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OBJECTIVE

We examined the frequency of diabetic ketoacidosis (DKA) in cannabis users
compared with nonusers in the T1D Exchange clinic registry (T1DX).

RESEARCH DESIGN AND METHODS

The association between cannabis use by total substance score for cannabis (TSC)
and DKA in the past 12 months was examined using a logistic regression model
adjusted for potential confounders among adults in the T1DX.

RESULTS

Of 932 adults with type 1 diabetes, 61 had a TSC >4, which classified them as
moderate cannabis users. Adjusting for sex, age at study visit, and HbA1c, cannabis
use was associated with a twofold increase in risk for DKA among adults with type
1 diabetes (odds ratio 2.5 [95% CI 1.0–5.9]).

CONCLUSIONS

Cannabis use was associated with an increased risk for DKA among adults in the
T1DX. Providers should inform their patients of the potential risk of DKA with
cannabis use.

Cannabis is the most commonly used illicit drug in the U.S. (1), and recent legislation
has made cannabis legal for either medical or recreational use in more than half of
states. Cannabis use among people with type 1 diabetes is not well described in the
literature, but evidence from adolescents suggests that it does not differ from the
general population (2). Delayed gastric emptying and reduced gut motility as a result
of inhibition of the intrinsic cholinergic system have been shown in humans (3).
Cannabis hyperemesis syndrome (CHS) has also been implicated in recurrent episodes
of diabetic ketoacidosis (DKA) in patients with type 1 diabetes (4). The gastrointestinal
effects of cannabis are not broadly recognized, and the primary reason for cannabis
use in most users is recreational. Cannabis-induced alterations to gut motility, food
absorption, and postprandial glycemic timing may be unexpected and inconsistent for
the typical cannabis user with type 1 diabetes. A single-center study from Colorado
showed an association between DKA and cannabis use in people with type 1 diabetes
compared with non–cannabis users with type 1 diabetes (5). If this association
between cannabis use and DKA holds true in the general population of people with
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type 1 diabetes, it would represent an
important source of injury and costs.
Therefore, we used the T1D Exchange
clinic registry (T1DX) to study associa-
tions between cannabis use and DKA in
adults with type 1 diabetes.

RESEARCH DESIGN AND METHODS

Up to 1,000 adults (age$18 years) with
type 1 diabetes from 69 T1DX centers
were invited to complete the Alcohol,
Smoking and Substance Involvement
Screening Test questionnaire. The pri-
mary predictor variable analyzed was
the total substance score for cannabis
(TSC), which uses a point system to weight
responses to six questions assessing sub-
stance use behavior and generates a
score ranging from 0 to 33, with higher
scores indicating more risk. The scores
are used to classify participants in terms
of a recommended intervention: low
risk, no intervention (0–3); moderate risk,
brief intervention (4–26); and high
risk, intensive intervention (.26) (5).
We interpreted the no intervention
group to comprise people less exposed
to cannabis, and people with higher
scores were considered to be more ex-
posed to cannabis. Between-group char-
acteristics were tested by t, x2, or
Kruskal-Wallis test, depending on the
nature of the data. The primary outcome
of interest was self-reported hospitaliza-
tion for DKA in the past 12 months. We
examined the association between TSC
and DKA by using logistic regression to
test for known aspects of type 1 diabetes
associated with DKA, including current
glycemic control (HbA1c), use of technol-
ogy (continuous glucose monitoring, in-
sulin pump), missed insulin doses (basal,
mealtime), access to care, alcohol use,
depression symptoms (through the Pa-
tient Health Questionnaire depression
scale, which collected data temporally
distant from the TSC data collection),
age, and sex.

