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Background: Observational evidence investigating associations between cannabis use and blood pressure and hypertension is inconsistent.



Methods: Cross-sectional data from 3,255 participants at Exam 6 (2016–2018) of the Multi-Ethnic Study of Atherosclerosis (MESA) were analyzed, including self-reported cannabis smoking patterns, standardized measures of systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure (PP; BP collectively), and hypertension. ANCOVA and multivariable relative risk regression models were used to calculate adjusted means for BP and adjusted prevalence ratios (PRs) for prevalent hypertension.



Results: In fully adjusted ANCOVA models, a history of regular cannabis smoking, when compared to no history, was not significantly associated with increased SBP [mean difference: 0.1 mmHg (95% CI: −1.6–1.9)], DBP [mean difference: 0.5 mmHg (95% CI: −0.3–1.4)], PP [mean difference: −0.5 mmHg (95% CI: −1.8–0.9)], or prevalent hypertension [PR: 1.01 (95% CI: 0.93−1.10)]. Furthermore, no associations were observed for either the duration or recency (in the past month) of cannabis smoking or number of joint/pipe years. Models exploring potential interactions between a history of regular cannabis smoking and age, sex, race/ethnicity, and cigarette smoking status were not significant for either BP or hypertension.



Conclusions: In a cohort of racially and ethnically diverse older adults with a high prevalence of hypertension, no evidence of increased risk due to regular cannabis smoking was found for either blood pressure or hypertension.
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Introduction

Cardiovascular effects of Cannabis sativa L. (cannabis, marijuana) are primarily mediated through interactions between phytocannabinoids and cannabinoid receptors (CB1R and CB2R) in the cardiovascular and nervous systems, involving both direct cardiac effects and indirect autonomic effects. These effects include increases in heart rate, cardiac contractility, and changes in vascular resistance, potentially resulting in hemodynamic changes and altered blood pressure (BP) (1). However, studies have reported significant variability in these effects (2).

Some cross-sectional studies have reported associations between recent (past month) cannabis use, frequency of recent use (days used in the past month) and elevated systolic BP (SBP) (3, 4) but not diastolic BP (DBP) or prevalent hypertension (5). Importantly these studies did not consider the duration or timing of regular use, which may result in tolerance and is more likely to underlie a chronic disease process. Questionnaires from these studies often fail to specify the method of cannabis use (inhalation, ingestion, etc.) (6), which may mediate the risk (7). Our previous investigation using data from the National Health and Nutrition Examination Survey (NHANES, 2009 and 2018) reported no associations between a history of monthly cannabis use (smoked) for more than one year, including a duration of monthly use of more than 10 years, and either increased SBP, DBP or prevalent hypertension (8). An earlier NHANES study using data from 2017 to 2018 reported similar findings for hypertension (5). Conversely, a large cross-sectional study (n = 91,161) utilizing data from the UK Biobank, a population-based study of around 500,000 volunteers in the UK, noted lower SBP, DBP, and pulse pressure (PP) among “heavy” lifetime cannabis users (more than 100 times in a lifetime) (9). Longitudinal research remains sparse but the available research has found no association with elevated SBP, DBP or incident hypertension (10, 11). Notably, previous studies have focused mostly on middle-aged participants. Consequently, it remains unclear whether these risks differ in older adults, who are likely to have a higher prevalence of comorbidities. This issue is particularly timely, as an increasing number of older adults' are reporting cannabis use (12).

The present study aimed to characterize cannabis smoking patterns in the Multi-Ethnic Study of Atherosclerosis (MESA) and investigate the associations between a history of regular cannabis smoking and systolic, diastolic, and pulse pressures, as well as prevalent hypertension. Based on our previous work, we hypothesized that a history of regular cannabis smoking would not be associated with elevated blood pressure or prevalent hypertension.



Methods


Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study of men and women aged 45–84 years who were free of clinical cardiovascular disease (CVD) at the time of study enrollment (n = 6,814). Participants were recruited from 2000 to 2002 in six US field centers from four race/ethnic groups of Caucasian (38%), African American (28%), Hispanic American (22%), and Chinese Americans (12%). All participants provided written informed consent. The original MESA study was approved by the institutional review board of each field center. Detailed methodology for MESA has been published previously (13).



Analytic sample

The analytic sample (n = 3,255) was limited to all MESA participants with complete data for two questions used to define a history of regular cannabis use and three readings for blood pressure (SBP and DBP) at Exam 6 (2016–2018).



Independent variables


Cannabis use

At Exam 6, participants responded to a series of questions about cannabis use (full questionnaire available at: https://www.mesa-nhlbi.org/PublicDocs/MESAExam6Forms/V6_PersonalHistory.pdf) (Figure 1). Participants classified as having a history of regular cannabis smoking were those who responded “Yes” to the questions: (1) “Have you smoked more than 100 marijuana or hashish joints/pipes in your life?” and (2) “Have you ever smoked marijuana or hashish regularly (at least once per month)?” Those classified as having no history of regular smoking were those who reported “Yes” or “No” to the first question and “No” to the second.
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FIGURE 1
Flow diagram of study sample selection.


