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MARIJUANA AND AMERICA’S HEALTH: QUES-

TIONS AND ISSUES FOR POLICY MAKERS
CAUCUS ON INTERNATIONAL NARCOTICS CONTROL

WEDNESDAY, OCTOBER 23, 2019

U.S. SENATE,
Washington, DC.

The hearing was convened, pursuant to notice, at 3:22 p.m., in
215 Dirksen Senate Office Building. Senator John Cornyn, Chair-
man, presiding.

Members Present: Senator Dianne Feinstein, Co-Chairman and
Senator Jacky Rosen.

The CHAIRMAN. Good afternoon. I would first like to begin this
hearing by thanking our witnesses, and thanks to my Co-Chair,
Senator Feinstein. We have been looking for a forum to have a
hearing like this. As in so many areas, it seems like we are putting
the cart ahead of the horse, and we would now really like to hear
from the experts about what they can tell us about the public
health consequences of marijuana use in the country.

So far this year we have centered our efforts on prevention of ad-
dictive substances from entering the country and infiltrating our
gommunities, but now we want to talk about something a little dif-
erent.

As you know, a 2018 Report by the Substance Abuse and Mental
Health Services Administration found that an estimated 43.5 mil-
lion Americans used marijuana in the last year. The percentage of
the population 12 years of age and older currently using marijuana
has increased in recent years from under 7 percent in 2010 to more
than 10 percent in 2018.

And while marijuana is still a prohibited drug under federal law,
more than 90 percent of the states allow for some medical use of
marijuana in some capacity, and 10 states and the District of Co-
lumbia now allow for the recreational use of marijuana.

Despite growing acceptance and accessibility of this drug and its
derivatives, I believe we lack definitive evidence on the short- and
long-term health implications of marijuana use. That is especially
true for vulnerable populations like adolescents, pregnant women,
and people suffering from mental health issues.

Earlier this year, our Surgeon General, one of our witnesses here
today, issued an Advisory that highlighted the risks of marijuana
use for pregnant and nursing women and adolescents.

I remain concerned about the lack of evidence regarding health
risks of these groups, as well as the general population. And it may
be helpful at some point for the witnesses to discuss what type of
evidence that the medical community considers conclusive, or at
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least solid enough to make a policy determination on. Because
there seems to be a lot of folk myths and other idiosyncratic ideas
that really have not gone through the sort of peer review and pub-
lished requirements that most scientific evidence has to go through
in order to be accepted by policymakers.

In 2017, the National Academy of Sciences, Engineering, and
Medicine published one of the most comprehensive studies on the
research of the health effects of recreational and therapeutic use of
marijuana and cannabis-derived products.

It included nearly a hundred conclusions. They found conclusive
or substantial evidence that cannabis or cannabanoids, but not nec-
essarily marijuana or marijuana-derived cannabanoids, are an ef-
fective treatment for chronic pain, chemotherapy-induced nausea
and vomiting. However, they found insufficient or no evidence re-
garding potential therapeutic effects of cannabis or cannabanoids
for a variety of health conditions considered.

Additionally, they found substantial evidence that marijuana use
had increased the risk of motor vehicle crashes, the development
of schizophrenia, and other psychoses, and complications in preg-
nancy like lower birth weight.

It is critical for people like Senator Feinstein and I and other pol-
icymakers to understand the public safety implications of increased
marijuana use before we dive into the admittedly complex and dif-
ficult job of changing federal policy.

In 2018, the Food and Drug Administration approved the first
drug with an active ingredient derived from marijuana to treat
rare, severe forms of epilepsy. It was only after rigorous studies
and a thorough review by the FDA that physicians can have con-
fidence in the safety, efficacy, and consistency of that drug. All this
is to say that there are so many questions that still need to be an-
swered.

Surgeon General, Dr. Volkow, and the experts on our second
panel will help shed light on what science tells us about the public
health risks of marijuana and what we still need to learn.

I look forward to hearing the testimony and discussing how we
can work to prevent youth access to marijuana, and properly evalu-
ate the safety and efficacy of any therapies that may utilize mari-
juana and cannabinoids.

Let me now turn the floor over to my Co-Chairman, Senator
Feinstein, for any opening remarks she would care to make.

Co-Chairman FEINSTEIN. Thanks very much, Mr. Chairman. As
you know, I enjoy very much working with you, so this is a pleas-
ure.

The point of today’s hearing is to better understand marijuana’s
impact on public health, and so I thank you very much for holding
it.

One thing I have learned is that marijuana is much more com-
plex than I thought. It apparently contains hundreds of different
compounds, all of which produce different effects. I am told that
much of what we know about marijuana is anecdotal, which of
course is problematic for us in terms of making policy. It is prob-
lematic for medical professionals in knowing how to treat it. And
it is problematic for consumers when they use it.
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I am told this is due in part to the fact that marijuana’s status
as a Schedule One Drug makes it difficult to research. It is my be-
lief that science should inform our policy, and that is why I, along
with Senator Grassley and others, introduced the Cannabidiol and
Marijuana Research Expansion Act which would remove barriers to
research.

The NIH recently increased the number of grants awarded to
study marijuana, and I hope it will continue to do so. This will en-
able marijuana’s potential therapeutic benefits really to be more
understood as they are explored.

It is important that we learn more about appropriate dosing and
delivery mechanisms. It is important that we learn how marijuana
components interact with other medications, how long-term use im-
pacts the body. It is my understanding that the limited existing re-
search has found varying degrees of evidence that components of
marijuana may effectively treat conditions like intractable epilepsy,
chemotherapy-induced nausea. I know that for a fact from family
issues. And, vomiting. Muscle spasticity, chronic pain, and short-
term sleep disturbances.

The Food and Drug Administration has approved four mari-
juana-derived drugs to treat many of these illnesses. Despite the
potential benefits, it is equally important to understand its adverse
effects.

For instance, studies show that marijuana can have a negative
impact on the developing brain—this is one thing I hope to hear
a little more about—including decreased cognitive abilities, loss of
1Q, and increased risk of psychosis.

I am going to end here, Mr. Chairman, in the interests of see-
ing—of listening to our panel, and I will put my remarks in the
record. Thank you.

The CHAIRMAN. Thank you, Senator.

Our first witness is Vice Admiral Jerome Adams who serves as
the 20th Surgeon General of the United States. During his tenure
as Surgeon General, Dr. Adams has created several initiatives to
tackle our Nation’s most pressing health issues, including the
opioid epidemic, oral health and the links between community
health and both economic prosperity and national security.

The Surgeon General issued an Advisory in August of this year
on the potential health effects of marijuana use for adolescent
brain development and use by pregnant mothers.

Our second witness on the first panel is Dr. Nora Volkow, who
has served as Director of the National Institute of Drug Abuse, or
NIDA, since May 2003. That is quite a run. As a research psychia-
trist and scientist, Dr. Volkow pioneered the use of brain imaging
to investigate the toxic effects and addictive properties of abusable
drugs.

If T could ask each of you to limit your opening statement to
about five minutes, and then we will make your complete state-
ment part of the record, and then we can engage in some questions
and answers, that would be great.

So let me turn to you, Dr. Adams, to start, please.
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STATEMENT OF JEROME ADAMS, M.D., SURGEON GENERAL OF
THE UNITED STATES

Dr. Abpams. Thank you very much, Chairman Cornyn, Co-Chair-
woman Feinstein, and members of the Caucus. I appreciate the op-
portunity to share my recent marijuana advisory with you and to
join national experts to discuss a complex issue that I feel demands
our attention and our action.

As you mentioned, in August 2019 I issued a Surgeon General’s
Advisory on Marijuana Use in the Developing Brain, emphasizing
the importance of protecting our Nation from the health risks of
marijuana use in adolescence and during pregnancy.

I did this in response to alarming rates of marijuana use among
pregnant women and young people, widespread and growing access
to increasingly potent marijuana through legalization at the state
level, and mounting evidence that marijuana use poses a risk to
healthy brain development and to public health.

As Surgeon General I have visited with communities and clini-
cians in places like California and Colorado, Georgia and Texas,
Nevada and Oklahoma. And as a former state health commissioner
myself, I have spoken with health department leaders across the
country, my friends, many of them reluctant overseers of an enor-
mous and poorly informed national public health experiment.

Over and over I hear great and escalating concern about the
rapid normalization of marijuana use, and the impact that a false
perception of its safety is having on our communities, and specifi-
cally our young people and our moms-to-be.

As you mentioned, sir, as of today 33 states and the District of
Columbia have legalized marijuana in some way. I will say it
again: We are conducting a massive public health experiment on
our citizenry. And with greater legalization, young people are re-
porting a decline in perceived harmfulness of the drug. In 2018,
only a third of adolescents said they thought weekly marijuana use
was harmful.

Marijuana is now the third most commonly used elicit substance
in adolescents, behind alcohol and e-cigarettes. Last year, over 9
million 12- to 25-year-olds reported marijuana use, and each day
3,700 adolescents become new marijuana users.

Unfortunately, the scary truth is that while the perceived harm
of marijuana is decreasing, the potential for harm is actually in-
creasing due to widespread access, increased potency, and multiple
forms.

Marijuana is now everywhere, especially in states that have le-
galized. And it can be smoked, drunk, eaten, and baked. As I like
to say, this ain’t your mama’s marijuana. Not enough people know
that today’s marijuana is far more potent than in days passed. The
amount of THC has increased three-fold in commonly cultivated
plants over the last few decades, and dispensary products are often
much stronger. Edible oils and waxes can deliver unpredictable
concentrations of THC often of 70 percent or more. This is impor-
tant because the higher the THC concentration, the higher the risk
to our young people.

Across the country we have seen increased emergency depart-
ment visits for psychosis and for nonfatal overdose. The earlier and
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more often a person uses marijuana, especially at these higher
THC levels, the greater the peril.

Nearly one in five people who begin marijuana usage during ado-
lescence will become addicted. Yes, you can become addicted to
marijuana.

Science tells us frequent marijuana usage during adolescence can
impair a child’s attention, memory, and decisionmaking, and young
people who regularly use marijuana are more likely to show a de-
cline in IQ in school performance, are more likely to drop out, and
are even more likely to attempt suicide.

In pregnant women, marijuana is actually the most commonly
used elicit substance. Between 2002 and 2017, marijuana use
among pregnant women doubled. Marijuana usage during preg-
nancy can not only affect the baby’s brain, but also can result in
lower birth weight, a marker for early death and disability. And
that is why that is so important.

The Colorado PRAM study revealed a 50 percent increase in low
birth weight in marijuana-using moms. THC is transmitted via
breast milk, meaning the risk continues even after delivery.

And finally, marijuana and tobacco smoke share some of the
same harmful components, so no one should smoke either product
around the baby.

We already know a lot about the harms and potential harms of
marijuana use on the developing brain, but I will be the first to
admit we need to know more. We need to better understand the
long-term health consequences of prenatal and youth exposure to
marijuana, as well as strategies to decrease harms.

But I want you to hear me say this: We know enough now to de-
liver sound guidance to protect the future of our Nation’s youth.
My Advisory includes resources to help parents, teachers, clini-
cians, and others safeguard our youth from harm, but it will take
all of us using the best evidence and communicating it clearly to
ensure a healthy future for our young people.

This Advisory was carefully written based on the best currently
available science, with input from NIDA, SAMPHSA, CDC, FDA,
ACOG, AAP, and others. So please go to surgeongeneral.gov and
share it.

I will finish by saying my bottom line to you today is this: No
amount of marijuana use during pregnancy or adolescence is
known to be safe. Therefore, communities must consider and
should not minimize the short- and long-term public health impacts
of marijuana use.

Thank you again for the opportunity to share this important in-
formation, and for your support in promoting healthy fetal and ado-
lescent development to protect the youth of America. And I look
forward to your questions.

The CHAIRMAN. Thank you, Doctor. Dr. Volkow.

STATEMENT OF NORA VOLKOW, Ph.D., DIRECTOR, NATIONAL
INSTITUTE OF DRUG ABUSE, NORTH BETHESDA, MARYLAND

Dr. VoLKOW. Good afternoon. Thanks very much for having me
here, Chairman Cornyn and Co-Chairman Feinstein, and for hold-
ing this hearing on marijuana.
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It is an opportunity for us to bring to you what we are funding
at the National Institute on Drug Abuse and what type of research
we are funding to try to clarify the effects of marijuana in the
young brain.

As you mentioned, in 2018 there were 43.5 million people who
reported use of marijuana in the past year, making it the most
commonly used illicit drug in the United States, and its use is in-
creasing.

Marijuana exerts its effects by activating cannabinoid receptors
which are part of our endogenous cannabinoid system that modu-
lates multiple physiological processes in our brains and bodies.
This system emerges early in gestation when it plays a critical role
in helping to orchestrate brain development, which is why exposure
to marijuana during early development can impact the function of
the brain later in life.

THC, the component of marijuana responsible for its intoxicating
and addictive effects, freely crosses the placenta. Fetal exposure is
associated with significant negative outcomes, including fetal
growth restriction, lower birth weight, and preterm delivery.

Research is ongoing to clarify the mechanisms through which it
contributes to these effects, and to investigate the effects of mari-
juana to the fetal brain when used by itself or when combined with
teratogenic drugs such as alcohol and nicotine.

Adolescents, whose brains are also undergoing major develop-
mental changes, are also particularly vulnerable to the negative ef-
fects of marijuana. Clinical studies of THC exposure during adoles-
cence have shown greater sequence sensitivity to the rewarding ef-
fects of other drugs, which could be one reason why dosages of
marijuana at a young age are more vulnerable to addiction later
in life, not just to marijuana but to also to other drugs.

Epidemiological studies have found repeatedly that kids who reg-
ularly consume marijuana have lower academic achievements and
a higher risk of dropping out school. Brain imaging studies have
shown that frequent marijuana use during adolescents is associ-
ated with structural and functional changes in areas of the brain
necessary for attention, memory, emotions, and motivation, which
might account for the adverse cognitive and behavioral effects asso-
ciated with youth marijuana use.

The association between marijuana use and mental illness is an-
other area of major concern, particularly in light of the higher con-
tent of THC in today’s marijuana. Serious mental illnesses and sui-
cide are on the rise in our country. And while multiple factors are
likely contributing to this rise, it 1s imperative to understand if ex-
posure to high potency cannabis in adolescence is one of them.

High potency marijuana can trigger acute psychotic episodes,
which is one of the main causes for emergency department visits
associated with cannabis use, which are also rising.

While most of these episodes are short lasting, they can become
chronic. Multiple studies, though not all, have associated adoles-
cent marijuana use with an overall risk for the early onset of
chronic psychosis such as schizophrenia.

Adolescent marijuana use is also associated with increased risk
of suicidal behavior. Many of the studies done to assess the effects
of adolescent marijuana use have been criticized because of certain
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limitations. For example, some of them may have not controlled for
other factors that affect adolescent brain development. Some may
have had insufficient sample sizes. Most of them were conducted
at the time when THC content in marijuana was much lower.

To address this shortcoming, NIDA is leading two major studies.
Study one is the Adolescent Brain Cognitive Development, or
ABCD study, which is the largest long-term study of brain develop-
ment in child health in the United States. The study has recruited
over 11,000 children, aged 9 to 10, who will be followed into early
adulthood to investigate how the brain develops, and how its devel-
opment is affected by substance use, including marijuana.

The other one, which complements the ABCD study, is A Healthy
Brain Child Development, or HBCD study, which is part of the
NIH initiative and is currently in its pilot phase. This study would
establish a large cohort of pregnant women and their infants to as-
sess the child’s brain cognitive and emotional development longitu-
dinally over the course of the first 10 years of their lives. Findings
will help researchers develop standards for normal brain develop-
ment in childhood and to characterize the long-term impact of pre-
natal and postnatal drug exposures.

Ensuring normal brain development is fundamental for achieving
a person’s full potential, which is why we owe it to the future gen-
erations to protect them from the potentially disruptive effects of
cannabids to their brains and well being.

Thank you very much, and I look forward to your questions.

The CHAIRMAN. Thank you very much, both of you.

I am struck, Dr. Adams, by your description as a poorly informed
national health experiment with regard to marijuana. And of
course part of what we are trying to do today is have a better in-
formed discussion about this national health experiment.

I see some parallels, perhaps—and I would be interested in your
commentary on this—to what we learned about tobacco decades in
the past. I even went back, with my staff’s help, and found some
advertisements by the tobacco industry where they would tout the
health benefits of smoking. And not only were those not proven
using the sort of peer-reviewed evidence, scholarship that we would
expect, but there was not disclosure of the negative, the detriment
to health—things like addiction to nicotine, lung cancer, cardio-
vascular disease, and the like.

And I feel like there are some parallels, perhaps, here in the way
we are wading into this debate. Do you think that is analogous, Dr.
Adams, and Dr. Volkow? Or is it different?

Dr. Apams. Well, sir, thank you for saying that. Because as the
Surgeon General, I want every policy decision to have as much
science infused into it as possible. And you are correct.

We have seen this play before. We have seen it with a number
of substances. Once upon a time, cocaine was thought to be an ef-
fective medicine and harmless. Once upon a time, opioids were
thought to be good for whatever ails you, and to not have any
harmful effects and no higher dosage limit.

And not that I am in any way, shape, or form comparing mari-
juana to those substances, but from a policy point of view I think
the lesson we should have learned was that we have to make sure
the science is leading the policy, and that the tail is not wagging
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the dog. And many of the indications that people are using mari-
juana for are unproven. We are overstating the benefits and, in my
opinion, we are downplaying the risks. And that is why I put out
my Advisory, because one risk we cannot afford to ignore is the
risk to our pregnant women and our young people, our Nation’s fu-
ture.

The CHAIRMAN. Dr. Volkow.

Dr. VoLkow. Yes, I will completely agree, and I do want to state
also the other aspect that we are learning with the use of mari-
juana at very high content, is we are finding out medical negative
effects that we did not know existed. For example, a perfect exam-
ple is the iferamesic syndrome where people that take high content
THC chronically develop a syndrome where they cannot stop vom-
iting, with very, very intense abdominal pain.

This was not described until 2006. And again, we have never
seen it because we did not get exposed to this type of marijuana.
So my concern relates to the fact that if we are not looking at
something, particularly as we for example are discussing the use
of marijuana in pregnancy, if we do not evaluate the outcome in
these infants, we will not be able to understand what could be po-
tentially very negative effects.

And that is illustrated also with tobacco. In nicotine we did not
know that smoking during pregnancy could have such negative ef-
fects until we studied it.

Dr. ADAMS. And I am so glad you have someone on the second
panel who is an expert on MVAs. There is this big misbelief out
there that marijuana makes you a better driver, but the Colorado
data shows us that MVAs went up, fatal MVAs went up in Colo-
rado involving marijuana usage.

And again going back to young people, I have got a teenager who
is about to drive. The chips are already stacked against him. And
we know that, just statistically speaking. The last thing we want
is for these young people to think that marijuana use is safe or,
Heaven forbid, that it actually will make them a better and more
relaxed driver and lose even more of our teenagers on the roads
now than what we already are.

The CHAIRMAN. I know much of your testimony so far has fo-
cused on adolescents, pregnant women, and people with other con-
ditions that would maybe make them more vulnerable, but are you
suggesting, by inference, that marijuana consumption for a con-
senting adult who is otherwise healthy is harm-free?

Dr. AbpAaMS. Well, as Surgeon General of the United States, the
first thing I would say is absolutely not. There are plenty of sub-
stances out there which adults can partake of that are not only not
harm-free, but which my office has a long history of trying to rein
the horse back in on.

You mentioned tobacco. Alcohol is one of the top killers of folks
in our country. I think that again we need to learn from our mis-
takes and be careful about normalization of behavior.

One of the other dangers about marijuana usage is that we do
not know what we do not know. And so we do not want to conduct
this experiment on our citizenry. And that is adults and young peo-
ple. But we know enough about young people to take action now,
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and that is why I focused my efforts and my attention in that space
at this point in time.

But again, sir, I do not want anyone to mistake what I am saying
as implying that these products are considered safe for general
adult usage.

The CHAIRMAN. Let me ask you about the research, because you
have both referred to studies that have been done. Are there im-
pediments, legal or otherwise, to the study of the health effects of
marijuana in place?

Dr. Apawms. I will start off just by saying that Secretary Azar, the
President, and I, have all stated publicly we need to make it easier
to do research.

The CHAIRMAN. What do we need to do to make that happen?

Dr. Apams. Well, HHS is partnering with DEA. We are going
around the country and talking to folks to find out barriers that
exist to research. One of the things that has been announced with-
in the past month was DEA making more strains of marijuana
available so that folks can test more than just the—from the one
facility in Mississippi, where you could typically get strains from.

But Dr. Volkow 1s an expert in this area, and NIDA is intimately
involved in the research process. So I would turn it over to her.

Dr. VoLKOW. Part of the problem relies on the fact that mari-
juana is a Schedule One. And if you want to do research on a
Schedule One, you have to get a DEA registration that can take,
if you are lucky, one year to obtain, and that delays the process
enormously.

And every time that you make a change in your protocol, that
also has to be submitted, and you have to wait for that to be ap-
proved. So it is a very lengthy, on the ability to get the research
going. And then once you are going, right now the only source for
marijuana that is available in our country is that that we provide
through a contract to Missouri to a farm in Missouri.

So if you as a researcher are interested in a particular strain of
marijuana, you come to us at NIDA, it is probably unlikely that we
have it and we will have to cultivate it. So the process also is very
slow there.

And finally, to the other component that makes it very difficult
is that we are interested in understanding what people are taking
out there. I mean, in the states they are legalizing marijuana and
there are these dispensaries. And the varieties are very distinct.

And so we do not know the difference between this or that. This
product is being sold telling that it has this characteristic. We can-
not fund research that relates to products that are actually being
bought through these dispensaries because it is illegal.

So we have been working for the past, I would say, several years
with DEA to try to come up with an accommodation that would
allow researchers to streamline the process so that they can work
on an understanding both potentially negative but also potentially
therapeutic effects of cannabids.

The CHAIRMAN. Well I know Senator Feinstein mentioned some
legislation that she is working on with Senator Grassley on the im-
pediments to research, but that is perhaps something that we could
work on together.

Co-Chairman FEINSTEIN. Great. I would love it. Thank you.
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Dr. ApAms. Can I give a shout-out to Senator Feinstein? I am not
allowed——

The CHAIRMAN. Absolutely.

Dr. ApamsS. I am not allowed to endorse or comment on pending
legislation, but I was doing my homework. And you and Senator
Grassley made a statement in the introduction of your legislation.
You said medical treatment should be based on sound science, and
for those who are sick that there are safe medications that have
been proven effective.

I could not agree with that more. And I think it is very impor-
tant that folks such as yourself are acknowledging that and spread-
ing that word.

Co-Chairman FEINSTEIN. Thank you.

The CHAIRMAN. Senator Feinstein.

Co-Chairman FEINSTEIN. Thanks very much, Mr. Chairman.

And thank you—][coughing], excuse me, I have a little throat
problem.

Dr. Apams. I am a doctor. I can help you with that. [Laughter.]

Co-Chairman FEINSTEIN. I may come to you.

As I understand, investigations are ongoing. To date, nearly
1,500 lung injuries have been associated with the use of e-ciga-
rettes and vaping products, with 33 confirmed deaths.

THC has been present in most of the tested samples of these
cases. Here is the question: Do we have enough research to under-
stand the potential impacts of using e-cigarettes and vaping devices
to consume marijuana products? What is the situation? And what
happens to the lung when you use it?

Dr. Apams. Thank you for that question. This is something I am
terribly concerned about, and that HHS is really mounting an all-
hands-on-deck response to.

We have stood up our Emergency Operations Center at CDC. We
are working with state and local health departments to get infor-
mation in as quickly as possible. And you summarized it correctly,
ma’am. A large number of these cases have been associated with
vaping THC, particularly THC that has been obtained through the
black market, if you will.

Co-Chairman FEINSTEIN. Explain what happens when you do
this.

Dr. Apams. Ma’am, well as an anestheologist I can tell you, God
did not mean for much of anything besides oxygen to go into your
lungs. And when you aerosolize oil and then suck it into your lungs
and let it re-accumulate on the lining of your lungs, it can cause
all sorts of bad things to happen.

And I will also tell you, one of the big problems is we do not
know what is in these pods. A lot of them are made on the black
market, and the ones that are even made through, quote, “legiti-
mate sources” we do not know all that is contained in them. And
it is why last December I put out a Surgeon General’s Advisory
warning about the epidemic rise in vaping among young people, a
78 percent increase in vaping among students. And I pointed out
at the time that a third of young people who were vaping had re-
ported vaping marijuana.
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So I would say to you, before I turn it over to Dr. Volkow that,
number one, the FDA and the CDC advised against vaping prod-
ucts containing THC.

Number two, we advised not to modify or add any substances
such as THC or other oils to products purchased in stores.

And finally, no amount of marijuana usage during pregnancy or
adolescence, no matter how it enters the body, is known to be safe.
And no pregnant woman or young person should be vaping.

Dr. Volkow?

Co-Chairman FEINSTEIN. Could I ask you a question? Have au-
topsies been done on the lungs of the 33 confirmed deaths? Do we
know what happens to the lungs?

Dr. Abpams. Ma’am, what I would say is that—and again, I used
to run a state department of health in Indiana. And one of the
challenges is that these investigations start at a local level, and a
lot of times the decisions about which samples are going to be col-
lected, and which autopsies are going to be done are made before
the state department of health is even alerted.

And then the CDC finds out after that. So one of the big things
that we are trying to help people understand is that we have to
have a high index of suspicion. We have got to ask the right ques-
tions. And we should be doing an autopsy on all of these cases.

Co-Chairman FEINSTEIN. So autopsies have not been done?

Dr. ADaMS. On some of them, but not all of them, ma’am.

Co-Chairman FEINSTEIN. On some of them?

Dr. AbAms. Yes.

Co-Chairman FEINSTEIN. Well what has been learned from the
autopsies? What happens to the lungs?

Dr. AbpAams. We know that there is damage to the cells of the
lungs, to the tissues of the lungs. There is a lot of misinformation
out there. Some of these cases had been reported to be associated
with Vitamin E, and that was the case for some but it actually
looks—it is an inflammatory injury. It is almost—I am trying to
think of a good comparison—but again, it is as if a cell—

Co-Chairman FEINSTEIN. Enough to cause death?

Dr. Apams. Oh, absolutely, ma’am. Lymphoid pneumonia has
been found in some of these folks. But in other folks, it is as if the
cells and the tissue were being eaten away. Again, you are putting
toxic materials into the lungs that were never meant to be inhaled.

Dr. Volkow.

Dr. VoLKOW. Yeah, just basically in medical school they teach
you that you should never, ever allow lipids to get into the lungs
because they produce a very massive inflammatory reaction. So
that’s—and since you require the lungs to function properly for ox-
ygen to be transferred, this is probably one of the reasons why it
has had such negative effects.

But I think it is also highlighting how we are approving these
technologies in ways without recognizing what their negative ef-
fects are. And you are highlighting the acute effects. But, for exam-
ple, we do not know what may be the effects on the function of the
lung long term in those cases that you do not see this acute presen-
tation.

Co-Chairman FEINSTEIN. Well let me ask this question. Are
vaping devices well enough known? Do they bring on death
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Dr. VoLkow. Well, that——

Co-Chairman FEINSTEIN [continuing]. As it goes into the lungs?
If you use—I do not know how to ask this question. If you use a
vaping device, are you more apt to die?

Dr. VoLKOW. Not necessarily. You are using a device that has
quality control. And, for example, one of the things that we have
done at NIDA is to develop a standard electronic cigarette that can
be used to determine whether, for people that cannot stop smoking,
that use of these vaping devices can help them actually be able to
protect them from the negative effects of combustible tobacco.

So provided that you have standards of quality control, both the
device as well as the cartridges that you are using and the content
of nicotine and the products, this device could be given as a thera-
peutic option for those that cannot stop smoking.

Dr. AbDAaMS. And can I answer that question in another way,
ma’am?

Co-Chairman FEINSTEIN. Yes.

Dr. ApaMs. Even the people who are advocates for e-cigarettes
and vaping devices describe them as “harm reduction.” Less harm
does not mean harmless. No young person, no pregnant woman, no
person who is not currently smoking, should even entertain using
these devices. Because, again, you are taking substances that are
in an unknown pod, and you are vaporizing them and taking them
back into the lungs. And whether that is marijuana, or anything
else out there, again we do not know what we do not know. But
we know that those substances were never intended to go into your
lungs, and they can be toxic.

Co-Chairman FEINSTEIN. Yes. I have particular concern about
marijuana use by very young children. And the fact that—reports
have shown that it results in a decline in IQ, in poor school per-
formance, and higher rates of school absences.

How prevalent is this?

Dr. ApAMS. Let me take that at the 30,000-foot level, and then
kick it to Dr. Volkow. It is important for us to understand, and a
lot of folks say, well, I have smoked a joint, or I smoked marijuana
back in the ’80s, back in the ’70s. The potency is much, much high-
er. A higher THC content equals more danger.

