Table 1. Study characteristics of the 14 studies included in the meta-analysis of antenatal benzodiazepine exposure and outcomes
	Article / Country/Quality
	Data Source
	Exposure / Sample Size
	Source of Drug Information
	Exposure details / Indication
	Confounders
	Outcome Definitions
	Results / Discussion points

	Ban et al., 2012A; UK; Moderate
	All singleton pregnancies, 1990 to 2009,  women aged 14-45,  live birth, stillbirth, miscarriage or termination in primary care database in UK
Primary care medical records database
Excluded bipolar disorder, schizophrenia and other psychotic disorders
	BZD (alone) - 1st trimester + history of depression or anxiety:,

n = 2,384

(“1st 90 days of estimated date of conception.”)
Unexposed -  BZD (or any other psychotropic) + no history of or current depression or anxiety, 

n = 390,665


	Medical record -  drug prescription within first 90 days of estimated date of conception


	BZD exposure alone
(individual drugs not noted; no exposure to antidepressants or anti-anxiety drugs including TCAs, SSRIs)

Indication not confirmed but groups selected for depression/anxiety
Dosage unknown

Number of prescriptions unknown


	Maternal age, household SES,  smoking status in pregnancy, pre-pregnancy BMI 

(additional sensitivity controlled for parity)

	Spontaneous abortion: miscarriage

Inducted abortion: termination

Other outcomes studied 


	Spontaneous abortion: 386/2,384 (16.2%) in exposed vs 47,258/390,665 (12.1%) in unexposed; 

aRRR = 1.60; 95% CI, 1.40 to 1.90; p < 0.001.

Induced abortion: 566/2,384 (23.7%) vs 54,119/390,665 (13.9%); aRRR = 2.20; 95% CI, 1.90 to 2.60; p < 0.001.

Further analyses not shown 

Compared outcomes of continued medication user in first trimester to those who  discontinued after conception – effects sizes remained significant for users   

  

	Bech et al., 2014A; Denmark; Low
	All pregnancies, February 1,1997 to December 31 2008. 

Excluded molar, ectopic pregnancies and those with missing gestational age.

Danish medical birth register
Excluded women with  a diagnosis of epilepsy
	Clonazepam up to 22 weeks gestation, n = 219

Unexposed to any antiepileptic drug (AED) in pregnancy, n = 812,862

ICD diagnostic codes - epilepsy and psychiatric disorders from the Danish national hospital discharge register


	AED prescriptions -  Danish Register of Medicinal Product Statistics 
	Clonazepam 

Original indication unknown 

Other drug groups may have been used

Number of pills /  dose – used to calculate the cumulative dose and high vs. low defined daily dose, data not used in our analyses 


	Spontaneous abortion outcome adjusted -maternal age, cohabitation, income, education, history of severe mental disorder, history of drug misuse
 
	Spontaneous abortion: ICD-10 code spontaneous abortions (O02.0-O03.9), excluding fetal deaths between 22 and 28 weeks of gestation 

Other outcome studied 


	Spontaneous abortion: 60/219 in exposed vs. 108,273/812,862 in unexposed; 

RR = 2.06; 95% CI, 1.65 to 2.56; 

aRR = 1.91; 95% CI, 1.54 to 2.37

(Have analysis for high vs low dose but data (all drugs studied) not used -high (>50% of defined daily dose) or low (≤50% of defined daily dose) ( low Clonazepam: RR = 1.84; 95% CI, 1.41 to 2.39 vs high Clonazepam: RR = 4.50; 95% CI, 2.93 to 6.93)  



	Calderon-Margalit et al., 2009A; USA; Low
	Women who: initiated prenatal care <20 weeks gestation, >18 years old, speak/English, planned to carry pregnancy to term and deliver at 1 of the 2 study hospitals in Washington

State (December 1996 – unknown)
Excluded women with iatrogenic or spontaneous abortions.
	BZD exposure any time in pregnancy, n = 85

Unexposed to BZDs and any medication of interest in pregnancy, n = 2,493


	Data from  - medical records and patient questionnaires


	Lorazepam n=73 diazepam n=2, alprazolam n=7, clonazepam= 4
No information on indication 

