 to
1.48, 230 exposed cases), TCA (1.47,95% CI 1.22 to 1.77,
143 exposed cases) and combined use of 22 AD classes
(1.38,95% CI 1.15 to 1.67, 169 exposed cases) were asso-
ciated with an increase in the risk of GDM whereas SSRI
were not (1.07, 95% CI 0.96 to 1.20, 535 exposed cases)
(online supplementary table S4).

We also observed a duration-effect gradient associated
with gestational AD use. Pregnancies with short duration
(1.15, 95% CI 1.03 to 1.28, 541 exposed cases), medium
duration (1.17, 95% CI 1.00 to 1.39, 187 exposed cases)
and long duration of AD exposure (1.29, 95% CI 1.13 to
1.48, 424 exposed cases) were at increased risk of GDM
compared with unexposed pregnancies (online supple-
mentary table S5). This duration-effect relationship was
also observed for TCAs, SNRIs and combined use of two
AD classes, although it did not reach statistical signifi-
cance for some strata due to the small number of exposed
cases (table 3).

Regarding individual ADs, venlafaxine (1.27, 95% CI
1.09 to 1.49, 230 exposed cases), amitriptyline (1.52, 95%
CI 1.25 to 1.84, 133 exposed cases) and combined use of
22 ADs (1.31, 95% CI 1.10 to 1.56, 187 exposed cases)
were associated with an increased risk of GDM. For citalo-
pram (1.11, 95% CI 0.95 to 1.29, 242 exposed cases),
paroxetine (1.13,95% CI 0.94 to 1.36, 154 exposed cases)
and sertraline (1.01, 95% CI 0.80 to 1.28, 83 exposed
cases), no statistically significant association was observed
(see online supplementary table S6; figure 2).

Sensitivity analysis

In the subgroup of 21395 pre-pregnancy depressed
women, exposure to ADs during pregnancy also increased
the risk of GDM, which is consistent with the main anal-
ysis (1.15, 95% CI 1.00 to 1.33, 1002 exposed cases).
When using a different time window for both the expo-
sure and the outcome, our results were also consistent
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Quebec pregnancy cohort
442 079 pregnancies

Excluded:
= 160 867 abortions
31 978 miscarriages

249 234 pregnancies
ending with a delivery

Excluded:

- 2552 multiple pregnancies

- 581 pregnancies with no information available
on the type of pregnancy *

246 101 singleton pregnancies

Excluded:

- 7074 pregnancies with T1D or T2D or prior GDM *
- 326 pregnancies with cystic fibrosis©
- 1529 pregnancies with diagnosis of obesity?

237 172 pregnancies

v

Cases : 20905

l AD exposure® ‘

v
Exposed Unexposed
1152 (5.5%) 19 753

.

Controls : 209 050

l AD exposure l

Exposed
8589 (4.1%)

Unexposed
200 461

Note: T1D Type 1 Diabetes; T2D Type 2 Diabetes; GDM gestational diabetes mellitus; AD Antidepressant.

? Pregnancies, where we could not assess if gestation was multiple or simple, due to lack of information in databases, were excluded.

b pregnancies with T1D or T2D or prior GDM identified six months before pregnancy up to week 20 of gestation with ICD 9/10 diagnoses
codes: [ICD9: 250.0-250.9, 648.0, 648.8, 790.2, 775.1 or ICD10:E10-E14, 024, R73.0] or a filled prescription for an antidiabetic drug [Insulin
or oral hypoglycemic agents : acarbose, gliclazide, glyburide, metformin, pioglitazone, rosiglitazone, sitagliptine, Tolbutamide].

€ Pregnancies with cystic fibrosis identified six months before pregnancy up to week 20 of gestation with ICD 9/10 diagnoses codes: [ICD9:

277.0 or ICD10:E84].

¢ Pregnancies with a diagnosis of obesity (overweight and obesity combined) identified six months before pregnancy up to week 20 of

gestation with ICD 9/10 diagnoses codes: [ICD9: 278.0 or ICD10:E66].

©AD exposure during pregnancy defined by filled prescriptions for Antidepressants between first day of gestation and index date.

