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Dear NT,
I am not in favour of increased drugs in the community.
The enclosed attachments set out this case.
I would be grateful if these documents could please be placed in evidence before the committee.
As cannabis and other drugs are all contraindicated in numerous patient groups in the
community it is unwise and imprudent to legalize and increase access.
Thankyou,
Yours sincerely,
Prof. Stuart Reece,
MBBS(Hons.), FRCS(Ed.), FRCS(Glas.), FRACGP, MD(UNSW).
Edith Cowan University and
University of Western Australia.

Associate Professor Dr. Stuart Reece
MBBS (Hons.), FRCS(Ed.), FRCS(Glas.), FRACGP, MD(UNSW).
School of Psychiatry and Clinical Neurosciences

April 16th 2018
Dockets Management Staff (HFA-305)
Food and Drug Administration
5630 Fishers Lane, Rm. 1061
Rockville, MD 20852
Re: Department of Health and Human Services, Food and Drug Administration [Docket
No. FDA-2018-N-1072]: International Drug Scheduling; Convention on Psychotropic
Substances; Single Convention on Narcotic Drugs; Cannabis Plant and Resin; Extracts
and Tinctures of Cannabis; Delta-9-Tetrahydrocannabinol; Stereoisomers of
Tetrahydrocannabinol; Cannabidiol; Request for Comments (FR Doc. 2018-07225).

Re: Re-Scheduling of Cannabinoids in USA
- Tetrahydrocannabinol and Cannabidiol Related
Arteriopathy, Genotoxicity and Teratogenesis

I am very concerned about the potential for increased cannabis availability in USA implied by
full drug legalization; however, a comprehensive and authoritative submission of the evidence
would take weeks and months to prepare. Knowing what we know now and indeed, what has
been available in the scientific literature for a growing number of years concerning a myriad
of harmful effects of marijuana, marijuana containing THC should not be reclassified. These
effects that are now well documented in the scientific literature include, alarmingly, harm
involving reproductive function and birth anomalies as a result of exposure to or use of
marijuana with THC.
In addition to all of the usual concerns which you will have heard from many sources
including the following I have further particular concerns:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
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Effect on developing brains 1-15
Effect on driving 16-26
Effect as a Gateway drug to other drug use including the opioid epidemic 27-30
Effect on developmental trajectory and failure to attain normal adult goals(stable
relationship, work, education) 17,31-43
Effect on IQ and IQ regression 13,44-48
Effect to increase numerous psychiatric and psychological disorders 49-62
Effect on respiratory system 63-85
Effect on reproductive system 7,86-91
Effect in relation to immunity and immunosuppression 92-108
Effect of now very concentrated forms of cannabis, THC and CBD which are widely
available 109,110
Outdated epidemiological studies which apply only to the era before cannabis became
so potent and so concentrated 110.
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These issues are all well covered by a rich recent literature including reviews from such major
international authorities as Dr Nora Volkow Director of NIDA at NIH 1,3,5,110-112, Professor
Wayne Hall 113-117 and others 118.
Cannabinoid Therapeutics
In my view the therapeutic effects of cannabinoids have been wildly inflated by the press.
Moreover, with over 1,000 studies listed for cannabinoids on clinicaltrials.gov, the chance of
a type I experimental error, or studies being falsely reported to be positive when in fact they
are not, is at last 25/1,000 at the 0.05 level.
THC as dronabinol is actually a failed drug from USA which has such a high incidence of
side effects that it was rarely used as superior agents are readily available for virtually all of
its touted and alleged therapeutic applications. My American liaisons advise that dronabinol
sales have climbed in recent times as patients use it as a ruse to avoid detection of
cannabinoid use at work in states where it is not yet legal. So when I call is a failed
therapeutic I mean in a traditional sense, not in the novel way it is now applied for flagrantly
flouting the law.
In considering the alleged benefits of cannabis one has to be particularly mindful of cannabis
addiction in which cannabinoids will alleviate the effect of drug withdrawal as they do in any
other addiction. Moreover, the fact that cannabis itself is known to cause both pain and
nausea, greatly complicates the interpretation of many studies.
I also have the following concerns which relate in sum to the arteriopathy and vasculopathy
and the genotoxicity of cannabis, tetrahydrocannabinol and likely including cannabidiol
and various other cannabinoids:

Cannabinoid Arteriopathy
12) Cannabis is now known to have an important arteriopathic effect and cardiovascular
toxic effect 5,110,119-183. Particularly noteworthy amongst these various reports are two
reports by Dr Nora Volkow in 2014, the Director of the National Institute of Drug
Abuse at NIH to the New England Journal of Medicine which together document the
adverse cardiovascular and cerebrovascular effects of cannabis at the epidemiological
level 5,110; a report from our own clinic in 2016 documenting the effect of cannabis to
increase cardiovascular aging to BMJ Open 183; a series of reports showing a fivefold
increase in the rate of heart attack within one hour after cannabis smoking 121-123;
several reports of cannabis related arteritis 162,163,168,170,171; other reports of the
cerebrovascular actions of cannabis 184-187; documentation that cannabis exposure
increases arterial stiffness and cardiovascular and organismal aging 183; and a recent
report showing that human endothelial vascular function – vasodilation - is
substantially inhibited within just one minute of cannabis exposure 188.
13) It is also relevant that a synthetic cannabinoid was recently shown to directly induce
both thromboxane synthase and lipoxygenase, and so be directly vasoconstrictive,
prothrombotic and proinflammatory 189.
14) Vascular aging, including both macrovascular and microvascular aging is a major
pathological feature not only because most adults in western nations die from
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myocardial infarction or cerebrovascular accidents, but also because local blood flow
and microvascular function is a key determinant of stem cell niche activity in many
stem cell beds. This has given rise to the vascular theory of aging which has been
produced by some of the leading researchers at the National Health Lung and Blood
Institute at NIH, amongst many others 190-192. It can thus be said not only that “You are
as old as your (macrovascular) arteries”, but also that “you are as old as your
(microvascular) stem cells.” Hence the now compelling evidence for the little known
arteriopathic complications of cannabis and cannabinoids, carry very far reaching
implications indeed. This was confirmed directly in the clinical study of arterial
stiffness from my clinic mentioned above 119.
15) Whilst aging, myocardial infarction and cerebrovascular accidents are all highly
significant outcomes and major public health endpoints, these effects assume added
significance in the context of congenital anomalies. Some congenital defects, such as
gastroschisis, are thought to be due to a failure of vascular supply of part of the anterior
abdominal wall 193-198. Hence in one recent study the unadjusted odds ratio of having a
gastroschisis pregnancy amongst cannabis users (O.R.=8.03, 95%C.I. 5.63-11.46) was
almost as high as that for heroin, cocaine and amphetamine users (O.R.= 9.35, 95%C.I.
6.64-13.15), and the adjusted odds ratio for any illicit drug use (of which was 84%
cannabis) was O.R.=3.54 (95%C.I. 2.22-5.63) 199 and for cannabis alone was said by
these Canadian authors to be O.R.=3.0 200. Hence cannabis related vasculopathy arteriopathy beyond its very serious implications in adults also carries implications for
paediatric and congenital disorders and may also constitute a major teratogenic
mechanism.
Cannabinoid Genotoxicity and Teratogenesis
16) Cannabis is associated with 11 cancers (lung, throat, bladder, airways, testes, prostate,
cervix, larynx) including 201,202;
17) Four congenital and thus inherited cancers (rhabdomyosarcoma, neuroblastoma, ALL,
AML and AMML) 201,202;
18) Sativex product insert in many nations carries standard warning against its use by
males or females who might be having a baby 203.
19) Cannabis – and likely also CBD – is known to be associated with epigenetic changes
30
some of which are believed to be inheritable for at least four generations 204;
20) Cannabis is known to interfere with tubulin synthesis 205-209 and binding and it also
acts via Stathmin so that microtubule function is impeded 210. This leads directly to
micronucleus formation 113,211,212. Cannabis has been known to test positive in the
micronucleus assay for over fifty years 113,117,211. This is a major and standard test for
genotoxicity. Micronucleus formation is known to lead directly to major
chromosomal toxicity including chromosomal shattering – so-called chromothripsis –
and is known to be associated with cell death, cancerogenesis and major foetal
abnormalities 202,213-215.
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21) Cannabis has also been linked definitively with congenital heart disease is a statement
by the American Heart Association and the American Academy of Pediatrics in 2007
216
, on the basis of just three epidemiological studies, all done in the days before
cannabis became so concentrated. Congenital heart defects have also been linked with
the father’s cannabis use 217 . Indeed, one study showed that paternal cannabis use was
the strongest risk factor of all for preventable congenital cardiac defects 218.
22) Cannabis has also been linked with gastroschisis in at least seven cohort and case
control studies 199,219-224 some of which are summarized in a Canadian Government
Report 200. In that report the geographic incidence of most major congenital anomalies
closely paralleled the use of cannabis as described in other major Canadian reports
225
. The overall adjusted odds ratio for cannabis induction of gastroschisis was
quoted by these authors as 3.0 200.
23) Moreover, outbreaks of both congenital heart disease 226 and gastroschisis in North
Carolina also paralleled the local use of cannabis in that state as described by
Department of Justice Reports 227. The incidence of gastroschisis was noted to double
in North Carolina 1999-2001 in the same period the cannabis trade there was rising
228
. Figures of cannabis use in pregnant women in California by age were also
recently reported to JAMA 229, age group trend lines by age group which closely
approximate those reported by CDC for the age incidence of gastroschisis in the USA
230
(Figure 1). Importantly much of the cannabis coming into both North Carolina
and Florida is said to originate in Mexico 227,231. An eight-fold rise in the rate of
gastroschisis has been reported from Mexico 232. Gastroschisis has also risen in
Washington state 233.
24) Cannabis has also been associated with 17 other major congenital defects by major
Hawaiian epidemiological study reported by Forrester in 2007 when it was used alone
221
. When considered in association with other drug use – which in many cases
cannabis leads to – cannabis use was associated with a further 19 major congenital
defects.
25) In addition to the effect of cannabinoids on the epigenome and microtubules,
cannabinoids have been firmly linked to a reduction of the ability of the cell to
produce energy from their mitochondria 78,82,91,234-249. An extensive and robust
evidence base 244 now links cellular energy generation to the maintenance and care of
cellular DNA 250-253. Moreover, as the cellular energy charge falls so too DNA
maintenance collapses, and indeed, the cell can spiral where its remaining energy
resources, particularly as NAD+, are routed into failing and futile DNA repair, the cell
slips into pseudohypoxic metabolism like the Warburg effect well known in
cancerogenesis 254, NAD+ falls below the level required for further energy generation
and cellular metabolism collapses. Hence this well-established collapse of the
mitochondrial energy charge and transmembrane potential forms a potent engine of
continuing and accelerating genotoxicity 255.
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26) Moreover, the well documented decline in mitochondrial respiration induced by
cannabinoids, including tetrahydrocannabinol, cannabidiol and anandamide 78,82,91,234242,244-248
achieves particular significance in the light of the robustly documented
decline in cellular energetics including NAD+ which not only occurs with age 251,256268
but indeed, has now been shown to be one of the primary drivers of cellular and
whole organismal aging 250-254,263,269-289. This close parallel is illustrated in Figure
2. It follows therefore that cannabinoid administration (including THC and CBD)
necessarily phenocopies cellular aging. This implies of course that cannabinoid
dependent patients are old at the cellular level. Indeed, normal human aging is
phenocopied in the clinical syndrome of cannabinoid dependence which includes
(most references are provided above):
1) Neurological deficits in:
i) attention,
ii) learning and
iii) memory;
iv) social withdrawal and disengagement and
v) academic and
vi) occupational underachievement
2) Psychiatric disorders including
i) Anxiety,
ii) Depression,
iii) Mixed Psychosis
iv) Bipolar Affective disorder and
v) Schizophrenia,
3) Respiratory disorders including:
i) Asthma
ii) Chronic Bronchitis (increased sputum production)
iii) Emphysema (Increased residual volume)
iv) Probably increased carcinomas of the aerodigestive tract
4) Immune suppression which generally implies
i) segmental immunostimulation in some parts of the immune system
since
the innate and adaptive immune systems exert profound homeostatic
mechanisms in response to suppression of one of its parts;
A Substantial literature on immunostimulation
5) Reproductive effects generally characterized by reduced
i) Male and
ii) Female fertility
6) Cardiovascular toxicity with elevated rates of
i) Myocardial infarction
ii) Cerebrovascular accident
iii) Arteritis
iv) Vascular age – vascular stiffness 119
7) Genotoxicity in
i) Respiratory epithelium and
ii) Gonadal tissues.
8) Osteoporosis 290-300
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9) Cancers of the
i) Head and neck
ii) Larynx
iii) Lung
iv) Leukaemia
v) Prostate
vi) Cervix
vii) Testes
viii) Bladder
ix)
Childhood neuroblastoma
x)
Childhood acute lymphoblastic leukaemia
xi)
Childhood Acuter Myeloid and myelomonocytic leukaemia
xii)
Childhood rhabdomyosarcoma 201,202.
The issue here of course is that cannabinoid dependence therefore copies without
exception all of the major disorders of old age, each of which is also faithfully
phenocopied by cannabis dependence.
The most prominent disorders of older age include:
1)
2)
3)
4)
5)
6)

Alzheimer’s disease
Cardiovascular and cerebrovascular disease
Osteoporosis
Systemic inflammatory syndrome
Changes in lung volume and the mechanics of breathing
Cancers

Hence this provides one powerful pathway by which cannabinoid exposure can replicate and
phenocopy the disorders of old age.
This is not of course to suggest that this is the only such pathway. Obviously changes of the
general level of immune activity, or alterations of the level of DNA repair occurring directly
or indirectly associated with cannabis use can form similar such pathways: both are well
documented in cannabis use and also in the aging literature as major pathways implicated in
systemic aging. Nevertheless, the decline in mitochondrial energetics together with its
inherent genotoxic implications does seem to be a particularly well substantiated and robustly
demonstrated pathway which must give serious pause to cannabinoid advocates if the
sustainability of the health and welfare systems is to be factored in together with any
consideration of individual patient, advocate and industrial-complex rights.