Other drug groups may have been used

Dosage unknown
Number of prescriptions unknown


	PTB, LBW, SGA, NICU, and Apgar 5 min outcomes adjusted for: maternal age, race/ethnicity, marital status, education, smoking during pregnancy, pre-eclampsia, parity, and singleton pregnancy
	PTB: GA >20 weeks and before completion of 37 weeks

LBW: BW at <2,500 g

SGA: BW 2SDs below the mean for the newborn infant’s GA at birth

GA: GA at delivery

BW: BW

NICU: admission to the NICU

Apgar 5 min: 5-minute Apgar score <7

(all outcomes from hospital labor/delivery /medical and clinic records after delivery)
	PTB: 49.4% in exposed vs 9.4% in unexposed; 
OR = 9.43; 95% CI, 6.04 to 14.7; 
aOR = 6.79; 95% CI, 4.01 to 11.5

LBW: 38.4% vs 5.5%; 

aOR = 7.43; 95% CI, 4.15 to 13.30, p <0.001

SGA: 3/85 vs 70/2,493; 

aOR = 0.83; 95% CI 0.24 to 2.88

GA, mean (SD), weeks: 36.1 (3.6) vs 38.8 (2.0)

BW, mean (SD), g: 2,875 (960) vs 3,437 (581)

NICU: 32.6% vs 6.3%; 

aOR = 4.33; 95% CI, 2.45 to 7.63; p < 0.001

Apgar 5 min: 8.1% vs 1.5%; 

aOR = 3.87; 95% CI, 1.53 to 9.76; p = 0.004

Further analyses not shown 



	Christensen et al.,  2015A;

Denmark ; Low

	Singletons, born  February 1, 1997 – December 31, 2008  in Medical Birth Register
Exclusions: 

missing Apgar score
	Exposure  -  30 days before  conception to day before birth, n= 260
Unexposed to AED, n = 674,115
	Danish Medical Birth Registry
linked, Civil Registration System, National Hospital Registry and 
Danish Register of Medicinal Product Statistics 
	Clonazepam monotherapy data used

Indication = epilepsy 
Prescriptions for other drugs may have been used (nonepileptic)
Dosage – defined daily dose calculated
“all redeemed prescriptions”

	Unadjusted

(controlled for smoking and maternal age in main analysis)
(Analyses stratified by epilepsy diagnosis and sensitivity analyses excluding psychotropics or psychiatric diagnosis  (substance abuse and “severe psychiatric disorders”, pp. 2 ) given for overall analyses and not for clonazepam monotherapy)

	Apgar 5 min: 5-minute Apgar score <7


	5/260 (1.9%)  exposed vs   8797/674115 (1.3%) unexposed; 

RR = 1.47, 95% (CI 0.62 to 3.51

Dose information provided as high and low defined daily dose and overall analysis between high and low doses (any drug studied in paper and not only clonazepam) 



	Czeizel et al., 1999A; Hungary;  Moderate
	Primiparas from Budapest and surrounding aged 18-35, first born, no chronic somatic or mental maternal disorders, negative obstetric history, birth weight> 2,500g, no multiple births, no major abnormalities at birth, no obvious severe disease in the first 2 days of neonate’s life, and child care = in the family (i.e., children are not taken to foster homes), recruited  from 3 inpatient obstetrical units. 97% of drug use was prior to hospitalization for delivery
Excluded - unknown, unreliable or smaller than minimal dose, and cases treated with other heterogeneous drugs


	Diazepam -(alone) any time in pregnancy, n = 126

(predominant 2nd and 3rd trimester use)
Unexposed to diazepam in pregnancy, n = 258 

(n = 256 negative control + n = 102 positive control)

Negative control group  = no CNS-active drug use, no symptoms of threatened abortion or preterm labour;
 Positive control group = no CNS-active drug use but pregnancy complications similar to those of mothers in the drug groups 
	CNS-active drugs use recoded during pregnancy  

	Diazepam
Indication: Treatment of threatened abortion and preterm labour or other obstetric issue (not psychiatric)
No other psychotropics

