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Abstract 28 

Objectives: The aim of this study was to determine the association between AD classes, 29 

types and duration of use during pregnancy and the risk of GDM. 30 

Design and setting: A nested case-control study was conducted within the Quebec 31 

Pregnancy Cohort (QPC), a Canadian provincial database, which includes data on all 32 

pregnancies and children in Quebec from January 1998 to December 2015. 33 

Primary Outcome measures: Gestational diabetes mellitus. 34 

Participants: Cases of GDM were identified after week 20 of pregnancy and randomly 35 

matched 1:10 to controls on gestational age at index date (i.e. calendar date of GDM) and 36 

year of pregnancy. AD exposure was assessed by filled prescriptions between the 37 

beginning of pregnancy (first day of last menstrual period) and index date. Conditional 38 

logistic regression models were used to estimate crude and adjusted odds ratios (aOR). 39 

Results: Among 20 905 cases and 209 050 matched controls, 9741 (4.2%) women were 40 

exposed to ADs. When adjusting for potential confounders, AD use was associated with 41 

an increased risk of GDM (aOR =1.19, 95% CI 1.08 to 1.30); venlafaxine (aOR= 1.27, 42 

95% CI 1.09 to 1.49) and amitriptyline (aOR= 1.52, 95% CI 1.25 to1.84) were as well 43 

associated with an increased risk of GDM. Moreover, the risk of GDM was increased 44 

with longer duration of AD use, specifically for serotonin norepinephrine reuptake 45 

inhibitors, tricyclic ADs and combined use of two ADs classes. No statistically 46 

significant association was observed for selective serotonin reuptake inhibitors. 47 

Conclusion: Findings suggest that ADs and specifically venlafaxine and amitriptyline, 48 

were associated with increased risk of GDM, after adjusting for maternal depression. 49 

Page 2 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

3 

 

Until more data are available, clinicians should be informed and wisely advise pregnant 50 

women treated with ADs. 51 

 52 

Article summary 53 

Strengths and limitations of this study 54 

� This is the first study investigating antidepressants classes and individual drugs use 55 

during pregnancy and the risk of gestational diabetes owing to the large number of 56 

pregnancies included. 57 

� The Quebec pregnancy cohort is one of the largest medico-administrative database, 58 

with 17 years of follow-up, which provides prospectively collected data for pregnant 59 

women with high validity and no recall bias possible.  60 

� Our analysis restricted to a subgroup of pregnancies with depression/anxiety before 61 

pregnancy, minimises the risk for confounding by indication. 62 

� Even though our database included a large set of variables, some lifestyle variables 63 

such as smoking and BMI are missing therefore residual confounding cannot be 64 

completely excluded.  65 
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INTRODUCTION 66 

Gestational diabetes mellitus (GDM), defined as a carbohydrate intolerance occurring 67 

during pregnancy is a major maternal health condition.
1
 Studies report that 4-10% of 68 

pregnant women are affected by GDM worldwide and around 7-9% in Quebec.
2-4

 69 

Moreover, the number is rising concomitantly with overweight and obesity surge.
5
 70 

Pregnancies with GDM are at higher risk of birth complications (e.g. macrosomia, 71 

caesarian and dystocia) and may predispose offspring to Type 2 Diabetes and obesity.
6-8 

72 

Furthermore, mothers with a history of GDM are more likely to develop Type 2 Diabetes 73 

and cardiovascular diseases later in life.
9
  74 

Antidepressants (AD) are commonly used during pregnancy and neurotransmitters such 75 

as serotonin, noradrenalin and dopamine are the mainstay of their action.
10

 AD have 76 

several side effects and some of them increase weight.
11

 There is mounting evidence 77 

suggesting that AD classes might be involved in different way, in biological mechanisms 78 

such as weight gain, insulin resistance mechanism and glucose metabolism dysregulation 79 

to induce diabetes.
12-15

 80 

In pregnant women, two studies have investigated the association but evidence is 81 

inconclusive.
16 17

 The first study found that ADs use was associated with an increase of 82 

the risk of GDM whereas the second showed no association with SSRI. In both studies, it 83 

was unclear whether or not women with diabetes before pregnancy were removed from 84 

the study sample; therefore, the temporal relationship cannot be assessed and residual 85 

confounding is possible. The two studies lack information about timing of GDM 86 

diagnosis and are prone to confounding by indication as maternal depression was not 87 

accounted for in the analysis. Moreover, the analyses were not adjusted for known risks 88 
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factors such as maternal comorbidities and co-medication. The small sample size in both 89 

studies did not allow to look at individual drug effect. Given the methodological 90 

limitations in previous studies, the increasing use of AD during pregnancy, the biological 91 

evidence and scarcity of information on the associated GDM risk, this question urgently 92 

needs to be addressed. To our knowledge, no study thus far has been designed to explore 93 

directly the association between AD use and GDM incidence in pregnancy.  94 

Therefore, we assessed the impact of overall AD medication, classes, and types, as well 95 

as duration of AD exposure on the risk of GDM after controlling for underlying 96 

depression, in a population based study of pregnant women.   97 
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METHODS 98 

Source population 99 

A nested case-control study was conducted within the Quebec Pregnancy Cohort (QPC).  100 

The QPC is an ongoing population-based cohort with prospective data collection on all 101 

pregnancies insured by the Quebec Public Prescription Drug Insurance Plan, from 1998 102 

to 2015. Individual-level information was obtained from province-wide databases and 103 

linked using health care unique personal identifiers. 104 

The QPC was established by identifying all pregnancies in the Régie de l'assurance 105 

maladie du Québec (RAMQ) and the Quebec hospitalisation archives (MedEcho) 106 

databases. First day of the last menstrual period (first day of gestation, 1DG) was defined 107 

using data on gestational age, which was validated against ultrasound measurements in 108 

patient charts. Prospective follow-up was available from 1 year prior 1DG, during 109 

pregnancy, and until December 2015.  110 

Data sources for this study comprised the medical service database (RAMQ: diagnoses 111 

and medical procedures), the Quebec Prescription Drug Insurance Database (drug name, 112 

start date, dosage, and duration), the Hospitalisation Archive Database (MedEcho: in-113 

hospital diagnoses and procedures) and the Quebec Statistics Database (Institut de la 114 

statistique du Québec (ISQ): patient socio-demographic information). Descriptive 115 

information regarding the QPC are available in Bérard and Sheehy.
18

 Validity studies 116 

were performed and have shown the accuracy and the high quality of the data sources.
19 20

 117 

The study was approved by the Sainte-Justine’s Hospital Ethics Committee. The Quebec 118 

“Commission d’accès à l’information” authorized database linkages.  119 
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Study cohort definition and study design  120 

All women in the QPC continuously covered by the public prescription drug plan for at 121 

least 6 months before and during pregnancy were eligible. Given that GDM occurs after 122 

the 20 week of gestation, we excluded abortions and miscarriages. We only included 123 

singletons pregnancies knowing that multiple pregnancies is a known risk factor of GDM. 124 

In order to select a homogeneous population at risk of GDM, we also excluded 125 

pregnancies with Type 1 or Type 2 Diabetes, cystic fibrosis, and obesity identified 126 

between 6 months before pregnancy and up to week 20 of gestation.
21

 Women with cystic 127 

fibrosis and obesity are more likely to develop GDM. All pregnancies meeting our 128 

inclusion criteria during the study period were considered. Moreover, due to the time-129 

varying nature of AD use during pregnancy, using a nested case-control analysis was 130 

appropriate.
22

 As well as a time dependent survival analysis, this method takes into 131 

account time varying exposure but has the ultimate advantage to be computationally more 132 

efficient and, to provide ORs that are unbiased estimators of rate ratios.
23 24

 133 

Case of GDM definition 134 

Cases of GDM were defined as pregnant women with a diagnosis of GDM identified 135 

using diagnostic codes of the 9
th

 or 10
th

 editions of the International Classification of 136 

Diseases (ICD9: 250.0-250.9, 648.0, 648.8, 790.2, 775.1 or ICD10: E10-E14, O24, 137 

R73.0) or at least one filled prescription for an antidiabetic drug allowed during 138 

pregnancy (insulin, glyburide or metformin), both after the 20th week of gestation, 139 

whichever occurred first (Table S1 in the Supplementary file).
1
 This definition was used 140 

to identify the earliest calendar date of GDM occurrence (EDI). This definition of the 141 

outcome was previously used
25 26

 and GDM ICD codes have been associated with high 142 
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positive and negative predictive values (PPV: 85% and NPV: 99%).
27 

According to the 143 

current guidelines in Canada
1
,GDM is diagnosed between weeks 24-28 of gestation. In 144 

our study we considered a lag time of 3 weeks to capture late diagnoses of GDM.
28

 If the 145 

EDI was between week 20 and week 31 of gestation, the calendar date of the diagnostic 146 

of GDM or of a prescription of antidiabetic was used as index date, in the other cases, 147 

when EDI was recorded after the 31th week of gestation, we developed an algorithm that 148 

determined the index date by adding 217 days (equivalent to 31 week of gestation) to the 149 

first day of gestation. This algorithm was used to ensure that all cases were included in 150 

the study. Indeed, we hypothesised that EDI could be recorded even after 31 weeks of 151 

gestation for several reasons. First, it is possible that a pregnant woman got diagnosed 152 

with a mild GDM before 31 weeks of gestation and received a prescription of an 153 

antidiabetic later given that her diabetes was controlled with non-pharmacological 154 

measure. Second, a woman could also be diagnosed with a GDM in her medical visit that 155 

was not recorded before 31 weeks of gestation because it was not the most serious 156 

medical condition at that moment.  157 

Control selection 158 

Using the nested case-control design, we randomly selected 10 controls for each case 159 

among the members in the risk set (i.e. pregnancy that did not have a diagnosis of GDM 160 

at the index date) and matched them by gestational age at index date (i.e. calendar date of 161 

GDM) and year of pregnancy. As a woman could contribute with repeated pregnancies 162 

during the study period, cases and controls were matched on the year of pregnancy.  163 
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Antidepressant exposure 164 

Gestational AD use was assessed by using the RAMQ Prescription Drug file. Data on AD 165 

prescription fillings have been validated against maternal reports within the study 166 

population and have a high predictive value (PPV 100% and NPV 96%).
20

  167 

Overall antidepressant exposure  168 

Overall AD exposure was identified as having at least a filled prescription from 1DG to 169 

index date. Prescriptions filled before the pregnancy and with duration which included 170 

the 1DG were also considered. The overall AD exposure category was compared with the 171 

reference category, no AD exposure during the same period. (Table S2 in the 172 

Supplementary file for codes of all ADs evaluated). 173 

Antidepressant exposure by drug class 174 

We considered AD exposure by class and formed six mutually exclusive comparison 175 

groups, namely: (1) selective serotonin reuptake inhibitors (SSRI), (2) serotonin 176 

norepinephrine reuptake inhibitors (SNRI), (3) tricyclic ADs (TCA), (4) others (this 177 

category includes all the other ADs used). Pregnancies exposed to at least two classes of 178 

AD were classified as (5) combined. No AD exposure during the relevant period of time 179 

was used as (6) the reference category. 180 

Antidepressant exposure by drug types 181 

Then, the following 9 active categories were studied: (1) citalopram, (2) fluoxetine, (3) 182 

fluvoxamine, (4) paroxetine, (5) sertraline, (6) venlafaxine, (7) amitriptyline and (8) 183 

others (this category includes all the other ADs used). Pregnancies exposed to more than 184 
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one AD were classified as (9) combined. No AD exposure (10) between the 1DG and 185 

index date was the reference category. The 10 categories were mutually exclusive. 186 

Antidepressant duration of exposure 187 

Finally, we looked at the duration of exposure to AD during pregnancy by adding the 188 

length of the filled prescriptions in order to calculate the exact number of days covered by 189 

the prescriptions. For pregnancies with combined use of two or more ADs, if the two AD 190 

had the same overlap, only one exposure time was considered. However, if the duration 191 

for the two ADs were not completely overlapping, the additional days of both ADs were 192 

added to the overlapping time. Consequently, 4 mutually exclusive categories were 193 

defined: (1) short duration (≤90 days of AD exposure), (2) medium duration (90 days 194 

<AD exposure< 180 days), (3) long duration (≥180 days of AD exposure). The reference 195 

category was (4) no exposure to AD in the relevant time-period. We also looked at 196 

duration of exposure within each AD class. 197 

Covariates 198 

Potential confounders considered for all analyses were (1) socio-demographic variables 199 

on the 1DG including maternal age, receipt of social assistance (yes/no) and area of 200 

residence(urban/rural); (2) maternal chronic comorbidities in the 6 months prior to 201 

pregnancy (physician-based diagnoses or filled prescriptions of related medications for 202 

chronic comorbidities [depression/anxiety, chronic hypertension, asthma and thyroid 203 

disorders]; physician-based diagnoses of cardiovascular diseases and polycystic ovarian 204 

syndrome); (3) healthcare services utilisation and co-medication (physicians visits, 205 

hospitalisations or emergency department visits, the number of other medication used 206 
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other than ADs and medications related to chronic comorbidities (antipsychotics, 207 

benzodiazepines and corticosteroids are included), visits to a psychiatrist) within the 6 208 

months prior to pregnancy). All the previous conditions were identified from either 209 

diagnoses or disease-specific medications available in our databases (Table S3 in the 210 

Supplementary file). 211 

Statistical Analysis 212 

Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) using 213 

conditional logistic regression models were calculated. We considered all analyses 214 

significant at a p value of less than 0.05 (2-tailed). We conducted all analyses using SAS 215 

version 9.3 software (SAS Institute Inc.). 216 

Three preplanned sensitivity analyses were performed.  217 

(1) We restricted the study population to women with depression/anxiety prior to 218 

pregnancy as identified by a diagnosis or an AD prescription within 6 months before the 219 

1DG. This method allowed us to take into account potential confounding by indication. 220 

(2) According to the guidelines, GDM is diagnosed between 24-28 weeks of gestation; 221 

therefore, we looked at diagnoses of GDM strictly between week 24 and week 28.
1
  222 

 (3) We looked at the exposure within the window going from the 1DG to 15 days before 223 

the index date, in order to ensure that the exposure precede the outcome.  224 
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RESULTS 225 

In a total of 237,172 pregnancies from the QPC meeting the study inclusion criteria, 226 

20,905 (8.8%) cases of GDM were identified. This prevalence is concordant with the 227 

prevalence reported in Quebec
2
. Among cases, 1,152 (5.5%) women were exposed to 228 

ADs (Figure 1). Characteristics of cases and their matched controls (n = 209,050) are 229 

displayed in Table 1. Women with GDM were more likely to be older, urban residents 230 

and benefit from social assistance. Maternal comorbidities and risk factors for GDM were 231 

more prevalent in cases than in controls.  232 

Primary analyses 233 

When adjusting for potential confounding factors using ADs during pregnancy was 234 

associated with a modest increased risk of GDM compared to nonusers during the study 235 

period (adjusted OR (aOR), 1.19; 95% CI, 1.08 to 1.30, 1152 exposed cases). AD use 236 

before 1DG as well as history of depression and anxiety were not associated with GDM 237 

risk. (Table 2).  238 

For AD classes specifically, SNRI 1.27 (95% CI, 1.08 to 1.48, 230 exposed cases), TCA 239 

1.47 (95% CI, 1.22 to 1.77, 143 exposed cases) and combined use of 2 or more AD 240 

classes 1.38 (95% CI, 1.15 to 1.67, 169 exposed cases) were associated with increase in 241 

the risk of GDM whereas SSRIs were not associated (1.07, 95% CI 0.96 to 1.20, 535 242 

exposed cases) (Table S4 in the Supplementary file).  243 

We also observed a duration-effect gradient associated with gestational AD use. 244 

Pregnancies with short duration 1.15 (1.03 to 1.28, 541 exposed cases), medium duration 245 
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1.17 (1.00 to 1.39, 187 exposed cases), as well as long duration of AD exposure 1.29 246 

(1.13 to 1.48, 424 exposed cases) were at increased risk of GDM compared to unexposed 247 

pregnancies (Table S5 in the Supplementary file). This duration-effect relationship was 248 

also observed for TCA, SNRI, and combined use of 2 ADs classes, though it did not 249 

reach statistical significance for some strata due to small number of exposed cases (Table 250 

3). 251 

Regarding individual AD, venlafaxine 1.27 (1.09 to 1.49, 230 exposed cases), 252 

amitriptyline 1.52 (1.25 to 1.84, 133 exposed cases), and combined use of 2 or more ADs 253 

1.31 (1.10 to 1.56, 187 exposed cases) were associated with an increased risk of GDM. 254 

For citalopram 1.11 (0.95 to 1.29, 242 exposed cases), paroxetine 1.13 (0.94 to 1.36, 154 255 

exposed cases), and sertraline 1.01 (0.80 to 1.28, 83 exposed cases), no statistically 256 

significant association was observed (Table S6 in the Supplementary file; Figure 2). 257 

Sensitivity analysis 258 

In the subgroup of 21,395 pre-pregnancy depressed women; exposure to AD during 259 

pregnancy also increased the risk of GDM, which is consistent with the main analysis 260 

(1.15, 1.00 to 1.33, 1002 exposed cases). Sensitivity analysis on the diagnosis window 261 

and on the exposure window were also consistent with the main findings: diagnosis 262 

between 24-28 week only (1.22, 1.01 to 1.48, 269 exposed cases), and looking at 263 

exposure between 1DG and 15 days before the index date (1.18, 1.08 to 1.30, 1139 264 

exposed cases) (Table S7-S9 in the Supplementary file).   265 
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DISCUSSION 266 

In this study, overall AD use was associated with an increased risk for GDM. 267 

Specifically, venlafaxine and amitriptyline were respectively associated with a 27% and 268 

52% increased risks of GDM, and this after adjustment for major confounders and 269 

underlying conditions. No statistically significant association was observed with any 270 