27) The genotoxicity of THC, CBD and CBN has been noted against sperm since at least
1999 (Zimmerman and Zimmerman in Nahas “Marijuana and Medicine” 1999,
Springer). This is clearly highly significant as sperm go directly into the formation of
the zygote and the new human individual.
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28) CB1R receptors are known to exist intracellularly on both the membranes of
endoplasmic reticulum and mitochondria. In both locations they can induce organellar
stress and major cell toxicity including disruption of DNA maintenance. Interestingly
mitochondrial outer membrane CB1R’s signal via a complex signaling chain
involving the G-protein transduction machinery, protein kinase A and cyclic-AMP
across the intermembrane space to the inner membrane and cristae, in a fashion
replicating much of the G-protein signaling occurring at the cell membrane. This
machinery is also implicated in mitonuclear signaling, and the mitonuclear DNA
balance between mitochondrial DNA and nuclear DNA transcriptional control, which
has long been implicated in inducing the mitochondrial unfolded protein cellular stress
response cell aging, stem cell behaviour and DNA genotoxic mechanisms 248,301.
29) You are no doubt aware that human sperm are structured like express outboard motors
behind DNA packets with layers of mitochondria densely coiled around the rotating
flagellum which powers their progress in the female reproductive tract (Figure 3).
These mitochondria also carry CB1R’s and are significantly inhibited even at 100
nanomolar THC. The acrosome reaction is also inhibited 239.
30) A similar arrangement is shown in Figure 4, where mitochondria are shown in green
surrounding the mitotic spindle (pink, with the chromosomes shown in blue), which
is the cellular machinery and apparatus of cell division. Mitosis and meiosis, the
classical processes of cell division, are highly energy dependent and mitochondria are
clearly positioned strategically to supply the required energy for this process, just as
they are positioned in proximity to the root of the sperm flagellum rotor in that
situation.
31) Cannabidiol is known to act via the PPARγ system 101,302-308. PPARγ is known to have
a major effect on gene expression, reproductive and embryonic and zygote function
during development 309-332 so that significant genotoxic and / or teratogenic effects
seem inevitable via this route. Drugs which act in this class, known as the
thiazolidinediones, are classed as category B3 in pregnancy and caution is indicated in
their use in pregnancy and lactation.
32) The Report of the Reproductive and Cancer Hazard Assessment Branch of the Office
of Environmental Health Hazard Assessment of the Health Department of California
was mentioned above in connection with the carcinogenicity of marijuana smoke 333.
Since virtually all mutagens are also teratogens it follows therefore from the basic
tenets of mutagenesis that if cannabis is unsafe as a known carcinogen it must also be
at the very least a putative teratogen.
33) CBD has also been noted to be a genotoxic in other studies 334-336.
34) All of which points to major teratogenic activity for both THC and CBD.
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Some of the quotations from Professor James Graham’s classical book on the effects of THC
in hamsters and white rabbits, the best animal models for human genotoxicity, bear repeating
337
:
a) “The concentration of THC was relatively low and the malignancy severe.”
b) “40-100µg resin/ml there occurred marked inhibition of cell division.
c) “large total dose, Hamsters, 25-300mg/kg ...“oedema, phocomelia,omphalocoele,
spina bifida, exencephaly, multiple malformations and myelocoele. This is a
formidable list.”
d) “It is to this anti-mitotic action that the authors attribute the embryotoxic action of
cannabis.”
e) “By such criteria resin or extract of cannabis would be forbidden to women during
the first three months of pregnancy.” 337
Indeed, even from the other side of the world I have heard many exceedingly adverse reports
from US states in which cannabis has been legalized including Colorado, Washington,
Oregon, Florida and California 231,233,338-342. Taken together the above evidence suggests that
these negative reports stem directly from the now known actions of cannabis and
cannabinoids, and are by no means incidental epiphenomena somehow related to social
constructs surrounding cannabis use or the product forms, dosages, or routes of administration
involved 343.
Cannabis that contains increasingly high levels of THC is now widely available,
particularly in the jurisdictions where the use of cannabis has been legalized. This means
that another major genotoxin, akin to Thalidomide, is being unleashed on the USA and
the world. This is clearly a very grave, and. indeed, an entirely preventable occurrence.
Dr Frances Kelsey of FDA is said to have the public servant based at FDA who saved
American from the thalidomide scandal which devastated so many other English-speaking
nations including my own 344. This occurred because the genotoxicity section of the file
application with FDA was blank. It was blank because thalidomide tested positive in various
white rabbit and guinea pig assays. It is these same tests which cannabis is known to have
failed 88,337,345,346. Dr Kelsey’s photograph has been published in the medical press with
President Kennedy for her service to the nation (Figure 5) 344. The challenge to FDA at this
time seems whether Science can triumph over agenda driven populism, its primary vehicle,
the mass media, and its primary proximate driver the burgeoning cannabis industry. Since
FDA is the Federal agency par excellence where Health Science is weighed, commissioned
and thoughtfully considered the challenge in our time would appear to be no less.
Evidence to date does not suggest that major congenital malformations are as common after
prenatal cannabis exposure as they are after prenatal thalidomide exposure. Nevertheless the
qualitative similarities remain and indeed are prominent. It is yet to be seen whether the rate
of congenital anomalies after cannabis are quantitatively as common: epidemiological studies
in a high potency era have not been undertaken; and even the birth defects rates from most
birth defects registers in western nations including that held by CDC, Atlanta appear to be
seriously out of date at the time of writing. Moreover the non-linear dose response curve in
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many cannabis genotoxicity studies which includes a sharp knee bend upwards beyond a
certain threshold level which suggests that we could well be in for a very unpleasant
quantitative surprise. At the time of writing this remains to be formally determined.

Dr Bertha Madras, Professor of Addiction Psychiatry at Harvard Medical School has recently
argued against re-scheduling of cannabis. Her comments include the following:
“Why do nations schedule drugs? ...... Nations schedule psychoactive drugs because
we revere this three-pound organ (of our brain) differently than any other part of our
body. It is the repository of our humanity. It is the place that enables us to write
poetry and to do theater, to conjure up calculus and send rockets to Pluto three billion
miles away, and to create I Phones and 3 D computer printing. And that is the
magnificence of the human brain. Drugs can influence (the brain) adversely. So, this
is not a war on drugs. This is a defense of our brains, the ultimate source of our
humanity” 347.

I look forward to seeing the comments that you post concerning the reasons why the
classification for marijuana should not be changed and that, indeed, the public should be
alerted to the very harmful effects of marijuana with THC, especially in light of the wide
range of marijuana’s harmful effects and the high potency of THC in today’s marijuana and in
light of the idiosyncratic effects of marijuana of even low doses of THC and owing to the
certain risk of harm to progeny and babies born to users of marijuana.

Please feel free to call on me if you would like further information concerning the research to
which I have referred herein.

Yours sincerely,

Professor Dr. Stuart Reece,
Edith Cowan University and
University of Western Australia,
Perth,
Western Australia,
Australia, 6009.
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Figure Captions

Figure 1: Cannabis Use Rates in Pregnancy in California and Gastroschisis Rates USA, by
Age Groups

Figure 2: Close Parallel between the Collapse of Mitochondrial NAD+ Dependent
Respiration in Complexes I, II and IV and the Decline of NAD+ with Physiological Aging.

Figure 3: Sperm swimming demonstrating how mitochondria are wrapped around the central
axel of the flagellum to provide local energy where it is needed.

Figure 4: Mitochondria (green) surrounding the mitotic spindle (made of microtubuiles shown
in pink) which carry the chromsomes (blue) at the time of cell division. Photo taken from
NIH laboratories (http://https//visualsonline.cancer.gov/details.cfm?imageid=10708).

Figure 5: Presentation of Dr Frances Kelsey of FDA to President John F Kennedy.
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15th April 2018
Dockets Management Staff (HFA-305)
Food and Drug Administration
5630 Fishers Lane, Rm. 1061
Rockville, MD 20852
Re: Department of Health and Human Services, Food and Drug Administration [Docket
No. FDA-2018-N-1072]: International Drug Scheduling; Convention on Psychotropic
Substances; Single Convention on Narcotic Drugs; Cannabis Plant and Resin; Extracts
and Tinctures of Cannabis; Delta-9-Tetrahydrocannabinol; Stereoisomers of
Tetrahydrocannabinol; Cannabidiol; Request for Comments (FR Doc. 2018-07225).
Federal Register Submission

Re: Re-Scheduling of Cannabinoids in USA
Pattern of Colorado Birth Defects 2000-2013

As a researcher I am concerned about the public health impacts of the known genotoxic
effects of cannabis at the population health level.
One of the more obvious places to look to pick up clues that this might be acting is in the
Registers of Birth Defects. Unfortunately it appears that extracting quantitative data on birth
defects is very difficult as very few make their data publicly available. I have written to
Hawaii, Colorado, California, CDC Atlanta, Georgia and MACDP Atlanta, Georgia but as at
the time of writing have not had meaningful responses.
Naturally your office is in a much better position to request data urgently from your
counterparts in other branches of the American Government and I would strongly urge you to
do so.
However a friend was able to send me a link to a registry in Colorado which is of some use
and more than a little interest. The data is so concerning that I wished to bring it to your
attention. The following notes are written as a commentary on the attached short slide series.
Note that the data from the Colorado Registry is supplied only by a single abnormality one at
a time, and only for a single year, one at a time. Hence actually downloading the data is very
time consuming and more than a little laborious. The two URL’s concerned to the Colorado
Health Information Dataset are http://www.chd.dphe.state.co.us/cohid/ and
http://www.cohid.dphe.state.co.us/scripts/htmsql.exe/CrcsnPub.hsql . Colorado legalized
cannabis for recreational use in 2012 and then again fully for recreational use in 2014. Hence
the 2014 births defects data is of particular interest. I am told that this data was to be released
four months ago, but at the time of writing it is not available.
The data series achieves particular significance in the light of a previously cited teratological
literature linking cannabis to various major congenital malformations.
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It should be noted that a major factor in interpreting these curves is the termination rate.
Since therapeutic termination is a major management option chosen by many parents for the
more severe defects, and widely recommended by many obstetricians, one cannot really form
a comprehensive understanding of the applicable trends without knowledge of and due
consideration to, the associated antenatal termination rate for the applicable defect.
Both for this reason, and because the data only goes to 2013 it is considered that this data is
only reflecting the lower bound of the effects in question. That is to say that these estimates
form a lower estimate of the putative cannabis -related teratogenic effect.

Slide Series
Slide 1 (S1) introduces a title slide for this slide series.
S2 shows the overall pattern of births in Colorado which is drawn on two scales for clarity.
The equation given for the top line shows that whilst the birth rate in Colorado fluctuates
somewhat over the study period there is an overall decline of 159 births per years over the
study period, albeit the detailed pattern is somewhat irregular. It is important to bear this in
mind in considering the following graphs showing numbers of defects and rates.
S3 shows Down’s syndrome data from Western Australia. This slide makes it very clear that
whilst the rate of Downs syndrome born as live births is declining somewhat, the termination
rate for this anomaly has risen markedly, so that their sum shows a clear upward trend. This
important graph clearly underscores the critical role played by the applicable termination data
in interpreting the trend lines under consideration. One notes that the termination data for
Colorado for the present defects is believed not to be available at the time of writing.
On the basis of this graph it may be that the effects described below are as much as one half to
one third of their total level net of the effect of therapeutic termination – although the level of
this is obviously highly defect specific.
S4 introduces a title slide for this section.
S5 shows a very important slide which graphs the numbers and rates for all major congenital
anomalies. It shows a clear upward trend for both numbers and rates. The raw data is given
in the table to the right hand side. The numbers show a 69% rise across this fourteen year
period, whilst the rates show a 70% rise. This annualizes to approximately 4.93% annual rate
of rise for numbers and a 5.01% annual rate of rise for rates. Maintained over a 14 year
period this is a not insignificant increase in the health burden to both individuals and the
health system which treats these significant inborn defects.
There is also a rich literature linking antenatal cannabis use with cardiovascular defects 1-6,
and a statement from the combined American Heart Association and American Academy of
Pediatrics acknowledging that there is a causal link between cannabis and congenital heart
disease 7.
S6 shows these rates as a percentage including the data on the graph.
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The graphs in S7 show a significant rise in the rate of congenital heart disease. The equation
on the upper graph shows an additional 40 cases per year (line slope). Both the numbers and
rates of congenital heart disease are rising by about 4.5% annually, and about 61% over the
whole period.
Ventricular Septal Defect (VSD) is also linked with cannabis use 1,6,7. S8 shows that this is
rising by about 6 cases annually, 35% overall, and about 2.5% annually.
S9 illustrates trends in the ostium secundum Artrial Septal Defect (ASD) which has
previously been linked with cannabis exposure 6,7. This is noted to be rising by about 46
cases annually; to have increased 260% over the whole period and to be rising at 18%
annually. Indeed one also notes that the linear regression line accounts for 89% of the
variance of the data. This implies that the rising trend is a strong and dominant factor in this
trend line.
S10 shows data for microcephaly. One notes and average of 2 extra cases annually, a 96%
rise over the 14 year period, and an annual rate of rise of 7%.
Chromosomal abnormalities have been reported as being associated with antenatal cannabis
use. The data in S11 shows a increase of 3 cases per year, of 28% over the whole period and
of 2% annually.
S12 introduces a summary slide for some of the selected stationary trends.
Many of the trends for congenital defects in Colorado are essentially stationary. Such data is
shown for Cleft lip with or without cleft palette in S13, and for combined abdominal wall
defects in S14. Several of the other defects which were inspected also appeared to be
showing no real time dependent change or to occur at such low level that their trends are not
stable. One notes in particular that gastroschsis, a defect which has been strongly linked with
cannabis use in many studies 6,8-14 does not have data presented separately for it on the
Colorado Health Information Dataset site at this time.
S15 presents a title slide for the cumulative and summative effect.
S16 shows a simple method, carry-forward projection for analyzing historcial trends. This is
done first for births. The birth rate in the first 1-2 years (whichever is the lower) is simply
carried forwards as if it had not changed in any of the subsequent years. The actual birth rate
is listed in the second column. The difference appears in the fourth column and is the
difference from the expected rate had the historical trends been simply continued along.
These various columns are then summed at their base as shown. One notes that an extra
33,311 births occurred than would have been expected, representing a 3.6% increase in births
over this historical period, which annualizes to a 0.26% increase per year.
S17 shows the trend for all major congenital birth defects. This slide shows that whereas
67,620 would have been expected based on the historical trend, in fact 87,772 were observed,
an excess of 20,152 cases or 29.8%.
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S18 performs a similar calculation for all major cardiovascular defects and finds a 37% excess
caseload.
S19 performs a similar function and finds a 17% excess for VSD.
S20 does the same function for ostium secundum ASD and finds a 98% excess caseload.
S21 shows a 30% excess for Microcephaly. The significance of this finding in a Zika virus
era will I am sure not be lost on you.
S22 shows the data for the combined chromsomal anomalies and finds a 28% excess caseload.
S23 introduces a title slide for the final Summary section.
S24 shows the apparently very close correlation between all major congential anoamlies and
cannabis use by various age groups in Colorado, as taken from the SAMHSA NSDUH survey
at https://www.samhsa.gov/data/population-data-nsduh/reports?tab=38 .
S25 Shows the key graph again with its data included.
S26 presents the output of the R statistical analystical software showing the correlation
coefficient, R=0.953852 and P = 0.00006594.
S27 presents another correlation calculation this time with the young adult rate of cannabis
use again from the NSDUH SAMHSA survey (Data given in S24). In this study
R=0.9254789 and P = 0.00003457.
S28 shows similar data with the major anomaly rate compared to the cannabis use rate in all
Colorado dwellers over the age of 12 years. R=0.8825038 and P = 0.00002936.
S29 again shows this key graph.
S30 shows a final slide which summarizes all of the above information in a single table. The
first column lists the various rising defects which have been considered. The second column
shows the numbers of actual cases observed over the study period. The third column shows
the number which would have been expected had the baseline trend been simply projected
forwards. The fourth column gives the observed excess of cases for these defects. The fifth
column shows the percentage rise over the entire period. The first line shows the numbers of
births which forms the baseline trend against which the other categories are compared. The
numbers of births rose 3.6% in the period 2000-2013. The other anomalies are compared with
the rise in births to calculate the final column as a multiplicand of the baseline increase in
birth numbers.
As noted above, this factor is believed to be a lower bound baseline since it is expected that
for many of these defects foetal wastage would have occurred either by natural spontaneous
miscarriage or by induced therapeutic termination of pregnancy, as indicated in Slide 3.
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Conclusion
Hence these data indicate a signficant rise in the official numbers of major congenital
anomalies in Colorado over the period when cannabis was gaining in popularity and into the
very start of its medical legalization. Hence the figures are believed to be an underestimate of
the cannabis related effect. They would almost certainly be substantially increased were data
on therapeutic and other termination of pregnancy to become available. Hence these
estimates included in the final table on S23 can only been seen as estimating the lower bound
of the cannabis effect. Since the net effect shows an increase of 30% of all major defects, this
can only be interpreted as a finding generating significant concern.

