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Abstract

Background: Male marijuana use has increased steadily over the last decade, but its effect on 

risk of spontaneous abortion to our knowledge has not been studied.

Methods: We analyzed data from Pregnancy Study Online (PRESTO), a North American 

prospective cohort study of pregnancy planners (2013-2019). During the preconception period, 

male and female participants completed baseline questionnaires on demographics, medical history, 

and behavioral factors, including marijuana use. Female participants identified pregnancy losses 

on bimonthly follow-up questionnaires and questionnaires completed in early and late pregnancy. 

We categorized frequency of male marijuana use in the 2 months before baseline as: none, <1 

time/week, or ≥1 time/week. We estimated the association between preconception male marijuana 

use and spontaneous abortion, adjusting for male and female confounders.

Results: Among 1,535 couples who conceived during follow-up, 9% of men reported 

preconceptional marijuana use <1 time/week and 8% ≥1 time/week. Nineteen percent of 

pregnancies ended in spontaneous abortion. Compared with no use, adjusted hazard ratios (HR) 

for male marijuana use were 1.1 (95% CI: 0.64-1.7) for <1 time/week and 2.0 (95% CI: 1.2-3.1) 

for ≥1 time/week. The association for ≥1 time/week persisted after restricting to couples where the 

female partner did not use marijuana (HR=2.0, 95% CI: 1.1-3.3), and was stronger for losses at <8 

weeks’ gestation (HR=2.5, 95% CI: 1.4-4.3) and among males aged ≥35 years (HR=4.1, 95% CI: 

1.54-11).

Conclusions: Couples with male partners who used marijuana ≥1 time/week during 

preconception had greater risk of spontaneous abortion than couples with males who did not use 

marijuana.
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Introduction

The prevalence of marijuana use in North America is one of the highest worldwide. Data 

from the 2016 National Survey on Drug Use and Health indicate 24 million Americans (9%) 

used marijuana in the past month.1 Marijuana use has increased over the last decade in most 

age groups,1 and is greater for men than women (17% vs. 10% in past year).2 Marijuana 

policy continues to change at a rapid pace, and recreational marijuana is now legal in 11 

states, the District of Columbia, and Canada. Despite increasing legalization and prevalence, 

few studies have investigated the influence of marijuana use on the male reproductive 

system.

Tetrahydrocannabinol, an exogenous cannabinoid, is the primary psychoactive component of 

marijuana.3 Exogenous cannabinoids bind to cannabinoid receptors, which are present in 

human and animal testicular tissue and in spermatozoa.4-8 Male exposure to exogenous 

cannabinoids may disrupt the endocannabinoid system, adversely affecting semen quality 

and the integrity of sperm DNA.

There is limited research on male marijuana use and reproductive outcomes. Some human 

and animal studies show chronic or frequent marijuana exposure is associated with lower 

sperm concentration and motility, abnormal sperm morphology, sperm DNA fragmentation, 

and lower concentrations of testosterone and luteinizing hormone,8-11 while other studies 

show associations with improved semen parameters12 and higher testosterone 

concentrations.10,13 Although sperm with DNA damage are capable of fertilizing oocytes,
14,15 poor semen quality and sperm DNA fragmentation have been associated with 

spontaneous abortion in some studies.15-18 More than 50% of first-trimester spontaneous 

abortions are attributed to chromosomal abnormalities19 and the male gamete contributes 

half the genome to the human embryo. In a prior publication, we reported little association 

between male marijuana use and fecundability.20 To our knowledge, no study has assessed 

the association between male marijuana use and pregnancy loss. Herein, we investigated the 

hypothesis that preconceptional male marijuana use increases risk of spontaneous abortion.

Methods

Pregnancy Study Online (PRESTO) is an ongoing prospective cohort study of couples trying 

to conceive, described previously.21 Eligible participants are women aged 21-45 years who 

reside in the United States or Canada, are trying to conceive without fertility treatments, and 

have male partners aged ≥21 years. PRESTO was approved by the Boston Medical Center 

Institutional Review Board. All participants provided informed consent.

