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Cannabis Use and Glycemic Controlin Type 2 Diabetes

Abstract

Background: Type 2 Diabetes affects 1 in 9 adults worldwide. Cannabis use among
diabetic patients is common, but there is a substantial gap in our understanding of how
cannabis use influences glycemic control. Study findings in animal models suggest
potential metabolic benefits of cannabinoids, but real-world evidence is limited.

Methods: We conducted a retrospective cohort study including 8,145 patients with type
2 diabetes across Utah, Minnesota, and Pennsylvania from 2014-2025. We analyzed data
from electronic health records linked to cannabis dispensary Point-of-sale data. We
applied propensity score matching to construct two study cohorts: a group of 2,715
cannabis users and a group of 5,430 matched controls who didn't use cannabis matched
by age and gender. We analyzed the association between cannabis use and hemoglobin
A1c (HbA1c) by use of linear mixed-effects models, with results adjusted for demographic
variables and diabetes mellitus medication. Logistic regression was used to explore
associations between medical cannabis use and diabetes-related complications, while
controlling for age, sex and race. Lastly, we explored trends in various cannabinoid types
and ratios across dispensaries over the study period and investigated associations with
glycemic control and complications.

Results: Cannabis users had significantly lower mean HbA1c levels compared to non-
users (5.6% vs. 6.83%, p < 0.001). After adjusting for age, gender, and race, cannabis
use remained associated with HbA1c levels 1.25 percentage points lower than non-users
(B =-1.25, p <0.001). Users also showed lower odds of circulatory complications (OR =
0.23, 95% CI: 0.18-0.29) and kidney complications (OR = 0.36, 95% CI: 0.26-0.50), as
well as neurological complications (OR = 0.50, 95% CI: 0.39-0.64), irrespective of BMI.
At baseline, average BMI of cannabis users was lower than non-cannabis users (mean
difference = -2.42, p < 0.001). Most patients preferred THC-dominant products (73.5%),
but specific cannabinoid ratios showed no consistent longitudinal association with
glycemic control.

Conclusions: Medical cannabis use was associated with lower Hb1c and a lower
prevalence of diabetes-related circulatory, kidney, and neurological complications in this
cohort. These findings warrant further prospective or retrospective research to establish
causality and elucidate underlying mechanisms of specific cannabinoids and product
forms.
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Introduction

Type 2 Diabetes Mellitus affects 1 in 9 adults worldwide, according to the International
Diabetes Federation.! It is also the third most prevalent chronic disease in the USA and
11.6% of American adults had diabetes in 2021. It's caused by either a lack of, or
insufficient response to insulin, which causes blood glucose levels to rise.2 The prolonged
effects of diabetes may result in the destruction of multiple organs, decreasing one's
quality of life and in many cases doubling healthcare expenses, 2.6 times higher, on
average, than the expenses incurred by patients without diabetes.® Cannabis is the most
common federally illegal drug in the United States, with 52.5 million Americans (19% of
the US population) having used it at least once in 2021.4 In 2022, a study published stated
that roughly 9% of all diabetics reported cannabis use.5 To this day, not enough is known
about how cannabis and diabetes interact, with studies presenting both negative and
positive outcomes. CB1 receptors (CB1R) play a central role in energy balance, fat
accumulation, and insulin resistance. The therapeutic blockade of peripheral CB1R has
been proposed to manage T2DM, but synthetic CB1 antagonists were banned after
showing dangerous psychiatric adverse effects. CBD and THCV, two minor components
from the cannabis plant, are CB1 receptor antagonists without psychoactive or psychiatric
effects.® A 2023 study by Li and colleagues found that CBD reduced inflammatory
responses in diabetic mice, at least in part through the AGE-RAGE pathway. The
researchers observed that CBD lowered the expression of CCL2 and interleukin-1 in
both high glucose-induced human mesangial cells and diabetic mice, which helped
improve hyperglycemia and reduce kidney inflammation associated with diabetic
nephropathy.” A 2023 review by Lovell and Yang explored how cannabis may influence
both the physiological and behavioral aspects of type 2 diabetes management. The
authors examined cannabis as a potential therapeutic option, looking at how it might affect
metabolic and behavioral outcomes in people living with the disease.8 In 2023, a meta-
analysis of eleven studies found the odds of developing T2DM in individuals exposed to
cannabis was 0.48 times lower than non-exposed.?® A 2020 systematic review of 6
observational studies found that type 1 diabetes patients who consumed cannabis had
higher Hemoglobin A1c (HbA1c) levels, and type 2 diabetes patients had an increased
risk of certain cardiovascular complications compared with non-users.10