50 mg entire pregnancy = minimal dose
Dose range 50-460mg for entire pregnancy

	BW and GA outcomes 
	GA, BW
	GA, mean (SD), weeks: 39.1 (1.1) in exposed vs. [39.6 (1.3) in negative control; 38.9 (1.7) in positive control] in unexposed (created weighted mean from negative and positive controls 
BW, mean (SD), g: 3,156 (448) vs. [3,314 (395) in negative control; 3,243 (424) in positive control] in unexposed (created weighted mean from negative and positive controls)



	Freeman et al., 2018A; USA; Moderate
	Pregnant women aged 18-45, followed remotely,  November 14, 2008 – March 19, 2018, with  psychiatric morbidity histories, using or not using psychotropic medication, followed prospectively, from Massachusetts General Hospital National Pregnancy Registry
Excluded data if – no postpartum data, terminated pregnancy, stillbirth, infant death reported at postpartum interview, multiple birth
	BZD exposure any time in pregnancy, n = 144
Unexposed to BZDs in pregnancy, n = 650
Data by trimester provided as well

	Data from maternal report and medical records (available for 64.5%)
If kappa for agreement >  0.7, maternal report could used if medical record data was missing


	Alprazolam (n=15), clonazepam (n=70), diazepam (n=4), lorazepam (n=62), and temazepam (n=5)
More than one BZD = 11

BZD group - 21.5% had primary anxiety diagnosis, 

74.1% anxiety was primary/secondary diagnosis (based on medical record)
Unexposed to BZD group - 14.8% -anxiety primary diagnosis, 52.6% -anxiety was primary/secondary 

BZD group > non BZD group for atypical antipsychotics, tricyclic antidepressants, anticonvulsants, and sedatives 
No dose information

Pattern of use not known but breakdown by trimester provided

	Adjusted for propensity score quartiles predicting exposure. Created (with hypothesized confounders (age, anxiety diagnosis, chronicity of the psychiatric disease, gestational use of medication anytime  (antidepressant, anticonvulsant, antipsychotic, lithium), and first trimester use of  alcohol, cigarette or multivitamins


	Premature birth = <37 weeks, 
LBW: BW <2,500 g, 
 NICU admission,
 5-minute Apgar score <7 = low
Other outcomes studied 


	PTB:  17/144 in exposed vs 87/650 unexposed;
OR = 0.87; 95% CI, 0.50 to 1.51; 
aOR = 1.31; 95% CI, 0.55 to 2.32

LBW: 7/122 vs 16/398; 

OR = 1.59; 95% CI, 0.64 to 3.97; 
aOR =2.33; 95% CI, 0.63 to 8.59)
NICU: 32/144 vs 125/649;

OR = 1.20; 95% CI, 0.77 to 1.86; 
aOR = 2. 02; 95% CI, 1.11–3.66))

Low Apgar 5 min: 6/108 vs 12/378; 

OR = 1.79; 95% CI, 0.66 to 4.90; 
aOR = 4.91; 95% CI, 0.69 to 34.96)
Further analyses not shown 


	Kallen et al., 2013A; Sweden; Moderate
	Inclusion: Swedish Medical Birth Register data, 1996-2011

No exclusion criteria stated.
	BZD exposure in the 2nd or 3rd trimester, n = 1,932

Unexposed to BZDs in the 2nd or 3rd trimester, n = 647,744


	Drug exposure determined via the Swedish Register of Prescribed Drugs (date of buying the drug, ATC code and information on strength, dosage, and instructions for use included). 
Dates estimated by second trimester sonography in most cases. 


