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PRÉCIS: 115 

Depressive symptoms or a clinical diagnosis of depression during pregnancy are associated with 116 

preterm birth and low Apgar scores, even without exposure to antidepressants.  117 
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ABSTRACT 118 

Objective: To evaluate the associations of depressive symptoms and antidepressant use during 119 

pregnancy with the risks of preterm birth, low birth weight, small-for-gestational age (SGA), and low 120 

Apgar scores.  121 

Data Sources: MEDLINE, EMBASE, ClinicalTrials.gov, and PsycINFO up to June 2016.  122 

Methods of Study Selection: Data were sought from studies examining associations of depression, 123 

depressive symptoms, or use of antidepressants during pregnancy with gestational age, birth weight, 124 

SGA, or Apgar scores. Authors shared the raw data of their studies for incorporation into this 125 

individual participant data meta-analysis.  126 

Tabulation, Integration, and Results: We performed one-stage random-effects meta-analyses to 127 

estimate odds ratios (ORs) with 95% confidence intervals (CI). The 215 eligible articles resulted in 128 

402,375 women derived from 27 study databases. Increased risks were observed for preterm birth 129 

among women with a clinical diagnosis of depression during pregnancy irrespective of 130 

antidepressant use (OR 1.6, 95% CI 1.2-2.1) and among women with depression who did not use 131 

antidepressants (2.2, 1.7-3.0), as well as for low Apgar scores in the former (1.5, 1.3-1.7), but not the 132 

latter group. Selective serotonin-reuptake inhibitor use was associated with preterm birth among 133 

women who used antidepressants with or without restriction to women with depressive symptoms 134 

or a diagnosis of depression (1.6, 1.0-2.5 and 1.9, 1.2-2.8, respectively), as well as with low Apgar 135 

scores among women in the latter group (1.7, 1.1-2.8).  136 

Conclusion: Depressive symptoms or a clinical diagnosis of depression during pregnancy are 137 

associated with preterm birth and low Apgar scores, even without exposure to antidepressants. 138 

However, selective serotonin-reuptake inhibitors may be independently associated with preterm 139 

birth and low Apgar scores.  140 

Systematic review registration: PROSPERO, CRD42016035711.  141 

Word count: 262 142 

 143 
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INTRODUCTION 144 

Depression is a prevalent medical conditions during pregnancy with average prevalence rates 145 

around 10%.1,2 As it has been associated with decreased quality of life,3 postpartum depression,4 and 146 

adverse pregnancy outcomes,5-7 pharmacological treatment might be recommended.8 Consequently, 147 

antidepressant use among pregnant women increased substantially with prevalence estimates of 1-148 

8%.9-12 This increase led to concerns about safety of antidepressant use for pregnant women and 149 

unborn children, as some systematic reviews and meta-analyses showed associations with adverse 150 

pregnancy outcomes, including preterm birth, low birth weight, and low Apgar scores.13-15 Most 151 

results remain inconclusive,16-22 however, as  methodological shortcomings, including retrospective 152 

designs, small sample sizes, poor exposure assessment, and lack of adjustment for the underlying 153 

disorder, may hamper interpretation. Meta-analyses of individual participant data (IPD) can 154 

overcome some of these shortcomings and have been recognized as gold standard approach.23,24 The 155 

main advantage is that individual participant data enable standardisation of analyses across studies 156 

independent of presentation of the data in the original publications. Thus, IPD meta-analyses are 157 

potentially more reliable than aggregate data meta-analyses, and the two approaches may lead to 158 

different conclusions.24  159 

 160 

The aim of this IPD meta-analysis is to provide insight into the independent effects of non-161 

pharmacologically managed depression and antidepressant use during pregnancy on the risks of 162 

preterm birth, low birth weight, small-for-gestational age (SGA), and low Apgar scores. It was 163 

performed according to a protocol designed a priori and registered prospectively with the PROSPERO 164 

International Prospective Register of Systematic Reviews number CRD42016035711 following the 165 

PRISMA guidelines for protocols (PRISMA-P).25 Reporting follows all aspects recommended in the 166 

PRISMA-IPD guidelines.26 167 

 168 

SOURCES 169 
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Studies were identified through a systematic literature search of MEDLINE, EMBASE, 170 

ClinicalTrials.gov, and PsycINFO from database inception until June 4, 2016, and systematic reviews 171 

were hand-searched for additional articles.5-7,13-22 The complete search strategy is provided in 172 

Appendix 1, available online at http://links.lww.com/xxx.  173 

 174 

STUDY SELECTION 175 

Two authors (RV and MvG) independently screened titles and abstracts obtained from the literature 176 

search (Figure 1). No language or publication year restrictions were applied. Studies were included if 177 

they examined associations of depression, depressive symptoms, or use of antidepressants during 178 

pregnancy with gestational age, birth weight, SGA, or Apgar scores. The full texts of all potentially 179 

eligible studies were examined independently by the same authors. Articles not written in English 180 

were translated online. Discrepancies were resolved by discussion with a third reviewer (NR). 181 