HbA1c levels reflect the average blood glucose level over the previous 3 months by non-
enzymatic glycation of hemoglobin. According to the American Diabetes Association, a
person is considered diabetic if his HbA1c level is greater than or equal to 6.5%. " HbA1c
has become the principal outcome measure for managing diabetes.

This exploratory analysis assesses the impact of medical cannabis on glycemic control
and diabetes complications based on real-world data.
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Methods

Study design and population

We conducted a longitudinal retrospective cohort study linking cannabis dispensary point-
of-sale data to electronic health records at the patient level, using MSA's patented HIPAA-
compliant de-identification engine. The study covered 8,145 patients across Utah,
Minnesota, and Pennsylvania, with data ranging from 2014 to 2025.

Eligible patients were at least 18 years old with a confirmed type 2 diabetes diagnosis,
either through ICD-10 codes or a documented clinical problem entry, with demographic
data and at least one HbA1c result available. Patients were excluded if there was any
indication of type 1, gestational, or secondary diabetes, if critical demographic or HbA1c
data was absent, or if lab values seemed implausible.

Cannabis users were defined as those who had at least one dispensary transaction
record in the point-of-sale system. Non-users had no cannabis transactions or ICD10
codes related to cannabis use in the electronic health records across the study period.
For product-level data, THC:CBD ratios, milligrams, and percentages were pulled from
the transaction records.

Propensity Score Matching

To reduce confounding by demographic characteristics, we performed propensity score
matching of cannabis users and non-users. A nearest neighbor algorithm without
replacement was used with a 2:1 ratio of non-users to users. The matching model
included age and gender as covariates. The matched cohort consisted of 2,715 cannabis
users and 5,430 non-users. Balance of covariates was assessed using standardized
mean differences.

Variables of interest

The primary outcome was glycemic control, measured by hemoglobin A1c (HbA1c). All
available HbA1c measurements were extracted from the EHR and linked by patient
identifier. Baseline values were defined as the earliest recorded HbA1c per patient.
Longitudinal analyses incorporated repeated HbA1c measurements over time. Body
mass index (BMI) was derived from weight and height records and analyzed both as a
baseline covariate and in mediation analyses.

We classified diabetes complications based on specific ICD-10 codes into categories:
hyperosmolarity (E11.00, E11.01), ketoacidosis (E11.10, E11.11), kidney complications
(E11.21, E11.22), ophthalmic (E11.311, E11.319), neurological (E11.40, E11.49),
circulatory (E11.51, E11.59), and other complications (including codes such as E11.610,
E11.69, and related extended diabetes codes). Patients with only the E11.9 code or other
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non-complication-related codes were categorized as having diabetes without
complications. Medication data were extracted from prescription records. Drugs were
classified into major antidiabetic classes (insulin, metformin, GLP-1 receptor agonists,
SGLT2 inhibitors, DPP-4 inhibitors, and sulfonylureas) using both structured subclass
fields and keyword searches of medication names. Binary indicators were created for use
of each class. Adjusted models including medication covariates were limited to patients
with complete medication and outcome data.

Cannabis product transactions were categorized into standardized product types (flower,
vape, edibles, extracts)based on product type fields. Cannabinoid content (mg THC, mg
CBD, THC percentage, CBD percentage, and THC:CBD ratio) was summarized per
patient as the most frequently purchased or average value, depending on analysis.
Product type distributions were described overall and stratified by demographic groups.

Statistical Analyses

Descriptive statistics were generated for demographic, clinical, and cannabis use
characteristics. Continuous variables are presented as means with standard deviations
and categorical variables as counts and percentages. For HbA1c analyses, we used
linear mixed-effects models with random intercepts to account for repeated measures
over time. Primary models examined associations between cannabis use and HbA1c,
adjusted for age, gender, and race. Secondary models tested interactions between
cannabis use and time, cannabinoid exposures (mg, percent, and ratio), and adjusted for
the same covariates.