Figure 1

with the main findings as follows: diagnosis between
24 and 28weeks only (1.22, 95% CI 1.01 to 1.48, 269
exposed cases) and exposure between 1DG and 15days
before the index date (1.18, 95% CI 1.08 to 1.30, 1139
exposed cases). When including women with a history
of GDM and adjusting for this variable in the model, we
found similar results to our main analysis (1.11, 95% CI
1.01 to 1.20,1202 exposed cases). When using the GEE
method, which takes into account intra-woman correla-
tion for women contributing to the study with more than
one pregnancy, we found similar results to the logistic
regression (1.19, 95% CI 1.09 to 1.31). In the subgroup
of women with obesity/overweight, we found higher esti-
mates but the result was not statistically significant due
to the sample size (1.58, 95% CI 0.84 to 2.98, 32 exposed
cases) (see online supplementary table S7-12).

DISCUSSION

In this study, overall AD use was associated with an
increased risk for GDM. Specifically, venlafaxine and
amitriptyline were associated with a 27% and 52%
increased risk of GDM, respectively, after adjustment

Selection of study population: gestational diabetes mellitus.

for major confounders and underlying conditions. No
statistically significant association was observed with any
SSRI. Moreover, we found a cumulative duration effect
for short, medium and long duration of AD use, which
was associated with a 15%, 17% and 29% increased risk of
having GDM, respectively. This effect varied within classes
of ADs.

Comparison with other studies

Literature on this topic is scarce. A previous study by Reis
and Killén found that AD is associated with GDM (OR
1.837,95% CI 1.08 to 1.75), which is consistent with our find-
ings.”® For class exposure, our results are also in line with
those of Wen et al"* who reported no association between
SSRIs and GDM. In the general non-pregnant population,
studies and meta-analyses performed to investigate the
risk of type 2 diabetes following AD use consistently report
associations, ™! Conversely, it is still debated whether
SSRIs and SNRIs are involved in type 2 diabetes onset, and
very few studies have investigated individual drug effects.
A meta-analysis by Yoon et al'' reported the following esti-
mates for individual drugs: paroxetine (risk ratio (RR) 1.52,
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I

Table 1 Study population characteristics

Cases of GDM Controls

Characteristics n=20905 n=209050 P value
Pregnancy-related variable
Gestational age at index date*, mean (SD) 29.4 (2.3) 29.4 (2.3) 1.00
AD exposure from 1DG to index date 1152 (5.5) 8589 (4.1) <0.0001
AD use during 6 months before gestation 1448 (6.9) 11 4083 (5.4) <0.0001
Sociodemographic characteristics measured on 1DG
Age (years)

<18 126 (0.6) 2916 (1.4) -

18-34 15123 (72.3) 173 958 (83.2) <0.0001

>34 5656 (27.1) 32176 (15.4) -
Urban dwellers 17 678 (84.6) 172 597 (82.6) <0.0001
Social assistance recipients 5704 (27.3) 48 615 (23.3) <0.0001
Maternal comorbidities during 6 months before 1DG
Depression/anxiety§ 1419 (6.8) 12 995 (6.2) 0.001
Hypertension 487 (2.3) 2665 (1.3) <0.0001
Asthmat 1714 (8.2) 14 637 (7.0) <0.0001
Cardiovascular diseases§ 402 (1.9) 3468 (1.7) 0.004
Thyroid disorderst 930 (4.5) 6354 (3.0) <0.0001
Polycystic ovarian syndrome§ 18 (0.2) 76 (0.1) 0.0007
Healthcare services utilisation and medication use in the 6 months before 1DG
No of physician visits

0-1 10 770 (51.5) 112 674 (53.9) <0.0001

>2 10 135 (48.5) 96 376 (46.1) -
Hospital admission/emergency department visit 4278 (20.5) 42 487 (20.3) 0.63
Medications other than ADs%t

0 9250 (44.2) 95 412 (45.6) <0.0001

1-2 4800 (23.0) 46 869 (22.4) -

>3 6855 (32.8) 66 769 (32.0) -
At least one visit to psychiatrists 652 (3.1) 5523 (2.6) <0.0001
Healthcare service utilisation from 1DG until index date
Pregnancy follow-up by obstetricians/ 9756 (46.7) 77 962 (37.3) <0.0001

gynaecologists

*Index date=date of gestational diabetes identification for cases and corresponding date for matched controls.

tBased on ICD-9 or ICD-10 codes or prescriptions filled for hypertension

, asthma and thyroid disorders.