 182 

The corresponding authors or principal investigators of all eligible studies were invited to 183 

share their raw data according to the study protocol. When published studies used the same 184 

database, only the most recent study was included to prevent duplicate data. All databases obtained 185 

were checked for inconsistencies, formatted and recoded into the same data format, and entered 186 

into one common database. 187 

 188 

We requested continuous exposure data on depressive symptoms collected via self-189 

completed questionnaires, including the Center for Epidemiological Studies Depression Scale,27 190 

Edinburgh Postpartum Depression Scale also called Edinburgh Depression Scale,28 General Health 191 

Questionnaire,29 Patient Health Questionnaire-9,30 Primary Care Evaluation of Mental Disorders 192 

Patient Questionnaire,31 Brief Symptom Inventory,32 and Hopkins Symptoms Check list.33 193 

Standardized instrument-specific cut-off values were used to dichotomize these data for presence or 194 

absence of depressive symptoms. Although not synonymous with a diagnosis of depression, these 195 
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questionnaires were validated worldwide to signal a state with relevant clinical symptoms. Data on 196 

clinical diagnoses of depression and antidepressant use were delivered dichotomously. The exposure 197 

time windows were divided into trimesters of pregnancy and the types of antidepressants into: 198 

selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants, and mirtazapine.  199 

 200 

Preterm birth was defined as delivery before 37 weeks of gestation, low birth weight as 201 

<2500 grams, and low Apgar score as <7 at 5 minutes. SGA was dichotomized conform the national 202 

standards of the country of origin for sex and gestational   age. Data on multiple potential 203 

confounders were obtained, including race/ethnicity retaining the classifications used in the original 204 

studies (Table 1). Multiple pregnancies were excluded as these are known to have increased risks of 205 

the selected pregnancy outcomes.  206 

 207 

The study population was divided into four partly overlapping cohorts: 1) depression cohort – 208 

all women with information on the presence of depressive symptoms or a clinical diagnosis of 209 

depression; 2) restricted depression cohort – depression cohort, excluding women who used 210 

antidepressants during pregnancy and those for whom no information was available about 211 

antidepressant use; 3) antidepressant use cohort – all women with information on antidepressant 212 

use; and 4) restricted antidepressant use cohort – antidepressant use cohort, excluding women 213 

without depressive symptoms or a clinical diagnosis of depression (Figure 2). Descriptive statistics 214 

were performed for maternal characteristics and absolute risks were calculated for the three 215 

exposures of interest separately for all four adverse pregnancy outcomes.  216 

 217 

One-stage random-effects logistic regression analyses were performed for the depression 218 

and antidepressant use cohorts to estimate odds ratios with 95% confidence intervals. Clustering of 219 

participants within studies was preserved and presence of clinical and statistical heterogeneity 220 

among studies was taken into account. Adjusted odds ratios were estimated from multivariable 221 
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models initially including all relevant potential confounders for which data were available from most 222 

studies, using manual backward elimination to retain only confounders that changed the effect 223 

estimate >10% upon removal.  The same method of analysis was used to study the secondary 224 

outcomes: effects of timing of exposure and individual antidepressants with >40 exposures. As these 225 

data were not available for all women, the secondary analyses were based on smaller numbers. To 226 

account for confounding-by-indication, similar analyses were performed in the depression cohort 227 

restricted to women without use of antidepressants and in the antidepressant use cohort restricted 228 

to women with depressive symptoms or a clinical diagnosis of depression. As we used complete case 229 

analyses, the number of women included in each meta-analysis differed due to variation in data 230 

availability. All statistical analyses were performed using Stata Version 13 (Stata Corporation, College 231 

Station, TX, USA). 232 

 233 

RESULTS 234 

The 215 eligible studies led to a total study population of 402,375 women with singleton pregnancies 235 

derived from 27 different databases (Figure 1).34-60 In Appendices 2 and 3, available online at 236 

http://links.lww.com/xxx, cohort-specific data of the studies included are provided. The median 237 

population size was 872 pregnant women per database, with large variety in study size and country.  238 

 239 

Of the 375,269 pregnant women with data available on mental health in the depression 240 

cohort, 28,395 (7.6%) women had depressive symptoms or a clinical diagnosis of depression. Of the 241 

118,097 women with data available on antidepressant use, 2,624 (2.2%) women reported 242 

antidepressant use during pregnancy. Among the restricted depression cohort of pregnant women 243 

not using antidepressants (N = 99,459), 10,817 (10.9%) women had depressive symptoms or a clinical 244 

diagnosis of depression, while 2,624 out of 13,441 (19.5%) women reported antidepressant use in 245 

the cohort restricted to women with depressive symptoms or a clinically diagnosed depression (Table 246 
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1).  247 

 248 

Among women without depressive symptoms or a clinical diagnosis of depression, the risks 249 

were 9.4% for preterm birth, 6.9% for low birth weight, 6.2% for SGA, and 1.6% for low 5 minute 250 

