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Background

Marijuana is the most used substance in pregnancy (Thompson, DeJong, & Lo, 2019) with an estimated prevalence of 2-5% pregnant women using marijuana (Ko, Farr, Tong, Creanga, & Callaghan, 2015; Marroun et al., 2011), with some studies reporting prenatal marijuana use as high as 15% or more in Indigenous pregnant women in Australia (Passey, Sanson-Fisher, D’Este, & Stirling, 2014). While little is known about the risks of marijuana use in the general population, even less is known about its effects on fetal development, though THC, the main active chemical in marijuana, is known to cross the placenta (Thompson et al., 2019). Most studies of marijuana use were done in 1980s when marijuana contained less THC than present formulations. Recent studies are limited by their small sample sizes, observational nature and retrospective design, reliance on self-report measures, and confounding by polysubstance use (Thompson et al., 2019).  Current investigators are limited in their ability to study the effects of marijuana in clinical trials due to federal regulations, further contributing to the dearth of evidence about marijuana safety. 
Inadequate data has been increasingly construed as safety by the public. Additionally, as social media and popular culture promote unvalidated benefits, public perceptions of the safety of marijuana products have become increasingly more positive. Some studies report that the average probability of reporting no risk of regular marijuana use increased from 4.6% in 2005 to 19% in 2015 (Jarlenski et al., 2017). Of particular concern is the perceived safety of marijuana use and exposure during pregnancy as prenatal marijuana use becomes more prevalent (Oh, Salas-Wright, Vaughn, & DiNitto, 2017). Further, data show that a significant percentage of people believe that exposure of pregnant people to marijuana smoke has little or no associated risks (Oh et al., 2017). A recent study of 16,280 U.S. adults found that 7.6% of participants consider secondhand marijuana smoke exposure somewhat or completely safe for children. Further, 7.3% of participants considered marijuana use somewhat or completely safe during pregnancy (Keyhani et al., 2018).
Researchers have also found that some pregnant women perceive marijuana use to be beneficial, describing marijuana as ‘natural’ and ‘safe’ compared to other substances, including alcohol, tobacco, other recreation drugs, and compared to some prescription medications (Chang et al., 2019). Thus, understanding perceptions of risks and safety is important and may be useful in guiding targeted public health outreach efforts. 
States’ marijuana legalization also seems to play a role in public perceptions of risks. A recent study of pregnant women in New Jersey from 2019 to 2020, prior to the state’s legalization of marijuana, found that 4.5% of the surveyed population reported use during pregnancy.  While over a quarter of participants were opposed to legalization, over 90% of those surveyed indicated they would be more likely to use marijuana during pregnancy if it were legalized (Ng, Rice, Ananth, & Brandt, 2020).  There is also some evidence to suggest a that lower education levels may correlate with fewer perceived risks of marijuana use (Ng et al., 2020).
To date, there are few studies about public perceptions of marijuana exposure during pregnancy that seek to understand how perceptions vary within demographic groups. This study will investigate how states’ marijuana legalization status, education level, and income level are associated with perceptions of marijuana exposure in pregnancy using a nationally representative sample of U.S adults. This knowledge will be critical in aiding healthcare workers, public health leaders, and policymakers improve communication with the public about the unknown risks of marijuana exposure during pregnancy. 


Methods

Study type – observational cross-sectional study

Participants

· Sample Type: Probability-based
· [bookmark: _Hlk83754390]This study utilized data from the Growth from Knowledge KnowledgePanel to distribute surveys to assess perceived risks of prenatal marijuana exposure. Growth from Knowledge is an online panel that uses probability-based sampling to create nationally representative study populations. This software works by randomly sampling addresses which covers 97% of U.S. adults, though excludes non-civilians and institutionalized individuals which may limited generalizability of results to include these populations. This sampling method creates a statistical sample of the U.S. population. Households without internet accessibility were provided with internet connections and a tablet to enable participation. This program also minimizes self-selection bias in that all individuals in the study cohort are sampled with a known probability of selection, based on weighted sampling to ensure a statistically representative cohort of the U.S. adult population. No individuals can volunteer to participate. 
· Inclusion criteria: All participants that completed all survey items were included in the study analysis. 
· Exclusion criteria: Participants were excluded from analysis if all survey questions were not completed (rate of missing data or refusal to answer a survey item ranged from 0% to 3.9%)
· Population
· Target population: All U.S. adults
· Accessible Population: Non-institutionalized, civilian U.S. adults with residential addresses able to operate a tablet or computer 
· Study population: Nationally representative cohort of the accessible population
· N=9003, response rate 55.3%

