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Abstract 
About 5%–10% of pregnancies in the 
US are exposed to cannabis with highest 
use reported during the first trimester. 
Two recent meta-analyses presented 
estimates of the risk of birth defects 
associated with prenatal exposure to 
cannabis; the larger and more recent 
meta-analysis pooled data from 18 cohort 
and 18 case-control studies with a total 
sample size of >19 million subjects. The 
meta-analyses found that prenatal 
exposure to cannabis was associated 
with a small but statistically significant 
increased risk of any birth defect (pooled 
odds ratios [ORs], 1.25–1.33); ORs were 
also significantly elevated for 

cardiovascular, gastrointestinal, nervous 
system, genitourinary, and 
musculoskeletal but not orofacial birth 
defects. The ORs were smaller and less 
likely to be statistically significant in 
adjusted analyses. These meta-analyses 
had strengths but also shortcomings. The 
strengths and shortcomings are 
explained in detail so that readers obtain a 
better understanding of how to critically 
assess findings in meta-analyses. One 
strength was the presentation of both 
unadjusted and adjusted pooled estimates; 
the former allow an understanding of risks 
in the average real world patient and the 
latter allow an understanding of the unique 
contribution of the exposure to the 
outcomes. Another strength was the 

presentation of cumulative meta-analyses 
which demonstrated from which calendar 
year onwards a finding became 
consistently statistically significant in the 
scientific literature. One shortcoming, in 
analyses of subcategories of birth defects, 
was the repeated representation of the 
same sample in the same forest plot; the 
many reasons why this is problematic are 
explained. Another shortcoming was the 
pooling of ORs obtained from cohort 
studies with those obtained from case- 
control studies; conceptual and numerical 
reasons why this is problematic are also 
explained. 
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A n earlier article in this column examined 
epidemiological trends in the use of cannabis and 
maternal and neonatal outcomes associated with 

gestational exposure to cannabis. In brief, cannabis use 
is rising in the general population, including in women 
of reproductive age. About 5%–10% of pregnancies are 
exposed to cannabis. Constituents of cannabis can affect 
the outcome of pregnancy in many ways, such as by acting 
on cannabinoid receptors in the placenta and in the 
developing fetal brain. Adverse maternal outcomes 
include increased risk of gestational hypertension, too 
little or too much gestational weight gain, and placental 
abruption. Adverse neonatal outcomes include increased 
risk of preterm birth, small for gestational age, low birth 

weight, admission to the neonatal intensive care unit, 
and fetal death.1 This article presents 2 recent meta- 
analyses of studies on birth defects associated with 
gestational exposure to cannabis.2,3 This article also 
examines the strengths and limitations of these meta- 
analyses with a view to provide the reader with a deeper 
understanding of how to read and critically assess papers 
that describe meta-analyses. 

The 2023 Meta-Analysis 
Delker et al2 described a systematic review and meta- 

analysis of the risk of major structural birth defects 
associated with prenatal exposure to cannabis. These 
authors searched electronic databases and reference lists 
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and identified 23 studies that met their search criteria. 
These studies had been published between 1983 and 
2022 and contained data for the birth years 1968–2021. 
There were 18 studies from the US, 3 from Canada, and 1, 
each, from Spain and Norway. The 23 studies comprised 
11 cohort studies, 9 case-control studies, and 3 cross- 
sectional studies. 

Important findings from this meta-analysis2 are 
presented in Table 1. In summary, in all analyses there 
were many more studies that provided unadjusted 
estimates than adjusted estimates. In unadjusted 
analyses, gestational exposure to cannabis was 
associated with increased risk of any birth defect as 
well as increased risk of cardiac, gastrointestinal, 
genitourinary, musculoskeletal, and nervous system 
but not cleft lip/palate defects. In adjusted analyses, 
gestational exposure to cannabis was associated with 
increased risk of only any birth defect and gastrointestinal 
birth defects. 

Almost all analyses were characterized by high 
heterogeneity, and in almost all analyses heterogeneity 
was greater in unadjusted than in adjusted analyses. 
Subgroup analyses to explore heterogeneity were not 
conducted. 