Apgar score, based on the largest numbers of participants from 26, 25, 11, and 22 studies, 251 

respectively. Higher absolute risks for preterm birth (10.4%), low birth weight (8.2%), SGA (7.8%), 252 

and low 5 minute Apgar scores (2.3%) were observed among women with depressive symptoms or a 253 

clinically diagnosed depression in the depression cohort. These risks varied among the four cohorts 254 

and different subgroups studied (Tables 2 and 3). 255 

 256 

     Having depressive symptoms during pregnancy (adjusted odds ratio 1.2, 95% confidence interval 257 

1.1-1.4) or a clinical diagnosis of depression (1.6, 1.2-2.1) were both associated with preterm birth in 258 

the depression cohort (Table 2). When restricting the analyses to women without antidepressant 259 

use, the adjusted odds ratio for a clinical diagnosis of depression increased to 2.2 (1.7-3.0). A similar 260 

odds ratio was observed for low birth weight in the restricted cohort, but with a much wider 261 

confidence interval (1.9, 0.8-4.7). No substantially increased odds ratios were seen for SGA, whereas 262 

having a clinically diagnosed depression was associated with a low 5 minute Apgar score (1.5, 1.3-263 

1.7). However, this association disappeared when restricting the analyses to women without 264 

antidepressant use (1.0, 0.2-4.5). 265 

 266 

In the antidepressant use cohort, any antidepressant use during pregnancy was associated 267 

with preterm birth (1.4, 1.1-1.8), particularly the use of SSRIs (1.9, 1.2-2.8) (Table 3). When we 268 

restricted the cohort to women with depressive symptoms or a clinical diagnosis of depression, the 269 

effect for any antidepressant use all but disappeared, while the odds ratio for SSRI use was slightly 270 

lower (1.6, 1.0-2.5). Antidepressant use during pregnancy was neither associated with low birth 271 

weight nor with SGA, but associations with a low 5 minute Apgar score were observed for any 272 
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antidepressant use during pregnancy (1.6, 1.1-2.5), particularly the use of SSRIs (1.7, 1.1-2.8), in the 273 

antidepressant use cohort. We observed similar associations in the antidepressant use cohort 274 

restricted to women with depressive symptoms or a clinically diagnosed depression, but with wider 275 

confidence intervals (1.6, 0.9-2.8 and 1.4, 0.8-2.4, respectively) 276 

 277 

Depressive symptoms in the first trimester (1.4, 1.0-1.8), second trimester (1.3, 1.1-1.4), and 278 

third trimester of pregnancy (1.5, 1.2-1.8) all seemed to be associated with preterm birth in the 279 

depression cohort. In the restricted depression cohort , however, these effects disappeared for the 280 

most part, except for third trimester exposure (1.5, 1.1-2.2) (Appendix 4, available online at 281 

http://links.lww.com/xxx). First trimester depressive symptoms were not associated with low birth 282 

weight, SGA, or a low 5 minute Apgar score in either of the two cohorts, but depressive symptoms in 283 

the second trimester seemed to be associated with low birth weight and SGA in the depression 284 

cohort, whereas third trimester depressive symptoms were associated with low birth weight in the 285 

restricted cohort (1.6, 1.0-2.6) and with a low Apgar score in the depression cohort (1.8, 1.2-2.7) and 286 

possibly in the restricted depression cohort (1.4, 0.9-2.1). 287 

 288 

We did not observe increased risks of preterm birth, low birth weight, SGA, or low 5 minute 289 

Apgar scores for exposure to antidepressants in specific parts of pregnancy (Appendix 5, available 290 

online at http://links.lww.com/xxx). When we analyzed individual antidepressants (Appendix 6, 291 

available online at http://links.lww.com/xxx), increased risks of preterm birth were found for the use 292 

of fluoxetine (1.9, 1.1-3.3) and sertraline (2.2, 1.2-4.3) in the antidepressant use cohort. When 293 

restricting the antidepressant use cohort to women with depressive symptoms or a clinical diagnosis 294 

of depression, the odds ratios for fluoxetine (1.6, 1.0-2.7) and sertraline use (2.0, 0.9-4.3) were 295 

slightly lower with unity included in the 95% confidence interval. The odds ratios for tricyclic 296 

antidepressant use were in the same order of magnitude, but with wider confidence intervals, as 297 

only 4 studies could be included. Possibly increased risks of low 5 minute Apgar scores were also 298 
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observed for fluoxetine (2.4, 1.0-5.5) and paroxetine use (2.4, 0.7-7.8) in the antidepressant use 299 

cohort. 300 

  301 

DISCUSSION 302 

In this IPD meta-analysis, we observed increased risks of preterm birth and low Apgar scores for 303 

women with depressive symptoms or a clinical diagnosis of depression during pregnancy. In the 304 

restricted analyses, excluding women with confirmed or unknown antidepressant use from the 305 

depression cohort, increased risks were observed for preterm birth only. Women with depressive 306 

symptoms in the third trimester seemed to have the highest risk of preterm birth and low birth 307 

weight in this restricted cohort. Antidepressant use during pregnancy was also associated with 308 

preterm birth and low Apgar scores, with the highest risks observed for fluoxetine and sertraline. 309 

