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Trends in Cannabis Use, Blood Pressure, and
Hypertension in Middle-Aged Adults: Findings From

NHANES, 2009-2018

Jamie Corroon,“"s Igor Grant,? Ryan Bradley,® and Matthew A. Allison!

Department of Family Medicine, University of California San Diego, La Jolla, California, USA;
2Center for Medicinal Cannabis Research, Department of Psychiatry, University of California San Diego, La Jolla, California, USA;
*Herbert Wertheim School of Public Health and Human Longevity Science, University of California San Diego, La Jolla, California, USA.

‘Corresponding author: Jamie Corroon (jcorroon@health.ucsd.edu).

BACKGROUND: Observational studies investigating associations between cannabis use and blood pressure (BP)/hypertension are
inconsistent.

METHODS: Cross-sectional data from the National Health and Nutrition Examination Survey (NHANES) were analyzed for five 2-year
cycles between 2009 and 2018 representing 9,783 middle-aged adults (35-59 years). Hypertension was defined as systolic BP (SBP)
>130, diastolic BP (DBP) >80, or a BP medication. Sample-weighted multivariable logistic regression models were used to assess asso-
ciations between cannabis use and BP and hypertension.

RESULTS: One quarter of respondents (n = 2,228) reported a history of monthly cannabis use for more than 1 year, which was con-
sistent over the study period (P for trend = 0.75). Approximately 48% (n = 4,831) met the definition of hypertension. While a significant
positive trend was seen over time for mean SBP and DBP (P = <0.01 for both), no significant trend was seen in prevalent hypertension
(P for trend = 0.23). In adjusted models, compared with never use, a history of monthly cannabis use for more than 1 year was not
associated with increased BP (mean SBP: 124.5 mm Hg (95% confidence interval [CI], 122.4-126.6) vs. 122.6 (95% CI, 120.9-124.2); DBP:
74.7 mm Hg (95% CI, 73.1-76.2) vs. 74.1 (95% CI, 72.8-75.4)), or prevalent hypertension (odds ratio = 0.88 (95% CI, 0.62-1.24)). Results
from analyses of duration of monthly use, and recency and frequency of recent use were similar.

CONCLUSIONS: A history of monthly cannabis use for more than 1 year was not independently associated with either increased BP

or prevalent hypertension in a nationally representative sample of middle-aged US adults.

Keywords: blood pressure; cannabis; cardiovascular disease; hypertension; marijuana.

Cardiovascular effects of Cannabis sativa L. (cannabis or mari-
juana) are mediated by cannabinoid receptors (i.e., CB1R and
CB2R) in the central nervous and cardiovascular systems.
Activation of CB1R has been linked to mechanisms of cardiomet-
abolic disease, while activation of CB2R has shown anti-inflam-
matory and anti-oxidant effects in the cardiovascular system.!
Acute effects include dose-dependent increases in heart rate
and cardiac contractility as well as centrally—and peripherally—
mediated changes in vascular resistance and blood pressure (BP),
including orthostatic hypotension.” Notable interindividual vari-
ability is observed. Frequent use may lead to tolerance to these
effects after a few weeks.®

Epidemiologic studies that explore the relationship between
cannabis use and BP and/or hypertension have reported con-
flicting findings, depending on the study design, population, and
measure of cannabis exposure. Most report a lack of association.

However, some cross-sectional studies, including those using
data from the National Health and Nutrition Examination
Survey (NHANES), have reported significant positive associations
between recent (past month) and frequent, recent cannabis use
and systolic BP (SBP),* as well as heavy use (>20 days in the past
month) and elevated BP° but not diastolic BP (DBP) or prevalent
hypertension.® In contrast, a large (n = 91,161) cross-sectional
study noted lower SBP, DBP, and pulse pressure among heavy
lifetime cannabis users (more than 100 times in a lifetime).’
Longitudinal studies have found no association with changes in
BP? or incident hypertension.’

Prior studies have focused on recency (past month use) and
frequency of recent use (days used in the past month), but not on
the duration or timing of use beyond the past month. In the pres-
ent analysis of NHANES data, we address this gap by assessing
the relationship between both recent and regular cannabis use
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and BP and prevalent hypertension in a nationally representative
sample of US middle-aged adults.

METHODS
Data sources and measurement

The NHANES is a series of nationally representative, cross-sec-
tional examinations designed to monitor the health of the US
population. Participants were selected from the noninstitution-
alized, civilian population using a complex, stratified, multistage
probability-cluster sampling design for in-home interviews and
visits to a mobile examination center.’

Analytic sample

The analytic sample was limited to middle-aged adults (35-
59 years) who participated in both the interview and mobile
NHANES examinations during five 2-year cycles between
2009 and 2018. This included 9,783 (unweighted) [92,033,212
(weighted)] respondents who answered questions about their
cannabis use using the Drug Use Questionnaire (DUQ) (admin-
istered to respondents up to 59 years of age), their use of anti-
hypertensive medication using the Prescription Medications
Questionnaire (PMQ) and had their BP measured by trained
examiners at the mobile examination center. Respondents with
relevant missing data from both the DUQ and the PMQ were
excluded.