Matters of attributable risk effect arise in terms of interpreting how much of the increase
might properly be attributed to cannabis itself and how much to various other extraneous and
unknown confounding causes. Given that there is a published literature relating cannabis to
all of these identified anomalies it seems likely that some significant fraction of the 20,152
excess cases can well be laid at the feet of cannabinoids. One notes also that these patients
are exposed to mixed cannabinoids as occur in natural and cultured cannabis, including
tetrahydrocannabinol, cannabidiol, cannabinol, cannabichromene, cannabiverin and many
others so that all of them are potentially implicated on epidemiological grounds. Moreover
many studies implicate multiple cannabinoids including cannabidiol in both genotoxic 15-24
and arteriopathic and / or arteritic 25-65 pathways.
The above cited literature links both maternal and paternal cannabis exposure 4 to
teratological outcomes particularly congenital heart disease which is also the commonest of
the major foetal malformations. The above citations also demonstrate significant multiple and
complex interactions between cannabinoids and the cardiovascular system. Thus there are
multiple potential mechanistic pathways from cannabis exposure to foetal pathology.

It was considered at the present time that it was important to bring these data to your attention
as they are likely of significant public health import, particularly when amplified up to the
national level. This is particularly so if, as is now a matter of record, cannabis use is
becoming more common 64,66, if cannabis itself is becoming more concentrated as has also
been amply documented 64 and if the major effect of therapeutic abortion is also included as
seems only proper 67.
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Please feel free to call on me if you would like further information concerning the research to
which I have referred.

Yours sincerely,

Assoc. Prof. Dr. Stuart Reece.
University of Western Australia and
Edith Cowan University,
Perth,
Australia.
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22nd April 2018
Dockets Management Staff (HFA-305)
Food and Drug Administration
5630 Fishers Lane, Rm. 1061
Rockville, MD 20852
Re: Department of Health and Human Services, Food and Drug Administration [Docket
No. FDA-2018-N-1072]: International Drug Scheduling; Convention on Psychotropic
Substances; Single Convention on Narcotic Drugs; Cannabis Plant and Resin; Extracts
and Tinctures of Cannabis; Delta-9-Tetrahydrocannabinol; Stereoisomers of
Tetrahydrocannabinol; Cannabidiol; Request for Comments (FR Doc. 2018-07225).

Re: Novel Considerations for the FDA Evaluation of Re-scheduling
Cannabinoids in United States:
Cannabinoid Genotoxicity and
Structural and Neurobehavioral Teratogenicity

There exists sufficient empirical data from cellular to epidemiological studies to warrant
caution in the use cannabinoids including cannabidiol as recreational and therapeutic agents.
Cannabinoids bind to CB1R receptors on neuronal mitochondrial membranes 1-7 where they
can directly disrupt key functions 8-12 including cellular energy generation, DNA maintenance
and repair, memory and learning 1-7,9,10,13-24.
Empirical literature associates cannabinoid use with CB1R-mediated vasospastic and
vasothrombotic strokes, myocardial infarcts, arrhythmias 25-98 and arteritis 25,77,78,99-106.
Cannabis has been associated with increased cardiovascular stiffness and vascular aging, a
major surrogate for organismal aging 107. In the pediatric-congenital context CB1R-mediated
cannabis vasculopathy forms a major pathway to teratogenesis including VSD, ASD,
endocardial cushion defects, several other cardiovascular anomalies 75,108 and, via the
omphalo-vitelline arterial CB1R’s 25, gastroschisis 108-114. Cannabis has been linked with
several other malformations including hydrocephaly 108. Cannabinoids also induce epigenetic
perturbations 115-123; and, like thalidomide 124-126, interfere with tubulin polymerization 127-132
and the stability of the mitotic spindle precipitating micronucleus formation 129,133-142,
chromosomal shattering (chromothripsis) 129,143-157 providing further major pathways to
genotoxicity .
Assuming validity of the above data, increased levels of both adult and neonatal morbidity
should accompany increased cannabis use. The “Colorado Responds to Children with Special
Needs” (CRCSN) program tracked congenital anomalies 2000-2013 158. Importantly this data
monitors the teratological history of Colorado since 2001 when the state was first advised that
intrastate cannabis would not be prosecuted by the Federal Government. In 2012 medical
cannabis was legalized and in 2014 cannabis was completely legalized.
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Over the period 2000-2013 Colorado almost doubled its already high congenital anomaly rate
rising from 4,830 anomalies / 65,429 births (7.4%) to 8,165 / 65,004 (12.6%; Figure 1); the
US mean is 3.1%. Major cardiovascular defects rose 61% (number and rate); microcephaly
rose 96% (from 30 to 60 cases peaking at 72 in 2009); and chromosomal anomalies rose 28%
(from 175 to 225, peaking at 264 in 2010; Figure 2-7). Over the whole period this totals to
87,772 major congenital anomalies from 949,317 live births (9.25%).
The use of cannabis in Colorado can be determined from the SAMHSA National Survey on
Drug Use and Health. A close correlation is noted between major congenital anomaly rates
and rates of cannabis use in Coloradans >12 years (R=0.8825; P=0.000029; Figure 8).
Although data is not strictly comparable across U.S. registries, the Colorado registry is a
passive rather than active case-finding registry and so might be expected to underestimate
anomaly rates. Given the Colorado birth rate remained almost constant over the period 20002013, rising only 3.6%, a simple way to quantitate historical trends is to simply project
forwards the historical anomaly rate and compare it to the rise in birth numbers. However
rather than remaining relatively stable in line with population births, selected defects (left
hand column Table 1) have risen several times more than the birth rate (right hand column).
Colorado had an average of 67,808 births over the period 2000-2013 and experienced a total
of 87,772 birth defects, 20,152 more than would have been predicted using 2000 rates. Given
the association between cannabis use and birth defects and the plausible biological
mechanisms, cannabis may be a major factor contributing to birth congenital morbidity in
Colorado. If we accept this and apply the “Colorado effect” to the over 3,945,875 births in
USA in 2016 we calculate an excess of 83,762 major congenital anomalies annually
nationwide if cannabis use rises in the US to the level that it was in Colorado in 2013.
In reality both cannabis use and cannabis concentration is rising across USA following
legalization which further implies that the above calculations represent significant
underestimations 159,160. This CRCSN data series terminates in 2013 prior to full legalization
in 2014. Moreover parents of children harbouring severe anomalies may frequently elect for
termination, which will again underestimate numbers of abnormal live births.
In California 7% of all pregnant mothers were recently shown to test positive for cannabis
exposure, including almost 25% of teenage mothers in 2015 so cannabinoids clearly
constitute a significant population-wide teratological exposure 161. This is particularly
relevant to cannabis genotoxicity as many studies show a dramatic up-tick in genotoxic effect
in the dose-response curve for both tetrahydrocannabinol and cannabidiol above a certain
threshold dose as higher, sedating levels are reached 132,136,162-166. Cannabis is usually used
amongst humans for its sedative effects.
Other examples of high congenital anomaly rates accompanying increased cannabis use
include North Carolina 167-169, Mexico 170-175, Northern Canada 111,176-178, New Zealand and
the Nimbin area in Australia 179-182.
The above data leave open the distinct possibility that the rate of congenital anomalies from
significant prenatal paternal or maternal cannabis exposure may become substantial.
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With over 1,000 trials listed on clincaltrials.gov the chance of a type I experimental error for
cannabinoid therapeutics and a falsely positive trial finding is at least 25/1,000 trials at the 5%
level.
The major anomaly rate is just the “tip of the iceberg” of the often subtle neurobehavioral
teratology of Foetal Cannabinoid Syndrome (FCS) following antenatal cannabinoid exposure
characterized by attention, learning, behavioral and social deficits which in the longer term
impose significant educational, other addiction and welfare costs - and is clearly more
common 121,183-225. Foetal Alcohol Syndrome (FAS) is known to be epigenetically mediated
226-251
and foetal alcohol is known to act via CB1R’s 186,203,206-208,210,216,252-259. Cannabis has
significant and heritable epigenetic imprints in neural, immune and germ cell (sperm) tissues
20,117,119,120,122,260-262
, and epigenomic disruption has been implicated in FCS 241. CB1Rmediated disruption by disinhibition of the normal gamma and theta oscillatory rhythms of
the forebrain which underpin thinking, learning and sanity have been implicated both in adult
psychiatric disease and the neurodevelopmental aspects of FCS 211.
All of this implies that in addition to usually short-term therapy-oriented clinical trials, longer
term studies and careful twenty-first century next generation studies will be required to
carefully review inter-related genotoxic, teratologic, epigenetic, transcriptomic, metabolomic,
epitranscriptomic and long term cardiovascular outcomes which appears to have been largely
overlooked in extant studies – effects which would appear rather to have taken Coloradans by
surprise. Congenital registry data also needs to be open and transparent which it presently is
not. We note that cannabidiol is now solidly implicated in genotoxicity 134,263-269.
Governments are duty-bound to carefully weigh and balance the implications of their social
policies; lest like Colorado, we too unwittingly create a “Children with Special Needs
Program” 158.
These data also directly imply that young adults, as the very group which most consumes
cannabis 160,161,270-273 is the very group which most requires protection from its reproductive,
genotoxic and teratogenic effects.

Yours sincerely,

Assoc. Prof. Dr. Stuart Reece.
University of Western Australia and
Edith Cowan University,
Perth,
Australia.
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Table 1.:
Cumulative Data for Colorado
Birth Defects 2000-2013 *

Anomaly

Cumulative
Total
2000-2013

Projected
Total from
Baseline

Excess Above
Baseline

% Change
2000-2013

Times (x)
Increase
Relative to
Births

949,317

916,006

33,311

3.6%

1.00

Major Congenital
Defects

87,772

67,620

20,152

29.8%

8.20

Major CVS

19,288

14,028

5,260

37.5%

10.31

VSD

4,447

3,794

653

17.2%

4.73

ASD-Secundum

9,833

4,970

4,863

97.8%

26.91

Births

Microcephaly

761

420

341

81.2%

22.33

Chromosomal

3,134

2,450

684

27.9%

7.68

* - From Reference (4)
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Figures 2, 3.
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Figures 4, 5.
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Figures 6. 7.
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Figure 8
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Paradoxically, in the midst of a cacophony of cries for cannabis legalization there is a distinct
but deafening silence in relation to its known teratogenic effects. Given the adverse
experience of many nations with thalidomide within living memory in the 1950’s–1960’s this
merits comment.

