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Abstract

Aims/hypothesis—The impact of marijuana use on metabolic health is largely unknown. This 

study sought to clarify the cross-sectional and longitudinal associations between self-reported 

marijuana use, and prediabetes (defined as fasting glucose 5.6–5.9 mmol/l, 2 h glucose post OGTT 

7.8–11.0 mmol/l or HbA1c 5.7–6.4% [39–47 mmol/mol]) and diabetes.

Methods—Data from the community-based Coronary Artery Risk Development in Young 

Adults (CARDIA) study were used to determine marijuana use and the presence of prediabetes 

and diabetes among participants. The association between marijuana use and the prevalence of 

prediabetes and diabetes was examined in 3,034 participants at CARDIA examination year 25 

(2010–2011), while the incidence of prediabetes and diabetes according to previous marijuana use 

was assessed in 3,151 individuals who were free from prediabetes/diabetes at year 7 (1992–1993) 

and who returned for at least one of the four subsequent follow-up examinations over 18 years.
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Results—The percentage of individuals who self-reported current use of marijuana declined over 

the course of the study's follow-up. After multivariable adjustment, higher odds of prediabetes 

were found for individuals who reported current use of marijuana (OR 1.65 [95% CI 1.15, 2.38]) 

and a lifetime use of 100 times or more (OR 1.49 [95% CI 1.06, 2.11]), compared with individuals 

who reported never using marijuana. There was no association between marijuana use and 

diabetes at CARDIA examination year 25. Over 18 years of follow-up, a greater risk of 

prediabetes (but not diabetes) was found for individuals who reported a lifetime use of marijuana 

of 100 times of more (HR 1.39 [95% CI 1.13, 1.71]), compared with individuals who had never 

used marijuana.

Conclusions/interpretation—Marijuana use in young adulthood is associated with an 

increased risk of prediabetes by middle adulthood, but not with the development of diabetes by 

this age.
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Introduction

Marijuana is the most frequently used illicit drug in America, with an estimated 18.9 million 

people aged 12 years or older identifying as current users in 2012 [1]. The prevalence of 

marijuana use has increased since 2002 [1], and this trend can be expected to continue as 

states enact policies to permit medicinal or recreational use [2]. Despite the growing 

movement to legalise marijuana, however, little is known about its effect on metabolic 

health.

Research on the association between marijuana use and various metabolic indices suggests a 

paradox in which greater marijuana use is associated with increased caloric consumption, 

but with decreases in the levels of various metabolic risk indices, including BMI, waist 

circumference (WC), fasting insulin and HOMA-IR [3–7]. A recent meta-analysis of eight 

studies suggested that current cannabis smoking is associated with 30% lower odds of 

diabetes [8]. However, previous studies have been limited to cross-sectional analyses and 

might have lacked proper adjustment for confounding. A prospective assessment of health 

outcomes in relation to prior marijuana use would limit the potential bias that might result 

from individuals’ decisions to alter marijuana exposure based on their own health status.

The purpose of this study was multifaceted. First, we aimed to assess the association 

between self-reported marijuana use and prediabetes (defined as fasting glucose 5.6–5.9 

mmol/l, 2 h glucose post OGTT 7.8–11.0 mmol/l or HbA1c 5.7–6.4% [39–47 mmol/mol]; 

see Methods) and diabetes mellitus using cross-sectional and prospective analyses, 

considering both status (i.e. never, former or current use) and quantity used. Second, we 

aimed to examine the role of BMI and WC as potential confounding or mediating factors of 

these associations. Finally, given the varying diabetes risk profiles by race and sex, we 

sought to evaluate the heterogeneity of effects in the associations by race and sex.
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Methods

Study population

The Coronary Artery Risk Development in Young Adults (CARDIA) study is a longitudinal 

observational study intended to investigate the development of coronary artery disease risk 

factors in four healthy metropolitan populations (Birmingham, AL; Chicago, IL; 

Minneapolis, MN; and Oakland, CA, USA) of black and white adults aged 18–30 years at 

recruitment. Participants were contacted by telephone annually and invited to participate in 

follow-up examinations at 2, 5, 7, 10, 15, 20 and 25 years after enrolment. Demographic 

information was obtained, BP and chemistries were measured, and anthropometry and 

structured questionnaires on manifold health characteristics were conducted, following 

standardised protocols that were harmonised over time. The institutional review board at 

each study site granted approval, and informed consent was obtained from the 5,115 

participants at enrolment in 1985–1986 (year [Y]0) and at each follow-up examination. 