Participants with a history of regular smoking were subsequently asked, “For how many years did you smoke marijuana or hashish regularly?” and “How long has it been since you last smoked marijuana or hashish?”. Years of regular smoking were analyzed as both continuous and categorical variables. Recency of use was defined as any reported use within the preceding 31 days.

A composite measure was created (i.e., joint/pipe years) to assess a multifaceted exposure including duration, frequency, and quantity of cannabis smoking. Joint/pipe years was calculated using the low end, midpoint, and high end for each categorical response to the question “During the time that you smoked marijuana or hashish regularly, how often would you usually smoke it?” (Supplementary Methods). For the midpoint, joint/pipe years was calculated as follows: (midpoint value of each categorical response to “During the time that you smoked marijuana or hashish regularly, how often would you usually smoke it?” × “On the days that you smoked marijuana or hashish, how many joints or pipes would you usually smoke?” × 12 months/year × years of regular smoking)/days per year [For example: (6 times per month × 3 joints/pipes per day × 12 months/year × 10 years of regular smoking)/365.25 = 5.9 joint/pipe years]. Joint/pipe years was analyzed both as a continuous and dichotomous variable cut at the median of the monthly frequency.



Covariates

Sex, race/ethnicity, household income and educational attainment were assessed using standard questionnaires at the baseline visit (13). Age, physical activity, sedentary behavior, cigarette smoking, current alcohol use, diabetes status, and medication use were assessed using standard questionnaires at Exam 6. Dyslipidemia was defined as a total cholesterol to high density lipoprotein (HDL) ratio >5.0 or use of lipid-lowering medication. Prediabetes was defined as fasting blood glucose ≥100 mg/dl or A1c ≥5.7%. Diabetes was defined as fasting blood glucose ≥126 mg/dl, HbA1c >6.4%, or the use of antidiabetic medication. Height, weight, and biomarkers [total cholesterol (mg/dl), HDL cholesterol (mg/dl), fasting blood glucose (mg/dl), and HbA1c (%)] were objectively measured at Exam 6 in the central laboratory (University of Vermont, Burlington, VT, USA) using standardized protocols and calibrated measurements.




Dependent variables


Blood pressure and hypertension

During Exam 6 (2016–2018), participants underwent standardized measurements of height, weight, blood pressure, and additional assessments. With the participant seated, resting blood pressure was measured in the morning three times with a Dinamap automated device (Model PRO 100, GE Healthcare) (average measurement time 08:54 ± 48 min). The first blood pressure reading was recorded after five minutes of sitting. Subsequent measurements were taken at five-minute intervals (13). Medical history, personal history, medication use, and physical activity were obtained using standardized questionnaires.

Three complete SBP and DBP readings were averaged to obtain mean SBP and DBP, respectively. Pulse pressure was calculated as the difference between mean SBP and DBP. Hypertension was defined as SBP ≥130 mmHg or DBP ≥80 mmHg (per the 2017 ACC/AHA Guideline for High Blood Pressure in Adults) (14) or use of antihypertensive medication. Complete BP data were available for 99.7% of respondents (n = 3,245).




Statistical methods

Descriptive statistics were used to characterize the sample. Means and standard deviations were reported for continuous variables, whereas counts and percentages were used for nominal variables. Continuous variables were assessed for plausibility (Supplementary Methods).

The primary analysis tested the association between a history of regular cannabis smoking and BP and prevalent hypertension. Secondary analyses included the duration of monthly smoking and recency of smoking by those with a history of regular use.

ANCOVA models were used to estimate adjusted means and 95% confidence intervals (CIs) for SBP, DBP, and PP across cannabis smoking categories and multivariable relative risk regression models with robust standard errors were used to estimate adjusted prevalence ratios (PRs) and 95% CIs for hypertension, controlling for potential confounders. Multivariable linear regression was used in secondary analyses to evaluate the years of regular smoking and the number of joints or pipes smoked per day as continuous variables.

Variables considered as potential confounders in the multivariable analyses were sociodemographic variables including age, sex, race/ethnicity, education level, and household income (model 1); behavioral risk factors such as cigarette smoking, alcohol use, and physical activity (model 2); and BMI and CVD risk factors, including total cholesterol to high-density lipoprotein (HDL) cholesterol ratio, FBG, antilipidemic, antidiabetic, and antihypertensive medications (for SBP, DBP, and PP models only) (model 3). Assessment of collinearity between independent variables was performed in the final multivariate adjusted model using the Variance Inflation Factor and Tolerance. Statistical significance was set at p-value <0.05.



Interaction

Multiplicative first-order interactions were constructed in the multivariable adjusted regression models for variables designated a priori: age (59–69, 70–80, >80), race/ethnicity (Non-Hispanic White people, Non-Hispanic Black people, Hispanic, Chinese), sex (male, female), and cigarette smoking status (current, former, never). Interaction terms were considered significant in the final multivariable-adjusted model if p < 0.10.



Sensitivity analyses

Sensitivity analyses were performed using the aforementioned statistical approach among two subgroups: a subgroup of participants who denied a history of myocardial infarction or stroke up to and including Exam 6, and a subgroup of those not taking anti-hypertensive medications.