SSRI. Moreover, we found a cumulative duration effect for short, medium and long 271 

duration of AD use, which was associated with a 15%, 17% and 29% increased risk of 272 

having GDM, respectively. This effect varied within classes of ADs. 273 

Comparison with other studies 274 

Literature on this topic is scarce. A previous study from Reis and Kallens’ found that AD 275 

is associated with GDM (OR, 1.37, 95% CI, 1.08 to 1.75) which is consistent with our 276 

findings.
16

 For class exposure, our results are also in line with Wen et al.
17

, which 277 

reported no association between SSRI and GDM. In the general non-pregnant population, 278 

studies and meta-analyses performed to investigate the risk of Type 2 Diabetes following 279 

AD use consistently report associations.
29-31

 Conversely, it is still debated whether SSRI 280 

and SNRI are involved in Type 2 Diabetes onset, and very few studies have investigated 281 

individual drug effects. A meta-analysis from Yoon et al.
31

 reported the following 282 

estimates for individual drug: paroxetine (Risk Ratio RR, 1.52, 95% CI, 0.95 to 2.45, 2 283 

studies) and citalopram (RR, 1.13, 95% CI, 0.85 to 1.49, 2 studies) which is in line with 284 

our results.  285 
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Possible biological mechanisms 286 

With respect to biological plausibility, certain mechanisms support the link between AD 287 

use and GDM onset. AD can be involved in diabetes, by acting directly on glucose 288 

homeostasis,
12

 by decreasing pancreatic insulin secretion,
32

 by increasing cellular insulin 289 

resistance
33

 or by acting indirectly on insulin via weight gain.
11 13

 290 

 In animal studies, it has been reported that AD could induce hyperglycemia.
33 34

 291 

Moreover, serotonin is involved in glucose homeostasis and is also the target of most 292 

ADs, which may explains why ADs affect the glucose pathway. In addition, still in 293 

animal studies, serotonin has been shown to play a role in compensation mechanism, 294 

which is established following natural insulin resistance in pregnancy.
35

 ADs use inhibits 295 

the insulin pathway resulting in insulin resistance and potentially GDM. Effects of ADs 296 

on glucose dysregulation and weight gain seem stronger with TCAs, especially 297 

amitriptyline, than with SNRI and SSRI, due to the varying affinity for serotoninergic, 298 

noradrenergic, and histamine receptors.
12 36

 A study reported that due to their high 299 

affinity for the serotonin reuptake transporter, SSRI could generate hypoglycemia 300 

whereas ADs with high affinity for the 5-HT2c receptor (serotonin), H1-receptor 301 

(histamine), and norepinephrine reuptake such as amitriptyline and venlafaxine could 302 

lead to hyperglycemia.
15

 Moreover the study added that among their cases glucose 303 

disturbances were occurring within 1 month of treatment and that cumulative effects of 304 

AD drugs on glucose control were possible especially with longer duration of treatment.
15

 305 

 It has also been proposed that in the short term, SSRI may have neutral weight effect or 306 

even reduce weight gain (fluoxetine), and therefore improve diabetes, which could partly 307 
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explain our results.
37

 Our study confirms that ADs have heterogeneous effects regarding 308 

GDM incidence, which we believe is mainly due to their varying pharmacological 309 

properties. 310 

Strengths 311 

To our knowledge, this is the first study looking specifically at AD use during pregnancy 312 

and the risk of GDM. With 17 years of follow up, we were able to investigate both class 313 

and individual drug effects of ADs. Furthermore, in the QPC, data are prospectively 314 

collected and provide valid and accurate information on filled prescriptions and 315 

physician-based diagnoses which rule out potential for recall bias and ascertainment bias. 316 

The use of a nested case-control design permits to take into account the time varying 317 

nature of our exposure. Finally, our definition of GDM based on diagnoses and 318 

prescriptions filled for antidiabetic drugs has been validated and used in previous studies. 319 

Limitations 320 

Confounding by indication related to the underlying depression is probable. However, we 321 

found lack of association with the disease in the main analyses and our sensitivity 322 

analysis restricted to a subgroup of pregnancies diagnosed with depression/anxiety before 323 

pregnancy supports our main results. This also minimises the possible detection bias 324 

because, all pre-pregnancy depressed women might have similar contact with healthcare 325 

professionals and equal chance to be diagnosed for additional comorbidities. It should be 326 

pointed out that screening for GDM is part of the standard pregnancy monitoring in 327 

Quebec, which makes detection bias less likely. However, assuming confounding due to 328 
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maternal depression severity might be present, we further adjusted for documented 329 

proxies for depression severity, such as visits to the psychiatrists and co-medication, 330 

including medications for mental diseases such as benzodiazepines and antipsychotics. 331 

We included late cases of GDM recorded after 28 weeks of gestation, which could lead to 332 

a misclassification of the exposure and resulting in an underestimation of the effect. 333 

However, when we considered only cases of GDM with diagnosis between 24-28 weeks 334 

of gestation, as recommended by the Canadian guidelines, our results were similar to our 335 

main analyses. Although we adjusted for most risk factors for GDM, some lifestyle 336 

variables such as smoking, weight gain, BMI and physical activity practise are missing in 337 

our database, which could result in residual confounding. However, we found consistent 338 

results in our sensitivity analysis restricted to pre-pregnancy depressed women and it is 339 

unlikely that these variables were differently distributed between these women. Finally, 340 

generalizability to women with private drug insurance or obese women could be affected, 341 

given that our study includes only pregnancies covered by the province’s Prescription 342 

Drug Insurance Program and non-obese women but this does not affect the internal 343 

validity of our study. Moreover in a previous study, socioeconomic status was shown to 344 

be an effect modifier in the QPC, and those women on public drug coverage plan and 345 

women on private drug insurance have similar characteristics and comorbidities.
38

  346 

Overall AD use in pregnant women was associated with an increased risk of GDM, as 347 

well as with a cumulative duration effect, after taking into account underlying maternal 348 

depression. Amitriptyline and venlafaxine were linked to an increased risk of GDM. 349 

Though the absolute risk remains low, given the whole range of maternal and infantile 350 
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complications associated with GDM during pregnancy and later in life, pregnant women 351 

should wisely be advised before using ADs.  352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

 367 

 368 
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Table legends  

Table.1 Study population characteristics 

Table.2 Risk of gestational diabetes following overall AD use during pregnancy 

Table.3 Cumulative duration of exposure to antidepressants and risk of gestational 

diabetes 

Figure legends  

 Figure 1. Selection of study population: gestational diabetes mellitus. 

 Figure 2. Types of antidepressant use and risk of gestational diabetes. 
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Table.1 Study population characteristics 

Note: AD Antidepressant, GDM Gestational Diabetes Mellitus, SD Standard Deviation, 1DG first Day of Gestation 
a Index date = date of gestational diabetes identification for cases and corresponding date for matched controls. 
b Based on ICD-9 or ICD-10 codes for depression/anxiety, cardiovascular diseases and polycystic ovarian syndrome. 
c Based on ICD-9 or ICD-10 codes or prescriptions filled for hypertension, asthma and thyroid disorders.      
d Included prescriptions filled for conditions other than depression/anxiety, hypertension, asthma and thyroids 

disorders. 

 

  

Characteristics  
Cases of GDM 

n = 20905 

Controls 

n = 209 050 

Pregnancy – related variable 

Gestational age at index date
a
, mean (±SD) 29.4 (2.3) 29.4 (2.3) 

AD exposure from 1DG to index date 1152 (5.5) 8589 (4.1) 

AD use during 6 months before gestation 1448 (6.9) 11 403 (5.4) 

Sociodemographic characteristics measured on 1DG 

Age (years) 

     <18 

     18-34 

      >34 

 

126 (0.6) 

15 123 (72.3) 

5656 (27.1) 

 

2916 (1.4) 

173 958 (83.2) 

32 176 (15.4) 

Urban dwellers  17 678 (84.6) 172 597 (82.6) 

Social assistance recipients 5704 (27.3) 48 615 (23.3) 

Maternal comorbidities during 6 months before 1DG 

Depression/Anxiety 
b
 1419 (6.8) 12 995 (6.2) 

Hypertension 
c
 487 (2.3) 2665 (1.3) 

Asthma 
c
 1714 (8.2) 14 637 (7.0) 

Cardiovascular diseases 
b
 402 (1.9) 3468 (1.7) 

Thyroid disorders
 c
 930 (4.5) 6354 (3.0) 

Polycystic ovarian syndrome 
b
 18 (0.2) 76 (0.1) 

Health care services utilization and medication use in the 6 months before 1DG 

No. of physician visits  

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

               ≥2 10 135 (48.5) 96 376 (46.1) 

Hospital admission /emergency department visit 4278 (20.5) 42 487 (20.3) 

Medications other than antidepressants 
d
  

                0 9250 (44.2) 95 412 (45.6) 

              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) 

Health care services utilization from 1DG until index date 

Pregnancy follow-up by obstetricians/gynaecologists          9756 (46.7) 77 962 (37.3) 
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Table.2 Risk of gestational diabetes following overall AD use during pregnancy 

Variables Crude OR 

(95% CI) 

Adjusted OR 
c
 

(95% CI) 

Primary exposure 

  AD use from 1DG to index date 
a
  

 

1.36 (1.28 to 1.45) 

 

1.19 (1.08 to 1.30) 

Covariates 

As of first day of gestation  

Age (years) 

     <18 

     18-34 

      >34   

  Urban residence  

  Recipient of social assistance  

  AD use during 6 months before gestation 
 

6 months before gestation  

  Maternal comorbidities  

     Depression /anxiety  

     Chronic/Gestational hypertension 

     Asthma 

     Cardiovascular diseases 
b
  

     Thyroid disorders 

     Polycystic ovarian syndrome 
 

   Medication use  

      Others medications excluding ADs and 

medications related to maternal comorbidities 

          1-2 

           >2  
 

    Health care services utilisation 

       Visit to psychiatrists  

       Visit to physicians  

       Hospitalizations or emergency department visit  

 

 

 

0.49 (0.41 to 0.59) 

1.00 (Reference) 

2.01 (1.95 to 2.08) 
 

1.16 (1.11 to 1.20) 

1.24 (1.20 to 1.28) 

1.29 (1.22 to 1.36) 
 

 

 

1.10 (1.04 to 1.16) 

1.83 (1.66 to 2.02) 

1.18 (1.12 to 1.25) 

1.16 (1.05 to 1.29) 

1.48 (1.38 to 1.59) 

2.34 (1.41 to 3.88) 

 

 
 

1.05 (1.02 to 1.10) 

1.06 (1.02 to 1.09) 
 

 

 1.19 (1.09 to 1.29) 

 1.10 (1.07 to 1.13) 

 1.01 (1.00 to 1.05) 

 

 

 

0.46 (0.38 to 0.55) 

1.00 (Reference) 

1.98 (1.92 to 2.05) 
 

1.09 (1.05 to 1.14) 

1.23 (1.19 to 1.28) 

1.07 (0.98 to 1.17) 

 

 
0.93 (0.88 to 1.00) 

1.51 (1.37 to 1.67) 

1.13 (1.07 to 1.19) 

1.05 (0.94 to 1.16) 

1.35 (1.25 to 1.45) 

2.09 (1.25 to 3.49) 

 

 
 

1.03 (0.99 to 1.07) 

1.02 (0.98 to 1.05) 
 

 

1.03 (0.94 to 1.13) 

1.05 (1.02 to 1.09) 

0.97 (0.93 to 1.01) 
 

Note: 1DG first day of gestation; CI confidence interval; OR odds ratio; AD Antidepressant; 
 

 a exposure to any antidepressant v.no antidepressant use as reference   
 

 b Cardiovascular diseases (Ischaemic heart diseases; 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) 
 

 c Adjusted 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  
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Table.3 Cumulative duration of exposure to antidepressants and risk of gestational 

diabetes 

 

 

 

Note: CI confidence interval; OR odds ratio;  
a Adjusted 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]. 

 

 

 

 

 

Exposure 

Status 

Cases 

(n=20905) 

Controls 

(n=209048) 

             OR (95% CI) 

Crude Adjusted
a
 

No exposure  19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference) 

Cumulative duration (d) in days among SSRIs Users  

<90  242 (1.2) 2047 (0.9) 1.20 (1.05 to1.37) 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 SNRIs 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 TCAs Users  

<90  108 (0.5) 666 (0.3) 1.64 (1.34 to 2.00) 1.42 (1.15 to 1.75) 

90 ≤d<180 21 (0.1) 89 (0.04) 2.39 (1.49 to 3.83) 1.96 (1.21 to 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 other antidepressants Users  

<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 to 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) 
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Figure 1 Selection of study population: gestational diabetes mellitus. 
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Figure 2. Types of antidepressant use and risk of gestational diabetes. 

216x279mm (123 x 104 DPI) 
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Table S1. Operational definitions for Gestational Diabetes Mellitus

 

 Notes: GDM: Gestational Diabetes Mellitus 

 ICD-9: International Classification of Diseases, Ninth Revision 

 ICD-10: International Classification of Diseases, tenth Revision 

 

 

 

 

 

 

 

 ICD-9 codes ICD-10 codes  

GDM identification 250.0-250.9, 648.0, 648.8, 790.2, 775.1 E10-E14, O24 

Antidiabetic medication (allowed in pregnancy) generic codes 

Medication class generic name generic codes 

Insulins insuline isophane, insuline zinc, insulines 
zinc et isophane, insuline ultralente, 
insuline lispro, insuline aspart, insuline 
glargine, insuline détémir 
 

44164, 44489, 45531, 45483, 47206, 
47424, 47536, 47586 

Oral hypoglycemic agents glyburide, metformine, acarbose 
 

4264, 5824, 47151 
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Table S2. Antidepressants classes 
 

Notes:SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 

Antidepressant, Others other antidepressants. 

 

 

Medication class generic name generic name codes 

SSRI Citalopram 
Escilalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 

47317,46543 
47553 
45504 
45633 
47061, 46164 
45630 

SNRI Venlafaxine 
Duloxetine 

47118, 46244 
47714 

TCA Amitriptyline 
Clomipramine 
Desipramine 
Doxepine 
Imipramine 
Nortriptiline 
Trimipramine 

429 
14781 
2522 
3198 
4784 
6578, 46835 
9906 

Others Bupropion 
Buspirone 
Moclobémide 
Mirtazapine 
Trazodone 
Nefazodone 
Moclobémide 
L-tryptophane 

47285, 46435 
45609 
47005 
47408, 46744 
43137 
47093 
47005, 46427 
42058 
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Table S3. Operational definitions and ICD9-10 codes used for covariates 

and exclusion criteria 

 Notes: GDM: Gestational Diabetes Mellitus 

 ICD-9: International Classification of Diseases, Ninth Revision 

 ICD-10: International Classification of Diseases, tenth Revision

Variables    Definition use  

Age (year) 3 classes : <18 yo, 18≤age≤34, >34 yo 

Area of Residence Rural or urban 

Social welfare status Social welfare recipient or RAMQ adherent 

hypertension   ( Diagnoses codes and 

prescription filled for antihypertensive 

medication) 

ICD9-10 codes('4010' - '4059') ('6421'-'6429')('7962')('I101', 
'I100', 'I151', 'I158', 'I152', 'I159', 'I150')('O10', 'O11', 'O16')  
 

Asthma (Diagnoses codes and prescription filled 

for asthma medication) 

ICD9-10 codes ('4930', '4931', '4933', '4934', '4935', '4936', 

'4937', '4938', '4939', 'J450', 'J458', 'J451', 'J459') 

Cardiovascular diseases (Diagnoses codes) ICD9-10 codes ('4100' - '4179') ('4200' - '4389') ('4400' -'4499') 

('4510' -'4599') ('7943', '6486')('I20' - 'I28') ('I30' - 'I52')('I60'-

'I89')('I95' -'I99') ('R943', 'O994') 

Thyroid related diseases(Diagnoses codes and 

prescription filled for thyroid diseases 

medication) 

ICD9-10 codes ('2440' - '2449') ('2429') ('E01', 'E02', 'E03', 

'E05') 

Polycistic ovarian syndrom ICD9-10 codes '2564', 'E282' 

Cystic fibrosis ICD9-10 codes 277.0, E84 

Type 2 and type 1 diabetes(Diagnoses codes 

and prescription filled for Diabetes medication) 

ICD9-10 codes 250.0-250.9, 648.0, 648.8, 790.2, 775.1, E10-

E14, O24, R73.0  

Obesity ICD9-10 codes ('2780'), ('E66') 

Depression/Anxiety ICD9-10 codes ('296','309', '311', 'F30', 'F31', 'F32', 'F33', 'F34', 

'F38', 'F39', 'F40', 'F41', 'F43'), ('3000', '3004') 

Comedication All medication excluding antidepressants, medication for 

Asthma, hypertension and thyroid diseases and diabetes 

Visit to General practitioner Yes or no 

Visit to Psychiatrists Yes or No 

Emergency visit/hospitalisations Yes or No 
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Table S4. Antidepressants classes and risk of Gestational Diabetes Mellitus 

 
 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 

Antidepressant, Others other antidepressants 

a
Adjusted 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]. 

 

 

 

 

 

 

Variable No (%) cases 
(n=20905) 

No (%) 
Controls 
(n=209048) 

Crude OR 
(95% CI) 

Adjusted OR
a
 

(95% CI) 

AD classes 
No AD use 
SSRI 
SNRI 
Tricyclics 
Others 
Combined use of ≥2 classes 

  
19753 (94.5) 

535 (2.6) 
230 (1.1) 
143 (0.7) 

75 (0.3) 
169 (0.8) 

  
200461 (95.9) 

4486 (2.1) 
1664 (0.8) 

828(0.4) 
599 (0.3) 

1010 (0.5) 

  
1.00 (Reference) 
1.21 (1.11 to 1.32) 
1.40 (1.22 to 1.61) 
1.74 (1.46 to 2.08) 
1.27 (1.00 to 1.61) 
1.69 (1.44 to 1.99) 

  
1.00( Reference) 

1.07 (0.96 to 1.20) 
1.27 (1.08 to 1.48) 
1.47 (1.22 to 1.77) 
1.06 (0.83 to 1.36) 
1.38 (1.15 to 1.67) 
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Table S5. Antidepressant cumulative duration and risk of Gestational 

Diabetes Mellitus 

 

Note: CI confidence interval; OR odds ratio; 
a
Adjusted 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]. 