Variables and data collection
Data for this study were collected using a national survey created by the study researchers. To ensure survey items were valid, we reviewed existing federal surveys, primary literature, and media reports that assessed perceptions of risks and benefits of marijuana use. In addition, study authors interviewed various professionals working in mental health, substance use, medical dispensaries, and marijuana distribution. 
· Primary predictor: States’ marijuana legalization status (categorical, dichotomous)
· Secondary predictor:
· Income level (<$30,000, 30,000 – 74,999, 75,000 – 124,999, >125,000) (categorical, nominal)
· Educational level (high school diploma or less vs some college or more) (categorical, dichotomous)
· Primary outcome: Perceived risk of marijuana use by pregnant women stratified as completely unsafe versus not completely unsafe, which combines responses of “completely safe,” “somewhat safe,” and “somewhat unsafe.” (categorical, dichotomous)
· Secondary outcome: Perceived risk of exposing pregnant women to second-hand marijuana smoke, stratified as completely unsafe versus not completely unsafe, which combines responses of “completely safe,” “somewhat safe,” and “somewhat unsafe.” (categorical, dichotomous)
· Confounding variables: Age, racial group, individual’s marijuana and tobacco use patterns, polysubstance use, diagnosis of anxiety, depression, or other medical conditions for which marijuana may be used as a therapeutic agent (i.e. hyperemesis gravidarum). 


Analysis

To ensure a nationally representative sample, all analyses were conducted using weighting analysis based on variables provided by Growth from Knowledge. We then confirmed that our sample correlated with federally sponsored surveys by comparing sociodemographic characteristics of our cohort with the cohort of participants from the 2015 National Survey on Drug Abuse and Health. 

Power calculations
· Null hypothesis: Perceptions regarding the safety of prenatal marijuana exposure is not associated with states’ marijuana legalization status.  
· Alternative hypothesis: Prenatal marijuana exposure is perceived as more safe in states with marijuana legalization.
Prior studies estimate that approximately 8 to 10% of the population considers prenatal marijuana smoke exposure to be somewhat or completely safe (Keyhani et al., 2018; Oh et al., 2017). Assuming the alternative hypothesis is true, we expect prenatal marijuana smoke exposure to have a more favorable risk perception in states where marijuana is legalized. We estimate a prevalence of 15% of participants in legalized states considering marijuana exposure to be not completely unsafe and 5% of participants in non-legalized states. Given these estimations, a minimum of 159 participants are needed in each group to obtain at least 80% power with a two-sided alpha of p=0.05.

Statistical analysis
	Chi squared and multivariate analyses will be used to analyze associations between the primary predictor and outcome variables and will be weighted based on variables provided by Growth from Knowledge. All confounding variables significantly associated with both predictor and outcome variable will be controlled by multivariate models for all associations. 


Anticipated Results

	Study participants living in marijuana-legal states with higher education and income levels were significantly more likely to perceive that exposure of pregnant women to first and secondhand marijuana smoke is not completely unsafe compared to participants in non-legal states. 
	

Discussion

	These results suggest that marijuana legalization status affects public perceptions of the safety and risks marijuana smoke exposure. We suggest that public health outreach programs concentrate educational efforts regarding the lack of safety data on marijuana smoke exposure during pregnancy in states where marijuana has been legalized and target outreach in low income and low-education communities. 
It is possible that perceptions of safety in legalized states may lead to more exposure of pregnant women to marijuana smoke. This should be considered as marijuana legalization spreads across the country. However, more studies are needed for further characterize how perceptions of marijuana safety alter smoking habits in pregnant women, and what effects marijuana smoke exposure may have on mother and fetus. Such data are likely to have significant impact on the future of marijuana legalization, health policy, and maternal and fetal outcomes.
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