Data management and statistical analyses were performed using SAS On-Demand for Academics (Copyright © 2014 SAS Institute, Cary, NC, USA).




Results

The study sample included 3,255 participants, 7.4% (n = 241) of whom reported a history of regular cannabis smoking of at least once per month (Table 1). The average age was 74 years (range: 59–99 years), with an almost equal distribution across sexes. Non-Hispanic White people participants comprised the largest portion of the sample (39.9%). Participants with a history of regular cannabis smoking were younger, more likely to be male, non-Hispanic Black people, consume more alcoholic drinks per week, be current cigarette smokers, and have more cigarette pack-years. In contrast, they also reported higher levels of physical activity per week and had similar BMIs.


TABLE 1 Characteristics of participants by cannabis smoking status (n = 3,255).
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Almost 13% of non-Hispanic Black people participants reported a history of regular cannabis smoking (Table 2), which was higher than 8.2% of non-Hispanic White people participants and 4.0% of Hispanic participants. The duration of regular smoking was also the highest among non-Hispanic Black people participants, at almost 20 years on average, compared to almost 14 years for non-Hispanic White people participants and almost 15 years for Hispanic participants. Among these groups, Hispanic participants had the highest percentage of participants who smoked cannabis daily (42.9%). Use in the past month was reported by 33.6% of participants with a history of regular cannabis smoking. Data for Chinese participants were limited, as only one participant reported a history of regular smoking.


TABLE 2 Cannabis smoking characteristics of participants with a history of regular use by race/ethnicity (n = 241).

[image: Table 2]


Blood pressure

In unadjusted ANOVA models, a history of regular cannabis smoking, when compared to no history, was associated with lower SBP [mean difference: −4 mmHg (95% CI: −1 to −7), p < 0.01] and PP [−8 mmHg (95% CI: −6 to −10), p < 0.01], but higher DBP [4 mmHg (95% CI: 2–5), p < 0.01] (Table 3A). However, in fully adjusted ANCOVA models, the differences were attenuated and no longer significant (Table 3A).


TABLE 3A Adjusted mean blood pressure (mmHg) and 95% confidence intervals by cannabis smoking status.
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The duration of regular cannabis smoking was also associated with lower SBP and PP but higher DBP in unadjusted models (Table 3A). However, in fully adjusted ANCOVA models, the differences were attenuated and no longer significant (Table 3A, Figures 2a–c).
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FIGURE 2
Adjusted mean differences for blood pressure by cannabis smoking status. (a) Adjusted mean differences and 95% CIs for SBP (mmHg) by cannabis smoking status. (b) DBP (mmHg). (c) PP (mmHg). Each grey band represents a separate model with a unique exposure variable, but identical covariates and outcome variable. All comparisons are made to individuals with no history of regular cannabis smoking. Cls: confidence intervals.


When analyzed continuously in fully adjusted multivariable linear regression models, each additional year of regular cannabis smoking was not associated with SBP [β = 0.0 mmHg (95% CI: −0.1–0.2)], DBP [β = 0.0 mmHg (95% CI: −0.1–0.1)] or PP [β = 0.0 mmHg (95% CI: −0.1–0.1)] (Supplementary Table S4). Similarly, the number of joint or pipe years was also not associated with any of the blood pressure outcomes at the low end, midpoint, or high end of monthly frequency (midpoint: SBP: β = 0.0 mmHg (95% CI: 0.0–0.1); DBP: β = 0.0 mmHg (95% CI: 0.0–0.0); PP: β = 0.0 mmHg (95% CI: 0.0–0.1) (Supplementary Table S4).

In unadjusted ANOVA models, and when compared to no history, cannabis smoking in the past month (recency) by participants with a history of regular smoking was associated with lower SBP (p = 0.01) and PP (p < 0.01), but higher DBP (p < 0.01) (Table 3A). However, in fully adjusted ANCOVA models, the differences were attenuated and no longer significant (Table 3A). Further, no significant differences in SBP (p = 0.77), DBP (p = 0.49), or PP (p = 0.78) were observed in fully adjusted ANCOVA models when participants who reported a history of regular smoking and smoking in the past month were compared to those who reported no smoking in the past month.



Hypertension

In both unadjusted and adjusted multivariable relative risk regression models, neither a history of regular cannabis smoking nor the duration nor recency of smoking was associated with hypertension prevalence (Table 3B).


TABLE 3B Adjusted prevalence ratios and 95% confidence intervals for hypertension by cannabis smoking status.
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Similarly, when analyzed in the fully adjusted relative risk regression model as a dichotomous variable divided at the median, joint/pipe years was not associated with the prevalence of hypertension at the low end, midpoint, or high end of monthly frequency (Supplementary Table S5).



Interaction effects

Models exploring potential interactions between a history of regular cannabis smoking and age, sex, race/ethnicity, and cigarette smoking status were not significant for either BP or hypertension (Supplementary Tables S3A, S3B).