FIncluded prescriptions filled for conditions other than depression/anxiety, hypertension, asthma and thyroids disorders.
§Based on ICD-9 or ICD-10 codes for depression/anxiety, cardiovascular diseases and polycystic ovarian syndrome.
AD, antidepressant; 1DG, first day of gestation; GDM, gestational diabetes mellitus.

95% CI 0.95 to 2.45, 2 studies) and citalopram (RR 1.13,
95% CI 0.85 to 1.49, 2 studies), which is in line with our
results. The relationship between the duration of exposure
to ADs and diabetes has been explored in two studies, one
in the adult general population and the other in youths.
These studies found that the risk of diabetes was increased
with a longer duration of use of AD, while taking into
account increasing age and weight.42 1 Similarly, we found
that women are at higher risk of GDM with increasing age,
and that weight gain during pregnancy could possibly and
partly explain the risk of GDM.

Possible biological mechanisms
With respect to biological plausibility, certain mecha-
nisms support the link between AD use and GDM onset.
ADs can be involved in diabetes by acting directly on
glucose homeostasis,'* by decreasing pancreatic insulin
secretion,* by increasing cellular insulin resistance® or
by acting indirectly on insulin via weight gain."* '°

In animal studies it has been reported that ADs can
induce hyperglycaemia.45 * Moreover, serotonin is
involved in glucose homeostasis and is also the target of
most ADs, which may explain why ADs affect the glucose
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Table 2 Risk of gestational diabetes following overall AD
use during pregnancy

Crude OR
(95% ClI)

Adjusted OR*

Variables (95% ClI)

Primary exposure

AD use from 1DG to index
datet

Covariates

1.36 (1.28 to 1.45) 1.19 (1.08 to 1.30)

As of first day of gestation

1.23 (1.19to 1.28
1.07 (0.98 to 1.17

Recipient of social assistance 1.24 (1.20 to 1.28)

AD use during 6 months before 1.29 (1.22 to 1.36)
gestation

Age (years)
<18 0.49 (0.41t00.59)  0.46 (0.38 to 0.55)
18-34 1.00 (Reference) 1.00 (Reference)
>34 2.01(1.95t02.08)  1.98 (1.92 to 2.05
Urban residence 1.16 (1.11 to 1.20) 1.09 (1.05to 1.14
( (
( (

)
)
)
)

6 months before gestation

Maternal comorbidities

Depression/anxiety

Chronic/gestational
hypertension

Asthma

Cardiovascular diseasest

Thyroid disorders

1.10 (1.04 to 1.16)
1.83 (1.66 to 2.02)

1.18 (1.12to 1.25

1.48 (1.38 to 1.59

0.93 (0.88 to 1.00)
1.51 (1.37 to 1.67)

1.13 (1.07 to 1.19

1.35(1.25t0 1.45

( ) )
1.16 (1.05t0 1.29)  1.05 (0.94 to 1.16)
( ) )
( ) )

Polycystic ovarian syndrome 2.34 (1.41 to 3.88 2.09 (1.25t0 3.49
Medication use

Other medications excluding ADs and medications related to maternal
comorbidities

1-2 1.05 (1.02 to 1.10)
>2 1.06 (1.02 to 1.09)

Healthcare services utilisation

1.03 (0.99 to 1.07)
1.02 (0.98 to 1.05)
Visit to psychiatrists 1.19 (1.09 to 1.29)
1.10 (1.07 t0 1.13)
1.01 (1.00 to 1.05)

1.03 (0.94 to 1.13)
1.05 (1.02 to 1.09)
0.97 (0.93 to 1.01)

Visit to physicians

Hospitalisations or
emergency department visits

*Adjusted for variables (a) on first day of gestation (maternal age, area of
residence (urban vs rural), receipt of social assistance during pregnancy);

(b) during 6 months before gestation (physician-based diagnoses or filled
prescriptions of related medications for chronic comorbidities (hypertension,
asthma and thyroid disorders); physician-based diagnoses of maternal
diseases (depression, cardiovascular diseases and polycystic ovarian
syndrome); medication use other than antidepressants and drugs for
hypertension, asthma and thyroid disorders and visits to psychiatrists); history
of antidepressant use and health service utilisation (visits to physicians and
hospitalisations or emergency department visits).