Details of the study design have been published previously [9].

Questionnaire, laboratory and physiological measures

Individuals were asked to present in a fasting state (no food, caffeine or alcohol for 12 h 

prior to the examination) on the morning of their clinical examination and to forgo tobacco 

use (for 30 min prior to the examination) and strenuous physical activity (on the day of the 

appointment). Appointments were generally scheduled to begin between 08:00 hours and 

12:00 hours. At each clinical examination, individuals were asked to update their 

sociodemographic information and were questioned about their medical and family history 

and individual lifestyle characteristics, including educational attainment, tobacco use (status 

and frequency), regular alcohol consumption, and moderate and strenuous physical activity. 

A valid and reliable metric for leisure-time physical activity (exercise units; EU) was 

developed by CARDIA researchers, as previously described [10].

Venous blood was drawn and serum separation was performed, following which aliquots 

were stored at −70°C and shipped on dry ice to a central laboratory. Serum glucose was 

measured using the hexokinase method, and per cent HbA1c was assessed using Tosoh G7 

HPLC (Tosoh, San Francisco, CA, USA) and standardised across examinations. The 2 h 

serum glucose levels were measured from a standard 2 h OGTT at Y10, Y20 and Y25. 

Procedures for collection, storage and determination of plasma lipids and C-reactive protein 

(CRP) have been previously described [11, 12].

BP was measured during the resting state, in triplicate with 1 min intermissions, using a 

random-zero sphygmomanometer at Y0–15 with the first- and fifth-phase Korotkoff sounds 

corresponding to systolic and diastolic BP, respectively, with the average of the last two 

measurements used. BP at Y20 and Y25 was measured with an Omron HEM907XL 

oscillometer (Omron, Schaumburg, IL, USA) and calibrated to the random-zero readings.

Body weight was measured using a calibrated balance-beam scale to the nearest 0.2 kg, with 

participants in light clothing. Height (without shoes) was measured to the nearest 0.5 cm 

using a vertical ruler, with BMI calculated as the weight in kilograms divided by the squared 

height in metres. WC was measured midway between the iliac crest and the lowest lateral 
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portion of the rib cage. Diet was assessed using an interviewer-administered CARDIA diet 

questionnaire at examination Y0, Y7 and Y20 and a diet score was created, as previously 

described [13, 14]. The diet score is a validated measure of dietary quality and a predictor of 

metabolic health [15, 16].

Marijuana and other illicit drug use

Participants were asked to complete a detailed, self-administered questionnaire on previous 

and current use of illicit drugs at each examination; questionnaires are open to the public 

(www.cardia.dopm.uab.edu/images/more/pdf/Year25/CARDIA/Form17.pdf) and questions 

were akin to those found in the National Survey on Drug Use and Health [1]. At each 

examination, individuals who reported ever using an indicated illicit drug were asked about 

the number of days of use in the previous 30 days and about lifetime use (i.e. 1–2, 3–9, 10–

99 or ≥100 times). The non-medical drugs appraised with this questionnaire included 

marijuana, crack cocaine or other cocaine, amfetamines and opiates.

Prediabetes and diabetes assessment

Individuals were identified as having prediabetes or diabetes according to ADA glycaemic 

cut-off points. The ADA defines prediabetes as fasting glucose 5.6–5.9 mmol/l, 2 h glucose 

post OGTT 7.8–11.0 mmol/l or HbA1c 5.7–6.4% (39–47 mmol/mol) [17]. The cut-off points 

for diabetes include fasting glucose ≥7.0 mmol/l, 2 h glucose post OGTT ≥11.1 mmol/l or 

HbA1c ≥6.5% (≥48 mmol/mol) [17]. Individuals who reported the use of diabetes 

medications were also identified as diabetes cases.