Number two, not everyone is going to have the same effect.
Every person is different. And so some people—as we know, some
people smoke for five years and get lung cancer, and some people
smoke for 50 years and do not get lung cancer.

But if you are talking about a child, you want to give that child—
I have three young kids—the best chance at life.

Co-Chairman FEINSTEIN. Yes.

Dr. ADAMS. And we know that on a population level that the cu-
mulative effects of having an entire population, 9 million young
people using marijuana products is going to be a net negative for
our country.

But do you want to get into specifics, Dr. Volkow?

Dr. VoLkOw. Yeah, I will just point out, I mean it is not sur-
prising in a way because this endogenous cannabinoid system, one
of the things that it does, it modulates the activation of neuronal
networks. So when you are hyper-stimulated, it brings it down.
When you are hyper-inhibited, it brings it up to create that certain
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window of optimal function. So if you are taking marijuana, in a
way you are filtering many of those stimuli. And your development
is dependent on those stimuli to actually create the final architec-
ture.

Co-Chairman FEINSTEIN. How does marijuana impact school per-
formance? What does it do to the brain?

Dr. VoLkow. The simplest one, it interferes with memory and
learning. Someone that is stoned cannot remember. And that is not
just adolescents, that is any adult.

Co-Chairman FEINSTEIN. I did not know that.

Dr. VoLKOW. And as a result of that, if you are a student and
your job is to learn, and marijuana stays in the body for a long
time, you are going to have a long-lasting effect in your capacity
to memorize and you will fail school.

And that is without addressing the possibility that——

Co-Chairman FEINSTEIN. Is the memory loss permanent?

Dr. VoLkow. That is a question that there is controversy. There
is some evidence that there is long-lasting impairment in memory
and attention by some studies, and others show that after several
months it recovers.

And we don’t—that is one of the reasons why we are doing the
ABCD study, to actually, unequivocally determine if long-term use
of marijuana will produce a long-lasting or irreversible change in
memory, attention, and other process of cognition.

Co-Chairman FEINSTEIN. Wow. Is it because marijuana today is
stronger, the THC factor?

Dr. VoLkow. That is not going to help at all. The content is
much, much higher. And the higher the content—it is actually
three-fold higher overall, and——

Co-Chairman FEINSTEIN. Wait, wait, wait. I am not trying to—
three times higher than when?

Dr. VoLkow. Than 2002.

Co-Chairman FEINSTEIN. Really?

Dr. VOLKOW. Yes.

Dr. AbAMS. Ma’am, there was a study that looked at marijuana
from 1995 till 2014, and they saw that marijuana in 1995 the aver-
age strains were about 4.5 percent THC. The average strains in
2014 were about 12 percent. So that is where we get the three
times number. But it is important to remember now that
dispensaries have marijuana that is testing at about 20, 25 per-
cent. So that would be five times stronger than 1995.

And then when you put it into oils and waxes, you can get 70,
80, 90 percent THC. So I hate comparisons, but something that I
say to folks that tends to resonate is, that is like the difference be-
tween having a light beer in 1995 and drinking a pint of vodka
today. It is literally that much of a difference in concentration.

Co-Chairman FEINSTEIN. I do not think people know that.

Dr. Abpawms. I do not think they do either, ma’am.

Co-Chairman FEINSTEIN. How do we get that out?

Dr. Apams. Well, again, the Surgeon General Advisory. We need
you all to help share it at surgeongeneral.gov. Please let people
know this ain’t your mother’s marijuana.

Dr. VoLKOW. And the other problem that is confounded is that
when you go and buy a product, you do not actually know what the
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content of 9 THC is. And this particularly becomes problematic
when you get an edible. You get the chocolate and you do not know
the content, and so you do not know how much to take of it.

And one of the reasons why people end up in emergency room ad-
mission with a psychotic episode is because the content is so high.
Co-Chairman FEINSTEIN. Well, now how big a problem is this?

Dr. VOLKOW. In terms of emergency department

Co-Chairman FEINSTEIN. No, the high content of hallucinogenic
quality in marijuana today versus 10—excuse me, 10, 15 years ago?

Dr. VoLkOow. It is very problematic. And studies have consist-
ently shown, for example, that investigate the negative effects of
marijuana that the higher the content of 9-THC the greater the
likelihood that you will have a psychotic episode. The greater the
likelihood, actually, the risks associated with schizophrenia——

Co-Chairman FEINSTEIN. Which changes the nature of beliefs
about marijuana. Because most people that I know believe it is rel-
atively harmless. And what you are saying is, it is not today; that
it is much stronger, and that it is much more volatile.

Dr. Apams. Exactly. And Dr. Volkow is an expert and speaks on
the effects on the individual, and she has, again, spoken of her
wonderful brain imaging studies. I tend to look at the population
level. And the metrics we look at are motor vehicle accidents going
up. Emergency department admissions going up.

th}-Chairman FEINSTEIN. For marijuana use? You can prove
that?

Dr. AbDAMS. Yes, ma’am. The emergency department admissions
have gone up for accidental ingestions and for people showing up
with psychosis. We are seeing all sorts of untoward effects from
marijuana usage, again particularly in young people. But real con-
cerning population health trends related to marijuana usage.

Co-Chairman FEINSTEIN. Could you provide us with some infor-
mation? We may want to put out a paper as a result of this, and
that might be one of the things that we would discuss.

The CHAIRMAN. Well I know that has been one of the functions
of this Caucus in the past, is to issue reports or papers on different
topics, and certainly that is something we ought to consider doing.

Co-Chairman FEINSTEIN. Because I have young people in my
family and, you know, you think it is all nothing. Hopefully they
do not use it, but they sure can talk about it. So I think if I am
understanding what you are saying, the potential danger of mari-
juana has gone up rather dramatically in the last 10, 15 years?

Dr. ApAMS. The potential danger has gone up, while the per-
ceived harm of the product has gone down. And what I was quoting
in my opening statement was NISDA data that looks at—that sur-
veys young people from SAMPHSA. SAMPHSA data that surveys
young people and asks them their perception of the dangers of
marijuana. And their perceptions of danger are going down, par-
ticularly in states that have legalized, because they see it all
around them. While the actual risk, both from a scientific point of
view and on a population health level, is going up.

Co-Chairman FEINSTEIN. What has California done?

Dr. Apams. Well, you have got someone from the California Can-
nabis Research Commission who is going to be on the second panel.

Co-Chairman FEINSTEIN. Oh, good.
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Dr. ApamMs. And I have been out there. I visited U.C. Davis. I
have visited U.C.S.D. I have been to the L.A. County Health De-
partment. I will tell you that all of the health officials I have spo-
ken to are terribly concerned about the spike in pregnant women
who are using.

We have seen a doubling in pregnant women who report using
marijuana, and they are concerned about the number of young peo-
ple. It is causing disciplinary problems in schools, and we do not
know what the long-term health effects are going to be. So in your
State, ma’am, we are very concerned.

Co-Chairman FEINSTEIN. So just quickly, how is it more con-
centrated, more volatile, than it used to be?

Dr. VoLKOW. The plant itself. I mean, like in biology you can de-
termine the content of the active ingredients by breeding up vari-
eties that have higher content. And that is how they have come up
with plants that have higher and higher content, manipulating it.

And now, with the use of resins, you can extract the active ingre-
dient and put it in a cartridge

Co-Chairman FEINSTEIN. Oh, dear.

Dr. VOLKOW [continuing]. And that gives you even higher con-
tent. So this is just basically genetic, what the agricultural busi-
ness has been doing to try to improve on the quality of the plants.

Co-Chairman FEINSTEIN. So we should not regard it as “harm-
less™?

Dr. VoLKOW. Oh, it is not harmless at all. And when you were
asking about your own state, there were actually showing me that
one of the emergency departments in one of the main hospitals in
San Diego where they basically will have an eight-fold increase in
emergency admissions from the cannabis over a period of eight
years. Eight-fold. It is gigantic.

Co-Chairman FEINSTEIN. This is not just vaping——

Dr. VoLkow. This is not just vaping——

Co-Chairman FEINSTEIN. Oh, I thought you said

Dr. VOLKOW [continuing]. And smoking, and edibles, and every
single way of administering cannabis.

Co-Chairman FEINSTEIN. So if a mother uses this strong stuff
while she is pregnant, will that impact

Dr. VoLKOW. She can become psychotic herself. High-content
THC, what people do not realize is high-content marijuana with
very high THC can trigger an acute psychotic episode. And that
leads you to the emergency department. It is a horrible experience.

Co-Chairman FEINSTEIN. What if she is pregnant? What does it
do to the unborn child?

Dr. VoLkow. Well, you have there, on top of the negative effects
to the mother, the fact that the marijuana will go into the fetus
and affect the brain of the fetus. The fetus cannot complain, right?

Co-Chairman FEINSTEIN. Right.

Dr. VoLKOW. But it is going to very likely be interfering. Imagine
that there is this very precise process by which your brain deter-
mines when this neuron migrates here, when this neuron divides,
when this neuron interconnects with another, and that is modu-
lated by your own endogenous cannabinoid system.

When you artificially stimulate that system, you are basically
disrupting all of that perfect orchestration. That is why we have so
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much concern about the use of marijuana among pregnant women,
children, and adolescents.

Co-Chairman FEINSTEIN. Can a baby be born addicted to mari-
juana?

Dr. VoLKOW. I do not know of any description of a baby having
been born addicted to marijuana. But what we do know is that ba-
bies can be born sedated because of the use of marijuana, particu-
larly during the last trimester.

But the condition of a baby that is born addicted, that has not
been something that has been documented.

Dr. ApaMs. And ma’am, something that again I was just in your
state two weeks ago talking about were the infant mortality rates.
We know one of the predictors of infant mortality is low birth
weight. Well I was shocked when I saw the Colorado PRAMS data
that showed that women who smoke marijuana have a 50 percent
increased chance of having a baby born at low birth weight.

And so that is another thing that people do not think about when
they are prescribing marijuana to women who are pregnant or
could be becoming pregnant.

Co-Chairman FEINSTEIN. Thank you.

The CHAIRMAN. Well, unfortunately we are going to have to stop
there with the first panel, because we obviously have a lot of ques-
tions and we want to continue the conversation, but we want to get
to the second panel, too.

So thank you, Dr. Adams, Dr. Volkow, for your contribution. And,
believe me, we want to continue the conversation. Because as you
can see, Senator Feinstein and I, and I am sure our other col-
leagues who could not be here today, have a lot of questions. And
I think the American people deserve the facts, which is what we
are trying to get to here.

So thank you very much, and we will invite the second panel to
come forward and get situated, and we will get started in just a
second.

Dr. Apams. And, Senator, we are happy to submit any informa-
tion you need about the harms of marijuana usage that we have
collected. Please share my Advisory, surgeongeneral.gov. We need
to get the word out to folks that this is not some harmless product
out there.

The CHAIRMAN. We will do that, sir. Thank you.

Dr. VOLKOW. And thanks for doing the hearing.

The CHAIRMAN. Thank you.

(Pause.)

Well thank you very much. Our second panel includes experts
who have conducted research on various aspects of public health
and marijuana use.

First, Dr. Robert Fitzgerald, who currently serves as a Professor
in the Department of Pathology at the University of California-San
Diego, where he is also the Director of the Toxicology Laboratory,
Director of the Toxicology Laboratory, and Associate Director of the
Clinical Chemistry Laboratory. He is Board Certified in Toxicology
and Clinical Chemistry by the American Board of Clinical Chem-
istry, and his research, Senator Feinstein, focuses on marijuana-
impaired driving. I know you had questions about that.
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Dr. Staci Gruber is Director of the Cognitive and Clinical Neural
Imaging Core and the Marijuana Investigations for the
Neuroscientific Discovery Program, otherwise called the MIND Pro-
gram, both housed at the Harvard-affiliated Psychiatric Hospital in
Belmont, Massachusetts’ McLean Hospital. She is also an Associate
Professor of Psychiatry at Harvard Medical School. Her research fo-
cuses on cognitive development and the effects of marijuana’s
major constituent compounds.

Dr. Sean Hennessy is Professor of Epidemiology in Bio Statistics
at the University of Pennsylvania’s Perelman School of Medicine.
Dr. Hennessy conducts research in the field of
pharmacoepidemiology. That is a mouthful. Which is the study of
the health effects of drugs and other medical products in popu-
lations. Dr. Hennessy is the past Scientific Chair and past Presi-
dent of the International Society for Pharmacoepidemiology and
has served as the FDA’s Drug Safety and Risk Management Advi-
sory—served on that committee, the Drug Safety and Risk Manage-
ment Advisory Committee for the FDA. Dr. Hennessy contributed
to the National Academies of Science’s 2017 Study on Marijuana’s
Health Effects.

And finally, Dr. Madeline Meier is the Assistant Professor of Psy-
chology at Arizona State University and Post-Doctoral Fellow, with
support from the Duke University Trans Disciplinary Prevention
Research Center. Her research interests involve adolescent mari-
juana use, as well as the health effects of marijuana concentrates.

So obviously there is a lot of interest in what you have to say.
If T could first recognize Dr. Fitzgerald and ask each of you maybe
to speak for about five minutes, and then maybe be open to some
questions. Your written remarks will be made part of the record,
without further ado.

So, Dr. Fitzgerald.

STATEMENT OF ROBERT FITZGERALD, Ph.D., PROFESSOR OF
PATHOLOGY, UNIVERSITY OF CALIFORNIA-SAN DIEGO,
CALIFORNIA

Dr. FITZGERALD. Thank you, Senator, Senator Feinstein. It is a
pleasure to be here today to discuss issues related to marijuana
and driving.

As a way of brief introduction, my first job out of graduate school
was as a forensic toxicologist from the State of Virginia where I
helped work with the medical examiner to determine the cause and
manner of death in medical examiner’s cases.

At the ME’s office, I saw the devastating effects of driving under
the influence on a routine basis. I also had the opportunity to work
with both state and local law officers, along with prosecution and
defense, to present scientific data in courts of law.

Currently I am a clinical toxicologist at UC—San Diego where my
research focuses on developing analytical methods to measure con-
centrations of THC and metabolites following recent marijuana ex-
posure.

I am part of a large team of investigators at the University of
California-San Diego’s Center for Medical Cannabis Research fo-
cused on understanding both beneficial and detrimental effects of
cannabis on human health. We recently completed enrolling sub-
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jects in one of the largest studies to date looking at the effect of
smoked marijuana on driving performance, and are in the initial
stages of analyzing this data.

The relationship between marijuana use and driving impairment
is complex because of the unique pharmacokinetics—that is the
time course in the body, and pharmacodynamics—that is its phys-
iological effects—of THC.

With ethanol there is a clear relationship between amount con-
sumed, blood concentrations, and effect on driving. With mari-
juana, these types of relationships are much more complex.

The relationship between blood THC concentrations and crash
risk has not been established. But there is a clear understanding
that THC impairs driving performance. The question that remains
is how to best identify drivers who are impaired by marijuana.
There are no perfect solutions, and legislative directives must bal-
ance keeping our roadways safe with due process.

The problems with determining the relationship between con-
centrations of THC and impairment is that levels of THC vary
widely depending on the route of administration, the time of sam-
pling after dosing, and the characteristics of the individual con-
suming.

Generally, smoked marijuana causes effects that start shortly
after inhalation and last for about three hours. While subjects who
eat marijuana start feeling effects about an hour later, and can
have effects up to eight hours later.

Unlike alcohol, which is cleared within 24 hours of drinking,
THC and several metabolites accumulate in the body with repeated
dosing. So frequent users have baseline concentrations of THC that
exceed the per se limits in many states.

After smoking, THC concentrations in blood change rapidly. And
our studies have documented the poor relationship between con-
centrations of THC and measures of impairment. Studies like this
led the National Safety Council to put out a Position Statement in
2017 that reads: “It is further concluded that, due to rapid changes
in blood THC concentrations over time, there is no minimum safe
threshold blood concentration below which a driver can be consid-
ered to have been unaffected while driving following recent mari-
juana use. Consequently, there is no scientific basis for the adop-
tion of THC per se laws for driving.”

This statement was also supported by the International Associa-
tion of Chiefs of Police. Despite these position statements, 18 states
currently have some form of per se statutes.

How do we keep our roads safe? In California, prosecution of
driving under the influence of drugs is currently based on officer
observations combined with toxicology testing. This practice will
likely continue for the foreseeable future.

Since there is no reasonable expectation that THC or a metabo-
lite of THC will be useful for per se impairment, an alternative ap-
proach would be to develop methods that identify recent use. The
biological specimens that could be used to determine if a driver has
recently used marijuana are blood, breath, and oral fluid.

The primary advantage of breath and oral fluid over blood is that
they can be collected at the roadside at the time of a traffic stop,
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ilS opposed to blood which typically takes about 90 minutes to col-
ect.

This is an important consideration because, unlike ethanol, con-
centrations of THC fall by more than 90 percent in that short time
frame. There is a variety of ongoing efforts to identify recent-use
markers.

In respect to my time limit, I would like to close my initial state-
ment by mentioning two items that I think this Caucus needs to
be aware of so they can help shape appropriate regulations.

Due to federal restrictions, investigators cannot study the can-
nabis products our population is exposed to. As Dr. Adams indi-
cated, we have unleashed a massive experiment that is sort of un-
controlled in our population, and our most powerful resources, our
research community, has limited ability to study that.

This is a critically important public health issue that needs to be
changed. Currently there is no standardized data collection for
driving under the influence of drugs. Without good data, it is dif-
ficult to develop good policy.

I hope my testimony was helpful and look forward to answering
questions. Thank you.

The CHAIRMAN. Thank you very much. Dr. Gruber.

STATEMENT OF STACI GRUBER, Ph.D., PROFESSOR OF PSY-
CHIATRY, HARVARD MEDICAL SCHOOL, BOSTON, MASSA-
CHUSETTS

Dr. GRUBER. Thank you, Senator Cornyn and Senator Feinstein,
and members of the Caucus who may tune in later to see this

Co-Chairman FEINSTEIN. Could you speak directly into the
microphone?

Dr. GRUBER. Certainly. Is that better?

Co-Chairman Feinstein. Yes.

Dr. GRUBER. I should be better at this.

So as you have heard, and as we know, the Nation is in the
midst of a green rush, and marijuana or cannabis headlines flood
news outlets daily. Yet it is often difficult for people to read
through study findings and make sense of what we know and what
we do not.

Despite the fact that 33 states have fully legalized medical mari-
juana, and another 15 have limited medical marijuana laws, leav-
ing only 2 states without access, nearly all of what we know about
the impact of marijuana comes from studies of recreational mari-
juana users.

These studies typically focus on those with chronic, heavy mari-
juana use. Data across studies is somewhat inconsistent, but gen-
erally reflect differences between those who use marijuana and
those who do not spanning a number of areas that we have heard
allusions to already, including cognitive performance. Domains
most commonly affected include memory and executive functioning.
For example, the ability to inhibit inappropriate responses, or to
use feedback to change one’s behavior. These are reportedly im-
pacted by marijuana use.

Earlier onset of marijuana use, as well as higher frequency and
magnitude of use, are also associated with greater difficulty on
these tasks. And studies of brain structure and function have also
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reported deficits or differences between marijuana users and non-
users, specifically as among early onset or adolescent users of mari-
juana.

This is not surprising. As you heard from Dr. Volkow, we know
that during adolescence the brain is neuro-developmentally vulner-
able. That is, it is under construction. It is sensitive not just to
marijuana but to other substances—alcohol, illness, injury.

Another concern that we have heard a lot about today is the ris-
ing potency of marijuana products. Particularly problematic for
youth, our most vulnerable consumer group, THC, the primary in-
toxicating compound of the plant has increased 300 percent, or
more than three-fold, in flower products since 1995. And these
novel concentrate products that we have also heard illusions to,
Dabs, Shatter, Wax, you have heard these terms, THC levels of
these products go at least up to and sometimes north of 90 percent.

Cannabidiol, or CBD, may mitigate some of the negative effects
that we see from THC, but it is virtually undetectable in rec-
reational products today. Thus far there have been no studies that
have directly assessed the impact of potency or novel versus con-
ventional products in either recreational consumers or medical pa-
tients.

It is also important to remember that not all marijuana use is
the same. And our recreational marijuana consumers are not the
same as our medical marijuana patients.

For example, their goal of use is wholly different. Our rec-
reational marijuana consumers—I have spent nearly 30 years with
these folks—their goal is to change their current state of being, or
to get high. Our medical marijuana patients are not interested in
getting high. They use to alleviate symptoms. They say things like
I want to sleep through the night. I would like to be able to take
a drive with my son. I want to go for a walk with my kids.

As a result, their product choices are often different. Recreational
consumers often choose products very high in THC. Our medical
patients choose products that may be high in THC but often con-
tain other compounds, things like cannabidiol or other non-intoxi-
cating compounds.

Cannabis and cannabinoids have demonstrated therapeutic po-
tential for a number of indications. We heard reference to the 2017
National Academy’s report noting conclusive or substantial evi-
dence that cannabis or cannabinoids were effective for, quote, “the
big three, chronic pain, nausea and vomiting as a function of chem-
otherapy, and muscle spasticity as a function of MS.

We also know that epadadialexis or purified CBD extract was ap-
proved for pediatric onset intractable seizure disorders. But despite
the fact that medical cannabis has been legal since 1996, data re-
garding the impact of medical marijuana treatment is severely lim-
ited. Preliminary evidence from the very first longitudinal studies
of medical marijuana patients demonstrate improvements in some
areas of cognitive performance, including areas noted to be im-
paired in those with recreational use.

We also see improvements in clinical state, better sleep, de-
creased pain, and notable reductions in the use of conventional
medications including opioids, so important in the midst of this cri-
sis.
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When it comes to marijuana, one size does not fit all. We have
a single term, marijuana, and we often hear it used to refer to any-
thing like the whole plant or individual compounds from the plant,
intoxicating or not, which mean very different things.

Current regulations around marijuana limit the type and scope
of research projects we can do. And, contrary to popular belief, we
cannot currently study the impact of products that patients and
consumers are actually using via clinical trial models, significantly
reducing external or ecologic validity.

Further, as Dr. Volkow testified, the Schedule One status of
marijuana leads to a number of obstacles in conducting research.
Policy at this point has clearly outpaced science. And as the Nation
has warmed toward both the use of medical and recreational mari-
juana, the need for empirically sound data is critical in order to
maximize benefit and reduce harm.

Regardless of how you feel about marijuana, science and not
emotion or rhetoric must be our guide. We have a responsibility to
provide the best and most accurate data to our medical marijuana
patients, our recreational consumers, our health care providers,
and the general public so they can make the best, most informed
decisions about marijuana use.

At this point, I would thank you for your ongoing efforts and
being willing to help move things forward. Thank you.

The CHAIRMAN. Thank you, Dr. Gruber. Dr. Hennessy.

STATEMENT OF SEAN HENNESSY, PHARM.D., Ph.D., PRO-
FESSOR OF EPIDEMIOLOGY, UNIVERSITY OF PENNSYLVANIA
PERELMAN SCHOOL OF MEDICINE, PHILADELPHIA, PENN-
SYLVANIA

Dr. HENNESSY: Good afternoon, Senators. My name is Sean Hen-
nessy and I am a Pharmacist Epidemiologist at the University of
Pennsylvania. I was a member of the 16-person committee that
wrote this 468-page report entitled “The Health Effects of Cannabis
and Cannabinoids” that the National Academics of Science, Engi-
neering, and Medicine released in January 2017.

The report is a comprehensive review and synthesis of the then-
existing literature about the potential health effects, both thera-
peutic and harmful, of cannabis and cannabis-derived products.

The report lists nearly 100 different conclusions about these ef-
fects. It also discusses four barriers to conducting research on can-
nabis and makes four recommendations on how to address research
gaps.

I would like to summarize this report as 6-4—4. Six health effects
with high-level evidence. Four challenges to conducting research.
And four recommendations to moving forward. So among the high-
est levels of evidence about the health effects of cannabis we made
the following conclusions.

One, cannabis use prior to driving appears to increase the risk
of motor vehicle crashes, as we have heard about today.

Two, in states where cannabis is legal, there is an increased risk
of unintentional cannabis overdose in children.

Three, pregnant women who smoke cannabis increase the risk
that their baby will be born with lower birth weight.



22

Four, initiating cannabis use at a younger age is a risk factor for
developing problematic cannabis use later in life.

Five, long-term cannabis smoking increases the risk of chronic
breathing problems. And six, some people with chronic pain or
muscle spasm from multiple sclerosis can obtain relief of their
symptoms using cannabis-based products.

Most of the studies for these uses examined orally administered
cannabis extracts, rather than smoked cannabis. The report also
identified the following four challenges to conducting research on
the health effects of cannabis.

One, there are specific regulatory barriers, including the classi-
ﬁcatii)ln of cannabis as a Schedule One substance that impede re-
search.

Two, it is difficult for researchers to gain access to the quantity,
quality, and type of cannabis product that they need to conduct re-
search.

Three, it is difficult to obtain funding to support cannabis re-
search. And four, improvement and standardization in research
methods are needed.

Finally, the report makes the following four recommendations:

One, public health agencies and other groups should fund a na-
tional cannabis research agenda.

Two, agencies of the U.S. Department of Health and Human
Services should convene a workshop to develop a set of federal
standards and benchmarks to guide high-quality research on can-
nabis.

Three, federal, state, and local health authorities should fund im-
provements to the public health surveillance system.

And four, the CDC, NIH, FDA, and others should convene a com-
mittee to characterize regulatory barriers and propose strategies to
develop the resources and infrastructure that are needed to conduct
cannabis research.

I thank you for your attention and the opportunity to discuss
these important issues, and look forward to answering your ques-
tions.

The CHAIRMAN. Thank you, Dr. Hennessy. Dr. Meier.

STATEMENT OF MADELINE MEIER, Ph.D., ASSISTANT PRO-
FESSOR OF PSYCHOLOGY, ARIZONA STATE UNIVERSITY,
TEMPE, ARIZONA

Dr. MEIER. Good afternoon, Mr. Chairman and Senator Fein-
stein.

Co-Chairman FEINSTEIN. Could you speak directly into the mike?
It is hard to hear.

Dr. MEIER. Thank you for inviting me to contribute to my knowl-
edge about cannabis effects on cognitive functioning.

The most comprehensive study of cannabis use in cognitive func-
tioning was published by our group in 2012. Today I am going to
describe that 2012 study and explain the findings, why they are
important, and what additional research is needed.

We have studied the association between persistent cannabis use
over time and change in IQ from childhood to adulthood. And we
asked whether cannabis effects on IQ were concentrated among ad-
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olescent onset cannabis users. That is, cannabis users who began
using before age 18.

Data came from the Dunedin Study, which is a study of 1,000
children born in 1972 and ’73 in Dunedin, New Zealand, and fol-
lowed from birth to age 38, with 96 percent of the sample taking
part in the study at age 38.

IQ was tested at age 13, before anybody in the cohort had started
using cannabis, and again at age 38 after some members of the co-
hort had been using cannabis for years. We found that persistent
cannabis use from ages 18 to 38 was associated with decline in 1IQ.
And this decline in IQ was concentrated among adolescent onset
persistent cannabis users. These are cannabis users who began
using cannabis before age 18 and continued using for many years
thereafter.

Specifically, individuals who began using cannabis in adolescence
before age 18, and used it for years showed an average 8 point 1Q
decline from childhood to adulthood. However, individuals who
used cannabis short-term in adolescence showed only weak evi-
dence of IQ decline.

Further, individuals who began using cannabis in adulthood
sometime after age 18 did not show decline in IQ even when they
used persistently.

Quitting or reducing cannabis use did not fully restore intellec-
tual functioning. Decline in 1Q could not be explained by alcohol or
other drug use, or by reduced years of education among cannabis
users.

Decline in IQ could also not be explained by low childhood socio-
economic status or poor childhood self-regulation. Friends and rel-
atives reported noticing more attention and memory problems in
everyday life among the persistent cannabis users. These findings
are important for a number of reasons.

First, an especially important feature of this study is that we had
1Q test data from both before and after study members started
using cannabis. This allowed us to rule out the possibility that I1Q
deficits in cannabis users predate the onset of cannabis use.

We showed that regardless of their I1Q test performance in child-
hood, adolescent onset persistent cannabis users performed worse
than nonusers, and worse than adult onset cannabis users on 1Q
tests in adulthood.

Second, the eight-point I1Q decline we observed among cannabis
users who began using cannabis in adolescence and continued
using for many years is non-trivial. For example, an average per-
son has an IQ of 100, placing them in the 50th percentile for intel-
ligence, compared to same-age peers. If this average person loses
8 IQ points, they drop from the 50th to the 29th percentile for in-
telligence.