	BZD

Indication unknown

Other drug groups may have been used

No dose information
Number of prescriptions unknown


	PTB, LBW, SGA, and Apgar 5 min outcomes adjusted for: year of birth, maternal age, parity, smoking, number of previous miscarriages, and BMI


	PTB: <37 weeks

LBW: <2,500 g

SGA: <2 SD from sex and parity specific growth curves

Apgar 5 min: <7


	PTB: aOR = 1.62 (95% CI, 1.37 to 1.91)

LBW: aOR = 1.40 (95% CI, 1.14 to 1.72)

SGA: aOR = 1.23 (95% CI, 0.96 to 1.58)

Apgar 5 min: aOR = 2.18 (95% CI, 1.93 to 2.48)

Further analyses not shown 



	Kilic et al., 2014A; Denmark; Moderate
	Singleton live-born, February 1, 1997 to December 31, 2008, Danish Medical Birth Registry
Excluded children with missing information on GA and BW
	Clonazepam exposure (without other AED)  anytime in pregnancy, n = 262

Unexposed to AEDs anytime in pregnancy, n = 673,844


	Drug exposure  - Danish Register of Medicinal Product Statistics
(all  outpatient prescriptions - January 1, 1996 to December 31, 2008) 

AED = medication prescription with the Anatomical Therapeutic Code (ATC) N03A (AEDs) and N05BA09 
	Clonazepam

Indication  - diagnosis of epilepsy

Other drug groups may have been used but data used in our analyses was for single studied drug (i.e., non-studied drugs could still have been used)
Number of prescriptions unknown

(analysis excluding patients with severe psychiatric disorders done and reported no effect but not shown)


	PTB, LBW and SGA outcomes adjusted for: smoking, maternal age, parity, co-habitation, income, and substance abuse


	PTB: < 37 weeks

LBW: <2,500 g
SGA: BW < 10% percentile for the GA birth week


	PTB: 23/262 (8.8%) in exposed vs 33,974/673,844 (5.0%) in unexposed; aRR = 1.60; 95% CI, 1.00 to 2.40.
LBW: 20/262 (7.6%) vs 23,503/673,844 (3.5%); 

aRR = 1.80; 95% CI, 1.20 to 2.80. 
SGA: 43 (16.4%) vs 65,118 (9.7%); 

aRR = 1.40; 95% CI, 1.00 to 1.90.
(monotherapy clonazepam data in Supplement 3, eTable 3d-f)

Dose information provided as high and low defined daily dose and overall analysis between high and low doses (any drug studied in paper and not only clonazepam) remained significant



	Laegrid et al., 1992A; Sweden; Moderate
	Inclusion: Patients at general maternity outpatient unit, and at the 2 delivery departments, May 1984 to August 1986 

Reference group was randomly selected from 3 maternal welfare centers, with no history of psychiatric disease and negative for metabolites of BZDs.

Exclusion: Maternal report of the use of illicit drugs or alcohol abuse
	BZD +Psychiatric disease:

n = 17 (one twin birth)

Healthy (no BZD or  diagnosed psychiatric disease, and other psychotropic or illicit drugs, alcohol and nicotine):

n = 29

Timing appears to be “throughout pregnancy” ( p21. )
	Maternal report


	oxazepam, diazepam, or lorazepam 
Indication: All mothers in the BZD group had diagnosis of anxiety (n=14) or depression (n=2)

Mean dose unknown (range 15-60mg oxazepam, 5-30 mg diazepam, 5-15 mg lorazepam daily)

Number of prescriptions unknown, but “regular use”  ( p.18). “continuously” (p22)
Other psychotropic drugs listed separately


	Unadjusted data

Confounders compared
	GA, BW, 

NICU: Care on neonatal ward
	GA, mean (SD), weeks: 39.2 (1.6) in exposed vs. 39.2 (1.5) in controls

BW, mean (SD), g: 3,242 (364) vs. 3,483 (608)

NICU: 41% vs 14% 

 

	Milkovitch & van den Berg, 1974A; USA; Low
	Women in prenatal care, 1959  - 1966.