Sensitivity analyses

To evaluate the stability and reliability of the findings, sensitivity analyses were conducted on two subgroups of participants: (1) those who had not undergone any interventions for myocardial infarction or stroke (n = 3,015) up to and including Exam 6 (n = 240 for both); and (2) those who did not report taking anti-hypertensive medication (n = 1,259).



Subgroup analyses in those not reporting myocardial infarction or stroke

In fully adjusted ANCOVA models, among participants without prior interventions for myocardial infarction or stroke, no associations were observed between a history of regular cannabis smoking, duration of smoking, or recency of smoking and BP when compared to those with no history (Supplementary Table S6). Similarly, no associations with BP were observed when participants who reported recent smoking were compared to those who denied recent it.

No associations were observed with hypertension (Supplementary Table S7).



Subgroup analyses in those not taking anti-hypertensive medications

Results for participants who denied the use of pharmacological interventions for blood pressure control were similar to those without prior interventions for myocardial infarction or stroke (Supplementary Tables S8, S9).




Discussion

In a cohort of racially and ethnically diverse older adults with a high prevalence of hypertension, no associations were found between a history of regular cannabis smoking, duration, or recency of smoking, and either SBP, DBP, or PP, or the prevalence of hypertension. None of these associations were modified by factors such as age, sex, race/ethnicity, or cigarette smoking. In addition, the absence of associations found in the overall sample was largely mirrored in two subgroups: those without a history of either myocardial infarction or stroke and those not taking anti-hypertensive medications. Therefore, these results remain robust despite the possibility of increased medical intervention.

The findings of this study align with our previous results from NHANES (8) and corroborate evidence from other cross-sectional studies investigating regular cannabis use (5), including a large cross-sectional study (n = 91,161) utilizing data from the UK Biobank, which reported an association between more than 100 uses of cannabis in a lifetime and lower SBP, DBP and PP, when compared to never use (method of use unspecified) (9). Unlike that study however, where lower blood pressure was reported among women as compared to men, we did not observe a significant interaction by sex (p for interaction = 0.22).

Longitudinal studies have also reported a lack of association between lifetime cannabis use and increased blood pressure (10) and the incidence of hypertension (11). Taken together, these studies suggest that regular cannabis use is not associated with elevated blood pressure or hypertension.

Notably, despite differences in chemical composition and patterns of use, cannabis smoke contains many of the same toxic byproducts of combustion as tobacco smoke (15, 16). Like tobacco smoke, cannabis smoke has been associated with endothelial dysfunction, arterial stiffness, and acute increases in blood pressure (16). Despite this, epidemiological studies have reported mixed associations with elevated blood pressure and hypertension for both substances (17–19). For cannabis, the modulation of the endocannabinoid system by phytocannabinoids (20), may mitigate adverse impacts on the cardiovascular system which may otherwise lead to increases in blood pressure.

In MESA, more than 9% (n = 295) of participants reported smoking 100 or more joints or pipes in their lifetime, and 7.4% (n = 241) reported a history of regular smoking at a frequency of at least once per month. This compares to 4.4% who reported more than 100 lifetime uses in the UK Biobank (9) and 25.5% of NHANES respondents who reported a history of regular smoking for more than one year in our previous publication on this topic. Differences in exposure across these samples may be explained by sex and race/ethnicity. The NHANES sample comprised a greater proportion of the most likely subgroup to report a history of regular use (non-Hispanic White people males; n = 1,828, 18.7%). In the present study, non-Hispanic Black people males, who were the most likely to report a history of regular smoking, comprised a smaller proportion of the sample (n = 354, 10.9%). The UK Biobank sample lacked information on race/ethnicity and age range. Additionally, the age ranges of the samples varied, with minimal overlap in the distribution (MESA: 59–99 years; NHANES: 35–59; and UK Biobank: –51), although this difference is more likely to influence the duration of regular use, as opposed to a history of regular use (yes/no). Further comparison of the MESA and NHANES samples showed that the mean duration of use was similar, with 16.1 years (SD = 14.8) for MESA vs. 16.5 years (SE = 0.4) for NHANES.

In contrast to much of the existing evidence indicating that cannabis users typically report lower income (21–23), our study found a significant positive association between a history of regular cannabis smoking and higher family income (χ2; p = 0.0001). This unexpected finding may reflect changes in the social and economic demographics of cannabis users, potentially influenced by the evolving legal landscape and the increasing acceptance of cannabis use across various socioeconomic strata. Alternatively, the observed association may be driven by underreporting of cannabis use among lower-income participants due to stigma or concerns about legal repercussions.

The strengths of our study include the use of a racially and ethnically diverse sample, a relatively large sample size, a specified method of cannabis use (smoking) and the use of a standardized objective outcome measure. The focus on history of regular smoking, including the duration and recency of smoking, is also a strength, given that repeated exposure over time, rather than recent use, is likely to be the main contributor to chronic cardiovascular disease. Limitations include the cross-sectional design, self-reported exposure, which could be exacerbated by the impact of long-term cannabis use on memory (24), and the relatively small number of MESA participants who reported a history of regular smoking (n = 241), which may limit the statistical power. In addition, other measures of cannabis exposure were not available in the dataset to include the actual amount of cannabis (grams of dried flower or extracted oil) and/or cannabinoids [milligrams of phytocannabinoids like Delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD)].