Population for analysis

We used two distinct methods to evaluate the metabolic effects of self-reported marijuana 

use in CARDIA participants. First, to assess the cross-sectional association between self-

reported marijuana use and prediabetes and diabetes, data from examination Y25 were 

analysed. For this cross-sectional evaluation, of the 3,496 individuals present at examination 

Y25, we excluded those who had fasted for less than 8 h prior to the visit (n=209) and those 

with an undeterminable diabetes status (n=1) or missing relevant covariate information 

(n=252), resulting in a sample of 3,034 participants. Individuals who had diabetes at Y25 

(n=357) were excluded from prediabetes analyses (to mitigate selection bias), and 

prediabetes status was undetermined for one individual. Therefore, 2,676 individuals were 

included in prediabetes analyses.

The second analytical approach was to prospectively evaluate the association between self-

reported marijuana use and incident prediabetes and diabetes. Fasting glucose was not 

measured at CARDIA Y2 and Y5, and diabetes status was determined by medication use. In 

order to include the ADA criteria in determining incident diabetes at each examination, data 

from examination Y7 were used as the analysis baseline. Individuals were excluded from 

analysis if they did not participate in the Y7 examination (n=1,029), presented with a fasting 

time of less than 8 h prior to the Y7 examination (n=403), did not return for follow-up in all 

of Y10–25 (n=162) or were missing covariate information at the Y7 examination (n=300). 

When assessing marijuana use and incident diabetes, individuals with prevalent diabetes at 
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Y7 or those whose diabetes status was undetermined on follow-up were excluded (n=70), 

resulting in an analysis sample of 3,174 participants.

For the association between marijuana use and incident prediabetes, 468 people were 

excluded based on baseline prediabetes, diabetes and underdetermined prediabetes status on 

follow-up, giving a final analysis sample of 2,758 participants. Those excluded were on 

average older and were more likely to be male, African-American and less educated, with a 

longer history of smoking, higher levels of fasting glucose and CRP, and greater lifetime 

frequency of marijuana use compared with the included participants.

Statistical analysis

Categories of all unique forms of self-reported drug use were determined by status (i.e. 

never/former/current use) and total use (i.e. lifetime frequency). Former use was defined as 

an affirmative response to the question ‘Ever use?’, but with no reported use in the previous 

30 days. Current use was determined by a report of use on one or more of the last 30 days.

Along with other illicit drug use, we considered several additional covariates as potential 

confounders. Cigarette smoking status was based entirely on current use. Regular alcohol 

consumption was classified as none, up to one drink daily and more than one drink daily. 

Educational attainment was characterised into three groups: ≤12 (high school), 13–16 (any 

college) or >16 years of education (>4 years’ college). Systolic BP, BMI, WC, LDL- and 

HDL-cholesterol, and CRP variables were modelled continuously, as were physical activity 

and diet scores. Antihypertensive and lipid-lowering medication use was taken into account 

in models that included adjustment for BP and cholesterol levels. Given the strength of 

association between BMI and diabetes and to reduce potential residual confounding, all 

adjusted models containing BMI also included a BMI2 term to account for a possible 

nonlinear relationship.

Participant characteristics were calculated across categories of self-reported marijuana use. 

Univariate models were used to assess the crude direction and magnitude of each 

association, with sequential models adjusting for the potential confounders noted above. The 

association between marijuana use and the presence of prediabetes and diabetes at CARDIA 

examination Y25 was estimated with logistic regression, obtaining crude and adjusted ORs 

and 95% CIs. For longitudinal analyses, crude and adjusted HRs and 95% CIs were 

estimated using Cox proportional hazards models. Contributed person-time to the study was 

calculated as the duration from date of examination Y7 to either: (1) the examination at 

which the event of interest (i.e. prediabetes or diabetes) was ascertained; or (2) 

administrative censoring of the participant's last examination visit. The proportional hazards 

assumption was assessed by including a product term between marijuana use category and 

natural log of contributed person-time.

To investigate whether the risk of prediabetes and diabetes according to marijuana use 

differed by sex or race, separate multiplicative interactions were tested by adding product 

terms to the proportional hazards model. Sensitivity analyses were also performed, repeating 

the main analyses with data from different CARDIA examination years to confirm whether 

associations were similar regardless of the examination from which participant data were 

Bancks et al. Page 5

Diabetologia. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



used. For example, for cross-sectional analyses, marijuana use and prevalence of prediabetes 

and diabetes were assessed using data from each CARDIA examination Y0–20. For 

prospective analyses, we assessed marijuana use at each CARDIA examination Y0–20 and 

incidence of prediabetes and diabetes through to Y25. Statistical analyses were performed 

using SAS statistical software version 9.3 (SAS Institute, Cary, NC, USA).