Data Collection

All data collection is conducted online. Eligible women complete a baseline questionnaire 

and are then prompted to invite their male partners to complete an optional baseline 

questionnaire. Baseline questionnaires collect data on demographics, medical history, and 

lifestyle. Women complete follow-up questionnaires every 8 weeks for up to 12 months or 

until a pregnancy is reported; those who report a pregnancy are invited to complete two 
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additional questionnaires in early (<12 weeks’ gestation) and late pregnancy (~32 weeks’ 

gestation).

Analytic Sample

Between June 2013-July 2019, 5,486 women reported a pregnancy during follow-up and 

were thus at risk for spontaneous abortion. We excluded couples without male marijuana 

data, including 2,361 women who did not invite their male partners and 1,590 women whose 

male partners did not agree to participate. The final study population included 1,535 couples.

Exposure Assessment

On the baseline questionnaire, men were asked: “Have you used marijuana during the last 

two months?” Those who responded “yes” were then asked, “How often have you used 

marijuana?” with response options of “every day”, “4–6 times/week”, “1–3 times/week”, 

and “less than 1 time/week”. We categorized marijuana use as follows: non-use, use <1 time/

week, and use ≥1 time/week.

Outcome Assessment

On each follow-up questionnaire, women reported the date of the first day of their last 

menstrual period (LMP) and whether they were currently pregnant (“yes,” “no,” “don’t 

know”). Women who responded, “yes” or “don’t know” were asked, “Since the last 

questionnaire, have you had a miscarriage (including chemical pregnancy)?” Women who 

reported being currently pregnant were directed to the early pregnancy questionnaire where 

they reported on any intervening pregnancy losses since their last follow-up, their due date, 

and their date of first positive pregnancy test. Pregnancy losses occurring after the early 

pregnancy questionnaire were identified on the late pregnancy questionnaire. Women who 

reported a loss on any questionnaire were asked how many weeks the pregnancy lasted and 

on what date the pregnancy ended.

We attempted to find women lost to follow-up by email or phone. If a woman no longer 

wanted to participate, we asked her to provide information on her pregnancy status, 

including whether she experienced a pregnancy loss, the date of loss, and the number of 

weeks’ gestation at loss. We identified the absence of pregnancy losses by linking participant 

data to birth registries in select states (CA, FL, MA, MI, OH, PA, TX); if we identified a live 

birth in the registry with a date of birth corresponding to an LMP date during the study 

period, we assumed there was no pregnancy loss. Women who reported a therapeutic 

abortion or ectopic pregnancy were censored at the gestational week of those outcomes.

We estimated gestational weeks at pregnancy loss based on reported completed weeks the 

pregnancy lasted. If missing, we calculated gestational weeks at loss using the pregnancy 

end date, pregnancy due date, and LMP date. We calculated gestational weeks at loss (in 

completed weeks) as follows: (pregnancy end date-(pregnancy due date-280))/7. For women 

with missing pregnancy due dates, we calculated gestational weeks at loss as follows: 

(pregnancy end date-last menstrual period date)/7.
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Data Analysis

We used an Anderson–Gill data structure22 with one observation per gestational week. We 

estimated the crude probability of spontaneous abortion by male marijuana frequency using 

life-table methods and Cox proportional hazards regression models to estimate hazard ratios 

(HRs) and 95% confidence intervals (CI) for the association between preconceptional male 

marijuana use and spontaneous abortion. The time-scale was gestational weeks, beginning at 

the gestational week of pregnancy detection (when available) or 4 weeks (when date of 

pregnancy detection was unavailable), until spontaneous abortion or censoring (20 weeks’ 

gestation).