 (part of prospective child health and development studies with 19,044 live births, Kaiser-Permanente Medical Care program)
No exclusion criteria stated.
	Chlordiazepoxide at any time during pregnancy, n = 186  

Untreated “no drug” anxiety (no-drug), n = 532

(Ns are given for different times throughout pregnancy)


	Combined clinic and hospital records


	Chlordiazepoxide 

indication = anxiety/tension/mild depression

Use of other psychotropics possible “"Fewer than 10 per cent of the mothers belonged in two cohorts…" (other cohorts =
 i) meprobamate, 
ii) other drugs - 40% phenobarbital)”

Mean dose unknown
Pattern of use not known


	Spontaneous abortion outcome unadjusted
	Spontaneous abortion: fetal death <20 wk gestation
Other outcome studied 


	Spontaneous abortion: 105.3 per 1,000 in exposed vs 57.5 per 1,000 in unexposed



	Ornoy et al., 1998B; Israel; Very Low
	Inclusion: Live births, women calling a teratogen information service regarding exposure to BZD prior to or during pregnancy, 1988 to 1996, with follow-up data. 

No exclusion criteria stated.


	Exposed to BZD before or during pregnancy (68% in 1st trimester only, 30% throughout pregnancy), n = 460

Calling to inquire about

risk of exposure to non-teratogens, n = 424


	Drug information from mothers, MDs, or RNs report 


	Alprazolam 32%,  lorazepam 24%, diazepam 19%,  oxazepam 19%, clonazepam 15%, brotizolam, nitrazepam, other)

No information on indication 

(alprazolam 0.5-1.0 mg, lorazepam 0.5-2mg, clonazepam 1-2 mg, diazepam 5mg-100mg exposure, daily and occasional use in infants with malformations ) 
Pattern of use not known

Other psychotropic use noted and more than one drug of interest could have been used
	Spontaneous abortion, induced abortion, GA and BW outcomes: unadjusted

(maternal age differed between groups but not adjusted in analyses)

Reported no effect of dose


	Spontaneous abortion: spontaneous abortion

GA, BW,

Induced abortion: inducted abortion
	Spontaneous abortion: 8.7% in exposed vs. 5.2% in unexposed, p = 0.047; OR = 2.00; 95% CI, 1.10 to 3.40.
GA, mean (SD), weeks:  39.2 (2.3) vs. 39.3 (2.1); p = 0.829)

BW, mean (SD), g: 3,169.2 (630.2) vs. 3,153.8 (717.4); p = 0.846

Induced abortion: 14.1% vs 4.7%, p =0.00; 

OR 3.5, 95% CI 2.1 to 5.9.


	Pastuszak et al., 1996A; Canada; Low
	Inclusion: Live births, women calling teratogen information service, counselled, about first trimester exposure to BZD (Motherisk)

No exclusion criteria stated.
	BZD at any time during pregnancy:

n = 137

(93% took in 1st trimester only)

Non-teratogenic drug exposure:

n = 137

(n=106/106 in GA, BW outcomes)
	Drug history via maternal interview. 


	Diazepam, lorazepam, alprazolam, triazolam (10-30%), remainder used bromazepam, chlordiazepoxide, clonazepam, flurazepam, lectopam, , nitrazepam, oxazepam, temazepam)

Indications listed, 2 “nervous breakdown”, 11 depression, 22 insomnia, 9 panic attacks, 47 anxiety/stress plus others

Daily dose 0.07mg – 202 mg. 
Pattern of use not known but duration of use described
Other psychotropics documented - 9.5% used TCAs. “monotherapy …the norm..( p.168)) 
	Spontaneous abortion, induced abortion, GA and BW outcomes: unadjusted.

Comparison on a number of confounding variables 
	Spontaneous abortion: miscarriage

GA, BW

Induced abortion: elective abortion
	Spontaneous abortion: 13.9% in exposed vs. 7.3% in control (p = 0.1)

GA, mean (SD), weeks:  39.2 (2.6) vs. 38.7 (2.7); p = 0.2

BW, mean (SD), g: 3,396.3 (710) vs. 3,304 (603.3); p = 0.3

Elective Abortion: 8.8% in both groups
 

	Sutter-Dallay et al., 2015A; France; Moderate
	Women with postpartum psychiatric disorders, admitted with child (<1 year), aged >18, hospitalized for ≥5 consecutive days, and provided informed consent were included.