Results

The self-reported marijuana use status of the individuals present at each examination is 

displayed in Fig. 1. The per cent of individuals reporting ‘never’ or ‘current’ use of 

marijuana declined over time, while the per cent who reported ‘former’ use of marijuana 

increased, particularly in the early years.

Baseline participant characteristics for the prospective analysis are presented in Table 1 by 

category of lifetime frequency of marijuana use. In both the cross-sectional and longitudinal 

analyses, older age, male sex, white race, current smoking, greater daily alcohol 

consumption, current use of marijuana, other illicit drug use and greater participation in 

physical activity were all associated with a greater lifetime frequency of marijuana use, 

while longer time in education and greater BMI were associated with lower frequency of 

marijuana use.

At CARDIA examination Y25, 45% of the analysis population had prediabetes (n=1,193). 

Unadjusted analysis found marijuana use was associated with higher odds of prediabetes, 

regardless of status or frequency of use (Table 2). Specifically, individuals who reported 

current use and those who reported a lifetime use of ≥100 times had significantly higher 

odds of prediabetes compared with those who reported never using marijuana. The greatest 

attenuation of estimates was observed with adjustment for age, sex, and race, while the 

greatest strengthening of estimates was observed when use of other illicit drugs was 

included.

There were 357 cases of prevalent diabetes identified at Y25 for the cross-sectional analysis. 

Without adjustment for covariates, individuals who reported a history of marijuana use when 

marijuana use was modelled by status or lifetime frequency had marginally lower odds of 

diabetes compared with never-users (Table 2). Adjustment for demographic and lifestyle 

characteristics reversed the apparent direction of the association from <1 to >1, although the 

95% CIs continued to span 1 (Table 2). Estimates were most sensitive to adjustment for 

alcohol use, field centre, BP (or medication use) and use of other illicit drugs. The results for 

the prediabetes and diabetes analyses did not materially change when CRP level was 

excluded from the models or when BMI, BMI2 and WC were inserted into the models.

More than half of the participants without prediabetes or diabetes at the start of follow-up 

developed prediabetes over an average of 13.8 years of follow-up (51%; n=1,410). Table 3 

presents the crude and fully adjusted HRs with 95% CIs and crude incidence rates for 

prediabetes and diabetes according to self-reported marijuana use category. Unadjusted 

models for the association between marijuana use and incident prediabetes found a 

suggestive increase in the hazard for prediabetes for individuals with the greatest frequency 

Bancks et al. Page 6

Diabetologia. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of use at baseline (≥100 times). Adjustment for covariates strengthened the observed 

association in this group, with the 95% CIs no longer spanning 1 after adjustment for 

demographics, tobacco use, alcohol intake and dietary pattern. Compared with those who 

reported never using marijuana, individuals who reported use of ≥100 times had a 

significantly increased risk for prediabetes (HR 1.39 [95% CI 1.13, 1.71]), after adjustment 

for demographic, lifestyle and clinical characteristics.

There were 351 incident cases of diabetes identified during 50,569 years of follow-up in the 

prospective analysis, giving an overall crude incidence of 694 cases per 100,000 person-

years. In unadjusted analysis, a decreased risk of diabetes was found for those who reported 

marijuana use compared with never-users, but this did not attain statistical significance. The 

associations were attenuated after adjustment for basic demographic and lifestyle 

characteristics; further adjustment for dietary pattern and BP resulted in the greatest 

attenuation of estimates. Irrespective of the outcome (i.e. prediabetes or diabetes), the results 

did not differ when fasting glucose, BMI and pack-years of cigarette smoking were included 

in the final model.

For all prospective analyses, inclusion of age and illicit drug use at baseline in the model 

resulted in considerable strengthening of estimates. Otherwise, any strengthening of the 

associations with the incremental inclusion of individual variables was far less in magnitude 

and balanced by the covariates that attenuated the associations. Formal tests of interaction 

were not significant (p>0.10) for any of the potential effect modifiers for any of the analyses 

in this study. No violations to the proportional hazards assumption were detected. Results 

from sensitivity analyses confirmed the primary analyses (results not shown); patterns of the 

associations were similar and did not depend on the year from which participant data were 

used.