RESULTS

A total of 932 adults with type 1 diabetes
responded to this feasibility survey. No
participants in this study were classified
as intensive intervention. Compared with
participants categorized as no interven-
tion (n 5 871), cannabis users with
moderate risk (brief intervention) (n 5
61)were younger (31.06 13.0 vs. 38.26
16.0 years, P, 0.0001), weremore likely
to be male (54.1% vs. 37.9%), reported

less academic education (college degree
or more 46.7% vs. 61.0%, P 5 0.03),
reported a younger age at type 1 diabetes
diagnosis (12.8 6 8.8 vs. 16.1 6 11.9
years, P5 0.007), had a higher HbA1c (8.46
1.8% vs. 7.7 6 1.4%, P 5 0.005), were
less likely to use continuous glucose
monitoring (21.3% vs. 34.4%), and were
more likely to use tobacco or other
substances. There were no differences in
race, use of insulin pump, frequency of
severe hypoglycemia requiring hospital-
ization, or alcohol use between the two
groups. However, median self-monitoring
of blood glucose was lower among the
brief intervention group compared with
the no intervention group (3.8 vs. 4.9/day,
P5 0.002). Multivariable logistic regres-
sion showed that DKA was associated
with a TSC .4 (odds ratio 2.5 [95% CI
1.0–5.9]) adjusted for sex, age at study
visit, and HbA1c (Fig. 1). Adjustment for
the legal status of cannabis in the
state of residence did not alter this
association.

Strengths and Limitations
This study is based on self-reported data
that may include unmeasured biases,
specifically the willingness to report
cannabis use in states where cannabis
is illegal. We believe that participants’
willingness to report other substance
use suggests that this effect is not
differential because it concerns the re-
porting of cannabis use. Depression has
been shown to increase the risk of DKA,
and substance use survey data were
collected a few years before the collec-
tion of Patient Health Questionnaire de-
pression scale data, making an analysis
of the influence of depression on DKA
in this population unreliable. The cross-
sectional feasibility sample study design

and lack of detailed information about
diabetes self-management, insulin treat-
ment compliance, and the frequency
of DKA also are limitations of this
study.

CONCLUSIONS

Cross-sectional analysis of T1DX partic-
ipants reaffirms the observation of an
association between cannabis use and
DKA in adults with type 1 diabetes. A
recent review of cannabis use in type 1
diabetes identified glycemic control and
diabetes emergencies as important
topics of interest (6). A suggested bi-
ological mechanism, cannabinoid inhibi-
tion of gut motility, has been shown in
human and animal studies, and the rate
of gastric emptying is associated with
glycemic excursions (7). Studies with
pharmacologic treatment that delays
gastric emptying, such as glucagon-like
peptide 1 analogs, have been shown to
improve glycemic control. However, we
hypothesize that unpredictable gastric
dysmotility and severity of gastroparesis
among cannabis users with CHS may
result in suboptimal glycemic control.
Moreover, cannabis-induced increase
in appetite may result in increased gly-
cemic excursions, and users may expe-
rience higher overnight glucose and an
altered perception of hypoglycemia be-
cause of cannabis impairing their ability
to manage diabetes. Studies have also
suggested a link between long-term can-
nabis use andCHS,which is characterized
by cyclic episodesofnauseaandvomiting
and may result in an increased risk for
DKA (4). CHShasbeenobservedprimarily
in heavy cannabis users, and this phe-
notype was not present in the T1DX
participants, limiting our ability to assess
CHS and DKA.

Figure 1—Odds of DKA (*adjusted for age, sex, andHbA1c) among adult cannabis userswith type 1
diabetes (Alcohol, Smoking and Substance Involvement Screening Test TSC $4) compared with
nonusers (TSC ,3). OR, odds ratio.
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In conclusion, we have found an as-
sociation between cannabis use and an
increased risk for DKA among adults
with type 1 diabetes. Our study has
important clinical and research impli-
cations: Cannabis is a known addictive
substance, and this potentially problem-
atic aspect of cannabis use should be
assessed in patientswith type 1diabetes.
Providers should discuss with their pa-
tients who use cannabis the possibility of
altered glycemic control, CHS, and DKA.
More research is needed to understand
the mechanistic link between cannabis
use and DKA.
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