Database of French Network of Mother-Baby Units

No exclusion criteria stated.
	Exposure to anxiolytics/hypnotics at any time during pregnancy, n = 257

( 89%  -  3rd trimester +/- other trimesters)
Not exposed to psychotropics during pregnancy, n = 640


	Data - clinical interviews with patients, psychiatrists, medical records, and child health record booklets


	Anxiolytics/hypnotics

No information on initial indication (but all had psychiatric disorder and in hospital; ICD maternal psychiatric diagnoses used in analyses)
No dose information
Use of other psychotropics possible but controlled for in adjusted analyses

Pattern of use not known


	PTB outcome adjusted for: the 3 other types of drugs (antidepressants, antipsychotics,  and mood stabilizers), maternal age and education level, parity, presence of partner, maternal psychiatric diagnosis, unit type (adult/child psychiatry unit), and smoking prenatally
	PTB: <36 weeks of gestation

LBW: <2,500 g

NICU: "neonatal admission during first month of life"
	PTB: aOR = 1.17; 95% CI, 0.66 to 2.07; p = 0.58

LBW: aOR = 1.40; 95% CI, 0.89 to 2.19; p = 0.15

NICU = aOR = 1.89; 95%CI, 1.30 to 2.75, p = 0.001
 

	Yonkers et al., 2017 A
USA; Moderate
	Inclusion: > 18 years

of age, < 17th weeks gestation, recruited July 1, 2005 to July 14, 2009. 

Used antidepressant, or had a major depressive episode (MDE) in the 5 years prior or PTSD. 1/3 of women did not have the above and randomly selected for comparison group in the original cohort. 

This paper is secondary analysis where subjects regrouped into diagnostic groups and use of medication, recruited from 137 obstetric practices in Connecticut and Massachusetts
Exclusion: not singleton pregnancy, insulin-dependent diabetes, non-English or Spanish speaking, no access to a

telephone, plans to move or terminate pregnancy.
	BZD use during pregnancy at any point:

n = 67 
Unexposed to BZDs in pregnancy, n = 2587


	Clinical interview, medical record
MDE, GAD (1 month symptom duration), Panic disorder  based on the World Mental

Health Composite International Diagnostic Interview version 2.1. PTSD via module of MINI  

	BZD

Indication not confirmed but selection based on antidepressant use/depression/anxiety diagnosis 

No dose information

Use of other psychotropics possible but SSRI use adjusted in analyses

Pattern of use not known but breakdown by trimester provided


	Adjusted for : 

panic disorder, GAD, SSRI use, and possible confounders (age,

race/ethnicity, educational level, smoking, heavy

drinking, illicit drug use, MDE, and PTSD during pregnancy, plus the interaction of MDE with panic disorder, GAD, or PTSD and SSRI use, BMI  

and previous

PTB) 
	PTB: delivery < 37 weeks 
LBW: <2500g
SGA: “uses size for birth age rather than low birth weight” 

Other outcomes studied 


	PTB:  12/67 exposed vs 213/2587 unexposed; 

OR = 2.43; 95% CI, 1.28 to 4.61;
aOR, 1.98, 95% CI, 0.97 to 4.04

LBW: 11/67 vs 121/2587;

OR = 4.00; 95% CI, 2.04 to 7.83;
aOR, 3.41; 95%CI, 1.61 to 7.26
SGA: aOR, 0.85; 95% CI, 0.35 to 2.10.
 


A = above quality threshold; B = below quality threshold

Abbreviations: UK, United Kingdom; BZD, benzodiazepines; TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; SES, socioeconomic status; BMI, body mass index; aRRR, adjusted relative risk ratio; CI, confidence interval; AED, antiepileptic drug;  ICD, International Classification of Diseases; RR, relative risk; aRR, adjusted risk ratio; PTB, preterm birth; LBW, low birth weight; SGA, small for gestational age; NICU, neonatal admission to neonatal intensive care unit; GA, gestational age; BW, birth weight; OR, odds ratio; aOR, adjusted odds ratio; CNS, central nervous system; SD, standard deviation; MD, medical doctor; RN, registered nurse; MDE, major depressive episode; GAD, generalized anxiety disorder;  PTSD, posttraumatic stress disorder; MINI, Mini-International Neuropsychiatric  Interview.    