Electronic supplementary material (ESM) Table 1 shows the fasting glucose levels at the 

time of censoring: either the examination at which prediabetes and diabetes was ascertained 

or administrative censoring of the last examination visit. There was no observable linear 

trend in glucose levels at the time of censoring across marijuana use categories for diabetes. 

However, a statistically significant positive linear trend was observed for prediabetes, 

although this was no longer apparent after adjustment for illicit drug use.

Discussion

In this cohort of healthy men and women, marijuana use was associated with a higher 

prevalence of prediabetes during middle adulthood after controlling for potential 

confounding variables, but was not associated with the presence of diabetes at this age. 

Similarly, marijuana use in young adulthood was associated with the incidence of 

prediabetes in middle age. The greatest lifetime frequency of use (≥100 times) at baseline 

was associated with the highest incidence of prediabetes over the study's follow-up, 

compared with participants who reported never using marijuana. Marijuana use was not 

associated with the incidence of diabetes. Marijuana use was modelled categorically in two 

different ways (current/former/never, and with reference to lifetime frequency), contributing 

to the interpretation and robustness of these findings.
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The findings of this study are important, given the previously reported associations of 

marijuana use with various metabolic outcomes [3, 5–7]. The impact of BMI on the 

association between marijuana use and incident diabetes and prediabetes is unclear (i.e. 

whether it has no effect, or is a potential confounder or mediator). In this study, the results 

were unchanged with the addition of BMI, BMI2 and WC to the statistical model, consistent 

with the minimal estimate shift observed in a recent meta-analysis [8], and we found no 

cross-sectional association between marijuana use and BMI (data not shown), in contrast to 

previous findings on marijuana use and metabolic health [5–8]. A previous study assessed 

marijuana use in relation to obesity status in two population-based, nationally representative 

samples of US adults [5]. Using the National Epidemiologic Survey on Alcohol and Related 

Conditions, researchers found that individuals who reported cannabis use on ≥3 days per 

week had 39% lower odds of obesity compared with individuals who reported no use in the 

past 12 months, after adjustment for demographics, education, marital status, religion and 

tobacco smoking status. This association was attenuated when researchers studied 

individuals from the National Comorbidity Survey—Replication; adjusted estimates no 

longer attained statistical significance (OR 0.73 [95% CI 0.43, 1.23]) [5]. The prevalence of 

current marijuana use was <8% in this study, and the prevalence of use among young adults 

was below the national average and that found in our cross-sectional analysis [1, 5].

The association between marijuana use and the prevalence of diabetes has also been 

examined in the National Health and Nutrition Examination Survey (NHANES) III 

population. The researchers reported that marijuana use was associated with a lower odds of 

diabetes (OR 0.36 [95% CI 0.24, 0.55]) after adjustment for manifold demographic, lifestyle 

and clinical characteristics [6]. The study population was restricted to individuals aged 20–

59 years; excluded 25% of the potential analysis population because of missing laboratory 

data; and, when examining age-stratified analyses (>40 and ≤40 years), found the 

association was restricted to the older age stratum [6]. A recent meta-analysis of eight 

independent replications from NHANES and the National Surveys on Drug Use and Health 

found a summary adjusted OR of 0.7 (95% CI 0.6, 0.8) for the association of current 

marijuana use and prevalent diabetes; however, both marijuana use and diabetes status were 

ascertained via self-report [8]. These associations might result from the self-exclusion of 

unhealthy individuals who frequently use marijuana from study participation, resulting in an 

underestimation of diabetes cases in marijuana users, and from reverse causation where 

individuals with diabetes abstain from marijuana use in older age because of concerns about 

and awareness of their health status [6, 8].

