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Abstract
Background—Marijuana contains multiple cannabinoids. Most attention is given to delta-9-
tetrahydrocannabinol (THC) which produces euphoria and in some cases anxiety and panic
reactions. Research suggests that another cannabinoid, cannabidiol (CBD), may offset some of
these effects. Thus, there is growing interest in the health consequences of the THC to CBD ratio
for marijuana.

Methods—Using data from over 5,000 marijuana samples in California from 1996-2008, we
examine changes in the median THC-level, median CBD-level, and median THC:CBD-ratio.

Results—The median THC-level and median THC:CBD-ratio has dramatically increased for
seizures in California, particularly north of the Mexican border.

Conclusion—Research on the consequences of the THC:CBD ratio should continue, especially
as more attention is devoted to thinking about how to regulate marijuana for medical and
recreational use. Researchers should also consider the lack of uniformity in the chemical
composition of marijuana when evaluating its health effects.
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1. INTRODUCTION
Fifteen states and the District of Columbia have made allowances for medicinal marijuana,
and debate continues about whether it should be regulated and taxed for non-medicinal
purposes like alcohol.

Marijuana is a complicated substance containing multiple cannabinoids. Much of the focus
has been on delta-9-tetrahydrocannabinol (THC), which is the primary psychoactive
substance in marijuana (Iversen, 2007; Pertwee, 2008). There are concerns that marijuana
with higher levels of THC may induce anxiety, panic, and psychosis, especially for new and
vulnerable users (Di Forti et al., 2009; Hall and Degenhardt, 2009; Hall and Pacula, 2003).

Less attention is devoted to the effects and levels of the other cannabinoids. Cannabidiol
(CBD) in particular is relevant as it is thought to reduce anxiety (Crippa et al., 2010; Crippa
et al., 2009; Fusar-Poli et al., 2009; Musty, 2005; Karniol et al., 1974; Zuardi et al., 1982)
and have antipsychotic properties (Leweke et al., 2007; Morgan and Curran, 2008; Zuardi et
al., 1995; Zuardi et al., 2006). Some studies suggest an increasing ratio of THC to CBD may
result in more adverse mental health consequences among users (Morgan and Curran, 2008;
Potter et al., 2008; Sewell et al., 2009; Smith, 2005), but more research is needed (Room et
al., 2010). Learning more about this ratio and how it varies across geography and time may
help us better understand mental health and public health consequences of marijuana
consumption.

2. METHODS
To shed light on the THC:CBD ratio, we analyze data from 5,083 marijuana samples that
were seized by law enforcement in California between 1996 and 2008 (mean samples per
year: 391; median: 361; minimum: 281; maximum: 540). Of 5,556 observations in the
original dataset, 432 were removed prior to analysis due to missing values for THC or CBD
with an additional 51 removed due to insufficient geographic information. Most samples are
from state or local law enforcement, and stem from arrests for manufacturing, distribution,
and weapons charges (Personal communication with T. Lanier, National Marijuana
Initiative, August 2010). While this represents a fraction of all California seizures, it is the
largest database with information on cannabinoid levels for California. Observations are
described in terms of location and year of seizure, as well as by cannabinoid content. To
reduce the influence of outliers, we summarize the rates and ratios with medians and assess
whether differences are statistically significant using the Mann Whitney test. Because of the
importance of the Mexican border in the marijuana market, for some analyses we separately
consider observations from communities with border crossings (San Ysidro, Otay Mesa,
Tecate, Calexico, and Andrade; N=2,207) and observations from elsewhere in the state
(N=2,876).

3. RESULTS
Panel A of Figure 1 tracks changes in THC levels in seized samples of marijuana in
California and shows that median THC potency has increased from 4.56% in 1996 to
11.75% in 2008 (p<0.001). The increase in THC was far more dramatic in non-border areas
(from 4.18% in 1996 to 13.95% in 2008) than in border areas (4.52% in 1996 to 6.84% in
2008). The variation in THC has also increased, with the interquartile range (represented by
the size of the box) rising from 2.17 percentage points in 1996 to 9.93 percentage points in
2008. Interestingly, we see the opposite trend for CBD in Panel B. The median level of CBD
dropped from 0.24% in 1996 to 0.08% in 2008 (p<0.001). The interquartile range has also
decreased, from 0.51 percentage points in 1996 to 0.20 percentage points in 2008.
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For Figure 2, we calculated the THC:CBD ratio for 4,561 observations with positive
amounts of CBD and plotted the median ratio for all seizures and for our two geographic
sub-regions. The median ratio for all seizures increased dramatically from 26.21 in 1996 to
187.99 in 2008 (p<0.001), largely driven by seizures away from the border communities
(which tended to increase over time as a proportion of all seizures in the sample). While the
median ratio for seizures near the border increased from 11.33 to 18.36 over the same period
(p<0.001), away from the border the ratio skyrocketed from 11.03 to 226.05 (p<0.001).
Note, however, that from 1996 to 1999 the THC:CBD ratio was similar in both regions.

4. DISCUSSION
The composition of the seizures analyzed in this paper may not be representative of the
marijuana produced, traded, or consumed in California—especially considering that law
enforcement has discretion about what to seize and what to send to the lab. But given the
possible health consequences of the THC:CBD ratio, the fact that the ratio is dramatically
different for seizures made near the Mexican border versus those further from the border is
noteworthy.

While the reasons behind the observed changes in THC and CBD levels fall outside of the
scope of this study, one reason may be that growers are making greater use of plant strains
that favor THC production over CBD production. Recent research suggests that sinsemilla
marijuana tends to have higher levels of THC and lower levels of CBD (Hardwick and King,
2008; Mehmedic et al., 2010). Sinsemilla is typically grown indoors and accounts for an
important share of domestic production in California (Kilmer et al., 2010; Room et al.,
2010). Since Mexico is thought to be a major source of lower quality “commercial grade”
marijuana (Kilmer et al., 2010), it is not surprising that the ratio is highest for seizures made
away from the border.

Considering these trends, research on the consequences of the THC:CBD ratio should
continue, especially as more attention is devoted to thinking about how to regulate
marijuana for medical and recreational use. Epidemiological studies could exploit
geographic variation in the average THC:CBD ratio to determine its relationship to local
hospital or treatment admissions. In jurisdictions where experimental studies involving
marijuana are permitted, researchers could vary THC:CBD ratios to assess effects on
impairment, anxiety, and other outcomes. Also, qualitative research with medical marijuana
providers and consumers who use or sell high-CBD strains may yield important insights. In
the meantime, researchers studying marijuana should consider the lack of uniformity in the
drug (across both time and geography) when evaluating its health effects.
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Figure 1. THC- and CBD-levels moving in opposite directions in California
The line in the middle of the box is the median, the top and bottom of the box are the 75th

and 25th percentiles, respectively, and the ends of the whiskers represent the 75th (or 25th)
percentile ±1.5 x interquartile range. “Outside values” beyond this range are included in the
calculations but are not displayed.
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Figure 2. Increasing THC:CBD ratio in California seizures is driven by non-border seizures
Border seizures include those that took place at a Mexican border crossing or town: San
Ysidro, Otay Mesa, Tecate, Calexico, and Andrade.
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