Third, IQ is a predictor of a person’s access to a college edu-
cation, their lifelong total income, their access to a good job, and
their performance on the job. Individuals who lose 8 IQ points may
be disadvantaged relative to their same-age peers in many impor-
tant aspects of life. In fact, the adolescent onset persistent cannabis
users from our 2012 study ended up in occupations that were less
prestigious, less skilled, and less well paid than their parents’ occu-
pations.
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Finally, only about 2 percent of the sample became those adoles-
cent onset persistent cannabis users. Thus, any effect of cannabis
on IQ is confined to a relatively small segment of the population.
Nonetheless, findings are concerning given that fewer adolescents
today believe that regular cannabis use presents a serious health
risk.

Additional research is needed to answer the following questions:

One, what are the mechanisms underlying cannabis-related 1Q
decline?

Two, what are the parameters of cannabis use that determine
the magnitude and persistence of cognitive deficits? These are
things like frequency, duration, quantity of use, and potency.

Three, does cognitive functioning recover with abstinence?

Four, are there individual differences in susceptibility to can-
nabis-related cognitive deficits?

To answer these questions, we need large-scale longitudinal stud-
ies to follow use from before to well after cannabis initiation, and
to combine cognitive testing with brain imaging to better under-
staréczl the mechanisms that might underlie cannabis-related decline
in 1Q.

The Adolescent Brain and Cognitive Development Study was
launched in part to meet this need. Thank you.

The CHAIRMAN. Thank you, Dr. Meier.

Welcome, Senator Rosen. Thank you for joining us. Let me start
with a five-minute round of questioning.

Dr. Gruber, just a point of clarification. We heard from the pre-
vious panel that THC concentrations in recreational marijuana
have at least tripled. But I see in your paper you say that you be-
lieve it has quadrupled from 1995 to 2017. Is that correct?

Dr. GRUBER. I think the prior panel referenced the paper that
was published

I think the prior panel referenced the paper that was

Co-Chairman FEINSTEIN. Louder, please? I'm sorry.

Dr. GRUBER. Sure. Is that better? I think the prior panel ref-
erenced the publication from 2014——

The CHAIRMAN. Oh, okay.

Dr. GRUBER. At that time, the difference from 95 to 2014 was
about three times.

The CHAIRMAN. Three times?

Dr. GRUBER. Right now, the average potency across the Nation
from government-seized products is about 17 percent. That is con-
trasted to about just under 4 percent in 1995.

The Chairman. Okay, so that is significant. You think the best
information is it has quadrupled in concentration?

Dr. GRUBER. I would say in terms of national averages for THC,
that is right.

The CHAIRMAN. But

Dr. GRUBER. Those were recreational products.

The CHAIRMAN. But you also point out—and this is really the
point I wanted to get to—is that there are concentrates, other prod-
ucts that have been created. You mentioned things like Dabs, the
colloquial name for concentrated oil, created by extracting THC
from flower-based marijuana products, Shatter Wax, Butter, and
others, that all have a significantly higher concentration potency
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compared to conventional marijuana products as high as 80 percent
more concentrated. Is that correct?

Dr. GRUBER. Or higher, absolutely right. This is the recreational
market that is very focused on increased THC because if the goal
of use is to become intoxicated, or to change your current state of
being, you are looking for products that will deliver that bigger
bang for the buck, if you will. So these products are very, very pop-
ular and becoming more popular across the Nation in the rec-
reational market.

The CHAIRMAN. Well it strikes me as significant. If you smoke it,
it is about four times more powerful than it was in 1995. But you
can take it in a concentrated form that could be 80 percent of tradi-
tional marijuana product.

Dr. GRUBER. Exactly. THC is significantly higher, as we heard
from our first panel, significantly higher these days than in prior
years.

The CHAIRMAN. Well I can imagine just from a scientific stand-
point trying to figure out what the dosing is, and what the effect
of a dose is very difficult given the range of ways that people can
get access to the active ingredient.

Dr. GRUBER. Mode of use is very important in terms of onset of
effects and duration of effects. Absolutely true. Especially impor-
tant for our medical cannabis patients.

The CHAIRMAN. Dr. Fitzgerald, you have done a lot of work, you
said, in terms of its impact on impaired drivers. Would it be fair
to say that the concentration of THC and whether it is consumed
from recreational use of smoking marijuana compared to these con-
centrates? Does it have a—is there a correlation between the con-
centration of the product that you consume and the level of impair-
ment for drivers?

Dr. FITZGERALD. So I think that is one of the issues that Dr.
Adams brought up, as well, is that we have not even been able to
study the Dabs and the concentrates. It is not possible to do those
studies, currently.

The CHAIRMAN. But those are not standardized products? I mean,
like you would be able—you cannot compare widgets to widgets, I
guess.

Dr. FITZGERALD. Correct.

The CHAIRMAN. Because they are all sort of concocted by whoever
makes them, according to their own recipe, and the like.

Dr. FITZGERALD. Several issues there. One, we do not know what
is actually in those. They are labeled. California actually does have
a reasonably good laboratory system for analyzing plant materials,
as well as Dabs and things for pesticides and concentrations of
THC. But that is only in the legal market. And the legal market,
unfortunately, is a small share of the total market of recreational
marijuana.

The CHAIRMAN. As we know, there has been an unfortunate in-
crease in suicides in the country, a lot of concerns about our Vet-
erans in particular, but not just Veterans. It is just young people
and others who end up taking their life.

I wonder, do you find any correlation between self-medication of
people with underlying mental health disorders that get exacer-
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bate(gl by the use of marijuana or some of these concentrated prod-
ucts?

I do not know who would be the most appropriate person to ask.
If you have an opinion, please jump in.

Dr. GRUBER. I have an opinion, since I work in a psychiatric hos-
pital and have been seeing the patients for about 30 years.

The CHAIRMAN. It sounds to me like you are qualified.

Dr. GRUBER. Maybe, I don’t know. It’s under debate. I can tell
you that there are many, many patient populations that derive real
benefit from using cannabis or cannabinoid-based products. And
the potential risk for individuals with undiagnosed conditions or
disorders—you know, where we hear about these individuals who
are using and not necessarily disclosing, or they are self-medi-
cating. One of the important things to be mindful of is that it is
not necessarily the cannabis. But we have to be mindful of what
is driving the cannabis use.

Individuals who have different types of conditions, as I men-
tioned, often get benefit from use. But it is very, very important to
watch these people over time and to look at the impact versus, you
know, sort of a cross-sectional assessment, in a longitudinal fash-
ion.

No doubt some individuals with differing conditions have their
conditions exacerbated by cannabis use. That is why it is so impor-
tant to be able to identify the most likely compounds from the
plant which may make things worse versus those which may make
things better.

In fact there is evidence to suggest some compounds from the
plant may actually really positively impact some of these conditions
that we see. And this is why so many people are turning toward
them. But without real empirically sound data to guide these types
of studies, we have limited ability to give them information.

The CHAIRMAN. Well my understanding, my layman’s under-
standing, is that there is some evidence that epilepsy can be treat-
ed using THC-related products.

Dr. GRUBER. Cannabidiol.

The CHAIRMAN. Okay. Is there any—what other benefits have
you been able to identify based at least on anecdotal information,
in the absence of these longitudinal studies? What other benefits
do you suspect may be derived from use of marijuana?

Dr. GRUBER. So different compounds from the plant may very
well have individualized benefits. We know about cannabidiol. I
think this was mentioned in your bill. Cannabidiol has been shown
to potentially be efficacious not just for epilepsy, which is now ap-
proved by the FDA, Epidialial Schedule Five, but for other condi-
tions. There have been some interesting studies, including pre-
clinical work, in areas like anxiety. A number of different condi-
tions may be positively impacted by cannabidiol. Other compounds
may yield, again, therapeutic potential, but we do not have much
in the way of long-term studies. And unfortunately, it is very dif-
ficult to study these compounds using clinical trial models, sort of
the gold standard for deriving empirically sound data, given our
current restrictions.

We have an ongoing—we just started a long-term clinical trial,
open label to double-blind, of a whole plant full spectrum product
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for patients with anxiety. This data will be very, very important
since so many people turn to things like CBD and they say it is
good for this, it is good for this, and it would be great to have em-
pirically sound data to lean on to actually guide patients and care
givers.

The CHAIRMAN. I even have a friend who said they put CBD
product in their pet food——

Dr. GRUBER. Sure.

The CHAIRMAN [continuing]. So their pet—it relieves their pet of
anxiety. So I guess it cures everything.

Dr. GRUBER. I do not know about everything, but there is some
data from studies outside of this country, small studies, in terms
of cannabidiols’ impact on anxiety, some pre-clinical work, and fi-
nally some work here. So it certainly begs the question of how
much more we need, which in my opinion is a lot more. But we are
starting.

The CHAIRMAN. Thank you. Doctor—Doctor Feinstein? Senator
Feinstein. {Laughter.]

Co-Chairman FEINSTEIN. Thank you. Thirty-three states and the
District of Columbia have legalized marijuana in some form. And
each state has its own laws and regulations.

Should we be concerned that the lack of uniformity across states
in terms of testing, labeling, packaging, the strength of products
that may be sold, how they may be advertised, and how they may
be accessed, can lead to consumer confusion? And this could
produce unintended acute public health effects, including increased
emergency room visits.

In Colorado, for example, there was a three-fold increase in mari-
juana-related emergency room visits between 2012 and 2016. So
here is the question:

Would uniform regulations across states be helpful to ensure con-
sumer safety and reduce public health impacts such as emergency
room visits associated with marijuana use? Who would like to go—
why don’t we just go right down the line. If you have a comment,
make it. If you do not, you do not.

Dr. FITZGERALD. Yes, certainly I think California is a model
there for the fact that all the state-approved marijuana has actu-
ally been through a very sophisticated testing scheme to show its
purity, show that it does not have pesticides, show it does not have
fungus, and those things. There is some question about the reli-
ability of different laboratories, and it would be nice to have a ref-
erence laboratory that everyone else sort of standardizes against.
That would be useful to have uniform labeling. And certainly the
CDC can be helpful in that regard.

Co-Chairman FEINSTEIN. Thank you.

Dr. GRUBER. I think it is incredibly important to have uni-
formity.

Co-Chairman FEINSTEIN. I am having trouble hearing you.

Dr. GRUBER. I think it is incredibly important to have uni-
formity, and even more important to have full disclosure of “what’s
in your weed”? People have no idea very often what they are get-
ting. So I think it is incredibly important, since states make their
own, sort of their own rules and regulations about what is allowed.
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In my State of Massachusetts—and I spend a lot of time in Cali-
fornia as well—these things are clearly defined in terms of testing
for aflatoxins, heavy metals, pesticides, contaminants, yeast,
mold

Co-Chairman FEINSTEIN. So a standard across the United States
would be helpful?

Dr. GRUBER. I think having a reference standard would be in-
credibly important in making sure every state does thorough test-
ing is critical.

Co-Chairman FEINSTEIN. Thank you.

Dr. HENNESSY. I agree. I do not have anything to add.

Co-Chairman FEINSTEIN. Thank you.

Dr. MEIER. I agree, as well, and do not have anything additional
to add.

Co-Chairman FEINSTEIN. Okay. What is the most common form
of marijuana concentrate being used by adolescents? And how
much THC does it contain? Adolescent use is my big concern.

Dr. MEIER. My group just published I believe the first epidemio-
logical study of that. And we found that you can talk about con-
centrates as a general class, but there are two really different types
of concentrates—one that is extracted using a solvent like butane—
and those tend to have generally higher concentrations than the
other class of concentrates where the THC is extracted using ice,
or just rubbing it. And that has still much higher THC content
than, for example, marijuana which is the buds of the cannabis
plant. And that adolescents are using all of that. But primarily
they are using the solvent-extracted——

Co-Chairman FEINSTEIN. They are using the what?

Dr. MEIER. The solvent-extracted concentrates.

Co-Chairman FEINSTEIN. What is that?

Dr. MEIER. Which go by names, various names. Dabs is the ge-
neric name to refer to just taking a very small kind of waxy piece
of the concentrate. But then there’s Butane Hash Oil, or they call
it BHO, and it is called that because you extract the concentrate
with butane solvent.

It is also called “Honey Oil,” “Crumble,” lots of different names
for it. And while those products look different, one can look like a
waxy sticky substance, one can look like butter, they all contain
similarly high levels of THC.

Co-Chairman FEINSTEIN. Ah-hah. So are they heavily used by
adolescents?

Dr. MEIER. We know from the State of Arizona one in four ado-
lescents have said they have tried concentrates.

Co-Chairman FEINSTEIN. So what would you suggest we do, if
anything?

Dr. MEIER. I think we need—my primary concern is educating
parents and people like you to recognize what a concentrate is. It
does not look like marijuana. It looks very different, and recog-
nizing that that contains very high levels of THC which could pose
risks to health.

Co-Chairman FEINSTEIN. Well would you have a standard for
this? Does that makes sense? Or should government get involved
in this? I think, you know, when you talk about adolescents, you
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do not want them to die and you do not want them to become ad-
dicted.

Dr. MEIER. Correct. We do not want them to become addicted.
But we still need to do research on whether adolescents who use
concentrates are more likely to become addicted than if they use
the lower THC marijuana.

So I think we need more research, because some evidence sug-
gests that it is possible that these concentrates will not have ill ef-
fects if adolescents are titrating their use, which means using less
when the THC content is high.

Co-Chairman FEINSTEIN. Thank you. Thanks, Mr. Chairman.

The CHAIRMAN. Senator Rosen.

Senator ROSEN. Well thank you. I want to thank Chairman Cor-
nyn, Ranking Member Feinstein, for holding this important hear-
ing. I want to thank all of you for your years of school and research
and dedication to this extremely important topic.

I want to talk a little bit about medical marijuana. Although
marijuana is legal in Nevada for both medicine and recreational
purposes, the research that you are doing is so important for my
state’s hospitals, providers, schools, parents, law enforcement agen-
cies, anybody that is concerned with the public health impact. And
there are approximately in Nevada about 17,000 medical mari-
juana patients.

So this research that you do really impacts their lives, their abil-
ity to seek treatment for their medical conditions. And so with that
in mind, I really appreciate the bipartisan approach which has led
to this hearing, and I hope the conversation will continue to be re-
search and science based. It is so important that we have these lon-
gitudinal studies, epidemiological studies, so on and so forth. It
makes a real difference as to how our communities can educate and
legislate, if we need to, to do the right thing.

But I want to talk about the potential benefits of medical can-
nabis in treating our Nation’s Veterans. We have over 220,000 Vet-
erans in Nevada. And, let me tell you, I do not have to tell you how
much they do struggle. They struggle with chronic pain. They
struggle with depression, anxiety, post traumatic stress symptoms,
and in too many cases they are becoming addicted to medications
prescribed to them—opioids, other things like that.

Our Veterans have given so much to their country, they just
want to come back. They want to claim their lives and continue to
serve their communities in whatever way is good for them and
their families.

And so VA providers are currently prohibited from recom-
mending or prescribing cannabis use. The VA will not reimburse
Veterans for medical marijuana prescriptions from any source.

Former VA Secretary David Shulkin, he stated last week he be-
lieves the VA should be involved in research and anything that
could potentially help Veterans and their wellbeing.

So to Dr. Hennessy, and then anyone else after, you were a mem-
ber of a committee that conducted rigorous overview of available
research on the potential health benefits of cannabis, or thera-
peutic benefits. It also identifies barriers to research and you made
recommendations.
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So I would really appreciate your thoughts of how we might use
cannabis to help our Veterans through anxiety and depression in
those ways, and find alternatives to treat the issues that they are
suffering from when they come home.

Dr. HENNESSY. So thank you for your question, Senator. So of the
uses that you mentioned, there is randomized trial data supporting
the use of cannabis products for chronic pain. And the cannabis
products that were studied most often for chronic pain was an oral
solution of one-to-one THC to CBD. It was not either smoked or
vaped cannabis.

The other indications that you mentioned, anxiety, depression,
PTSD, there are not good data from randomized trials that support
the efficacy of either whole cannabis or cannabis-derived products
for those indications.

Lack of evidence does not mean that the products are not—that
none of the constituents of cannabis are not effective. In some cases
it merely means that the studies have not been conducted, or not
enough of them have been conducted to identify a beneficial effect,
if there is one.

Senator ROSEN. But you would support us funding, or lifting the
ban on some of the research to find out if we can use these prod-
ucts effectively, Dr. Gruber?

Dr. GRUBER. Yes. And thank you so much for focusing on this
issue. We have a program through the MIND program called Serv-
ing Those Who Have Served. And it is dedicated to our Veterans.
Because so many are already using cannabis of cannabanoids for
treatment, many are interested in using it. But we have no real
data.

Senator ROSEN. Right.

Dr. GRUBER. So, you know, we come at this as a quasi clinical
trial because we cannot administer products that are in the mar-
ketplace, given our current federal regulations and restrictions. So
we do the best that we can.

But we followed these folks over time, longitudinally. And we
need more data like that to be able to really understand the im-
pact. As referred to by Dr. Hennessy, we do not have a ton of data.
But certainly lifting anything that would allow greater research ef-
forts to be made I would be in favor of.

Senator ROSEN. Well thank you. I want to—you spoke about
chronic pain, and I was fortunate enough to be able to start the
Comprehensive Care Caucus, which is focusing on palliative care,
people living with a terminal illness or chronic disease, and they
need palliative care, although they may not be getting curative
care.

And so can you speak to the effects of how we could use cannabis
in the palliative care spectrum for those, as I said, living with
chronic disease, or living longer with terminal illness, to relieve
some of the symptoms that they may be having as a result of their
disease?

Dr. HENNESSY. Sure. So one of the symptoms that patients in
palliative care experience is chronic pain. And as I mentioned,
there are clinical trials showing that oral solutions of cannabis ex-
tract are effective for chronic pain.
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In terms of other indications for use in the palliative care setting,
I think more research is needed to be able to recommend them as
effective therapies. We do not want to recommend therapies and
offer false hope to people for therapies that end up not being effec-
tive. That, in addition, has side effects on their own.

Senator ROSEN. Right. Thank you.

Dr. GRUBER. I think it is also important, just to dovetail on what
Dr. Hennessy is saying, to be able to assess the actual products
that patients are using, as opposed to just sort of guessing. And the
one-to-one ratios of oral solutions, things like Sativex, are not nec-
essarily in the marketplace for our palliative care patients.

Our ongoing longitudinal study at the MIND program actually
follows patients with chronic pain as a subgroup, and they dem-
onstrated improvements over time using lots of different products.
But this research is really in its infancy, and this is, as far as I
know, the only longitudinal study like this in the country.

Senator ROSEN. Right.

Dr. GRUBER. We need a lot more.

Senator ROSEN. Well I applaud all of your work, and I do think
that particularly in the medical space trying to find the ways that
we can use marijuana, whether for chronic pain, anxiety, terminal
disease, PTSD, depression, if we can find ways that make people—
help them go better through their lives, then it is definitely worth
researching. And I appreciate your hard work. Thank you.

The CHAIRMAN. Thank you, Senator Rosen.

Dr. Gruber, I think I understand what you were telling me ear-
lier. Let me just confirm I got this right. There is a part of mari-
juana that will make you high. That is THC, right? The active in-
gredient?

Dr. GRUBER. That is the primary psychoactive compound in the
plant, yes.

The CHAIRMAN. Okay, that is a more eloquent way of saying it
than I did. And then there are other products from the marijuana
plant, or that can be derived from that, like CBD that you think
has some medicinal or beneficial effects? But that has little or no
THC in it. Correct?

Dr. GRUBER. Correct. Just to clarify, really quick and dirty, can-
nabis sativa-L, the plant, is comprised of hundreds of compounds.
The primary psychoactive compound is THC. That gets you high.
The primary non-intoxicating constituent is cannabidiol, shown to
have tremendous—at least thought to have tremendous therapeutic
benefit.

There are many, many other cannabinoids—canabachromine,
canabajeral, tetrahydro canabaren, as well as terpinoids, the essen-
tial oils that give cannabis its characteristic scent and flavor profile
that have also been touted to have potential beneficial effects.
Flavanoids. The plant is incredibly complex. It is not just THC and
CBD, although I know that is where we start our discussions, but
it is important to remember that alongside THC we have CBD and
other players.

The CHAIRMAN. Would it be possible for Congress to de-schedule
or to treat CBD and other non-THC products differently than it
would THC or psychoactive components of the plant?
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Dr. GRUBER. As I understand it, currently under the Controlled
Substance Act anything that comes from the plant cannabis sativa
with greater than .03 percent THC by weight falls under Schedule
One. Anything that comes from industrial—so-called “industrial
hemp” legalized in the 2018 Farm Bill, or Hemp Bill, CBD from
that source is legal. So that is de-scheduled.

The CHAIRMAN. So Congress has already carved out an exception,
basically, for hemp?

Dr. GRUBER. For industrial hemp-derived CBD, ostensibly the
DEA will allow those types of research studies to move forward.

The CHAIRMAN. And what differentiates those two, is one has a
negligible, if any, THC component.

Dr. GRUBER. That’s right.

The CHAIRMAN. And the other product that is a psychoactive one
has the THC at a much more concentrated level.

Dr. GRUBER. Much more concentrated levels. Both plants have
THC. Industrial hemp maxes out by definition as .03 percent THC
by weight. Cannabis sativa-L, when we think of marijuana, we
think of that plant that can be bred to have very, very high levels
of THC, as well as levels of other cannabanoids. There are dif-
ferences in the two cultivars.

The CHAIRMAN. Well that is helpful. Thank you, very much.

Senator Rosen, do you have anything else you would like to ask?

[No response.]

The CHAIRMAN. Well, let me express my gratitude to each of you
and our previous panel of witnesses. This is a conversation we
should have started a long time ago, but I am glad at least we are
starting it now.

And as you can tell, there is a lot we have to learn, Members of
Congress, the policymakers, but I think the American people. I
think the risks, the health risks of marijuana use have been
undersold, and as we heard from the previous panel, but yet there
are beneficial uses that do not involve the psychoactive component
we have heard that could be enormously helpful.

So this has been very informative and so I thank you for it.
Thank you for your participation. We are going to close the hearing
now, but we will leave the record open for another week in case
any member of the Caucus has written questions they would like
to ask to follow on.

But taking Senator Feinstein up on her suggestion, it may be
that the Caucus would decide to publish a white paper on what we
have learned here, perhaps for the benefit of others, including pol-
icymakers like ourselves, and that is something we are going to
look into as well.

So we look forward to continuing the conversation with you, and
thank you very much for being here.

(Whereupon, at 5:01 p.m., Wednesday, October 23, 2019, the
hearing in the above-entitled matter was adjourned.)

[Questions and answers and submissions for the record follow.]
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Senate Caucus on International Narcotics Control
Marijuana and American’s Health October
23,2019 Hearing

Questions for the Record
Senator Cornyn:
Dr. Volkow —
Marijuana and Risk of Mental Ulness

The Surgeon General’s advisory noted the risk for early onset of psychotic disorders, such as
schizophrenia that increases with a higher frequency of marijuana use, higher potency of
marijuana products, and younger age of use.

0 Could you discuss the studies NIDA has initiated or funded that are looking into this
increased risk? Is this risk limited to certain psychotic disorders, or does it apply more
broadly to mental illness?

Response:

Multiple NIH Institutes and Centers, as well as other federal and non-federal organizations, have
supported research examining the link between marijuana and psychosis. Studies have found that
having ever used marijuana, compared to never having used marijuana, is associated with double
the risk of schizophrenia, ! while frequent use or use of marijuana with high delta-9
tetrahydrocannabinol (THC) potency is associated with a six-fold increased risk compared to
non-users.?> Research also suggests that marijuana use has the potential to trigger the first
symptoms or exacerbate the course of a lasting psychotic illness in some individuals (e.g., those
with a genetic vulnerability).* In one study of patients in Europe and Brazil who sought
treatment for their first psychotic episode, daily marijuana users were at three times greater risk
for a psychotic disorder than non-users. Daily users of Aigh-potency marijuana were at nearly
five times greater risk compared to non-users.’

While the research to date shows the strongest link between marijuana and psychosis, there is
evidence for an association between marijuana use and other mental health conditions. A
comprehensive review of all the data available in 2017 conducted by the National Academies of

! van Os J, Bak M, Hanssen M, Bijl RV, de Graaf R, Verdoux H. Cannabis use and psychosis: a longitudinal population based study. Am J.
Epidemiol. 2002:156(4):319-327

* Andréasson S. Allebeck P, Engstrom A. Rydberg U. Cannabis and schizophrenia: a longitudinal study of Swedish conscripts. Lancet.

3, 2(8574):1483- 1486.

4 Caspi A, Moffitt TE, Cannon M, et al. Moderation of the effect of adolescent-onset cannabis use on adult psychosis by a functional
polymorphism in the catechol-O-methyl gene: Jongitudinal evidence of a gene » environment interaction, Biol Psychiatry. 2005:57
{(10%:1117-1127

3 Di Forti M, Quattrone D, Freeman TP, et al. The contribution of cannabis use to variation in the incidence of psychotic disorder across Furope
(EU-GEI): a multicentre case-control study. Lancet Psychiatry. 2019:6(5).427-436.
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Sciences, Engineering, and Medicine, concluded there is a moderate association between
cannabis use and suicidal behavior; that among individuals diagnosed with bipolar disorders,
near daily cannabis use may be linked to increased symptoms of mania compared to non-users;
and that regular cannabis use is likely to increase the risk for developing social anxiety disorder.®
The report states that cannabis use does not appear to increase the likelihood of developing
depression, anxiety disorder (except social anxiety disorder), or posttraumatic stress disorder.

Additional research is needed to delineate the complex relationships between marijuana use and
the risk of mental health conditions. NIDA is leading two major studies with significant potential
to advance knowledge in these areas. The Adolescent Brain Cognitive Development (ABCD)
study is the largest long-term study of brain development and child health in the United States.
Over 11,000 children ages 9-10 have been recruited and will be followed into early adulthood to
determine how substance use—including marijuana use—and other childhood exposures affect
brain and cognitive development and other childhood health outcomes. While a full picture will
take years to emerge, this study has already begun to yield significant insights into the links
between marijuana and psychosis. For example, earlier this year, ABCD researchers reported
that prenatal marijuana exposure after, but not before, maternal knowledge of pregnancy may be
associated with a small increase in risk of psychosis during middle childhood.” Complementing
ABCD is the HEALthy Brain and Child Development (HBCD) Study, which is supported in part
by the NIH HEAL (Helping to End Addiction Long-term) Initiative®™ and is currently in its
planning phase. HBCD would establish a large cohort of pregnant women and assess maternal
and child outcomes over the course of at least 10 years. Findings will help researchers
understand both normal childhood brain development as well as the long-term impact of prenatal
and postnatal drug exposure. The National Institute on Mental Health (NIMH) also supports
research on the association between marijuana use and mental health conditions. One NIMH
study is examining preexisting differences in key components of the endogenous cannabinoid
system as potential predictors of first episode psychosis patients.®

O Are there studies looking into other health risks of these higher-potency products? Are
you able to expand on those?

Response:

It is difficult to conduct research on high-potency products in the United States. Although the
NIDA Drug Supply program offers higher potency marijuana for research, the potency of NIDA
products does not match that available on the market. Moreover, federally-funded researchers are
unable to access dispensary products, so research on those products is limited to observational
studies. Those studies are in turn limited by researchers’ inability to analyze the composition—

6 The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research. Board on Population
Health and Public Health Practice, Health and Medicine Division. The National Academies Press. 2017
7 Fine JD, Moreau AL, Karcher NR, Agrawal A, Rogers CE, Barch DM, Bogdan R. Association of Prenatal Cannabis Exposure With Psychosis
Proneness Among Cluldren in the Ado]escent Bmm Cognmve Deve]opmenl (ABCD) Smdy JAMA Psychiatry. 2019 Jul 1:76(7):762-764.
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including THC potency—of the products that research participants are using or the dose at which
they are using them.

Nevertheless, there have been some studies examining other health risks associated with
higherpotency marijuana products. For example, some of the studies examining the impact of
high potency products on psychosis mentioned above also examined effects on brain structure,
cognition, and metabolism. One study found that frequent use of high-potency marijuana was
associated with changes in brain structure that may underlie cognitive changes.® Researchers are
also studying whether known health effects associated with chronic marijuana use may be more
severe in individuals using higher-potency marijuana. These effects include impairments in
learning, memory, and attention,'® as well as effects on insulin sensitivity and metabolism.!! In
addition, through the NIH-supported ABCD study, researchers will be able to examine the
effects of marijuana at various levels of potency on brain and cognitive development and a host
of other child health outcomes.