We created a directed acyclic graph to identify male and female confounders (eFigure 1). We 

fit two multivariable-adjusted models. Adjusting for reproductive history variables may 

result in over-adjustment bias if marijuana use remained relatively constant over time and 

was a risk factor for prior and future pregnancy loss.23,24 Therefore, the first model 

controlled for male and female confounders of male marijuana use and spontaneous 

abortion, excluding reproductive history. These variables included male and female: age 

(years), education (≤12, 13-15, ≥16 years), race/ethnicity (White, Black, Asian, mixed race, 

non-Hispanic other, Hispanic), alcohol (drinks/week), smoking status (current, past, never), 

current environmental tobacco exposure (yes vs. no), caffeine intake (<100, 100-199, 

200-299, ≥300 mg/day), sugar-sweetened beverage intake (0, 1, 2-6, ≥7 drinks/week), BMI 

(<25, 25-29, 30-34, ≥35 kg/m2), physical activity (<10, 10-19, 20-39, ≥40 metabolic 

equivalent of task (MET)-hours/week), multivitamin or prenatal vitamin use (yes vs. no), 

hours of work/week (unemployed, <30, 30-39, 40-49, ≥50), history of sexually transmitted 

infections (yes vs. no), depression/anxiety diagnosis; male only: household income/1,000 

USD (<50,000, 50,000-99,999, 100,000-149,999, >150,000), sleep duration (<7, 7-8, ≥9 

hours/day), perceived stress scale score (continuous); and female only: marijuana use 

frequency (none, <1/month, ≥1/month). The second model controlled for all variables in 

model 1 plus female-reported time-to-pregnancy of the index pregnancy (cycles), female 

history of spontaneous abortion (yes vs. no), female parity (parous vs. nulliparous), and male 

history of impregnating a female partner (yes vs. no). To assess for multicollinearity, we 

examined a correlation matrix and the variance inflation factors of our confounders. We 

determined there was no multicollinearity or strong correlations between covariates, as all 

correlation coefficients were <0.80 (max=0.62 for female and male age), and variance 

inflation factors were <10 (max=2.1 for female age).

Male participation in PRESTO was optional. As only 28% of female participants had male 

partner data on marijuana use, we evaluated potential for selection bias by weighting 

participants by the inverse probability of male participation in a sensitivity analysis.25 We 

constructed stabilized weights by fitting logistic regression models among the full sample 

before excluding male non-participants (n=5,486). To estimate the denominator of the 

weights, we used an indicator for male participation as the dependent variable, and 

predictors of male participation and spontaneous abortion as independent variables. 

Predictors of male participation and spontaneous abortion included, for males and females, 

age, education, household income, and cigarette smoking status; and for females only, race/

ethnicity, history of sexually transmitted diseases, alcohol use, marijuana use, multivitamin 
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use, anxiety and depression diagnosis, perceived stress scale score, history of spontaneous 

abortion, cycles of attempt time at study entry, hours of work per week, and parity. The 

numerator of the weights was estimated as the probability of male participation.

Conditioning on couples who conceive may also induce selection bias if preconception 

marijuana use affects conception, and unmeasured confounders affect both conception and 

subsequent spontaneous abortion.26 Using the full sample of couples who either did or did 

not conceive (n=10,253), we calculated additional stabilized weights representing the inverse 

probability of pregnancy using the same approach described above. Our weight models 

included the same covariates as those included in the models for male participation, with the 

addition of female BMI, use of methods to improve chances of pregnancy, and use of a 

hormonal method of last contraception. We then multiplied these weights by the inverse 

probability of male participation weights for a final set of weights. Accounting for selection 

bias due to pregnancy complicates the causal question, as the effect of male marijuana use 

on spontaneous abortion is only relevant to those who become pregnant and are at risk of the 

outcome.26,27 Therefore, we present estimates both accounting for, and not accounting for, 

selection bias due to pregnancy.