We conducted mediation analyses to estimate indirect effects of BMI on the cannabis-
HbA1c relationship using nonparametric bootstrap methods. Logistic regression models
were used to estimate odds ratios and 95% confidence intervals for the association
between cannabis use and diabetes complications, adjusted for age, gender, and race.
Statistical significance was defined as a p <0.05. Analyses were conducted in RStudio
Version 2025.09.2.

Results

Baseline characteristics and between-group comparisons within the entire cohort are
presented in Table 1. Cannabis users were younger on average than non-users, with a
mean age of 52 and 56 years, respectively. Gender distribution was similar between
groups, with a slight predominance of females overall. The race of patients in this cohort
was predominantly white (58%).

Cannabis users had lower mean HbA1c levels, with a mean of 5.6 vs. 6.83 in non-users,
and a lower mean BMI (30.79), than non-users (33.21). Diabetes-related complications
were less common among cannabis users, including kidney, neurological, circulatory, and
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other complications, while a greater proportion of cannabis users had no documented
complications compared with non-users (98% vs. 93.2%).

Table 1. Baseline characteristics of study participants

Age (mean,SD)

52, 15.38 56, 12.46
min, max 19, 90 19, 89
Age Category (count, %)
18-29 326 (4.00) 209 (7.70) 117 (2.15)
30-44 1470 (18.08) 674 (24.83) 796 (14.66)
45-59 3391 (41.63) 846 (31.16) 2545 (46.87)
60-74 2342 (28.75) 797 (29.36) 1545 (28.45)
75+ 558 (6.85) 186 (6.85) 372 (6.85)
Unknown 58 (0.71) 3 (0.11) 55 (1.01)

Gender (count, %)

Female 4389 (53.89) 1428 (52.60) 2961 (54.53)
Male 3748 (46.02) 1283 (47.26) 2465 (45.40)
Unknown 8 (0.01) 4 (0.15) 4 (0.07)
Race (count, %)

Asian 87 (1.07) 12 (0.44) 75 (1.38)
Black 193 (2.37) 98 (3.61) 95 (1.75)
White 4701 (57.72) 1619 (59.63) 3082 (56.76)
Unknown 1200 (14.73) 964 (35.51) 236 (4.35)
Other 1964 (24.11) 22 (0.81) 1942 (35.76)
Complications (count, %)

Hyperosmolarity 10 (0.12) 1 (0.04) 9, (0.17)
Ketoacidosis 30 (0.37) 0, (0) 30 (0.55)
Kidney Complications 453 (5.56) 39, (1.43) 414 (7.62)
Ophthalmic 161 (1.98) 12 (0.44) 149 (2.74)
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Neurological 747 (9.17) 94, (3.46) 653 (12.03)
Circulatory 851 (10.45) 53, (1.95) 798 (14.70)
Other Complications 1989 (24.42) 212 (7.81) 1777 (32.73)
Without Complications 7724 (94.83) 2663 (98) 5061 (93.2)

HbA1c (mean, sd)

6.55,1.77 5.6, 1.15 6.83, 1.82
min, max 39 174 42,134 39 174
BMI (mean, sd)

33.52, 6.8 30.79, 6.88 33.21, 6.91
min, max 10.8, 45 11, 45 10.8, 45

Cannabis use and HbA1c levels

We used a linear mixed-effects model, including within-subject correlation across 59,473
HbA1c measurements from 6,006 patients, the model revealed that on average, cannabis
users had HbA1c levels that were 1.09 percentage points lower than non-users (B = -
1.09, SE = 0.043, p < 0.001). After adjusting for age, gender, and race, cannabis users
had HbA1c values that were on average 1.25 percentage points lower than non-users (3
=-1.25, p < 0.001). Older age and male gender were also independently associated with
higher HbA1c (B = 0.012 and 3 = 0.39, respectively; both p < 0.001). Among racial groups,
Black patients had significantly higher HbA1c levels compared to the reference group (3
= 0.61, p = 0.003).