Another important outcome of interest is the development of cannabis use disorder (CUD),
which takes the form of addiction in severe cases. Recent data suggest that 30 percent of those
who use marijuana may have some degree of CUD. The use of higher potency marijuana is
associated with increased risk of developing CUD'? and increased CUD severity.'* Researchers
are also examining how the use of high potency marijuana concentrates, which have become
increasingly popular, affect risk for substance use disorder more broadly. A recent study found
that relative to adolescent marijuana users who had not used concentrates, those who had were
more likely to use other substances and to experience more risk factors and fewer protective
factors for substance use problems, raising concerns about high-risk adolescents’ exposure to
high-THC marijuana.'*

Researchers are also interested in how the potency of marijuana products may relate to impaired
driving. Marijuana significantly impairs judgment, motor coordination, and reaction time, and
studies have found a direct relationship between blood THC concentration and impaired driving
ability.!>1%1718 However, the exact nature of the impairment remains unclear and is often
complicated by individuals who have used both alcohol and marijuana. NIH is supporting a
project that uses a driving simulator and various levels of THC and cannabidiol (CBD) potency
to better characterize these effects and the relationship between potency, blood levels, and
driving impairment.'®

? Rigucci S et al. Effect of high-potency cannabis on corpus callosum microstructure Psychol. Med., 46 (2016), pp. 841-854

19 hitps://projectreporter.nih.gov/project_info_description.cfin?aid=9456715&icde=47797167

' https://projectreporter.nih.gov/project_info_description.cfin?aid=9740528&icde=47797188

12 Arterberry BI et al. Higher average potency across the United States is associated with progression to first cannabis use disorder symptom.
Drug and Alcohol Dependence, Volume 195, 1 February 2019, Pages 186-192

13 Freeman TP, Winstock AR. Examining the profile of high-potency cannabis and its association with severity of cannabis dependence Psychol.
Med., 45 (2015), pp. 3181-3189

4 Meier MH et al. Cannabis Concentrate Use in Adolescents. Pediatrics. August 2019. €20190338; DOL https://doi.org/10.1542/peds.2019-0338
13 Lenné MG et al. The effects of cannabis and alcohol on simulated arterial driving: Influences of driving experience and task demand. Accid
Anal Prev. 2010:42(3):859-866. doi:10.1016/j.aap.2009.04.021

16 Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem. 2013;59(3):478-492. doi:10.1373/clinchem.2012.194381

17 Hartman RL, Brown TL, Milavetz G, et al. Cannabis effects on driving lateral control with and without alcohol. Drug Alcohol Depend.
18:154:25-37. doi:10.1016/j.drugalcdep.2015.06.015

' https://projectreporter.nih.gov/project info_description.cfin?aid=9735170&icde=47797188
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Dr. Volkow —
NIH Research into Medical Uses

NIH has supported research into the pharmacology of THC and other cannabinoids, and the
National Academies report from 2017 found that orally administered THC is effective in treating
some medical conditions.

+ Do you think those studies are sufficient for patient use of those products? If not, what
regulatory structure should be used to evaluate the safety and efficacy before they are
prescribed?

Response:

While NIH supports research that generates evidence on the safety and efficacy of potential
therapeutics, it is outside of NIH’s purview to determine if there is sufficient evidence to support
approval of such products for patient use. The U.S. Food and Drug Administration (FDA) is the
Federal agency charged with determining whether medical products are safe and effective for
their intended use, and the FDA has a rigorous evaluation process. To date, the FDA has not
approved marijuana (the whole plant) for the treatment of any disease or condition. However,
several synthetic or plant derived cannabinoid drugs have been approved. These include Marinol
and Syndros for the treatment of anorexia associated with weight loss in AIDS patients and for
nausea and vomiting associated with cancer treatment. Marinol and Syndros include the active
ingredient dronabinol, a synthetic form of THC. The FDA also approved Cesamet, which
contains the active ingredient nabilone, a synthetic chemical similar to THC. Cesamet is
approved for nausea and vomiting related to cancer treatment. Epidiolex, which contains purified
marijuana-derived cannabidiol, was approved for the treatment of seizures associated with
Lennox-Gastaut and Dravet syndromes in patients two years of age and older.

* Do studies related to treating medical conditions typically utilize orally administered
THC and cannabinoids?

Response:

Studies examining the therapeutic potential of cannabinoids use various routes of administration.
Some studies use orally administered THC and/or cannabidiol, often as a capsule or a liquid
extract, and others use vaporized or smoked forms. Observational studies examining the impact
of marijuana use to self-treat health conditions include patients using marijuana in whatever form
they choose. Most therapeutic studies (including those summarized in the NASEM report®) do
not use marijuana plant material. Various factors make smoked marijuana less therapeutically
promising than purified cannabinoid medications delivered through alternative routes of
administration. These include the potential harmful effects on the lungs and heightened risk for
addiction. In addition, the marijuana plant contain numerous poorly understood chemicals in

2 The Health Effects of Cannabis and Cannabinoids: The Current State of Evid and Rec dations for R h. Board on Population
Health and Public Health Practice. Health and Medicine Division. The National Academies Press. 2017
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addition to THC and CBD, and it is difficult to standardize dosages of a smoked plant with
highly variable cannabinoid concentrations. Moreover, researchers who want to study the
therapeutic use of marijuana plant material are required to obtain their product from the NIDA
Drug Supply Program. This might be a disincentive for developing the plant as a medication
insofar as it is not clear how developers would demonstrate equivalency between the marijuana
available through NIDA that they would have to use in their clinical trials and the drug product
that would ultimately be approved by the FDA for eventual marketing and sale.

«  Are there any known medicinal uses for smoked marijuana?

Response:
There are currently no FDA-approved medicinal uses for smoked marijuana.

Senator Feinstein:

uestions for Nora Volkow, MD, Director of the National Institute on Drug Abuse (NIDA)

1. Using Marijuana to Treat Chronic Pain and Post Traumatic Stress Syndrome (PTSD)

A 2014 study published in the Journal of the American Medical Association found an association
between lower opioid overdose death rates and marijuana use. This study was based on data from
1999 to 2010.

A subsequent study, published in the Proceedings of the National Academy of Sciences, which
examined data from 1999 to 2017, found that states with medical marijuana laws actually saw a
23 percent increase in opioid overdose deaths.

a) What should we make of these studlies, which seem to be in conflict?

Response:

The study published in 2014 in the Journal of the American Medical Association (JAMA), which
analyzed data through 2010, showed slower rates of increase in opioid analgesic overdose death
rates in states with medical marijuana laws compared to states without such laws. 2! The subsequent
study published in the Proceedings of the National Academy of Sciences reexamined this
relationship using data through 2017. Similar to the previous study, it found that opioid overdose
mortality rates between 1999-2010 in states allowing medical marijuana use were 21 percent lower
than expected. However, when the analysis was extended through 2017, it was found that the trend
reversed, such that states with medical marijuana laws experienced an overdose death rate 23

* Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical Cannabis Laws and Opioid Analgesic Overdose Mortality in the United
States, 1999-2010. JAMA Intern Med. 2014;174(10):1668-1673.
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percent higher than expected.?? This discrepancy suggests that overdose death rates are changing
due to factors that weren’t accounted for in the model, which could include a large range of
influences from cultural shifts to state opioid policies to changes in the drug supply.

Many similar studies have assessed the impact of medical marijuana laws on opioid outcomes.
Overall, results are inconsistent. There is some evidence to suggest that legalization of marijuana
for recreational purposes and ready availability of marijuana dispensary products are associated
with decreases in rates of opioid overdose.??* There is also evidence that medical marijuana
laws are associated with lower levels of opioid prescribing in Medicaid and Medicare Part D
enrollees.?>% On the other hand, one study of a nationally representative sample found that
medical marijuana law enactment was not associated with a reduction in nonmedical use of
prescription opioids.?” Tt should be emphasized that ecological studies that look at population
measures of opioid outcomes cannot prove causation. More prospective studies controlling for
important individual and state-level covariates are needed. It should also be emphasized that
marijuana use carries risks, and the FDA has not approved marijuana or any cannabinoid drug
for the treatment of pain, opioid misuse, or opioid use disorder.

b) Does medical marijuana have the potential to be an effective substitute for opioids in
treating pain?

Response:

Preclinical and clinical research suggest that cannabinoids (chemicals found in marijuana) may
have a role in treating pain, especially neuropathic pain; indeed, treatment of chronic pain is the
most frequently cited reason for medical marijuana use.?® In theory, marijuana could reduce or
replace opioid use for pain, and this idea has significant anecdotal support. Survey data have
shown that patients report substituting marijuana for opioids and benzodiazepines, and that
patients replacing prescription opioids with marijuana have a preference for the pain relief to
side-effect profile of marijuana.?* However, a prospective study in Australia failed to confirm an
opioid-sparing effect of marijuana over a four-year period.* Patients who used marijuana had
more severe pain; continued to use opioids; had lower confidence in their ability to function
while in pain; and had greater anxiety. It should be noted that this study was observational rather
than a randomized clinical trial and is not conclusive.

2 Shover CL. Davis CS, Gordon SC. Humphreys K. Association betwoen medical cannabis laws and opioid overdose mortality has reversed over
time. Proc Natl Acad Sci U S A. 2019 Jun 25;116(26):12624-12626.

» Livingston MD, Bamett Delcher C, Wagenaar AC. Regreational Cannabis Lagalization and Opioid-Related Deaths in Colorado, 2000-2015,
Am J Public Health. 2017 Nov;107(11):1827-1829.

2 Chiburi S, Li G. State marijuana laws and opioid overdose mortality. Inj Epidemiol. 2019 Sep 2:6:38.

» Wen H, Hockenberry IM. Association of Medical and Adult-Use Marijuana Laws With Opioid Prescribing for Medicaid Enrollees. JAMA
Intern Med. 2018 May 1;178( 3-6G79.

6 Bradford AC, Bradford WD, Abraham A, Bagwell Adams G. Association Between US State Medical Cannabis Laws and Opioid Prescribing in
the Medicare Part D Population. AA Intern Med. 2018 May 1:178(5):667-672..

%" Segura LE, Mauro CM, Lev et al. Association of US Medical Marijuana Laws With Nonmedical Prescription Opioid Use and Prescription
Opioid Use Disorder. JAMA Netw Open. 2019:2(7):¢197216.

¥ National Academies of Sciences, Engineering, and Medicine. 2017. The health effects of cannabis and cannabinoids: The current state of
evidence and recommendations for research. Washington, DC: The National Academies Press.

 Khan SP, Pickens TA, Berlau DJ. Perspectives on bis as a substitute for opioid analgesics. Pain Manag. 2019 Mar 1:9(2):191-203.

3% Campbelt G, Hall WD, Peacock A, Lintzeris N, Bruno R, Larance B, Nielsen S, Cohen M, Chan G, Mattick RP, Blyth F, Shanahan M, Dobbins
T, Farrell M, Degenhardt L. Effect of cannabis use in people with chronic non-cancer pain prescribed opioids: findings from a 4-year prospective
cohiort study. Lancet Public Health, 2018 Jul;3(7):¢341-¢350.
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Along with ongoing preclinical work, two current NIDA-funded clinical trials are studying the
safety and analgesic effects of combined treatment with cannabinoids and opioids.3"3? A third
NIDA-funded clinical trial is looking at this question prospectively to assess how medical
marijuana use affects opioid analgesic use in HIV+ and HIV- adults with severe or chronic
pain.** These studies will provide individual-level information on the opioid sparing potential of
cannabinoids. There remains an urgent need for effective, non-opioid treatments for pain,
including the treatment of low back pain, cancer and chemotherapy-induced pain, neuropathic
pain, indigestion, and arthritis-induced pain.3*3%3%-37-3% This is an area of intense focus for NIH
research.

The research regarding marijuana’s effectiveness in treating PTSD appears to be limited.

a) Please explain what is currently known, particularly with respect to veterans, about the
efficacy of using marijuana to treat PTSD.

Response:

NIMH is the lead Federal agency for research on mental disorders and supports a diverse
research portfolio on post-traumatic stress disorder (PTSD) and related conditions. NIMH is
supporting or conducting over 100 research projects relevant to posttraumatic psychopathology,
including basic science research, translational and clinical research, and health care services
research. NIMH-supported research involves participants across the lifespan and many different
populations, including civilians, service members, and Veterans. Additionally, NIMH and other
NIH Institutes and Centers, such as NIDA and the National Institute of Alcohol Abuse and
Alcoholism (NIAAA), collaborate and coordinate with the Departments of Defense and Veterans
Affairs in the area of service member and Veteran mental health research through the National
Research Action Plan (NRAP).**

NIMH is invested in identifying and developing treatments for PTSD and related conditions.
While there is not currently strong evidence to support the use of marijuana to treat PTSD,
preliminary research is underway to learn whether short-term treatment with low doses of
tetrahydrocannabinol (THC), the primary psychoactive ingredient in marijuana that affects the
cannabinoid system in our brains, might help make current cognitive behavioral treatments more
effective by priming certain brain circuits prior to therapy — making it easier to learn and
remember not to fear trauma reminders.** Additionally, NIMH has participated in trans-NIH

31 https://clinicaltrials.gov/ct2/show/NCT03705559
32 https://clinicaltrials.gov/ct2/show/NCT03679949
3 hitps://clinicaltrials.gov/ct2/show/NCT03268551
3 hitps://clinicaltrials.gov/ct2/show/NCT02460692

3 hitps://projectreporter.nih.gov/project_info_description.cfin?aid=9608720&icde=47748806
3 https://projectreporter.nih.gov/project_info_description.cfin?aid=9614965&icde=47748701
37 https://projectreporter.nih.gov/project_info_description.cfin?aid=9796963&icde=47748842
38 https://projectreporter.nih.gov/project_info_description.cfm?aid=9895227&icde=47748866
3 https://obamawhitehouse.archives.gov/sites/default/files/uploads/nrap_for co_on_mental _health_august 2013.pdf

0 https:/projectreporter.nih.gov/project info_description.cfin?aid=9441033




40

meetings that included evaluation by experts into the neurological and psychiatric effects of
marijuana, other cannabinoids, and the endocannabinoid system. !

2. Uniform Regulations

Thirty-three states and the District of Columbia have legalized marijuana in some form. Each
state has its own laws and regulations.

The lack of uniformity across states, in terms of the testing, labeling, or packaging of marijuana
products, the strength of products that may be sold, how they may be advertised, and how they
may be accessed, could lead to consumer confusion. This may also produce unintended, acute
public health effects, including increased emergency room visits.

In Colorado, for instance, there was a threefold increase in marijuana-related emergency room
visits between 2012 and 2016.

a) Would uniform regulations across states be helpful to ensure consumer safety and reduce
public health impacts, such as emergency room visits associated with marijuana use?

Response:

At present, there is insufficient data to determine which of the myriad state regulations would be
most effective in reducing the adverse public health outcomes associated with marijuana use.
This is an important area of scientific investigation, reflected by NIDA’s support since 2011 for a
robust portfolio of marijuana policy research. In 2017, recognizing the gaps in our understanding
of how changing state marijuana laws affect public health, NIDA convened an expert working
group to develop a marijuana policy research agenda. The working group report*? included 28
recommendations for research in five broad areas, including research to: (1) develop standard
measures of marijuana use; (2) better understand trends in use; (3) examine the health and social
consequences of use, including motor vehicle accidents; (4) identify how product pricing, taxes,
sales, promotion, and marketing affect use; and (5) develop prevention and treatment
interventions that account for local variation in marijuana use and policies. NIDA is soliciting
research applications on these and related marijuana policy issues*® with the goal of supporting
high quality science that can inform the development of evidence-based public health policies.

3. Barriers to Research
In your testimony, you noted that one of the difficulties associated with researching marijuana is

that researchers are unable to legally access various strains of marijuana that are being used by
individuals in states that have legalized its use. You further noted that the National Institute on

! hitps://www.drugabuse.gov/news-ever ings-events/2016/03/marij binoids-neuroscience-research-summit

42 National Institute on Drug Abuse. Recommendation for NIDA's Cannabis Research Agenda: Report from the Cannabis Policy Research
Workgroup. February 6, 2018. https://www.drugabuse.gov/sites/default/files/nacda_cannabis_policy_research_workgroup_report_feb_2018.pdf
 https://grants.nih.gov/grants/guide/notice-files NOT-DA-19-065.html
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Drug Abuse has been working with the Drug Enforcement Administration to establish a
mechanism through which researchers can legally access these strains in the future.

a) Can you please provide a status update on these ongoing conversations?

Response:
NIDA has not formally engaged the Drug Enforcement Agency (DEA) about permitting
federally-funded researchers to access marijuana products on the market.

NIDA has been working with our interagency partners, including the White House Office of
National Drug Control Policy (ONDCP), the FDA, and DEA, to identify opportunities for
facilitating research with marijuana and other Schedule I substances, including opportunities to
issue additional registrations for cultivating research marijuana. Presently, the University of
Mississippi, which produces research marijuana through a contract with NIDA, is the only DEA
registered marijuana manufacturer. It is not possible for the University to produce every
marijuana product that is currently available in the various States. We were pleased that on
August 26, 2019, the DEA signaled that it is moving forward with its review of additional
grower applications** and that it would promulgate new regulations governing marijuana
cultivation. NIDA looks forward to opportunities to provide input to the DEA as it develops a
new regulatory framework that ensures an adequate and diverse supply of marijuana for research.
NIDA would also remind researchers that the CSA permits researchers to import marijuana for
research.

In collaboration with ONDCP, HHS, FDA, and DEA, NIDA has also been identifying ways to
streamline the Schedule I research registration process.

b) Inyour view, is a legislative change required in order to enable researchers to legally
access strains of marijuana that are being used in states that have legalized its use?

Response:

Under Federal law, researchers supported by NIDA and other Federal agencies are may not
purchase marijuana available through state marijuana dispensaries, as marijuana is a Schedule I
controlled substance under the CSA. Moreover, some universities have expressed reticence about
allowing investigators to purchase dispensary products with non-Federal funds or do research
with these products on university grounds for fear of violating Federal law. There is a significant
gap in our understanding of their impact on health. The outbreak of e-cigarette or vaping product
use associated lung injury (EVALI), which has been linked to informally-sourced
THCcontaining vape products, underscores the critical importance of facilitating researcher
access to different product sources.

“ hitps://www.dea.gov/press-releases/2019/08/26/dea-a ces-steps-necessary-improve-access-marij -research
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¢) Would using marijuana in research that is obtained from states that have legalized its use
present any challenges or safety concerns for research participants?

Response

Marijuana available through state dispensaries is grown and processed under a variety of
conditions and, like other botanical products, may include pesticides, pathogenic microbes,
heavy metals, and other contaminants that could be harmful to humans. While most states with
legal marijuana require product testing, there is no uniform testing standard. Likewise, product
labeling varies, such that it may not be possible to determine the components of a marketed
product, including the full range of cannabinoids present. Although the lack of testing and
labeling standards presents challenges to conducting controlled research with these products,
these challenges are surmountable. Before testing an unapproved drug or botanic product in
humans, an investigator is required to submit to the FDA an investigational new drug (IND)
application and to comply with FDA chemistry, manufacturing, and control requirements to
ensure the proper identification, quality, purity, and strength of an investigational drug. We are
aware of one study*® for which the FDA approved an IND to conduct research with tablets
containing THC and CBD derived from marijuana plants grown by a company that supplies
Connecticut dispensaries. This study is not supported by the NIH, but it illustrates the feasibility
of using products from suppliers of State dispensaries to develop research grade marijuana
products that meet FDA’s rigorous requirements. We anticipate that marijuana producers
supplying dispensaries in other states would develop additional research-grade marijuana and
marijuana-derived products if there was greater regulatory certainty about researchers’ ability to
use these products.

Senator Grassley
Dr. Volkow —

1. One of the biggest issues with marijuana is that people — particularly youth — think that
since it’s legalized in some states, it’s therefore harmless. Marijuana and its derivatives
have some medically recognized benefits, but like all drugs, it isn’t without risk.

a. How can we in the federal government make sure that the average American
citizen understands the risks associated with marijuana use, particularly as it is
simultaneously more normalized yet potent?

Response:

Research is at the heart of developing evidence-based public health information. The increasing
potency of marijuana and the proliferation of new marijuana products and methods for
consuming them raise new public health concerns. This is underscored by the outbreak of
EVALL which has been linked to THC-containing vape products. It is imperative that scientists
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have the opportunity to study marijuana products that the public is using so that we can identify
and communicate any risks associated with them.

Effective communication is a critical component of NIDA’s mission, and we are committed to
serving as a trusted source of scientific information on drug use and addiction. NIDA strives to
make addiction research accessible to people in the community by strategically leveraging social
media, blogs, and the news media to promote new findings, inform the public about emerging
drug trends, and educate the community on addiction science. NIDA engages adolescents,
through our popular teen-oriented Drugs and Health Blog, our annual National Drug and Alcohol
Facts Week events that engage participating schools across the country, and Drugs & Alcohol
Chat Day, in which NIDA scientists answer questions from middle- and high-school students in
an all-day, real-time virtual chat. Because it can be difficult to reach adolescents directly, it is
important to engage people with influence over them, including parents, teachers, and the media.
NIDA produces materials aimed at helping parents and teachers communicate with children and
teens about drugs, such as web-based FAQs and our Family Checkup resource, which highlights
parenting skills that are effective at preventing drug use among youth. Through our NIDAMED
initiative, NIDA also develops educational resources and tools for healthcare providers across
disciplines—not just those working in substance use—who are at the front lines of diagnosing,
preventing, and treating substance misuse and addiction.

2. A number of studies state that the risk for psychotic disorders, such as schizophrenia,
increases with the frequency of marijuana use, potency of the product, and as the age at
first use decreases.

a. What is it about marijuana that makes its users susceptible to psychotic disorders?

Response:

Research is needed to establish why individuals who use marijuana are at increased risk for
psychotic disorders. The endocannabinoid system, through which marijuana exerts its
effects, is thought to be involved. This system appears early in gestation and plays a critical
role in brain development, especially in areas of the brain known to be involved in psychosis.
One possible explanation for the link between marijuana use and psychosis is that marijuana
use may lead to persistent disruptions in the endocannabinoid system, ultimately altering the
developmental trajectory of circuits involved in psychosis. Importantly, a critical feature of
mental illnesses, including psychotic disorders and substance use disorders, is the
complicated interplay of biological and environmental factors that cause them and influence
their progression. To the extent that marijuana contributes to the development of psychosis, it
is likely a component cause, interacting with other known (e.g., family history) and, as of
yet, unknown risk factors. Additional research is needed to identify these risk factors,
determine their relative contribution to psychosis risk, and delineate the underlying
mechanism by which they exert their effects.

11
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Cornyn
Dr. Adams
Trends and Risks of High-Potency Marijuana

Your advisory raises awareness of the known and potential harms of marijuana use, especially for
vulnerable populations like adolescents and pregnant women. Beyond the increased accessibility,
you specifically note the increased potency of marijuana and wider variety of cannabis products
being used as areas of significant public health concerns.

Could you expand on the trends you are seeing as in the onset of psychotic disorders and other
mental health issues?

The scientific literature tells us that exposure to marijuana is associated with a range of psychosis
outcomes from immediate, transient psychotic states that spontancously resolve to delayed, persistent
psychotic disorders such as schizophrenia (D’Souza et al, 2016). In an extensive review of the health
effects of marijuana, the National Academies of Sciences, Engineering, and Medicine (NASEM) also
found “...substantial evidence of a statistical association between cannabis use and the development of
schizophrenia or other psychoses, with the highest risk among the most frequent users” (NASEM, 2017).
The link between marijuana and psychosis has been found to be greater with earlier age of exposure to
marijuana and genetic vulnerability.

Moreover, the findings of the 2018 National Survey on Drug Use and Health indicate an association
between marijuana use and mental health concems. In 2018, adults who had Any Mental Hlness (AMI)
or Serious Mental Hlness (SMI) were more likely than those without any mental illness to be past-vear
users of marijuana (29.2 percent AMI and 38.9 percent SMI vs. 13.2 percent without mental illness)

O Do cannabis concentrate and other high-THC products pose a greater public health risk
than marijuana?

In addition to risks of dependence, addiction, psychosis, and harm to the developing brain, highly
concentrated products raise the risks of harm from accidental ingestion, unintentional overdose,
and repetitive cycles of nausea and vomiting known as cannabinoid hyperemesis syndrome.

Perceptions of Marijuana Risks and Consequences

The advisory also notes that perceptions of the safety and health risks of marijuana have change
significantly over the past few years.

How has this change in perception impacted use by adolescents and pregnant women? Can
you discuss the consequences of these changes?
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As of yet, it is unclear what effects the changing perception of marijuana use among adolescents and
pregnant women will bave on public health. One concern is that a reduced perception of harm could
increase the likelihood of experimentation, which could lead to harms to the developing brain.
Additionally, marijuana use remains illegal for youth under Federal law and in all states; normalization of
its use raises the potential for criminal consequences in this population. In addition to the health risks
posed by marijuana use, sale or possession of marijuana remains illegal under Federal law
notwithstanding some state laws to the contrary.

Feinstein

Questions for Jerome Adams, MD, U.S. Surgeon General

1. Uniform Regulations

Thirty-three states and the District of Columbia have legalized marijuana in some form. Each state
has its own laws and regulations. The lack of uniformity across states, in terms of the testing,
labeling, or packaging of marijuana products, the strength of products that may be sold, how they
may be advertised, and how they may be accessed, could lead to consumer confusion. This may also
produce unintended, acute public health effects, including increased emergency room visits.

In Colorado, for instance, there was a threefold increase in marijuana-related emergency room
visits between 2012 and 2016.

a) Would uniform regulations across states be helpful to ensure consumer safety and reduce
public health impacts, such as emergency room visits associated with marijuana use?

Uniformity of ill<informed policy ensures safety for no one. A first step in ensuring consumer safety and
reducing public health impacts is to disseminate scientifically sound information to the public and
relevant stakeholders. The marijuana available today is much more potent than what was available in the
past. The risks of physical dependence, addiction, and harm to the developing brain increase with
frequent use, exposure to high concentrations of THC, and with younger age of initiation.

2. Adolescent Marijuana Use and Risk-Perception

According to the Youth Risk Behavior Study, in states that have legalized recreational marijuana,
teen use dropped between 1993 and 2017: those who said they used marijuana in the previous 30
days dropped 8 percent, while those who used it 10 or more times fell by 9 percent. However, in
your testimony before the Senate Caucus on International Narcotics Control you expressed concern
that perceptions of risk related to marijuana use among youth has decreased.

a) Given that trends in reduced perceptions of harm may often indicate future increases in
adolescent drug use, are you concerned that marijuana use among adolescents could increase,
despite initial decreases in states that have legalized its use?
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Contemporanecous with widespread legalization, more high school students are reporting a decline in
perceived harmfulness of marijuana. Despite an initial decrease in states that have legalized its use, there
1s still a large number of adolescents becoming new marijuana users. Each day 3,700 adolescents aged 12
to 17 become new marijuana users, and last year over 9 million 12-25 year olds reported marijuana use in
the prior month. This lowered perceived harm must be considered a risk in the context of increased
access, high potency, and the large variety of forms available. To our youth, marijuana is evervwhere.

Importantly, nearly one in five people who begin marijuana use during adolescence become addicted. And
the earlier and more often a person uses marijuana — especially at higher THC levels — the higher the risk
of harmful consequences.

b) Given that marijuana seems to have more potential to harm the developing brain than the
brain of an adult, should policies regarding marijuana use vary based on age? Is there any age
at which marijuana use can be considered safe?

We know that the brain continues to develop through the mid-twenties and that these developing brains
are more vulnerable to harm. But we need to know much more. We need to understand the mid- and
long-term health consequences of prenatal and youth exposure to marijuana, as well as more about
strategies to mitigate harms. Research is also needed to understand the impact of today”s highly potent
marijuana on chronic users of any age.

Cigarettes and alcohol are legal, but we know that doesn’t mean they are safe. Based on the best scientific
information we have right now, marijuana use poses particular dangers to youth, but there is no age at
which marijuana use can be considered “safe.”

Grassley

Surgeon General Adams

1. One of the biggest issues with marijuana is that people — particularly youth — think that
since it’s legalized in some states, it’s therefore harmless. Marijuana and its derivatives
have some medically recognized benefits, but like all drugs, it isn’t without risk.

a. How can we in the federal government make sure that the average American citizen
understands the risks associated with marijuana use, particularly as it is simultaneously
more normalized yet potent?

The Federal Government can produce and disseminate scientifically-sound information in formats that are
casily consumable by the general public and targeted to specific stakeholders positioned to take action.
Among the populations who need this information about the risks of marijuana use among youth and
pregnant women are parents and parents-to-be, educators, healthcare and public health professionals, and
policy makers at local, state, and national levels. The President donated his quarterly salary to support a
digital ad campaign focused on parents of adolescents and on pregnant women. These ads are available
for widespread use.
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2. A number of studies state that the risk for psychotic disorders, such as schizophrenia,
increases with the frequency of marijuana use, potency of the product, and as the age at
first use decreases.

a. What is it about marijuana that makes its users susceptible to psychotic disorders?

Multiple studies have shown that the risk for psychotic disorders like schizophrenia rises with higher
concentrations of THC, daily usc, and earlier age of initiation. This association needs to be more deeply
researched, including genetic and other susceptibilitics.
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5/21/20

Please note that my responses are shown in blue. If you have any questions I would be happy to discuss
by phone (858-657-5733) or email (rfitzgerald@ucsd.edu). Thanks for your leadership in addressing these
important issues.