Nor is such teratogenesis controversial. A long running and spectacularly thorough suite of
studies from Ottawa looking at the effects of antenatal cannabis exposure on brain
development commenced in the 1970’s and has now shown not only thinning of the brain’s
frontal cortex in preteen, teenage and young adult years, but also identifiable
neuropsychological deficits of executive and higher cortical functioning including memory,
visuospatial memory and counting Stroop tasks 1. When tasks are observed by fMRI often
much greater areas of cortex have to be activated to perform a function. All of this makes
sense given what we know of the central role played by endocannabinoid system in
retrograde inhibition – the “off” signal – at both stimulatory and inhibitory synapses in the
CNS and hence its ability to halt both neurotransmission and the brain waves to which
underlying neural activity gives rise 2. Both of these are key to the guidance of migrating
neurons into the developing cortex and the wiring in of those cells to the neuronal network. It
seems self-evident that these effects would be greatly magnified by the stronger cannabis
available today – about 30% in Colorado - than the 1-2% concentration material of the
1960’s. Indeed it is not going too far to suggest that a majority of pregnancies with
significant in utero exposure to high concentration cannabis are likely to show some evidence
of such neurobehavioural teratogenesis in later years. This is certainly consistent with our
clinical experience after several decades working with cannabis exposed offspring in an
addiction medicine clinic.

In 2007 the American Heart Foundation and the American Academy of Pediatrics issued a
joint statement noting that cannabis was a known teratogenic factor for congenital heart
defects including atrial and ventricular septal defects and Epstein’s valvular anomaly 3. It is
also known that the endocardial cushions inside the heart from which the valves and
interventricular septum develop carry high concentrations of type 1 cannabinoids receptors
(CB1R’s) 4 which have a strongly inhibitory action on developing stem cells 5, so that such
endocardial teratological pathways seem direct and straightforward. This is also supported
by the experience of Colorado which has seen a 70% rise in all major congenital

abnormalities including a 70% rise in congenital cardiac malformations 2000-2013 6 in
association with a 100% rise in cannabis use in Coloradans aged over 12 7.

Gastroschisis refers to an anomaly in newborns where the bowels lie outside the abdominal
cavity. Ten studies looking at the link between cannabis use and gastroschisis have shown a
positive relationship not only with incidence 8 but also with severity 9. One of the causes of
this is thought to be impaired blood flow to the muscles of the abdominal wall. The presence
of high concentration CB1R’s on the umbilical artery presents a clear biological pathway to
account for this finding 4.

And four studies show increased rates of cancer in exposed babies after congenital exposure –
to what has historically been mild levels of THC concentration 10.

Given that all four of the above major findings are beyond controversy their absence from the
popular debate is particularly striking. The near doubling of congenital anomalies in
Colorado is especially concerning, and has likely further increased since legalization in 2014.
And the near ubiquity of neurobehavioral teratogenesis implies an impending tsunami of
cannabis-related neuroteratogenesis dwarfing anything produced by thalidomide.
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There exists sufficient empirical data from cellular to epidemiological studies to warrant
caution in the use cannabinoids including cannabidiol as recreational and therapeutic agents.
Cannabinoids bind to CB1R receptors on neuronal mitochondrial membranes where they can
directly disrupt key functions including cellular energy generation, DNA maintenance and
repair, memory and learning.
Empirical literature associates cannabinoid use with CB1R-mediated vasospastic and
vasothrombotic strokes, myocardial infarcts and arrhythmias. Cannabis is associated with
increased vascular aging, a major surrogate for organismal aging. In the pediatric-congenital
context CB1R-mediated cannabis vasculopathy forms a major pathway to teratogenesis
including VSD and ASD amongst others and, via the omphalo-vitelline arterial CB1R’s,
gastroschisis. Cannabinoids also induce epigenetic perturbations; and, like thalidomide,
interfere with tubulin polymerization and the stability of the mitotic spindle providing further
major pathways to genotoxicity.
The “Colorado Responds to Children with Special Needs” program tracked congenital
anomalies 2000-2013 when Colorado was first advised that intrastate cannabis would not be
prosecuted Federally.
Over the period 2000-2013 Colorado almost doubled its already high congenital anomaly rate
rising from 4,830 anomalies / 65,429 births (7.4%) to 8,165 / 65,004 (12.6%); the US mean is
3.1%. Major cardiovascular defects rose 61% (number and rate); microcephaly rose 96%
(from 30 to 60 cases peaking at 72 in 2009); and chromosomal anomalies rose 28% (from
175 to 225, peaking at 264 in 2010). Over the whole period this totals to 87,772 major
congenital anomalies from 949,317 live births (9.25%).
The use of cannabis in Colorado can be determined from the SAMHSA National Survey on
Drug Use and Health. A close correlation is noted between major congenital anomaly rates
and rates of cannabis use in Coloradans >12 years (R=0.8825; P=0.000029; Figure 1). Given
the Colorado birth rate remained almost constant over the period 2000-2013, rising only
3.6%, a simple way to quantitate historical trends is to simply project forwards the historical
anomaly rate and compare it to the rise in birth numbers (Table 1).
Colorado had an average of 67,808 births over the period 2000-2013 and experienced a total
of 87,772 birth defects, 20,152 more than would have been predicted using 2000 rates. If we
amplify this to the scale of the 3,945,875 births annually in USA this implies an extra 83,762
major congenital anomalies nationwide at 2013 use rates.
In reality both cannabis use and cannabis concentration is rising across USA following
legalization which further suggests that the above indicates underestimates. Moreover this
series terminates in 2013 prior to full legalization in 2014. Parents of children harbouring
severe anomalies may frequently elect termination which will again underestimate numbers
of abnormal live births.
In California 7% of all pregnant mothers were recently shown to test positive for cannabis
exposure, including almost 25% of teenage mothers in 2015 so cannabinoids clearly
constitute a significant population-wide teratological exposure. This is particularly relevant
to cannabis genotoxicity as many studies show a dramatic up-tick in genotoxic effect in the
dose-response curve for both tetrahydrocannabinol and cannabidiol above a certain threshold.

Other examples of high congenital anomaly rates accompanying increased cannabis use
include North Carolina, Mexico, Northern Canada, New Zealand and the Nimbin area in
Australia.
The above data leave open the distinct possibility that the rate of congenital anomalies from
significant prenatal paternal or maternal cannabis exposure may become substantial.
With over 1,000 trials listed on clincaltrials.gov the chance of a type I experimental error for
cannabinoid therapeutics and a falsely positive trial finding is at least 25/1,000 trials at the
5% level.
The major anomaly rate is just the “tip of the iceberg” of the often subtle neurobehavioral
teratology of Foetal Cannabinoid Syndrome (FCS) following antenatal cannabinoid exposure
characterized by attention, learning, behavioral and social deficits which in the longer term
impose significant educational, other addiction and welfare costs - and is clearly more
common. Foetal Alcohol Syndrome (FAS) is known to be epigenetically mediated and foetal
alcohol is known to act via CB1R’s. Cannabis has significant and heritable epigenetic
imprints in neural, immune and germ cell (sperm) tissues, and epigenomic disruption has
been implicated in FCS. CB1R-mediated disruption by disinhibition of the normal gamma
and theta oscillatory rhythms of the forebrain which underpin thinking, learning and sanity
have been implicated both in adult psychiatric disease and the neurodevelopmental aspects of
FCS.
All of this implies that in addition to usually short-term therapy-oriented clinical trials, longer
term studies and careful twenty-first century next generation studies will be required to
carefully review inter-related genotoxic, teratologic, epigenetic, and long term cardiovascular
outcomes which appears to have been largely overlooked in extant studies – effects which
would appear rather to have taken Coloradans by surprise. We also note that cannabidiol is
now solidly implicated in genotoxicity.
Caution is warranted lest we repeat the costly genotoxicity-teratogenicity mistakes of
thalidomide.
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Table 1.:
Cumulative Data for Colorado
Birth Defects 2000-2013 *

Anomaly

Cumulative
Total
2000-2013

Projected
Total from
Baseline

Excess Above
Baseline

% Change
2000-2013

Times (x)
Increase
Relative to
Births

949,317

916,006

33,311

3.6%

1.00

Major Congenital
Defects

87,772

67,620

20,152

29.8%

8.20

Major CVS

19,288

14,028

5,260

37.5%

10.31

VSD

4,447

3,794

653

17.2%

4.73

ASD-Secundum

9,833

4,970

4,863

97.8%

26.91

Microcephaly

761

420

341

81.2%

22.33

Chromosomal

3,134

2,450

684

27.9%

7.68

Births

* - From Reference (4)

Figure Caption.

Close parallel between combined adolescent and adult cannabis use rates and major
congenital anomaly rates, Colorado, 2000-2013.
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Perinatal Marijuana Use and the Developing Child
related regions of the brain (eg, the nucleus accumbens, amygdala, and cortical areas), potentially altering
their functioning in postnatal life and introducing epigenetic alterations with consequences for transgenerational offspring. Because endocannabinoids dynamically regulate fetal development, the timing and duration
of prenatal exposure (eg, first or second vs third trimester) may have differential effects and long-term consequences. Studies are needed to characterize common
patterns of cannabis use during stages of pregnancy and
their subsequent effects on fetal neural development.
Prenatal THC exposure has been documented to adversely affect infant neurobehavior and child development up through the teen years,5 and postnatal exposures may compound prenatally acquired deficits.
Neurobehavioral effects associated with prenatal THC
exposure range from dysregulated arousal and motor difficulties at birth to disturbed sleep, memory impairment, aggression, and other developmental and behavioral concerns in childhood.5
As cannabis potency and maternal use continue to
increase, it will be critical to systematically evaluate the
long-term outcomes of THC-exposed individuals, inform breastfeeding guidelines, and identify interventions to manage resultant developmental, psychiatric,
and behavioral effects at different developmental stages
among THC-exposed individuals.
The influence of perinatal THC
exposure on the developing fetus and
infant can be amplified among mothers
Advice from medical professionals
with cannabis use disorder (CUD). The
should be consistent: pregnant and
DSM-5 characterizes CUD as significant
lactating women should be advised to
impairment due to the inability to control cannabis use despite negative conavoid cannabis use…
s e q u e n c e s , s p e n d i ng i n o r d i n a t e
amounts of time using or procuring canexposure may be related to harm for the develop- nabis, tolerance (such that increasing amounts of drug
ing fetus and child.5 THC exposure can adversely affect are required to achieve intoxication), and withdrawal
the developing fetal endocannabinoid system. Endo- symptoms during cessation of use. All of these sympcannabinoid receptors form very early in fetal life toms can adversely affect a mother’s ability to care for a
(ie, at 14 weeks’ gestation) and have critical functions child. Short-term effects of CUD, such as impairments
in fetal and postnatal brain development, neuronal in attention, judgment, and coordination, can affect
connectivity, and glial cell differentiation. Endo- child development and safety. Longer-term effects of
cannabinoids are important neuromodulators of maternal THC use, such as depression, high-risk behavmultiple central neurotransmitter systems that are iors, impaired executive functioning, and an increased
essential for fetal brain development, and optimal risk of psychiatric comorbidity, could further adversely
outcomes rely on normal physiologic activity at canna- affect the well-being and development of children.
binoid receptors. The exogenous supply of cannabi- Efforts to reduce and discourage cannabis use during
noids resulting from THC exposure can adversely pregnancy and breastfeeding are further complicated
affect fetal growth as well as structural and functional by cannabis withdrawal symptoms (including irritabilneurodevelopment.6
ity, anxiety, insomnia, appetite loss, and depressed
Prenatal THC exposure can modify not only the mood), which can be major deterrents to abstinence
endocannabinoid system, but also can affect the matu- and relapse prevention.
ration of dopamine, opioid, glutamate, and GABAergic
The extent to which cannabis-using mothers
neurotransmitter systems in key reward- and stress- also engage in additional substance use (eg, opioids,
Increasing public attention has recently been paid to
the opioid epidemic and attendant effects on prenatally exposed infants and children.1 Current literature has
emerged proposing marijuana as a safe alternative to opioids in addressing pain2 and cannabis legalization as a
way to decrease opioid fatalities.3 As a result, perceptions of cannabis safety have increased, and the prevalence of marijuana use among pregnant women has expanded; past-month cannabis use among pregnant US
women increased from 2.4% to 3.9% between 2002 and
2014.4 Further, cannabis potency has been substantially increasing over the past 4 decades in the United
States, and will likely continue to do so as extraction procedures of active components improve.
Although cannabis does have known medical utility for some conditions, its associated acute and longterm psychoactive effects on brain function are also
known. Expanding use of cannabis among pregnant
and lactating women (as likely will occur with legalization) may lead to increased risk from fetal and child
exposures if the teratogenic potential of cannabis
remains underappreciated.
Delta-9-tetrahydrocannabinol (THC), the major
psychoactive component of marijuana (1 of more than
500 components, 104 of which are cannabinoids),
crosses the placental barrier readily. Accumulating evidence in animals and humans indicates that prenatal
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nicotine, alcohol) remains unknown. It is imperative to characterize the prevalence of prenatal CUD and CUD/polysubstance use
among pregnant and lactating women to better predict fetal/child
outcomes and inform intervention efforts for both the mother
and child.
Despite these risks, it appears that clinicians are not addressing cannabis use during pregnancy or lactation; in one study of 74
lactation professionals, 85% encouraged breastfeeding among
marijuana-using mothers.7 Most national breastfeeding guidelines
(eg, the American Academy of Pediatrics and the American College
of Obstetricians and Gynecologists) have remained steadfast in recommending against cannabis use during lactation. However, the
Academy of Breastfeeding Medicine has changed guidelines (2009
and 2015) to allow the potential use of cannabis during lactation,
citing “data…not strong enough to recommend not breastfeeding
with any marijuana use” despite urging caution due to “possible longterm neurobehavioral effects.”8
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Summary of Cannabis Genotoxicity Papers
There are several principal pathways to inheritable genotoxicity, mutagenicity and teratogenesis
induced by cannabis which are known and well established at this time including the following.
These three papers discuss different aspects of these effects.
1) Stops Brain Waves and Thinking The brain has both stimulatory and inhibitory pathways.
GABA is the main brain inhibitory pathway. Brain centres talk to each other on gamma
(about 40 cycles/sec) and theta frequencies (about 5 cycles/sec), where the theta waves are
used as the carrier waves for the gamma wave which then interacts like harmonics in music.
The degree to which the waves are in and out of phase carries information which can be
monitored externally. GABA (γ-aminobutyric acid) inhibition is key to the generation of the
synchronized firing which underpins these various brain oscillations. These GABA
transmissions are controlled presynaptically by type 1 cannabinoid receptors (CB1R’s) and
CB1R stimulation shuts them down. This is why cannabis users forget and fall asleep.
2) Blocks GABA Pathway and Brain Formation GABA is also a key neurotransmitter in
brain formation in that it guides and direct neural stem cell formation and transmission and
development and growth of the cerebral cortex and other major brain areas. Gamma and theta
brain waves also direct neural stem cell formation, sculpting and connectivity. Derangements
then of GABA physiology imply that the brain will not form properly. Thin frontal cortical
plate measurements have been shown in humans prenatally exposed to cannabis by fMRI.
This implies that their brains can never be structurally normal which then explains the long
lasting and persistent defects identified into adulthood.
3) Epigenetic Damage DNA not only carries the genetic hardware of our genetic code but it
also carries the software of the code which works like traffic lights along the sequence of
DNA bases to direct when to switch the genes on and off. This is known as the “epigenetic
code”. Fetal alcohol syndrome is believed to be due to damage to the software epigenetic
code. The long lasting intellectual, mood regulation, attention and concentration defects
which have been described after in utero cannabis exposure in the primary, middle and high
schools and as college age young adults are likely due to these defects. Epigenetics “sets in
stone” the errors of brain structure made in (2) above.
4) Arterial Damage. Cannabis has a well described effect to damage arteries through (CB1R’s)
(American Heart Association 2007) which they carry in high concentration (Nature Reviews
Cardiology 2018). In adults this causes heart attack (500% elevation in the first hour after
smoking), stroke, severe cardiac arrhythmias including sudden cardiac death; but in
developing babies CB1R’s acting on the developing heart tissues can lead to at least six major
cardiac defects (Atrial- ventricular- and mixed atrio-ventricular and septal defects, Tetralogy
of Fallot, Epstein’s deformity amongst others), whilst constriction of various babies’ arteries
can lead to serious side effects such as gastroschisis (bowels hanging out) and possibly absent
limbs (in at least one series).
5) Disruption of Mitotic Spindle. When cells divide the separating chromosomes actually slide
along “train tracks” which are long chains made of tubulin. The tubulin chains are called
“microtubules” and the whole football-shaped structure is called a “mitotic spindle”.
Cannabis inhibits tubulin formation, disrupting microtubules and the mitotic spindle causing
the separating chromosomes to become cut off in tiny micronuclei, where they eventually
become smashed up and pulverized into “genetic junk”, which leads to foetal malformations,
cancer and cell death. High rates of Down’s syndrome, chromosomal anomalies and cancers
in cannabis exposed babies provide clinical evidence of this.
6) Defective Energy Generation & Downstream DNA Damage DNA is the crown jewel of
the cell and its most complex molecule. Maintaining it in good repair is a very energy