Independent variables
Cannabis use

Cannabis use was defined using questions from the DUQ" and
classified as “never use,” “no history of monthly use,” “history of
monthly use” (i.e., a history of monthly use for more than 1 year),
“recent use by those with a history of monthly use,” and “non-re-
cent use by those with a history of monthly use” (Figure 1).

In sensitivity analyses, recent use was further categorized. Those
reporting <10 days of use in the past month were categorized as
“Light, recent” users, 10-20 days as “Moderate, recent” users, and
>20 days as “Heavy, recent” users, as described elsewhere.

Covariates

Covariates were obtained through self-report except for height
and weight (used for body mass index [BMI]), which were meas-
ured by trained examiners. Covariates included sociodemographic
factors such as age, sex, race/ethnicity, education, and household
income. Age was self-reported in years. Sex was self-reported as
male or female. Race/ethnicity was categorized as non-Hispanic
White, non-Hispanic Black, Asian and other, or Hispanic (inclu-
sive of Mexican American and Other Hispanic).

Health-related covariates included physical activity, BMI, cig-
arette smoking status, and alcohol use. Comprehensive informa-
tion on covariates is available in Supplementary Methods and
Results online.

Biomarkers (total cholesterol (mg/dl), HDL cholesterol (mg/
dl), fasting blood glucose (mg/d), and HbAlc (%)) were objectively
measured by American Society of Clinical Pathologists-certified
medical technologists or medical laboratory technicians at the
University of Minnesota, Minneapolis, MN. Dyslipidemia was
defined as a total cholesterol to HDL ratio >5.0 or use of lipid-low-
ering medication. Prediabetes was defined as fasting blood glu-
cose 2100 or Alc >5.7%. Diabetes was defined as fasting blood
glucose >126, or HbAlc >6.4% or use of antidiabetic medication.

Outcome
BP and hypertension

Resting BP was measured according to a standardized protocol
in a clinical setting by examiners trained on American Heart
Association guidelines for collecting BP.** After a 5-minute rest-
ing period in a seated position, 3 consecutive BP readings were
obtained. A fourth reading was obtained if one of the initial 3
measurements was interrupted or incomplete. Three complete
SBP and DBP readings were averaged to an individual for mean
SBP and mean DBP, respectively. Hypertension was defined as SBP
>130 or diastolic >80 (per the 2017 ACC/AHA Guideline for High
Blood Pressure in Adults)* or use of antihypertensive medica-
tion. Complete BP data were available for 94% of respondents (n
=9,227).

Statistical methods

NHANES data are weighted using a complex process so that the
survey population provides a representation of the population
of the United States for each 2-year survey cycle. Per the guide-
lines provided on the NHANES website, weights were used for
the smallest subsample used in this study." The analytic sam-
ple combines data from multiple survey cycles; the weights were
adjusted per the instructions provided by NHANES.

Descriptive statistics were used to characterize the sample:
weighted means and 95% confidence intervals (ClIs) for continu-
ous variables and weighted percentages and 95% Cls for nominal
variables. Data management and statistical analyses were per-
formed using SAS On-Demand for Academics (Copyright © 2014
SAS Institute, Cary, NC).

The primary analysis tested the association between a his-
tory of monthly cannabis use for more than 1 year and BP and
prevalent hypertension. Secondary analyses included duration of
monthly use (<5, 5-10, and >10 years) and recency of use (past
month use) among those with a history of monthly use. Weighted
multivariable logistic regression models were used to estimate
adjusted mean differences and 95% Cls for BP, and adjusted odds
ratios (ORs) and 95% ClIs for hypertension, controlling for poten-
tial confounders.

Variables considered potential confounders in the multivaria-
ble analyses were sociodemographic variables such as age, gen-
der, race/ethnicity, education level, and household income (model
1); behavioral risk factors such as cigarette, alcohol use, and phys-
ical activity (model 2); and BMI and Cardiovascular disease (CVD)
risk factors, including total cholesterol to High-density lipopro-
tein (HDL) cholesterol ratio, HbAlc, antilipidemic and antidia-
betic medications (model 3). Collinearity between independent
variables was assessed in the final multivariate adjusted model
by using Variance Inflation Factor and Tolerance. A P value of
<0.05 was considered significant for all analyses.

Interaction

Multiplicative, first-order interactions were constructed in the
multivariable adjusted regression models for variables desig-
nated a priori: age, sex, race/ethnicity, cigarette smoking status,
and recency and frequency of cannabis use. Interaction terms
were considered significant in the final multivariable adjusted
model if P < 0.10.

Sensitivity analyses

Sensitivity analyses included the assessment of BP and preva-
lent hypertension across additional measures of cannabis use
(recency and frequency).
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Have you ever, even once,
used marijuana or
hashish?

n=9,783, 100%
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Yes

n=4,994, 42.8%

4| n=4,789, 57.2%

Have you ever smoked

marijuana or hashish at

least once a month for
more than one year?

No History of Monthly Use

n=4,994, 42.7% n=2,561, 32.2%

History of Monthly Use

you started smoking

one year?

How old were you when

marijuana or hashish at
least once a month for

[ n=2,228,25.5%
1

*How long has it been
since you last used
marijuana or hashish?

How long has it been since
you last smoked
marijuana or hashish at
least once a month for

>30 days
Non-Recent Use

<30 days
Recent Use

one year?