Best regards,

Rob Fitzgerald, PhD
Professor of Pathology
UC San Diego Health

Cornyn
Fitzgerald

Impaired Driving

Dr. Fitzgerald, it has been noted that there is no scientific basis for the adoption of THC per se laws for
driving. You have also mentioned the difficulties of using blood tests to establish a threshold for
impairment.

e Can you discuss some approaches that states have taken to try to address impaired driving given
these limitations?

Response: Several states have enacted per se legislation. Generally these states have implemented per se
concentrations between 1 and 5 ng/mL of THC. At this time, there is no data to support this practice.
Most states depend on officer observations, standard field sobriety tests, drug recognition expert (DRE)
findings and results of blood testing to determine impairment. There are on-going studies to further
evaluate these processes in relation to cannabis-related driving impairment. The combination of officer
observations with toxicology lab findings is the most objective and scientific approach we have to date.

e What steps can be taken at the federal level to provide a stronger foundation for developing these
policies?

Response: The following steps would be helpful:

1. Support efforts to train more police officers in the Advanced Roadside Impairment Driving
Enforcement program (ARIDE). ARIDE is a NHTSA developed program that bridges training
between standardized field sobriety tests and DRE exams.

2. Support efforts to train additional DREs.

3. Support forensic laboratories to enable them to acquire instrumentation required for these types of
toxicology analyses.

4. Provide research funding focused on driving under the influence of cannabis and cannabis
combined with alcohol. An important focus of such research should include the development of
new behavioral and toxicological methods for identifying impairment and/or time since substance
use. The federal government should partner with states like California, which have already begun
funding these types of projects, in order to leverage federal investment.
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5. Support legislation that would standardize reporting of driving under the influence of drugs, so
we can get a better understanding of the national importance of this problem.

Gruber

Mental Illness and Tie to Higher THC Content

Dr. Gruber, you’ve noted how THC levels are rising in recreational marijuana products, CBD has
declined to nearly untraceable levels, and that CBD has been shown to mitigate some of the negative
effects of THC including adverse psychological symptoms.

e Do you believe that increased use of this higher-potency marijuana could increase the risks of
developing mental health issues? Would that risk change depending on the age and frequency of
the user?

e How impactful is the age of use to the short- and long-term risks of recreational marijuana use?

Risks for Drug Interactions

Studies have shown that cannabinoids, including CBD, can inhibit the liver’s enzyme system, increasing
both plasma levels and toxicity of other drugs, and potentially causing interactions with other drugs.

e Have there been sufficient studies into this risk? To what extent are we aware of adverse drug
reactions between cannabinoids and prescription drugs?

Issues with Standardization in Research

Your testimony also notes that there is no consensus regarding the definition of chronic, regular, or heavy
use versus casual or light use, and how that contributes to mixed findings across studies. It also notes that
there isn’t much standardization of measurements of marijuana.

e Have studies found a difference in outcomes based on the type of marijuana product used? For
example, a study that calculates an estimate of grams of marijuana used by the subjects regardless
of the product or model of use?

e What are some of the consequences of this lack of standardization?

Hennessy

Mental Illness Findings In NASEM Study

Dr. Hennessy, the National Academies report found substantial evidence of a statistical association
between cannabis use and the development of schizophrenia or other psychoses. The highest risk was

among the most frequent users.

e What factors contribute to this higher risk, and is it related to the higher potency of marijuana?
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* Your testimony also notes that there is reason to question the directionality of the statistical
association. Could you share those reasons?

The report found moderate evidence of increased symptoms of mania, hypomania in individuals
diagnosed with bipolar disorder and regular cannabis use.

e Were the users taking orally administered THC, cannabis-derived products, or smoking
marijuana?

e Is this evidence significant enough to advise patients with bipolar disorder to not utilize medicinal
marijuana?

Evaluation of Medical Claims
The National Academies report did find conclusive evidence that orally administered THC is effective in
treating some medical conditions, and that the clinical trials were utilized to gain FDA approval of the
first drug comprised of an active ingredient derived from marijuana to treat rare, severe forms of epilepsy.
It is my sense that any medical claims related to marijuana and cannabis derived products should receive
the same through review that this drug received before being made available.

* Do you agree with that?
Meier
1Q Decline and Adolescent Use
Dr. Meier, your study found that persistent cannabis use was associated with IQ decline from childhood to
adulthood, and that IQ decline was concentrated in adolescent-onset persistent cannabis users. Persistent

use is described as 50 or more uses of cannabis,

o Isthere a correlation between THC content, and specifically the increased potency other
witnesses have mentioned, on 1Q decline along with frequency of use?

You also found that individuals who began using cannabis in adulthood did not show IQ decline.

»  Were there other observed health impacts of cannabis use in that population? How much impact
does frequency of use have on adults compared to adolescents?

High Potency Marijuana Health Risks
Your testimony mentions a lack of research into cannabis potency and the use of cannabis concentrates.

e What does existing research tell us about the risks of psychological dependence, addiction, and
psychosis as a consequence of using concentrates?
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e s there any evidence that using concentrates could negatively impact users who have existing
mental health issues?

Feinstein

uestions for Dr. Robert Fitzgerald, Clinical Pathologist, University of California, San Diego

1. Marijuana Impaired Driving

It is my understanding that marijuana impairment is difficult to detect in roadside tests, and that each state
has a different standard of impairment, if it has any standard at all.

a) Based on your research, what are the biggest challenges in determining whether a driver is
impaired by marijuana?

Response: Let me first say that it’s not quite accurate to say that each state has a different standard of
impairment. While that is true when it comes to per se laws, many states strive to follow the guidelines
established by the International Association of Chiefs of Police criteria regarding ficld sobriety tests and
the determination of impairment, thus aiming to have some consistency in officer determinations.

The biggest challenges to determining if a driver is impaired by marijuana are:

1. There is no correlation between THC concentration in blood and effect on driving (unlike alcohol
where there is a reasonably good relationship between blood alcohol concentration and severity
of driving impairment).

2. We have not developed an objective measure of THC impairment. The degree to which the field
sobriety tests, which were developed to detect alcohol related impairment, accurately identify
THC-related impairment is still a subject of research. Coming back to my response to Senator
Cornyn, research aimed at the development of roadside test protocols that are specific to
identifying cannabis associated driving impairment would help advance the field.

b) As you noted in your testimony, blood alcohol concentration is a clear indicator of alcohol-
induced impairment. Is there, or will there soon be, any similar standard that can be applied to
marijuana? You noted that oral fluids may be able to be used to determine marijuana
impairment. Are there any drawbacks to using this testing method?

Response: Currently there are no analogous measures of THC that are similar to a blood alcohol for
driving impairment. It is possible that oral fluid and/or breath testing for THC (or a metabolite) could be
developed that would indicate recent use, but I'm not convinced that they would necessarily indicate
impairment. Being able to demonstrate recent use is a necessary step that could be combined with officer
observations of impairment to identify people who are under the influence of marijuana. Drawbacks to
oral fluid and breath testing is that results will probably vary depending on the route of administration
(Smoked/vaped vs Oral).

c) Are drug recognition experts adequately trained to determine whether a driver is impaired by
marijuana?
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Response: DREs undergo extensive training in the identification of presence of various drug classes, and
their impairing effects. Due to some of the challenges in conducting research with cannabis (classified as
a Schedule I drug), there are have only been limited studies examining the relationship between field
sobriety and DRE evaluations and cannabis-related driving impairment. More research is needed to
demonstrate how good drug recognition experts are. To date they have not been tested in large samples
using a blinded randomized placebo controlled manner. We are working with the California Highway
Patrol to conduct these kinds of studies. Results of this work would have implications for highway safety
across the nation and it would be appropriate for the federal government to provide funds to match state
investments.

2. Public Health Perspective
During the hearing, it was made clear that marijuana has the potential to cause both harms and benefits.

a) With this in mind, from a public health perspective, what are the biggest challenges related to
marijuana, where are the most significant research gaps, and what should policymakers be
Jfocusing on moving forward?

Response: The biggest challenge currently facing understanding effects of marijuana on human health is
the inability of research institutions like the University of California to study the products that our
population is exposed to. Because of federal scheduling of marijuana (schedule 1) we cannot investigate
the concentrated forms of marijuana that the general public has access to, and thus have no mechanism to
understand the health and public safety implications of these substances.

Policy makers should work on creating an exemption that allows established research institutions to
perform studies using the products our population is exposed to. One of the primary strengths of the
United States is our research engine. We need to unleash the power of our scientific enterprise to better
understand both the beneficial and harmful effects of marijuana on human health. Our research
universities, including in California, are reluctant to expand clinical research on cannabis because of
concern that they might violate Federal law, and that the institutions and investigators may be subject to
prosecution, or have their Federal awards withdrawn. Thus, creating exemptions, so that institutions can
study and administer products that are legal in a State would be an important step. Related to this, the
current single source of marijuana for medical research is the Federal Government itself (grown at the
University of Mississippi). Expanding the supply base is important. Again, I would recommend that the
federal government partner with states that have robust medicinal cannabis research enterprises to support
studies on products that residents of those states have access to. Another important way to facilitate
research on marijuana and health is to reschedule marijuana to reflect the emerging science. Based on the
data, the most appropriate is Schedule 3.

Questions for Dr. Staci Gruber, Associate Professor of Psychiatry, Harvard Medical School
1. Comparing Medical and Recreational Use
There doesn’t seem to be a great deal of information available about the differences between the use of

marijuana for medical versus recreational purposes. Given that much of your research has involved
subjects who use medical marijuana, can you comment on the following:
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aj Have you found that there is a difference in the types, quantity, and concentration of marijuana
products used by medical marijuana patients compared fo recreational patients?

b} Should these differences be taken into consideration when developing policies to address
marijuana?

¢} Given the lack of research and information on appropriate dosing, etc., how do medical
marijuana users know what products are effective for their particular condition, and is there any
reason to be concerned about adverse impacts on the body?

2. Marijuana Strains

It is my understanding that different strains of marijuana contain different chemical profiles. Depending
on the specific strain, the marijuana could produce more positive than negative effects.

a) Can you speak to the differences in strains that contain high levels of cannabidiol compared to
tetrahydrocannabinol, and vice-versa, and how these strains might have different effects on the
body?

b) Should different strains of marijuana be regulated differently?

3. Yeterans

You noted during vour testimony that ongoing rescarch, through the MIND study;, is being conducted
with respect to veterans’ use of marijuana products to treat a variety of conditions, including post-
traumatic stress disorder, insomnia, and chronic pain. It is my understanding that you have already
conducted two studies related to veterans and that you are currently enrolling participants in the third
study.

a) Please discuss your findings from the first two studies thar have been conducted.

b}  Does marijuana use to treat veterans, particularly as it relates to Post Traumatic Stress Disorder
(PTSD), seem to be effective? Is there any concern that marijuana use could exacerbate problems
associated with PTSD?

3. Public Health Perspective
During the hearing, it was made clear that marijuana has the potential to cause both harms and benefits.
a) With this in mind, from a public health perspective, what are the biggest challenges related to

marijuana, where are the most significant research gaps, and what should policymakers be
Jocusing on moving forward?

Questions for Sean Hennessy, PharmD ,PhD, University of Pennsvivania School of Medicine
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1. Evidence Regarding Use of Marijuana for Medical Purposes

You were a member of the committee of the National Academies of Sciences, Engineering, and Medicine
that produced the 2017 report titled “The Health Effects of Marijuana and Cannabinoids.”

Based on your work on this report:

a) Does enough information exists to conclude what the proper dosage and delivery mechanisms for
medical marijuana patients should be?

b) Does enough information exist to determine how marijuana might interact with other
medications?

2. Public Health Perspective
During the hearing, it was made clear that marijuana has the potential to cause both harms and benefits.
a) With this in mind, from a public health perspective, what are the biggest challenges relaied to

marijuana, where are the most significant research gaps, and what should policymakers be
Jfocusing on moving forward?

Questions for Dr. Madeline Meier, Assistant Professor of Psychology. Arizona State University
1. Research on Marijuana Use and IQ levels

In 2012, you authored a longitudinal study, which found that early persistent use of marijuana by
adolescents could result in the loss of up to eight 1Q points, which are not recoverable, even after a person
stops using. It is my understanding that these findings held true, even when controlling for socio-
economic status.

However, subsequent longitudinal studies involving twins, published in the Proceedings of the National
Academy of Sciences, found that there was no predictable difference in the twins™ 1Q when one used
marijuana in adolescence and the other did not.

a) Can you speak fo the differences in these iwo studies and discuss whether we should be
concerned about the loss of IQ among adolescents when they are early, persistent users of

marijuana?

As a follow up, it is my understanding that you recently authored a study, which found that adolescent
marijuana use is not associated with changes in the adult brain structure.

b) How, if at all, are the findings in this study related to the findings of your previous longitudinal
stucy on 1Q7?

2. Marijuana Strains
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It is my understanding that different strains of marijuana contain different chemical profiles. Depending
on the specific strain, the marijuana could produce more positive than negative effects.

a) Can you speak to the differences in strains that contain high levels of cannabidiol compared to
tetrahydrocannabinol, and vice-versa, and how these strains might have different effects on the
body?

b) Should different strains of marijuana be regulated differently?

3. Public Health Perspective

In your testimony before the Senate Caucus on International Narcotics Control, you spoke about the facts,
research and conclusions at which you have arrived with your research and work regarding marijuana use.
As discussed during the hearing, these facts, the research already conducted and potential future research
hold the answer to policy-making regarding marijuana.

a) From a public health perspective, what are the biggest challenges related to marijuana, where

are the most significant research gaps, and what should policymakers be focusing on moving
Jorward?

Grassley

Dr. Robert Fitzgerald

1. An obstacle with drugged driving is measuring impairment. You stated in your testimony that
“officer observations combined with results of toxicology testing” can be used to measure

impairment.
a. Would this assessment replace or supplement measuring THC levels in a sample? Why or
why not?

Response: Since there is no correlation between concentrations of THC in blood with impairment it is
essential that toxicology testing of biological specimens is combined with officer observations.

Both the officer observations and the analysis of THC (and/or metabolites) in biological specimens are
essential components of keeping our roads safe with respect to drugged driving. Officers can document
impairment and toxicology testing can help identify the cause.

2. Drug Recognition Experts, or DREs, are the gold standard in recognizing and identifying signs of
impairment. A DRE, however, is a person with his or her own subjective points of view and
experiences.

a. How can we ensure consistency in assessment and due process protections?

Response: Currently the combination of a DRE’s findings and toxicology testing is the best way to
provide objective data for identifying driving impairment. This is an imperfect system and we need to

continue to investigate other methods for objectively identifying impairment.

Dr. Sean Hennessy
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1. You stated in your written testimony that there is “substantial evidence” of an association
between cannabis use and the development of schizophrenia or other psychoses. However, you
also qualify this by stating, “there is reason to question the directionality of this association.”

a. Please expand on the risks of marijuana use and why its users are particularly susceptible
to psychoses, and why there is a question as to the directionally of this association.
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Senate Follow-Up Questions

Mental Illness and Tie to Higher THC Content

Dr. Gruber, you've noted how THC levels are rising in recreational marijuana products, CBD has
declined to nearly untraceable levels, and that CBD has been shown to mitigate some of the negative
effects of THC including adverse psychological symptoms.

¢ Do you believe that increased use of this higher-potency marijuana could increase the risks of
developing mental health issues? Would that risk change depending on the age and frequency of

the user?

Q

While there are no direct studies that objectively quantify real-world use of high potency
products and mental health outcomes, it is likely that higher potency products could
exacerbate existing or prodromal symptoms of psychotic disorders given studies which
cite a dose-response relationship, such that increased potency is associated with an
increased risk for psychotic symptoms. Importantly, however, in the majority of these
naturalistic studies, the actual potency of cannabis products has not been directly
assessed. Similarly, a number of acute administration studies show increased
“psychotic-like” behaviors (i.e., feelings of paranoia) following exposure to higher
potency products. However, the effects reported in these studies are only observed during
acute intoxication in a laboratory setting and can therefore considered transient.
Individuals who are potentially vulnerable to developing a psychotic disorder (i.e., those
with a genetic predisposition/family history of psychosis) may be at increased risk the
earlier they initiate cannabis use, and the more frequently and heavily they use cannabis.
Importantly though, a number of additional factors are likely to moderate outcomes.
Overall, although a body of research provides important evidence suggesting that higher
potency products may increase the risk for psychosis or psychotic-like behaviors, studies
that directly assess and quantify the potency of the products patients are actually using
are needed to elucidate the specific relationship between marijuana potency and mental
health outcomes:; this is best done in studies of those with and without genetic liability.

e How impactful is the age of use to the short- and long-term risks of recreational marijuana use?
o In general, most agree that earlier. heavier and more frequent exposure to marijuana is

related to an increased likelihood of negative consequences, particularly in terms of
cognition, given that adolescents and emerging adults are still in the midst of critical
brain maturation processes, which leaves them vulnerable fo outside influences such as
injury, illness, or drugs, including (but not limited to) marijuana.

Risks for Drug Interactions

Studies have shown that cannabinoids, including CBD, can inhibit the liver’s enzyme system, increasing
both plasma levels and toxicity of other drugs, and potentially causing interactions with other drugs.

e Have there been sufficient studies into this risk? To what extent are we aware of adverse drug
reactions between cannabinoids and prescription drugs?
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o Although this research is vital to determine the safety of cannabinoid-based products,
empirical data is generally lacking in this area. To date, a handful of studies have
identified enzymes that are strong inducers/inhibitors of the Cytochrome P450 enzyme
system, which has implications for the efficacy and safety of certain conventional
medications that patients may be taking concurrently with cannabinoid-based products.

Issues with Standardization in Research

Your testimony also notes that there is no consensus regarding the definition of chronic, regular, or heavy
use versus casual or light use, and how that contributes to mixed findings across studies. It also notes that
there isn’t much standardization of measurements of marijuana.

o Have studies found a difference in outcomes based on the type of marijuana product used? For
example, a study that calculates an estimate of grams of marijuana used by the subjects regardless
of the product or model of use?

o Historically, must studies examining the impact of marijuona use have quantified use by
collecting data on number of episodes of use per week, number of “joints” or “marijuana
cigarettes” smoked, or grams of marijuana used. When studies use these tvpes of
calculations, these measurements do not reflect the specific amount of each individual
cannabinoid, or other components contained in cannabis plants, that a person is exposed
to. Although it is more difficulf to measure exposure to the compounds within a plant
(samples must be sent to a laboratory for analyses, which can be logistically difficult due
to Schedule I restrictions, as well as cost prohibitive), this type of data will ultimately
help elucidate the unique effects of individual cannabinoids as well as other constifuents
and compounds found within cannabis plants. It is likely that some compounds may
confer negative outcomes (e.g., THC), while other compounds such as cannabidiol and
potentially certain terpenoids, may be neuroprotective. In addition, it is also possible that
potential confaminants, including heavy metals, pesticides. and yveast/mold could
contribute (o negative outcomes.

o Todate, no studies have direcily compared specified preset/predetermined or
quantifiable amounts between product types (e.g., matched amount of specific
cannabinoids within flower vs edibles vs oils). More research is needed to more fully
understand how specific modes of use/routes of administration moderate the effects of
cannabinoids as well as the effects of other compounds found within the cannabis plant.

e What arc some of the consequences of this lack of standardization?

o Due to the lack of standardization, it is difficult to answer questions regarding safe limils
of cannabis use. While many studies have reported decrements among heavy,
recreational cannabis users, studies offen define “chronic,” “heavy.” or “frequent”
differently. For example, these criteria are often based on descriptions/definitions fiom
within the literature but are often somewhat arbitrary numbers that can reflect different
time frames (i.e., lifetime vs monthly vs weekly use), different amounts of cannabis used
(i.e., a particular amount of grams of cannabis, or a particular number of use episodes).
In addition, there is no standard ‘serving size ' or dose of THC, CBD, or any other
cannabinoids although some states, including Colorado, consider a ‘standard dose’ of
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edibles as 10 mg. This aspect of the lack of standardization makes it difficult to directly
compare product types.

Questions for Dr. Staci Gruber, Associate Professor of Psvchiatry, Harvard Medical School

1. Comparing Medical and Recreational Use

There doesn’t seem to be a great deal of information available about the differences between the use of
marijuana for medical versus recreational purposes. Given that much of your research has involved
subjects who use medical marijuana, can you comment on the following:

a) Have you found that there is a difference in the types, quantity, and concentration of marijuana
products used by medical marijuana patients compared to recreational patients?

a.

Although products sold to recreational users and medical marijuana patients can be the
same, recreational users primarily seek products with considerable amounts of THC, as
they desire the “high™ or mood altering, often euphoric or mellowing, effects of
cannabis. In contrast, medical marijuana patients typically initiate use with the primary
goal of symptom alleviation, and offen times look to actively avoid feelings of
intoxication. As such. MC patients frequently seek products with rich and varied
cannabinoid profiles (e.g., high-CBD products). In fact, preliminary data from my lab’s
longitudinal, observational study suggests that on average, medical marijuana patients
have higher exposure to CBD relative to THC. Products high in CBD and other
cannabinoids in addition to THC have the potential to confer a variety of benefits. 4
number of studies have indicated that THC appears to serve as an effective analgesic,
antiemetic, and appetite stimulant.

b) Should these differences be taken into consideration when developing policies to address
marijuana?
a. It is important fo recognize that cannabis is a complex plant. As such, cannabinoid

Jormulations will likely exert unique effects depending on which cannabinoids are

contained within a product, as well as which other constituents (e.g., terpenoids,

Slavonoids, ) are present. The impact of cannabis products are not only related to the

presence of these individual compounds, but also depend on the amount of each of these
constituents in a given product, their interaction with other compounds, and an
individual s unique response to product administration. Therefore, research examining
the actual products patients are using will help determine safety, efficacy. and side effect
profiles; data from these investigations, which must employ empirically sound, controlled
models (whether preclinical or clinical), should be used to help guide public policies.

¢) Given the lack of research and information on appropriate dosing, etc., how do medical marijuana
users know what products are effective for their particular condition, and is there any reason to be
concerned about adverse impacts on the body?

a.

Currently, there is a lack of research on appropriate dosing of medical cannabis
products, which is at least in part due to the fact that researchers cannot study
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commercially available cannabis-based products in research participants using clinical
trial models. Moreover, as the cannabis plant contains over 100 phytocannabinoids and
over 400 chemical compounds, each of which may have an impact, it is currently difficult

Jor researchers, clinicians, and consumers to know what specific products might be most

effective for a particular condition. While research remains in its infancy, some studies
have suggested that individual cannabinoids demonstrate unique therapeutic properties,
such as the anti-anxiety and anti-inflammatory effects of CBD, or the analgesic and anti-
emetic effects of THC. More research is needed to clarify the impact of these primary
cannabinoids as well as many of the other cannabinoids and compounds within the plant.
When using any cannabinoid-based product, particularly those containing THC, it is
recommended to ‘start low and go slow,” meaning that medical marijuana patients
should start with low doses of a product and wait to determine if a larger dose is needed.
It is also important for patients who are taking other conventional medications to be
aware of potential interactions between cannabinoids and their medications. For
example, CBD has been shown to impact the Cytochrome P450 enzyme system, which
means that CBD may strengthen or weaken the effects of many conventional medications.
In terms of side effects, potential negative effects of THC have been well-documented and
include the potential of increasing heart rate, inducing psychomimetic effects like
hallucinations/parancia/anxiety, and decreasing cognitive performance. Some
preliminary evidence also suggests that CBD may cause drowsiness, and for some, high
doses of purified CBD products may also have gastrointestinal side effects.

2. Marijuana Strains

It is my understanding that different strains of marijuana contain different chemical profiles. Depending
on the specific strain, the marijuana could produce more positive than negative effects.

a) Can you speak to the differences in strains that contain high levels of cannabidiol compared to
tetrahydrocannabinol, and vice-versa, and how these strains might have different effects on the

body?

a.

Strains, also known as cultivars, are each unique and vary with regard to concentrations
of the primary constituents (THC and CBD), and with regard to other cannabinoids and
compounds, including terpenoids and flavonoids, which are thought to exert their own
biobehavioral effects. More research is needed to understand the effects of individual
strains, but given that THC is the primary intoxicating constituent of cannabis and is
offen associated with negative effects at high doses (e.g.. cognitive decrements, increased
heart rate, paranoia, anxiety), those using high THC strains are potentially more likely to
experience adverse effects related to cannabis use. High CBD strains are typically
considered 1o have therapeutic effects, such as anti-anxiety, anti-inflammatory, and anti-
epileptic properties, but a number of factors, including the amount of THC and other
cannabinoids that are also present in the product, will influence the effects of a
particular strain.

b) Should different strains of marijuana be regulated differently?

a.

Given the potential negative impact of higher THC product, particularly on our most
vulnerable consumers (i.e., youth), many have considered requiring a higher tax or age
restrictions for products containing THC levels about a certain level. Conversely, some
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may consider requiring a threshold for minimum levels of CBD, which may have the
ability to mitigate the effects of THC and/or confer neuroprotective properties.

You noted during your testimony that ongoing research, through the MIND study, is being conducted
with respect to veterans” use of marijuana products to treat a variety of conditions, including post-
traumatic stress disorder, insomnia, and chronic pain. It is my understanding that you have already
conducted two studies related to veterans and that you are currently enrolling participants in the third

study.

a) Please discuss your findings from the first two studies that have been conducted.

a.

While we have a number of ongoing studies focused on assessing the impact of cannabis
and canmabinoid-based products in veterans, thus far, none have been completed to date;
all are currently ongoing and remain in the data collection phase.

b) Does marijuana use to treat veterans, particularly as it relates to Post Traumatic Stress Disorder
(PTSD), seem to be effective? Is there any concern that marijuana use could exacerbate problems
associated with PTSD?

a. According to available literature, evidence is mixed; there have been concerns that

cannabis could exacerbate existing symptoms of PTSD, but other reports indicate that
cannabis products could confer benefits. For example, small stuclies suggest that THC or
synthetic, non-plant derived THC (e.g., nabilone) could enhance sleep quality in those
with PTSD; however, the positive effects of THC for PTSD symptoms do not appear to
address many of the other symptoms associated with PTSD. Studies of CBD or CBD-
containing products have found evidence suggesting amelioration of symptoms such as
nightmares and anxiety, and reported that CBD could be beneficial in fear extinction
processes. These seemingly mixed findings are likely due 1o the fact that cannabis itself is
a heterogeneous plant containing hundreds of canmabinoids, terpenoids, and flavonoids.
Given that studies of veterans are ofien observational or survey-based studies, the
products used by veterans in each of these studies is often not directly assessed or
profiled and can vary greatly. Clinical wials assessing products specifically formulated
to target symptoms of PTSD and reduce potential negative side effects (e.g., anxiety,
paranoia) are needed.

4. Public Health Perspective

During the hearing, it was made clear that marijuana has the potential to cause both harms and benefits.

a) With this in mind, from a public health perspective, what are the biggest challenges related to
martjuana, where are the most significant research gaps, and what should policymakers be
focusing on moving forward?

a.

Currently, the legal status of cannabis contributes to a number of complexities and
difficulties when conceptualizing cannabis-based research studies. In the future,
reconciling federal and state law will help facilitate researchers’ abilities to conduct
empirically sound research. In addition, allowing researchers to study real-world
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products that are available to patients and that are actually being used will provide
critical data regarding the benefits and harms associated with specific cannabinoid
Jormulations. Future research focused on safety and efficacy of unique formulations of
cannabinoids for specific medical/psychiatric conditions and symptoms is clearly needed.
Research directly examining the impact of high potency products and novel, marijuana
concentrates products (which contain extremely high levels of THC) are also needed.
Further, given that older adults represent the fastest growing population of cannabis
consumers, researchers focused on the impact of cannabis in this population is critical.
Preclinical data suggests that older adults may experience unique outcomes given a
number of important factors in this population; adults have slower metabolisms, high
rates of comorbid conditions and conventional medication use, and often experience age-
related cognitive decline as well as age-related changes in the endocannabinoid system.



63

Response to Questions Submitted by Members of the
Senate Caucus on International Narcotics Control
submitted by Sean Hennessy
University of Pennsylvania
27 May 2020

Senator Cornyn
Mental Illness Findings In NASEM Study

Dr. Hennessy, the National Academies report found substantial evidence of a statistical association
between cannabis use and the development of schizophrenia or other psychoses. The highest risk was
among the most frequent users.

*  What factors contribute to this higher risk, and is it related to the higher potency of marijuana?
Response: Numerous factors are believed to affect one’s risk of developing schizophrenia or
other psychotic disorders. A 2016 meta-analysis (that is, a study of studies) conducted by
Marconi and colleagues' examined the relationship between a person’s level of cannabis use and
their risk of developing schizophrenia and other psychotic disorders. That meta-analysis
examined studies, published through 2013, that classified participants self-reported cannabis use
into at least three different categories—non-use plus at least two other levels. Those studies did
not ask participants about the potency of the cannabis that they used, nor did they directly
measure potency. Thus, the studies that found that a higher level of cannabis use is associated
with a higher risk of psychosis did not include information on the potency of the cannabis.