No analyses were presented for only first trimester 
exposure and only second/third trimester exposure; 
these analyses could have helped control for confounding 
because congenital malformations are generally associated 
with first trimester exposure. The influence of calendar 
year was not examined; this analysis would have been 
important because quality of data ascertainment, toxicity 

of cannabis used, and confounding variables associated 
with greater availability of cannabis could have changed 
across time. 

The 2024 Meta-Analysis 
Tadesse et al3 described a systematic review and meta- 

analysis of the risk of congenital birth defects associated with 
prenatal cannabis use. These authors searched electronic 
databases and reference lists and identified 18 cohort and 
18 case-control studies (pooled N = 19,049,013), published 
between 1983 and 2023, that met their search criteria. Of 
these studies, 25 had been conducted in the US, 5 in 
Canada, 3 in the UK, and 1 each in France, Spain, and 
Norway. Only 21 studies presented adjusted analyses. 

Important findings from this meta-analysis3 are 
presented in Table 2. In summary, prenatal cannabis use was 
associated with an increased risk of any birth defect, 
cardiovascular defects, gastrointestinal and abdominal wall 
defects, central nervous system defects, and genitourinary 
defects, but not orofacial and musculoskeletal defects. 
Heterogeneity was high to very high in most analyses. 
There was no evidence of publication bias. 

Interestingly, in separate meta-analyses that 
cumulated the effect size, study by study, with studies 
added chronologically to the forest plot, the increased 
risk of birth defects was evident from around 1990 but 
became consistently statistically significant only from 
2018. For gastrointestinal/abdominal wall and 
cardiovascular defects, the risk was consistently and 
significantly elevated much earlier; that is, from 
1994 and 2006, respectively. 

In subgroup analyses, risks for any birth defect and 
specific organ system birth defects were mostly higher 
in unadjusted than in adjusted analyses, in cohort than 
in case-control studies, and after first trimester exposure 
than after second or third trimester exposure. The authors 
stated (in their abstract, methods section, and discussion 
section) that they performed meta-regression analysis 
but did not present the results in either the main paper 
or in supplementary materials. 

Strengths and Shortcomings 
The two meta-analyses2,3 had strengths and 

shortcomings. There were 2 notable strengths. One was 
the presentation of both unadjusted and adjusted pooled 
estimates in the 2023 meta-analysis.2 The other was 
the presentation of chronologically cumulated odds ratios 
(ORs) in forest plots in the 2024 meta-analysis.3 There 
were 2 notable shortcomings in both meta-analyses. One 
was the pooling of individual malformations from the same 
study, resulting in repeated representations of the same 
sample in the same forest plot. The other was the pooling 
in the same forest plot of ORs from cohort studies with ORs 
from case-control studies. 

Each of these strengths and shortcomings is 
considered in turn. Although not essential, readers will 

Table 1. 
Important Findings From the Meta-Analysis by 
Delker et al2 

1. Gestational exposure to cannabis was associated with an increased risk of any 
birth defect in both unadjusted (OR, 1.33; 95% CI, 1.14–1.56; 11 studies) and 
adjusted (OR, 1.22; 95% CI, 1.00–1.50; 7 studies) analyses. 

2. Gestational exposure to cannabis was associated with an increased risk of 
cardiac birth defects in unadjusted (OR, 2.02; 95% CI, 1.40–2.91 ) but not 
adjusted (OR, 1.10; 95% CI, 0.94–1.29) analyses. 

3. Gestational exposure to cannabis was not associated with an increased risk of 
cleft lip/palate in both unadjusted (OR, 2.44; 95% CI, 0.98–6.07) and adjusted 
(OR, 1.06; 95% CI, 0.89–1.25) analyses. 

4. Gestational exposure to cannabis was associated with an increased risk of 
gastrointestinal birth defects in both unadjusted (OR, 2.32; 95% CI, 1.26–4.25) 
and adjusted (OR, 1.27; 95% CI, 1.12–1.44) analyses. 

5. Gestational exposure to cannabis was associated with an increased risk of 
genitourinary birth defects in unadjusted (OR, 2.24; 95% CI, 1.05–4.78) but not 
adjusted (OR, 0.80; 95% CI, 0.53–1.20) analyses. 