These findings indicate that depressive symptoms, especially in the third trimester, and a clinical 310 

diagnosis of depression are associated with preterm birth and low Apgar scores and possibly with low 311 

birth weight, while the use of SSRIs during pregnancy, especially fluoxetine and sertraline, is 312 

associated with preterm birth and low Apgar scores as well. Depressive symptoms, a clinical 313 

diagnosis of depression, and antidepressant use during pregnancy are at best weakly associated with 314 

low birth weight and SGA.  315 

 316 

 317 

An important strength of this IPD meta-analysis was the large study population, enabling us to 318 

compare women who used antidepressants during pregnancy to an untreated control group 319 

suffering from depressive symptoms or a clinical diagnosis of depression, and to conduct the analyses 320 

separately for specific trimesters during pregnancy and for several individual antidepressants. Even in 321 

this large IPD meta-analysis, however, the power was too low to draw meaningful conclusions for 322 

some subgroups. Another strength was the availability of data on potential confounders which 323 

enabled us to adjust for several factors appropriately. Due to missing confounder data in some 324 
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studies, however, the study population decreased slightly for certain analyses as we applied 325 

complete case analyses. We decided not to use multiple imputations for the missing confounder data 326 

as imputation of variables in one-stage random-effect models is not always recommended.61 Residual 327 

confounding may still influence our results, as we did not have any information on pregnancy-related 328 

risk factors for the outcomes, such as thyroid problems and hypertensive disorders, or on 329 

concomitant use of psychotropic medication other than antidepressants, such as anxiolytics and 330 

antipsychotic medication. 331 

  332 

As no registry exists for observational studies, we included published databases only to avoid 333 

selection, but we could obtain data from only 27 databases out of the 215 eligible studies identified. 334 

Therefore, we examined the risk of participation bias within this IPD meta-analysis by performing a 335 

‘traditional’ meta-analysis on the databases included. We compared the results with recently 336 

published meta-analyses focusing on the same exposures and perinatal outcomes: maternal 337 

depression in association with preterm birth and low birth weight,62 and antidepressant use in 338 

association with preterm birth,14,19 low birth weight,19,63 SGA,67 and 5 minute Apgar score.13 We did 339 

not identify meta-analyses based on more than 4 studies on the associations between depression 340 

and SGA and Apgar scores. The results of our meta-analysis on the 27 included databases were in line 341 

with the published meta-analyses for all four perinatal outcomes. Therefore, we conclude that 342 

participation bias was limited. 343 

 344 

     IPD meta-analyses of observational studies are generally more difficult to perform than those of 345 

randomized controlled trials,23 among others due to large amounts of heterogeneity. Observational 346 

studies can differ widely in their study design, study population, control group, and availability of 347 

confounders. Despite using one-stage random-effect models in the analyses, this may be an 348 

important limitation of this IPD meta-analysis in which we pooled many cohort studies that differed 349 

in design and availability of data on exposure, confounders, and outcome measures, as well as on 350 



21-85R1 Vlenterie 
6-7-21v3 
15 

15 
 

timing of the assessment of depressive symptoms or a clinical diagnosis of depression. For example, 351 

the assessment of depressive symptoms was conducted with self-completed questionnaires in some 352 

studies, whereas other databases contained data from telephone or face-to-face interviews 353 

performed by health care professionals. Clinical interviews are believed to be the most reliable 354 

assessment of depressive symptoms.64 As interviews are usually not feasible in large observational 355 

studies, however, we used validated cut-off values that were proven to be reliable in previous 356 

research for all self-completed questionnaires.27-33 These questionnaires often assess symptoms of 357 

depression as well as anxiety, so the depression cohort may include many women with symptoms of 358 

anxiety alongside depressive symptoms. However, women with only anxiety without depression 359 

were excluded from the analyses. Many studies did not have data available on the pregnancy 360 

outcome SGA, which resulted in lower power in the sub-analyses for this outcome. Therefore, the 361 

results for SGA should be interpreted with caution.  362 

 363 

Exposure assessment of antidepressant use during pregnancy also differed among the included 364 

studies. Some studies based their exposure data on registries, such as birth registries, health 365 

registries, or claims databases, whereas others used pharmacy data or self-completed questionnaires 366 

to assess antidepressant use. By combining data from different studies, exposure misclassification 367 

resulting from both underreporting (self-reported methods of data collection)65 and over-reporting 368 

due to non-adherence (registry and pharmacy data)66 may have occurred. If this misclassification was 369 

non-differential, it may have resulted in underestimation of the effect estimates for the adverse 370 

pregnancy outcomes studied. Furthermore, most databases did not contain information on the 371 

dosages of the antidepressants used or on the severity of depression. To minimize treatment bias, 372 

we also performed the analyses within the restricted antidepressant use cohort, excluding all women 373 

who did not have a diagnosis of depression or depressive symptoms and could therefore not have 374 

been treated for depression. Still, women with less severe depression may not have been treated 375 

pharmacologically in the same amount as women with severe depression, so some treatment bias 376 
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may still have occurred.  Regarding the specific analyses for the timing of exposure, it was not 377 

possible to rule out that women may also have been exposed in other trimesters, which may have 378 

led to over- or underestimation of the trimester-specific effects estimates.  379 