Years of Monthly Use

n=1,358,15.6% n=870, 9.4%

<5 years

n=397, 5.3%

5 to 10 years

> 10 years

4| n=366, 4.6%

n=1,465, 15.1%

Figure 1. Flowchart of the analytic sample (unweighted). Notes: Years of monthly use was calculated by subtracting the number of years since using
it monthly for a year from a respondent’s current age, and then subtracting the age at which they reported started using it monthly for a year. *This
question was administered to all respondents reporting ever using marijuana or hashish. Only responses from those with a history of monthly use for

more than a year were analyzed (except for the sensitivity analyses).

RESULTS

The sample consisted of 9,783 respondents with 25% (n = 2,228)
reporting a history of monthly cannabis use. Slightly less than
half of all respondents (47.6%) met the definition of hyperten-
sion (Table 1). After adjusting for age and sex, hypertension
prevalence was greater among male respondents of non-His-
panic Black, Asian and Other races, with less education, lower
household income, more cigarette pack-years, and a higher
BMI.

Slightly more than 40% of those with a history of monthly can-
nabis use reported current cigarette smoking. The percentage was
higher (52.7%) among recent users with a history of monthly use.
Overall, the prevalence of hypertension was only slightly higher

among current cigarette smokers when compared with never cig-
arette smokers (48.3% vs. 45.3%).

Age-adjusted trends in cannabis use, BP, and
hypertension

After adjusting for age and sex, the percentage of respondents
reporting a history of monthly cannabis use fluctuated around
25% per 2-year cycle without a significant trend over time (P for
trend = 0.75) (Table 2). A significant upward trend was seen in
recent use, however, from 9.1% (95% CI, 7.1-11.1) in 2009-2010
to 13.9% (95% CI, 11.3-16.6) in 2017-2018 (P for trend <0.01), and
in recent use by those with a history of monthly use, from 7.7%
(95% CI, 5.8-9.6) in 2009-2010 to 11.7% (95% CI, 8.9-14.5) in 2017-
2018 (P for trend = 0.02). A significant positive trend was also seen
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Table 1. Age and sex adjusted characteristics of middle-aged adults by hypertension status, 2009-2018 (n = 9,783)

Hypertension No hypertension
Unweighted frequency n = 4,831 n = 4,952
Weighted percentage 47.6% 52.4%

Cannabis use, % (95% CI)
Never
No history of monthly use
History of monthly use
<5y of monthly use
5-10 y of monthly use
>10 y of monthly use
Sociodemographics, % (95% CI)
Sex
Male
Female
Age (YOA), mean (SE)
Race/ethnicity, % (95% CI)
Non-Hispanic White
Non-Hispanic Black, Asian and other
Hispanic (Inc. Mex. American)
Education % (95% CI)
High school or less
Some college
College graduate or above
Household income, annual $ % (95% CI)
$0-44,999
$45,000-99,999
>$100,000
Lifestyle, behavioral, % (95% CI)
Alcohol use, %
No d/wk
<2 d/wk
>2 d/wk
Cigarette smoking pack-years, mean (SE)
Cigarette smoking status, % (95% CI)
Never
Past
Current
Physical activity (min/wk), mean (SE)
BMI, kg/m? mean (SE)
Weight
Under/normal: BMI <25
Overweight: BMI 25 to <30
Obese: BMI >30
Cardiometabolic medical history, % (95% CI)
Dyslipidemia
Antilipidemic medication
Diabetes or prediabetes
Antidiabetic medication

43.4 (41.0-45.7)
31.4 (29.2-33.6)
25 2 (23.2-27.2)
3(4.5-6.2)
5 (3.7-5.4)
15 4 (13.6-17.1)

55.2 (53.1-57.3)
448 (42.7-46.9)
48.9(0.2)

62.4 (58.5-66.3)
21.9 (19.2-24.6)
15.7 (13.3-18.1)

38.4 (35.8-40.9)
33.8 (31.8-35.8)
27.8 (25.2-30.5)

356 (33.0-38.2)
35.4 (32.9-37.9)
29.0 (25.7-32.3)

16.1
63.2

(14.6-17.6)
2o7E
3(.

1

61.0-65.4)

18.4-22.9)
3)

22.1(20.7-23.6)
24.2 (22.1-26.4)
53.6 (51.5-55.7)
336.9 (10.0)
©.

2)

16.6 (15.3-17.9)
29.5 (27.4-31.7)
53.5 (51.3-55.7)

31.9

42.3 (39.8-44.8)
33.0 (30.6-35.4)
24 7 (22.7-26.8)
2 (4.2-6.2)
7 (3.8-5.6)
14 8 (13.0-16.7)

44.1 (42.4-45 8)
55.9 (54.2-57.6)
457 (0.2)

67.8 (64.6-71.0)
14.7 (13.0-16.4)
17.5 (14.9-20.1)

33.5 (30.4-36.5)
28.5 (26.6-30.4)
38.0 (34.7-41.3)

28.9 (26.2-31.6)
33.6 (31.1-36.1)
37.5 (34.1-41.0)

147 (13.1-16.2)

65.2 (63.2-67.1)

2o 2 (18.4-21.9)
30.

3)

213
21.8

(19.4-23.1)
56.9 §

(9.