We conducted secondary analyses restricting to female non-users of marijuana at baseline 

and females with no history of spontaneous abortion. We stratified analyses by pregnancy 

attempt time at study entry (<3 vs. ≥3 cycles) and male age at baseline (<35 vs. ≥35 years) 

because longer attempt times may indicate underlying fertility problems and older age is a 

risk factor for poorer semen quality. Last, we stratified analyses by timing of spontaneous 

abortion (<8 vs. ≥8 weeks’ gestation) because a greater proportion of earlier pregnancy 

losses are due to chromosomal abnormalities and risk factors for early vs. late loss may 

differ.28 For example, if male marijuana use affects spontaneous abortion via sperm DNA 

fragmentation, we would expect to observe a stronger association between male marijuana 

use and earlier loss. To evaluate potential for recall bias, we excluded 110 men who 

completed their baseline questionnaires after the reported positive pregnancy test date. As 

we did not collect time-varying marijuana measures, we additionally restricted to couples 

who completed male baseline questionnaires within 3 months of their positive pregnancy 

test date to ensure marijuana exposure occurred closer to conception (i.e., reduce potential 

for exposure misclassification). Finally, we calculated an E-value to quantify the minimum 

strength of association an unmeasured confounder would need to have with both marijuana 

exposure and spontaneous abortion, conditional on measured covariates, to completely 

explain the observed association for our primary analysis.29 The E-value was calculated for 

the point estimate and lower confidence interval value assuming outcome prevalence >15% 

with the following equation:

EHR = 1 − 0.5 HR

1 − 0.5
1

HR

+ 1 − 0.5 HR

1 − 0.5
1

HR

× 1 − 0.5 HR

1 − 0.5
1

HR

− 1

Missing data ranged from <1% (age) to 39% (male secondhand cigarette smoke exposure, 

which was added to the questionnaire in July 2015). We assumed data to be missing at 
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random conditional on measured covariates and used multiple imputation to impute missing 

data on exposure, covariates, and gestational weeks at loss.

Results

Among 1,535 couples who conceived, 83% reported no male marijuana use in the 2 months 

before baseline, 9% reported marijuana <1 time/week, and 8% reported marijuana ≥1 time/

week. Among men who used marijuana ≥1 time/week, 51% reported using every day, 23% 

used 4-6 times/week, and 27% used 1-3 times/week. Men who used marijuana ≥1 time/week 

were more likely to have lower income and education, a diagnosis of anxiety or depression, 

smoke cigarettes, and have female partners who smoked cigarettes, used marijuana, or had a 

history of spontaneous abortion (Table 1).

When we compared characteristics reported by females whose male partners did vs. did not 

participate in PRESTO, male non-participants had lower educational attainment (≤high 

school: 9% vs. 13%), were more likely to smoke cigarettes (10% vs. 16%), and were more 

likely to have female partners who smoked cigarettes (4% vs. 7%), used marijuana (9% vs. 

13%), or had a history of spontaneous abortion (23% vs. 26%) than male participants.

Over follow-up, 292 (19%) couples reported a spontaneous abortion (Table 2). Median 

gestational weeks at loss was 6 (interquartile range: 5-9). Spontaneous abortions were 

reported among 19% of couples with no male marijuana use, 16% with use <1 time/week, 

and 31% with use ≥1 time/week. In adjusted models, male marijuana use ≥1 time/week 

during preconception was associated with 2.0 times the risk of spontaneous abortion 

compared with no use (95% CI: 1.2-3.1). Results persisted after adjustment for reproductive 

history (HR: 2.0, 95% CI: 1.3-3.2), and after restricting to female non-users of marijuana 

(HR: 2.0, 95% CI: 1.1-3.4) and females with no history of spontaneous abortion (HR: 2.2, 

95% CI: 1.2-4.0). Male marijuana use <1 time/week showed little association with 

spontaneous abortion in all models.