Future observational studies should aim to further explore causality using longitudinal data and to investigate potential differences attributable to the method of cannabis use, specifically comparing combusted (smoked) vs. non-combusted forms, as well as differences between inhaled and non-inhaled routes of administration (25).

Our results highlight the importance of understanding cannabis use patterns in both public health surveillance and clinical practice, especially as global trends indicate an increasing prevalence of cannabis use among older populations, a demographic already at higher risk for cardiovascular diseases.



Conclusion

In a cohort of racially and ethnically diverse older adults with a high prevalence of hypertension, no evidence of increased risk due to regular cannabis smoking was found for either blood pressure or hypertension.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: MESA data is available pursuant to an approved proposal by the MESA Paper and Proposal Committee. Requests to access these datasets should be directed to https://internal.mesa-nhlbi.org.



Ethics statement

The studies involving human participants were approved by the institutional review boards at each MESA field center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was obtained from the participants or the participants' legal guardians/next of kin.



Author contributions

JC: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. RB: Conceptualization, Formal Analysis, Investigation, Methodology, Project administration, Supervision, Writing – review & editing. MA: Conceptualization, Data curation, Formal Analysis, Methodology, Supervision, Writing – review & editing. IG: Conceptualization, Funding acquisition, Methodology, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by contracts 75N92020D00001, HHSN268201500003I, N01-HC-95159, 75N92020D00005, N01-HC-95160, 75N92020D00002, N01-HC-95161, 75N92020D00003, N01-HC-95162, 75N92020D00006, N01-HC-95163, 75N92020D00004, N01-HC-95164, 75N92020D00007, N01-HC-95165, N01-HC-95166, N01-HC-95167, N01-HC-95168, and N01-HC-95169 from the National Heart, Lung, and Blood Institute, and by grants UL1-TR-000040, UL1-TR-001079, and UL1-TR-001420 from the National Center for Advancing Translational Sciences (NCATS), T32HL079891 from the National Heart, Lung, and Blood Institute, and K24AT011568 from the National Center for Complementary and Alternative Medicine. Additional support was provided by the UCSD Center for Medicinal Cannabis Research.



Acknowledgments

The authors thank the other investigators, the staff, and the participants of the MESA study for their valuable contributions. A full list of participating MESA investigators and institutions can be found at http://www.mesa-nhlbi.org. This paper has been reviewed and approved by the MESA Publications and Presentations Committee. The views expressed in this manuscript are those of the authors and do not necessarily represent the views of the National Heart, Lung, and Blood Institute; the National Institutes of Health; or the U.S. Department of Health and Human Services.



Conflict of interest

JC is a member of the Board of Directors of CV Sciences, Inc., a manufacturer of hemp-derived CBD products.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1432923/full#supplementary-material



References

1. Pacher P, Steffens S, Haskó G, Schindler TH, Kunos G. Cardiovascular effects of marijuana and synthetic cannabinoids: the good, the bad, and the ugly. Nat Rev Cardiol. (2018) 15(3):151–66. doi: 10.1038/nrcardio.2017.130

2. Benowitz NL, Jones RT. Cardiovascular and metabolic considerations in prolonged cannabinoid administration in man. J Clin Pharmacol. (1981) 21(S1):214S–23S. doi: 10.1002/j.1552-4604.1981.tb02598.x

3. Alshaarawy O, Elbaz HA. Cannabis use and blood pressure levels: United States national health and nutrition examination survey, 2005–2012. J Hypertens. (2016) 34(8):1507–12. doi: 10.1097/HJH.0000000000000990

4. Vidot DC, Powers M, Gonzalez R, Jayaweera D, Roy S, Dong C, et al. Blood pressure and marijuana use: results from a decade of NHANES data. Am J Health Behav. (2019) 43(5):887–97. doi: 10.5993/AJHB.43.5.2

5. Shah RM, Patel S, Shah S, Doshi S, Li A, Diamond JA. Sustained cannabis use does not predispose clinical hypertension: findings from a national survey. J Clin Hypertens. (2023) 25(1):47–52. doi: 10.1111/jch.14623

6. NHANES 2017-2018: Drug Use Data Documentation, Codebook, and Frequencies. Available online at: https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/DUQ_J.htm#DUQ200 (Accessed August 12, 2024).