©.

1
20.0-23.7)
54.6-59.2)
1)
2)

32.1(30.1-34.2)
37.5 (35.5-39.4)
29.9 (27.8-32.0)

341.2
28.0

39.4 (37.2-41.5) 25.7 (24.0-27.3)
19.6 (17.7-21.4) 8.4 (7.2-9.7)
52.8 (50.4-55.2) 38.6 (36.4-40.9)
12.3 (11.0-13.5) 3.6 (2.9-4.2)

Notes: Subgroups are represented by weighted percentages and 95% confidence intervals or weighted means with 95% confidence intervals. All comparisons are
adjusted for age and sex, except for age, which is adjusted for sex, and sex, which is adjusted for age. Physical activity includes the following domains: Walk/bike
for transportation, vigorous recreational, moderate recreational. Cannabis use variables are all standard NHANES variables, other than Years of Monthly Use,
which is a calculation. Abbreviations: BMI, body mass index; CI, confidence interval, NHANES, National Health and Nutrition Examination Survey.

in mean SBP and DBP from 119.6 mm Hg (95% CI, 118.7-120.6)
and 73.1 mm Hg (95% CI, 71.8-74.3), respectively, in 2009-2010
to 122.5 mm Hg (95% CI, 121.3-123.8) and 76.6 mm Hg (95% CI,
75.5-77.7) in 2017-2018 (P for trend = <0.01 for both). A nonsignif-
icant upward trend was seen in hypertension prevalence (45.7%
(95% CI, 41.1-50.3) in 2009-2010 to 48.9% (95% CI, 45.0-52.8) in
2017-2018; P for trend = 0.23).

No linear trends were seen in mean SBP and DBP (P for trend
= 0.42 and 0.08, respectively) or hypertension prevalence (P for
trend = 0.87) across cannabis use categories.

Cannabis use

Almost 44% of those who reported ever using cannabis also
reported a history of monthly use. Of these, approximately 38%

reported recent use. Recent use, overall, was reported by 11.1%
of the total sample and 19.3% of those reporting ever using can-
nabis. Approximately 62% of monthly use occurred in the past,
of which nearly 46% occurred more than 10 years ago (Table 3).

On average, those with a history of monthly use reported 16.5
years of monthly use. Recent users with a history of monthly use
reported almost 24 years of monthly use and over 15 days of use
in the past month. Approximately 85% of all recent users reported
a history of monthly use. Those without a history of monthly use
reported 3 days of use in the past month.

Cannabis use, BP, and hypertension

Adjusted mean BP and adjusted ORs for hypertension are reported
in Table 4.
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Table 2. Age and sex adjusted trends in characteristics of middle-aged adults, 2009-2018 (n = 9,783)

2009-2010 2011-2012 2013-2014 2015-2016 2017-2018 P for
trend
Unweighted sample 2,141 1,795 2,057 1,947 1,843 —
number
SBP, mean (SE) 119.6 (118.7-120.6) 120.8 (119.4-122.2) 120.4 (119.3-121.5) 122.6 (121.4-123.7) 122.5(121.3-123.8) <0.0001
DBP, mean (SE) 73.1(71.8-74.3) 74.5 (73.8-75.2) 73.2 (72.6-73.8) 74.2 (73.1-75.2) 76.6 (75.5-77.7) 0.0004

Hypertension, % (95%  45.7 (41.1-50.3)  48.1 (45.7-50.5)  43.6 (40.5-46.6) 49.3 (46.4-52.2) 48.9 (45.0-52.8) 0.23