intensive process. Without energy DNA cannot be properly maintained. Cannabis has been
known to reduce cellular energy production by the cell’s power plants, mitochondria, for
many decades now. This has now been firmly linked with increased DNA damage, cancer
formation and aging of the cells and indeed the whole organism. As it is known to occur in
eggs and sperm, this will also damage the quality of the germ cells which go into forming the
baby and lead directly to damaged babies and babies lost and wasted through spontaneous
miscarriage and therapeutic termination for severe deformities.
7) Cancer induction Cannabis causes 12 cancers and has been identified as a carcinogen by the
California Environmental Protection agency (2009). This makes it also a mutagen. 4 of these
cancers are inheritable to children; i.e. inheritable carcinogenicity and mutagenicity. All four
studies in testicular cancer are strongly positive (elevation by three fold). Carcinogen =
mutagen = teratogen.
8) Colorado’s Teratology Profile. From the above described teratological profile we would
expect exactly the profile of congenital defects which have been identified in Colorado
(higher total defects and heart defects, and chromosomal defects) and Ottawa in Canada (long
lasting and persistent brain damage seen on both functional testing and fMRI brain scans in
children exposed in utero) where cannabis use has become common. Gastroschisis was
shown to be higher in all seven studies looking at this; and including in Canada, carefully
controlled studies. Moreover in Australia, Canada, North Carolina, Colorado, Mexico and
New Zealand, gastroschisis and sometimes other major congenital defects cluster where
cannabis use is highest. Colorado 2000-2013 has experienced an extra 20,152 severely
abnormal births above the rates prior to cannabis liberalization which if applied to the whole
USA would equate to more than 83,000 abnormal babies live born annually (and probably
about that number again therapeutically aborted); actually much more since both the number
of users and concentration of cannabis have risen sharply since 2013, and cannabis has been
well proven to be much more severely genotoxic at higher doses.
9) Cannabidiol is also Genotoxic and tests positive in many genotoxicity assays, just as
tetrahydrocannabinol does.
10) Births defects registry data needs to be open and transparent and public. At present it is
not. This looks too much like a cover up.

Summary of Address to Australia as a Christian Nation Association
Sydney Parliament House, 09.07.2018

Cannabis has been greatly oversold by a left leaning press controlled by globalist and
centralist forces while its real and known dangers have not been given appropriate weight in
the popular press. In particular its genotoxic and teratogenic potential on an unborn
generation for the next hundred years has not been aired or properly weighed in popular
forums. These weighty considerations clearly take cannabis out of the realm of personal
choice or individual freedoms and place it squarely in the realm of the public good and a
matter with which the whole community is rightly concerned and properly involved.
Cannabinoids are a group of 400 substances which occur only in the leaves of the Cannabis
sativa plant where they are used by the plants as toxins and poisons in natural defence against
other plants and against herbivores. Major leading world experts such as Dr Nora Volkow,
Director of the National Institute of Drug Abuse at NIH 1, Professor Wayne Hall, Previous
Director of the Sydney Based National Drug and Alcohol Research Centre at UNSW 2, and
Health Canada 3 – amongst many others - are agreed that cannabis is linked with the
following impressive lists of toxicities:
1)
2)
3)
4)

Cannabis is addictive, particularly when used by teenagers
Cannabis affects brain development
Cannabis is a gateway to other harder drug use
Cannabis is linked with many mental health disorders including anxiety, depression,
psychosis, schizophrenia and bipolar disorder
5) Cannabis alters and greatly impairs the normal developmental trajectory – getting a
job, finishing a course and forming a long term stable relationship 4-11
6) Cannabis impairs driving ability 12
7) Cannabis damages the lungs
8) Cannabis is immunosuppressive
9) Cannabis is linked with heart attack, stroke and cardiovascular disease
10) Cannabis is commonly more potent in recent years, with forms up to 30% being
widely available in many parts of USA, and oils up to 100% THC also widely
available.
Serious questions have also been raised about its involvement in 12 different cancers,
increased Emergency Room presentations and exposures of developing babies during
pregnancy. It is with this latter group that the present address is mainly concerned.

Basic Physiology and Embryology
Cells make energy in dedicated organelles called mitochondria. Mitochondrial energy, in the
form of ATP, is known to be involved in both DNA protection and control of the immune
system. This means that when the cell’s ATP is high DNA maintenance is good and the
genome is intact. When cellular ATP drops DNA maintenance is impaired, DNA breaks
remain unsealed, and cancers can form. Also immunity is triggered by low ATP. As
organisms age ATP falls by half each 20 years after the age of 20. Mitochondria signal and

shuttle to the cell nucleus via several pathways. Not only do cells carry cannabinoid
receptors on their surface, but they also exist, along with their signalling machinery, at high
density on mitochondria themselves 13-19. Cannabis, and indeed all addictive drugs, are
known to impair this cellular energy generation and thus promote the biochemical aging
process 14-16,19,20. Most addictions are associated with increased cancers, increased infections
and increased clinical signs of ageing 21-34.
The foetal heart forms very early inside the mother with a heartbeat present from day 21 of
human gestation. The heart forms by complicated pathways, and arises from more than six
groups of cells inside the embryo 35,36. First two arteries come together, they fold, then flex
and twist to give the final shape of the adult heart. Structures in the centre of the heart mass
called endocardial cushions grow out to form the heart valves between the atria and ventricles
and parts of the septum which grows between the two atria and ventricles. These cardiac
cushions, and their associated conoventricular ridges which grow into and divide the cardiac
outflow tract into left and right halves, all carry high density cannabinoid type 1 receptors
(CB1R’s) and cannabis is known to be able to interfere with their growth and development.
CB1R’s appear on foetal arteries from week nine of human gestation 37.
The developing brain grows out in a complex way in the head section 35,36. Newborn brain
cells are born centrally in the area adjacent to the central ventricles of the brain and then
migrate along pathways into the remainder of the brain, and grow to populate the cortex,
parietal lobes, olfactory lobes, limbic system, hypothalamus and hippocampus which is an
important area deep in the centre of the temporal lobes where memories first form.
Developing bipolar neuroblasts migrate along pathways and then climb out along 200 million
guide cells, called radial glia cells, to the cortex of the brain where they sprout dendrites and
a major central axon which are then wired in to the electrical network in a “use it or lose it”,
“cells that fire together wire together” manner. The brain continues to grow and mature into
the 20’s as new neurons are born and surplus dendrites are pruned by the immune system.
Cannabinoids interfere with cellular migration, cellular division, the generation of newborn
neurons and all the classes of glia, axonal pathfinding, dendrite sprouting, myelin formation
around axons and axon tracts and the firing of both inhibitory and stimulatory synapses 1416,19,20,38-40
. Cannabinoids interfere with gene expression directly, via numerous epigenetic
means, and via immune perturbation.
Cannabinoids also disrupt the mechanics of cell division by disrupting the mitotic spindle on
which chromosomal separation occurs, causing severe genetic damage and frank
chromosomal mis-segregation, disruption, rupture and pulverization 41-43.
Cannabis was found to be a human carcinogen by the California Environmental Protection
agency in 2009 44. This makes it a likely human teratogen (deforms babies). Importantly,
while discussion continues over some cancers, it bears repeating that a positive association
between cannabis and testicular cancer was found in all four studies which investigated this
question 45-49.

Cannabis Teratogenesis
The best animal models for human malformations are hamsters and rabbits. In rabbits
cannabis exhibits a severe spectrum of foetal abnormalities when applied at high dose
including shortened limbs, bowels hanging out, spina bifida and exencephaly (brain hanging
out). There is also impaired foetal growth and increased foetal loss and resorption 50,51.
Many of these features have been noted in human studies 52. In 2014 Centres for Disease
Control Atlanta Georgia reported increased rates of anencephaly (no brain, usually rapid
death) gastroschisis (bowels hanging out), diaphragmatic hernia, and oesophageal narrowing
53,54
. The American Heart Association and the American Academy of Pediatrics reported in
2007 an increased rate of ventricular septal defect and an abnormality of the tricuspid valve
(Ebstein’s anomaly) 55. Strikingly, a number of studies have shown that cannabis exposure of
the father is worse than that of the mother 56. In Colorado atrial septal defect is noted to have
risen by over 260% from 2000-2013 (see Figure 1; note close correlation (correlation
coefficient R = 0.95, P value = 0.000066) between teenage cannabis use and rising rate of
major congenital anomalies in Colorado to 12.7%, or 1 in 8 live births, a rate four times
higher than the USA national average !) 57. And three longitudinal studies following children
exposed to cannabis in utero have consistently noted abnormalities of brain growth with
smaller brains and heads – persisting into adult life - and deficits of cortical and executive
functioning persistent throughout primary, middle and high schools and into young adult life
in the early 20’s 58-63. An Australian MRI neuroimaging study noted 88% disconnection of
cortical wiring from the splenium to precuneus which are key integrating and computing
centres in the cerebral cortex 38,39,64. Chromosomal defects were also found to be elevated in
Colorado (rose 30%) 57, in Hawaii 52 in our recent analysis of cannabis use and congenital
anomalies across USA, and in infants presenting from Northern New South Wales to
Queensland hospitals 65. And gastroschisis shows a uniform pattern of elevation in all recent
studies which have examined it (our univariate meta-analysis) 52,54,66-71. Interestingly the
gastroschisis rate doubled in North Carolina in just three years 1997-2001 72, but rose 24
times in Mexico 73 which for a long time formed a principal supply source for Southern USA
74
. Within North Carolina gastroschisis and congenital heart defects closely followed
cannabis distribution routes 74-76. In Canada a remarkable geographical analysis by the
Canadian Government has shown repeatedly that the highest incidence of all anomalies –
including chromosomal anomalies - occurs in those northern parts where most cannabis is
smoked 77,78.
Congenital anomalies forms the largest cause of death of babies in the first year of life. The
biggest group of them is cardiovascular defects. Since cannabis affects several major classes
of congenital defects it is obviously a major human teratogen. Its heavy epigenetic footprint,
by which it controls gene expression by controlling DNA methylation and histone
modifications 79-81, imply that its effects will be felt for the next three to four generations –
that is the next 100 years 82,83.
Equally obviously it is presently being marketed globally as a major commodity apparently
for commercial – or ideological - reasons. Since cannabis is clearly contraindicated in several
groups of people including:
1) Babies
2) Children
3) Adolescents
4) Car drivers

5) Commercial Drivers - Taxis, Buses, Trains,
6) Pilots of Aeroplanes
7) Workers – Manual Tools, Construction, Concentration Jobs
8) Children
9) Adolescents
10) Males of Reproductive age
11) Females of Reproductive age
12) Pregnancy
13) Lactation
14) Workers
15) Older People – Mental Illness
16) Immunosuppressed
17) Asthmatics – 80% Population after severe chest infection
18) People with Personal History of Cancer
19) People with Family History of Cancer
20) People with Personal History of Mental Illness
21) People with Family History of Mental Illness
22) Anyone or any population concerned about ageing effects 34
… cannabis legalization is not likely to be in the best interests of public health.