TExposure to any antidepressant versus no antidepressant use as reference.
fCardiovascular diseases (ischaemic heart disease; pulmonary heart

disease and diseases of pulmonary circulation; other forms of heart disease;
cerebrovascular diseases; diseases of arteries, arterioles and capillaries;
diseases of veins, lymphatic vessels and lymph nodes, not elsewhere
classified; other and unspecified disorders of the circulatory system;
diseases of the circulatory system complicating pregnancy, childbirth and the
puerperium; abnormal results of cardiovascular function studies).

AD, antidepressant; 1DG, first day of gestation.

pathway. In addition, still in animal studies, serotonin has
been shown to play a role in the compensation mecha-
nism, which is established following natural insulin resis-
tance in pregnancy.’” AD use inhibits the insulin pathway
resulting in insulin resistance and potentially GDM. The

effects of ADs on glucose dysregulation and weight gain
seem stronger with TCAs (especially amitriptyline) than
with SNRIs and SSRIs due to the varying affinity for sero-
toninergic, noradrenergic and histamine receptors.'* **
A study reported that, due to their high affinity for the
serotonin reuptake transporter, SSRIs could generate
hypoglycaemia whereas ADs with high affinity for the
5-HT2c receptor (serotonin), Hl-receptor (histamine)
and norepinephrine reuptake such as amitriptyline and
venlafaxine could lead to hyperglycaemia.17 Moreover, the
study added that, among their cases, glucose disturbances
were occurring within 1month of treatment and that
cumulative effects of AD drugs on glucose control were
possible, especially with a longer duration of treatment.'”

It has also been proposed that, in the short term, SSRIs
may have a neutral weight effect or even reduce weight
gain (fluoxetine) and therefore improve diabetes, which
could partly explain our results.* Our study confirms
that ADs have heterogeneous effects regarding GDM
incidence, which we believe is mainly due to their varying
pharmacological properties.

Strengths of the study

To our knowledge, this is the first study looking specifi-
cally at AD classes and duration of use during pregnancy
and the risk of GDM. With 17years of follow-up, we were
able to investigate both class and individual drug effects
of ADs. Furthermore, in the QPC, data are prospectively
collected and provide valid and accurate information
on filled prescriptions and physician-based diagnoses
which rule out the potential for recall bias and ascertain-
ment bias. The use of a nested case-control design allows
account to be taken of the time-varying nature of our
exposure. Finally, our definition of GDM based on diag-
noses and prescriptions filled for antidiabetic drugs has
been validated and used in previous studies.

Limitations of the study

Residual confounding by indication related to the under-
lying depression cannot be ruled out. Our study was
not adjusted for depression during pregnancy because
depression during pregnancy could be on the causal
pathway between AD use and GDM. When we restricted
our cohort to a subgroup of pregnancies diagnosed with
depression/anxiety before pregnancy, our sensitivity
analysis supports our main results. This also minimises
the possible detection bias because all pre-pregnancy
depressed women might have similar contact with health-
care professionals and an equal chance to be diagnosed
for additional comorbidities. Also, since the screening
for GDM is part of the standard pregnancy monitoring in
Quebec, a detection bias is less likely to occur. To further
control for confounding by disease severity, we adjusted
for documented proxies for depression severity such as
visits to the psychiatrist and co-medication, including
medications for mental diseases such as benzodiazepines
and antipsychotics.
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Table 3 Cumulative duration of exposure to antidepressants and risk of gestational diabetes

OR (95%ClI)