6. Gestational exposure to cannabis was associated with an increased risk of 
musculoskeletal birth defects in unadjusted (OR, 4.28; 95% CI, 2.26–8.09) but 
not adjusted (OR, 1.60; 95% CI, 0.91–2.80) analyses. 

7. Gestational exposure to cannabis was associated with an increased risk of 
nervous system birth defects in unadjusted (OR, 2.90; 95% CI, 1.33–6.32) but not 
adjusted (OR, 1.14; 95% CI, 0.75–1.75) analyses. 

Abbreviations: CI = confidence interval, OR = odds ratio. 
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benefit more if they examine the full text of the meta- 
analyses2,3 as they follow the discussion in the rest of this 
article. Whereas the 2023 meta-analysis2 is behind a 
paywall, the 2024 meta-analysis3 is available open access 
and would suffice for reference. 

Readers who are unfamiliar with measures of effect 
size, 95% confidence intervals (CIs), and meta-analysis, 
itself, might wish to learn about these from previous 
articles in this column4–7 before proceeding with the 
remainder of this article. 

Strength: Presentation of Both Unadjusted 
and Adjusted Pooled Estimates 

Delker et al2 presented both unadjusted and adjusted 
pooled estimates. Tadesse et al3 pooled whatever estimates 
were available, whether unadjusted or adjusted (thus, 
their forest plots were mixed); however, they did present a 
subgroup analysis of only unadjusted and only adjusted 
estimates. 

It is useful for readers to know both unadjusted 
and adjusted values. This is because an unadjusted 
estimate quantifies the relationship between the 
exposure and the outcome in the average patient in a 
real world setting whereas an adjusted estimate 
quantifies the unique contribution of the exposure to 
the outcome. The concepts are explained in greater 
detail in Table 3. 

Applying the explanations in Table 3 to the findings 
of Delker et al2 in Table 2, we now understand that if we 
are assessing a woman who has used cannabis during 
her current pregnancy, there is an approximately 
doubled risk of a cardiac birth defect in her child 
(unadjusted OR, 2.02; 95% CI, 1.40–2.91); however, 
cannabis use, per se, does not appear to drive this risk 
(adjusted OR, 1.10; 95% CI, 0.94–1.29). Thus, 
unadjusted and adjusted estimates are both useful 

when providing guidance, weighing options, and 
making treatment plans. 

Strength: Presentation of Chronologically 
Cumulated Plots 

In the forest plot of a cumulative meta-analysis, 
studies are arranged from top to bottom in 
chronological order, and the effect size presented for a 
study represents not the effect size of that study but 
the effect size of that study pooled with the effect 
sizes of all the previously published studies. So, a 
cumulative meta-analysis is a historical forest plot 
with studies being added to the existing meta-analysis 
as and when they are published. 

A cumulative meta-analysis tells us when a finding 
became statistically significant, if indeed it did. For 
example, Lau et al8 presented a cumulative meta- 
analysis of the benefit of intravenous streptokinase in 
patients with acute myocardial infarction. They showed 
that a consistent, statistically significant decrease in 
total mortality was evident in 1973, itself, after only 
8 trials (pooled N = 2,432) had been completed. 
However, 25 additional trials (pooled N = 34,542) 
were conducted, including 2 very large trials 
(n = 11,712 and 17,187), all of which merely narrowed 
the 95% CI without much changing the value of the 
pooled estimate. 

In this context, Tadesse et al3 presented cumulative 
meta-analyses for any (unspecified) birth defects as well 
as for birth defects grouped by organ systems. As an 
example, they showed that gestational exposure to 
cannabis was associated with clear and consistent 
increase in the risk of gastrointestinal and abdominal 
wall defects as early as in 1994, and in the risk of 
cardiovascular defects as early as in 2006. 

On an unrelated note, chronological ordering of 
studies in a forest plot without cumulative meta-analysis 
(so, actual effect sizes are presented, as in conventional 
plots) can provide an understanding of time trends. This 
can be useful if methods for diagnosis and treatment 
change across time, or, in the context of this article, if the 
potency of cannabis available and parameters related to 
its use change across time. 