7. Shah S, Patel S, Paulraj S, Chaudhuri D. Association of marijuana use and cardiovascular disease: a behavioral risk factor surveillance system data analysis of 133,706 US adults. Am J Med. (2021) 134(5):614–20.e1. doi: 10.1016/j.amjmed.2020.10.019

8. Corroon J, Grant I, Bradley R, Allison MA. Trends in cannabis use, blood pressure and hypertension in middle-aged adults: findings from NHANES, 2009–2018. Am J Hypertens. (2023):651–9. doi: 10.1093/ajh/hpad068

9. Vallée A. Association between cannabis use and blood pressure levels according to comorbidities and socioeconomic status. Sci Rep. (2023) 13(1):1–13. doi: 10.1038/s41598-022-22841-6

10. Rodondi N, Pletcher MJ, Liu K, Hulley SB, Sidney S; Coronary Artery Risk Development in Young Adults (CARDIA) Study. Marijuana use, diet, body mass index, and cardiovascular risk factors (from the CARDIA study). Am J Cardiol. 2006 98(4):478–84. doi: 10.1016/j.amjcard.2006.03.024

11. Haleem A, Hwang YJ, Elton-Marshall T, Rehm J, Imtiaz S. The longitudinal relationship between cannabis use and hypertension. Drug Alcohol Rev. (2021) 40(6):914–9. doi: 10.1111/dar.13266

12. SAMHSA, CfBHSaQ. Section 1 PE Tables—Results from the 2022 National Survey on Drug Use and Health: Detailed Tables, SAMHSA, CBHSQ. 2023. Available online at: https://www.samhsa.gov/data/sites/default/files/reports/rpt42728/NSDUHDetailedTabs2022/NSDUHDetailedTabs2022/NSDUHDetTabsSect1pe2022.htm (Accessed August 12, 2024).

13. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux A, Folsom A, et al. Multi-ethnic study of atherosclerosis: objectives and design. Am J Epidemiol. (2002) 156(9):871–81. doi: 10.1093/aje/kwf113

14. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: executive summary: a report of the American College of Cardiology/American Heart Association task force on clinical practice guidelines. Hypertension. (2018) 71(6):1269–324. doi: 10.1161/HYP.0000000000000066

15. Moir D, Rickert WS, Levasseur G, Larose Y, Maertens R, White P, et al. A comparison of mainstream and sidestream marijuana and tobacco cigarette smoke produced under two machine smoking conditions. Chem Res Toxicol. (2008) 21(2):494–502. doi: 10.1021/tx700275p

16. Page 2nd RL, Allen LA, Kloner RA, Carriker CR, Martel C, Morris AA, et al. Medical marijuana, recreational cannabis, and cardiovascular health: a scientific statement from the American Heart Association. Circulation. (2020) 142(10). doi: 10.1161/CIR.0000000000000883

17. Berglund G, Wilhelmsen L. Factors related to blood pressure in a general population sample of Swedish men. Acta Med Scand. (1975) 198(4). doi: 10.1111/j.0954-6820.1975.tb19543.x

18. Seltzer CC. Effect of smoking on blood pressure. Am Heart J. (1974) 87(5). doi: 10.1016/0002-8703(74)90492-x

19. Primatesta P, Falaschetti E, Gupta S, Marmot MG, Poulter NR. Association between smoking and blood pressure: evidence from the health survey for England. Hypertension. (2001) 37(2):187–93. doi: 10.1161/01.hyp.37.2.187

20. Pacher P, Bátkai S, Kunos G. Blood pressure regulation by endocannabinoids and their receptors. Neuropharmacology. (2005) 48(8):1130–8. doi: 10.1016/j.neuropharm.2004.12.005

21. Witters D. Cannabis Use Greatest Among Lower-Income and Less Educated. (2024). Updated April 18, 2024. Available online at: https://news.gallup.com/poll/642851/cannabis-greatest-among-lower-income-less-educated.aspx (accessed August 15, 2024)

22. Corroon J, Grant I, Allison MA, Bradley R. Associations between monthly cannabis use and myocardial infarction in middle-aged adults: NHANES 2009–2018. Am J Cardiol. (2023) 204:226–33. doi: 10.1016/j.amjcard.2023.07.065

23. Jeffers AM, Glantz S, Byers A, Keyhani S. Sociodemographic characteristics associated with and prevalence and frequency of cannabis use among adults in the US. JAMA Network Open. (2022) 4(11):e2136571. doi: 10.1001/jamanetworkopen.2021.36571

24. Auer R, Vittinghoff E, Yaffe K, Künzi A, Kertesz SG, Levine DA, et al. Association between lifetime marijuana use and cognitive function in middle age: the coronary artery risk development in young adults (CARDIA) study. JAMA Intern Med. (2016) 176(3):352–61. doi: 10.1001/jamainternmed.2015.7841

25. Benowitz NL, Jones RT. Prolonged delta-9-tetrahydrocannabinol ingestion. Effects of sympathomimetic amines and autonomic blockades. Clin Pharmacol Ther. (1977) 21(3):336–42. doi: 10.1002/cpt1977213336



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Blood pressure and hypertension in older adults with a history of regular cannabis use: findings from the Multi-Ethnic Study of Atherosclerosis

		Introduction



		Methods



		Study population



		Analytic sample



		Independent variables



		Cannabis use



		Covariates











		Dependent variables



		Blood pressure and hypertension











		Statistical methods



		Interaction



		Sensitivity analyses











		Results



		Blood pressure



		Hypertension



		Interaction effects



		Sensitivity analyses



		Subgroup analyses in those not reporting myocardial infarction or stroke



		Subgroup analyses in those not taking anti-hypertensive medications











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Blood pressure and hypertension in
older adults with a history of regular
cannabis use: findings from the
Multi-Ethnic Study of Atherosclerosis