 380 

Our results are supported by several systematic reviews performed previously. Grigoriadis et al. 381 

concluded that depression during pregnancy must not be left untreated, as the potential for negative 382 

effects of depression on the newborn are not negligible.67 Ross et al. found increased risks of preterm 383 

birth, low birth weight, and low Apgar scores among infants exposed to antidepressant medication in 384 

utero.13 Although these results were statistically significant, the absolute effects identified were 385 

small. Eke et al. found an increased risk of preterm birth among women who received SSRIs during 386 

pregnancy.14 In the current IPD meta-analysis, the highest risks were also observed for SSRI use 387 

during pregnancy. Huybrechts et al. concluded that the findings from their systematic review showed 388 

an association between antidepressant use during pregnancy and preterm birth, although the 389 

possibility of residual confounding by depression could not be completely ruled out.15 All of these 390 

conclusions are in line with the results found in this IPD meta-analysis. However, the precise etiology 391 

and the biological mechanisms underlying adverse effects on pregnancy outcomes as a result of 392 

depressive symptoms or a clinical depression in pregnant women are still not fully understood. 393 

Therefore, this should be considered an important topic for future research to facilitate 394 

implementation of preventive measures.   395 

 396 

From the results of this IPD meta-analysis, we venture to conclude that a clinical diagnosis of 397 

depression during pregnancy should not be left untreated. Most risks observed were still seen when 398 

the analyses were restricted to women without antidepressant use, ruling out the possibility that 399 

these associations were driven by pharmacological treatment alone. Although other treatments may 400 

be preferred, pharmacological treatment might be an option for women suffering from a clinically 401 

diagnosed moderate to severe depression. SSRI use, especially fluoxetine and sertraline use, 402 
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however, was also associated with increased risks of preterm birth and low Apgar scores. These 403 

associations remained, albeit with wider confidence intervals, when we restricted the analyses to 404 

women with depressive symptoms or a clinical diagnosis of depression, at least partly ruling out 405 

confounding-by-indication. This information is important for health care professionals when 406 

pharmacological treatment is indicated during pregnancy and decisions need to be made on which 407 

antidepressant to prescribe. The timing of the use of antidepressants throughout pregnancy did not 408 

seem to influence the risks of adverse pregnancy outcomes. 409 

 410 

The results of this IPD meta-analysis may help health care professionals and pregnant women in 411 

making evidence-based decisions on whether the beneficial effects of pharmacological treatment of 412 

maternal depression outweigh the possible risks for the unborn child. Health care professionals 413 

should be aware of the risks of the underlying disorder itself and provide pregnant women with 414 

appropriate pharmacological treatment when necessary.  415 

 416 
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Table 1. Maternal characteristics of the individual patient data study population and sub-cohorts. 

 

 Depression cohort   Depression cohort  restricted to women without 
antidepressant use 

 Antidepressant use cohort   Antidepressant use cohort restricted 
to women with depressive symptoms 

or clinical diagnosis of depression 

           

Characteristica 

 No depressive 
symptoms or clinical 

diagnosis of depression 

Depressive symptoms or 
clinical diagnosis of 

depression 

 No depressive 
symptoms or clinical 

diagnosis of depression 

Depressive symptoms or 
clinical diagnosis of 

depression 

 No antidepressant 
use 

Any 
antidepressant use 

 No antidepressant 
use 

Any 
antidepressant 

use 

 
 Total N= 346 874 

N (%) 
Total N= 28 395 

N (%) 
 Total N= 88 642 

N (%) 
Total  N= 10 817 

N (%) 
 Total N= 115 473 

N (%) 
Total N= 2 624 

N (%) 
 Total N= 10 817 

N (%) 
Total N= 2 624 

N (%) 

             

Maternal age (yrs)             

  <30  189 571 (54.7) 15 437 (54.4)  34 555 (39.0) 5 098 (47.1)  42 985 (37.2) 963 (36.7)  5 098 (47.1) 963 (36.7) 

 30-34  89 990 (25.9) 7 151 (25.2)  30 370 (34.3) 3 221 (29.8)  36 069 (31.2) 763 (29.1)  3 221 (29.8) 763 (29.1) 

 ≥35  53 560 (15.4) 4 536 (16.0)  13 232 (14.9) 1 779 (16.4)  16 237 (14.1) 601 (22.9)  1 779 (16.4) 601 (22.9) 

Level of education             

 Low  87 242 (25.2) 7 904 (27.8)  6 728 (7.6) 1 922 (17.8)  10 340 (9.0) 264 (10.1)  1 922 (17.8) 264 (10.1) 

 Moderate  136 070 (39.2) 11 163 (39.3)  25 615 (28.9) 3 947 (36.5)  33 470 (29.0) 604 (23.0)  3 947 (36.5) 604 (23.0) 