Shortcoming: Multiple Representations of 
the Same Sample in the Same Forest Plot 

Both meta-analyses2,3 combined various outcomes 
from the same study in the same forest plots as though 
these outcomes had been obtained from different 
studies. The best way to understand why this is a 
problem is to use a simplification. Table 4 displays a small 
section of data, describing only 6 out of many specific 
cardiac defects, all obtained from a single study,9 and 
extracted from a single forest plot that was presented as 
Figure 3 in the 2023 meta-analysis.2 Readers will readily 
recognize that the rows of data were obtained from the 

Table 2. 
Important Findings From the Meta-Analysis by 
Tadesse et al3 

1. Prenatal cannabis use was associated with an increased risk of any (unspecified) 
birth defect (OR, 1.25; 95% CI, 1.12–1.41; 18 studies). 

2. Prenatal cannabis use was associated with an increased risk of cardiovascular 
defects (OR, 2.35; 95% CI, 1.63–3.39). 

3. Prenatal cannabis use was associated with an increased risk of gastrointestinal 
and abdominal wall defects (OR, 2.42; 95% CI, 1.61–3.64). 

4. Prenatal cannabis use was associated with an increased risk of central nervous 
system defects (OR, 2.87; 95% CI, 1.51–5.46). 

5. Prenatal cannabis use was associated with an increased risk of genitourinary 
defects (OR, 2.39; 95% CI, 1.11–5.17). 

6. Prenatal cannabis use was not associated with an increased risk of orofacial 
defects (OR, 2.13; 95% CI, 0.93–4.84). 

7. Prenatal cannabis use was not associated with an increased risk of 
musculoskeletal system defects (OR, 1.01; 95% CI, 0.75–1.36). 

Abbreviations: CI = confidence interval, OR = odds ratio. 
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same sample because the sample sizes for exposed and 
unexposed subjects, shown in columns 3 and 5 in 
Table 4, are identical across rows. 

There are 5 reasons why these multiple 
representations of the same sample are problematic. 
First, meta-analysis is performed to pool estimates of 
the same outcome as obtained from different studies, 
and not estimates of different outcomes as obtained 
from the same study. Second, when the same sample 
is represented many times in the same forest plot, 
readers who do not spot this wrongly assume that the 
pooled sample was much larger than it actually was, 
creating a false impression of value associated with 
larger sample size. Third, even though the different 
rows of data in the forest plot were obtained from the 
same study, the meta-analysis software treats the data 
as though they had been obtained from different 
studies; as a result, the 95% CI becomes much 
narrower than it ought to be. That is, a false 
impression of precision is created. Fourth, multiple 

representation of the same sample in the same forest 
plot amplifies the biases in that study relative to the 
biases in the other studies in that forest plot. Fifth, 
when absolute risks in exposed and unexposed 
samples are examined, because each representation of 
the sample presents an estimate for a subcategory of 
the outcome, both absolute risks appear smaller than 
they ought to be for that main category of birth defect. 

The same forest plot in the Delker et al2 meta-analysis 
also presented 6 rows of cardiac birth defect data from the 
same sample of another study,10 and that forest plot 
pooled, in total, 24 effect sizes from 9 studies. Of these, 
16 were multiple representations of the same samples, 
obtained from just 2 studies. 

Multiple representations of the same sample were 
evident in the forest plots in the 2024 meta-analysis,3 

as well; in fact, in the cardiovascular defects forest plot, 
the Forrester and Merz9 sample was represented 9 times. 
In these 2 meta-analyses,2,3 only the forest plots for “any 
birth defect” were uncontaminated by repeated 

Table 4. 
Specific Cardiac Birth Defects in the Study by Forrester and Merz,9 as Presented as Part of a Single 
Forest Plot in the Meta-Analysis by Delker et al2 

Birth defect 
Exposed,a birth defect 

present Exposed,a total sample 
Unexposed,a birth defect 

present Unexposed,a total sample 
Coarctation of the aorta 1 828 74 315,680 
Hypoplastic left heart syndrome 2 828 50 315,680 
Aortic valve stenosis 1 828 37 315,680 
Tricuspid valve atresia/stenosis 1 828 52 315,680 
Pulmonary valve atresia/stenosis 5 828 288 315,680 
Atrial septal defect 12 828 674 315,680 

aExposure refers to maternal use of cannabis during pregnancy. 