*  Your testimony also notes that there is reason to question the directionality of the statistical
association. Could you share those reasons?
Response: The study committee of the National Academies of Science, Engineering and Medicine
(NASEM) noted that there are at least three potential explanations for the observed associations
between use of cannabis and the development of psychotic disorders: 1) cannabis use may contribute
to the development of psychotic disorders; 2) psychotic disorders or their precursors may contribute
to cannabis use; or 3) the same factors (e.g., genetic vulnerability, environment) may contribute to
both cannabis use and to the development of psychotic disorders. A dose-response relationship
between cannabis use and psychotic disorders may be present under any of these three explanations.
Further, none of these explanations excludes the others—they could all be working in concert. Given
that schizophrenia and other psychotic disorders may develop slowly over many years, it can be
difficult to know even from longitudinal studies that measure drug use before schizophrenia was
diagnosed, whether cannabis use actually preceded the emergence of early symptoms of
schizophrenia in any given person. Therefore, as noted in the report (c.g., Box 12-1 on page 296),
making conclusions about the direction of causation underlying such associations is challenging.

The report found moderate evidence of increased symptoms of mania, hypomania in individuals
diagnosed with bipolar disorder and regular cannabis use.

1 Marconi, A., Di Forti, M., Lewis, C. M., Murray, R. M., & Vassos, E. (2016). Meta-analysis of the association
between the level of cannabis use and risk of psychosis. Schizophrenia bulletin, 42(5), 1262-1269.
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*  Were the users taking orally administered THC, cannabis-derived products, or smoking
marijuana?

Response: The studies that examined symptoms of mania and hypomania in persons with bipolar

disorder looked at smoked cannabis.

+ Is this evidence significant enough to advise patients with bipolar disorder to not utilize medicinal
marijuana?

Response: Decisions regarding whether or not to use medical cannabis involve weighing the potential

benefits and harms in the specific person in whom use is being considered. The NASEM study

committee did not assess the balance of potential benefits and harms of medical cannabis in either the

general population or in specific subgroups, such as persons with bipolar disorder.

Evaluation of Medical Claims

The National Academies report did find conclusive evidence that orally administered THC is effective in
treating some medical conditions, and that the clinical trials were utilized to gain FDA approval of the
first drug comprised of an active ingredient derived from marijuana to treat rare, severe forms of epilepsy.
It is my sense that any medical claims related to marijuana and cannabis derived products should receive
the same through review that this drug received before being made available.

O Do you agree with that?

Response: The NASEM report did not articulate any findings or conclusions regarding the level of
review or evidence that should be required from a regulatory perspective to either support medical
claims for cannabis or cannabis-derived products, or to support the availability of cannabis or
cannabis-derived products for medical use. Given the unique history and cultural context of cannabis
in the US, the issues concerning its regulation are complex. Personally, I have not engaged in
sufficient consideration or discussion of these issues to have formed well-founded views on this
question.

Senator Feinstein
1. Evidence Regarding Use of Marijuana for Medical Purposes

You were a member of the committee of the National Academies of Sciences, Engineering, and Medicine
that produced the 2017 report titled “The Health Effects of Marijuana and Cannabinoids.”

Based on your work on this report:

a) Does enough information exists to conclude what the proper dosage and delivery mechanisms for
medical marijuana patients should be?

Response: No. Even for the few FDA-unapproved uses for which there is at least moderate evidence

for the effectiveness of cannabis or cannabis-derived products, there is very little evidence about the

comparative effects of different doses or of different mechanisms of delivery. This represents a

significant knowledge gap concerning therapeutic uses of cannabis and cannabis-derived products.
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b) Does enough information exist to determine how marijuana might interact with other
medications?

Response: No. Although the 2017 NASEM report did not specifically address the question of

drugdrug interactions, there are a number of mechanisms by which THC, CBD, and other

constituents of cannabis and cannabis-derived products might be expected to interact with

prescription drugs.? However, very little research has been performed to evaluate such interactions,

including their health effects in real-world patient populations.

2. Public Health Perspective
During the hearing, it was made clear that marijuana has the potential to cause both harms and benefits.

a) With this in mind, from a public health perspective, what are the biggest challenges related to
marijuana, where are the most significant research gaps, and what should policymakers be
Jfocusing on moving forward?

Response: The 2017 NASEM report examined the available evidence concerning the benefits and

harms of cannabis and cannabis-derived products. A common theme of our findings was that the

available evidence was sparse and of uneven quality. To support and improve the cannabis research

agenda, the NASEM study committee made recommendations to address research gaps, improve

research quality, improve surveillance capacity, and address research barriers.

To specifically address your question, the study committee recommended that public agencies,
philanthropic and professional organizations, private companies, and clinical and public health
research groups provide funding and support for a national cannabis research agenda that addresses
key evidence gaps. Prioritized research objectives should include, but need not be limited to:
Clinical and Observational Research

»  Examine the health effects of cannabis use in at-risk or under-researched populations, such as
children and youths and older populations, pregnant and breastfeeding women, and heavy
cannabis users.

» Investigate the pharmacokinetic and pharmacodynamic properties of cannabis, modes of
delivery, different concentrations, in various populations, including the dose-response
relationships of cannabis and THC or other cannabinoids.

*  Determine the harms and benefits associated with understudied cannabis products, such as
edibles, concentrates, and topicals.

*  Conduct well-controlled trials on the potential harmful and beneficial health effects of using
different forms of cannabis, such as inhaled (smoked or vaporized) whole cannabis plant and
oral cannabis.

»  Characterize the health effects of cannabis on unstudied and understudied health endpoints,
such as epilepsy in pediatric populations; symptoms of posttraumatic stress disorder;
childhood and adult cancers; cannabis-related overdoses and poisonings; and other
highpriority health endpoints.

Health Policy and Health Economics Research

» Identify models, including existing state cannabis policy models, for sustainable funding of

national, state, and local public health surveillance systems.

2 Foster, B. C., Abramovici, H., & Harris, C. S. (2019). Cannabis and cannabinoids: Kinetics and interactions.
American Journal of Medicine, 132(11), 1266-1270.
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» Investigate the economic impact of recreational and medical cannabis use on national and
state public health and health care systems, health insurance providers, and patients.

Public Health and Public Safety Research
* Identify gaps in the cannabis-related knowledge and skills of health care and public health
professionals, and assess the need for, and performance of, continuing education programs
that address these gaps.
»  Characterize public safety concerns related to recreational cannabis use and evaluate existing
quality assurance, safety, and packaging standards for recreational cannabis products.

In addition, to ensure that sufficient data are available to inform research on the short- and
longterm health effects of cannabis use (both harmful and beneficial effects), the committee
recommended that the Centers for Disease Control and Prevention, the Substance Abuse and
Mental Health Services Administration, the Association of State and Territorial Health Officials,
the National Association of County and City Health Officials, the Association of Public Health
Laboratories, and state and local public health departments fund and support improvements to
federal public health surveillance systems and state-based public health surveillance efforts.

Senator Grassley

1. You stated in your written testimony that there is “substantial evidence™ of an association between
cannabis use and the development of schizophrenia or other psychoses. However, you also
qualify this by stating, “there is reason to question the directionality of this association.”

a. Please expand on the risks of marijuana use and why its users are particularly susceptible to
psychoses, and why there is a question as to the directionally of this association. Response: The
NASEM report did indeed note that there is substantial evidence of a statistical association
between cannabis use and the development of schizophrenia and other psychotic disorders
(Conclusion 12-1; page 295). The committee noted that at least three potential mechanisms may
explain these associations: 1) cannabis use may contribute to the development of psychotic
disorders; 2) psychotic disorders or their precursors may contribute to cannabis use; or 3) the
same factors (e.g., genetic vulnerability, environment) may contribute to both cannabis use and
the development of psychotic disorders. None of these explanations excludes the others— they
could all be working in concert. Given that schizophrenia and other psychotic disorders can
develop slowly over many years, it can be difficult to know even from longitudinal studies that
measured cannabis use before schizophrenia was diagnosed whether cannabis use actually
preceded the emergence of early symptoms of schizophrenia in any given person. Therefore, as
noted in the report (e.g., Box 12-1 on page 296), making conclusions about the direction of
causation underlying such associations is challenging.
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Introduction

Senators Cornyn and Feinstein, and Members of the Caucus it is a pleasure to be here today to
discuss issues related to the use of marijuana and driving. As a way of a brief introduction, my
first job out of graduate school was as a forensic toxicologist in Virginia helping to determine the
cause and manner of death in Medical Examiner cases. At the Medical Examiner’s office, I saw
the devastating effects of driving under the influence on a routine basis. I also had the
opportunity to work with State and Local police along with prosecution and defense attorneys to
present scientific data in courts of law. Currently I am clinical toxicologist at UC San Diego
where my research focuses on developing analytical methods to measure concentrations of THC
and metabolites following recent marijuana exposure. I am part of a large team of investigators at
the UCSD Center for Medical Cannabis Research (CMCR) focused on understanding both
beneficial and detrimental effects of cannabis on human health. We recently completed enrolling
subjects in one of the largest studies to date looking at the effect of smoked marijuana on driving

performance and are in the initial stages of analyzing data.

The relationship between marijuana use and driving impairment is complex because of the
unique pharmacokinetic and pharmacodynamic properties of delta-9-tetrahydrocannabinol
(THC). With ethanol there is a clear relationship between amount of alcohol consumed, blood
concentrations, and effects on driving performance. With marijuana these types of relationship
are much more complex. The relationship between blood THC concentrations and crash risk has
not been established, but there is a clear understanding that THC impairs driving performance.

The question that remains is how to best identify drivers who are impaired by marijuana. There
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are no perfect solutions and legislative directives must balance keeping our roadways safe with

due process.

Problems with determining the relationship between concentrations of THC and impairment is
that levels of THC in blood vary widely depending on the route of administration, the time of
sampling after dosing and the characteristics of the individual using marijuana. Generally,
smoked marijuana causes effects that start shortly after inhalation and last about 3 hours, while
subjects who eat marijuana start feeling effects about an hour later and can have effects up to 8
hours. Unlike alcohol which is cleared with 24 hours of drinking, THC and several metabolites
accumulate in the body with repeated dosing so frequent users have baseline concentrations that
exceed the per se limits currently used in some states for driving under the influence. After
smoking, THC concentrations in blood change rapidly and our studies have documented the poor
relationship between blood concentrations of THC and measures of impairment. Studies like this

led the National Safety Council to put out a position statement in 2017 that reads:

“It is further concluded that due to rapid changes in blood THC concentrations over time, there is
no minimum safe threshold blood concentration below which a driver can be considered to have
been unaffected while driving following recent marijuana use. Consequently, there is no
scientific basis for the adoption of THC per se laws for driving.” This statement was also
supported by the International Association of Police Chiefs. Despite these position statements, 18

States currently have some form of per se statutes.

How do we keep our roads safe? In California prosecution of driving under the influence of
drugs is currently based on officer observations combined with results of toxicology testing. This

practice will likely continue for the foreseeable future.
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Since there is no reasonable expectation that THC or a metabolite of THC will be useful for per
se impairment an alternative would be to develop methods to identify “recent use” biomarkers.
The biological specimens that could be used to determine if a driver has recently used marijuana
are blood, breath, and oral fluid. The primary advantages of breath and oral fluid over blood is
that they can be collected at the roadside at the time of a traffic stop as opposed to blood which
typically takes about 90 minutes to collect. This is an important consideration because unlike
ethanol, concentrations of THC can fall by more than 90% in this short timeframe. There are a

variety of ongoing efforts to identify markers of recent use.

In respect of my time limit I would like to close my initial statement by mentioning two items

that this caucus needs to be aware of so they can help shape appropriate regulations.

1. Due to federal restrictions, investigators cannot study the cannabis products our
population is exposed to. This is a critically important public health issue that needs to be
changed.

2. Currently there is no standardized data collection for driving under the influence of drugs.

Without good data it is difficult to develop good policy.

I hope my testimony was helpful and look forward to answering any questions members of the

caucus may have.
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Testimony of Dr. Staci Gruber Before the Senate Caucus on International Narcotics Control
“Marijuana and America’s Health: Questions and Issues for Policy Makers” October

23, 2019

The term “marijuana” typically describes alf constituents derived from the plant Cannabis Sativa L,
which contains more than 100 phytocannabinoids that interact with the body’s natural endocannabinoid
system (ECS). Delta-9-tetrahydrocannabinol (THC), the primary psychoactive constituent of MJ, is mainly
responsible for the subjective "high” felt by recreational MJ users who often seek strains and products with
high concentrations of THC. Given that the ECS affects growth, differentiation, positioning, and connectivity
among neurons, exposure to exogenous cannabinoids such as THC may disrupt neural development,
especially during adolescence.

However, preliminary evidence also suggests that MJ and its constituents likely hold extraordinary
potential for the treatment of a number of medical conditions’. Cannabidiol (CBD), the primary
nonintoxicating constituent of the plant, has become weli-known for its role in treating intractable pediatric-
onset seizure disorders?, and has demonstrated promise in treating other medical conditions including pain
and multiple sclerosis®, as well as psychiatric conditions including anxiety and psychosis®8, CBD has been
shown to mitigate some of the negative effects of THC, including adverse psychological symptoms” and
structural alterations in the brain®®. it is of note that while THC levels are rising in recreational MJ products,
CBD levels have declined to nearly undetectable leveis™.

Despite a body of evidence demonstrating structural and functional brain alterations among MJ
users, more than 24 million Americans report past month MJ use'. Current deliberations over the
legalization of MJ often highlight the potential benefits of medical marijuana (MMJ), and with the majority of
states legalizing MMJ, it is not surprising that perceived risk related to MJ use is at an all-time low. In fact,
recent US national survey data indicate that more high school seniors use MJ daily (5.9%) than smoke
cigarettes (4.2%), more than 37% of seniors reported past-year MJ use, and only 29% of all seniors

surveyed thought regular MJ use was harmful'?. Further, almost 9% of the national population aged 12 or
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older currently use MJ*", which is potentially concerning given critical neurodevelopmental changes that take
place throughout adolescence. During adolescence, a period often marked by increased risk-taking
behaviors including experimentation with substance use, brain regions, particularly those associated with
executive functioning (e.g., problem solving, planning, inhibition), undergo processes that refine and
strengthen neural networks, which confinue until at least the mid-20s'3'4. Throughout emerging adulthood,
white matter volume and integrity also increase, which are associated with improvements in neural
conductivity'>'8. As adolescence is marked by ongoing neuromaturational processes and given increasing
evidence that the adolescent brain is more vulnerable to the effects of drugs than the adult brain, those at
the greatest risk for adverse consequences represent a vast and vulnerable population of MJ consumers, a
combination that poses serious public health concerns.

To date, the majority of data regarding the impact of MJ is derived from studies of individuals with
chronic, heavy recreational use; given public health concerns regarding adolescent use, many studies have
specifically examined adolescent users or those with adolescent onset of MJ use. These studies have
yielded a large body of research documenting the neurocognitive impact of recreational MJ use on the brain
using both neuropsychological assessment and neuroimaging techniques, which have helped to clarify the
underlying structural and functional alterations associated with recreational MJ use. Given heterogeneity
across study findings, potential moderating variables must be taken into account given overall implications

for public policy and considerations for continued research efforts.

Neurocognitive Impact of Recreational MJ Use
Cognition

Numerous studies have documented the effects of MJ across a wide range of cognitive domains'”20,
With regard to studies of memory function, several reviews indicate that recreational MJ use appears to
impact a number of individual aspects of memory®2122, however, findings are most robust for measures of
verbal learning, where decrements have been observed in terms of encoding, recall, and recognition?2.

Despite strong evidence for verbal memory impairment among recreationat MJ consumers, findings from
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other areas of memory function, namely associative and visuospatial memory, are less clear?*224, Studies
of executive function which examine response inhibition, planning, and decision-making, generally report
decrements in MJ users?>®2, Further, several investigations also report that poorer executive function is a
predictor of MJ use®% and MJ-related problems®. Aithough only a small number of studies have examined
processing speed, most have observed deficits in MJ users3237:38 relative to non-users. Findings with regard
to overall intelligence are largely inconsistent. While some studies have reported lower 1Q among
recreational MJ users relative to non-users® %, more recent longitudinal studies with larger sample sizes
challenge these findings. In one investigation of twins discordant for MJ use, MJ users demonstrated lower
1Q relative to non-users, but MJ-using twins failed to show significantly greater IQ decline relative to their
abstinent siblings, suggesting that the observed decline in IQ might be attributable to familial factors, rather
than a direct result of MJ use. Similarly, a second large-scale, longitudinal study* did not find IQ

differences between MJ users and controls after adjusting for confounding variables.

Brain Function

Neuroimaging techniques have facilitated researchers’ ability to clarify the underlying neural
substrates associated with cognitive decrements in MJ users. Using a variety of paradigms, researchers
have studied functional correlates across cognitive domains. While the direction and magnitude of findings
are often variable, overall, MJ use is typically associated with altered patterns of neural activation across
multiple brain regions. For example, during measures of executive function, a number of studies have
reported altered activation in the frontal cortex®04244_ Although many have examined verbal memory using
traditional neuropsychological measures, the majority of fMRI studies have utilized spatial working memory
tasks. Interestingly, MJ users generally demonstrate similar behavioral performance compared to non-users
on these paradigms, yet neural alterations have been observed across studies?**%, suggesting that less
efficient neural strategies may be used by MJ users in order to achieve the same level of performance as
non-users. Other aspects of cognition proposed to be associated with drug use, including associative

memory, error monitoring, and reward processing have also been examined using fMRI methods in
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recreational MJ users. Overall, functional correlates of each of these processes appear to be altered in MJ

users relative to non-MJ users®.

Brain Structure

Brain imaging techniques have also afforded researchers the opportunity to examine the impact of
MJ use on brain structure, including measures of both grey and white matter. Studies assessing the
structural impact of MJ use often report bidirectional findings, which are typically related to the brain region
under examination®®. Interestingly, however, alterations are most often observed in areas with high densities
of CB1 receptors® and may also be influenced by age of onset and increased MJ use®. A recent review
reported that while larger cerebellar and striatal volumes have been observed in MJ users, regular MJ users
often exhibit reductions in grey matier volume in several other regions, particularly in the hippocampus?®.
Importantly, studies have found that structural alterations in a number of brain regions appear to be related
to increased executive dysfunction®255 and poorer verbal memory®.

White matter, critical for efficient communication between brain regions, has also been assessed
among MJ-using populations. In general, reduced white matter fiber tract integrity, measured using diffusion
tensor imaging (DT1) techniques, has been observed in several prefrontal, limbic, parietal and cerebellar
tracts in adolescent and emerging adult MJ users®790. A relationship between earlier age of onset of MJ use
and lower white matter integrity has also been reported®%°, Interestingly, these alterations have also been
correlated with impulsivity®®&° and appear to be a risk factor for poorer executive function and for cannabis

use disorders, specifically in adolescent users®’.

Variables Moderating the Impact of MJ Use on the Brain
Age of onset of MJ use

As noted, overall, investigations have revealed functional and structural alterations associated with
MJ use, but a number of studies have also reported that decrements observed in adults tend to be more
significant, or persist for longer periods in those who began using MJ during adolescence?$', This is not

surprising given the fact that the brain is neurodevelopmentally vulnerable during adolescence and sensitive
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to exposure to drugs, alcohol, iliness, and injury. Additionally, some investigations have noted that earlier
age of MJ onset appears to be inextricably linked to higher frequency of use and amount of MJ used®,
suggesting that increased MJ use may be a trait characteristic specific to early onset users. As such,
individuals with earlier MJ onset may have an “additive vuinerability,” marked by a brain that is susceptible to
the impact of MJ coupled with an increased likelihood to engage in higher levels of MJ use, relative to those
with tater MJ onset. Age of MJ onset is therefore an important variable to include in research endeavors as
individuals who begin using MJ during adolescence are characterized by relatively “immature” brains and a
tendency to use MJ more regularly, potentially posing a greater risk for cognitive decrements. Further, as
differences between MJ users and non-users are often attributable to those with early versus late MJ
onset?’6284 collecting data regarding onset of MJ use is likely to help reduce heterogeneity of study findings

in future investigations.

Exposure to MJ: Frequency, Magnitude, Potency & Novel Modes of Use

Increased frequency and magnitude of MJ use have been shown to be predictive of poorer cognitive
performance®®. To date, most studies regarding MJ use have examined the impact of heavy, chronic
recreational MJ use. Accordingly, conclusions regarding the effects of MJ use on the brain are generally
reflective of chronic, heavy use and may not necessarily be generalizable to light or more casual MJ users.
However, it is important to recognize that there is no consensus regarding the definition or criteria required
for “chronic,” “regutar,” or “heavy” use versus “casual” or “light use.” Discrepancies among what constitutes
heavy relative to light MJ use has likely contributed to mixed findings across studies. Further, although most
studies base assessments of MJ use on current number of days of MJ use or number of episodes of use per
week, some investigators utilize estimates based on longer periods of time, such as lifetime smoking
episcdes. Each of these definitions account for frequency of use, but none specifically account for
magnitude or amount of cannabis consumed, which can be difficult to assess especially across multiple
products types. Unlike alcohol or other drugs, there is no standardized measure of MJ, which stems from a

variety of difficulties in calculating exposure to MJ. For example, some derive the magnitude of MJ
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consumed by calculating the total number of joints smoked or “puffs” taken, while others calculate an
estimate of actual grams of MJ used, which is becoming increasingly difficult with the advent of novel
preducts and varied modes of use. Even if individuals can quantify the number of grams of MJ used, it does
not account for other factors that influence overall exposure.

Individuals often use MJ products of various strengths, or potencies. Over the last several decades,
the potency of recreational MJ, measured as THC concentration, has increased exponentially. Analyses of
recreational MJ products revealed that between 1995 and 2017 levels of THC more than quadrupled,
increasing from 4% to 17%°. in addition, highly potent products termed “concentrates” have also had a
surge in popularity in recent years, raising additional concerns about the impact of recreational MJ use on
the brain. These products are made by extracting THC from MJ flower to yield products with extremely high
levels of THC that can exceed 80%5%. Concentrated products, including “dabs” (the colloquial name for
concentrated oil created by extracting THC from flower-based MJ products), shatter, wax, budder, and
others all have significantly higher potency relative to conventional flower products®. Although no studies
thus far have directly examined the impact of concentrates on the brain, survey studies have associated the
use of concentrates with negative physiological consequences,®” stronger intoxicating effects®, and higher
levels of physical dependence® and self-reported depression and anxiety™. In addition, one study assessing
the relationship between brain structure and potency of MJ flower products (classified as either “high” or
“low” potency by self-report) noted alterations in corpus callosum white matter microstructure in high-potency
MJ users compared to low-potency users and controls”. Findings suggest that use of high potency MJ
products, including concentrates, may impart negative consequences on the brain. This raises concern that
adverse consequences associated with MJ use may be more significant now than in the past, particularly

among young users.

Length of abstinence
Throughout the literature, studies have employed a range of abstinence periods, generally ranging

from 12 hours to one month, in order {o examine the residual effects of MJ use. Length of abstinence may
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also influence study findings, as studies have shown changes in cognition over the course of abstinence
periods. While some have reported recovery of function after one to three months of MJ abstinence,*”"?
others have shown that decrements are sustained over time'8. Additional research is needed in this area,

particularly studies examining the impact of extended abstinence periods.

Chronologic Age: the impact of MJ use in older adults

Historically, increasing rates of MJ use have been noted among adolescents and young adults,
which raised public health concerns given their neurodevelopmental vulnerability, driving research efforts to
focus on youth and young adult populations. Recently, however, with expanded legalization across the US
for both medical and recreational use, rates of use are now climbing fastest among older adults. According
to data from the National Survey of Drug Use and Health (NSDUH), from 2002-2014, the proportion of adults
aged 55 to 64 who reported MJ use in the past year increased by 455% from 1.1% to 6.1%; among those 65
and older, this proportion also increased dramatically, rising from 0.3% to 1.3%72. In comparison, rates
among 18- to 25-year-olds rose only 13% in the same period, while rates among 12-17 year-olds actually
decreased 10%. Despite the prevalence of MJ use among older aduits, consequences of use are relatively
unknown in this population, although preclinical evidence suggests that THC may impact older individuals
differently. One preclinical study reported a reversal of age-related cognitive decline in mature and old mice
treated with low doses of THC, while the same exposure resulted in cognitive decrements among young
mice’™. It is of note, however, that older adults may also have specific vulnerabilities with regard to MJ use.
As overall metabolism slows with age, MJ may take longer to “clear the body,” increasing the likelihood of
experiencing higher levels of intoxication or an adverse event. Further, cannabinoids, including CBD, can
inhibit the liver’s cytochrome P450 enzyme system, increasing both plasma levels and toxicity of other drugs
and potentially causing drug-drug interactions’. This is important, as approximately one-third of all
prescription drugs in the US are used by older adults™. Additional studies aimed at identifying the specific
impact of MJ use in older aduits are clearly warranted, especially given the shifting landscape of legal

recreational and medical use in a growing number of states.
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Can the Effects of Recreational MJ Use be Generalized to Medical MJ Use?

Historically, THC, the primary intoxicating constituent of MJ, has been the most commonly studied
cannabinoid. Recreational users typically seek products high in THC, given their goal to “alter their current
state of being” or “get high.” In contrast, MMJ patients are typically not interested in getting high, but instead
seek symptom relief. Accordingly, MMJ patients are inclined to use products with varied cannabinoid
constituent profiles, which often include those with high levels of CBD and other non-intoxicating
cannabinoids, as well as THC. While CBD has been shown to mitigate some of the negative effects related
to THC® and has been hypothesized to have tremendous therapeutic potential for a variety of conditions and
indications®, studies investigating the properties of additional cannabinoids, including cannabigerol (CBG),
cannabichromene (CBC), and cannabinol (CBN), also cite positive effects, such as anti-inflammatory and
neurogenic effects’7%0. In addition to the unique effects of each individual cannabinoid, many posit the
existence of an “entourage effect,” which describes the synergistic action that occurs in the presence of
multiple cannabinoids and terpenoids®!. Terpenoids, the essential oils responsible for the flavor and
fragrance components of cannabis, also exert their own biobehavioral health effects. This potential
entourage effect may help explain why products from whole-plant extractions appear to be more efficacious
than isolated cannabinoid compounds®83,

Although additional research is needed to fully understand the effects of individual cannabinoids as
well as interactions between cannabinoids, terpenoids, flavonoids and other compounds present in the plant,
differences between recreational and medical users’ goals of use and choice of products raise the question
as to whether the documented effects of recreational MJ use can be generalized to MMJ use. Despite the
literature on recreational MJ use, few studies thus far have specifically examined the impact of MMJ on the
brain, which may differ from recreational use given a number of factors, including but not limited to goal of
use, product choice, and age of the consumer. Recent work from the first longitudinal, observational study of
MMJ patients suggests that following three months of MMJ treatment, patients exhibit improvements in
mood, quality of life, and sleep disturbance as well as improved cognitive performance on measures of

executive function relative to baseline3*#5, Additionally, in the first study to use neurcimaging techniques to
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examine functional correlates of MMJ use, three months of MMJ treatment was related to an apparent
normalization of brain activation during the completion of the Multi-Source Interference Test (MSIT), a robust
measure of cognitive control®. These improvements, which are in stark contrast to previous findings in
recreational MJ users, particularly those with adolescent onset, may be related to potentially protective
factors such as the presence of CBD and other therapeutic cannabinoids in MMJ patients’ products or are
perhaps attributable to the fact that most MMJ patients are adults and beyond the period of
neurcdevelopmental vulnerability when they initiate use. Further, these MMJ patients reported significant
symptom alleviation and a notable decrease in the use of conventional medication (including opioids)
following three months of MMJ treatment; these factors may also contribute to the cognitive improvements
observed in this population. Additional research is needed to fully explore mechanisms of action among
medical MJ patients in order to identify specific factors which moderate the adverse effects of MJ primarily

observed in young, recreational users.

Marijuana and Public Policy

The rapid pace of legalization efforts has caused policy to outpace science, and while additional
research is needed, it is imperative to use scientific evidence to guide policy decisions. Studies of
recreational MJ use report decrements in cognitive performance and alterations in brain structure and
function, and most agree that individuals who begin to use MJ in adolescence or those with earlier onset of
use are more likely to demonstrate neurobiologic alterations relative to those who initiate use later in life.
This finding is consistent with work demonstrating that the adolescent brain is not fully mature during
adolescence and thus more vuinerable to the effects of drugs and alcohol than aduits. It is critical for
policymakers to carefully consider age-related guidelines to help prevent or reduce adolescent exposure. In
addition, advertising of MJ products should not target youth, and safe guidelines for packaging of MJ
products should be established to prevent accidental ingestion by children.