 

 

 

 

 

 

 
No (%) 
Cases 

(N=20905) 

No (%) 
Controls 

(N=209050) 

Crude OR 
(95% CI) 

 

Adjusted OR
a
 

(95% CI) 

No exposure 19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference) 

duration < 90 days 541 (2.6) 4271 (2.0) 1.28 (1.17 to 1.40) 1.15 (1.03 to 1.28) 

90 days ≤duration <180 days 187 (0.9) 1429 (0.7) 1.33 (1.14 to 1.55) 1.17 (1.00 to 1.39) 

180 days ≤ duration 424 (2.0) 2889 (1.4) 1.49 (1.34 to 1.65) 1.29 (1.13 to 1.48) 
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Table S6. Single drugs and risk of Gestational Diabetes Mellitus 

Variable No (%) cases 
(n=20905) 

No (%) 
controls(n=209050) 

Crude OR 
(95% CI) 

Adjusted OR
a
 

(95% CI) 

ADs 
No use 
Citalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 
Venlafaxine 
Amitriptyline 
Others 
Combined use of ≥2 AD  

 
19 753 (94.5) 

242 (1.2) 
29 (0.1) 
9 (0.1) 

154 (0.7) 
83 (0.4) 

230 (1.1) 
133 (0.6) 

85 (0.4) 
187 (0.9) 

 
200 461 (95.9) 

2001 (0.9) 
293 (0.1) 

69 (0.1) 
1208 (0.6) 
740 (0.3) 

1655 (0.8) 
753 (0.4) 
683 (0.3) 

1187 (0.6) 

 
1.00(Reference) 

 1.23 (1.08 to 1.41) 
 1.01 (0.69 to 1.47) 
 1.32 (0.66 to 2.63) 
 1.29 (1.09 to 1.52) 
 1.14 (0.91 to 1.43) 

   1.41 (1.23 to 1.62) 
   1.78 (1.48 to 2.14) 
   1.26 (1.01 to 1.58) 
   1.59 (1.37 to 1.86)  

 
1.00 (Reference) 

1.11 (0.95 to 1.29) 
0.85 (0.57 to 1.25) 
1.01 (0.50 to 2.03) 
1.13 (0.94 to 1.36) 
1.01 (0.80 to 1.28) 
1.27 (1.09 to 1.49) 
1.52 (1.25 to 1.84) 
1.04 (0.82 to 1.31) 
1.31 (1.10 to 1.56) 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
a
Adjusted 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]. 
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  Table S7. Sensitivity analysis in a cohort of depressed/anxious women 

 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
a
Adjusted 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 [cardiovascular diseases and polycystic ovarian syndrome]; medication use others than 
antidepressants and drugs use for hypertension, asthma and thyroids disorders and visits to psychiatrists; health services 
utilization [visits to physicians and hospitalisations or emergency department visit]. 

 

Variable No (%) 
Cases 

(n=2231) 

No (%) 
Controls 
(n=19164) 

Crude OR 
(95%CI) 

Adjusted OR
a
 

(95%CI) 

AD exposure 1002 (44.9) 7333(38.3) 1.18 (1.03 to 1.35) 1.15 (1.00  to 1.33) 
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Table S8.  Sensitivity analysis on the diagnosis window 

 (Diagnoses between weeks 24 and 28) 

Variable No (%) 
Cases 

(n=4791) 

No (%) 
Controls 
(n=47910) 

Crude OR 
(95%CI) 

Adjusted OR
a
 

(95%CI) 

AD exposure 269 (5.6) 2029(4.2) 1.34 (1.18 to 1.53) 1.22 (1.01  to 1.48) 

 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
a
Adjusted 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]. 
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Table S9. Sensitivity analysis when looking at exposure until 15 days 

before index date 

Variables No (%) 
Cases 

(n=20905) 

No (%) 
Controls 

(n=209050) 

Crude OR 
(95%CI) 

Adjusted OR
a
 

(95%CI) 

AD exposure 1139 (5.5) 8508(4.1) 1.36 (1.27 to 1.45) 1.18 (1.08  to 1.30) 

 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
a
Adjusted 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]. 
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28 Abstract

29 Objectives: The aim of this study was to determine the association between antidepressant 

30 (AD) classes, types and duration of use during pregnancy and the risk of gestational 

31 diabetes mellitus (GDM).

32 Design and setting: A nested case-control study was conducted within the Quebec 

33 Pregnancy Cohort (QPC), a Canadian provincial database, which includes data on all 

34 pregnancies and children in Quebec from January 1998 to December 2015.

35 Primary Outcome measures: Gestational diabetes mellitus.

36 Participants: Cases of GDM were identified after week 20 of pregnancy and randomly 

37 matched 1:10 to controls on gestational age at index date (i.e. calendar date of GDM) and 

38 year of pregnancy. AD exposure was assessed by filled prescriptions between the 

39 beginning of pregnancy (first day of last menstrual period) and index date. Conditional 

40 logistic regression models were used to estimate crude and adjusted odds ratios (aOR).

41 Results: Among 20,905 cases and 209,050 matched controls, 9,741 (4.2%) women were 

42 exposed to ADs. When adjusting for potential confounders, AD use was associated with 

43 an increased risk of GDM (aOR =1.19, 95% CI 1.08 to 1.30); venlafaxine (aOR= 1.27, 

44 95% CI 1.09 to 1.49) and amitriptyline (aOR= 1.52, 95% CI 1.25 to 1.84) were as well 

45 associated with an increased risk of GDM. Moreover, the risk of GDM was increased with 

46 longer duration of AD use, specifically for serotonin norepinephrine reuptake inhibitors, 

47 tricyclic ADs and combined use of two ADs classes. No statistically significant association 

48 was observed for selective serotonin reuptake inhibitors.
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49 Conclusion: Findings suggest that ADs and specifically venlafaxine and amitriptyline, 

50 were associated with increased risk of GDM. Until more data are available, clinicians and 

51 pregnant women treated with ADs should be informed.

52

53 Article summary

54 Strengths and limitations of this study

55  This is the first study investigating antidepressants classes and individual drugs use 

56 during pregnancy and the risk of gestational diabetes owing to the large number of 

57 pregnancies included.

58  The Quebec pregnancy cohort is one of the largest medico-administrative database, with 

59 17 years of follow-up, which provides prospectively collected data for pregnant women 

60 with high validity and no recall bias possible. 

61  Our analysis restricted to a subgroup of pregnancies with depression/anxiety before 

62 pregnancy, minimises the risk for confounding by indication.

63  Even though our database included a large set of variables, some lifestyle variables such 

64 as smoking and body mass index are missing therefore residual confounding cannot be 

65 completely excluded.
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66 INTRODUCTION

67 Gestational diabetes mellitus (GDM), defined as a carbohydrate intolerance occurring 

68 during pregnancy, diagnosed between 24 week and 28 week of pregnancy, is a major 

69 maternal health condition.1 2 Studies report that 1-20% of pregnant women are affected by 

70 GDM worldwide depending of the population studied and the diagnoses criteria adopted 

71 (International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria or 

72 World Health Organization (WHO) ),and around 7-9% pregnant women are affected in 

73 Quebec.3-6 Moreover, the number is rising concomitantly with overweight and obesity 

74 surge.7 Pregnancies with GDM are at higher risk of birth complications (e.g. macrosomia, 

75 caesarian and dystocia) and may predispose offspring to Type 2 Diabetes and obesity.8-10 

76 Furthermore, mothers with a history of GDM are more likely to develop Type 2 Diabetes 

77 and cardiovascular diseases later in life.11 

78 Antidepressants (ADs) are commonly used during pregnancy and neurotransmitters such 

79 as serotonin, noradrenalin and dopamine are the mainstay of their action.12 ADs have 

80 several side effects and some of them increase weight.13 There is mounting evidence 

81 suggesting that AD classes might be involved in different way, in biological mechanisms 

82 such as weight gain, insulin resistance mechanism and glucose metabolism dysregulation 

83 to induce diabetes.14-17 Moreover, both depression and overweight/obesity are prevalent 

84 among women of reproductive age7 18. Discrepant findings have been reported regarding 

85 the relationship between depression and body mass index (BMI). Some previous studies 

86 reported no association but, a meta-analysis reported a possible bi-directional 

87 relationship.19 20 Depression may increase weight gain and obesity, through changes in 

88 eating patterns or reduced physical activity and biological mechanisms involving 
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89 neuroendocrine disturbances could explain the association.19 Nevertheless, a recent study 

90 showed that antenatal depression was not associated with inadequate and excessive 

91 gestational weight gain during pregnancy.21 As maternal depression could possibly 

92 increase weight gain and GDM, the potential confounding effect of underlying maternal 

93 depression should be addressed in studies assessing the relationship between AD use during 

94 pregnancy and GDM 

95 In pregnant women, two studies have investigated the association but evidence is 

96 inconclusive and some methodological limitations were not considered.22 23 The first study 

97 found that AD use was associated with an increase of the risk of GDM whereas the second 

98 showed no association with SSRI. The two studies lack information about timing of GDM 

99 diagnosis and confounding by indication related to maternal depression is possible. The 

100 small sample size in both studies did not allow to look at individual drug effect. Given the 

101 increasing use of ADs during pregnancy, the biological evidence and scarcity of 

102 information on the associated GDM risk, this question urgently needs to be addressed. To 

103 our knowledge, no study thus far has been designed to explore directly the association 

104 between AD use and GDM incidence in pregnancy. 

105 Therefore, we assessed the impact of overall AD medication, classes, and types, as well as 

106 duration of AD exposure on the risk of GDM in a population based study of pregnant 

107 women. 
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108 METHODS

109 Patient and public involvement

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

111 Source population

112 A nested case-control study was conducted within the Quebec Pregnancy Cohort (QPC). 

113 The QPC is an ongoing population-based cohort with prospective data collection on all 

114 pregnancies insured by the Quebec Public Prescription Drug Insurance Plan, from 1998 to 

115 2015. Individual-level information was obtained from province-wide databases and linked 

116 using health care unique personal identifiers.

117 The QPC was established by identifying all pregnancies in the Régie de l'assurance maladie 

118 du Québec (RAMQ) and the Quebec hospitalisation archives (MedEcho) databases. First 

119 day of the last menstrual period (first day of gestation, 1DG) was defined using data on 

120 gestational age, which was validated against ultrasound measurements in patient charts. 

121 Prospective follow-up was available from 1 year prior 1DG, during pregnancy, and until 

122 December 2015. 

123 Data sources for this study comprised the medical service database (RAMQ: diagnoses and 

124 medical procedures), the Quebec Prescription Drug Insurance Database (drug name, start 

125 date, dosage, and duration), the Hospitalisation Archive Database (MedEcho: in-hospital 

126 diagnoses and procedures) and the Quebec Statistics Database (Institut de la statistique du 

127 Québec (ISQ): patient socio-demographic information). Descriptive information regarding 

128 the QPC are available in Bérard and Sheehy.24 Validity studies were performed and have 

129 shown the accuracy and the high quality of the data sources.25 26
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130 The study was approved by the Sainte-Justine’s Hospital Ethics Committee. The Quebec 

131 “Commission d’accès à l’information” authorized database linkages. 

132 Study cohort definition and study design 

133 All women in the QPC continuously covered by the public prescription drug plan for at 

134 least 6 months before and during pregnancy were eligible. Given that GDM occurs after 

135 the 20th week of gestation, we excluded abortions and miscarriages. We only included 

136 singletons pregnancies knowing that multiple pregnancies is a known risk factor of GDM. 

137 Women with Type 1 and Type 2 diabetes were identified between 6 months before 

138 pregnancy and up to week 20 of gestation and were excluded because they are not at risk 

139 of GDM and that overt diabetes is often diagnosed early in pregnancy. Similarly, women 

140 with prior GDM have different metabolic profiles and different baseline risk of GDM 

141 compared to women with no prior GDM and were also excluded. Studies have reported 

142 that women with a prior GDM have a faster deterioration in insulin sensitivity and a lower 

143 beta cell compensation that continue to deteriorate after pregnancy.27

144 In order to select a homogeneous population at risk of GDM, we also excluded pregnancies 

145 with cystic fibrosis as well as overweight (Body mass index (BMI >25 kg/m2)) or obesity 

146 (BMI>30kg/m2) 28 Women with cystic fibrosis and overweight or obesity are more likely 

147 to develop GDM. Hence, women with obesity and cystic fibrosis were excluded 

148 consistently in previous studies with GDM as outcome.29 Women with cystic fibrosis are 

149 more likely to have pre-pregnancy diabetes 30 and pre-pregnancy obesity, which are risk 

150 factors for GDM. We excluded those women with either obesity or cystic fibrosis to have 

151 a homogenous population with regards to these risk factors and to allow comparisons with 

152 previous studies. 
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153 All pregnancies meeting our inclusion criteria during the study period were considered. 

154 Moreover, due to the time-varying nature of AD use during pregnancy, using a nested case-

155 control analysis was appropriate.31 As well as a time dependent survival analysis, this 

156 method takes into account time varying exposure but has the ultimate advantage to be 

157 computationally more efficient and, to provide ORs that are unbiased estimators of rate 

158 ratios.32 33

159

160

161 Case of GDM definition

162 Cases of GDM were defined as pregnant women with a diagnosis of GDM identified using 

163 diagnosis codes of the 9th or 10th editions of the International Classification of Diseases 

164 (ICD9: 250.0-250.9, 648.0, 648.8, 790.2, 775.1 or ICD10: E10-E14, O24, R73.0) or at least 

165 one filled prescription for an antidiabetic drug allowed during pregnancy (insulin, 

166 glyburide or metformin), both after the 20th week of gestation, whichever occurred first 

167 (Table S1 in the Supplementary file).1 This definition was used to identify the earliest 

168 calendar date of GDM occurrence (EDI). This definition of the outcome was previously 

169 used34 35 and GDM ICD codes have been associated with high positive and negative 

170 predictive values (PPV: 85% and NPV: 99%).36 According to the current guidelines in 

171 Canada1,GDM is diagnosed between weeks 24-28 of gestation. In our study we considered 

172 a lag time of 3 weeks to capture late diagnoses of GDM.37 If the EDI was between week 

173 20 and week 31 of gestation, the calendar date of the diagnosis of GDM or of a prescription 

174 of antidiabetic drug was used as index date, in the other cases, when EDI was recorded 

175 after the 31th week of gestation, we developed an algorithm that determined the index date 
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176 by adding 217 days (equivalent to 31 week of gestation) to the first day of gestation. This 

177 algorithm was used to ensure that all cases were included in the study. Indeed, we 

178 hypothesised that EDI could be recorded even after 31 weeks of gestation for several 

179 reasons. First, it is possible that a pregnant woman got diagnosed with a mild GDM before 

180 31 weeks of gestation and received a prescription of an antidiabetic drug later given that 

181 her diabetes was controlled with non-pharmacological measure. Second, a woman could 

182 also be diagnosed with a GDM in her medical visit that was not recorded before 31 weeks 

183 of gestation because it was not the most serious medical condition at that moment. 

184 Control selection

185 Using the nested case-control design and with the low prevalence of exposure to AD among 

186 controls (4.1%), we randomly selected 10 controls for each case among the members in the 

187 risk set (i.e. pregnancy that did not have a diagnosis of GDM at the index date) and matched 

188 them by gestational age at index date (i.e. calendar date of GDM) and year of pregnancy. 

189 As a woman could contribute with repeated pregnancies during the study period, cases and 

190 controls were matched on the year of pregnancy. 
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191 Antidepressant exposure

192 Gestational AD use was assessed by using the RAMQ Prescription Drug file. Data on AD 

193 prescription fillings have been validated against maternal reports within the study 

194 population and have a high predictive value (PPV 100% and NPV 96%).26 

195 Overall antidepressant exposure 

196 Overall AD exposure was identified as having at least a filled prescription from 1DG to 

197 index date. Prescriptions filled before the pregnancy and with duration which included the 

198 1DG were also considered. The overall AD exposure category was compared with the 

199 reference category, no AD exposure during the same period. (Table S2 in the 

200 Supplementary file for codes of all ADs evaluated).

201 Antidepressant exposure by drug class

202 We considered AD exposure by class and formed six mutually exclusive comparison 

203 groups, namely: (1) selective serotonin reuptake inhibitors (SSRI), (2) serotonin 

204 norepinephrine reuptake inhibitors (SNRI), (3) tricyclic ADs (TCA), (4) others (this 

205 category includes all the other ADs used). Pregnancies exposed to at least two classes of 

206 AD were classified as (5) combined. No AD exposure during the relevant period of time 

207 was used as (6) the reference category.

208 Antidepressant exposure by drug types

209 Then, the following nine active categories were studied: (1) citalopram, (2) fluoxetine, (3) 

210 fluvoxamine, (4) paroxetine, (5) sertraline, (6) venlafaxine, (7) amitriptyline and (8) others 

211 (this category includes all the other ADs used). Pregnancies exposed to more than one AD 
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212 were classified as (9) combined. No AD exposure (10) between the 1DG and index date 

213 was the reference category. The 10 categories were mutually exclusive.

214 Antidepressant duration of exposure

215 Finally, we looked at the duration of exposure to AD during pregnancy by adding the length 

216 of the filled prescriptions in order to calculate the exact number of days covered by the 

217 prescriptions. For pregnancies with combined use of two or more ADs, if the two AD had 

218 the same overlap, only one exposure time was considered. However, if the duration for the 

219 two ADs were not completely overlapping, the additional days of both ADs were added to 

220 the overlapping time. Consequently, 4 mutually exclusive categories were defined: (1) 

221 short duration (≤90 days of AD exposure), (2) medium duration (90 days <AD exposure< 

222 180 days), (3) long duration (≥180 days of AD exposure). The reference category was (4) 

223 no exposure to AD in the relevant time-period. We also looked at duration of exposure 

224 within each AD class.