CI)
Cannabis use, % (95% CI)
Never 43.8(38.4-492)  41.1(35.5-46.7) 417 (38.1-45 4) 443 (39.6-49.1) 431 (39.6-46.5) 0.80
No history of 31.9 (28.0-35.7)  32.6 (27.5-37.6) 33.8 (30.6-37.0) 29.8 (26.7-32.9) 33.2 (28.3-38.0) 0.98
monthly use
History of monthly 244 (21.4-27.3)  26.3 (22.4-30.3) 24.5 (20.6-28.3) 25.8 (22.2-29.5) 23.8 (20.2-27.4) 0.75
use
<5yofmonthlyuse 6.3 (5.1-7.5) 5.3 (3.9-6.6) 5.4 (3.8-7.0) 4.8 (3.8-5.8) 4.5 (2.6-6.4) 0.10
5-10y of monthly 4.8 (3.6-6.0) 5.0 (3.4-6.6) 3.8 (2.8-4.8) 5.8 (3.9-7.7) 3.8 (2.2-5.4) 0.62
use
>10y of monthly ~ 16.1(13.3-18.9) 153 (11.4-19.2) 15.2 (12.1-18.3) 15.5 (12.5-18.5) 13.3 (10.8-15.7) 0.42
use
Sociodemographics, % (95% CI)
Sex—female 49.4 (47.5-51.4) 49.9 (45.6-54.3) 51.3 (49.3-53.4) 51.4 (49.2-53.6) 51.2 (48.5-53.9) 0.2410
Age (YOA), mean (SE)  46.9 (46.6-47.3)  47.4 (46.8-48.0) 471 (46.7-47 6) 472 (46.7-47 8) 47.6 (47.0-48.2) 0.1698
Race/ethnicity
Non-Hispanic 69.7 (62.6-76.7)  67.6 (59.6-75.6) 65.6 (58.9-72.4) 64.2 (55.4-73.1) 59.6 (53.7-65.6) 0.0355
White
Non-Hispanic 10.7 (8.8-12.7) 18.5 (12.5-24.5) 18.7 (15.1-22.3) 19.7 (13.9-25.5) 22.4 (17.7-27.2) 0.0004
Black, Asian and
other
Hispanic (Inc. Mex.  19.6 (13.0-26.3) 13.9 (9.3-18.5) 15.7 (10.4-20.9) 16.1 (10.5-21.7) 17.9 (13.7-22.2) 0.9065
American)
Education
High school orless  39.4 (36.1-42.6)  36.4 (30.3-42.5) 35.0 (29.0-41.0) 33.4 (27.3-39.4) 34.9 (30.3-39.5) 0.1046
Some college 28.6 (26.6-30.5)  30.1(27.1-33.0) 31.0 (28.1-33.9) 32.9 (29.4-36.3) 32.3 (29.0-35.5) 0.0256
College graduate  31.9 (28.5-35.3)  33.5(27.7-39.3) 34.0 (27.9-0.40.0)  33.8 (26.5-41.0) 32.8 (27.1-38.6) 0.8098
or above
Household income, annual $
$0-44,999 33.1(29.3-36.8)  36.3 (30.4-42.2) 33.1 (25.9-40.2) 27.8 (23.0-32.6) 30.4 (27.0-33.8) 0.0367
$45,000-99,999 37.9(33.4-42.4)  33.7 (28.6-38.8) 32.4 (29.5-35.4) 35.9 (31.9-39.9) 32.3 (27.8-36.8) 0.2258
>$100,000 29.1(25.4-32.8)  30.0 (22.1-38.0) 34.5 (27.3-41.7) 36.3 (28.8-43.9) 37.3 (31.4-43.2) 0.0129
Lifestyle, behavioral, % (95% CI)
Alcohol use
No d/wk 16.0 (13.7-18.3)  15.8 (12.3-19.4) 13.9 (11.1-16.6) 15.1 (13.6-16.6) 15.9 (13.2-18.6) 0.8545
<2 d/wk 61.3(57.7-64.9)  59.8 (56.4-63.1) 65.6 (61.9-69.2) 64.3 (60.4-68.2) 69.8 (66.8-72.8) 0.0001
>2 d/wk 227 (201-254) 244 (19.2-29.7) 20.6 (17.2-24.0) 20.6 (16.6-24.7) 14.3 (12.0-16.6)  <0.0001
Cigarette smoking status
Never 21.4(19.5-233)  23.8(20.3-27.2) 21.8 (18.6-25.0) 21.2 (18.1-24.4) 20.3 (17.1-23.6) 0.2817
Past 23.5(19.9-27.0)  22.9 (19.5-26.3) 21.7 (19.0-24.4) 24.1 (21.2-27.0) 22.6 (19.5-25.7) 0.9262
Current 55 1(51.4-58.9) 53 3 (50.1-56.5) 56 5 (52.3-60.6) 546 (51.1-58.2) 57 1(52.4-61.7) 0.4173
Cigarette smoking 2 (6.4-8.0) 0(6.1-7.9) 7 (5.5-7.8) 7.5 (6.5-8.5) 4 (4.0-6.8) 0.0680
pack-years, mean (SE)
Physical activity (min/ 344.4 (308.7-380.2) 365.1 (327.4-402.8) 336.7 (308.3-365.1) 333.2 (308.3-358.1) 316.4 (283.7-349.1)  0.1085
wk), mean (SE)
BMI, kg/m?, mean (SE)  29.2 (28.9-29.5)  29.4 (28.9-30.0) 29.8 (29.12-30.5)  30.0 (29.3-30.8) 30.5 (30.0-31.0) 0.0001
Weight
Under/normal: 26.7 (23.5-29.9) 25.5(22.3-28.6) 24.7 (22.3-27.1) 24.6 (20.8-28.3) 22.7 (19.8-25.7) 0.0820
BMI <25
Overweight: BMI 35.3(32.3-38.4)  35.7 (32.2-39.2) 33.4 (30.2-36.6) 32.2 (28.9-35.4) 32.1 (28.9-35.3) 0.0500
25 to <30
Obese: BMI >30 37.6 (35.5-39.6)  38.4 (35.2-41.6) 41.2 (37.1-45.3) 42.9 (37.5-48.2) 44.7 (41.5-47.9) 0.0003
Cardiometabolic medical history, % (95% CI)
Dyslipidemia 34.1 (32.6-35.7)  33.7 (30.6-36.8) 33.9 (31.1-36.7) 31.9 (29.0-34.9) 27.3(24.7-29.8)  <0.0001
Antilipidemic 13.7 (12.0-15.4)  14.2 (11.4-17.0) 16.0 (13.1-19.0) 12.5 (9.8-15.3) 12.0 (9.4-14.5) 0.1563
medication
Diabetes or 440 (41.6-463)  43.8(39.8-47.8) 39.2 (35.3-43.1) 47 8 (44.0-51.6) 51.6 (47.6-55.5) 0.0004
prediabetes
Antidiabetic 5.6 (4.2-7.0) 7.0 (5.4-8.7) 8.6 (6.7-10.4) 7.8(6.3-9.3) 9.1(6.9-11.4) 0.0097
medication