Recent analysis of NHANES 2005–2010 participants found marijuana use to be associated 

with lower levels of fasting insulin and HOMA-IR, and a decreased WC compared with 

individuals who reported never using marijuana, after adjustment for relevant covariates; 

however, no association was found between current marijuana use and fasting glucose, 

HbA1c or BMI [7]. In a small study (n=60) of otherwise healthy individuals, after matching 

cannabis users to non-users by sex, ethnicity, age and BMI, adipocyte insulin sensitivity was 

found to be higher in cannabis users compared with non-users; however, skeletal muscle 

insulin sensitivity, insulin secretion, fasting insulin and glucose, and HbA1c were not 
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different between the two groups [18]. Significant differences in diet quality between the 

two groups were noted, and the effect of tobacco use on the results is unknown [18].

Previous epidemiological research has cited animal models investigating the potential 

mechanisms underlying the metabolic effects of marijuana. Potential anti-inflammatory 

effects and improved metabolism by actions through the cannabinoid receptors have been 

suggested to reduce the progression of type 1 diabetes, improve beta cell function and 

decrease weight in mouse models [19, 20]. However, no models have assessed this 

association in healthy mice, and these studies administered cannabis/cannabidiol via 

ingestion or intravenously. The mode of administration and the dose should be considered 

when extending these results to public health studies, as the most common modes of 

consuming cannabis among the general population are cigarettes, pipes and bongs, in which 

the user inhales the chemical compounds in smoke form and the quantity consumed varies 

from user to user [21]. Given the potential of marijuana smoke to increase the production of 

reactive oxygen species and oxidative stress, any potential anti-inflammatory benefit might 

be countered by detrimental oxidative effects from intake by smoking [22].

Research on the prospective evaluation of marijuana use on metabolic health is scant. It is 

unclear how marijuana use could place an individual at increased risk for prediabetes yet not 

diabetes. This is a potential study limitation, and may reflect a spurious prediabetes 

association. Similarly, it is possible that it is an artefact arising from our exclusion criteria 

disproportionately affecting those with higher levels of marijuana use and greater potential 

for the development of diabetes. Individuals excluded from our analysis generally had 

higher levels of marijuana use and less favourable levels of traditional diabetes risk factors 

and were, historically, more likely to develop diabetes. Alternatively, the effect of marijuana 

use might have a more noticeable impact on glucose metabolism in the prediabetes range 

compared with the diabetes range, when traditional diabetes risk factors are far less 

favourable and might dominate over any effect of marijuana. This might explain the 

differing results in the linear trend of fasting glucose level at censoring.

There are plausible ways to reconcile the seemingly contradictory tendencies between this 

prospective analysis (where earlier marijuana use predicts later prediabetes), animal and 

cellular models, and prior cross-sectional findings in which current marijuana use coincided 

with a lower prevalence of prediabetes and diabetes. We speculate, for example, that some 

people in ill health might choose to quit marijuana as a result of a physician's 

recommendation to abstain from tobacco and other substances or a general concern for their 

health, or because of more complicated associations between poor health, income and drug 

access. This speculation awaits confirmation. In addition, previous work has not accounted 

for the use of other illicit drugs [5–8]. While illicit drug use per se might not cause a decline 

in metabolic health, it might be an indicator of the propensity to use drugs or overall 

deleterious health behaviour, or cause declines in overall health [23, 24].

Limitations

When weighing the contribution of this study to our understanding of the effect of marijuana 

use on metabolism, certain limitations apply. Foremost, our main exposure variable was 

determined by self-report. Self-report of marijuana use has been shown to have good 
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validity compared with objective measures, and an objective measure is not typically 

available for observation periods that span many years [25]. In the CARDIA study, 

participants were asked about illicit drug use at each examination and the cohort experienced 

no adverse consequences from reporting, potentially mitigating under-reporting.

Prospective analyses are unlikely to be affected by differential reporting of baseline 

exposure by case status, particularly in this analysis where outcomes occurred, on average, 

14–16 years after the initial response. For the prospective analyses, participant exposure 

level and other characteristics reflected those measured at CARDIA examination Y7 and 

were not updated over time. We found that marijuana use status levelled off between the Y7 

and Y10 examinations, which might reflect individuals exiting young adulthood—on 

average 32 years old, traditionally past peak drug use and established into a habitual 

frequency of use [1]. Although smoking is the most common way of using marijuana, the 

mode of marijuana use was not specified in responses. It is unclear if the effect of marijuana 

differs by mode of use.