OPS/images/fcvm-11-1432923-t002.jpg
Characteristic Overall Sample Non-Hispanic | Non-Hispanic
White people Black people
(n =241, 100.0%) | (n =107, 44.4%) | (n = 105, 43.6%)

History of regular smoking (yes), n (col. %)
Among all participants | 241 (7.4) 107 (8.2) 105 (12.6) 28 (40) 1(02)
Among those with 2100 Joints/pipes lifetime | 241 (81.1) 107 (81.7) 105 (81.4) 28 (80.0) | 1(50.0)

Hispanic Chinese

(n =28 11.6%) | (n=41, 0.4%)

Duration of regular smoking, mean (sd)
Years (1= 195) | 16.1 (14.8)

139 (13.7) 19.4 (162) 147 (122) 5.0 (0.0)

Frequency, n (col. %)
<Once a week 35 (14.5) 16 (15.0) 13 (124) 6 (21.4) 0(0.0)
2Once a week 130 (53.9) 64 (59.8) 56 (53.3) 9 (32.1) 1(100.0)
Daily 63 (26.1) 23 215) 28 (26.7) 12 (429) 0(0.0)
Missing/Refused/Don’t know 13 (5.4) 4(37) 8(76) 1(36) 0(0.0)
Quantity of daily use, n (col. %)

<1 joints/pipes 102 (423) 56 (523) 37 (352) 9 (32.1) 000)

>1-3 joints/pipes 60 (249) 18 168) 34 (324) 8(286) 000)

>3 joints/pipes 21 (87) 7(655) 10 (9.5) 4(143) 0(0.0)
i Don't know 58 (24.1) 26 (243) 2 (229) 7 (250) 1(1000)

Duration, frequency, and quantity, median (iqr)

Joint/pipe years (midpoint, r = 228) | 8.4 (22.6) | 50 (153) 108 (46.4) 69017 | 0(0.0)

Recency, n (col. %)

Past month use (n=224)

Among all participants | 81 (25) | 40 (1) 37 (44) 406) | 000)

Among those with history of regular smoking | 81 (33.6) | 40 (37.4) 37 (352) 4(143) | 0(0.0)

sl shanideed deviation:






OPS/images/fcvm-11-1432923-t001.jpg
Characteristic Overall sample No hx of regular cannabis
smoking

3,014, 92.6%)

Hx of regular cannabis
smoking

(n =241, 7.4%)

(n = 3,255, 100.0%) (n=
Socio-demographics
Age (years), mean (sd) 742 (8.7)
Male, n (col. %) 1,520 (46.7)
Race/Ethnicity, n (col. %)
Non-Hispanic White people 1299 (399) 1,192 (39.6) 107 (44.4)
Non-Hispanic Black people 833 (25.6) 728 (242) 105 (43.6)
Hispanic 704 (21.6) 676 (224) 28 (11.6)
Chinese 419 (129) 418 (13.9) 1(04)
Education, n (col. %)
<Bachelor’s degree 1,889 (58.2) 1,762 (58.6) 127 (52.7)
Bachelor's degree 617 (19.) 563 (18.7) 54 (224)
Graduate or Professional School 742 (22.8) 682 (22.7) 60 (24.9)

748 (8.7)
1351 (44.8)

67.3 (54)
169 (70.1)

Gross Family Income, n (col. %)
849,999 1,600 (51.4) 1510 (52.5) 90 (38.1)
§50,000-599,999 862 (27.7) 776 (27.0) 86 (36.4)
25100,000 651 (209) 591 (20.5) 60 (25.4)
Lifestyle,
Alcohol intake (drinks/week), mean (sd) 5.8 (7.8)
Smoking status, n (col. %)
Never 1,507 (46.3) 1,462 (48.5) 45 (18.7)
Former 1,567 (48.1) 1,406 (46.7) 161 (66.8)
Current 181 (5.6) 146 (4.8) 35 (14.5)
Smoking (pack years), mean (sd) 100 (19.4) 9.3 (19.0) 18.0 (224)
Physical activity (met-min/week), mean (sd) 4,906 (5,222) 4715 (5,075) 7,194 (6314)
BMI, mean (sd) - 284 (57). 284 (58) 286 (5.4)

55 (7.3) 7.9 (10.9)

G medical history
Systolic BP (mmHg), mean (sd) 128 21) 129 21) 125 (20)
Diastolic BP (mmHg), mean (sd) 69 (10) 69 (10) 72 (1)
Pulse pressure (mmHg), mean (sd) 59 (17) 60 (17) 52 (15)

Hypertension, n (col. %) 2,450 (75.3) 2,279 (75.6) 171 (71.0)
Dyslipidemia, n (col. %) 1,705 (52.4) 1,595 (52.9) 110 (45.6)
Diabetes or prediabetes, n (col. %) 1,807 (55.5) 1,682 (55.8) 125 (51.9)
Medications, n (col. %)
Antihypertensive 1,99 (61.3) 1,869 (62.0) 127 (52.7)
i 1532 (47.1) 1432 (47.5) 100 (41.5)
Antidiabetic 618 (19.0) 587 (19.5) 31 (129)
Total medications, mean (sd) 7.1 (47) 7.1 (46) 7.1 (54)

Hx, history; sd, standard deviation; BMI, body mass index; met-min/week, metabolic equivalent of task minutes per week; mmHg, millimeters mercury.