Concluding Remarks
In 1854 Dr John Snow achieved lasting public health fame by taking the handle off the Broad
Street pump and saving east London from its cholera epidemic, based upon the maps he drew
of where the cholera cases were occurring – in the local vicinity of the Broad Street pump.
Looking across the broad spectrum of the above evidence one notices a truly
remarkable concordance of the evidence between:
1) Preclinical studies in
i) Rabbits and
ii) Hamsters
2) Cellular and biological mechanisms, particularly relating to:
i) Brain development
ii) Heart development
iii) Blood vessel development
iv) Genetic development
v) Abnormalities of chromosomal segregation
i. Downs syndrome
ii. Turners syndrome
iii. Trisomy 18
iv. Trisomy 13
vi) Cell division / mitotic poison / micronucleus formation
vii) Epigenetic change
viii)
Growth inhibition
3) 84Cross-sectional Epidemiological studies, especially from:
i) Canada 77,85
ii) USA 86,87

iii) Northern New South Wales 65,88
4) Longitudinal studies from 58:
i) Ottawa 59-63
ii) Pittsburgh
iii) Netherlands

Our studies of congenital defects in USA have also shown a close concordance of congenital
anomaly rates for 23 defects with the cannabis use rate indexed for the rising cannabis
concentration in USA, and mostly in the three major classes of brain defects, cardiovascular
defects and chromosomal defects, just as found by previous investigators in Hawaii 52.
Of no other toxin to our knowledge can it be said that it interferes with brain growth and
development to the point where the brain is permanently shrunken in size or does not form
at all. The demonstration by CDC twice that the incidence of anencephaly (no brain) is
doubled by cannabis 53,54 implies that anencephaly is the most severe end of the
neurobehavioural teratogenicity of cannabis and forms one end of a continuum with all
the other impairments which are implied by the above commentary. (Actually when
blighted ova, foetal resorptions and spontaneous abortion are included in the teratological
profile anencephaly is not the most severe end of the teratological spectrum – that is foetal
death). It is our view that with the recent advent of high dose potent forms of cannabis
reaching the foetus through both maternal and paternal lines major and clinically significant
neurobehavioural teratological presentations will become commonplace, and might well
become all but universal in infants experiencing significant gestational exposure. One
can only wonder if the community has been prepared for such a holocaust and tsunami
amongst its children??
It is the view of myself and my collaborators that these matters are significant and salient and
should be achieving greater airplay in the public discussion proceeding around the world at
this time on this subject. Whilst cannabis legalization may line the pockets of the few it will
clearly not be in the public interest in any sense; and indeed the public will be picking up the
bill for this unpremeditated move for generations to come. Oddly - financial gain seems to be
one of the primary drivers of the present transnational push. When the above described
public health message gets out amongst ambitious legal fraternities, financial gain and the
threat of major medico-legal settlements for congenital defects - will quickly become be the
worst reason for cannabis legalization.
Indeed it can be argued that the legalization lobby is well aware of all of the above concerns –
and their controlled media pretend debate does not allow such issues to air in the public
forum. The awareness of these concerns is then the likely direct reason that cannabis requires
its own legislation. As noted in the patient information leaflet for the recently approved
Epidiolex (cannabidiol oil for pediatric fits) the US Food and Drug Administration (FDA) is
well aware of the genotoxicity of cannabinoids.
The only possible conclusion therefore is that the public is deliberately being duped.
To which our only defence will be to publicize the truth.
Will we??
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In an era when 24% of teenage Californian mothers test cannabis-positive it is unfortunate
that the vast and conflicting literature on cannabis teratology has created professional
confusion on the important subject of cannabis teratology. An appreciation of overarching
patterns can contribute to clarity in this field.

There is considerable agreement in the literature that cannabis interferes with foetal
development including earlier birth, higher rates of prematurity, and lifelong smaller heads –
which obviously necessarily implies lifelong smaller brains as well 1. Moreover the National
Birth Defects Prevention Network coordinated by CDC have issued two papers documenting
increased rates of anencephaly with R.R. = 1.7 (95%C.I. 0.9-3.4) and RR=1.9 (95% C.I. 1.13.2) respectively 2. And there is very close agreement from the three major longitudinal
studies from Ottawa, Pittsburgh and Netherlands of brain growth and intellectual
development in children after prenatal cannabis exposure (PCE) which clearly document
impaired executive functioning, poorer attention, difficulty in school work increased rates of
addiction, persisting through all grades of school and into young adult life as long as the early
20’s 3. Other studies have shown reduced frontal cortical thickness and increased white
matter tract disconnections approaching 90% in key executive and computational cortical
areas. It is known that the foetal brain stem is low in cannabinoid type 1 receptors (CB1R’s)
but many parts of the rest of the brain, including cerebral, hippocampal, orbitofrontal and
cerebellar cortices, the limbic system and parts of the midbrain have moderate to high density
CB1R’s.

This pattern of CB1R distribution forms both the greatest strength of cannabis and also its
greatest weakness. It is often – although clearly wrongly - said that cannabis cannot kill
patients because the brain stem is low in CB1R’s so direct respiratory depression cannot
occur as occurs from opioids. The tag line about cannabis not causing death, though
thoroughly deserving of “urban myth” status is demonstrably erroneous as cannabis is now
well linked with cardiac arrest, psychosis, testicular cancer, chronic lung disease and
unemployment – amongst many others - all of which are greatly elevate mortality. As in
adult life, so in foetal life the largely supratentorial distribution of CB1R’s implies that
perturbation of the endogenous endocannabinoid system could conceivably interfere with the
development of the supratentorial brain. This pattern is well displayed by anencephaly in
which the brain stem is often more or less intact. It can be argued that the remainder of the
neuroteratological manifestations of PCE reflect the pattern of distribution and expression of

CB1R’s which occur with development. This implies that cannabis neuroteratology actually
reflects a continuum with subtle forms of neurobehavioral teratology at one end of the
spectrum, microcephaly and smaller heads in an intermediate position and anencephaly at the
most severe end. This continuum can be further extended to include neurologically induced
foetal loss and spontaneous and therapeutically induced terminations.

Moreover high density CB1R’s have been demonstrated on brain mitochondria where they
subserve numerous key brain functions including thinking, attention, memory and
wakefulness 4. Their inhibition is directly linked with stimulating aging processes via
mitonuclear crosstalk, induction of the mitochondrial stress response and impaired DNA
repair. The implications of accelerated molecular and neuronal aging at the foetal stage have
not been properly considered.

The American Heart Association and the American Academy of Pediatrics issued a statement
as long ago as 2007 that found two heart defects, ventricular septal defect (VSD) and
Ebsteins anomaly, were known to be related to cannabis use on the basis of two studies 5.
Importantly both the atrioventricular valves and parts of the membranous interventricular
septum are derived from the endocardial cushions which are known to be high in CB1R’s
from as early as 9 weeks of gestation. The Colorado experience also fits here with a 35%
increase in VSD rates and a 262% increase in atrial septal defect rates 2000-2013 (Figure 1).
This early appearance of cardiovascular CB1R’s is important as many women are unsure of
their pregnancy at this time; and given the very long half-life of cannabis in fat stores of
several months immediate cessation would not protect a developing foetus during critical
periods of organogenesis. Studies show that paternal exposure is more significant than
maternal exposure for several defects including transposition of the great arteries. CB1R is a
key regulator of the neurovascular neural stem cell niche.

Gastroschisis incidence has also risen, and reflects vasoactive drug exposure. High density
CB1R’s on foetal arteries, CB1R-mediated vasospasm and cannabis arteritis imply that the
demonstrated vasoactive properties of cannabis have been largely overlooked 6. Seven
studies uniformly document on univariate testing increased incidence of gastroschisis after
cannabis exposure and a further two studies show increased severity. Carefully adjusted
Canadian studies show a threefold elevation of gastroschisis risk.

Δ9-Tetrahydrocannabinol also interferes with nuclear actin and tubulin polymerization
directly interfering with the processes of DNA repair and cell division respectively 7. Hence
Down’s syndrome, which is one of the chromosomal mis-segregation disorders has been
linked with PCE.

Government reports from Canada show a clear association of high congenital anomaly rates
for total defects, cardiovascular defects, orofacial clefts and gastroschisis with areas of high
cannabis consumption. Similar evidence is also available for high cannabis use areas in
Northern New South Wales in Australia. USA state level epidemiology replicates these same
patterns.

As the second most common cannabinoid present in cannabis it is important to appreciate that
the above-cited neonatal epidemiology also implicates cannabidiol which also binds to
CB1R’s at high doses and has demonstrated genotoxicity, epigenotoxicity and mitochondrial
toxicity.

These observations show that the CB1R, the dominant cannabinoid endoreceptor, well
explains much of the neurobehavioural and cardiovascular teratology which is now relatively
well described.

Importantly such an understanding, together with the non-linear asymptotic cannabinoidgenotoxic dose-response curve, predicts that increased community exposure to cannabis both
by prevalence and by the high concentrations widely available will necessarily imply severe
brain damage which can safely be said to approach 100% for significant in utero or paternal
exposure, a congenital defect from which recovery is not possible as brain growth is
permanently compromised.
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SUMMARY POINTS
• Between 5% and 15% of pregnant women abuse
illicit drugs.
• Of these women, 65–75% use cannabis during
pregnancy, meaning that an estimated 5–10% of
neonates are exposed to cannabis in utero.
• Prevalence estimates rely on a combination of
self-report and analysis of biological samples (ie,
maternal hair, urine, oral fluids, and neonatal
meconium), which indicate that a small minority
(<35%) of women are forthcoming about their
cannabis use during pregnancy.
• Women who use cannabis during pregnancy
are more likely to be younger, unmarried, of
lower socioeconomic status (ie, lower education
and income), and to have had unplanned
pregnancies, compared to pregnant women who
don’t use cannabis.
• Effects of PCE are dose-dependent, with more
severe negative effects occurring with heavier
prenatal exposure.
• PCE is associated with lower birth weight, shorter
birth length, lifelong smaller head circumference,

reduced length of gestation, neonatal neurological
disturbances, reduced function in specific
cognitive domains (memory, verbal, and
abstract/visual reasoning), but not overall
intelligence, during grade school, increased
impulsivity and hyperactivity, depression at age
10, poor school achievement and delinquency
in adolescence, increased use of tobacco and
marijuana in adolescence, and altered neural
function for visuospatial working memory and
motor impulse control, in early adulthood.

KE Y FA CTS O F CA NNA B I S
E XP O S URE
• Cannabis is a plant that contains over 400 chemicals.
• The psychoactive effects of cannabis are caused by the
cannabinoid ∆9-tetrahydrocannabinol (∆9-THC).
• The effects of ∆9-THC and other pharmacologically
active cannabinoids are mediated by the
endocannabinoid system (ECS); specifically, ∆9-THC
activates at least two G-protein coupled receptors: the
Cannabinoid 1 Receptor (CB1R) and the Cannabinoid 2
Receptor (CB2R).
Handbook of Cannabis and Related Pathologies. http://dx.doi.org/10.1016/B978-0-12-800756-3.00018-1
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• The ECS is integrally involved in a variety of biological
processes that are vulnerable to disruption by
exogenous cannabinoid exposure: mood, cognition,
appetite, energy storage and metabolism, bone
formation, reproduction, and embryonic and fetal
neural development.
• Acute exposure to cannabis distorts spatial and
temporal perception, elevates mood, increases appetite,
impairs memory and cognition, and has a suspected
link to adverse cardiovascular episodes.
• Cannabis with high ∆9-THC content can cause anxiety
and/or lead to psychosis and schizophrenia onset in
susceptible individuals.
• Chronic cannabinoid exposure can lead to cognition
and memory problems, disrupt the function of the
male and female reproductive systems, and lead
to cannabis use disorder, which is characterized
by dependence and withdrawal symptoms upon
cessation.
• Younger individuals (adolescents) are more susceptible
than adults to the adverse effects of marijuana,
especially dependence and psychosis.

LIST OF ABBREVIATIONS
CB1R, CB2R
∆9-THC
ECS
fMRI
MHPCD
OPPS
PCE
SAMHSA
SIDS
UDS

Cannabinoid Receptors 1 and 2
∆9-Tetrahydrocannabinol
Endocannabinoid system
Functional magnetic resonance imaging
Maternal Health Practices and Child
Development
Ottawa Prenatal Prospective Study
Prenatal cannabis exposure
Substance Abuse and Mental Health
Services Administration
Sudden Infant Death Syndrome
Urine drug screening

INTRODUCTION
Cannabis is the most abused illicit drug worldwide
(WHO, 2014) and has been used for millennia across diverse cultures for recreational, medicinal, religious, and
industrial purposes (Zuardi, 2006). Because cannabis has
never been documented as the primary cause of even a
single death (Sidney, 2003), its use is regarded as safe by
many in the public, leading to several strong movements
throughout the world to legalize marijuana use for medicinal and recreational purposes (Johnson, 2014). Considering the widespread use of cannabis in the general
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population, it is not surprising that cannabis is used by
women immediately before, during, and after pregnancy. Despite the perceived safety of cannabis throughout
the general public, unnecessary use of pharmacologically active substances during pregnancy is widely discouraged, especially when their effects on the mother–fetus
dyad are unknown, or suspected to potentially cause
harm. The issue of marijuana’s harm versus benefit in
the general population is a controversial subject; similarly, reports on many of the suspected effects of prenatal cannabis exposure (PCE) are conflicted, or nuanced,
and require careful consideration. This chapter aims to
explore the correlates and consequences of PCE by examining the characteristics of women who use cannabis
during pregnancy, and summarizing the scientific literature that describes the lifelong consequences of PCE on
offspring.