225 Covariates

226 Potential confounders considered for all analyses were (1) socio-demographic variables on 

227 the 1DG including maternal age, receipt of social assistance (yes/no) and area of 

228 residence(urban/rural); (2) maternal chronic comorbidities in the 6 months prior to 

229 pregnancy (physician-based diagnoses or filled prescriptions of related medications for 

230 chronic comorbidities [depression/anxiety, chronic hypertension, asthma and thyroid 

231 disorders]; physician-based diagnoses of cardiovascular diseases and polycystic ovarian 

232 syndrome); (3) healthcare services utilisation and co-medication (physicians visits, 

233 hospitalisations or emergency department visits, the number of other medication used other 
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234 than ADs and medications related to chronic comorbidities (antipsychotics, 

235 benzodiazepines and corticosteroids are included), visits to a psychiatrist) within the 6 

236 months prior to pregnancy). All the previous conditions were identified from either 

237 diagnoses or disease-specific medications available in our databases (Table S3 in the 

238 Supplementary file).

239 Statistical Analysis

240 Descriptive analyses, namely t tests and χ2 tests for continuous and categorical variables, 

241 respectively, were performed to describe the study population. Crude and adjusted odds 

242 ratios (ORs) and 95% confidence intervals (CIs) using conditional logistic regression 

243 models were calculated. We considered all analyses significant at a p value of less than 

244 0.05 (2-tailed). We conducted all analyses using SAS version 9.3 software (SAS Institute 

245 Inc.).

246 Additionally, sensitivity analyses were performed. 

247 (1) We restricted the study population to women with depression/anxiety prior to 

248 pregnancy as identified by either a diagnosis code for depression or anxiety or an AD 

249 prescription within 6 months before the 1DG. For women with both a diagnosis code and 

250 AD use in the 6 months before the 1DG, only one occurrence was taken into account.  This 

251 method allowed us to take into account potential confounding by indication.

252 (2) According to the guidelines, GDM is diagnosed between 24-28 weeks of gestation; 

253 therefore, we looked at diagnoses of GDM strictly between week 24 and week 28.1 This 

254 will minimise a potential non-differential bias that would underestimate the true estimate.
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255  (3) We looked at the exposure within the window going from the 1DG to 15 days before 

256 the index date, in order to ensure that the exposure precede the outcome.

257 (4) We included women with a history of GDM in the cohort and adjusted for this variable 

258 to take into account the confounding related to prior diagnosis of GDM.

259 (5) As a woman could contribute to the study with repeated pregnancies, and these 

260 pregnancies within the same woman may be correlated. We performed an additional 

261 analysis using Generalized estimate equation (GEE) which is a method used to address 

262 intra-subject correlation.38 Results obtained from GEE were compared to findings from the 

263 main analysis.
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264 RESULTS

265 In a total of 237,172 pregnancies from the QPC meeting the study inclusion criteria, 20,905 

266 (8.8%) cases of GDM were identified. This prevalence is concordant with the prevalence 

267 reported in Quebec3. Among cases, 1,152 (5.5%) women were exposed to ADs (Figure 1). 

268 Characteristics of cases and their matched controls (n = 209,050) are displayed in Table 1. 

269 Women with GDM were more likely to be older, urban residents and benefit from social 

270 assistance. Maternal comorbidities and risk factors for GDM were more prevalent in cases 

271 than in controls. 

272 Primary analyses

273 When adjusting for potential confounding factors using ADs during pregnancy was 

274 associated with a modest increased risk of GDM compared to nonusers during the study 

275 period (adjusted OR (aOR), 1.19; 95% CI, 1.08 to 1.30, 1152 exposed cases). AD use 

276 before 1DG as well as history of depression and anxiety were not associated with GDM 

277 risk. (Table 2). 

278 For AD classes specifically, SNRI 1.27 (95% CI, 1.08 to 1.48, 230 exposed cases), TCA 

279 1.47 (95% CI, 1.22 to 1.77, 143 exposed cases) and combined use of 2 or more AD classes 

280 1.38 (95% CI, 1.15 to 1.67, 169 exposed cases) were associated with increase in the risk of 

281 GDM whereas SSRI were not associated (1.07, 95% CI 0.96 to 1.20, 535 exposed cases) 

282 (Table S4 in the Supplementary file). 

283 We also observed a duration-effect gradient associated with gestational AD use. 

284 Pregnancies with short duration 1.15 (95% CI 1.03 to 1.28, 541 exposed cases), medium 
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285 duration 1.17 (95% CI 1.00 to 1.39, 187 exposed cases), as well as long duration of AD 

286 exposure 1.29 (95% CI 1.13 to 1.48, 424 exposed cases) were at increased risk of GDM 

287 compared to unexposed pregnancies (Table S5 in the Supplementary file). This duration-

288 effect relationship was also observed for TCA, SNRI, and combined use of 2 ADs classes, 

289 though it did not reach statistical significance for some strata due to small number of 

290 exposed cases (Table 3).

291 Regarding individual AD, venlafaxine 1.27 (95% CI 1.09 to 1.49, 230 exposed cases), 

292 amitriptyline 1.52 (95% CI 1.25 to 1.84, 133 exposed cases), and combined use of 2 or 

293 more ADs 1.31 (95% CI 1.10 to 1.56, 187 exposed cases) were associated with an increased 

294 risk of GDM. For citalopram 1.11 (95% CI 0.95 to 1.29, 242 exposed cases), paroxetine 

295 1.13 (95% CI 0.94 to 1.36, 154 exposed cases), and sertraline 1.01 (95% CI 0.80 to 1.28, 

296 83 exposed cases), no statistically significant association was observed (Table S6 in the 

297 Supplementary file; Figure 2).

298 Sensitivity analysis

299 In the subgroup of 21,395 pre-pregnancy depressed women; exposure to AD during 

300 pregnancy also increased the risk of GDM, which is consistent with the main analysis (1.15, 

301 95% CI 1.00 to 1.33, 1002 exposed cases). When using different time window for both the 

302 exposure and the outcome, our results were also consistent with the main findings: 

303 diagnosis between 24-28 week only (1.22, 95% CI 1.01 to 1.48, 269 exposed cases), and 

304 looking at exposure between 1DG and 15 days before the index date (1.18, 95% CI 1.08 to 

305 1.30, 1139 exposed cases). When including women with prior GDM and adjusting for this 

306 variable in the model, we found similar results with our main analysis (1.11, 95% CI 1.01 
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307 to 1.20) When using the GEE method which takes into account intra-woman correlation 

308 for women contributing to the study with more than one pregnancy, we found similar 

309 results with the logistic regression (1.19, 95% CI 1.09 to 1.31). (Table S7-S11 in 

310 the Supplementary file). 
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311 DISCUSSION

312 In this study, overall AD use was associated with an increased risk for GDM. Specifically, 

313 venlafaxine and amitriptyline were respectively associated with a 27% and 52% increased 

314 risks of GDM, and this after adjustment for major confounders and underlying conditions. 

315 No statistically significant association was observed with any SSRI. Moreover, we found 

316 a cumulative duration effect for short, medium and long duration of AD use, which was 

317 associated with a 15%, 17% and 29% increased risk of having GDM, respectively. This 

318 effect varied within classes of ADs.

319 Comparison with other studies

320 Literature on this topic is scarce. A previous study from Reis and Kallens’ found that AD 

321 is associated with GDM (OR, 1.37, 95% CI, 1.08 to 1.75) which is consistent with our 

322 findings.22 For class exposure, our results are also in line with Wen et al.23, which reported 

323 no association between SSRI and GDM. In the general non-pregnant population, studies 

324 and meta-analyses performed to investigate the risk of Type 2 diabetes following AD use 

325 consistently report associations.39-41 Conversely, it is still debated whether SSRI and SNRI 

326 are involved in Type 2 diabetes onset, and very few studies have investigated individual 

327 drug effects. A meta-analysis from Yoon et al.41 reported the following estimates for 

328 individual drug: paroxetine (Risk Ratio RR, 1.52, 95% CI, 0.95 to 2.45, 2 studies) and 

329 citalopram (RR, 1.13, 95% CI, 0.85 to 1.49, 2 studies) which is in line with our results. The 

330 relationship between the duration of exposure to ADs and diabetes has been explored in 

331 two studies, one in the adult general population and the other one on youths, and they found 

332 that the risk of diabetes was increasing with longer duration of use of AD.42 43
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333 Possible biological mechanisms

334 With respect to biological plausibility, certain mechanisms support the link between AD 

335 use and GDM onset. AD can be involved in diabetes, by acting directly on glucose 

336 homeostasis,14 by decreasing pancreatic insulin secretion,44 by increasing cellular insulin 

337 resistance45 or by acting indirectly on insulin via weight gain.13 15

338  In animal studies, it has been reported that AD could induce hyperglycemia.45 46 Moreover, 

339 serotonin is involved in glucose homeostasis and is also the target of most ADs, which may 

340 explains why ADs affect the glucose pathway. In addition, still in animal studies, serotonin 

341 has been shown to play a role in compensation mechanism, which is established following 

342 natural insulin resistance in pregnancy.47 ADs use inhibits the insulin pathway resulting in 

343 insulin resistance and potentially GDM. Effects of ADs on glucose dysregulation and 

344 weight gain seem stronger with TCAs, especially amitriptyline, than with SNRI and SSRI, 

345 due to the varying affinity for serotoninergic, noradrenergic, and histamine receptors.14 48 

346 A study reported that due to their high affinity for the serotonin reuptake transporter, SSRI 

347 could generate hypoglycemia whereas ADs with high affinity for the 5-HT2c receptor 

348 (serotonin), H1-receptor (histamine), and norepinephrine reuptake such as amitriptyline 

349 and venlafaxine could lead to hyperglycemia.17 Moreover the study added that among their 

350 cases glucose disturbances were occurring within 1 month of treatment and that cumulative 

351 effects of AD drugs on glucose control were possible especially with longer duration of 

352 treatment.17

353  It has also been proposed that in the short term, SSRI may have neutral weight effect or 

354 even reduce weight gain (fluoxetine), and therefore improve diabetes, which could partly 
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355 explain our results.49 Our study confirms that ADs have heterogeneous effects regarding 

356 GDM incidence, which we believe is mainly due to their varying pharmacological 

357 properties.

358 Strengths

359 To our knowledge, this is the first study looking specifically at AD classes and duration of 

360 use during pregnancy and the risk of GDM. With 17 years of follow up, we were able to 

361 investigate both class and individual drug effects of ADs. Furthermore, in the QPC, data 

362 are prospectively collected and provide valid and accurate information on filled 

363 prescriptions and physician-based diagnoses which rule out potential for recall bias and 

364 ascertainment bias. The use of a nested case-control design permits to take into account the 

365 time varying nature of our exposure. Finally, our definition of GDM based on diagnoses 

366 and prescriptions filled for antidiabetic drugs has been validated and used in previous 

367 studies.

368 Limitations

369 Residual confounding by indication related to the underlying depression cannot be ruled 

370 out. Our study was not adjusted for depression during pregnancy because depression during 

371 pregnancy could be on the causal pathway between AD use and GDM. When we restricted 

372 our cohort to a subgroup of pregnancies diagnosed with depression/anxiety before 

373 pregnancy our sensitivity analysis supports our main results. This also minimises the 

374 possible detection bias because, all pre-pregnancy depressed women might have similar 

375 contact with healthcare professionals and equal chance to be diagnosed for additional 
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376 comorbidities. Since the screening for GDM is part of the standard pregnancy monitoring 

377 in Quebec, a detection bias is less likely to occur as well. To further control for confounding 

378 by disease severity, we adjusted for documented proxies for depression severity, such as 

379 visits to the psychiatrists and co-medication, including medications for mental diseases 

380 such as benzodiazepines and antipsychotics. 

381

382 We included late cases of GDM recorded after 28 weeks of gestation, which could lead to 

383 a misclassification of the exposure and resulting in an underestimation of the effect. 

384 However, when we considered only cases of GDM with diagnosis between 24-28 weeks 

385 of gestation, as recommended by the Canadian guidelines, our results were similar to our 

386 main analyses. Although we adjusted for most risk factors for GDM, some lifestyle 

387 variables such as smoking, weight gain, BMI and physical activity practise are missing in 

388 our database, which could result in residual confounding. Previous literature have found 

389 inconsistent results for the association between smoking and GDM, however some studies 

390 have shown an association.50 51 . In a sensitivity analysis, we restricted our cohort to women 

391 with depression before pregnancy, and we found consistent results with the main analysis. 

392 This restriction de facto gives us a population of pregnant women with similar 

393 characteristics regarding lifestyles such as smoking, alcohol intake, and physical activity. 

394 We are confident that these missing variables in our analyses would minimally affect our 

395 results because Reis and Kallen in their study adjusted their analyses for BMI and smoking 

396 and found consistent estimates with us.22 Family income and education were not directly 

397 taken into account in our study. However, women covered by the public prescription drug 

398 plan are women of low to middle socio-economic status. In our analysis, we adjusted for 
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399 the adherent status at the public prescription drug plan, which is a proxy for the 

400 socioeconomic status and education. The adherent women have higher socio economic 

401 status compared to the beneficiaries. Therefore by adjusting for adherent status, we 

402 partially also adjusted for education. All these sensitivity analyses show that our estimates 

403 are stable, and that if residual confounding is present, it is minimal. Moreover, we could 

404 not adjust for ethnicity in our study because this variable is not available in our databases. 

405 However, a previous study performed on the QPC based on self-administered 

406 questionnaires collected information not present in our administrative databases such as 

407 ethnicity.52 This study found that 88.5% of the women in the QPC were from Caucasian 

408 background. Current evidence suggests that women from Caucasian ethnic background had 

409 the lowest risk of GDM compared to the other ethnic groups53. Thus, our estimates are 

410 calculated in a majority Caucasian population and are likely underestimations. This does 

411 not affect the internal validity of our study but might partly limit generalisability to other 

412 ethnic groups. Finally, generalizability to overweight/obese women or women with cystic 

413 fibrosis could be affected, given that our study includes only pregnancies of women without 

414 cystic fibrosis and non-overweight/non-obese women. Nevertheless, this does not affect 

415 the internal validity of our study. Moreover in a previous study, socioeconomic status was 

416 shown to be an effect modifier in the QPC, and those women on public drug coverage plan 

417 and women on private drug insurance have similar characteristics and comorbidities.54 

418 Overall AD use in pregnant women was associated with an increased risk of GDM, as well 

419 as with a cumulative duration effect, after taking into account underlying maternal 

420 depression. Amitriptyline and venlafaxine were linked to an increased risk of GDM. 
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421 The treatment of depression during pregnancy is a major concern and is challenging 

422 because depression is prevalent before and during pregnancy, and untreated depression can 

423 lead to relapse during pregnancy and in the postpartum period.55 Hence, adverse outcomes 

424 associated with AD use during pregnancy including GDM should be weighed against the 

425 consequences of non-medicated depression, especially for women with severe depression. 

426 Further studies are still needed to replicate our findings. In the meantime, though the 

427 absolute risk remains low and until more evidence is available, clinicians and pregnant 

428 women should be informed given the whole range of maternal and infantile complications 

429 associated with GDM during pregnancy and later in life.

430

431

432

433

434

435

436

437

438

439

440

Page 22 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

23

441 Contributors: Maëlle Dandjinou (MD), Odile Sheehy (OS), Anick Bérard (AB)

442 All authors participated in the study conception and design. AB acquired the data. MD and 

443 OS did the analyses. MD wrote the manuscript and all authors participated in the 

444 interpretation of the results and critical revision of the manuscript. AB is the guarantor of 

445 this work and, as such, had full access to all the data in the study and takes responsibility 

446 for the integrity of the data and the accuracy of the data analysis.

447 Funding: This study was funded by the Canadian Institutes of Health Research (CIHR) – 

448 CAN-AIM grant; Fonds de la recherche du Québec – Santé (FRQ-S) - Réseau de recherche 

449 sur les médicaments RQRM-AbbVie. The funding body had no role in the design and 

450 conduct of the study; collection, management, analysis, and interpretation of the data; 

451 preparation, review, or approval of the manuscript; and the decision to submit the 

452 manuscript for publication.

453
454 Competing interests: All authors have completed the ICMJE uniform disclosure form 

455 at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) 

456 and declare: AB served as a consultant for plaintiffs in litigations involving antidepressants 

457 and birth defects; MD and OS report no conflicts of interest; no other financial relationships 

458 with any organisations that might have an interest in the submitted work in the previous 

459 three years; and no other relationships or activities that could appear to have influenced the 

460 submitted work.

461 Patient consent: Not required

Page 23 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://www.icmje.org/coi_disclosure.pdf
http://bmjopen.bmj.com/


For peer review only

24

462 Ethical approval: The study was approved by the Sainte-Justine’s Hospital Ethics 

463 Committee (#1740). The Quebec “Commission d’accès à l’information” authorized 

464 database linkages (#2976). 

465 Data sharing: No additional data are available.

Page 24 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

25

REFERENCES

1 Thompson D, Berger H, Feig D, et al. Diabetes and pregnancy. Can J Diabetes 2013;37 
Suppl 1:S168-83.

2 Hod M, Kapur A, Sacks DA, et al. The International Federation of Gynecology and 
Obstetrics (FIGO) Initiative on gestational diabetes mellitus: A pragmatic guide for 
diagnosis, management, and care#. International Journal of Gynecology & Obstetrics 
2015;131:S173-S211.

3 Chun L, Healy-Profitos J, Tu TM, et al. Évolution du diabète gestationnel au Québec de 
1989 à 2012: rapport de surveillance: INSPQ, 2017.

4 Feig DS, Hwee J, Shah BR, et al. Trends in Incidence of Diabetes in Pregnancy and 
Serious Perinatal Outcomes: A Large, Population-Based Study in Ontario, Canada, 1996–
2010. Diabetes Care 2014;37:1590.

5 Zhu Y, Zhang C. Prevalence of Gestational Diabetes and Risk of Progression to Type 2 
Diabetes: a Global Perspective. Current Diabetes Reports 2016;16:7.