Policymakers are encouraged to engage in dialogue regarding safe limits of MJ use. In addition fo

frequency and magnitude of MJ used, safe limits of MJ use should consider potency of MJ products used
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and novel modes of administration, specifically those designed to deliver large doses of THC very quickly.
Some have considered increased tax rates for higher potency products or limiting the total amount of THC
within products available to specific consumer populations (e.g., young adults). Given that a number of
cannabinoid constituents have potentially beneficial and neuroprotective effects, it is also important to
determine whether implementing minimums for certain constituents, such as CBD, could help to mitigate
some of the adverse effects related to THC. In light of data demonstrating a significant increase in THC and

decline in CBD within recreational products, reversing this trend could prove to be helpful.

Barriers to Cannabis Research

In order fo fully understand the potential benefit and possible risks associated with cannabis use,
researchers should be able to study actual cannabis products currently available to consumers for both
recreational and medical use. However, despite a growing need for information to help inform public policy
and safe use guidelines, a number of barriers currently hinder research efforts. First, the Schedule | status of
MJ poses significant challenges. Currently, cannabis and all cannabinoids derived from plants containing
>.3% THC by weight, fall under Schedule | of the CSA, the most restrictive category, despite the fact that
numerous constituents, particularly CBD, are non-intoxicating and have been deemed “safe” by a number of
sources®87 While MJ may be legal in a particular state for medical and/or recreational/adult purposes, MJ
remains illegal at the Federal level making it difficult for scientists to gain access to appropriate products for
investigation. The Schedule | status of MJ can also lead to delays in conducting research, as multiple
approvals are required, including applying for and receiving a Schedule | license, and a number of other
safeguards must be in place to prevent potential diversion, such as storage, security, and surveillance
considerations.

Current regulations stipulate that all cannabis to be used in clinical trials must be obtained from a
single Federal source, currently the National Institute on Drug Abuse (NIDA). Although the DEA announced
in 2016 that it would accept applications for non-NIDA entities to become registered to manufacture MJ and

related products to supply researchers in the US, NIDA currently remains the only source of cannabis
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material for researchers. Over the last several years, NIDA’s Drug Supply Program (DSP) has exponentially
expanded the number of conventional MJ flower products (and one high CBD extract) available to
researchers, which vary in constituent composition (low, medium, high THC, CBD, etc.) and potency.
However, investigations using only products from NIDA's drug supply may suffer from a lack of ecological or
external validity, as potency and constituent profiles and ratios may not be consistent with consumers’
products. Further, the majority of products available through the DSP are in conventional flower form, and do
not reflect the wide range and types of products/modes that MJ consumers and patients often use.
Mechanisms allowing cannabis growers, providers or dispensaries to have their products tested, vetted, and
ultimately made available to researchers for use in clinical research studies are a potential step in facilitating
the assessment of actual MJ products used by consumers, including concentrate products, edibles, topicals,

and tinctures, as well as products supplied by medical and recreational dispensaries.

Conclusions

Decades of research have focused on the impact of recreational MJ use, documenting cognitive
decrements and structural and functional brain alterations in chronic, heavy users. These changes are most
evident among adolescent users or those with early onset of MJ use, as adolescence represents a critical
period of neurodevelopment, making youth more vulnerable o exogenous influences, including MJ.
Accordingly, frequency and magnitude of use, product choice, potency, mode of use, and age of the
consumer are all likely to influence the effects of MJ on the brain. It is important, however, to recognize that
cannabis is a diverse and comptex plant comprised of hundreds of constituents, many of which are likely to
exhibit unique effects when studied alone as well as in the presence of other cannabinoids, terpenoids,
flavonoids, and other compounds. Despite the range of effects conferred by individual constituents, many of
which are non-intoxicating and have no diversion potential, cannabis and cannabinoids extracted from plants
with >0.3%THC by weight is currently treated as a single entity and classified as a Schedule | substance, the
most restrictive drug class, significantly hindering research efforts. While the impact of recreational MJ use

among adolescents and early onset users is often the focus of research investigations, resulting in a body of
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literature, the impact of medical MJ use is vastly understudied. Investigations are needed to clarify the
impact of MMJ on the brain and health-related outcomes (e.g. changes in conventional medication use,
impact on pain, sleep, quality of life, mental health conditions, etc.), both short- and long-term consequences
of high potency products and novel modes of use, effects of recreational and medical MJ use in older adults,
and the efficacy and safety of existing products as well as those in development, ideally using clinical trial
models. As the nation has warmed toward both medical and adult recreational MJ, the need for empirically
sound data is critical to help patients and consumers make informed decisions about their use.
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Testimony by Sean Hennessy before the Senate Caucus on International Narcotics Control
October 23, 2019

Good afternoon. My name is Sean Hennessy and | am a pharmacist-epidemiologist and faculty member
at the University of Pennsylvania. | was a member of the 16-person committee that wrote the report
entitled The Health Effects of Cannabis and Cannabinoids® that the National Academies of Science,
Engineering and Medicine released in January 2017.

More than 150 years ago, the National Academy of Sciences was created through a congressional
charter signed by Abraham Lincoln to serve as an independent, authoritative body outside the
government that could advise the nation on matters pertaining to science and technology. It later
expanded to include engineering and medicine. Every year, approximately 6,000 National Academies
members and volunteers serve pro bono on consensus study committees or convening activities. The
National Academies’ consensus study process is considered the gold standard of independent,
nonpartisan, evidence-based advice.

Our committee conducted a comprehensive review and synthesis of the existing evidence regarding the
potential heaith effects—both therapeutic and harmful—of cannabis and cannabis-derived products.
Qur 487-page report lists nearly 100 different conclusions about these effects. It also lists four
recommendations to address research gaps, improve research quality, improve surveillance capacity,
and address research barriers. I'd like to briefly summarize what our committee found and
recommended. | have attached a copy of the report’s highlights for your reference.

For each potentially therapeutic or harmful health effect that we examined, our committee classified
the evidence as either conclusive, substantial, moderate, limited, or as no or insufficient evidence.

Potential Therapeutic Effects

We found conclusive evidence that orally administered tetrahydrocannabinol {THC) is effective in
treating chemotherapy-induced nausea and vomiting. Synthetic THC (dronabinol} and a synthetic
analogue of THC {nabilone) are both FDA-approved for this use.

We found substantial evidence that some cannabis products are effective for the treatment of chronic
pain in adults. Of the trials examined, 13 studied a product called nabiximols (an oral-mucosal cannabis
extract containing equal amounts of THC and CBD), 7 studied cannabis flower that was either smoked or
vaped, 5 studied orally administered synthetic THC, and 3 studied THC oramucosal spray.

We found substantial evidence that orally administered cannabinoids (nabiximols and nabilone) can
improve patient-reported symptoms of muscle spasticity in persons with multiple sclerosis.

We found moderate evidence that cannabis-derived products, primarily nabiximols, can improve
shortterm sleep in persons with sleep disturbance associated with obstructive sleep apnea,
fibromyalgia, chronic pain, and multiple sclerosis.

* National Academies of Sciences, Engineering, and Medicine. 2017, The health effects of cannabis and
cannabinoids: The current state of evidence and recommendations for research, Washington, DC: The National
Academies Press. doi:10.17226/24625.
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We found only limited evidence that cannabis and oral cannabinoids can increase appetite and reduce
weight loss associated with HIV/AIDS; that that oral cannabinoids can improve clinician-measured
muscle spasticity in persons with multiple sclerosis; that oral THC can improve symptoms of Tourette
syndrome; that oral CBD can improve anxiety symptoms in individuals with social anxiety disorders; and
that nabilone can improve symptoms of posttraumatic stress disorder.

There were many conditions for which we found no or insufficient evidence that cannabis or
cannabisderived products were effective, including cancers, irritable bowel syndrome, and Parkinson
disease.

After we issued our report, the results of clinical trials were made available that served as the basis for
the approval by the US Food and Drug Administration of concentrated CBD oil (Epidiolex®) for use as
part of a multi-drug treatment for two rare and severe forms of epilepsy.? For reasons of transparency, |
note that | served as a consultant for Greenwich Biosciences, Inc. in 2018 and received consulting fees
that were less than the $5000 threshold for a “significant financial interest” set by the US Department of
Health and Human Services.

Potential Harmful Health Effects
We found substantial evidence of a statistical association between recent cannabis use and an increased
risk of motor vehicle crashes.

We found substantial evidence of a statistical association between maternal cannabis smoking and
lower birth weight of the offspring.

We found substantial evidence of a statistical association between long-term cannabis smoking and
worse respiratory symptoms including cough, increased sputum production, wheeze, and more frequent
chronic bronchitis episodes.

We found substantial evidence that initiating cannabis use at an earlier age is a risk factor for the
development of problem cannabis use.

We found substantial evidence of a statistical association between cannabis use and the development of
schizophrenia or other psychoses, with the highest risk among the most frequent users. However, there
is reason to question about the directionality of this association.

We found moderate evidence of a statistical association between acute cannabis use and impairment in
learning, memory, and attention.

We found moderate evidence of a statistical association between regular cannabis use and increased
symptoms of mania and hypomania in individuals diagnosed with bipolar disorders.

2 https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-comprised-active-
ingredientderived-marijuana-treat-rare-severe-forms, accessed 16 October 2019.
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We found moderate evidence of a statistical association between cannabis use and a small increased risk
for the development of depressive disorders.

We found moderate evidence of a statistical association between cannabis use and increased incidence
of suicidal ideation, suicide attempts, and completed suicide.

We found moderate evidence of a statistical association between regular cannabis use and increased
incidence of social anxiety disorder.

We found moderate evidence that during adolescence the frequency of cannabis use, oppositional
behaviors, a younger age of first alcohol use, nicotine use, parental substance use, poor school
performance, antisocial behaviors, and childhood sexual abuse are risk factors for the development of
problem cannabis use.

We found moderate evidence of a statistical association between cannabis use and the development of
substance dependence and/or a substance abuse disorder for substances, including alcohol, tobacco,
and other illicit drugs.

We found moderate evidence of a statistical association between cannabis use and an increased risk of
overdose injuries among pediatric populations in U.S. states where cannabis is legal according to state
law.

Barriers to Research on the Effects of Cannabis and Cannabis-derived Products
Our committee identified four challenges to conducting research on the health effects of cannabis:
1. There are specific regulatory barriers, including the classification of cannabis as a Schedule |
substance, that impede the advancement of cannabis and cannabinoid research.
2. ltis often difficult for researchers to gain access to the quantity, quality, and type of cannabis
product necessary to address specific research questions on the health effects of cannabis use.
3. Adiverse network of funders is needed to support cannabis and cannabinoid research that
explores the beneficial and harmful health effects of cannabis use.
4. To develop conclusive evidence for the effects of cannabis use on short- and long-term health
outcomes, improvements and standardization in research methods are needed.

Recommendations
Our committee made the following four recommendations:

1. To develop a comprehensive evidence base on the short- and long-term health effects of
cannabis use (both beneficial and harmful effects), public agencies, philanthropic and
professional organizations, private companies, and clinical and public health research groups
should provide funding and support for a national cannabis research agenda that addresses key
gaps in the evidence base.

2. To promote the development of conclusive evidence on the short- and long-term health effects
of cannabis use {both beneficial and harmful effects), agencies of the U.S. Department of Health
and Human Services should jointly fund a workshop to develop a set of research standards and
benchmarks to guide and ensure the production of high-quality cannabis research.



89

3. To ensure that sufficient data are available to inform research on the short- and long-term
health effects of cannabis use, the federal, state, and local health authorities should fund and
support improvements to federal public health surveillance systems and state-based public
health surveillance efforts.

4. The Centers for Disease Control and Prevention, National Institutes of Health, U.S. Food and
Drug Administration, industry groups, and nongovernmental organizations should fund the
convening of a committee of experts tasked to produce an objective and evidence-based report
that fully characterizes the impacts of regulatory barriers to cannabis research and that
proposes strategies for supporting development of the resources and infrastructure necessary
to conduct a comprehensive cannabis research agenda.

Thank you for your attention and the opportunity to discuss these issues. | look forward to answering
your questions.
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January 2017

efforts to support the advancement
of research, and address the current
barriers to cannabis research.

Report

The Health Effects of
Cannabis and Cannabinoids

The Current State of Evidence and
Recommendations for Research

Recent years have seen a rapid rise in the medical and recreational use of cannabis: a
broad term that can be used to describe the various products and chemical compounds
(e.g., marijuana, cannabinoids) derived from different species of the cannabis plant.
Despite increased cannabis use and a changing state-level policy landscape, conclusive
evidence regarding the short- and long-term health effects—both harms and benefits—
of cannabis use remains elusive.

A lack of definitive evidence has resulted in insufficient information on the health
implications of cannabis use, causing a significant public health concern for vulnerable
populations such as adolescents, pregnant women, and others. Unlike with substances
such as alcohol or tobacco, no accepted standards exist to help guide individuals as they
make choices regarding if, when, where, and how to use cannabis safely and, in regard
to therapeutic uses, effectively.

With support from a host of federal, state, philanthropic and nongovernmental
organizations, the National Academies of Sciences, Engineering, and Medicine convened
an ad hoc, expert committee to develop a comprehensive, in-depth review of the most
recent evidence regarding health effects of using cannabis and cannabis-derived
products. In the resulting report, The Health Effects of Cannabis and Cannabinoids: The
Current State of Evidence and Recommendations for Research, the committee presents
nearly 100 research conclusions. The committee also formulated recommendations to
expand and improve the quality of cannabis research efforts, enhance data collection

HIGHLIGHTS

The Health Effects
\‘sﬁ of Cannabis and
( Cannabinoids

RECOMMENDATIONS FOR RESEARCH

. we

Despite increased cannabis use
and a changing statelevel policy
landscape, conclusive evidence
regarding the short- and long-
term health effects— both
harms and benefits— of
cannabis use remains elusive.

The National Academies of
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THE STUDY PROCESS

The i an search of Ii
databases to identify relevant articles published since the 1999
release of the National Academies report Marijuana and Medicine:
Assessing the Science Base. As a result of their search efforts, the
committee considered more than 10,000 scientific abstracts for
their relevance to the report. Given the large scientific literature on
cannabis, the breadth of the statement of task, and other
constraints of the study, the committee gave primacy to recently
published systematic reviews and high-quality primary research for
11 groups of health topics and concerns, including therapeutic

effects for a variety of diseases and conditions; cancer incidence;
respiratory disease; prenatal, perinatal, and neonatal outcomes;
psychosocial and mental health concerns, and others.

The committee was charged to conduct a comprehensive, indepth
review of health topics with the greatest public health impact
rather than to conduct multiple systematic reviews, which would
have required a lengthy and robust series of processes. The
committee did, however, adopt key features of that process: a
comprehensive literature search, assessments by more than one
person of the quality of the literature and the conclusions, pre-
specification of the questions of interest before conclusions were
formulated, standard language to allow for comparisons between
conclusions, and declarations of conflict of interest via the National
Academies conflict-of-interest policies.

Because of the practical steps taken to narrow a very large
literature to one that was manageable within the timeframe
available to the committee, there is a possibility that some
literature was missed. Furthermore, some research may not be
reflected in this report if it did not directly address the health
endpoint research questions that were prioritized by the
committee.

THE COMMITTEE’S CONCLUSIONS

The committee arrived at nearly 100 different research conclusions
related to cannabis or cannabinoid use and health, organizing these
into 5 categories: conclusive, substantial, moderate, limited, and
no/insufficient evidence.

For a definition of these levels of evidence and a full listing of the

conclusions, please see the “C ittee’s Ct
by visiting the report’s website at
i ies.org/Cannabi

THE COMMITTEE’S RECOMMENDATIONS

Based on their research conclusions, the committee members
formulated four recommendations that outline priorities to inform
a research agenda. The recommendations prioritize research
approaches and objectives to:

* address current research gaps, highlighting the need for a
national cannabis research agenda that includes clinical and
observational research, health policy and health economics
research, and public health and public safety research;
identify actionable strategies to improve research quality and
promote the development of research standards and
benchmarks;
highlight the potential for improvements in data collection
efforts and the enhancement of surveillance capacity; and
* propose strategies for addressing the current barriers to the
advancement of the cannabis research agenda.

The full text of the committee’s recommendations appears on the
pages that follow.

CONCLUSION

This is a pivotal time in the world of cannabis policy and research.
Shifting public sentiment, conflicting and impeded scientific
research, and legislative battles have fueled the debate about
what, if any, harms or benefits can be attributed to the use of
cannabis or its derivatives. This report provides a broad set of
evidence-based research conclusions on the health effects of
cannabis and cannabinoids and puts forth recommendations to
help advance the research field and better inform public health
decisions.

To read the full report, please visit

org/C:
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RECOMMENDATIONS
Recommendation 1: To develop a comprehensive evidence base on the short- and long-term health effects of cannabis use (both
beneficial and harmful effects), public agencies, phil ic and p i private ies, and clinical and

public health research groups should provide funding and support for a national cannabis research agenda that addresses key gaps in
the evidence base. Prioritized research streams and objectives should include, but need not be limited to:

Clinical and Observational Research
. Examine the health effects of cannabis use in at-risk or under-researched populations, such as children and youth (often
described as less than 18 years of age) and older populations (generally over 50 years of age), pregnant and breastfeeding women,
and heavy cannabis users.

. Investigate the pharmacokinetic and pharmacodynamic properties of cannabis, modes of delivery, different
concentrations, in various populations, including the dose-response relationships of cannabis and THC or other cannabinoids.

. Determine the benefits and harms associated with understudied cannabis products, such as edibles, concentrates, and
topicals.

. Conduct well-controlled trials on the potential beneficial and harmful health effects of using different forms of cannabis,
such as inhaled (smoked or vaporized ) whole cannabis plant and oral cannabis.

. Characterize the health effects of cannabis on unstudied and understudied health endpoints, such as epilepsy in

pediatric populations; symptoms of posttraumatic stress disorder; childhood and adult cancers; cannabis-related overdoses and
poisonings; and other high-priority health endpoints.

Health Policy and Health Economics Research

. Identify models, including existing state cannabis policy models, for sustainable funding of national, state, and local
public health surveillance systems.
. Investigate the economic impact of recreational and medical cannabis use on national and state public health and

health care systems, health insurance providers, and patients.

Public Health and Public Safety Research

. Identify gaps in the cannabis-related knowledge and skills of health care and public health professionals, and assess the
need for, and performance of, continuing education programs that address these gaps.
. Characterize public safety concerns related to recreational cannabis use and evaluate existing quality assurance, safety,

and packaging standards for recreational cannabis products.

Recommendation 2: To promote the development of conclusive evidence on the short- and longterm health effects of cannabis
use (both beneficial and harmful effects), agencies of the United States Department of Health and Human Services, including the
National Institutes of Health and the Centers for Disease Control and Prevention should jointly fund a workshop to develop a set of
research standards and benchmarks to guide and ensure the production of high-quality cannabis research. Workshop objectives
should include, but need not be limited to:

. The development of a minimum dataset for observational and clinical studies, standards for research methods and
design, and guidelines for data collection methods.

. Adaptation of existing research-reporting standards to the needs of cannabis research.

. The development of uniform terminology for clinical and epidemiological cannabis research.

. The development of standardized and evidence-based question banks for clinical research and public health

surveillance tools.

Recommendation 3: To ensure that sufficient data are available to inform research on the short- and longterm health effects of
cannabis use, (both beneficial and harmful effects), the Centers for Disease Control and Prevention, the Substance Abuse and Mental
Health Services ini ion, the iation of State and itorial Health Officials, National Association of County and City
Health Officials, the Association of Public Health Laboratories, and state and local public health departments should fund and
support improvements to federal public health surveillance systems and state-based public health surveillance efforts. Potential
efforts should include, but need not be limited to:

. The development of question banks on the beneficial and harmful health effects of therapeutic and recreational

cannabis use and their incorporation into major public health surveys, including: the National Health and
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Nutrition Examination Survey, National Health Interview
Survey, Behavioral Risk Factor Surveillance System,
National Survey on Drug Use and Health,

Youth Risk Behavior Surveillance System, National Vital

Statistics System, Medical Expenditure Panel Survey, and

the National Survey of Family Growth.  Determining the

capacity to collect and reliably interpret data from

diagnostic classification codes in  administrative data (e.g.,

International Classification of Diseases-10)

The and utilization of state-based
testing facilities to analyze the chemical composition

of cannabis and products containing cannabis,
cannabinoids, or THC.

The development of novel diagnostic technologies
that allow for rapid, accurate, and noninvasive
assessment of cannabis exposure and impairment. ¢

Strategies for surveillance of harmful effects of

cannabis for therapeutic use.

Recommendation 4: The Centers for Disease Control and
Prevention, National Institutes of Health, Food and Drug
Administration, industry groups, and nongovernmental
organizations should fund the convening of a committee of
experts tasked to produce an objective and evidence-based

report that fully characterizes the impacts of regulatory barriers
to cannabis research and that proposes strategies for supporting
development of the resources and infrastructure necessary to

conduct a comprehensive cannabis research agenda. Committee
objectives should include, but need not be limited to:

Proposing strategies for expanding access to
research-grade marijuana, through the creation
and approval of new facilities for growing and
storing cannabis.

Identifying nontraditional funding sources and
mechanisms to support a comprehensive national
cannabis research agenda.

Investigating strategies for improving the quality,
diversity, and external validity of research-grade
cannabis products.

Health and Medicine Division

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The nation turns to the National Academies
of Sciences, Engineering, and Medicine for
independent, objective advice on issues that
affect people’s lives worldwide.
www.national-academies.org

Copyright 2017 by the National Academy of Sciences. All rights reserved.
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Good afternoon, Mr. Chairman and members of the Caucus. Thank you for inviting me to
contribute my knowledge about adolescent vulnerability to cannabis effects on cognitive
functioning.

Cannabis Effects on Cognitive Function

Cannabis intoxication results in temporary cognitive impairment,'= but it is less clear if cannabis
use results in enduring cognitive impairment — impairment that persists beyond the period of
acute intoxication. Studies comparing heavy cannabis users with nonusers have collectively
shown that heavy cannabis users, even when not intoxicated by cannabis, perform worse on
cognitive tests, including tests of learning and memory, attention, and other executive functions.
% The magnitude of cognitive deficits in these heavy cannabis users is small,*¢ though some
evidence suggests that cognitive deficits might be larger among more frequent, chronic, and
earlier-onset cannabis users.>’!2 Some evidence suggests that cognitive deficits might resolve
with prolonged abstinence.>%1

4

The extant evidence base draws largely on studies that compared heavy cannabis users with
nonusers on cognitive test performance, and these studies have two commonly cited limitations.
First, the studies lack information on initial cognitive functioning before the onset of cannabis
use. Therefore, the studies do not address the possibility that cognitive differences between
cannabis users and comparison individuals represent pre-existing rather than cannabis-induced
deficits. Second, the studies rely on cannabis users’ retrospective reports of their frequency,
quantity, age-of-onset, and duration of cannabis use, with reports often obtained years after
initiation of heavy use. Therefore, retrospective reports of cannabis use might not be accurate.

To redress these limitations, prospective longitudinal studies are needed. Prospective
longitudinal studies assess cognitive functioning in youth before the initiation of cannabis use,
obtain prospective information about cannabis use as the sample is followed over a number of
years, and then reassess cognitive functioning again, after some individuals in the sample have
developed a persistent pattern of cannabis use. The most comprehensive prospective longitudinal
study of cannabis use and cognitive functioning was published by our group in 2012 (Meier et
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al., 2012)."* Our study found that persistent cannabis use was associated with IQ decline from
childhood to adulthood, and IQ decline was concentrated in adolescent-onset persistent cannabis
users. Here I (1) describe our 2012 study and explain the findings, (2) address questions about
whether cannabis-associated IQ decline could be accounted for by factors such as low
socioeconomic status and poor childhood self-regulation, and (3) explain why the study is unique
and why we need more studies like it.

Cannabis and 1Q (Discussion of Meier et al., 2012)

The Findings: We studied the association between persistent cannabis use and 1Q decline and
asked whether IQ decline was concentrated among adolescent-onset cannabis users. Findings
come from the Dunedin Multidisciplinary Health and Development Study. The Study has
followed a group of 1,037 children, who were born in 1972-73 in Dunedin, New Zealand, from
birth to age 38 years, with 96% of the sample taking part at age 38. IQ was tested at age 13,
before cannabis use, and again at age 38, after some study members had used cannabis for years.

We found that:

1. Persistent cannabis use was associated with IQ decline from childhood to adulthood, and
1Q decline was concentrated among adolescent-onset persistent cannabis users. For
example, individuals who began using cannabis in adolescence (before age 18) and used
it for years thereafter showed an average 8-point 1Q decline from childhood to adulthood
(circled in red in the figure). Individuals who used cannabis short-term in adolescence
showed only weak evidence of IQ decline (3-point IQ decline; circled in black dashes in
the figure). Individuals who began using cannabis in adulthood (after age 18) did not
show IQ decline (gray bars), even when they used persistently.

In the figure below, 1 diagnosis = the study member met criteria for cannabis dependence at only one of the
five assessment phases (ages 18, 21, 26, 32, 38); 2 diagnoses = the study member met criteria for cannabis
dependence at two of the five assessment phases.; 3+ diagnoses = the study member met criteria for
cannabis dependence at three or more of the five assessment phases. More diagnoses = greater persistence.

04
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Fig. 2. Adolescent vulnerability. Shown is change in full-scale IQ (in SD units) from childhood to adulthood among study members with 1, 2, or 3+ diagnoses
of cannabis dependence as a function of age of onset of cannabis Individuals with ad @nnabis (black bars) expe-
rienced greater IQ decline than individuals with adult-onset cannabis dependence (gray bars). IQ decline of approximately ~0.55 SD units among individuals
with adolescent-onset cannabis dependence in the 3+ group represents a decline of 8 1Q points. Error bars = SEs.

Change in Full-Scale IQ
(in standard deviation units)
e —




97

2. Quitting or reducing cannabis use did not appear to fully restore intellectual functioning
among adolescent-onset former persistent cannabis users.

3. IQ decline could not be explained by alcohol or other drug use or by reduced years of
education among persistent cannabis users.

4. IQ decline could also not be explained by low childhood socioeconomic status or poor
childhood self-regulation.’

5. Third-party informants (e.g., friends, relatives) reported noticing more attention and
memory problems in everyday life among persistent cannabis users (e.g, losing focus
when they should be paying attention, forgetting to do errands, return calls, pay bills).

Why are these findings important? 7The importance of “before and after” IQ testing. Previous
studies have suggested that adolescents may be particularly vulnerable to the effects of cannabis
on cognitive functioning *1%11% However, until our study, research had not been able to rule out
the possibility that poorer cognitive test performance among adolescent-onset cannabis users
predates cannabis use initiation. We showed that regardless of their initial (pre-cannabis) test
performance, adolescent-onset persistent cannabis users performed worse than non-users and
adult-onset cannabis users on cognitive tests in adulthood.

What is the size of the 1Q decline? The extent of 1Q decline among adolescent-onset persistent
cannabis users (8 1Q points) is non-trivial. For example, an average person has an IQ of 100,
placing them in the 50th percentile for intelligence compared to their same-age peers. If this
average person loses 8 1Q points, they drop from the 50th to the 29th percentile for intelligence.

Why is an 8-point decline in IQ significant? Research has shown that IQ is a strong predictor of a
person’s access to a college education, their lifelong total income, their access to a good job,
their performance on the job, and even early death.'>* Individuals who lose 8 points may be
disadvantaged, relative to their same-age peers, in many important aspects of life. In fact, the
adolescent-onset persistent cannabis users from the Dunedin Study experienced downward social
mobility. That is, they ended up in occupations that were less prestigious, less skilled, and less
well paid than their parents’ occupation.?!

How many people does this affect? Only approximately 2% of the 1,037 individuals born in one
year in Dunedin became adolescent-onset persistent cannabis users. Thus, any effect of cannabis
on IQ is confined to a relatively small segment of the population. Nonetheless, findings are
concerning given that fewer adolescents today believe that regular cannabis use presents a
serious health risk.??

What should we do? We should direct efforts toward delaying the onset of cannabis use in young
people and encourage cessation, particularly for cannabis users who began using in adolescence.