When using inverse probability of selection weights for male participation, stabilized 

weights had a mean of 1.0 (range 0.6–3.0). Variables most predictive of male participation 

included greater female and male education, lack of male cigarette smoking, lack of female 

marijuana use, absence of diagnosed depression, and female Asian or Black race (vs. White 

race). Weighted estimates accounting for male participation were slightly attenuated for 

male marijuana use ≥1 time/week (HR: 1.8, 95% CI: 1.2-2.8). When using inverse 

probability of selection weights for pregnancy, stabilized weights had a mean of 1.0 (range 

0.5-19.4). Variables most predictive of pregnancy included shorter cycles of attempt time at 

study entry, greater female and male education, and lower BMI. Additionally adjusting for 

selection bias due to conditioning on pregnancy did not substantially alter results (weighted 

HRs for <1 and ≥1 time/week: 0.87, 95% CI: 0.53-1.4 and 1.9, 95% CI: 1.3-2.9) (Table 2).

In secondary analyses (Tables 3-5), the association between male marijuana use ≥1 time/

week and spontaneous abortion persisted among couples with pregnancy attempt times of <3 

cycles (HR: 2.1, 95% CI: 1.1-3.9), and was stronger among couples with attempt times ≥3 

cycles (HR: 3.4, 95% CI: 1.5-7.7) (Table 3). The association for ≥1 time/week was slightly 
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stronger for pregnancy losses at <8 weeks’ gestation (HR: 2.5, 95% CI: 1.4-4.3), but was 

attenuated for later pregnancy loss (HR: 1.3, 95% CI: 0.56-3.1) (Table 4). Results were 

substantially stronger but more imprecise among men ≥35 years (HR: 4.1, 95% CI: 1.5-11.0) 

(Table 5). Excluding men who completed their baseline questionnaires after the reported 

pregnancy test date did not appreciably change results (<1 and ≥1 time/week: HR=0.98, 

95% CI: 0.59-1.6 and HR=2.0, 95% CI: 1.2-3.2, respectively). Restricting to men who 

completed their baseline questionnaires within 3 months of pregnancy detection also did not 

appreciably change results (<1 and ≥1 time/week: HR=1.1, 95% CI: 0.54-2.2 and HR=2.7, 

95% CI: 1.4-5.2). The adjusted HR for ≥1 time/week of 2.0 in our primary full sample 

analysis corresponds to an E-value of 2.6; the lower confidence interval value of 1.2 

corresponds to an E-value of 1.6.

Discussion

In this prospective cohort study, male preconceptional marijuana use ≥1 times/week was 

associated with an increased risk of spontaneous abortion compared with no male marijuana 

use. The association was stronger among those with early pregnancy losses and among men 

aged ≥35 years. The association was materially unchanged after accounting for several 

potential confounders and two sources of selection bias. There was no meaningful increased 

risk for men who reported using marijuana <1 time/week.

Most research to date has focused on female risk factors for spontaneous abortion, but male 

factors may also be important. Some studies have explored the association between male 

preconception caffeine consumption, alcohol use, and cigarette smoking and spontaneous 

abortion.30 Male caffeine consumption was associated with increased risk of pregnancy loss 

in a preconception cohort study31 and lower probability of live birth in an infertility 

treatment study,32 while other studies have found no association.33 Studies of male alcohol 

intake are similarly inconsistent: in couples undergoing fertility treatment, male alcohol use 

was associated with both a lower34 and higher probability of live birth,32 whereas another 

study reported no association.33 In three studies of couples from the general population, 

preconception male alcohol use had no association with spontaneous abortion,31,35,36 and 

yet male alcohol use was associated with 2-3 times the risk of spontaneous abortion in a 

prospective Danish study.37 Male cigarette smoking has known deleterious effects on semen 

quality;38 some studies find no association of preconception male smoking with pregnancy 

outcomes,30,31 while others suggest an increased risk.39

Marijuana use has been associated with DNA fragmentation, which may lead to increased 

risk of spontaneous abortion.15 This mechanism is supported by data showing advanced 

paternal age is associated with increased risk of spontaneous abortion,40 as older men have 

greater sperm DNA fragmentation and other lower semen quality parameters.41 Research on 

paternal age and spontaneous abortion similarly show an association with earlier but not 

later pregnancy loss,40 consistent with DNA-related mechanisms: a greater proportion of 

earlier versus later pregnancy losses is attributed to chromosomal abnormalities.32 The 

association between male marijuana use was substantially stronger in our cohort among men 