PREVALENCE OF PCE
AND BEHAVIORAL PATTERNS
OF CANNABIS USE ACROSS PREGNANCY
With few exceptions, the possession, sale, and transport
of cannabis is illegal throughout the world. Nevertheless,
cannabis use is highly prevalent. In a 2013 Pew Research
Center poll in the United States, 48% of respondents reported ever using marijuana, with 12% of respondents reporting use in the past year (Desilver, 2013). An estimated
17.4% of past-year cannabis users were also daily or neardaily users (SAMHSA, 2014). Consistent with these data,
51.4% of young adults in an Australian sample reported
ever using cannabis; importantly, more than 21% of individuals in this sample were diagnosed as ever having a
cannabis use disorder by age 21 (Hayatbakhsh, Najman,
Bor, O’Callaghan, & Williams, 2009).
To determine the prevalence and impact of PCE, one
should focus on drug use by women. According to the
US. Substance Abuse and Mental Health Services Administration (SAMHSA), 11.4% of all women and 5.4% of
pregnant women between ages of 15 and 44 were current
illicit drug users in 2012–13, with rates as high as 14.6%
for pregnant teenagers aged 15–17 (SAMHSA, 2014).
In close agreement with the US SAMHSA data, a large
Australian study (n = 25,049) from 2000 to 2006 determined that 9.3% of nonpregnant women of childbearing
age self-reported regular cannabis use (Hayatbakhsh
et al., 2011), suggesting that a significant proportion of
women use drugs during the periconceptual period.
Investigators in a London study screened 807 consecutive positive urine pregnancy tests for licit and illicit
drugs, and determined that 14.5% tested positive for
cannabis, confirming that there is a high prevalence of
early PCE (Sherwood, Keating, Kavvadia, Greenough, &
Peters, 1999).
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Most women abstain from drug use during pregnancy. Upon recognition of the pregnancy, at least half
of women who use illicit drugs remit at some point in
their pregnancy (SAMHSA, 2014). Such women are
able to progressively reduce drug consumption, and
even achieve complete abstinence by the third trimester
(Ebrahim & Gfroerer, 2003; Gray et al., 2010). Remission
of drug use during pregnancy is associated with baseline
severity of drug use, psychosocial stressors, and initiation of prenatal care (Corse & Smith, 1998). Postpartum
relapse is highly prevalent, with cannabis consumption
returning to prepregnancy levels within a year of birth
(Fried, Barnes, & Drake, 1985).
Marijuana is, by far, the most commonly abused illicit
drug during pregnancy. Of pregnant and postpartum
women who use illicit drugs, an overwhelming proportion—between 64% and 75%—use marijuana (Ebrahim
& Gfroerer, 2003; Falcon et al., 2012). Furthermore,
prenatal marijuana consumption is reduced much less
than prenatal alcohol and nicotine consumption (Fried
et al., 1985). Although many women achieve abstinence
during pregnancy, a significant proportion of the population is being exposed to cannabis at one or more points
during early development, potentially resulting in peripartum complications, and long-term alterations in
development.

PCE DETECTION METHODS AND
ACCURACY OF PREVALENCE ESTIMATES
Many women are hesitant to report their drug use
to health care providers, possibly due to the intense
stigma of prenatal drug abuse, and to a fear of losing
parental rights to their children. Estimates of prenatal
drug use were derived from a combination of self-report and chemical analysis of urine, hair and oral fluids
from pregnant and peripartum women, and meconium
from neonates (Gray & Huestis, 2007). The prevalence
of analysis-confirmed cannabis use in pregnancy can depend on participant sampling, the types of biological tissues that are analyzed, and the temporal relationship of
drug use to biological sampling. Analytical results often
conflict with self-report, due to underreporting or inadvertent sampling of prepregnancy biological specimens
(eg, hair). One small, single site study (n = 107) in Spain
detected drugs of abuse in 15.9% of the maternal hair
samples obtained, with cannabis being the most prevalent (detected in 10.3% of the total sample), although
less than 1% reported cannabis use during pregnancy
(Friguls et al., 2012). Another study in Spain detected
metabolites of cannabis in 5.3% of meconium samples,
although only 1.7% of mothers disclosed cannabis use
in the pregnancy (Lozano et al., 2007). These two studies
suggest that less than 35% of women who use cannabis

during pregnancy will disclose their drug use. The window of detection in meconium samples is restricted to
the third trimester of pregnancy; therefore, a cannabispositive meconium sample is indicative of third trimester PCE. Considering that most women who abuse drugs
taper their use during pregnancy (Ebrahim & Gfroerer, 2003), third trimester use indicates that a drug was
likely used throughout pregnancy, resulting in a greater
overall burden of in utero exposure that occurs across
most or all prenatal developmental stages. Detection of
drug exposure in fetal and placental tissues is inconsistent with detection in the respective maternal hair. Less
than 17% of placental and fetal tissues (gestational age
17–22 weeks) from women with a cannabis-positive hair
test also tested positive for cannabis. Possible explanations of this phenomenon are that undetectable amounts
of cannabis byproducts accumulate in fetal and placental tissues due to pharmacokinetic activity (ie, reduced
fetal distribution, rapid metabolism, and complete excretion of cannabis from the placenta and fetus) and/or
hair testing detects previous cannabis use that may have
occurred only before pregnancy (Falcon et al., 2012). In
contrast to hair, urine drug screening (UDS), which is
the most common screening method, has a much shorter
window of detection for cannabis. In a large study in the
Netherlands (n = 3997), 71 pregnant women had positive
cannabis UDS, even though 92 women reported use during pregnancy (El Marroun et al., 2011a). Additionally,
several of these positive screens were from women who
self-reported only prepregnancy cannabis use, further
increasing the disparity between self-reports of drug use
and UDS. Despite the advances in analytical screening,
it is clear that limitations exist in determining accurate,
valid information on PCE. Clinicians must rely on a
combination of self-report, family report, and multiple
analytical screenings across pregnancy and the postpartum period to accurately confirm maternal drug abuse.

CHARACTERISTICS OF WOMEN WHO
USE CANNABIS DURING PREGNANCY
Women who abuse drugs during pregnancy tend to
be younger, less educated, unemployed, and unmarried, with a history of childhood trauma, delinquency,
and unplanned pregnancy (SAMHSA, 2014; Correia,
Oliveria, Almeida, Sing, & Nobrega, 1995; Ebrahim &
Gfroerer, 2003; El Marroun et al., 2008). Cannabis use
by the biological father of the baby robustly increases
the odds of a pregnant woman using cannabis (odds
ratio = 38; El Marroun et al., 2008). One subgroup of prenatal drug users are women who decrease alcohol use
and abstain from using some recreational drugs, specifically cocaine and ecstasy, but continue to use tobacco
and cannabis at prepregnancy levels (Moore et al., 2010),
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even though all of these substances are considered detrimental to the offspring. It is possible that this pattern of
polydrug use is due to a misconception that tobacco and
cannabis use is safer than other drugs, or to the highly
rewarding or addictive properties of tobacco and cannabis. While it is presumed that most pregnant women who
use cannabis do so for recreational purposes, a subset of
this population reported using cannabis medicinally to
treat severe morning sickness, and over 92% rated it as
effective for this indication (Westfall, Janssen, Lucas, &
Capler, 2006). Understanding who uses cannabis during
pregnancy and their motivation for doing so is important
to identifying such patients, and educating them about
the potential harm of their drug use on their offspring.

THE EFFECTS OF PCE ON OFFSPRING
Drug use during pregnancy is associated with complications of childbirth (Saleh Gargari et al., 2012) and negative physical, behavioral, and cognitive effects on the
offspring (Steinhausen, Blattmann, & Pfund, 2007; Day,
Richardson, Goldschmidt, & Cornelius, 2000; Conradt
et al., 2013), but causal relationships between specific prenatal exposures and these negative outcomes can be difficult to establish. Potentially confounding variables that
often correlate with PCE, such as, socioeconomic status,
age, and coexposures to tobacco products, alcohol, and
other illicit drugs complicate the identification of PCEinduced effects. Another challenge is determining the
dosage of maternal cannabis use during pregnancy, and
the relative in utero exposures of the offspring. To circumvent these issues, three large-scale prospective longitudinal studies that are examining offspring outcomes
with an emphasis on PCE have been undertaken: the
Ottawa Prenatal Prospective Study (OPPS; Fried, 1995),
the Maternal Health Practices and Child Development
(MHPCD) study (Day & Richardson, 1991), and the Generation R study (Jaddoe et al., 2006). The populations recruited into each study differ in demographics, and thus
help to discern effects that may be due to variables other

than cannabis exposure; that is, consistent results across
the cohorts strengthens the case that PCE plays a causal
role. The OPPS cohort consists of a “low-risk,” racially
homogenous middle class sample of pregnant women in
Ottawa, Ontario in Canada who were recruited between
1978 and 1983. The MHPCD study recruited “high-risk”
urban, racially and ethnically heterogeneous pregnant
women of lower socioeconomic status in the Pittsburgh,
Pennsylvania area in the United States, between May
1983 and Jan. 1986. The Generation R study, which began in 2001, recruited an ethnically diverse sample of
slightly higher socioeconomic status in Rotterdam, the
Netherlands. Much of what is known about the effects
of in utero cannabis exposure comes from these studies.
In utero cannabinoid exposure has a suspected association with minor physical abnormalities, including
facial–visual system anomalies, such as, ocular hypertelorism and severe epicanthus (Fried & Smith, 2001),
particularly in children who had heavy PCE. Third trimester exposure to marijuana predicted a greater risk
of chest and head shape abnormalities, after controlling
for covariates in one study of 6-year-olds with prenatal
exposure to cocaine and marijuana (Minnes et al., 2006).
As shown in Table 17.1, there are also associated cardiovascular abnormalities of the PCE offspring, including
isolated simple ventricular septal defect (Williams, Correa, & Rasmussen, 2004), and smaller fetal aortic diameter. Alterations in fetal blood supply that are associated
with cannabis exposure include increased pulsatility
and resistance indices of the uterine artery, indicating
an increase in placental vascular resistance (El Marroun
et al., 2010). Interestingly, decreased uterine artery pulsatility and resistance was observed when cannabis exposure was restricted to early pregnancy (El Marroun
et al., 2010), suggesting that the developmental stage at
which exposure occurs is critical in determining the ultimate effects on the fetal–placental complex.
Reports on how PCE affects offspring growth are conflicted (Table 17.2). While several report no effect on birth
weight (English, Hulse, Milne, Holman, & Bower, 1997),
a surprisingly positive relationship between PCE and

TABLE 17.1 Cardiovascular Changes Associated With PCE
Age group

Prenatal exposure

Effects

References

Regular

Increased risk of isolated simple ventricular septal defect

Williams et al. (2004)

Regular

Decreased fetal aortic diameter

El Marroun et al. (2010)

Regular

Increased uterine artery pulsatility and resistance

El Marroun et al. (2010)

Early pregnancy only

Decreased uterine artery pulsatility and resistance

El Marroun et al. (2010)

All

Prenatal

PCE offspring has an increased risk of a cardiac defect and greater fetal–placental cardiovascular alterations.
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TABLE 17.2 Size Effects Associated With PCE
Age group

Prenatal exposure

Effects

References

Heavy

Smaller head circumference

Fried et al. (1999), Gray et al. (2010)

a

Small for gestational age

Hayatbakhsh et al. (2012), Hurd et al. (2005)

a

Reduced fetal foot length

Hurd et al. (2005)

a

No effect on birth weight

English et al. (1997), meta-analysis

Infrequent

Elevated birth weight

Day and Richardson (1991), Fried and
O’Connell (1987)

More closely associated with
regular, moderate use

Low birth weight

Hayatbakhsh et al. (2012), Sherwood et al.
(1999), El Marroun et al. (2009)

a

Decreased length

Gray et al. (2010)

a

Decreased body length

Barr et al. (1984)

Continuous

Increased weight

Fried and O’Connell (1987)

a

No effect on height

Fried et al. (1999)

All

Prenatal and neonatal

Infant

Toddler

Adolescent

Overall associates of PCE with offspring size are conflicted. Conflicts may be due to differences in prenatal cannabis exposure (ie, low exposures are associated with
increased size, and larger exposures with decreased size, resulting in no net effect when data are unstratified by exposure levels). PCE, prenatal cannabis exposure.
a
Unspecified.

birth weight was measured in the OPPS and the MHPCD 
study, with exposed babies being heavier than nonexposed (Day & Richardson, 1991), and remaining heavier
up to 24 months of age (Fried & O’Connell, 1987). Heavier, more frequent use of cannabis during pregnancy
was associated with low birth weight in several studies
(Sherwood et al., 1999; Fried & Smith, 2001), including
the Generation R cohort (El Marroun et al., 2009; Huizink, 2014). Conflicting results between the older OPPS
and MHPCD  study and the more recent Generation R
study may be due, in part, to differences in the content
of the psychoactive chemical of marijuana, ∆9-tetrahydrocannabinol (∆9-THC), during the two time periods.
Over time, marijuana has been selectively bred to produce a higher concentration of ∆9-THC (Cascini, Aiello,
& Di Tanna, 2012), potentially resulting in greater maternal intake and in utero exposure to ∆9-THC, in more
recent studies. The size of cannabis-exposed fetuses was
measured for the first time in the Generation R study.
This study found that cannabis-exposed 17–22 week fetuses possessed slightly reduced foot length and body
weight, with foot length decreasing in a dose-dependent
manner (Hurd et al., 2005). In the OPPS cohort, PCE was
negatively associated with birth length, but this relationship was not significant at 8 months, 1 year, 6 years
or adolescence (Fried, Watkinson, & Gray, 1999; Fried

& Smith, 2001). In contrast, prenatally exposed infants
in a different cohort were still significantly shorter at
8 months (Barr, Streissguth, Martin, & Herman, 1984).
Children with heavy PCE had statistically smaller head
circumferences at all ages, from early infancy to early
adolescence (Fried et al., 1999). As shown in Table 17.3,
gestation was reduced by almost a week in heavy users
in the OPPS cohort (Fried, Watkinson, & Willan, 1984),
and other studies reported an association of shortened
gestation and increased risk of prematurity, as well
(Sherwood et al., 1999). Reports on the effects of PCE
on neonate size and gestation length are conflicting, but
seem to suggest a dose-dependent, negative association
between PCE and two pregnancy outcomes: birth size,
and length of gestation.
There is an apparent association between neonatal
and infant mortality and in utero cannabis exposure
(Table 17.3). A  large five-site study of stillbirth determined that the presence of cannabis in umbilical cord
homogenate was associated with more than a twofold
increased odds of stillbirth (Varner et al., 2014), a result
that may be partially confounded by concurrent tobacco
use. An Australian sample of PCE offspring also had a
2.23-fold increased risk of suffering from Sudden Infant
Death Syndrome (SIDS; Scragg et al., 2001); in contrast,
another large study (n = 2964) found no association
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TABLE 17.3 Associations of PCE With Gestation and Infant Mortality
Age group