Notes: Subgroups by year are represented by weighted percentages and 95% confidence intervals or weighted means with 95% confidence intervals. All comparisons
are adjusted for age and sex, except for age, which is adjusted for sex, and sex, which is adjusted for age. P values for tests of trends are derived from multiple linear
regression models using dummy variables for each level of categorical variable. Physical activity includes the following domains: Walk/bike for transportation, vigorous
recreational, moderate recreational. Cannabis use variables are all standard NHANES variables, other than Years of Monthly Use, which was calculated. Abbreviations:
BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; NHANES, National Health and Nutrition Examination Survey; SBP, systolic blood pressure.
*Designates P < 0.05.
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Table 3. Cannabis use characteristics of respondents with a history of monthly use for more than 1 year, 2009-2018 (n = 2,228, 25.0%)

Cannabis exposure

History of monthly use

All use

Recent use Non-recent use

(n = 2,228, 25.0%)

(n = 870, 37.7%) (n = 1,358, 62.3%)

Age started monthly use, mean (SE) 18.8 (0.2)
Days of use, past month, mean (SE) 15.3 (0.6)
Years of monthly use, mean (SE) 16.5 (0.4)
Years of monthly use, n (%)
<5y 397 (21.0)
5-10y 366 (18.5)
>10y 1,465 (60.5)
Years since monthly use, n (%)
<5y 1,034 (42.2)
5-10y 253 (9.8)
>10y 941 (48.0)

20.5 (0.4) 17.7 (0.2)
15.3 (0.6) 0.0 (0.0)

23.9 (0.6) 12.0 (0.3)
58 (7.5) 339 (29.2)
47 (7.1) 319 (25.4)
765 (85.3) 700 (45.5)
766 (85.5) 268 (16.0)
39 (4.7 214 (12.9
65 E9.8§ 876 Emig

Notes: Subgroups are represented by unweighted frequencies and weighted percentages or weighted means/medians and standard errors. Cannabis use variables
are all standard NHANES variables, other than years of monthly use, which is a calculation. Abbreviation: NHANES, National Health and Nutrition Examination

Survey.

Blood pressure

In unadjusted ANOVA models, a history of monthly use for
more than 1 year was significantly associated with higher SBP
when compared with never use (mean: 123.0 mm Hg (95% CI,
122.1-123.9) vs. 121.4 mm Hg (95% CI, 120.6-122.2)). This asso-
ciation was mainly due to a history of monthly use for more
than 10 years (mean SBP: 124.4 mm Hg (95% CI, 123.2-125.6)).
Recent and non-recent use by those with a history of monthly
use were also associated with higher SBP (mean SBP: 123.2
(95% CI, 121.8-124.7) and 122.9 mm Hg (95% CI, 121.7-124.1),
respectively).

After adjusting for sociodemographic variables, all significant
associations between cannabis use and SBP were attenuated.
After adjusting for cigarette and alcohol use and physical activ-
ity, a history of monthly use was again significantly associated
with higher SBP (mean SBP: 123.2 mm Hg (95% CI, 122.0-124.3)
compared with 121.3 mm Hg (95% CI, 120.4-122.2)). However,
after adjusting for CVD risk factors, all significant associations
between cannabis use and SBP were attenuated. No significant
associations were found between any cannabis use category and
DBP in any model (Figure 2a).

Hypertension

In unadjusted logistic regression models, as compared with never
use, a history of monthly use was significantly associated with
hypertension (OR: 1.15 (95% CI, 1.01-1.31)), mainly due to a his-
tory of monthly use for more than 10 years (OR: 1.22 (1.03-1.45)).
Recent use among those with a history of monthly use was also
significantly associated with hypertension. After adjusting for
sociodemographic variables, cigarette and alcohol use, physical
activity, and CVD risk factors, all associations were attenuated
and null for every category of use (Figure 2b).

Interaction effects

Models exploring potential effect modification by age were sig-
nificant for SBP for both history of monthly use and duration of
monthly use (P for interaction 0.07 and 0.04, respectively) and for
race/ethnicity for duration of monthly use only (P for interaction
<0.01) (Supplementary Table S5 online). After accounting for mul-
tiple comparisons, only respondents between 45 and 59 years of
age with a history of monthly use had significantly higher SBP
than those in the 35 and 45 years of age group [i.e., 125.6 mm

Hg (95% CI, 123.3-127.9) vs. 121.4 mm Hg (95% CI, 119.0-123.8),
respectively].

After accounting for multiple comparisons, non-Hispanic
Black, Asian and other respondents with a history of more than
10 years of monthly use had a significantly higher SBP than both
Hispanic and non-Hispanic White respondents [i.e., 118.7 mm Hg
(95% CI, 113.9-123.5) vs. 130.1 mm Hg (95% CI, 126.0-134.2) and
121.6 mm Hg (95% CI, 118.6-124.5)], respectively.

For hypertension, a significant interaction was only measured
between no history of monthly use and race/ethnicity (P for inter-
action 0.08) (Supplementary Table S7 online).