6 Jenum AK, Mørkrid K, Sletner L, et al. Impact of ethnicity on gestational diabetes 
identified with the WHO and the modified International Association of Diabetes and 
Pregnancy Study Groups criteria: a population-based cohort study. 2012;166:317.

7 Brunner S, Stecher L, Ziebarth S, et al. Excessive gestational weight gain prior to glucose 
screening and the risk of gestational diabetes: a meta-analysis. Diabetologia 
2015;58:2229-37.

8 Metzger BE, Lowe LP, Dyer AR, et al. Hyperglycemia and adverse pregnancy outcomes. 
N Engl J Med 2008;358:1991-2002.

9 Clausen TD, Mathiesen ER, Hansen T, et al. High prevalence of type 2 diabetes and pre-
diabetes in adult offspring of women with gestational diabetes mellitus or type 1 diabetes: 
the role of intrauterine hyperglycemia. Diabetes Care 2008;31:340-6.

10 Fraser A, Lawlor DA. Long-term health outcomes in offspring born to women with 
diabetes in pregnancy. Curr Diab Rep 2014;14:489.

11 Tobias DK, Stuart JJ, Li S, et al. Association of history of gestational diabetes with long-
term cardiovascular disease risk in a large prospective cohort of us women. JAMA 
Internal Medicine 2017;177:1735-42.

12 Huybrechts KF, Palmsten K, Mogun H, et al. National trends in antidepressant 
medication treatment among publicly insured pregnant women. Gen Hosp Psychiatry 
2013;35:265-71.

13 Serretti A, Mandelli L. Antidepressants and body weight: a comprehensive review and 
meta-analysis. J Clin Psychiatry 2010;71:1259-72.

14 Derijks HJ, Meyboom RH, Heerdink ER, et al. The association between antidepressant 
use and disturbances in glucose homeostasis: evidence from spontaneous reports. Eur J 
Clin Pharmacol 2008;64:531-8.

15 Deuschle M. Effects of antidepressants on glucose metabolism and diabetes mellitus type 
2 in adults. Curr Opin Psychiatry 2013;26:60-5.

16 Hennings JM, Schaaf L, Fulda S. Glucose metabolism and antidepressant medication. 
Curr Pharm Des 2012;18:5900-19.

17 Khoza S, Barner JC. Glucose dysregulation associated with antidepressant agents: an 
analysis of 17 published case reports. Int J Clin Pharm 2011;33:484-92.

18 Kessler RC, Berglund P, Demler O, et al. The epidemiology of major depressive 
disorder: results from the National Comorbidity Survey Replication (NCS-R). Jama 
2003;289:3095-105.

Page 25 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

26

19 Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and depression: A 
systematic review and meta-analysis of longitudinal studies. Archives of General 
Psychiatry 2010;67:220-29.

20 John U, Meyer C, Rumpf HJ, et al. Relationships of psychiatric disorders with 
overweight and obesity in an adult general population. Obes Res 2005;13:101-9.

21 Molyneaux E, Poston L, Khondoker M, et al. Obesity, antenatal depression, diet and 
gestational weight gain in a population cohort study. Arch Womens Ment Health 
2016;19:899-907.

22 Reis M, Kallen B. Delivery outcome after maternal use of antidepressant drugs in 
pregnancy: an update using Swedish data. Psychol Med 2010;40:1723-33.

23 Wen SW, Yang Q, Garner P, et al. Selective serotonin reuptake inhibitors and adverse 
pregnancy outcomes. Am J Obstet Gynecol 2006;194:961-6.

24 Berard A, Sheehy O. The Quebec Pregnancy Cohort--prevalence of medication use 
during gestation and pregnancy outcomes. PLoS One 2014;9:e93870.

25 Vilain A, Otis S, Forget A, et al. Agreement between administrative databases and 
medical charts for pregnancy-related variables among asthmatic women. 
Pharmacoepidemiol Drug Saf 2008;17:345-53.

26 Zhao JP, Sheehy O, Gorgui J, et al. Can We Rely on Pharmacy Claims Databases to 
Ascertain Maternal Use of Medications during Pregnancy? Birth Defects Res 
2017;109:423-31.

27 Xiang AH, Takayanagi M, Black MH, et al. Longitudinal changes in insulin sensitivity 
and beta cell function between women with and without a history of gestational diabetes 
mellitus. Diabetologia 2013;56:2753-60.

28 Andrade SE, Reichman ME, Mott K, et al. Use of selective serotonin reuptake inhibitors 
(SSRIs) in women delivering liveborn infants and other women of child-bearing age 
within the U.S. Food and Drug Administration's Mini-Sentinel program. Arch Womens 
Ment Health 2016;19:969-77.

29 Baribeau V, Beauchesne M-F, Rey É, et al. The use of asthma controller medications 
during pregnancy and the risk of gestational diabetes. Journal of Allergy and Clinical 
Immunology 2016;138:1732-33.e6.

30 Jelin AC, Sharshiner R, Caughey AB. Maternal co-morbidities and neonatal outcomes 
associated with cystic fibrosis(). J Matern Fetal Neonatal Med 2017;30:4-7.

31 Ernster VL. Nested Case-Control Studies. Preventive Medicine 1994;23:587-90.
32 Essebag V, Genest J, Jr., Suissa S, et al. The nested case-control study in cardiology. 

American Heart Journal;146:581-90.
33 Essebag V, Platt RW, Abrahamowicz M, et al. Comparison of nested case-control and 

survival analysis methodologies for analysis of time-dependent exposure. BMC Medical 
Research Methodology 2005;5:5.

34 Baribeau V, Beauchesne MF, Rey E, et al. The use of asthma controller medications 
during pregnancy and the risk of gestational diabetes. J Allergy Clin Immunol 
2016;138:1732-33.e6.

35 Blais L, Kettani FZ, Forget A. Associations of maternal asthma severity and control with 
pregnancy complications. J Asthma 2014;51:391-8.

36 Bowker SL, Savu A, Lam NK, et al. Validation of administrative data case definitions for 
gestational diabetes mellitus. Diabet Med 2017;34:51-55.

37 Egan AM, Vellinga A, Harreiter J, et al. Epidemiology of gestational diabetes mellitus 
according to IADPSG/WHO 2013 criteria among obese pregnant women in Europe. 
Diabetologia 2017;60:1913-21.

Page 26 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

27

38 Liang K-Y, Zeger SL. Longitudinal data analysis using generalized linear models. 
Biometrika 1986;73:13-22.

39 Barnard K, Peveler RC, Holt RI. Antidepressant medication as a risk factor for type 2 
diabetes and impaired glucose regulation: systematic review. Diabetes Care 
2013;36:3337-45.

40 Salvi V, Grua I, Cerveri G, et al. The risk of new-onset diabetes in antidepressant users - 
A systematic review and meta-analysis. PLoS One 2017;12:e0182088.

41 Yoon JM, Cho EG, Lee HK, et al. Antidepressant use and diabetes mellitus risk: a meta-
analysis. Korean J Fam Med 2013;34:228-40.

42 Andersohn F, Schade R, Suissa S, et al. Long-term use of antidepressants for depressive 
disorders and the risk of diabetes mellitus. Am J Psychiatry 2009;166:591-8.

43 Burcu M, Zito JM, Safer DJ, et al. Association of Antidepressant Medications With 
Incident Type 2 Diabetes Among Medicaid-Insured Youths. JAMA Pediatr 
2017;171:1200-07.

44 Isaac R, Boura-Halfon S, Gurevitch D, et al. Selective serotonin reuptake inhibitors 
(SSRIs) inhibit insulin secretion and action in pancreatic beta cells. J Biol Chem 
2018;293:4577-78.

45 Levkovitz Y, Ben-Shushan G, Hershkovitz A, et al. Antidepressants induce cellular 
insulin resistance by activation of IRS-1 kinases. Mol Cell Neurosci 2007;36:305-12.

46 Carvalho F, Barros D, Silva J, et al. Hyperglycemia induced by acute central fluoxetine 
administration: role of the central CRH system and 5-HT3 receptors. Neuropeptides 
2004;38:98-105.

47 Baeyens L, Hindi S, Sorenson RL, et al. beta-Cell adaptation in pregnancy. Diabetes 
Obes Metab 2016;18 Suppl 1:63-70.

48 Salvi V, Mencacci C, Barone-Adesi F. H1-histamine receptor affinity predicts weight 
gain with antidepressants. Eur Neuropsychopharmacol 2016;26:1673-7.

49 Harvey BH, Bouwer CD. Neuropharmacology of paradoxic weight gain with selective 
serotonin reuptake inhibitors. Clin Neuropharmacol 2000;23:90-7.

50 Hosler AS, Nayak SG, Radigan AM. Stressful events, smoking exposure and other 
maternal risk factors associated with gestational diabetes mellitus. Paediatric and 
Perinatal Epidemiology 2011;25:566-74.

51 Terry PD, Weiderpass E, Ostenson CG, et al. Cigarette smoking and the risk of 
gestational and pregestational diabetes in two consecutive pregnancies. Diabetes Care 
2003;26:2994-8.

52 Bérard A, Sheehy O. The Quebec Pregnancy Cohort--prevalence of medication use 
during gestation and pregnancy outcomes. PloS one 2014;9:e93870-e70.

53 Hedderson MM, Darbinian JA, Ferrara A. Disparities in the risk of gestational diabetes 
by race-ethnicity and country of birth. Paediatric and perinatal epidemiology 
2010;24:441-48.

54 Berard A, Lacasse A. Validity of perinatal pharmacoepidemiologic studies using data 
from the RAMQ administrative database. Can J Clin Pharmacol 2009;16:e360-9.

55 Howard L, Hoffbrand SE, Henshaw C, et al. Antidepressant prevention of postnatal 
depression. Cochrane Database of Systematic Reviews 2005.

Page 27 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

28

Table legends 

Table.1 Study population characteristics

Table.2 Risk of gestational diabetes following overall AD use during pregnancy

Table.3 Cumulative duration of exposure to antidepressants and risk of gestational diabetes

Figure legends 

 Figure 1. Selection of study population: gestational diabetes mellitus.

 Figure 2. Types of antidepressant use and risk of gestational diabetes.
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Table.1 Study population characteristics

Note: AD Antidepressant, GDM Gestational Diabetes Mellitus, SD Standard Deviation, 1DG first Day of Gestation
a Index date = date of gestational diabetes identification for cases and corresponding date for matched controls.
b Based on ICD-9 or ICD-10 codes for depression/anxiety, cardiovascular diseases and polycystic ovarian syndrome.
c Based on ICD-9 or ICD-10 codes or prescriptions filled for hypertension, asthma and thyroid disorders.     
d Included prescriptions filled for conditions other than depression/anxiety, hypertension, asthma and thyroids disorders.

Characteristics Cases of GDM
n = 20905

Controls
n = 209 050 P value a

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) 11 403 (5.4) <0.0001

Sociodemographic characteristics measured on 1DG
Age (years)
     <18
     18-34
      >34

   126 (0.6)
15 123 (72.3)
   5656 (27.1)

    2916 (1.4)
173 958 (83.2)
  32 176 (15.4)

-
<0.0001

-
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 c  1419 (6.8) 12 995 (6.2) 0.001
Hypertension d    487 (2.3)    2665 (1.3) <0.0001
Asthma d 1714 (8.2)   14 637 (7.0) <0.0001
Cardiovascular diseases c 402 (1.9)     3468 (1.7) 0.004
Thyroid disorders d 930 (4.5)     6354 (3.0) <0.0001
Polycystic ovarian syndrome c   18 (0.2)          76 (0.1) 0.0007
Health care services utilization 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 antidepressants e

                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
Health care services utilization from 1DG until index date
Pregnancy follow-up by obstetricians/gynaecologists            9756 (46.7)      77 962 (37.3) <0.0001
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Table.2 Risk of gestational diabetes following overall AD use during pregnancy

Variables Crude OR
(95% CI)

Adjusted OR c
(95% CI)

Primary exposure
  AD use from 1DG to index date a 1.36 (1.28 to 1.45) 1.19 (1.08 to 1.30)
Covariates
As of first day of gestation 
Age (years)
     <18
     18-34
      >34 
  Urban residence 
  Recipient of social assistance 
  AD use during 6 months before gestation

6 months before gestation 
  Maternal comorbidities 
     Depression /anxiety 
     Chronic/Gestational hypertension
     Asthma
     Cardiovascular diseases b 
     Thyroid disorders
     Polycystic ovarian syndrome

   Medication use 
      Others medications excluding ADs and 
medications related to maternal comorbidities
          1-2
           >2 

    Health care services utilisation
       Visit to psychiatrists 
       Visit to physicians 
       Hospitalizations or emergency department visit 

0.49 (0.41 to 0.59)
1.00 (Reference)

2.01 (1.95 to 2.08)
1.16 (1.11 to 1.20)
1.24 (1.20 to 1.28)
1.29 (1.22 to 1.36)

1.10 (1.04 to 1.16)
1.83 (1.66 to 2.02)
1.18 (1.12 to 1.25)
1.16 (1.05 to 1.29)
1.48 (1.38 to 1.59)
2.34 (1.41 to 3.88)

1.05 (1.02 to 1.10)
1.06 (1.02 to 1.09)

 1.19 (1.09 to 1.29)
 1.10 (1.07 to 1.13)
 1.01 (1.00 to 1.05)

0.46 (0.38 to 0.55)
1.00 (Reference)

1.98 (1.92 to 2.05)
1.09 (1.05 to 1.14)
1.23 (1.19 to 1.28)
1.07 (0.98 to 1.17)

0.93 (0.88 to 1.00)
1.51 (1.37 to 1.67)
1.13 (1.07 to 1.19)
1.05 (0.94 to 1.16)
1.35 (1.25 to 1.45)
2.09 (1.25 to 3.49)

1.03 (0.99 to 1.07)
1.02 (0.98 to 1.05)

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

Note: 1DG first day of gestation; CI confidence interval; OR odds ratio; AD Antidepressant;
 a exposure to any antidepressant v.no antidepressant use as reference  
 b Cardiovascular diseases (Ischaemic heart diseases; 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)
 c Adjusted 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
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Table.3 Cumulative duration of exposure to antidepressants and risk of gestational diabetes

Note: CI confidence interval; OR odds ratio; 
a Adjusted 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].

             OR (95% CI)Exposure 
Status

Cases 
(n=20905)

Controls 
(n=209048) Crude Adjusteda

No exposure 19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference)
Cumulative duration (d) in days among SSRIs Users 
<90 242 (1.2) 2047 (0.9) 1.20 (1.05 to1.37) 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 SNRIs 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 TCAs Users 
<90 108 (0.5) 666 (0.3) 1.64 (1.34 to 2.00) 1.42 (1.15 to 1.75)
90 ≤d<180 21 (0.1) 89 (0.04) 2.39 (1.49 to 3.83) 1.96 (1.21 to 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 other antidepressants Users 
<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 to 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)
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Table S1. Operational definitions for Gestational Diabetes Mellitus

 

 Notes: GDM: Gestational Diabetes Mellitus 
 ICD-9: International Classification of Diseases, Ninth Revision 
 ICD-10: International Classification of Diseases, tenth Revision 

 

 

 

 

 

 

 

 ICD-9 codes ICD-10 codes  
GDM identification 250.0-250.9, 648.0, 648.8, 790.2, 775.1 E10-E14, O24 
Antidiabetic medication (allowed in pregnancy) generic codes 
Medication class generic name generic codes 
Insulins insuline isophane, insuline zinc, insulines 

zinc et isophane, insuline ultralente, 
insuline lispro, insuline aspart, insuline 
glargine, insuline détémir 
 

44164, 44489, 45531, 45483, 47206, 
47424, 47536, 47586 

Oral hypoglycemic agents glyburide, metformine, acarbose 
 

4264, 5824, 47151 
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Table S2. Antidepressants classes 
 

Notes:SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 
Antidepressant, Others other antidepressants. 