Strengths

Strengths of this study include the objective measure of prediabetes and diabetes status, 

ascertainment of manifold confounding factors and marijuana use response rates similar to 

those noted in young adults in the general US population [26]. We found consistent results 

on cross-sectional and prospective analyses and when we performed sensitivity analyses, 

repeating the main analyses using data from different CARDIA examination years.

Conclusion

In conclusion, marijuana use, by status or lifetime frequency, was not associated with the 

incidence or prevalence of diabetes after adjustment for potential confounding factors. 

However, marijuana use was associated with the development and prevalence of prediabetes 

after adjustment. Specifically, the occurrence of prediabetes in middle adulthood was 

significantly more likely among individuals who reported using marijuana more than 100 

times by young adulthood. These results contrast with previous findings on marijuana use 

and metabolic health. Future studies should aim to objectively measure the mode and 

quantity of marijuana use in relation to prospective metabolic health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Self-reported marijuana use status of individuals across the examination years of the 

CARDIA study

Bancks et al. Page 13

Diabetologia. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bancks et al. Page 14

Table 1

Participant characteristics according to self-reported marijuana use at examination Y7 (1992–1993)

Characteristic Self-reported lifetime marijuana use

Never (n=625) 1–9 times (n=738) 10–99 times (n=774) ≥100 times (n=1,014)

Age, years 31.8±3.9 32.4±3.7 32.9±3.5 33.1±3.3

Female, % 59.5 63.0 64.9 38.3

White, % 45.6 53.5 60.3 59.3

Highest education, %

    High school 22.7 20.9 20.3 34.1

    Any college 56.2 57.3 57.0 51.0

    >4 years’ college 21.1 21.8 22.7 14.9

A priori diet score 57.6±11.7 61.9±12.3 64.7±12.7 64.7±12.5

Physical activity, EU 296.6±260.7 319.5±263.7 328.4±248.8 390.7±274.0

BMI, kg/m2 27.4±6.5 26.8±6.4 26.1±6.0 26.4±5.5

WC, cm 84.5±14.6 83.1±13.7 81.5±13.8 84.9±13.1

Fasting glucose, mmol/l 4.9±0.5 4.9±0.4 4.9±0.5 5.0±0.5

Systolic BP, mmHg 109.0±12.7 107.9±12.2 106.6±11.3 109.3±11.8

Diastolic BP, mmHg 70.5±10.1 69.5±9.8 67.9±9.5 69.3±9.7

Antihypertension medications, % 2.1 1.8 1.7 1.2

Total cholesterol, mmol/l 4.5±0.9 4.6±0.8 4.5±0.8 4.6±0.9

LDL-cholesterol, mmol/l 2.8±0.8 2.8±0.8 2.7±0.8 2.8±0.8

HDL-cholesterol, mmol/l 1.3±0.3 1.4±0.3 1.4±0.4 1.3±0.4

Lipid-lowering medications, % 0.2 0.1 0.0 0.3

CRP, nmol/l 21.0±30.5 26.7±40.0 31.4±40.0 37.1±45.7

Smoking status, %

    Never 89.1 76.5 51.0 35.2

    Former 3.2 10.4 21.1 26.2

    Current 7.7 13.1 27.9 38.6

Alcohol consumption, %

    No daily consumption 73.7 50.5 34.6 30.3

    ≤1 drink/day 22.1 38.8 47.2 39.2

    >1 drink/day 4.2 10.7 18.2 30.6

Current marijuana use, % 0.0 1.5 9.8 38.6

Crack cocaine use, %

    Ever use 1.0 12.3 45.3 74.6

    >10 times lifetime use 0.2 1.9 10.1 34.1

Other cocaine use, %

    Ever use 0.8 15.6 50.6 82.2

    >10 times lifetime use 0.0 1.9 11.2 40.2

Amfetamine use, %

    Ever use 1.6 10.6 38.3 67.5

    >10 times lifetime use 0.5 1.5 9.2 29.7
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Characteristic Self-reported lifetime marijuana use

Never (n=625) 1–9 times (n=738) 10–99 times (n=774) ≥100 times (n=1,014)

Heroin use, %

    Ever use 2.1 2.4 8.3 22.2

    >10 times lifetime use 0.0 0.1 1.4 5.5

Continuous variables are means ± SD

Categorical variables are per cent within column
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