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1432923-g002.jpg
No History of Regular Use
History of Regular Use

1t0 5 years
>510 10 years
>10 years

No past month use
Past month use

No History of Regular Use
History of Regular Use

1to 5 years
> 510 10 years
>10 years

No past month use
Past month use

No History of Regular Use
History of Regular Use

1105 years
>51t0 10 years
> 10 years

No past month use
Past month use

P —

—— e

10-9 -8 7 6 5 -4 -3 2 -1

0

1

2345678910

7 6 -5 -4 -3 -2 -

History of Regular Use

Duration of Regular Use

Recency of Use

History of Regular Use

Duration of Regular Use

Recency of Use

History of Regular Use

Duration of Regular Use

Recency of Use





OPS/images/fcvm-11-1432923-g001.jpg
Have you smoked more than 100
‘marijuana or hashish joints/pipes

286, 100%
Refused o s
n=21,0.6% 1=2,970, 90.4% n=295, 9.0%
Have you ever smoked marijuana
Excuded: orhashish regulry(at eastonce
Wissin: 567 or 0P8
e ne2s7,50%
o ves
s, 185% nezat, s1.1%
|
| w018, 526% | s, 7% |
I
ij ha L. or hashish, ‘aaad ‘marijuana or hashish?
a1 100% et 100% a1 100% a1 100%
Numberofyears [— o recentuse
n=195, 80.9% n=81, 33.6% n=143, 59.3%






OPS/images/fcvm-11-1432923-t004.jpg
Characteristic

History of regular smoking

Unadjusted

Model 3

PR (95% CI)

(n=3,255)

(n=2824)

No

1.00 Ref.

1.00 Ref.

Yes

0.94 (0.86-1.02)

1.04 (0.97-1.11)

Duration of regular smoking, years

(n=3,210)

(n=2785)

0

1.00 Ref.

1.00 Ref.

1105

091 (0.77-1.07)

101 (0.87-1.18)

>510 10

093 (0.77-1.13)

098 (086-1.12)

>10

0.91 (0.79-1.06)

097 (078-1.21)

Recency

(n=3,239)

(n=2809)

No history of regular smoking

1.00 Ref.

1.00 Ref.

No past month smoking

0.9 (0.87-1.07)

099 (0.89-1.10)

Past month smoking

0.88 (0.75-1.03)

1.01 (0.86-1.17)

Model 3: age, gender, race/ethnicity, HH income, alcohol and cigarette use, physical activity.
BMI, total cholesterol to HDL cholesterol ratio, FBG, antihypertensive, antilipidemic, and

antidiabetic medications.

Cl, confidence intervals HH, houschold; BMI, body mass index; HDL, high density

lipoprotein; FBG, fasting blood glucose.
Bold = p < 0.05.





OPS/images/fcvm-11-1432923-t003.jpg
aracte adjusted ode
DBP PP DBP PP
History of regular smoking (n=3,255) (n=2,824)
No 129 (128-129) 69 (68-69) 60 (59-60) 127 (125-128) 68 (68-69) 58 (57-59)
Yes 125 (122-127) 72 (71-74) 52 (50-54) 127 (124-130) 69 (68-70) 57 (55-60)
P <01 <01 <01 093 048 0.67
Duration of regular smoking, years (n=3210) (n=2,785)
0 129 (128-129) 69 (68-69) 60 (59-60) 127 (125-128) 68 (68-69) 58 (57-59)
1-5 124 (119-129) 72 (69-74) 52 (48-56) 127 (122-132) 69 (66-71) 58 (54-62)
>5-10 123 (117-129) 72 (69-75) 50 (45-56) 125 (118-131) 67 (64-70) 57 (52-62)
>10 124 (120-129) 72 (70-74) 52 (48-56) 127 (122-132) 70 (67-72) 57 (54-61)
P 003 <01 <01 093 0.66 096
Recency of smoking (n=3239) (n=2,809)
No history of regular smoking 129 (128-129) 69 (68-69) 60 (59-60) 127 (125-128) 68 (68-69) 58 (57-59)
No past month smoking 124 (120-127) 72 (70-73) 52 (49-55) 126 (122-129) 68 (67-70) 57 (54-60)
Past month smoking 125 (120-130) 73 (71-75) 52 (48-55) 128 (123-132) 69 (67-72) 58 (54-62)
001 <01 <01 073 072 083

4

All comparisons include participants who reported no history of regular smoking.
Model 3: age, gender, racefethnicity, HH income, alcohol and cigarette use, physical activity, BMI, total cholesterol to HDL cholesterol ratio, FBG, antihypertensive, antilipidemic, and

antidiabetic medications.

p-values for multiple comparisons have been adjusted using Tukey's method.

Bold = p <0.05.