Mean HbA1c by Cannabis Use Status
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HbA1c levels showed a slight decrease over time across the entire cohort, about 0.01
percentage points per year. (B =-0.010, p < 0.001).

While cannabis use was significantly associated with lower HbA1c levels, the interaction
between cannabis use and time was not statistically significant (g = -0.014, p = 0.390),
suggesting that HbA1c trends over time were similar between users and non-users.

HbA1c Over Time by Cannabis Use (Patient-Level Averages)
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Cannabis users had a significantly lower average BMI at baseline than non-cannabis
users (mean difference = —2.42, p < 0.001). Mediation analysis showed no significant
indirect effect of cannabis use on HbA1c levels through BMI (ACME = 0.002, 95% CI: -

0.039 to 0.048, p =1). This suggests that BMI does not mediate the relationship between
cannabis use and glycemic control in this population.

BMI Over Time by Cannabis Use (Patient-Level Averages)
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Anti-diabetic medications

Approximately 36% of patients had documented prescriptions for antidiabetic
medications. Only 156 patients were included in the final regression model due to the
availability of complete data, including HbA1c values, demographic information, cannabis
use status, and medication exposures.

In this adjusted model, insulin use (B = 1.77, p <0.001) and metformin use (3 =0.63, p=
0.0016) were both independently associated with higher HbA1c levels, likely indicating
more advanced or poorly controlled diabetes. Other antidiabetic classes, including GLP-
1 receptor agonists, sulfonylureas, and the combination of metformin with sulfonylurea,
were not significantly associated with HbA1c outcomes in this model.

Complication Rates

Circulatory complications were present in 1.95% of cannabis users versus 14.7% of non-
cannabis users (p = 0.0056), kidney complications in 1.44% vs. 7.6% (p = 0.0044), and
neurological complications in 3.46% vs. 12.0% (p = 0.0009). Other Complications,
including skin complications, complications in pregnancy, and other specified
complications were identified in 7.81% of cannabis users compared to 32.7% of non-
cannabis users (p < 0.0001). Cannabis users were significantly more likely to have no
documented complications (97.9% vs. 93.2%, p = 0.0022). No significant group
differences were observed for ophthalmic complications or hyperosmolarity.

In adjusted logistic regression models controlling for age, gender, and race, cannabis use
was significantly associated with decreased odds of circulatory complications (OR = 0.23,
95% CI: 0.18-0.29, p < 0.001), kidney complications (OR = 0.36, 95% CI: 0.26-0.50, p <
0.001), neurological complications (OR =0.50, 95% CI: 0.39-0.64, p <0.001), ophthalmic
complications (OR =0.39, 95% CI: 0.22-0.73, p =0.003), and other complications (OR =
0.39, 95% CI: 0.32-0.47, p < 0.001) compared to non-cannabis users.

Cannabis Product Analysis

Among diabetic patients’ cannabis transactions recorded from medical dispensaries in
Minnesota, Pennsylvania, and Utah, the most used product type was flower (37%),
followed closely by vape products (36.9%). Other categories included edibles (12.3%),
extracts/concentrates (5.2%), pills/capsules (3.2%), tincture/sublingual formulations
(2.5%) and topicals (1.2%).
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Common Cannabis Product Types Among Diabetic Patients

Flower (37.3%)

Vape (36.9%)

Edibles (12.3%)
Extracts/Concentrates (5.2%)
Pills/Capsules (3.2%)
Tincture/Sublingual (2.5%)
Other (1.5%)

Topicals (1.2%)

Cannabinoid content

Overall, the most used products in the diabetic population were THC dominant, with a
THC:CBD ratio of 1:0 (73.5%) , followed by balanced products with a 1:1 ratio (11.8%).
Other less common ratios preferred by these patients were 19:1 (3.7%), 0:1 (1.7%) and
20:1 (1.1%). Male and female patients most commonly used cannabis products with a 1:0
THC:CBD ratio, followed by 1:1 and 19:1 ratios. Females showed a slightly higher
preference for CBD-dominant (0:1) products than males (4.6% vs. 2.1%).