 

 

Medication class generic name generic name codes 
SSRI Citalopram 

Escilalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 

47317,46543 
47553 
45504 
45633 
47061, 46164 
45630 

SNRI Venlafaxine 
Duloxetine 

47118, 46244 
47714 

TCA Amitriptyline 
Clomipramine 
Desipramine 
Doxepine 
Imipramine 
Nortriptiline 
Trimipramine 

429 
14781 
2522 
3198 
4784 
6578, 46835 
9906 

Others Bupropion 
Buspirone 
Moclobémide 
Mirtazapine 
Trazodone 
Nefazodone 
Moclobémide 
L-tryptophane 

47285, 46435 
45609 
47005 
47408, 46744 
43137 
47093 
47005, 46427 
42058 
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Table S3. Operational definitions and ICD9-10 codes used for covariates 
and exclusion criteria 

 Notes: GDM: Gestational Diabetes Mellitus 
 ICD-9: International Classification of Diseases, Ninth Revision 
 ICD-10: International Classification of Diseases, tenth Revision

Variables    Definition use  

Age (year) 3 classes : <18 yo, 18≤age≤34, >34 yo 

Area of Residence Rural or urban 

Social welfare status Social welfare recipient or RAMQ adherent 

hypertension   ( Diagnoses codes and 
prescription filled for antihypertensive 
medication) 

ICD9-10 codes('4010' - '4059') ('6421'-'6429')('7962')('I101', 
'I100', 'I151', 'I158', 'I152', 'I159', 'I150')('O10', 'O11', 'O16')  
 

Asthma (Diagnoses codes and prescription filled 
for asthma medication) 

ICD9-10 codes ('4930', '4931', '4933', '4934', '4935', '4936', 
'4937', '4938', '4939', 'J450', 'J458', 'J451', 'J459') 

Cardiovascular diseases (Diagnoses codes) ICD9-10 codes ('4100' - '4179') ('4200' - '4389') ('4400' -'4499') 
('4510' -'4599') ('7943', '6486')('I20' - 'I28') ('I30' - 'I52')('I60'-
'I89')('I95' -'I99') ('R943', 'O994') 

Thyroid related diseases(Diagnoses codes and 
prescription filled for thyroid diseases 
medication) 

ICD9-10 codes ('2440' - '2449') ('2429') ('E01', 'E02', 'E03', 
'E05') 

Polycistic ovarian syndrom ICD9-10 codes '2564', 'E282' 

Cystic fibrosis ICD9-10 codes 277.0, E84 

Type 2 and type 1 diabetes(Diagnoses codes 
and prescription filled for Diabetes medication) 

ICD9-10 codes 250.0-250.9, 648.0, 648.8, 790.2, 775.1, E10-
E14, O24, R73.0  

Obesity ICD9-10 codes ('2780'), ('E66') 

Depression/Anxiety ICD9-10 codes ('296','309', '311', 'F30', 'F31', 'F32', 'F33', 'F34', 
'F38', 'F39', 'F40', 'F41', 'F43'), ('3000', '3004') 

Comedication All medication excluding antidepressants, medication for 
Asthma, hypertension and thyroid diseases and diabetes 

Visit to General practitioner Yes or no 

Visit to Psychiatrists Yes or No 

Emergency visit/hospitalisations Yes or No 
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Table S4. Antidepressants classes and risk of Gestational Diabetes Mellitus 
 
 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 
Antidepressant, Others other antidepressants 

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]. b Women exposed to monoamine oxidase inhibitors (MAO-I) were removed due to small sample size(n=2) 
 

 

 

 

 

 

Variable No (%) cases 
(n=20905) 

No (%) 
Controls 
(n=209048)b 

Crude OR 
(95% CI) 

Adjusted ORa 
(95% CI) 

AD classes 
No AD use 
SSRI 
SNRI 
Tricyclics 
Others 
Combined use of ≥2 classes 

  
19753 (94.5) 

535 (2.6) 
230 (1.1) 
143 (0.7) 

75 (0.3) 
169 (0.8) 

  
200461 (95.9) 

4486 (2.1) 
1664 (0.8) 

828(0.4) 
599 (0.3) 

1010 (0.5) 

  
1.00 (Reference) 
1.21 (1.11 to 1.32) 
1.40 (1.22 to 1.61) 
1.74 (1.46 to 2.08) 
1.27 (1.00 to 1.61) 
1.69 (1.44 to 1.99) 

  
1.00( Reference) 

1.07 (0.96 to 1.20) 
1.27 (1.08 to 1.48) 
1.47 (1.22 to 1.77) 
1.06 (0.83 to 1.36) 
1.38 (1.15 to 1.67) 
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Table S5. Antidepressant cumulative duration and risk of Gestational 
Diabetes Mellitus 

 

Note: CI confidence interval; OR odds ratio; 
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]. 
 

 

 

 

 

 

 
No (%) 
Cases 

(N=20905) 

No (%) 
Controls 

(N=209050) 
Crude OR 
(95% CI) 

 

Adjusted ORa 
(95% CI) 

No exposure 19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference) 

duration < 90 days 541 (2.6) 4271 (2.0) 1.28 (1.17 to 1.40) 1.15 (1.03 to 1.28) 

90 days ≤duration <180 days 187 (0.9) 1429 (0.7) 1.33 (1.14 to 1.55) 1.17 (1.00 to 1.39) 

180 days ≤ duration 424 (2.0) 2889 (1.4) 1.49 (1.34 to 1.65) 1.29 (1.13 to 1.48) 
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Table S6. Single drugs and risk of Gestational Diabetes Mellitus 

Variable No (%) cases 
(n=20905) 

No (%) 
controls(n=209050) 

Crude OR 
(95% CI) 

Adjusted ORa 
(95% CI) 

ADs 
No use 
Citalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 
Venlafaxine 
Amitriptyline 
Others 
Combined use of ≥2 AD  

 
19 753 (94.5) 

242 (1.2) 
29 (0.1) 
9 (0.1) 

154 (0.7) 
83 (0.4) 

230 (1.1) 
133 (0.6) 

85 (0.4) 
187 (0.9) 

 
200 461 (95.9) 

2001 (0.9) 
293 (0.1) 

69 (0.1) 
1208 (0.6) 
740 (0.3) 

1655 (0.8) 
753 (0.4) 
683 (0.3) 

1187 (0.6) 

 
1.00(Reference) 

 1.23 (1.08 to 1.41) 
 1.01 (0.69 to 1.47) 
 1.32 (0.66 to 2.63) 
 1.29 (1.09 to 1.52) 
 1.14 (0.91 to 1.43) 

   1.41 (1.23 to 1.62) 
   1.78 (1.48 to 2.14) 
   1.26 (1.01 to 1.58) 
   1.59 (1.37 to 1.86)  

 
1.00 (Reference) 

1.11 (0.95 to 1.29) 
0.85 (0.57 to 1.25) 
1.01 (0.50 to 2.03) 
1.13 (0.94 to 1.36) 
1.01 (0.80 to 1.28) 
1.27 (1.09 to 1.49) 
1.52 (1.25 to 1.84) 
1.04 (0.82 to 1.31) 
1.31 (1.10 to 1.56) 

Note: CI 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]. 
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       Table S7. Sensitivity analysis in a cohort of depressed/anxious women 

 

Note: CI 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 [cardiovascular diseases and polycystic ovarian syndrome]; medication use others than 
antidepressants and drugs use for hypertension, asthma and thyroids disorders and visits to psychiatrists; health services 
utilization [visits to physicians and hospitalisations or emergency department visit]. 
 

Variable No (%) 
Cases 

(n=2231) 

No (%) 
Controls 
(n=19164) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1002 (44.9) 7333(38.3) 1.18 (1.03 to 1.35) 1.15 (1.00  to 1.33) 
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Table S8. Sensitivity analysis on the diagnosis window 

 (Diagnoses between weeks 24 and 28) 

Variable No (%) 
Cases 

(n=4791) 

No (%) 
Controls 
(n=47910) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 269 (5.6) 2029(4.2) 1.34 (1.18 to 1.53) 1.22 (1.01 to 1.48) 

 

Note: CI 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]. 
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Table S9. Sensitivity analysis when looking at exposure until 15 days 
before index date 

Variables No (%) 
Cases 

(n=20905) 

No (%) 
Controls 

(n=209050) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1139 (5.5) 8508(4.1) 1.36 (1.27 to 1.45) 1.18 (1.08 to 1.30) 

 

Note: CI 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]. 
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Table S10. Sensitivity analysis when including women with prior gestational 
diabetes in the cohort 

Variables No (%) 
Cases 

(n=21706) 

No (%) 
Controls 

(n=217060) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1202 (5.5) 9365(4.3) 1.30 (1.22 to 1.38) 1.11 (1.01 to 1.20) 

 

Note: CI 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]. 
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Table S11. Sensitivity analysis when using Generalized Estimate Equation 
models 

Variables No (%) 
Cases 

(n=20905) 

No (%) 
Controls 

(n=209050) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1139 (5.5) 8508(4.1) 1.36 (1.27 to 1.45) 1.19 (1.09 to 1.31) 

 

Note: CI 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]. 
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2

28 Abstract

29 Objectives: The aim of this study was to determine the association between antidepressant 

30 (AD) classes, types and duration of use during pregnancy and the risk of gestational 

31 diabetes mellitus (GDM).

32 Design and setting: A nested case-control study was conducted within the Quebec 

33 Pregnancy Cohort (QPC), a Canadian provincial database, which includes data on all 

34 pregnancies and children in Quebec from January 1998 to December 2015.

35 Primary Outcome measures: Gestational diabetes mellitus.

36 Participants: Cases of GDM were identified after week 20 of pregnancy and randomly 

37 matched 1:10 to controls on gestational age at index date (i.e. calendar date of GDM) and 

38 year of pregnancy. AD exposure was assessed by filled prescriptions between the 

39 beginning of pregnancy (first day of last menstrual period) and index date. Conditional 

40 logistic regression models were used to estimate crude and adjusted odds ratios (aOR).

41 Results: Among 20,905 cases and 209,050 matched controls, 9,741 (4.2%) women were 

42 exposed to ADs. When adjusting for potential confounders, AD use was associated with 

43 an increased risk of GDM (aOR =1.19, 95% CI 1.08 to 1.30); venlafaxine (aOR= 1.27, 

44 95% CI 1.09 to 1.49) and amitriptyline (aOR= 1.52, 95% CI 1.25 to 1.84) were as well 

45 associated with an increased risk of GDM. Moreover, the risk of GDM was increased with 

46 longer duration of AD use, specifically for serotonin norepinephrine reuptake inhibitors, 

47 tricyclic ADs and combined use of two ADs classes. No statistically significant association 

48 was observed for selective serotonin reuptake inhibitors.
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3

49 Conclusion: Findings suggest that ADs and specifically venlafaxine and amitriptyline, 

50 were associated with increased risk of GDM.

51

52 Article summary

53 Strengths and limitations of this study

54  This is the first study investigating antidepressants classes and individual drugs use 

55 during pregnancy and the risk of gestational diabetes owing to the large number of 

56 pregnancies included.

57  The Quebec pregnancy cohort is one of the largest medico-administrative database, with 

58 17 years of follow-up, which provides prospectively collected data for pregnant women 

59 with high validity and no recall bias possible. 

60  Our analysis restricted to a subgroup of pregnancies with depression/anxiety before 

61 pregnancy, minimises the risk for confounding by indication.

62  Even though our database included a large set of variables, some lifestyle variables such 

63 as smoking and body mass index are missing therefore residual confounding cannot be 

64 completely excluded.
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65 INTRODUCTION

66 Gestational diabetes mellitus (GDM), defined as a carbohydrate intolerance occurring 

67 during pregnancy, diagnosed between 24 week and 28 week of pregnancy, is a major 

68 maternal health condition.1 2 Studies report that 1-20% of pregnant women are affected by 

69 GDM worldwide depending of the population studied and the diagnoses criteria adopted 

70 (International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria or 

71 World Health Organization (WHO) ),and around 7-9% pregnant women are affected in 

72 Quebec.3-6 Moreover, the number is rising concomitantly with overweight and obesity 

73 surge.7 Pregnancies with GDM are at higher risk of birth complications (e.g. macrosomia, 

74 caesarian and dystocia) and may predispose offspring to Type 2 Diabetes and obesity.8-10 

75 Furthermore, mothers with a history of GDM are more likely to develop Type 2 Diabetes 

76 and cardiovascular diseases later in life.11 

77 Antidepressants (ADs) are commonly used during pregnancy and neurotransmitters such 

78 as serotonin, noradrenalin and dopamine are the mainstay of their action.12 ADs have 

79 several side effects and some of them increase weight.13 There is mounting evidence 

80 suggesting that AD classes might be involved in different way, in biological mechanisms 

81 such as weight gain, insulin resistance mechanism and glucose metabolism dysregulation 

82 to induce diabetes.14-17 Moreover, both depression and overweight/obesity are prevalent 

83 among women of reproductive age7 18. Discrepant findings have been reported regarding 

84 the relationship between depression and body mass index (BMI). Some previous studies 

85 reported no association but, a meta-analysis reported a possible bi-directional 

86 relationship.19 20 Depression may increase weight gain and obesity, through changes in 

87 eating patterns or reduced physical activity and biological mechanisms involving 
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88 neuroendocrine disturbances could explain the association.19 Nevertheless, a recent study 

89 showed that antenatal depression was not associated with inadequate and excessive 

90 gestational weight gain during pregnancy.21 As maternal depression could possibly 

91 increase weight gain and GDM, the potential confounding effect of underlying maternal 

92 depression should be addressed in studies assessing the relationship between AD use during 

93 pregnancy and GDM Confounding can be controlled at the study design step (restriction, 

94 matching or randomization) or at the statistical analysis step (multivariable models…)22.

95 In pregnant women, two studies have investigated the association between AD use and 

96 GDM but evidence is inconclusive and some methodological limitations were not 

97 considered such as the non-adjustment for maternal depression.23 24 The first study found 

98 that AD use was associated with an increase of the risk of GDM whereas the second showed 

99 no association with SSRI. The two studies lack information about timing of GDM diagnosis 

100 and confounding by indication related to maternal depression is possible. The small sample 

101 size in both studies did not allow to look at individual drug effect. Given the increasing use 

102 of ADs during pregnancy, the biological evidence and scarcity of information on the 

103 associated GDM risk, this question urgently needs to be addressed. To our knowledge, no 

104 study thus far has been designed to explore directly the association between AD use and 

105 GDM incidence in pregnancy. 

106 Therefore, we assessed the impact of overall AD medication, classes, and types, as well as 

107 duration of AD exposure on the risk of GDM in a population based study of pregnant 

108 women. 
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109 METHODS

110 Patient and public involvement

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

112 Source population

113 A nested case-control study was conducted within the Quebec Pregnancy Cohort (QPC). 

114 The QPC is an ongoing population-based cohort with prospective data collection on all 

115 pregnancies insured by the Quebec Public Prescription Drug Insurance Plan, from 1998 to 

116 2015. Individual-level information was obtained from province-wide databases and linked 

117 using health care unique personal identifiers.

118 The QPC was established by identifying all pregnancies in the Régie de l'assurance maladie 

119 du Québec (RAMQ) and the Quebec hospitalisation archives (MedEcho) databases. First 

120 day of the last menstrual period (first day of gestation, 1DG) was defined using data on 

121 gestational age, which was validated against ultrasound measurements in patient charts. 

122 Prospective follow-up was available from 1 year prior 1DG, during pregnancy, and until 

123 December 2015. 

124 Data sources for this study comprised the medical service database (RAMQ: diagnoses and 

125 medical procedures), the Quebec Prescription Drug Insurance Database (drug name, start 

126 date, dosage, and duration), the Hospitalisation Archive Database (MedEcho: in-hospital 

127 diagnoses and procedures) and the Quebec Statistics Database (Institut de la statistique du 

128 Québec (ISQ): patient socio-demographic information). Descriptive information regarding 

129 the QPC are available in Bérard and Sheehy.25 Validity studies were performed and have 

130 shown the accuracy and the high quality of the data sources.26 27
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131 The study was approved by the Sainte-Justine’s Hospital Ethics Committee. The Quebec 

132 “Commission d’accès à l’information” authorized database linkages. 

133 Study cohort definition and study design 

134 All women in the QPC continuously covered by the public prescription drug plan for at 

135 least 6 months before and during pregnancy were eligible. Given that GDM occurs after 

136 the 20th week of gestation, we excluded abortions and miscarriages. We only included 

137 singletons pregnancies knowing that multiple pregnancies is a known risk factor of GDM. 

138 Women with Type 1 and Type 2 diabetes were identified between 6 months before 

139 pregnancy and up to week 20 of gestation and were excluded because they are not at risk 

140 of GDM and that overt diabetes is often diagnosed early in pregnancy. Similarly, women 

141 with a history of GDM have different metabolic profiles and different baseline risk of GDM 

142 compared to women with no history of GDM, and were thus also excluded in the main 

143 analysis. It permits to quantify the incident risk of GDM for women without a history of 

144 GDM. Studies have reported that women with a history of GDM have a faster deterioration 

145 in insulin sensitivity and a lower beta cell compensation that continue to deteriorate after 

146 pregnancy.28

147 In order to select a homogeneous population at risk of GDM, we also excluded pregnancies 

148 with cystic fibrosis as well as overweight (Body mass index (BMI >25 kg/m2)) or obesity 

149 (BMI>30kg/m2) 29 Women with cystic fibrosis and overweight or obesity are more likely 

150 to develop GDM. Hence, women with obesity and cystic fibrosis were excluded 

151 consistently in previous studies with GDM as outcome.30 Women with cystic fibrosis are 

152 more likely to have pre-pregnancy diabetes 31 and pre-pregnancy obesity, which are risk 

153 factors for GDM. We excluded those women with either obesity or cystic fibrosis to have 
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154 a homogenous population with regards to these risk factors and to allow comparisons with 

155 previous studies. 

156 All pregnancies meeting our inclusion criteria during the study period were considered. 

157 Moreover, due to the time-varying nature of AD use during pregnancy, using a nested case-

158 control analysis was appropriate.32 As well as a time dependent survival analysis, this 

159 method takes into account time varying exposure but has the ultimate advantage to be 

160 computationally more efficient and, to provide ORs that are unbiased estimators of rate 

161 ratios.33 34

162

163

164 Case of GDM definition

165 Cases of GDM were defined as pregnant women with a diagnosis of GDM identified using 

166 diagnosis codes of the 9th or 10th editions of the International Classification of Diseases 

167 (ICD9: 250.0-250.9, 648.0, 648.8, 790.2, 775.1 or ICD10: E10-E14, O24, R73.0) or at least 

168 one filled prescription for an antidiabetic drug allowed during pregnancy (insulin, 

169 glyburide or metformin), both after the 20th week of gestation, whichever occurred first 

170 (Table S1 in the Supplementary file).1 This definition was used to identify the earliest 

171 calendar date of GDM occurrence (EDI). This definition of the outcome was previously 

172 used35 36 and GDM ICD codes have been associated with high positive and negative 

173 predictive values (PPV: 85% and NPV: 99%).37 According to the current guidelines in 

174 Canada1,GDM is diagnosed between weeks 24-28 of gestation. In our study we considered 

175 a lag time of 3 weeks to capture late diagnoses of GDM.38 If the EDI was between week 

176 20 and week 31 of gestation, the calendar date of the diagnosis of GDM or of a prescription 
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177 of antidiabetic drug was used as index date, in the other cases, when EDI was recorded 

178 after the 31th week of gestation, we developed an algorithm that determined the index date 

179 by adding 217 days (equivalent to 31 week of gestation) to the first day of gestation. This 

180 algorithm was used to ensure that all cases were included in the study. Indeed, we 

181 hypothesised that EDI could be recorded even after 31 weeks of gestation for several 

182 reasons. First, it is possible that a pregnant woman got diagnosed with a mild GDM before 

183 31 weeks of gestation and received a prescription of an antidiabetic drug later given that 

184 her diabetes was controlled with non-pharmacological measure. Second, a woman could 

185 also be diagnosed with a GDM in her medical visit that was not recorded before 31 weeks 

186 of gestation because it was not the most serious medical condition at that moment. 