≥35 years. Prior studies indicate paternal age is a risk factor for pregnancy loss, thus it is 
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reasonable to hypothesize older men may be more vulnerable to an effect of marijuana on 

spontaneous abortion.40

In a prior study based on the same cohort,20 we found little association between male 

marijuana use and fecundability. Though additional studies are needed, the results of our 

prior study coupled with the current study suggest that male marijuana use may have little 

effect on conception, but might contribute to adverse outcomes post-conception. It has been 

demonstrated that sperm with DNA damage are capable of fertilization while subsequently 

leading to early pregnancy loss.14,15

If male participation is associated with both male marijuana use and underlying risks of 

spontaneous abortion, either directly or through other factors, this may induce selection bias. 

We compared female-reported characteristics of men who participated with those who did 

not, and found men who participated tended to have higher socioeconomic status, were less 

likely to smoke cigarettes and have partners who used marijuana or had a history of 

spontaneous abortion. It is plausible that men who participated were less likely to use 

marijuana than men who did not, but given the prospective design, it is unlikely that future 

pregnancy outcomes influenced male participation. Indeed, the prevalence of spontaneous 

abortion in PRESTO did not differ appreciably between couples with (18%) and without 

(19%) male participation. In sensitivity analyses, we attempted to control for selection bias 

by weighting participants by the inverse probability of male participation; we found little 

difference in associations.

It is possible that conditioning on pregnancy might bias estimates of the association between 

preconception exposures and pregnancy outcomes.26,42 We explored this source of selection 

bias by additionally weighting participants by the inverse probability of pregnancy, but we 

found little difference in results. One reason for the similarity in results could be the lack of 

association between male marijuana use and fecundability in this cohort.20 There is a debate 

in the literature about the validity of conditioning on pregnancy;26 some say that it creates a 

selection bias that should be removed,42,43 whereas others believe that it is a selection factor 

inherent to human reproduction that we should not attempt to remove.27 On one hand, 

simulations and causal diagrams demonstrate that bias can be induced through reproductive 

selection processes.26,42 On the other hand, accounting for selection bias due to pregnancy 

through inverse probability weighting results in a causal question that is difficult to interpret: 

the effect of male marijuana use on spontaneous abortion if everyone in the preconception 

cohort became pregnant.26,27 The question is unrealistic because there will always be those 

who do not conceive, and the association is only relevant to the subpopulation at risk of the 

outcome.

Because marijuana use was self-reported and we did not collect time-varying marijuana 

measures, exposure misclassification is likely. In some cases reported exposure may be up to 

12 months before conception. However, when restricting to men who completed baseline 

within 3 months of pregnancy detection, and thus ensuring a more etiologically relevant 

time-window for exposure, results were slightly stronger. We also did not collect 

information on dose or mode of use (e.g. ingestion, vaping, smoking). Other considerations 

for exposure misclassification include variation in North American marijuana policies, and 
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the rise in popularity of cannabidiol (CBD) products. Men living in states without 

legalization of marijuana may underreport marijuana use.44,45 In our data, there was lower 

prevalence of marijuana use ≥1 time/week among those living in states with no marijuana 

legalization (5%) compared with those living in places with at least medical marijuana 

legalization (9%). It is unknown whether this represents a true difference in prevalence, or 

whether men who lived in states with no legalization are underreporting. In addition, some 

participants who use CBD-only products may report this as using marijuana, while others 

may report no marijuana use. CBD is an exogenous cannabinoid present in marijuana, and 

some animal model studies indicate CBD exposure might adversely affect reproductive 