Prenatal exposure

Effects

References

a

Increased preterm labor or birth

Hayatbakhsh et al. (2012), Fried et al.
(1984), Sherwood et al. (1999)

a

No effect on preterm birth

Fried and Smith (2001)

a

Increased risk of stillbirth

Varner et al. (2014)

a

Increased NICU admissions

Hayatbakhsh et al. (2012)

a

Increased risk of Sudden Infant Death
Syndrome

Scragg et al. (2001)

Prenatal and neonatal

Infant

Toddler
Cannabis-positive meconium No increased risk of death before 2 years
(third trimester exposure)
of age

Ostrea et al. (1997)

Reports on the association PCE with preterm labor, stillbirth, and infant mortality are conflicted. Disagreements in the literature may be due to methodological
differences between studies. PCE, prenatal cannabis exposure.
a
Unspecified.

between having cannabis-positive meconium samples
and risk of infant death within the first 2 years of life
(Ostrea, Ostrea, & Simpson, 1997).
There are apparent long-term effects of PCE on
offspring neurological and cognitive development
(Table 17.4). Markers of altered neurological function
in neonates and infants prenatally exposed to cannabis
include increased risk of tremors, an exaggerated and
prolonged startle response, altered autonomic arousal,
a high-pitched cry, less time in quiet sleep, and poorer
habituation to visual, but not auditory, stimuli (Fried
& Smith, 2001). There is consistently no effect of PCE
on the Bayley Scales of Infant Development, except for
in children of exceptionally heavy users (one or more
joints per day during the third trimester). These children had reduced mental scores on the Bayley Scales
at 9 months, but not at 18 months (Richardson, Day, &
Goldschmidt, 1995). After the age of 3, there were distinguishable dose-dependent effects of PCE on specific
cognitive domains, including short-term memory, verbal, and abstract/visual reasoning, while composite intelligence scores were not affected (Fried & Smith, 2001;
Day et al., 1994; Griffith, Azuma, & Chasnoff, 1994).
Although there was no association of PCE with cognitive and receptive language development in 5- and
6-year-olds that were followed by the OPPS (Fried,
O’Connell, & Watkinson, 1992a), high-risk 6-year-olds
in the MHPCD  who were heavily exposed during the
first trimester of pregnancy had significantly lower verbal reasoning scores on the Stanford-Binet Intelligence
Scale than nonexposed children (Goldschmidt, Richardson, Willford, & Day, 2008). Similarly, prenatally exposed
school-aged children (ages 9–12) showed deficits in specific Wechsler Intelligence Scale for Children subtests of

visuospatial/visuomotor intelligence and planning, the
Block Design and the Picture Completion subtests, but
were equal to nonexposed children in global IQ measures
(Fried, Watkinson, & Gray, 1998), and there was no effect
of PCE on reading or language outcomes in this cohort
(Fried, Watkinson, & Siegel, 1997). Prenatally exposed
9–12 year olds also showed poorer impulse control, and
impaired hypothesis testing (Fried et al., 1998). In sum,
PCE is associated with abnormal behavior in neonates,
and deficits in multiple cognitive domains in preschool
and school-aged children, including verbal reasoning,
perceptual reasoning, memory, planning, and attentional processes, without affecting overall intelligence.
Neuroimaging studies have provided insights on the
neural mechanisms underlying cognitive processing
(Table 17.4). Visuospatial working memory was examined at age 18–22, in the OPPS cohort, using functional
magnetic resonance imaging (fMRI) to measure neural
activity while participants performed the two-back working memory task. Although behavioral performance did
not differ between the prenatally exposed versus unexposed participants, there was a positive, dose-dependent
relationship between PCE and neural activity in the left
inferior and middle frontal gyri, left parahippocampal
gyrus, left middle occipital gyrus and left cerebellum, and
a negative relationship between exposure and activity in
the right inferior and middle frontal gyri, during the task
(Smith, Fried, Hogan, & Cameron, 2006). Similarly, a task
of response inhibition that measures motor impulse, and
is a correlate of drug use disorders, was measured in the
18–22 year old OPPS offspring cohort. After controlling
for possible confounders, the prenatally exposed group
exhibited more commission errors than the unexposed
group, but both groups had similar reaction times. Brain
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TABLE 17.4 Associations of PCE on Neurocognitive Development
Age group

Prenatal exposure

Effects

References

a

Increased tremors

Fried and Smith (2001)

a

Reduced habituation to visual stimuli

Fried and Smith (2001)

a

Prolonged and exaggerated startle

Fried and Smith (2001)

a

Sleep disturbances

Fried and Smith (2001)

Heavy

Reduced mental scores on Bayley Scales of Infant
Development (9, but not 18, months)

Richardson et al. (1995)

Mild-moderate

No effect on Bayley Scales of Infant Development
(9 and 18 months)

Richardson et al. (1995)

a

No effect on cognitive development (5 and 6 years)

Fried et al. (1992a)

a

No effect on receptive language development

Fried et al. (1992a)

Heavy first trimester

Reduced verbal reasoning (6 years)

Goldschmidt et al. (2008)

a

Deficits in WISC Block Design Task (spatial analysis, abstract visual reasoning) (9–12 years)

Fried et al. (1992b)

a

Deficits in Picture Completion task (alertness to
detail, visual discrimination) (9–12 years)

Fried et al. (1992b)

a

Reduced planning (9–12 years)

Fried et al. (1992b)

a

Impaired hypothesis testing (9–12 years)

Fried et al. (1992b)

a

No effect on global and composite intelligence (6,
9–12 years)

Fried et al. (1992b), Goldschmidt et al. (2008)

a

No effect on verbal fluency (9–12 years)

Fried et al. (1997)

a

No effect on reading (9–12 years)

Fried et al. (1997)

a

No effect on two-back performance (visual-spatial
working memory task) (18–22 years)

Smith et al. (2006)

Dose-dependent
effect

Altered neural activity during two-back task
(18–22 years)

Smith et al. (2006)

a

Greater errors in response inhibition (18–22 years)

Smith et al. (2004)

Dose-dependent
effect

Altered neural activity during response inhibition
task (18–22 years)

Smith et al. (2004)

Prenatal and
neonatal

Toddler

School-aged

Young adult

Offspring with PCE show deficits and alterations in selective measures of neurocognitive development. PCE, prenatal cannabis exposure.
a
Unspecified.

activity measured with fMRI during the task showed a
positive dose-dependent relationship between PCE and
activity in the bilateral prefrontal cortex and right premotor cortex, during response inhibition (Smith, Fried,
Hogan, & Cameron, 2004). These functional neuroimaging studies indicate that PCE alters the neural strategy
used in completing tasks of cognition.
PCE is also associated with alterations in emotional
and behavioral development that are highly consistent
between the “low risk” OPPS cohort and the “high

risk” MHPCD  cohort (Table 17.5). A  sex-specific effect of PCE was identified in 18-month old girls in the
Generation R cohort, who exhibited notably greater aggressive and inattentive behavior, but this effect was
not significant at 36 months (El Marroun et al., 2011b).
Depression and anxiety at 10 was predicted by PCE
that was specific to exposure during the first and third
trimesters (Gray, Day, Leech, & Richardson, 2005).
Prenatally exposed 10-year-olds in the MHPCD  cohort had higher ratings of hyperactivity, inattention,
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TABLE 17.5 Behavioral Alterations in Children Prenatally Exposed to Cannabis
Age group

Prenatal exposure

Effects

References

a

Aggressive, inattentive behavior (girls only,
18 months, but not 36 months)

El Marroun et al. (2011b), Generation
R Study

a

Reduced impulse control (9–12 years)

Fried et al. (1992b), OPPS

Dose-dependent effect

Increased externalizing behavior and
delinquency (10 and 14 years)

Goldschmidt et al. (2000), Day et al.
(2011), MHPCD

a

Increased hyperactivity, inattention,
impulsivity (10 years)

Goldschmidt et al. (2000), MHPCD

First and third trimester exposure

Increased depression and anxiety (age 10)

Gray et al. (2005), Leech, Larkby,
Day, & Day (2006), MHPCD

a

Reduced academic achievement (14 years)

Goldschmidt et al. (2012), MHPCD

a

Increased risk of marijuana and daily
cigarette use (16–21 years)

Porath and Fried (2005), MHPCD

a

Predictive of marijuana use (22 years)

Sonon et al. (2015), OPPS

Toddler

School-aged

Adolescent

Young adult

Offspring with PCE exhibit greater behavioral and academic problems than nonexposed cohorts. PCE, prenatal cannabis exposure.
a
Unspecified.

impulsivity, externalizing problems, and delinquency,
with inattention mediating the effect between exposure and delinquency (Goldschmidt, Day, & Richardson, 2000). Heavier PCE increased odds of delinquency
at the age of 14, mediated by depression at the age of
10 (Day, Leech, & Goldschmidt, 2011). Porath and Fried
(2005) reported that adolescents and young adults
(16–21 years) with PCE had greater than twofold increased odds of initiating marijuana and daily cigarette use. Similarly, prenatally exposed participants
in the MHPCD  cohort had higher rates of marijuana
use at the age of 22 than nonexposed controls, even after controlling for maternal and offspring sociodemographic and psychiatric variables, as well as maternal
history of drug abuse or disorder (Sonon, Richardson,
Cornelius, Kim, & Day, 2015). The MHPCD study also
revealed that school achievement at the age of 14 suffered in those with PCE (Goldschmidt, Richardson,
Willford, Severtson, & Day, 2012). The Wechsler Individual Achievement Test Screener composite and
reading scores were lower in adolescents with PCE
(Table 17.4). These reduced scores were mediated by
age performance at the age of 6, attention problems,
depression symptoms at the age of 10, and early initiation of marijuana use (Goldschmidt et al., 2012). These
results indicate that PCE is associated with adverse
cognitive and behavioral outcomes that compromise
offspring mental, emotional, and social development.

CONCLUSIONS
Cannabis is the most prevalent illicit drug used by
pregnant women. Although most women abstain from
use while pregnant, a surprisingly large proportion of
women continue to use cannabis throughout pregnancy.
These women tend to be younger, single, less educated,
and have lower income. Definitive “diagnosis” of PCE
by health-care professions relies primarily on patient
self-report, and analytical detection methods, such as
urine drug screening or hair analysis, which each have
their own limitation, and are not always sufficiently sensitive or accurate for the time period of interest.
Long-term effects of PCE on offspring are controversial, but become more robust at higher levels of exposure, even after controlling for confounders. Although
small, infrequent exposures seem to have little effect
on offspring outcomes, heavier, more frequent PCE is
clearly associated with negative effects. Where the line
between “no effect” and “adverse effect” doses lies is
unknown; therefore, pregnant women should be encouraged to quit their use of cannabis (Fig. 17.1).

MINI-DICTIONARY
Bayley Scales of Infant Development A norm-referenced
assessment of early childhood development. The original version
(1969) measured mental and motor development in infants aged
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FIGURE 17.1 Drugs used by pregnant and nonpregnant women who use any illicit drug. This figure shows the choice of drug(s) used by
women who use illicit drugs, indicating that cannabis use is highly prevalent in pregnant women in this population. Source: (1996–1998) National
Household Survey on Drug Abuse. Reproduced with permission from Ebrahim, S.H., and Gfroerer, J., 2003.

3–28 months. The second edition (1993) extended the age range
to 1–42 months, and added a behavioral rating scale. The third
edition (2005) is composed of a core battery of five scales: child
cognitive, motor and language interaction, and parental report of
the child’s social–emotional and adaptive behavior.
Cannabinoids A class of chemicals that bind to one or both
known cannabinoid receptors: Cannabinoid 1 Receptor (CB1R)
and the Cannabinoid 2 Receptor (CB2R). These chemicals may be
isolated from the Cannabis plant (phytocannabinoids, eg, ∆9-THC,
the psychoactive component of cannabis), produced endogenously
by a diverse array of Animalian species (endocannabinoids,
eg, anandamide and 2-arachidonoylglycerol), or synthesized
in laboratory conditions (synthetic cannabinoids, eg, JWH-018,
WIN55, 212-2).
Cannabis A genus composed of three species of flowering
plants (C. sativa, C. indica and C. ruderalis) that are best known
for producing the psychoactive phytocannabinoid ∆9-THC.
Consumption by smoking, vaporizing or eating the ∆9-THC-rich
trichomes on the flowers of the plant results in alterations in
mood, perception, and appetite. Resin extractions of the trichomes,
such as, hashish and hash oil, contain high concentrations of
∆9-THC, and are also consumed for their psychoactive effects. In
addition to recreational purposes, Cannabis is also cultivated for
industrial (eg, hemp made from the fibrous stalk of the plant),
medicinal, and religious uses.
Hypertelorism A congenital facial malformation in which the
eyes are abnormally spaced apart.
Meconium The earliest stools of the neonate that are composed
solely of materials consumed in utero.
Pulsatility index The variability of flow velocity in a blood vessel
measured by Doppler ultrasound, and calculated by subtracting
the minimum diastolic velocity from the maximum systolic
velocity, and dividing the difference by the mean flow velocity.
Resistance index A measure of flow in a blood vessel that is
calculated by subtracting the end diastolic velocity from the peak
systolic velocity, and dividing the difference by the peak systolic
velocity. Abnormal umbilical or uterine artery resistance may
indicate compromised fetal–placental circulation associated with
adverse maternal–fetal conditions, such as, intrauterine growth
restriction, or preeclampsia.

Severe epicanthus Overgrowth of the skin in the corners of the
eyelids (ie, epicanthic folds).
Stanford-Binet Intelligence Scales An assessment that measures
five domains of cognition in people aged 2 and older: fluid
reasoning, knowledge, quantitative reasoning, visual-spatial
processing, and working memory.
Wechsler Individual Achievement Test Screener An assessment
of academic strengths and weaknesses in the areas of reading,
math, written language, and oral language in people aged 4–85.
Wechsler Intelligence Scale for Children An assessment of
cognitive abilities in children aged 6–16 that measures overall
intellect ability, verbal comprehension, perceptual reasoning,
processing speed, and working memory.
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