 High  104 006 (30.0) 7 211 (25.4)  50 756 (57.3) 4 340 (40.1)  63 836 (55.3) 739 (28.2)  4 340 (40.1) 739 (28.2) 
Race/ethnicity             

 Non-Hispanic white  187 640 (54.1) 17 104 (60.2)  74 540 (84.1) 7 991 (73.9)  94 450 (81.8)  2 174 (82.9)  7 991 (73.9) 2 174 (82.9) 

 Hispanic  88 040 (25.4) 3 903 (13.7)  724 (0.8) 596 (5.5)  1 384 (1.2) 47 (1.8)  596 (5.5) 47 (1.8) 

 Black  18 790 (5.4) 3 025 (10.7)  127 (0.1) 74 (0.7)  235 (0.2) 4 (0.2)  74 (0.7) 4 (0.2) 

 Asian  12 029 (3.5) 1 247 (4.4)  642 (0.7) 487 (4.5)  1 391 (1.2) 18 (0.7)  487 (4.5) 18 (0.7) 

 Non classifiable  22 625 (6.5) 1 751 (6.2)  8 401 (9.5) 1 253 (11.6)  11 285 (9.8) 155 (5.9)  1 253 (11.6) 155 (5.9) 
Pre-pregnancy BMIb             

 Underweight   10 578 (3.0) 782 (2.8)  2 475 (2.8) 373 (3.4)  3 392 (2.9) 74 (2.8)  373 (3.4) 74 (2.8) 

 Normal weight  137 549 (39.7) 9 909 (34.9)  55 004 (62.1) 5 403 (49.9)  69 857 (60.5) 919 (35.0)  5 403 (49.9) 919 (35.0) 

 Overweight  53 286 (15.4) 4 433 (15.6)  18 534 (20.9) 2 031 (18.8)  23 688 (20.5) 369 (14.1)  2 031 (18.8) 369 (14.1) 

 Obese  35 874 (10.3) 3 631 (12.8)  8 091 (9.1) 1 177 (10.9)  10 704 (9.3) 271 (10.3)  1 177 (10.9) 271 (10.3) 

Parity             

 0 previous live births  129 393 (37.3) 9569 (33.7)  35 885 (40.5) 4 490 (41.5)  43 091 (37.3) 1 062 (40.5)  4 490 (41.5) 1 062 (40.5) 

 ≥1 previous live births  193 126 (55.7) 16 994 (59.8)  42 245 (47.7) 5 570 (51.5)  52 133 (45.1) 1 140 (43.4)  570 (51.5) 1 140 (43.4) 
Alcohol use during pregnancy             

 No  284 458 (82.0) 20 554 (72.4)  64 754 (73.1) 8 233 (76.1)  83 752 (72.5) 1839 (70.1)  8 233 (76.1) 1 839 (70.1) 

 Yes  18 137 (5.2) 2 750 (9.7)  12 251 (13.8) 1 493 (13.8)  15 084 (13.1) 324 (12.3)  1 493 (13.8) 324 (12.3) 

Smoking during pregnancy             

 No  288 521 (83.2) 19 043 (67.1)  78 185 (88.2) 8 428 (77.9)  87 689 (75.9) 1 686 (64.3)  8 428 (77.9) 1 686 (64.3) 

 Yes  22 762 (6.6) 4 947 (17.4)  7 841 (8.8) 2 064 (19.1)  10 423 (9.0) 582 (22.2)  2 064 (19.1) 582 (22.2) 
Illicit drug use during pregnancy             

 No  267 269 (77.1) 18 755 (66.1)  70 525 (79.6) 7 482 (69.2)  90 165 (78.1) 1 689 (64.4)  7 482 (69.2) 1 689 (64.4) 

 Yes  4 353 (1.3) 1 248 (4.4)  483 (0.5) 357 (3.3)  900 (0.8) 100 (3.8)  357 (3.3) 100 (3.8) 

Folic acid use             
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a For all variables, numbers of women within the strata do not add up to the total number of women due to missing values or data not being available in all databases included. 
b Underweight: <18.5kg/m², Normal weight: 18.5-24.9 kg/m², Overweight: >25.0-29.9 (kg/m²), Obese: ≥30 kg/m² 

  

 No  31 330 (9.0) 3 423 (12.1)  28 954 (32.7) 2 974 (27.5)  36 103 (31.3) 445 (17.0)  2 974 (27.5) 445 (17.0) 

 Yes  39 295 (11.3) 3 960 (13.9)  35 292 (39.8) 3 412 (31.5)  41 492 (35.9) 526 (20.0)  3 412 (31.5) 526 (20.0) 
Use of reproductive techniques             

 No  83 741 (24.1) 9 875 (34.8)  76 778 (86.6) 8 384 (77.5)  100 272 (86.8) 1 319 (50.2)  8 384 (77.5) 1 319 (50.2) 

 Yes  4211 (1.2) 379 (1.3)  3 916 (4.4) 327 (3.0)  5 090 (4.4) 59 (2.2)  327 (3.0) 59 (2.2) 

Chronic maternal illnesses             

 Diabetes  4 776 (1.4) 367 (1.3)  388 (0.4) 55 (0.5)  486 (0.4) 10 (0.4)  55 (0.5) 10 (0.4) 