Across all age groups, the 1:0 THC:CBD ratio was the most frequently selected,
especially among younger patients (68.1% in ages 18-29). Preference for CBD-dominant
(0:1) products increased with age, from just 0.2% in the youngest group to 4.9% in those
aged 65+. Older adults (65+) also showed greater use of balanced 1:1 ratios (16.7%)
compared to younger groups.

A linear regression model assessing the relationship between preferred THC:CBD ratios
and HbA1c levels at baseline, adjusting for age and gender, showed that Individuals who
preferred products with a 1:19 THC:CBD ratio had HbA1c levels that were 2.23
percentage points higher (p = 0.018). However, a longitudinal model found no significant
associations between commonly used THC:CBD ratios and changes in HbA1c.
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Top 5 Preferred THC:CBD Ratios Among Patients
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No significant relationship was found between milligrams of THC (p = 0.998),mg of CBD
(p = 0.999), THC percentage (p = 0.985), or CBD percentage (p = 0.904) and HbA1c
levels. Some of these models had very few patients with complete data, limiting statistical
power and interpretability.

Conclusion

The study found cannabis users had lower HbA1c and fewer complications involving the
circulatory system, kidneys, and nervous system in this cohort. This association remained
significant even after adjusting for demographics and other confounders.

Cannabis users also had lower BMI compared to non-users, but that did not explain the
HbA1c gap according to the mediation analysis. What drives the difference is not clear
from this data. THC and CBD percentages on their own did not predict HbA1c. Patients
who bought CBD-dominant products had higher HbA1c at baseline, but this did not hold
up in longitudinal models. Younger patients preferred THC-dominant products while older
patients went for more balanced or CBD-heavy options.

Due to the observational nature of this study, it cannot prove causality, but it brings real-
world evidence to a question that has mostly been studied in animals and cell cultures.
Larger prospective studies are needed, looking more closely at specific cannabinoid
profiles and their effects.

Discussion

We found that cannabis use was associated with lower HbA1c levels and reduced odds
of several diabetes related complications compared with non-use. These findings align
with some prior epidemiologic work suggesting an inverse association between cannabis
use and certain metabolic outcomes, including lower insulin resistance and reduced
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prevalence of diabetes in cross-sectional analyses. Smaller observational studies,
particularly in type 1 diabetes, report higher HbA1c and increased risk of diabetic
ketoacidosis among cannabis users , and population-based cohorts have not found clear
protective effects on incident disease after adjustment for confounders . Our results
contribute real-world evidence demonstrating a significant association between cannabis
use and lower HbA1c.

Our results indicate that BMI did not explain the cannabis and HbA1c relationship. It
suggests that factors beyond adiposity, such as metabolic effects of cannabinoids or
lifestyle differences, may be involved.

Our analysis of cannabinoid content and THC:CBD ratios showed no consistent
longitudinal association with HbA1c, and no meaningful effects of THC or CBD milligram
exposure, percent THC, or percent CBD on glycemic control. Pre-clinical studies suggest
potential glucose lowering effects of certain cannabinoids like THCV , but evidence in
humans remains sparse and inconclusive.

Limitations of this study include an observational design that cannot establish causality,
but it can show significant associations to guide the direction of further research.
Unmeasured confounding from diet, physical activity, and socioeconomic factors may
have influenced the observed associations. Additionally, not all patients in this cohort had
complete medications and cannabinoids data with HbA1c overlap, limiting power in
product-level models.

Strengths of this study include the large sample size, repeated longitudinal HbA1c
measures from 2014 to 2025, matched comparisons between cannabis users and
non-users, and integration of cannabis product data that provided an objective measure
for cannabis exposure with clinical outcomes documented in EHRs. The use of
mixed-effects models allowed us to account for within patient correlation over time.

Our findings suggest that cannabis use in patients with type 2 diabetes is associated with
lower HbA1c values and a reduced prevalence of diabetes complications. Further
research is needed for specific cannabinoid exposures and product ratios’ association
with glycemic outcomes. These results underscore the need for prospective, real-world
data studies with detailed cannabis use characterization to clarify whether and how
cannabis may influence metabolic health in diabetes.
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