187 Control selection

188 Using the nested case-control design and with the low prevalence of exposure to AD among 

189 controls (4.1%), we randomly selected 10 controls for each case among the members in the 

190 risk set (i.e. pregnancy that did not have a diagnosis of GDM at the index date) and matched 

191 them by gestational age at index date (i.e. calendar date of GDM) and year of pregnancy. 

192 As a woman could contribute with repeated pregnancies during the study period, cases and 

193 controls were matched on the year of pregnancy. 
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194 Antidepressant exposure

195 Gestational AD use was assessed by using the RAMQ Prescription Drug file. Data on AD 

196 prescription fillings have been validated against maternal reports within the study 

197 population and have a high predictive value (PPV 100% and NPV 96%).27 

198 Overall antidepressant exposure 

199 Overall AD exposure was identified as having at least a filled prescription from 1DG to 

200 index date. Prescriptions filled before the pregnancy and with duration which included the 

201 1DG were also considered. The overall AD exposure category was compared with the 

202 reference category, no AD exposure during the same period. (Table S2 in the 

203 Supplementary file for codes of all ADs evaluated).

204 Antidepressant exposure by drug class

205 We considered AD exposure by class and formed six mutually exclusive comparison 

206 groups, namely: (1) selective serotonin reuptake inhibitors (SSRI), (2) serotonin 

207 norepinephrine reuptake inhibitors (SNRI), (3) tricyclic ADs (TCA), (4) others (this 

208 category includes all the other ADs used). Pregnancies exposed to at least two classes of 

209 AD were classified as (5) combined. No AD exposure during the relevant period of time 

210 was used as (6) the reference category.

211 Antidepressant exposure by drug types

212 Then, the following nine active categories were studied: (1) citalopram, (2) fluoxetine, (3) 

213 fluvoxamine, (4) paroxetine, (5) sertraline, (6) venlafaxine, (7) amitriptyline and (8) others 

214 (this category includes all the other ADs used). Pregnancies exposed to more than one AD 
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215 were classified as (9) combined. No AD exposure (10) between the 1DG and index date 

216 was the reference category. The 10 categories were mutually exclusive.

217 Antidepressant duration of exposure

218 Finally, we looked at the duration of exposure to AD during pregnancy by adding the length 

219 of the filled prescriptions in order to calculate the exact number of days covered by the 

220 prescriptions. For pregnancies with combined use of two or more ADs, if the two AD had 

221 the same overlap, only one exposure time was considered. However, if the duration for the 

222 two ADs were not completely overlapping, the additional days of both ADs were added to 

223 the overlapping time. Consequently, 4 mutually exclusive categories were defined: (1) 

224 short duration (≤90 days of AD exposure), (2) medium duration (90 days <AD exposure< 

225 180 days), (3) long duration (≥180 days of AD exposure). The reference category was (4) 

226 no exposure to AD in the relevant time-period. We also looked at duration of exposure 

227 within each AD class.

228 Covariates

229 Potential confounders considered for all analyses were (1) socio-demographic variables 

230 and maternal characteristics on the 1DG including maternal age, receipt of social assistance 

231 (yes/no) and area of residence(urban/rural); (2) maternal chronic comorbidities in the 6 

232 months prior to pregnancy (physician-based diagnoses or filled prescriptions of related 

233 medications for chronic comorbidities [depression/anxiety, chronic hypertension, asthma 

234 and thyroid disorders]; physician-based diagnoses of cardiovascular diseases and 

235 polycystic ovarian syndrome); (3) healthcare services utilisation and co-medication 

236 (physicians visits, hospitalisations or emergency department visits, the number of other 
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237 medication used other than ADs and medications related to chronic comorbidities 

238 (antipsychotics, benzodiazepines and corticosteroids are included), visits to a psychiatrist) 

239 within the 6 months prior to pregnancy). All the previous conditions were identified from 

240 either diagnoses or disease-specific medications available in our databases (Table S3 in the 

241 Supplementary file).

242 Statistical Analysis

243 Descriptive analyses, namely t tests and χ2 tests for continuous and categorical variables, 

244 respectively, were performed to describe the study population. Crude and adjusted odds 

245 ratios (ORs) and 95% confidence intervals (CIs) using conditional logistic regression 

246 models were calculated. We considered all analyses significant at a p value of less than 

247 0.05 (2-tailed). We conducted all analyses using SAS version 9.3 software (SAS Institute 

248 Inc.).

249 Additionally, sensitivity analyses were performed. 

250 (1) We restricted the study population to women with depression/anxiety prior to 

251 pregnancy as identified by either a diagnosis code for depression or anxiety or an AD 

252 prescription within 6 months before the 1DG. For women with both a diagnosis code and 

253 AD use in the 6 months before the 1DG, only one occurrence was taken into account.  This 

254 method allowed us to take into account potential confounding by indication.

255 (2) According to the guidelines, GDM is diagnosed between 24-28 weeks of gestation; 

256 therefore, we looked at diagnoses of GDM strictly between week 24 and week 28.1 This 

257 will minimise a potential non-differential bias that would underestimate the true estimate.
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258  (3) We looked at the exposure within the window going from the 1DG to 15 days before 

259 the index date, in order to ensure that the exposure precede the outcome.

260 (4) As women with a history of GDM may be at risk of GDM in a future pregnancy, we 

261 included women with a history of GDM in the cohort and adjusted for this variable to take 

262 into account the confounding related to history of GDM.

263 (5) As a woman could contribute to the study with repeated pregnancies, and these 

264 pregnancies within the same woman may be correlated. We performed an additional 

265 analysis using Generalized estimate equation (GEE) which is a method used to address 

266 intra-subject correlation.39 Results obtained from GEE were compared to findings from the 

267 main analysis.

268 (6) In the main analysis, women with obesity and overweight were excluded as 

269 obesity/overweight can be a potential confounder and/or effect modifier. We performed the 

270 same analysis in the subgroup of women with obesity and overweight.
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271 RESULTS

272 In a total of 237,172 pregnancies from the QPC meeting the study inclusion criteria, 20,905 

273 (8.8%) cases of GDM were identified. This prevalence is concordant with the prevalence 

274 reported in Quebec3. Among cases, 1,152 (5.5%) women were exposed to ADs (Figure 1). 

275 Characteristics of cases and their matched controls (n = 209,050) are displayed in Table 1. 

276 Women with GDM were more likely to be older, urban residents and benefit from social 

277 assistance. Maternal comorbidities and risk factors for GDM were more prevalent in cases 

278 than in controls. 

279 Primary analyses

280 When adjusting for potential confounding factors using ADs during pregnancy was 

281 associated with a modest increased risk of GDM compared to nonusers during the study 

282 period (adjusted OR (aOR), 1.19; 95% CI, 1.08 to 1.30, 1152 exposed cases). AD use 

283 before 1DG as well as history of depression and anxiety were not associated with GDM 

284 risk. (Table 2). 

285 For AD classes specifically, SNRI 1.27 (95% CI, 1.08 to 1.48, 230 exposed cases), TCA 

286 1.47 (95% CI, 1.22 to 1.77, 143 exposed cases) and combined use of 2 or more AD classes 

287 1.38 (95% CI, 1.15 to 1.67, 169 exposed cases) were associated with increase in the risk of 

288 GDM whereas SSRI were not associated (1.07, 95% CI 0.96 to 1.20, 535 exposed cases) 

289 (Table S4 in the Supplementary file). 

290 We also observed a duration-effect gradient associated with gestational AD use. 

291 Pregnancies with short duration 1.15 (95% CI 1.03 to 1.28, 541 exposed cases), medium 
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292 duration 1.17 (95% CI 1.00 to 1.39, 187 exposed cases), as well as long duration of AD 

293 exposure 1.29 (95% CI 1.13 to 1.48, 424 exposed cases) were at increased risk of GDM 

294 compared to unexposed pregnancies (Table S5 in the Supplementary file). This duration-

295 effect relationship was also observed for TCA, SNRI, and combined use of 2 ADs classes, 

296 though it did not reach statistical significance for some strata due to small number of 

297 exposed cases (Table 3).

298 Regarding individual AD, venlafaxine 1.27 (95% CI 1.09 to 1.49, 230 exposed cases), 

299 amitriptyline 1.52 (95% CI 1.25 to 1.84, 133 exposed cases), and combined use of 2 or 

300 more ADs 1.31 (95% CI 1.10 to 1.56, 187 exposed cases) were associated with an increased 

301 risk of GDM. For citalopram 1.11 (95% CI 0.95 to 1.29, 242 exposed cases), paroxetine 

302 1.13 (95% CI 0.94 to 1.36, 154 exposed cases), and sertraline 1.01 (95% CI 0.80 to 1.28, 

303 83 exposed cases), no statistically significant association was observed (Table S6 in the 

304 Supplementary file; Figure 2).

305 Sensitivity analysis

306 In the subgroup of 21,395 pre-pregnancy depressed women; exposure to AD during 

307 pregnancy also increased the risk of GDM, which is consistent with the main analysis (1.15, 

308 95% CI 1.00 to 1.33, 1002 exposed cases). When using different time window for both the 

309 exposure and the outcome, our results were also consistent with the main findings: 

310 diagnosis between 24-28 week only (1.22, 95% CI 1.01 to 1.48, 269 exposed cases), and 

311 looking at exposure between 1DG and 15 days before the index date (1.18, 95% CI 1.08 to 

312 1.30, 1139 exposed cases). When including women with a history of GDM and adjusting 

313 for this variable in the model, we found similar results with our main analysis (1.11, 95% 
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314 CI 1.01 to 1.20,1202 exposed cases) When using the GEE method which takes into account 

315 intra-woman correlation for women contributing to the study with more than one 

316 pregnancy, we found similar results with the logistic regression (1.19, 95% CI 1.09 to 1.31). 

317 In the subgroup of women with obesity/overweight, we found higher estimates but the 

318 result was not statistically significant due to the sample size. (1.58, 95% CI 0.84 to 2.98, 

319 32 exposed cases). (Table S7-S12 in the Supplementary file). 
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320 DISCUSSION

321 In this study, overall AD use was associated with an increased risk for GDM. Specifically, 

322 venlafaxine and amitriptyline were respectively associated with a 27% and 52% increased 

323 risks of GDM, and this after adjustment for major confounders and underlying conditions. 

324 No statistically significant association was observed with any SSRI. Moreover, we found 

325 a cumulative duration effect for short, medium and long duration of AD use, which was 

326 associated with a 15%, 17% and 29% increased risk of having GDM, respectively. This 

327 effect varied within classes of ADs.

328 Comparison with other studies

329 Literature on this topic is scarce. A previous study from Reis and Kallens’ found that AD 

330 is associated with GDM (OR, 1.37, 95% CI, 1.08 to 1.75) which is consistent with our 

331 findings.23 For class exposure, our results are also in line with Wen et al.24, which reported 

332 no association between SSRI and GDM. In the general non-pregnant population, studies 

333 and meta-analyses performed to investigate the risk of Type 2 diabetes following AD use 

334 consistently report associations.40-42 Conversely, it is still debated whether SSRI and SNRI 

335 are involved in Type 2 diabetes onset, and very few studies have investigated individual 

336 drug effects. A meta-analysis from Yoon et al.42 reported the following estimates for 

337 individual drug: paroxetine (Risk Ratio RR, 1.52, 95% CI, 0.95 to 2.45, 2 studies) and 

338 citalopram (RR, 1.13, 95% CI, 0.85 to 1.49, 2 studies) which is in line with our results. The 

339 relationship between the duration of exposure to ADs and diabetes has been explored in 

340 two studies, one in the adult general population and the other one on youths. These studies 

341 found that the risk of diabetes was increasing with longer duration of use of AD while 

Page 17 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025908 on 1 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

18

342 taking into account increasing age and weight.43 44 Similarly we found that women with 

343 increasing age are at higher risk of GDM and that weight gain during pregnancy could 

344 possibly and partly explain the risk of GDM.

345 Possible biological mechanisms

346 With respect to biological plausibility, certain mechanisms support the link between AD 

347 use and GDM onset. AD can be involved in diabetes, by acting directly on glucose 

348 homeostasis,14 by decreasing pancreatic insulin secretion,45 by increasing cellular insulin 

349 resistance46 or by acting indirectly on insulin via weight gain.13 15

350  In animal studies, it has been reported that AD could induce hyperglycemia.46 47 Moreover, 

351 serotonin is involved in glucose homeostasis and is also the target of most ADs, which may 

352 explains why ADs affect the glucose pathway. In addition, still in animal studies, serotonin 

353 has been shown to play a role in compensation mechanism, which is established following 

354 natural insulin resistance in pregnancy.48 ADs use inhibits the insulin pathway resulting in 

355 insulin resistance and potentially GDM. Effects of ADs on glucose dysregulation and 

356 weight gain seem stronger with TCAs, especially amitriptyline, than with SNRI and SSRI, 

357 due to the varying affinity for serotoninergic, noradrenergic, and histamine receptors.14 49 

358 A study reported that due to their high affinity for the serotonin reuptake transporter, SSRI 

359 could generate hypoglycemia whereas ADs with high affinity for the 5-HT2c receptor 

360 (serotonin), H1-receptor (histamine), and norepinephrine reuptake such as amitriptyline 

361 and venlafaxine could lead to hyperglycemia.17 Moreover the study added that among their 

362 cases glucose disturbances were occurring within 1 month of treatment and that cumulative 
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363 effects of AD drugs on glucose control were possible especially with longer duration of 

364 treatment.17

365  It has also been proposed that in the short term, SSRI may have neutral weight effect or 

366 even reduce weight gain (fluoxetine), and therefore improve diabetes, which could partly 

367 explain our results.50 Our study confirms that ADs have heterogeneous effects regarding 

368 GDM incidence, which we believe is mainly due to their varying pharmacological 

369 properties.

370 Strengths

371 To our knowledge, this is the first study looking specifically at AD classes and duration of 

372 use during pregnancy and the risk of GDM. With 17 years of follow up, we were able to 

373 investigate both class and individual drug effects of ADs. Furthermore, in the QPC, data 

374 are prospectively collected and provide valid and accurate information on filled 

375 prescriptions and physician-based diagnoses which rule out potential for recall bias and 

376 ascertainment bias. The use of a nested case-control design permits to take into account the 

377 time varying nature of our exposure. Finally, our definition of GDM based on diagnoses 

378 and prescriptions filled for antidiabetic drugs has been validated and used in previous 

379 studies.

380 Limitations

381 Residual confounding by indication related to the underlying depression cannot be ruled 

382 out. Our study was not adjusted for depression during pregnancy because depression during 

383 pregnancy could be on the causal pathway between AD use and GDM. When we restricted 
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384 our cohort to a subgroup of pregnancies diagnosed with depression/anxiety before 

385 pregnancy our sensitivity analysis supports our main results. This also minimises the 

386 possible detection bias because, all pre-pregnancy depressed women might have similar 

387 contact with healthcare professionals and equal chance to be diagnosed for additional 

388 comorbidities. Since the screening for GDM is part of the standard pregnancy monitoring 

389 in Quebec, a detection bias is less likely to occur as well. To further control for confounding 

390 by disease severity, we adjusted for documented proxies for depression severity, such as 

391 visits to the psychiatrists and co-medication, including medications for mental diseases 

392 such as benzodiazepines and antipsychotics. 

393

394 We included late cases of GDM recorded after 28 weeks of gestation, which could lead to 

395 a misclassification of the exposure and resulting in an underestimation of the effect. 

396 However, when we considered only cases of GDM with diagnosis between 24-28 weeks 

397 of gestation, as recommended by the Canadian guidelines, our results were similar to our 

398 main analyses. Although we adjusted for most risk factors for GDM, some lifestyle 

399 variables such as smoking, weight gain, BMI and physical activity practise are missing in 

400 our database, which could result in residual confounding. Previous literature have found 

401 inconsistent results for the association between smoking and GDM, however some studies 

402 have shown an association.51 52 . In a sensitivity analysis, we restricted our cohort to women 

403 with depression before pregnancy, and we found consistent results with the main analysis. 

404 This restriction de facto gives us a population of pregnant women with similar 

405 characteristics regarding lifestyles such as smoking, alcohol intake, and physical activity. 

406 We are confident that these missing variables in our analyses would minimally affect our 
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407 results because Reis and Kallen in their study adjusted their analyses for BMI and smoking 

408 and found consistent estimates with us.23 Family income and education were not directly 

409 taken into account in our study. However, women covered by the public prescription drug 

410 plan are women of low to middle socio-economic status. In our analysis, we adjusted for 

411 the adherent status at the public prescription drug plan, which is a proxy for the 

412 socioeconomic status and education. The adherent women have higher socio economic 

413 status compared to the beneficiaries. Therefore by adjusting for adherent status, we 

414 partially also adjusted for education. All these sensitivity analyses show that our estimates 

415 are stable, and that if residual confounding is present, it is minimal. Moreover, we could 

416 not adjust for ethnicity in our study because this variable is not available in our databases. 

417 However, a previous study performed on the QPC based on self-administered 

418 questionnaires collected information not present in our administrative databases such as 

419 ethnicity.53 This study found that 88.5% of the women in the QPC were from Caucasian 

420 background. Current evidence suggests that women from Caucasian ethnic background had 

421 the lowest risk of GDM compared to the other ethnic groups54. Thus, our estimates are 

422 calculated in a majority Caucasian population and are likely underestimations. This does 

423 not affect the internal validity of our study but might partly limit generalisability to other 

424 ethnic groups. Finally, generalizability to overweight/obese women or women with cystic 

425 fibrosis could be affected, given that our study includes only pregnancies of women without 

426 cystic fibrosis and non-overweight/non-obese women. Nevertheless, this does not affect 

427 the internal validity of our study. Moreover in a previous study, socioeconomic status was 

428 shown to be an effect modifier in the QPC, and those women on public drug coverage plan 

429 and women on private drug insurance have similar characteristics and comorbidities.55 
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430 Overall AD use specifically in pregnant women with normal weight was associated with 

431 an increased risk of GDM, as well as with a cumulative duration effect, after taking into 

432 account underlying maternal depression. Amitriptyline and venlafaxine were associated 

433 with an increased risk of GDM. 