Models exploring potential effect modification by frequency
of monthly cannabis use (1-8, 9-24, or 25-30 times per month;
and 1-2 or >3 joints or pipes per day) were nonsignificant for
both BP and hypertension across 3 strata of duration of monthly
use (<5, 5-10, or >10 years) (Supplementary Tables S6 and S8
online).

Sensitivity analyses

A sensitivity analysis was performed using additional measures
of recency and frequency of recent cannabis use. In adjusted
ANCOVA and logistic regression models, there were no associ-
ations between any category of recency or frequency of recent
cannabis use and BP or hypertension (Supplementary Table S9
online).

DISCUSSION

In a nationally representative sample of middle-aged US adults, a
history of monthly cannabis use for more than 1 year was not asso-
ciated with increased BP or prevalent hypertension after adjusting
for sociodemographic characteristics, lifestyle factors, BMI, and
cardiovascular risk factors. Moreover, no associations were seen
when cannabis use was stratified by duration of monthly use,
recency of monthly use, or overall recency or frequency of recent
use. Notably, these null findings were observed despite significant
modest upward trends in recent cannabis use and recent use by
those with a history of monthly use, as well as modest increases in
mean SBP and DBP over the decade of observation.

A significant association between a history of monthly can-
nabis use and increased SBP was found after adjusting for ciga-
rette and alcohol use and physical activity (i.e., Table 4, model 2).
This association was likely due to negative confounding related


http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpad068#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpad068#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpad068#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpad068#supplementary-data

Table 4. Adjusted mean blood pressure and adjusted odds ratios for hypertension by cannabis use status, 2009-2018
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Systolic BP
(mm Hg)

Diastolic BP
(mm Hg)

Hypertension
130/80 mm Hg

Mean (95% CI)

OR (95% CI)

Unadjusted
Never 121.4 (120.6-122.2)
History of monthly use
No 120.1 (119.2-120.9)
Yes 123.0 (122.1-123.9)
Duration of monthly use
<5y 121.0 (119.3-122.7)
5-10y 120.9 (119.2-122.5)
>10y 124.4 (123.2-125.6)
History of monthly use
Non-recent use 122.9 (121.7-124.1)
Recent use 123.2 (121.8-124.7)
Model 1 (M1): Adjusted for sociodemographic variables
Never 121.9 (121.2-122.7)
History of monthly use 121.5 (120.7-122.3)
No
Yes 1224 (121.5-123.2)
Duration of monthly use
<S5y 122.1(120.4-123.9)
5-10y 121.3 (119.6-123.0)
>10y 122.8 (121.6-123.9)
History of monthly use
Non-recent use 122.1 (121.0-123.3)
Recent use 122.7 (121.3-124.2)
Model 2 (M2): Adjusted for cigarette and alcohol use and physical activity
Never 121.3 (120.4-122.2)
History of monthly use
No 121.1 (120.0-122.3)
Yes 123.2 (122.0-124.3)
Duration of monthly use
<S5y 122.9 (120.5-125.3)
5-10y 122.7 (120.2-125.3)
>10y 123.4 (121.9-124.9)
History of monthly use
Non-recent use 123.3 (121.7-124.9)
Recent use 123.0 (121.1-124.8)
Model 3 (M3): Adjusted for CVD risk factors
Never 122.6 (120.9-124.2)
History of monthly use
No 122.4 (120.7-124.0)
Yes 1245 (122.4-126.6)
Duration of monthly use
<S5y 123.6 (120.3-127.0)
5-10y 124.3 (121.1-127.4)
>10y 125.0 (122.3-127.7)
History of monthly use
Non-recent use 124.3 (121.8-126.9)
Recent use 124.9 (122.3-127.5)

74.5 (73.9-75.1)

73.9 (73.2-74.6)
74.6 (73.9-75.4)

74.7 (73.5-75.9)
73.0 (71.6-74.5)
75.1 (74.2-76.0)

74.7 (73.8-75.6)
745 (73.4-75.7)

74.7 (74.1-75.3)
74.3 (73.6-75.0)

74.0 (73.2-74.8)
74.7 (73.4-76.0)
72.8 (71.3-74.3)
74.1(73.1-75.2)

74.1 (73.2-75.0)
73.9 (72.5-75.2)

74.1 (73.5-74.8)

74.4 (73.5-75.2)
74.9 (73.9-75.8)

76.0 (74.5-77 4)
74.7 (72.5-76.8)
74.5 (73.1-75.9)

75.0 (73.9-76.0)
74.6 (72.7-76.6)

74.1 (72.8-75.4)

74.2 (72.8-75.5)
74.7 (73.1-76.2)

75.9 (73.7-78.0)
74.4 (71.3-77 4)
74.2 (72.4-76.0)

74.8 (73.1-76.5)
74.4 (72.2-76.7)

1.00 Reference

0.97 (0.84-1.11)
1.15 (1.01-1.31)°

1.09 (0.84-1.40)
1.02 (0.79-1.33)
1.22 (1.03-1.45)

1.09 (0.89-1.34)
1.19 (1.03-1.38)

1.00 Reference
0.97 (0.84-1.10)

0.92 (0.79-1.07)
1.04 (0.79-1.39)
0.93 (0.70-1.23)
0.88 (0.73-1.06)