Table 3. 
Why Unadjusted and Adjusted Estimates are Both Important in Regression 
1. In addition to the exposure of interest, patients are exposed to adequately measured, inadequately measured, unmeasured, and unknown covariates and confounds. 

These covariates and confounds may be sociodemographic, clinical, behavioral, environmental, genetic, and other variables. It is not possible for a clinician in a real world 
setting, faced with a real world patient, to identify all these measurable and unmeasurable exposures and to disentangle their effects towards a prediction of risk. This is 
where the unadjusted OR comes in useful. It tells the clinician what the risk of the outcome is likely to be in the average real world patient who has the exposure of interest. 
Importantly, the true risk in a real world patient may be higher or lower than the unadjusted OR depending on the extent to which this patient has exposures to risk factors 
other than the exposure of interest. 

2. In addition to the exposure of interest, patients are exposed to adequately measured, inadequately measured, unmeasured, and unknown covariates and confounds. 
These covariates and confounds may be sociodemographic, clinical, behavioral, environmental, genetic, and other variables. An adjusted OR quantifies the relationship 
between the exposure of interest and the outcome after mathematically taking into consideration the contributions of measured covariates and confounds. Thus, the 
adjusted OR helps provide an understanding about the unique contribution of the exposure to the outcome. Importantly, even though the adjusted OR tempts readers 
towards a cause-effect interpretation, such an interpretation cannot be made because the adjusted OR remains contaminated by the contributions of inadequately 
measured, unmeasured, and unknown covariates and confounds (ie, residual confounding). So, the adjusted OR is merely a more precise quantification of the association 
between the exposure and outcome. Of note, the adjusted OR does not provide information about the relationship between exposure and outcome in the average real 
world patient. 

3. The explanations about unadjusted and adjusted ORs, presented in the previous paragraphs, apply to ORs described in all research designs, including cohort studies, case- 
control studies, and meta-analyses. 

4. Unadjusted estimates are also known as crude estimates. Adjusted estimates may be abbreviated by prefixing “a”; thus, aOR refers to an adjusted odds ratio. 

5. The observations in this table apply to other estimates of risk as well, including risk ratios and hazard ratios. 

Abbreviation: OR = odds ratio. 
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representations of the same samples. Therefore, these 
were possibly the only forest plots with trustworthy 
findings in the 2 meta-analyses.2,3 

Shortcoming: Combining Estimates From 
Cohort Studies With Those From 
Case-Control Studies 

The 2023 and 2024 meta-analyses2,3 each combined 
ORs obtained from cohort studies with those obtained 
from case-control studies. In section 24.6.2.3 of the 
Cochrane Handbook for Systematic Reviews of 
Interventions, authors are discouraged from combining 
results obtained from different study designs11; an 
example is provided of a forest plot that presented data 
separately for cohort, case-control, and cross-sectional 
studies without combining them into a single pooled 
estimate.12 The Cochrane Handbook does not provide 
a reason for its recommendation, but here is an explanation. 

Cohort studies identify groups with and without an 
exposure of interest and compare the risk of an outcome 
between these exposure groups. For example, a cohort 
study may follow women who did vs did not use cannabis 
during pregnancy (exposure groups) to determine the 
risk of birth defects in their offspring (outcome). In 
contrast, case-control studies identify groups with and 
without an outcome of interest and compare the risk of 
the exposure between these outcome groups. For example, 
a case-control study may assess offspring with vs without 
birth defects to determine whether or not they had been 
exposed to maternal cannabis use during pregnancy. 
Readers who wish to learn more about these research 
designs may refer to primers on the subject.13,14 

So, cohort and case-control studies both examine 
the association between an exposure and an outcome. 
However, the questions that they answer are 
manifestly different. An OR obtained from logistic 
regression in a cohort study might tell us that an 
outcome is more likely when the exposure is present. 
In contrast, an OR obtained from logistic regression in 
a case-control study might tell us that an exposure is 
more likely if the outcome is present. This, by itself, 
suggests that pooling ORs obtained from cohort and 
case-control studies is not appropriate because the ORs 
are conceptually different. Apples and oranges should 
not be averaged. 