434 The treatment of depression during pregnancy is a major concern and is challenging 

435 because depression is prevalent before and during pregnancy, and untreated depression can 

436 lead to relapse during pregnancy and in the postpartum period.56 Hence, adverse outcomes 

437 associated with AD use during pregnancy including GDM should be weighed against the 

438 consequences of non-medicated depression, especially for women with severe depression. 

439 Further studies are needed to replicate our findings. Results from more studies could 

440 translate in changes in clinical practice guidelines. Nevertheless, our findings are raising 

441 awareness on the risk of GDM with the use of specific antidepressants during pregnancy.

442

443

444

445

446

447

448

449

450
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Table legends 

Table.1 Study population characteristics

Table.2 Risk of gestational diabetes following overall AD use during pregnancy

Table.3 Cumulative duration of exposure to antidepressants and risk of gestational diabetes

Figure legends 

 Figure 1. Selection of study population: gestational diabetes mellitus.

 Figure 2. Types of antidepressant use and risk of gestational diabetes.
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Table.1 Study population characteristics

Note: AD Antidepressant, GDM Gestational Diabetes Mellitus, SD Standard Deviation, 1DG first Day of Gestation
a Index date = date of gestational diabetes identification for cases and corresponding date for matched controls.
b Based on ICD-9 or ICD-10 codes for depression/anxiety, cardiovascular diseases and polycystic ovarian syndrome.
c Based on ICD-9 or ICD-10 codes or prescriptions filled for hypertension, asthma and thyroid disorders.     
d Included prescriptions filled for conditions other than depression/anxiety, hypertension, asthma and thyroids disorders.

Characteristics Cases of GDM
n = 20905

Controls
n = 209 050 P value a

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) 11 403 (5.4) <0.0001

Sociodemographic characteristics measured on 1DG
Age (years)
     <18
     18-34
      >34

   126 (0.6)
15 123 (72.3)
   5656 (27.1)

    2916 (1.4)
173 958 (83.2)
  32 176 (15.4)

-
<0.0001

-
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 c  1419 (6.8) 12 995 (6.2) 0.001
Hypertension d    487 (2.3)    2665 (1.3) <0.0001
Asthma d 1714 (8.2)   14 637 (7.0) <0.0001
Cardiovascular diseases c 402 (1.9)     3468 (1.7) 0.004
Thyroid disorders d 930 (4.5)     6354 (3.0) <0.0001
Polycystic ovarian syndrome c   18 (0.2)          76 (0.1) 0.0007
Health care services utilization 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 antidepressants e

                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
Health care services utilization from 1DG until index date
Pregnancy follow-up by obstetricians/gynaecologists            9756 (46.7)      77 962 (37.3) <0.0001
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Table.2 Risk of gestational diabetes following overall AD use during pregnancy

Variables Crude OR
(95% CI)

Adjusted OR c
(95% CI)

Primary exposure
  AD use from 1DG to index date a 1.36 (1.28 to 1.45) 1.19 (1.08 to 1.30)
Covariates
As of first day of gestation 
Age (years)
     <18
     18-34
      >34 
  Urban residence 
  Recipient of social assistance 
  AD use during 6 months before gestation

6 months before gestation 
  Maternal comorbidities 
     Depression /anxiety 
     Chronic/Gestational hypertension
     Asthma
     Cardiovascular diseases b 
     Thyroid disorders
     Polycystic ovarian syndrome

   Medication use 
      Others medications excluding ADs and 
medications related to maternal comorbidities
          1-2
           >2 

    Health care services utilisation
       Visit to psychiatrists 
       Visit to physicians 
       Hospitalizations or emergency department visit 

0.49 (0.41 to 0.59)
1.00 (Reference)

2.01 (1.95 to 2.08)
1.16 (1.11 to 1.20)
1.24 (1.20 to 1.28)
1.29 (1.22 to 1.36)

1.10 (1.04 to 1.16)
1.83 (1.66 to 2.02)
1.18 (1.12 to 1.25)
1.16 (1.05 to 1.29)
1.48 (1.38 to 1.59)
2.34 (1.41 to 3.88)

1.05 (1.02 to 1.10)
1.06 (1.02 to 1.09)

 1.19 (1.09 to 1.29)
 1.10 (1.07 to 1.13)
 1.01 (1.00 to 1.05)

0.46 (0.38 to 0.55)
1.00 (Reference)

1.98 (1.92 to 2.05)
1.09 (1.05 to 1.14)
1.23 (1.19 to 1.28)
1.07 (0.98 to 1.17)

0.93 (0.88 to 1.00)
1.51 (1.37 to 1.67)
1.13 (1.07 to 1.19)
1.05 (0.94 to 1.16)
1.35 (1.25 to 1.45)
2.09 (1.25 to 3.49)

1.03 (0.99 to 1.07)
1.02 (0.98 to 1.05)

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

Note: 1DG first day of gestation; CI confidence interval; OR odds ratio; AD Antidepressant;
 a exposure to any antidepressant v.no antidepressant use as reference  
 b Cardiovascular diseases (Ischaemic heart diseases; 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)
 c Adjusted 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
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Table.3 Cumulative duration of exposure to antidepressants and risk of gestational diabetes

Note: CI confidence interval; OR odds ratio; 
a Adjusted 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].

             OR (95% CI)Exposure 
Status

Cases 
(n=20905)

Controls 
(n=209048) Crude Adjusteda

No exposure 19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference)
Cumulative duration (d) in days among SSRIs Users 
<90 242 (1.2) 2047 (0.9) 1.20 (1.05 to1.37) 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 SNRIs 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 TCAs Users 
<90 108 (0.5) 666 (0.3) 1.64 (1.34 to 2.00) 1.42 (1.15 to 1.75)
90 ≤d<180 21 (0.1) 89 (0.04) 2.39 (1.49 to 3.83) 1.96 (1.21 to 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 other antidepressants Users 
<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 to 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)
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Table S1. Operational definitions for Gestational Diabetes Mellitus

 

 Notes: GDM: Gestational Diabetes Mellitus 
 ICD-9: International Classification of Diseases, Ninth Revision 
 ICD-10: International Classification of Diseases, tenth Revision 

 

 

 

 

 

 

 

 ICD-9 codes ICD-10 codes  
GDM identification 250.0-250.9, 648.0, 648.8, 790.2, 775.1 E10-E14, O24 
Antidiabetic medication (allowed in pregnancy) generic codes 
Medication class generic name generic codes 
Insulins insuline isophane, insuline zinc, insulines 

zinc et isophane, insuline ultralente, 
insuline lispro, insuline aspart, insuline 
glargine, insuline détémir 
 

44164, 44489, 45531, 45483, 47206, 
47424, 47536, 47586 

Oral hypoglycemic agents glyburide, metformine, acarbose 
 

4264, 5824, 47151 
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Table S2. Antidepressants classes 
 

Notes:SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 
Antidepressant, Others other antidepressants. 

 

 

Medication class generic name generic name codes 
SSRI Citalopram 

Escilalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 

47317,46543 
47553 
45504 
45633 
47061, 46164 
45630 

SNRI Venlafaxine 
Duloxetine 

47118, 46244 
47714 

TCA Amitriptyline 
Clomipramine 
Desipramine 
Doxepine 
Imipramine 
Nortriptiline 
Trimipramine 

429 
14781 
2522 
3198 
4784 
6578, 46835 
9906 

Others Bupropion 
Buspirone 
Moclobémide 
Mirtazapine 
Trazodone 
Nefazodone 
Moclobémide 
L-tryptophane 

47285, 46435 
45609 
47005 
47408, 46744 
43137 
47093 
47005, 46427 
42058 
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Table S3. Operational definitions and ICD9-10 codes used for covariates 
and exclusion criteria 

 Notes: GDM: Gestational Diabetes Mellitus 
 ICD-9: International Classification of Diseases, Ninth Revision 
 ICD-10: International Classification of Diseases, tenth Revision

Variables    Definition use  

Age (year) 3 classes : <18 yo, 18≤age≤34, >34 yo 

Area of Residence Rural or urban 

Social welfare status Social welfare recipient or RAMQ adherent 

hypertension   ( Diagnoses codes and 
prescription filled for antihypertensive 
medication) 

ICD9-10 codes('4010' - '4059') ('6421'-'6429')('7962')('I101', 
'I100', 'I151', 'I158', 'I152', 'I159', 'I150')('O10', 'O11', 'O16')  
 

Asthma (Diagnoses codes and prescription filled 
for asthma medication) 

ICD9-10 codes ('4930', '4931', '4933', '4934', '4935', '4936', 
'4937', '4938', '4939', 'J450', 'J458', 'J451', 'J459') 

Cardiovascular diseases (Diagnoses codes) ICD9-10 codes ('4100' - '4179') ('4200' - '4389') ('4400' -'4499') 
('4510' -'4599') ('7943', '6486')('I20' - 'I28') ('I30' - 'I52')('I60'-
'I89')('I95' -'I99') ('R943', 'O994') 

Thyroid related diseases(Diagnoses codes and 
prescription filled for thyroid diseases 
medication) 

ICD9-10 codes ('2440' - '2449') ('2429') ('E01', 'E02', 'E03', 
'E05') 

Polycistic ovarian syndrom ICD9-10 codes '2564', 'E282' 

Cystic fibrosis ICD9-10 codes 277.0, E84 

Type 2 and type 1 diabetes(Diagnoses codes 
and prescription filled for Diabetes medication) 

ICD9-10 codes 250.0-250.9, 790.2, 775.1, E10-E14, R73.0  

History of GDM ICD9-10 codes, 648.0, 648.8, O24 

Obesity/overweight ICD9-10 codes ('2780'), ('E66') 

Depression/Anxiety ICD9-10 codes ('296','309', '311', 'F30', 'F31', 'F32', 'F33', 'F34', 
'F38', 'F39', 'F40', 'F41', 'F43'), ('3000', '3004') 

Comedication All medication excluding antidepressants, medication for 
Asthma, hypertension and thyroid diseases and diabetes 

Visit to General practitioner Yes or no 

Visit to Psychiatrists Yes or No 

Emergency visit/hospitalisations Yes or No 
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Table S4. Antidepressants classes and risk of Gestational Diabetes Mellitus 
 
 

Note: CI confidence interval; OR odds ratio; AD Antidepressant; 
SSRI Selective Serotonin Recapture Inhibitors, SNRI Selective Norepinephrine Recapture Inhibitors, TCA Tricyclic 
Antidepressant, Others other antidepressants 

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]. b Women exposed to monoamine oxidase inhibitors (MAO-I) were removed due to small sample size(n=2) 
 

 

 

 

 

 

Variable No (%) cases 
(n=20905) 

No (%) 
Controls 
(n=209048)b 

Crude OR 
(95% CI) 

Adjusted ORa 
(95% CI) 

AD classes 
No AD use 
SSRI 
SNRI 
Tricyclics 
Others 
Combined use of ≥2 classes 

  
19753 (94.5) 

535 (2.6) 
230 (1.1) 
143 (0.7) 

75 (0.3) 
169 (0.8) 

  
200461 (95.9) 

4486 (2.1) 
1664 (0.8) 

828(0.4) 
599 (0.3) 

1010 (0.5) 

  
1.00 (Reference) 
1.21 (1.11 to 1.32) 
1.40 (1.22 to 1.61) 
1.74 (1.46 to 2.08) 
1.27 (1.00 to 1.61) 
1.69 (1.44 to 1.99) 

  
1.00( Reference) 

1.07 (0.96 to 1.20) 
1.27 (1.08 to 1.48) 
1.47 (1.22 to 1.77) 
1.06 (0.83 to 1.36) 
1.38 (1.15 to 1.67) 
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Table S5. Antidepressant cumulative duration and risk of Gestational 
Diabetes Mellitus 

 

Note: CI confidence interval; OR odds ratio; 
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]. 
 

 

 

 

 

 

 
No (%) 
Cases 

(N=20905) 

No (%) 
Controls 

(N=209050) 
Crude OR 
(95% CI) 

 

Adjusted ORa 
(95% CI) 

No exposure 19753 (94.5) 200461 (95.9) 1.00 (Reference) 1.00 (Reference) 

duration < 90 days 541 (2.6) 4271 (2.0) 1.28 (1.17 to 1.40) 1.15 (1.03 to 1.28) 

90 days ≤duration <180 days 187 (0.9) 1429 (0.7) 1.33 (1.14 to 1.55) 1.17 (1.00 to 1.39) 

180 days ≤ duration 424 (2.0) 2889 (1.4) 1.49 (1.34 to 1.65) 1.29 (1.13 to 1.48) 
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Table S6. Single drugs and risk of Gestational Diabetes Mellitus 

Variable No (%) cases 
(n=20905) 

No (%) 
controls(n=209050) 

Crude OR 
(95% CI) 

Adjusted ORa 
(95% CI) 

ADs 
No use 
Citalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 
Venlafaxine 
Amitriptyline 
Others 
Combined use of ≥2 AD  

 
19 753 (94.5) 

242 (1.2) 
29 (0.1) 
9 (0.1) 

154 (0.7) 
83 (0.4) 

230 (1.1) 
133 (0.6) 

85 (0.4) 
187 (0.9) 

 
200 461 (95.9) 

2001 (0.9) 
293 (0.1) 

69 (0.1) 
1208 (0.6) 
740 (0.3) 

1655 (0.8) 
753 (0.4) 
683 (0.3) 

1187 (0.6) 

 
1.00(Reference) 

 1.23 (1.08 to 1.41) 
 1.01 (0.69 to 1.47) 
 1.32 (0.66 to 2.63) 
 1.29 (1.09 to 1.52) 
 1.14 (0.91 to 1.43) 

   1.41 (1.23 to 1.62) 
   1.78 (1.48 to 2.14) 
   1.26 (1.01 to 1.58) 
   1.59 (1.37 to 1.86)  

 
1.00 (Reference) 

1.11 (0.95 to 1.29) 
0.85 (0.57 to 1.25) 
1.01 (0.50 to 2.03) 
1.13 (0.94 to 1.36) 
1.01 (0.80 to 1.28) 
1.27 (1.09 to 1.49) 
1.52 (1.25 to 1.84) 
1.04 (0.82 to 1.31) 
1.31 (1.10 to 1.56) 

Note: CI 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]. 
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       Table S7. Sensitivity analysis in a cohort of depressed/anxious women 

 

Note: CI 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 [cardiovascular diseases and polycystic ovarian syndrome]; medication use others than 
antidepressants and drugs use for hypertension, asthma and thyroids disorders and visits to psychiatrists; health services 
utilization [visits to physicians and hospitalisations or emergency department visit]. 
 

Variable No (%) 
Cases 

(n=2231) 

No (%) 
Controls 
(n=19164) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1002 (44.9) 7333(38.3) 1.18 (1.03 to 1.35) 1.15 (1.00  to 1.33) 
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Table S8. Sensitivity analysis on the diagnosis window 

 (Diagnoses between weeks 24 and 28) 

Variable No (%) 
Cases 

(n=4791) 

No (%) 
Controls 
(n=47910) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 269 (5.6) 2029(4.2) 1.34 (1.18 to 1.53) 1.22 (1.01 to 1.48) 

 

Note: CI 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]. 
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Table S9. Sensitivity analysis when looking at exposure until 15 days 
before index date 

Variables No (%) 
Cases 

(n=20905) 

No (%) 
Controls 

(n=209050) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1139 (5.5) 8508(4.1) 1.36 (1.27 to 1.45) 1.18 (1.08 to 1.30) 

 

Note: CI 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]. 
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Table S10. Sensitivity analysis when including women with a history of 
gestational diabetes in the cohort 

Variables No (%) 
Cases 

(n=21706) 

No (%) 
Controls 

(n=217060) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1202 (5.5) 9365(4.3) 1.30 (1.22 to 1.38) 1.11 (1.01 to 1.20) 

 

Note: CI confidence interval; OR odds ratio; GDM Gestational diabetes; 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, history of GDM 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]. 
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Table S11. Sensitivity analysis when using Generalized Estimate Equation 
models 

Variables No (%) 
Cases 

(n=20905) 

No (%) 
Controls 

(n=209050) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 1139 (5.5) 8508(4.1) 1.36 (1.27 to 1.45) 1.19 (1.09 to 1.31) 

 

Note: CI 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]. 
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Table S12. Sensitivity analysis restricted to women with obesity/overweight 

Variables No (%) 
Cases 

(n=250) 

No (%) 
Controls 
(n=2500) 

Crude OR 
(95%CI) 

Adjusted ORa 
(95%CI) 

AD exposure 32 (12.8) 231(9.2) 1.44 (1.00 to 2.14) 1.58 (0.84 to 2.98) 

 

Note: CI 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]. 
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Main results 16 (a) Give unadjusted estimates and, if applicable, 

confounder-adjusted estimates and their precision 

(eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were 

included 

Page 12 lines 233-244, table 2 

Page 13 lines 245-255, table 3 

Figure 2 

 

  (b) Report category boundaries when continuous 

variables were categorized 

Table 2 

  (c) If relevant, consider translating estimates of 

relative risk into absolute risk for a meaningful time 

period 

NA 

Other analyses 17 Report other analyses done—eg analyses of 

subgroups and interactions, and sensitivity analyses 

Page 13 lines 257-263 (Tables S7-S9) 

Discussion 

Key results 18 Summarise key results with reference to study 

objectives 

Page 14 lines 265-271 

Limitations 19 Discuss limitations of the study, taking into account 

sources of potential bias or imprecision. Discuss both 

direction and magnitude of any potential bias 

Page 16 line 318 to page 17 line 344 

Interpretation 20 Give a cautious overall interpretation of results 

considering objectives, limitations, multiplicity of 

analyses, results from similar studies, and other 

relevant evidence 

Page 14 lines 273-282 and page 15 line 284 to page16 line 307  

Generalisability 21 Discuss the generalisability (external validity) of the 

study results 

Page 17 lines 338-343 

Other information 

Funding 22 Give the source of funding and the role of the funders 

for the present study and, if applicable, for the 

original study on which the present article is based 

Page 19 lines 372-377 
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