outcomes.46,47 However, it is unknown how much exposure to isolated CBD differs from 

exposure to marijuana overall. Given the prospective design, any exposure misclassification 

is likely non-differential and expected to bias estimates in the highest category towards the 

null.48

Further, there may be misclassification of spontaneous abortion. Pre-implantation losses will 

not be captured in this study. And very early post-implantation losses often go undetected if 

home pregnancy testing is not used early in gestation (e.g., several days before a missed 

period). More than 95% of PRESTO women reported using home pregnancy tests and the 

median time at first pregnancy testing was 4 weeks across both exposure groups, indicating 

that most women test early. Because timing of early pregnancy identification was unrelated 

to male marijuana use, this is unlikely a large source of bias. The prevalence of spontaneous 

abortion in PRESTO (19%) agrees with estimates from a nationally representative 

population.49

Reverse causation is possible if men experiencing reproductive issues used marijuana under 

claims that cannabis products, particularly CBD, improve reproductive health. However, our 

estimates persisted after controlling for reproductive history and after stratifying by 

pregnancy attempt time at study entry, thereby allaying this concern. Finally, our E-value 

sensitivity analysis suggests that an unmeasured confounder would need to be associated 

with 1.6 times the risk of both marijuana exposure and spontaneous abortion to explain the 

observed association completely. We controlled for several female and male covariates, 

though we cannot rule out potential for residual or unmeasured confounding (e.g., from 

adverse childhood experiences, stressful life events, illicit drug use, or early life exposure to 

endocrine-disrupting chemicals).

In summary, frequent male preconceptional marijuana use was associated with an increased 

risk of spontaneous abortion in this prospective cohort study of North American couples. 

The association appeared to be driven by early pregnancy losses and was stronger among 

older men. The extent to which the association is explained by adverse effects on semen 

parameters (e.g., DNA fragmentation) is unclear.
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eFigure 1. 
Directed Acyclic Graph of male and female confounders, male marijuana exposure, and 

spontaneous abortion.
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Table 1.

Baseline characteristics
a
 of 1,535 men according to male preconceptional marijuana use, PRESTO 

(2013-2019).

Male marijuana use in the 2 months
before baseline

Characteristic None <1
time/week

≥1 time/week

Number of couples (n) 1,267 140 128

Male age at baseline (mean years) 32 32 32

Female partner age at baseline (mean years) 30 30 29

Non-Hispanic White (%) 88 89 86

Household income <$50,000/year (%) 14 7 26

Less than college degree (%) 27 28 49

Body mass index, kg/m2 (mean) 28 27 27

Metabolic equivalent of task-hours/week of physical activity (mean) 33 35 31

Alcohol, drinks/week (mean) 6 11 8

Caffeine 300+ mg/day (%) 14 16 17

Sugar-sweetened soda intake, drinks/week (mean) 2 2 3

Daily multivitamin use (%) 37 35 25

Average sleep duration <7 hours/night (%) 34 26 37

Work ≥50 hours/week (%) 28 24 23

Perceived stress scale score (mean) 14 15 17

Ever diagnosed with anxiety (%) 7 7 14

Ever diagnosed with depression (%) 9 12 20

Ever pregnant/impregnated someone (%) 47 39 57

History of sexually transmitted infections (%) 4 7 7

Current environmental tobacco smoke exposure (%) 9 11 20

Current regular smoker (%) 4 8 24

Current occasional smoker (%) 4 9 5

Past smoker (%) 16 28 31

Female partner current regular smoker at baseline (%) 2 6 11

Female partner current marijuana user at baseline (%) 3 34 46

Prior any pregnancy loss (female partner) (%) 29 32 39

History of spontaneous abortion (female partner) (%) 23 18 28

History of therapeutic abortion (female partner) (%) 7 14 15

a
All male characteristics except for age are standardized to male baseline age of cohort, and female characteristics except for age standardized to 

female baseline age of cohort.
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