 Hypertension  8 504 (2.5) 936 (3.3)  2 467 (2.8) 385 (3.6)  3 042 (2.6) 56 (2.1)  385 (3.6) 56 (2.1) 

 Thyroid disorder  5 270 (1.5) 614 (2.2)  1 366 (1.5) 172 (1.6)  1 824 (1.6) 84 (3.2)  172 (1.6) 84 (3.2) 

 Asthma  21 330 (6.1) 2 676 (9.4)  4 378 (4.9) 563 (5.2)  5 617 (4.9) 151 (5.8)  563 (5.2) 151 (5.8) 

 Epilepsy  558 (0.2) 107 (0.4)  454 (0.5) 80 (0.7)  586 (0.5) 20 (0.8)  80 (0.7) 20 (0.8) 

 No or other illnesses  282 321 (81.4) 19 456 (68.5)  76 544 (86.4) 8 716 (80.6)  99 927 (86.5) 2 214 (84.4)  8 712 (80.6) 2 214 (84.4) 
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Table 2. Risks and associations of depressive symptoms and a clinical diagnosis of depression with preterm birth, low birth weight, small-for-gestational age, and low 5 minute Apgar scores. 

 Depression cohorta  Depression cohort restricted to women without antidepressant usea 

 Index outcome 
No              Yes 

Risk (%) 
Crude ORb 

(95% CI) 
Adjusted ORb,c 

(95% CI)  No case Cases Risk (%) 
Crude ORb 

(95% CI) 
Adjusted ORb,c 

(95% CI) Preterm birth 

Depressive symptoms or clinical diagnosis  
(26 studies) 

     
 

     

     No 293 718 30 617 9.4    64 031 3 388 5.3   

     Yes 23 386 2 725 10.4 1.4 (1.1-1.7) 1.2 (1.1-1.4)  8 228 689 7.7 1.2 (0.9-1.8) 1.2 (0.9-1.7) 

Depressive symptoms  
(18 studies) 

     
 

     

     No 102 760 5 842 5.4    62 655 3 313 5.0   

     Yes 13 608 1 018 7.0 1.3 (1.0-1.7) 1.2 (1.1-1.4)  7 073 564 7.4 1.2 (0.8-1.9) 1.2 (0.9-1.7) 

Clinical diagnosis 
(10 studies) 

     
 

     

     No 191 829 24 839 11.5    1 995 97 4.6   

     Yes 9 805 1 710 14.9 1.4 (1.0-2.1) 1.6 (1.2-2.1)  1 164 125 9.7 1.8 (0.9-3.4) 2.2 (1.7-3.0) 

Low birth weightd            

Depressive symptoms or clinical diagnosis  
(25 studies) 

     
 

     

     No 292 888 21 837 6.9    64 597 1 947 2.9   

     Yes 22 670 2 031 8.2 1.3 (1.1-1.6) 1.0 (0.9-1.1)  8 168 534 6.1 1.4 (1.0-2.0) 1.3 (0.9-1.9) 

Depressive symptoms  
(17 studies) 

     
 

     

     No 97 064 4 461 4.4    63 190 1 907 2.9   

     Yes 12 521 799 6.0 1.2 (1.0-1.6) 1.1 (0.9-1.3)  7 065 361 4.9 1.3 (0.9-1.9) 1.2 (0.8-1.8) 

Clinical diagnosis 
(10 studies) 

     
 

     

     No 196 690 17 432 8.1    2 015 61 2.9   

     Yes 10 177 1 234 10.8 1.4 (0.9-2.1) 1.0 (0.8-1.2)  1 112 173 13.5 1.9 (0.8-4.5) 1.9 (0.8-4.7) 

Small-for-gestational age            

Depressive symptoms or clinical diagnosis  
(11 studies) 

     
 

     

     No 76 763 5 067 6.2    70 771 4 391 5.8   

     Yes 9 552 805 7.8 1.1 (0.7-1.8) 1.1 (1.0-1.3)  7 826 652 7.7 1.1 (0.6-2.0) 1.1 (0.7-1.7) 

Depressive symptoms  
(9 studies) 

     
 

     

     No 75 451 5 048 6.3    69 466 4 371 5.9   

     Yes 9 145 792 8.0 1.3 (0.8-2.1) 1.1 (1.0-1.3)  7 659 652 7.8 1.3 (0.8-2.2) 1.2 (0.7-1.9) 

Clinical diagnosis 
(4 studies) 
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     No 2 168 85 3.9    1 928 26 1.3   

     Yes 434 16 3.6 0.4 (0.1-2.6) 0.1 (0.0-7.4)  176 0 0 - - 

Low 5 minute Apgar score            

Depressive symptoms or clinical diagnosis  
(22 studies) 

     
 

     

     No 302 372 4 768 1.6    74 607 916 1.2   

     Yes 20 799 482 2.3 1.2 (0.9-1.6) 1.2 (1.0-1.5)  8 122 163 2.0 1.2 (0.9-1.7) 1.2 (0.9-1.6) 