A reader may think that in both study designs the row 
and column variables are the same; so why can’t ORs from 
cohort and case-control studies be pooled? Consider 
data from a hypothetical cohort study (n = 11,000), 
presented in Table 5. Now, in a cohort study, the starting 
point is the exposure. In this cohort, 10% of women 
(n = 1,000) used cannabis during pregnancy and 4% of 
their offspring (n = 40) had birth defects. Among the 
offspring of the 10,000 women who did not use cannabis 
during pregnancy, 2.5% (n = 250) had birth defects. We 
can now calculate the relative risk of birth defects 

associated with gestational exposure to cannabis; or, we 
can use logistic regression to adjust for covariates and 
confounds and obtain an OR for the risk of birth defects 
associated with gestational exposure to cannabis. In this 
example of an OR obtained from a cohort study, we 
know how many women did vs did not use cannabis in 
pregnancy and how many of their offspring did vs did 
not have birth defects. 

Let us now take exactly the same cohort and imagine 
that we’re doing a case-control study, instead. In a case- 
control study, the starting point is the outcome. We 
identify 290 offspring with birth defects (Table 5, Cells 
A + B). We interview the mothers and study their case 
records to determine how many of these 290 offspring 
had been gestationally exposed to cannabis. We find that 
40 vs 250 had vs did not have this exposure. We put these 
numbers into Cells A and B in Table 5 and our numbers are 
the same as those for the cohort study. So far, so good. 

In case-control studies, cases, defined as subjects 
with the outcome, are commonly matched with 
controls, defined as subjects without the outcome. 
Matching may be 1:1 or, sometimes, 1:2 or 1:10 or 
whatever ratio is convenient, given the resources 
available. Matching may be based on a few key 
variables such as calendar year, maternal age, 
offspring sex, etc. Controls are selected in this manner 
because we do not know that there is a well-defined 
cohort from which we can draw controls (had we 
known this, we’d probably have used a retrospective 
cohort study design and not a case-control study 
design). So, for our 290 cases, we select 290, 580, 
2,900 (or whatever) matched controls from the pool of 
offspring to which we have access. Then, we ascertain 
maternal use of cannabis during pregnancy among 
these controls to populate Cells C and D in Table 5. The 
values for Cells C and D in this case-control study will 
be completely different from the values in the cohort 
study. 

In other words, even though the row and column 
headings of Table 5 are the same for cohort and case- 
control designs, we will obtain different OR values for 
the relationship between exposure and outcome 
depending on whether the study was a cohort study 

Table 5. 
Data From a Hypothetical Cohort Study 
(n = 11,000) on Birth Defects in Offspring Exposed 
to Maternal Cannabis Use During Pregnancy 

Exposed to cannabis 
during pregnancy 

Not exposed to 
cannabis during pregnancy 

Birth defect present Cell A Cell B 
n = 40 n = 250 

Birth defect absent Cell C Cell D 
n = 960 n = 9,750 
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or a case-control study. So, the ORs are not only 
conceptually different, as explained earlier, but also 
numerically different between cohort and case-control 
studies, which is why pooling them is not a good idea. 

Take-Home Messages 
Gestational exposure to cannabis is associated 

with a small but statistically significant increase in 
the risk of birth defects in offspring; given the 
methodological limitations of the meta-analyses2,3 

examined, more nuanced interpretations are 
inadvisable. Whereas conclusions about cause and 
effect cannot be drawn, it would be wise for women to 
avoid cannabis use during pregnancy, especially given 
that gestational exposure to cannabis has also been 
associated with increased risk of maternal adverse 
outcomes, neonatal adverse outcomes, and 
neurodevelopmental disorders.1,15–17 

Authors who perform meta-analysis could consider 
presenting both unadjusted and adjusted estimates, and 
cumulative plots where there is a sufficient number of 
studies distributed across a sufficiently wide time span. 
A sample should not be represented more than once in the 
same forest plot. Estimates from different study designs 
should not be pooled. 
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