0.91(0.73-1.13)
0.93 (0.79-1.10)

1.00 Reference

0.98 (0.82-1.17)
1.04 (0.85-1.27)

1.14 (0.76-1.70)
1.18 (0.78-1.79)
0.96 (0.76-1.22)

1.12 (0.83-1.51))
1.00 (0.80-1.25)

1.00 Reference

0.82 (0.62-1.08)
0.91 (0.66-1.24)

0.90 (0.54-1.49)
0.91 (0.49-1.70)
0.91 (0.62-1.33)

1.03 (0.64-1.67)
0.85 (0.62-1.17)

Notes: M1 adjusts for age, sex, race/ethnicity, education, and household income. M2: M1 + adjusts for cigarette and alcohol use and physical activity. M3 for BP: M2
+ adjusts for BM], total cholesterol to HDL cholesterol ratio, HbAlc, antihypertensive, antilipidemic, and antidiabetic medications. M3 for hypertension: M3 for BP
minus antihypertensive medication. Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; OR, odds ratio.

‘P < 0.05 compared with never use.

to physical activity (i.e., respondents with a history of monthly
use reported higher physical activity per week (406.0 min/wk vs.
358.6 for never users)). This finding is consistent with other stud-
ies showing that cannabis users tend to participate in more, not
less, physical activity than nonusers.*

The results of our study are consistent with those reported by
Shahetal., who observed no significant associations between recency
and frequency of recent cannabis use, age of initiation, or sustained
use, and hypertension. Their findings were based on analysis of a
smaller sample (2017-2018 NHANES) but a wider age range (18 years
and older). Importantly, while Shah et al. investigated “sustained use”
(history of monthly use), to our knowledge, the present study is the
first to evaluate the relationship between duration of monthly use,

and recency of use among those with a history of monthly use, and
BP and hypertension status using NHANES data.

With regard to recency and frequency of recent use only, our
findings differ only slightly from a 2016 study utilizing 2005-2012
data from NHANES by Alshaarawy et al. in which recent use,
but not frequency of recent use, was associated with modestly
higher SBP (B = 1.4; 95% CI = 0.3, 2.3). No associations were found
between cannabis use and prehypertension or hypertension.
Similarly, a 2019 study by Vidot et al. using NHANES data (2005-
2014) reported no associations for recent use, or frequency of
recent use, and BP status or hypertension, except for higher odds
of prehypertension (OR: 1.83, 95% CI, 1.24-2.70) and elevated BP
(OR: 1.80, 95% CI, 1.13-2.88) in heavy, recent users (>20 days in
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A

No History of Monthly Use &

A Systolic Blood Pressure
Diastolic Blood Pressure

History of Monthly Use

-0.21 (-1.90 to 1.47)

0.07 (-1.40 to 1.55)

<5 years

e 1.89 (-0.07 to 3.86)

0.60 (-0.83 to 2.04)

5to 10 years

e 1.05 (-2.15 to 4.25)

1.77 (-0.36 to 3.90)

> 10 years

r 1.67 (-1.80to 5.14)

0.28 (-2.73 to 3.28)

Non-Recent Use

e 2.43(0.03 to 4.82)

0.10 (-1.66 to 1.85)

Recent Use

r 2.28 (-0.44 to 5.00)

0.38 (-1.81 to 2.58)

& 1.72 (-0.57 to 4.01)

0.70 (-0.97 to 2.36)
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No History of Monthly Use

0.82 (0.62-1.08)

History of Monthly Use

L 2
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<5 years

L 2
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51to 10 years

L 2
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Figure 2. (a) Adjusted mean differences for blood pressure (mm Hg) by history of monthly use for more than 1 year, 2009-2018. (b) Adjusted odds
ratios for hypertension by history of monthly use for more than 1 year, 2009-2018.

the past 30 days). Neither of these previous studies controlled
for physical activity nor other CVD risk factors, other than sex,
age, and tobacco smoking, which may explain the differential
results.

Strengths of the present study include the use of a nationally
representative sample, a relatively large sample size, which was
balanced across sociodemographic and other characteristics, and

the use of a standardized objective outcome measure. The focus
on history of monthly use, especially the duration of monthly use,
is also a strength, given that the relationship of interest is based
on a cumulative, recurrent exposure over time, not just recency
or frequency of recent use.

Limitations include a cross-sectional design and the age limit
of the NHANES Drug Use Questionnaire. Also, detailed measures



of cannabis exposure were not available in the dataset, such as
the actual amount of cannabis (grams of dried flower or extracted
oil), and/or cannabinoids (milligrams of phytocannabinoids like
Delta-9-tetrahydrocannabinol (THC), Cannabidiol (CBD), etc.),
used and the method of use (e.g., inhalation, ingestion, etc.).

A history of monthly cannabis use for more than 1 year was
not independently associated with either increased BP or prev-
alent hypertension in a study using a nationally representative
sample of middle-aged US adults. Moreover, no significant asso-
ciations were observed for duration of monthly use, recency, or
frequency of recent use. The lack of association found in the pres-
ent study contributes to the observational evidence suggesting
frequent cannabis use over decades may not be associated with
increased BP or hypertension in middle-aged US adults.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal of
Hypertension (http://ajh.oxfordjournals.org).
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