Exposure status Cases (n=20905) Controls (n=209 048) Crude

Adjusted*

No exposure 19753 (94.5)
Cumulative duration (d) in days among SSRI users

200461 (95.9) 1.00 (Reference)

1.00 (Reference)

<90 242 (1.2) 2047 (0.9) 1.20 (1.05 to 1.37) 1.09 (0.94 to 1.27)
90<d<180 83 (0.4) 765 (0.4) 1.10 (0.88 to 1.38) 0.98 (0.78 to 1.25)
180<d 210 (1.0) 1674 (0.8) 1.27 (1.10 to 1.47) 1.11 (0.94 to 1.32)
Cumulative duration (d) in days among SNRI users

<90 78 (0.4) 718 (0.3) 1.10 (0.88 to 1.39) 1.02 (0.80 to 1.30)
90<d<180 29 (0.1) 239 (0.1) 1.23 (0.84 to 1.80) 1.15(0.78 to 1.70)
180<d 123 (0.6) 707 (0.3) 1.76 (1.45 to 2.13) 1.58 (1.28 to 1.95)
Cumulative duration (d) in days among TCA users

<90 108 (0.5) 666 (0.3) 1.64 (1.34 to 2.00) 1.42 (1.15 10 1.75)
90<d<180 21 (0.1) 89 (0.04) 2.39 (1.49 to 3.83) 1.96 (1.21 t0 3.17)
180<d 14 (0.07) 73 (0.03) 1.94 (1.10 to 3.43) 1.46 (0.82 to 2.61)
Cumulative duration (d) in days among users of other antidepressants

<90 49 (0.2) 440 (0.2) 1.13 (0.84 to 1.52) 0.99 (0.73 to 1.34)
90<d<180 12 (0.06) 56 (0.03) 2.16 (1.16 to 4.00) 1.52 (0.81 to 2.86)
180<d 14 (0.07) 103 (0.05) 1.38 (0.79 to 2.41) 1.10 (0.62 to 1.94)
Cumulative duration (d) in days among combined users (users of >2 antidepressants)

<90 64 (0.3) 399 (0.2) 1.62 (1.24 to0 2.10) 1.31 (0.99 to 1.73)
90<d<180 42 (0.2) 280 (0.1) 1.52 (1.10 to 2.10) 1.32 (0.94 to 1.84)
180<d 63 (0.3) 331 (0.2) 1.92 (1.47 to 2.50) 1.56 (1.18 to 2.07)

*Adjusted for variables (a) on first day of gestation (maternal age, area of residence (urban vs rural), receipt of social assistance during
pregnancy); (b) during 6 months before gestation (physician-based diagnoses or filled prescriptions of related medications for chronic
comorbidities (hypertension, asthma and thyroid disorders); physician-based diagnoses of maternal diseases (depression, cardiovascular
diseases and polycystic ovarian syndrome); medication use other than antidepressants and drugs for hypertension, asthma and thyroid
disorders and visits to psychiatrists); history of antidepressant use and health service utilisation (visits to physicians and hospitalisations or

emergency department visits).

We included late cases of GDM recorded after 28 weeks
of gestation, which could lead to a misclassification of the
exposure and result in an underestimation of the effect.
However, when we considered only cases of GDM with a
diagnosis between 24 and 28 weeks of gestation, as recom-
mended by the Canadian guidelines, our results were
similar to our main analyses. Although we adjusted for
most risk factors for GDM, some lifestyle variables such as
smoking, weight gain, BMI and physical activity practise
are missing in our database, which could result in residual
confounding. Previous studies have found inconsistent
results for the association between smoking and GDM,
but some have shown an association.”” ®' In a sensitivity
analysis, we restricted our cohort to women with depres-
sion before pregnancy and found consistent results with
the main analysis. This restriction de facto gives us a popu-
lation of pregnant women with similar characteristics
regarding lifestyles such as smoking, alcohol intake and
physical activity. We are confident that these missing vari-
ables in our analyses would minimally affect our results
because Reis and Kallén in their study adjusted their