Depressive symptoms  
(15 studies) 

     
 

     

     No 91 402 1 083 1.2    73 211 893 1.2   

     Yes 10 640 202 1.9 1.2 (0.9-1.6) 1.1 (0.8-1.6)  7 576 149  1.9 1.2 (0.9-1.7) 1.2 (0.9-1.7) 

Clinical diagnosis 
(9 studies) 

     
 

     

     No 211 861  3 700 1.7    2 011 36 1.8   

     Yes 10 187 281 2.7 1.6 (1.4-1.8) 1.5 (1.3-1.7)  555 14 2.5 1.4 (0.8-2.6) 1.0 (0.2-4.5) 

            
a The subgroups (depressive symptoms or clinical diagnosis; depressive symptoms; clinical diagnosis) are not mutually exclusive  

b Based on one-stage random-effects logistic regression analyses in which clustering of participants within studies was preserved and heterogeneity among studies was taken into account 

c Analysis adjusted for race/ethnicity, parity, and smoking during pregnancy 
d Preterm births were not excluded from the low birth weight cases, so these two groups are not mutually exclusive. 
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Table 3. Risks and associations of antidepressant use with preterm birth, low birth weight, small-for-gestational age, and low 5 minute Apgar scores. 

 Cohort antidepressant usea 
 Cohort antidepressant use restricted to women with depressive symptoms 

or clinical diagnosis of depressiona 

 Index outcome 
No              Yes 

Risk (%) 
Crude ORb 
(95% CI) 

Adjusted ORb,c 
(95% CI) 

 
No case Cases Risk (%) 

Crude ORb 

(95% CI) 
Adjusted ORb,c 

(95% CI) Preterm birth 

Any antidepressant use 
(15 studies) 

     
 

     

     No 74 651 4 385 5.5    8 228 689 7.7   

     Yes 1 900 216 10.2 1.3 (0.9-1.9) 1.4 (1.1-1.8)  1 900 216 10.2 1.1 (0.8-1.6) 1.1 (0.9-1.5) 

SSRI use  
(3 studies) 

     
 

     

     No 55 823 3 267 5.5    5 184 468 8.2   

     Yes 1 188 140 10.5 1.5 (1.0-2.3) 1.9 (1.2-2.8)  1 188 140 10.5 1.3 (0.8-2.0) 1.6 (1.0-2.5) 

Low birth weightd            

Any antidepressant use 
(14 studies) 

     
 

     

     No 75 321 2 708 3.5    8 168 534 6.1   

     Yes 1 924 160 7.7 1.4 (1.0-2.1) 1.1 (0.8-1.5)  1 924 160 7.7 1.1 (0.8-1.7) 0.9 (0.7-1.3) 

SSRI use  
(3 studies) 

     
 

     

     No 58 607 1 973 3.3    5 317 409 7.1   

     Yes 1 237 94 7.1 1.3 (0.9-2.1) 0.9 (0.6-1.2)  1 237 94 7.1 1.1 (0.7-1.7) 0.7 (0.5-1.1) 

Small-for-gestational age            

Any antidepressant use 
(8 studies) 

     
 

     

     No 84 912 5 622 6.2    7 826 652 7.7   

     Yes 1 375 96 6.5 1.1 (0.6-2.1) 0.9 (0.6-1.3)  1 375 96 6.5 0.8 (0.4-1.6) 0.9 (0.6-1.3) 

SSRI use  
(1 study) 

     
 

     

     No 66 650 4 535 6.3    4 305 362 7.8   

     Yes 892 61 6.4 1.0 (0.3-2.8) 0.9 (0.6-1.4)  892 61 6.4 0.6 (0.3-1.5) 0.8 (0.5-1.3) 

Low 5 minute Apgar score            

Any antidepressant use 
(14 studies) 

     
 

     

     No 89 275 1 313 1.4    8 122 163 2.0   

     Yes 1 891 54 2.8 1.7 (1.1-2.6) 1.6 (1.1-2.5)  1 891 54 2.8 1.6 (1.0-2.7) 1.6 (0.9-2.8) 

SSRI use  
(3 studies) 

     
 

     

     No 71 031 993 1.4    5 199 88 1.7   

     Yes 1 254 35 2.7 1.6 (1.0-2.6) 1.7 (1.1-2.8)  1 254 35 2.7 1.4 (0.8-2.5) 1.4 (0.8-2.4) 

SSRI, selective serotonin-reuptake inhibitor 
a The subgroups (any antidepressant use and SSRI use) are not mutually exclusive  
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b Based on one-stage random-effects logistic regression analyses in which clustering of participants within studies was preserved and heterogeneity among studies was taken into account 

c Analysis adjusted for race/ethnicity, parity, and smoking during pregnancy 
d Preterm births were not excluded from the low birth weight cases, so these two groups are not mutually exclusive. 
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Figure 1. Flow diagram of the individual participant data meta-analysis. 

 

Figure 2. Composition of depression cohorts (n=375,269) (A) and antidepressant use cohorts 

(n=118,097) (B).  
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