What additional research is needed? Additional research is needed to answer the following
questions:

1. What are the mechanisims underlying cannabis-related 10 decline?
One hypothesis is that cannabis use causes brain changes that result in IQ decline.
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Further, adolescents might be particularly vulnerable to the effects of cannabis because

cannabis use might disrupt critical neuromaturational processes (e.g., synaptic pruning
[culling of weak/unused synapses, which might result in more efficient information
processing] and white matter development [which is important for efficient brain
signaling]) that occur during adolescence.'™!® Qur 2012 study on cannabis and IQ lacked
brain imaging data, and so we could not test this hypothesis. Findings from extant brain
imaging studies of cannabis users and comparison individuals have been somewhat
inconsistent, but functional imaging studies have found evidence of altered brain
activity in cannabis users in at least some brain regions,** and structural imaging
studies have consistently found that cannabis users have lower hippocampal
volume.?*?% The consistent finding of lower hippocampal volume among cannabis
users is interesting because the hippocampus has a high density of cannabinoid receptors
and is involved in learning and memory. Nonetheless, most brain imaging studies lack
data from before cannabis initiation, leaving open the possibility that differences between
cannabis users and non-users in terms of brain structure or function reflect pre-existing
differences. Overall, there is a clear need for large-scale longitudinal studies to follow
youth from before to well after cannabis initiation and to combine cognitive testing with
brain imaging. The Adolescent Brain and Cognitive Development Study (ABCD Study)
was launched, in part, to meet this need.

Although adolescence is receiving attention as a developmental period of heightened
vulnerability to cannabis effects, there are likely other sensitive periods in development.
For example, cannabis exposure during prenatal development is receiving increased
attention, and evidence suggests that the children of mothers who used cannabis during
pregnancy show poorer cognitive functioning.?” Another example is that cannabis use in
older adulthood might be associated with serious cognitive consequences. With continued
follow-up of the Dunedin Study cohort, who are now age 45, our team can answer new
questions about cannabis effects on the aging brain.

What are the parameters of cannabis use that determine the magnitude and persistence of
cognitive deficits?

Additional work is needed to identify the frequency, quantity, age-of-onset, and duration
of cannabis use that is sufficient to produce cognitive deficits. Findings from our 2012
study on cannabis use and IQ suggest that cannabis use that begins before age 18 and
continues for many vears is associated with 1Q decline from childhood to adulthood, but
short-term cannabis use in adolescence might not be associated with IQ decline (see
above Figure). Several recent longitudinal studies,?®*° including a study from our group
using data from a different cohort,*! found little evidence of cannabis-related IQ decline
in adolescence. Importantly, these studies do not conflict with our 2012 study. Rather, the
studies collectively suggest that short-term cannabis use in adolescence might not be
associated with IQ decline, but long-term cannabis use from adolescence onward might.
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A caveat is that the adolescents in these recent longitudinal studies had relatively low
levels of cannabis use. For example, adolescents were classified as cannabis users if they
had ever used cannabis or if they had used cannabis 50+ times. It is possible that
cannabis-related 1Q decline in adolescence might only become apparent after heavier use.
Consistent with this, an earlier longitudinal study of youth followed to adolescence found
evidence of 1Q deficits among heavy adolescent cannabis users (>5 joints per week) but
not lighter uses.3?

One parameter of cannabis use that has received almost no research attention is cannabis
potency, which refers to the THC content of cannabis. (THC is the main psychoactive
constituent of cannabis.) In our 2012 study on cannabis and 1Q, the cannabis users had
access to low-potency cannabis - 3.5% THC ** Today’s teenagers have access to
cannabis with much higher potency. For example, the average THC content of
confiscated marijuana (flower) in the US was 12% in 2014,** and the average THC
content of marijuana sold in US dispensaries is now ~20%.3>% In addition, work from
my group showed that nearly 1 in 4 adolescents have used cannabis concentrates,*” which
are cannabis plant extracts with unprecedentedly high THC content **3° Cannabis
concentrates have estimated average THC content of ~40-70%,® but THC content of
concentrates can exceed 80%. Because THC has been shown to have dose effects on drug
reinforcement (e.g., liking of the drug), cognitive impairment, and psychotic-like
experiences,**3 there is speculation that use of cannabis with higher THC content might
increase risk for addiction, cognitive deficits, psychosis, and other adverse
consequences. 4+ However, an alternative hypothesis is that higher THC cannabis
might not pose greater risks, because cannabis users might titrate their use (use less
cannabis when THC content is high). My recent work showed that cannabis users who
used concentrates had higher rates of physiological dependence (symptoms of addiction)
on cannabis than cannabis users who did not use concentrates.® However, additional
research on this topic is needed. Moreover, research is needed to ascertain if cannabidiol
(CBD), another constituent of cannabis, might attenuate the negative effects of THC 352

To summarize, research is needed to understand how cannabis frequency, quantity,
duration, age-of-onset, and potency impact cognitive functioning. To do this work,
cannabis researchers must work together to develop standardized measures of each of
these cannabis parameters.

Does cognitive functioning recover with abstinence?

In our 2012 study, we found that adolescent-onset persistent cannabis users performed
worse in adulthood than in childhood even after they had quit or reduced their use in the
year leading up to cognitive testing in adulthood. This suggests that quitting or reducing
use might not fully restore functioning among adolescent-onset persistent cannabis users,
but longer-term follow-up is needed. In general, the evidence on recovery with
abstinence is mixed. Some studies have found evidence of cognitive deficits among
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cannabis users who were abstinent for approximately a month or more.>3-%® Yet, studies
that compared heavy cannabis users with comparison individuals have collectively found
little evidence of cognitive deficits among longer-term abstinent cannabis users.>°
Carefully designed studies are needed to understand the extent and time course of
recovery associated with quitting cannabis, and to understand if recovery depends on age-
of-onset of use, duration of use, or other cannabis use parameters.

Are there individual differences in susceptibility to cannabis-related cognitive deficits?
Oune intriguing possibility is that some individuals are less likely than others to experience
negative effects of cannabis. Research is needed to identify these individuals and to
isolate the factors that offer them protection. For example, evidence suggests that some
people might be genetically less susceptible than others to experiencing cannabisrelated
cognitive deficits.>*® This could have significant implicants for prevention. Relatedly,
research is needed on sex differences in vulnerability to cannabis effects on cognitive
function.*® For example, one recent study found that an earlier age of onset of cannabis
use was associated with poorer memory in women but not men.%
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Appendix

Supporting Details for Meier et al., 2012: How we measured cannabis use. We measured
cannabis use in two ways: cannabis dependence and regular cannabis use. Persistence of
cannabis dependence was defined as the total number of study waves out of five (ages 18, 21, 26,
32, and 38) at which a study member met DSM criteria for cannabis dependence. Study members
were grouped according to their number of dependence diagnoses: (a) those who never used
cannabis at any study wave and thus could not have become dependent; (b) those who used
cannabis at least once at one or more study waves but never diagnosed; (¢) those who diagnosed
at one wave; {d) those who diagnosed at two waves; and (e) those who diagnosed at three or
more waves.

Cannabis dependence is a substance use disorder as defined in the Diagnostic and Statistical
Manual of the American Psychiatric Association (known as DSM-IV). The purpose of the DSM-
IV diagnosis is to predict a patient’s future prognosis, and to identify which patients are most in
need of treatment. A diagnosis of cannabis dependence generally reflects an individual’s
continued use of cannabis despite experiencing significant health, social, and/or legal problems
related to cannabis use.

Persistence of regular cannabis use. Because some people use cannabis on a regular basis but
never develop problems, we also examined IQ decline as a function of persistent regular
cannabis use. This was defined as the total number of study waves out of five at which a study
member reported using cannabis four or more days per week (the majority of days in a week).
Study members were grouped as those who: (a) never used cannabis; (b) used but never
regularly; (c) used regularly at one wave; (d) used regularly at two waves; and (e) used regularly
at three or more waves.

Results were similar for persistent cannabis dependence and persistent regular cannabis use.

How we defined adolescent-onset cannabis use. We defined adolescent-onset cannabis in two
ways: 1) cannabis dependence before age 18 or 2) weekly cannabis use before age 18. Results
were similar across both definitions.

How we measured IQ. We assessed intelligence in childhood (ages 7, 9, 11, and 13) and again in
adulthood at age 38 using standard tests for the field.

How we measured everyday life cognitive functioning. Study members nominated people "who
knew them well." These informants were mailed questionnaires and asked to complete a
checklist, including whether the study member had problems with their attention (e.g., “can’t
concentrate, mind wanders) and memory (e.g., forgets to do errands, return calls, pay bills) over
the past year at age 38.
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Written Testimony of VADM Jerome M. Adams, M.D., M.P.H., U.S. Surgeon General and
Nora D. Volkow, M.D., Director, National Institute on Drug Abuse
Caucus on International Narcotics Control
October 23, 2019

Chairman Cornyn, Co-Chairwoman Feinstein and members of the Caucus on international
Narcotics Control, we appreciate the opportunity to share the content of the recent Surgeon
General's Advisory on Marijuana Use and the Developing Brain with you, and to join national
experts to discuss this complex issue that demands our attention and action. Recent increases
in access to marijuana and in its potency, along with misperceptions of its safety, endanger our
most precious resource, our nation’s youth.

Background

Marijuana, or cannabis, is the most commonly used illicit drug in the United States. In 2018,
43.5 million people reported using marijuana in the past year.! Marijuana acts by binding to
cannabinoid receptors in the brain to produce a variety of effects, including euphoria,
intoxication, and memory and motor impairments. These cannabinoid receptors are part of an
extensive endocannabinoid system that regulates a wide range of functions, including brain
development.

The endocannabinoid system appears relatively early during fetal development. As the fetal
brain grows, this system influences how brain cells develop and connect with one another, and it
plays a major role in the formation of brain circuits including those important for decision

making, mood, and responding to stress.? Not surprisingly, animal studies have shown that in
utero exposure to marijuana can interfere with the proper development and regulation of brain
circuitry. Moreover, the endocannabinoid system is a critical regulator of the neuronal hardwiring
that translates experience throughout the teen years and young adulthood into mature brain
architecture. This helps explain why the developing brain is particularly vulnerable to chronic
exposure to delta-9-tetrahydrocannabinol (THC), the component of marijuana responsible for
euphoria, intoxication, and addiction.

Marijuana and its related products are widely available in multiple forms, with varying
concentrations of constituent chemicals, the most salient of which are known collectively as
“cannabinoids”. In addition to varying levels of THC, marijuana also contains cannabidiol (CBD).
While pure CBD is not intoxicating and does not lead to addiction, its long-term effects are
largely unknown. In addition to THC and CBD, the marijuana plant also contains hundreds of
other cannabinoid and non-cannabinoid components, many of which have not been studied
extensively

Marijuana has changed over time; the marijuana available today is much more potent than what
was available in the past. The THC concentration in commonly cultivated marijuana plants
increased three-fold between 1995 and 2014 (4 percent and 12 percent, respectively),* and
marijuana available in dispensaries in some states has average concentrations of THC between
17.7 percent and 23.2 percent.® Concentrated products, commonly known as dabs or waxes,
are widely available to recreational users today and may contain between 23.7 percent and 75.9
percent THC.®
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The risks of physical dependence, addiction, and other negative consequences increase with
frequent use, exposure to high concentrations of THC” and with younger age of initiation. Higher
doses of THC are more likely to produce anxiety, agitation, paranoia, and psychosis.® Use of
edible marijuana can increase the risk of unintentional overdose due to its lengthy absorption
time and delayed effect, often prompting the user to take a second dose. Edibles, which may
have the appearance of desserts or snacks, are also increasingly a cause of accidental
ingestion by children® and adolescents. In addition, chronic users of marijuana with a high THC
content are at risk for developing a condition known as cannabinoid hyperemesis syndrome,
which is marked by severe cycles of nausea and vomiting." The increase in the THC content of
marijuana, combined with the growing availability of loosely regulated cannabis products, has
led to a worrisome upward trend in the rate of calls to poison control centers and emergency
department visits over the past decade.

Surgeon General’s Advisory on Marijuana Use and the Developing Brain

On August 29, 2019, the Surgeon General’'s Advisory on Marijuana Use and the Developing
Brain was issued to emphasize the importance of protecting our Nation from the health risks of
marijuana use in adolescence and during pregnancy. This advisory is intended to raise
awareness of the known and potential harms that the increasing availability of highly-potent
marijuana in multiple, concentrated forms poses to the developing brain of youth and young
adults who consume it. These harms can be fong-lasting and costly to individuals and to our
society, impacting mental health and educational achievement and raising the risks of addiction
and other psychiatric disorders. In addition to the health risks posed by marijuana use, the sale
or possession of marijuana remains illegal under federal law, notwithstanding some state laws
to the contrary.

Marijuana Use during Pregnancy

Pregnant women use marijuana more than any other illicit drug. In a national survey, marijuana
use in the past month among pregnant women doubled (3.4 percent to 7 percent) between 2002
and 2017, although this trend may be starting to reverse based on the most recent data
reported in the National Survey on Drug Use and Health. In a study conducted in a large health
system in California, marijuana use rose by 69 percent (4.2 percent to 7.1 percent) between
2009 and 2016 among pregnant women, with the highest rates of use occurring among
pregnant women under the age of 25. These researchers found that 22 percent of pregnant giris
under the age of 18 and 19 percent of pregnant women ages 18-24 used marijuana in 2016."
Alarmingly, many retail dispensaries recommended marijuana to pregnant women for morning
sickness.™

Since the THC in marijuana crosses the placenta, it may disrupt the important role the
endocannabinoid system plays in fetal brain development and in maintaining a healthy
pregnancy.? Moreover, the placenta itself has cannabinoid receptors, which might contribute to
restricted fetal growth with cannabis use during pregnancy®. indeed, studies have shown that
marijuana use in pregnancy is associated with adverse outcomes, including lower birth weight
and'®and preterm delivery.® For example, The Colorado Pregnancy Risk Assessment
Monitoring System reported that maternal marijuana use was associated with a 50 percent
increased risk of low birth weight regardless of maternal age, race, ethnicity, education, and
tobacco use.'®
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The American College of Obstetricians and Gynecologists holds that “[wJomen who are
pregnant or contemplating pregnancy should be encouraged to discontinue marijuana use.
Women reporting marijuana use should be counseled about concerns regarding potential
adverse health consequences of continued use during pregnancy.”' In a 2018 clinical guidance
statement, the American Academy of Pediatrics recommended that health professionals
“...advise all adolescents and young women that if they become pregnant, marijuana should not
be used during pregnancy”'e.

While cannabis use during pregnancy is associated with increased risk of adverse birth
outcomes, later effects on the child due to exposure to THC through breastmilk are still unclear.
This is in part due to challenges disentangling the long-term effects associated with marijuana
exposure in utero versus during nursing. Although additional research is needed in this area,
there is ample reason for caution, as THC has been detected in breastmilk for up to six days
after the last recorded use. Additionally, marijuana smoke contains many of the same harmful
components as tobacco smoke;? no one should smoke marijuana or tobacco around a baby.

Marijuana Use during Adolescence

Each day in 2018, 3700 adolescents aged 12 to 17 became new users of marijuana.’ Although
marijuana use declined among 8th graders and remains unchanged among 10th and 12th
graders compared to five years ago, high school students’ perception of the harm from regular
marijuana use has been steadily declining over the last decade.?* In 2018, only about a third
(34.9 percent) of adolescents aged 12 to 17 perceived great risk from weekly marijuana use.’
During this same period, a number of states legalized adult and/or so-called medicinal use of
marijuana, though it remains illegal under federal law. Importantly, medical marijuana laws may
allow for use at a younger age than adult recreational laws. The legalization movement may be
impacting youth perception of harm from marijuana.

The human brain continues to develop from before birth into the mid-20s and is vulnerable to the
effects of addictive substances.? % Frequent marijuana use during adolescence is associated
with structural and functional changes in areas of the brain involved in attention, memory,
decision-making, and motivation, and in deficits in attention and memory.?” Marijuana can also
impair learning in adolescents. Chronic use is linked to declines in 1Q and school performance,
which may jeopardize professional and social achievements, and life satisfaction.?® Regular use
of marijuana in adolescence is linked to increased rates of school absence and drop-out, as well
as suicide attempts.?®

Marijuana use is also linked to both overall risk for and early onset of psychotic disorders, such
as schizophrenia. The risk for psychotic disorders increases with frequency of use, potency of
the marijuana product, and younger age of initiation.®® Adolescent marijuana use is also
associated with other substance use.®'*? In 2017, teens 12-17 reporting frequent use of
marijuana showed a 130 percent greater likelihood of misusing opioids.?® 2018 data from 8",
10%, and 12* graders show that a third reported lifetime cannabis use and aimost a quarter
reported lifetime use of concentrated products. Adolescents using concentrates show higher
rates of other substance use and risk factors for substance use-related problems.® Marijuana’s
increasingly widespread availability in multiple and highly potent forms, coupled with a false and
dangerous perception of safety among youth, merits a nationwide call to action.
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Research Supported by the National Institutes of Health’s (NiH) National institute on Drug
Abuse (NIDA)

NIH supports a broad range of research aimed at understanding the public heaith effects of
marijuana use at all stages of life. NIDA’s portfolio includes research on the pharmacology of
THC and other cannabinoids in the marijuana plant; the molecular mechanisms underlying the
effect of marijuana use on the brain, including its development; epidemiologic studies to
elucidate the prevalence and patterns of marijuana use; research to understand the brain
changes associated with cannabis addiction and other adverse effects such as amotivation, an
unwillingness to participate in normal social situations; research on the potentially beneficial
effects of marijuana and its constituent compounds; applied research aimed at preventing and
treating cannabis misuse and addiction; as well as research aimed at understanding how
marijuana policies affect public health.

There is still much we do not know about the impact of marijuana exposure during the
vulnerable periods of adolescence and pregnancy; therefore, these remain key areas of focus
for NIDA. Two current studies with great potential to advance knowledge in these areas are the
Adolescent Brain Cognitive Development (ABCD) study and the HEALthy Brain and Child
Development (HBCD) study. ABCD, the largest long-term study of brain development and child
health in the United States, is expected to yield an unprecedented amount of information about
normal brain development and how it is affected by substance use—including use of
marijuana—and other childhood experiences. The ABCD study has recruited over 11,000
children ages 9-10 and is following them into early adulthood. By integrating structural and
functional brain imaging with genetic and biological markers, along with psychological,
behavioral, and other health assessments, ABCD will increase our understanding of the many
factors that can enhance or disrupt a young person’s life trajectory. Complementing ABCD is the
HBCD Study, which is currently in its planning phase. HBCD would establish a large cohort of
pregnant women and assess maternal and child outcomes over the course of at least 10 years.
In parallel to the ABCD study, findings from this cohort will help researchers understand both
normal childhood brain development as well as the long-term impact of prenatal and postnatal
drug and environmental exposures.

Key Messages and Critical Actions

No amount of marijuana use during pregnancy or during youth when the brain is under
development is known to be safe. Until and uniess more is known about the long-term impact,
the safest choice for pregnant women and youth is not to use marijuana. Although women
generally tend to limit drug use during pregnancy, education efforts on marijuana’s adverse
effects during pregnancy should be expanded and improved. Pregnant women and youth--and
those who love them--need the facts and resources to support healthy decisions. It is critical to
educate women and youth, as well as family members, school officials, state and local leaders,
and health professionals, about the risks of marijuana.

Science-based messaging campaigns and targeted prevention programming are urgently
needed to ensure that risks are clearly communicated and amplified by local, state, and national
organizations. Clinicians can help by asking about marijuana use, and by informing pregnant
women, new mothers, young people, and those vulnerable to psychotic disorders of the risks
associated with marijuana use. Clinicians can also prescribe safe, effective, and FDA-approved
treatments for nausea, depression, and pain during pregnancy.
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What we know now about the impact of marijuana exposure during adolescence, as well as
during prenatal development is enough to warrant concern and action. Still, further research is
needed to understand the full effects of marijuana exposure on biological, cognitive, and social
development, especially the mid- and long-term consequences of prenatal and youth exposures.
The wide and ever-increasing array of cannabis products used both recreationally and for
therapeutic purposes also raise significant public heaith concerns, particularly when used by
young people and pregnant women. Additional research aimed at evaluating the health effects
of these products is critical.

Thank you for the opportunity to share this summary of the current trends in marijuana use
among youth and pregnant women; the state of the evidence regarding the harms to developing
brains; and the steps we can take together to understand more about and to mitigate those
harms in order to protect our youth, the future of our nation. | am happy to answer any questions
you may have.

References:

1. Substance Abuse and Mental Health Services Administration. (2019). Key substance
use and mental health indicators in the United States: Results from the 2018 National
Survey

Drug Use and Health (HHS Publication No. PEP19-5068, NSDUH Series H-54). Rockville,

MD: Center for Behavioral Health Statistics and Quality, Substance Abuse and Mental

Health Services Administration. Retrieved from https://www.samhsa.gov/data/

2. Brents L. K. (2016). Marijuana, the Endocannabinoid System and the Female Reproductive
System. The Yale journal of biology and medicine, 89(2), 175-191.

3. National Center for Chronic Disease Prevention and Health Promotions, Centers for
Disease Control and Prevention. Marijuana and Public Health: How is marijuana used?
https://www.cdc.gov/marijuana/fags/how-is-marijuana-used.html.

4. Elsohly, M. A., Mehmedic, Z., Foster, S. (2016). Changes in Cannabis Potency Over the
Last 2 Decades (1995-2014): Analysis of Current Data in the United States. Biological
Psychiatry, 79(7), 613-619. doi:10.1016/.biopsych.2016.01.004.

5. Jikomes, N., & Zoorob, M. (2018). The Cannabinoid Content of Legal Cannabis in
Washington State Varies Systematically Across Testing Facilities and Popular Consumer
Products. Scientific reports, 8(1), 4519. doi:10.1038/s41598-018-22755-2

6. Alzghari, S. K, Fung, V., Rickner, S. S., Chacko, L., & Fleming, S. W. (2017). To Dab or Not
to Dab: Rising Concerns Regarding the Toxicity of Cannabis Concentrates. Cureus, 9(9),
e1676. doi:10.7759/cureus. 1676.



10.

1

-

12.

13.

14.

15.

16.

17.

18.

19.

112

Freeman, T. P., & Winstock, A. R. (2015). Examining the profile of high-potency cannabis
and its association with severity of cannabis dependence. Psychological medicine, 45(15),
3181~ 3189. doi:10.1017/S0033291715001178

Volkow N.D., Baler R.D., Compton W.M., Weiss S.R.B. Adverse Health Effects of Marijuana
Use N Engl J Med. 2014 June 5; 370(23): 2219-2227. doi:10.1056/NEJMra1402309.

Richards, J.R., Smith N.E., Moulin, A.K. Unintentional Cannabis Ingestion in Children: A
Systematic Review. J Pediatr 2017; 190:142-52,

Cao, D., Sahaphume, S., Bronstein, A.C., Hoyte, C.O., Characterization of edible marijuana
product exposures reported to the United States poison centers. Clinical Toxicology, 54:9,
840846, DOI: 10.1080/15563650.2016.1209761

. Galli, J.A., Sawaya, R.A., Friedenberg, F.K. Cannabinoid Hyperemesis Syndrome. Curr

Drug Abuse Rev. 2011 Dec; 4(4): 241-249.

Volkow N.D., Han B., Compton W.M., McCance-Katz E.F. Self-reported Medical and
Nonmedical Cannabis Use Among Pregnant Women in the United States. JAMA. 2019
doi:10.1001/jama.2019.7982

Young-Wolff KC, Tucker L, Alexeeff S, et al. Trends in Self-reported and Biochemically
Tested Marijuana Use Among Pregnant Females in California From 20092016. JAMA.
2017,318(24):2490-2491. doi:10.1001/jama.2017.17225.

Dickson, B. (2018). Recommendations From Cannabis Dispensaries About First-Trimester
Cannabis Use. Obstetrics & Gynecology. 2018; 0029-7844.
doi:10.1097/A0G.0000000000002619.

National Academies of Sciences, Engineering, and Medicine. 2017. The health effects of
cannabis and cannabinoids: Current state of evidence and recommendations for research.
Washington, DC: The National Academies Press.

Crume et al: Cannabis use during the perinatal period in a state with legalized recreational
and medical marijuana: the association between maternal characteristics, breastfeeding
patterns, and neonatal outcomes. J Pediatr. 2018;197:90-96.

American College of Obstetricians and Gynecologists: Marijuana use during pregnancy and
lactation. Committee Opinion No. 722. Obstet Gynecol. 2017;130(4):e205-209.

Ryan et al: Marijuana use during pregnancy and breastfeeding: implications for neonatal
and childhood outcomes. Pediatrics. 2018; 142(3):,620181889.

Bertrand, K. A., Hanan, N. J., Honerkamp-Smith, G., Best, B. M., & Chambers, C. D. (2018).

Marijuana Use by Breastfeeding Mothers and Cannabinoid Concentrations in Breast Milk.
Pediatrics, 142(3). doi:10.1542/peds.2018-1076.

20.

Metz TD, Stickrath EH: Marijuana use in pregnancy and lactation: a review of the evidence.
Am J Obstet Gynecol. 2015;213(6):761-778.

6



113

21. Effects while pregnant or breastfeeding. (2017, March 02). Retrieved from
https://www.colorado.gov/pacific/marijuana/effects-while-pregnant-or-breastfeeding.

22. Moir, D, et al,, A comparison of mainstream and sidestream marijuana and tobacco
cigarette smoke produced under two machine smoking conditions. Chem Res Toxicol 21:
494502. (2008).

23, Substance Abuse and Mental Health Services Administration. (2018). Key Substance Use
and Mental Health Indicators in the United States: Results from the 2017 National Survey on
Drug Use and Health (HHS Publication No. SMA 18-5068, NSDUH Series H-53). Rockville,

MD: Center for Behavioral Health Statistics and Quality, Substance Abuse and Mental Health

Services Administration

24, Johnston, L. D., Miech, R. A., O'Malley, P. M., Bachman, J. G., Schulenberg, J. E., &
Patrick, M. E. (2019). Monitoring the Future national survey resuits on drug use, 1975-2018:
Overview, key findings on adolescent drug use. Ann Arbor: Institute for Social Research, The
University of Michigan, 119 pp.

25. Pujol, J., Vendrell, P., Junqué, C., Marti-Vilalta, J. L., & Capdevila, A. (1993). When does
human brain development end? Evidence of corpus callosum growth up to adulthood.
Annals of Neurology, 34(1), 71-75. doi:10.1002/ana.410340113.

26. Levine, A, Clemenza, K., Rynn, M., & Lieberman, J. (2017). Evidence for the Risks and
Consequences of Adolescent Cannabis Exposure. Journal of the American Academy of
Child & Adolescent Psychiatry, 56(3), 214-225. doi: 10.1016/j.jaac.2016.12.014.

27. Meruelo AD, Castro N, Cota Cl, Tapert SF. Cannabis and alcohol use, and the developing
brain. Behav Brain Res. 2017,;325(Pt A):44-50. doi:10.1016/.bbr.2017.02.025.

28. Meier M.H., Caspi A., Ambler A., et. al. Persistent cannabis users show neuropsychoiogical
decline from childhood to midlife. Proc Nat! Acad Sci USA., 2012. Oct 2; 109(40) E2657-64
doi

10.1073/pnas. 1206820109. Epub 2012 Aug 27

29, Silins, E., Horwood, L. J., & Patton, G. C. (2014). Young adult sequelae of adolescent
cannabis use: An integrative analysis. The Lancet Psychiatry, 1(4), 286-293.
doi:10.1016/52215-0366(14)70307-4.

30. Di Forti, M., Quattrone, D., & Freeman, T. (2019). The contribution of cannabis use to
variation in the incidence of psychotic disorder across Europe (EU-GEI): A multicenter
casecontrol study. The Lancet Psychiatry, 6(5), 427-436. doi:10.1016/S2215-
0366(19)30048-3.

31. Lopez-Quintero C., Perez de los Cabos J., Hasin D.S. (2011). Probability and predictors of
transition from first use to dependence on nicotine, alcohol, cannabis, and cocaine: resuits
of the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC). Drug
Alcohol Dependence. 115(1-2):120-130.



114

32. Jones, C. M., & McCance-Katz, E.F. (2019). Relationship Between Recency and Frequency
of Youth Cannabis Use on Other Substance Use. Journal of Adolescent Health, 64(3), 411-
413. doi:10.1016/j.jadohealth.2018.09.017.

33. Meier M.H., Docherty M., Leischow S.J., Grimm K.J., Pardini D. Cannabis Concentrate Use
in Adolescents. Pediatrics. 2019 Sep;144(3). pii: €20190338. doi: 10.1542/peds.2019-0338.

34. Maia J., Middo L., Cunha S.C., Almada M., Fonseca B.M., Braga J., Gongalves D., Teixeira
N., Correia-da-Silva G. Effects of cannabis tetrahydrocannabinol on endocannabinoid
homeostasis in human placenta. Arch Toxicol. 2019 Mar;93(3):649-658. doi:
10.1007/s00204019-02389-7. Epub 2019 Jan 18.

35. Petrangelo A., Czuzoj-Shulman N., Balayla J., Abenhaim H.A. Cannabis Abuse or

Dependence During Pregnancy: A Population-Based Cohort Study on 12 Million Births. J Obstet
Gynaecol Can. 2019 May;41(5):623-630. doi: 10.1016/}.jogc.2018.09.009. Epub 2018 Nov 15.

O




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		Superintendent of Documents
	2025-08-23T11:59:40-0400
	Government Publishing Office, Washington, DC 20401
	U.S. Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