analyses for BMI and smoking and found consistent esti-
mates with ours.*” Family income and education were not
directly taken into account in our study. However, women
covered by the public prescription drug plan are women
of low to middle socioeconomic status. In our analysis, we
adjusted for the adherent status with the public prescrip-
tion drug plan, which is a proxy for the socioeconomic
status and education. Adherent women have higher
socioeconomic status than beneficiaries. Therefore, by
adjusting for adherent status, we also partially adjusted
for education. All these sensitivity analyses show that our
estimates are stable and that, if residual confounding is
present, it is minimal. Moreover, we could not adjust for
ethnicity in our study because this variable is not available
in our databases. However, a previous study performed
on the QPC based on self-administered questionnaires
collected information not present in our administrative
databases such as ethnicity.”* This study found that 88.5%
of the women in the QPC were from a Caucasian back-
ground. Current evidence suggests that women from a
Caucasian ethnic background had the lowest risk of GDM

8

Dandjinou M, et al. BMJ Open 2019;9:025908. doi:10.1136/bmjopen-2018-025908

yBuAdoo Aq paroalold 1sanb Aq £20z ‘02 Yore uo jwod g uadolway:dny woly papeojumoqd "6T0Z 1900190 T U0 806520-8T02-Uadolwg/osTT 0T Se paysignd 1s.iy :uado NG


http://bmjopen.bmj.com/

Variable Adjusted OR? (95% Cl) Forest plot
Citalopram 1.11(0.95-1.29) H-—i
Fluoxetine 0.85(0.57-1.25) »—Q—v—«
Fluvoxamine 1.01(0.50-2.03) .
Paroxetine 1.13(0.94-1.36) *“_.‘ :
Sertraline 1.01(0.80-1.28) Y T
Venlafaxine A

' 1.27 (1.09-1.49) :
Amitriptyline 152 (1.25-1.84) ’
Others 1.04 (0.82-1.31) ——
Combined use of 22 AD 1.31(1.10-1.56) . ¢

04 06 08 1 12 14 16 18 2

Note: Cl confidence interval; OR odds ratio; AD Antidepressant;

aAdjusted for variables (a) on first day of gestation (maternal age, area of residence [urban v. rural), receipt of social
assistance during pregnancy); (b) During 6 months before gestation (physician —based diagnoses or filled prescriptions
of related medications for chronic comorbidities [hypertension, asthma and thyroid disorders]; physician-based
diagnoses of maternal diseases [depression, cardiovascular diseases and polycystic ovarian syndrome]; medication use
others than antidepressants and drugs use for hypertension, asthma and thyroids disorders and visits to psychiatrists);
history of antidepressants use and health services utilization [visits to physicians and hospitalisations or emergency

department visit).

Figure 2 Types of antidepressant use and risk of gestational diabetes.

compared with other ethnic groups.”® Thus, our estimates
are calculated in a majority Caucasian population and are
likely underestimations. This does not affect the internal
validity of our study, but might partly limit its generalis-
ability to other ethnic groups. Finally, generalisability to
overweight/obese women or women with cystic fibrosis
could be affected, given that our study includes only preg-
nancies of women without cystic fibrosis and non-over-
weight/non-obese women. Nevertheless, this does not
affect the internal validity of our study. Moreover, in a
previous study, socioeconomic status was shown to be
an effect modifier in the QPC, and those women on the
public drug coverage plan and women on private drug
insurance have similar characteristics and comorbidities.”

Overall, AD use specifically in pregnant women of
normal weight was associated with an increased risk of
GDM as well as with a cumulative duration effect, after
taking into account underlying maternal depression.
Amitriptyline and venlafaxine were associated with an
increased risk of GDM.

The treatment of depression during pregnancy is a
major concern and is challenging because depression is
prevalent before and during pregnancy, and untreated
depression can lead to relapse during pregnancy and in

the postpartum period.”” Hence, adverse outcomes asso-
ciated with AD use during pregnancy including GDM
should be weighed against the consequences of non-med-
icated depression, especially for women with severe
depression. Further studies are needed to replicate our
findings. Results from more studies could translate into
changes in clinical practice guidelines. Nevertheless, our
findings raise awareness of the risk of GDM with the use
of specific ADs during pregnancy.
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