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Abstract
Background: Cannabis consumption for recreational and medical use is increasing worldwide. However, the
long-term effects on kidney health and disease are largely unknown.
Materials and Methods: Post hoc analysis of cannabis use as a risk factor for kidney disease was performed using
data from the Assessment, Serial Evaluation, and Subsequent Sequelae of Acute Kidney Injury (ASSESS-AKI) study
that enrolled hospitalized adults with and without acute kidney injury from four U.S. centers during 2009–2015.
Associations between self-reported cannabis consumption and the categorical and continuous outcomes were
determined using multivariable Cox regression and linear mixed models, respectively.
Results: Over a mean follow-up of 4.5 – 1.8 years, 94 participants without chronic kidney disease (CKD) (esti-
mated glomerular filtration rate [eGFR] > 60 mL/min/1.73 m2) who consumed cannabis had similar rates of
annual eGFR decline versus 889 nonconsumers (mean difference =�0.02 mL/min/1.73 m2/year, p = 0.9) and in-
cident CKD ( ‡ 25% reduction in eGFR compared with the 3-month post-hospitalization measured eGFR and
achieving CKD stage 3 or higher) (adjusted hazard ratio [aHR] = 1.2; 95% confidence interval [CI] = 0.7–2.0). Nine-
teen participants with CKD (eGFR < 60 mL/min/1.73 m2) who consumed cannabis had more rapid eGFR decline
versus 597 nonconsumers (mean difference =�1.3 mL/min/1.73 m2/year; p = 0.02) that was not independently
associated with an increased risk of CKD progression ( ‡ 50% reduction in eGFR compared with the 3-month
post-hospitalization eGFR, reaching CKD stage 5, or receiving kidney replacement therapy) (aHR = 1.6; 95%
CI = 0.7–3.5). Cannabis consumption was not associated with the rate of change in urine albumin to creatinine
ratio (UACR) over time among those with ( p = 0.7) or without CKD ( p = 0.4).
Conclusions: Cannabis consumption did not adversely affect the kidney function of participants without CKD
but was associated with a faster annual eGFR decline among participants with CKD. Cannabis consumption
was not associated with changes in UACR over time, incident CKD, or progressive CKD regardless of baseline
kidney function. Additional research is needed to investigate the kidney endocannabinoid system and the im-
pact of cannabis use on kidney disease outcomes.
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Introduction
Cannabis consumption has increased considerably
over the past decade in the United States and world-
wide, particularly among people older than 50
years,1–3 an age group enriched with chronic illness
including chronic kidney disease (CKD).4 In fact,
adults with chronic medical conditions are more
likely to consume cannabis than healthy individu-
als.5 However, the long-term health effects of cannabis
on some of these conditions are currently unknown.

Nevertheless, the perceived risk associated with can-
nabis consumption among older adults with chronic
medical conditions has decreased the greatest among
those living with CKD.6 Nephrologists broadly sup-
port the study and consumption of cannabinoids for
symptoms associated with CKD and end-stage kidney
disease (ESKD),7,8 while people living with these con-
ditions also express interest and some people do in
fact consume it.9 With increasing availability and
consumption of cannabis, there is growing importance
to understand the clinical impact on people living with
CKD and ESKD and those at risk of developing
CKD.10,11

Cannabis naturally contains many phytocannabi-
noids, including the most abundant and well-described
D9-tetrahydrocannabinol and cannabidiol. Cannabi-
noids have differing activities and affinities for the
ubiquitously expressed G-protein coupled cannabi-
noid receptors type 1 (CB1R) and type 2 (CB2R). In
the rodent kidney, these receptors influence kidney
blood flow, glomerular filtration rate (GFR), fibrosis,
proteinuria, and various tubular functions.12–16 In
pre-clinical animal models, activation of CB1R wors-
ens kidney disease17–19 while conflicting data sug-
gest that activation of CB2R could be harmful20,21 or
protective.22–25 Additionally, some cannabinoid iso-
lates are protective in rodent models of acute kidney
injury (AKI).23,26–28 Whether these effects apply
to human cannabis consumption remains to be
determined.

Knowledge regarding cannabis consumption on na-
tive kidney outcomes is limited to a few studies that
evaluated generally healthy people29,30 or people living
with CKD.31,32 We hypothesized that cannabis con-
sumption may adversely impact the kidney function
of people living with kidney disease. Therefore, we
sought to evaluate the association between chronic can-
nabis consumption and long-term kidney outcomes of
individuals with kidney disease or those who were at
high-risk for kidney disease.

Materials and Methods
Study design and population
Post hoc analysis of cannabis use as a risk factor for kid-
ney disease was performed using data from the Assess-
ment, Serial Evaluation, and Subsequent Sequelae of
Acute Kidney Injury (ASSESS-AKI) study, which was
a parallel matched cohort study that enrolled individu-
ally matched hospitalized adults with and without AKI,
many of whom had pre-existing CKD,33–35 designed to
characterize the short-term and long-term natural his-
tory of AKI including important renal and cardiovas-
cular outcomes. Participants were enrolled from four
clinical centers (Kaiser Permanente Northern Califor-
nia, Vanderbilt University, University of Washington,
and Yale University/Western University) between
December 2009 and February 2015.

The institutional review boards of the participating
institutions approved the study, and informed consent
was obtained from all participants enrolled in ASSESS-
AKI. A total of 1,599 study participants had an out-
patient research study visit 3 months after index hospi-
talization discharge, during which clinical data and
biosamples were systematically collected. This visit
was considered the baseline study visit, and the follow-
up in-person study visits were conducted annually
thereafter. Medical history, study events, and use
of medications were updated at each in-person visit
and estimated glomerular filtration rate (eGFR) re-
quantified.

Exposure measures
Participant lifestyle characteristics were collected from
questionnaires administered at the 3-month post-
hospitalization and subsequent annual study visits.
Past year cannabis consumption was determined at
each study visit by self-report and defined as respond-
ing ‘‘yes’’ to, ‘‘Since your last study visit, have you used
marijuana?’’ Cannabis nonconsumers were defined as
always responding ‘‘no’’ at every post-hospitalization
study visit. Chronic cannabis consumption was defined
as responding ‘‘yes’’ to the follow-up question, ‘‘Have
you used marijuana within the past 30 days?’’ at
every post-hospitalization study visit. Participants
with any cannabis consumption and chronic canna-
bis consumption were combined to define the expo-
sure. Tobacco, alcohol, and other drug consumption
were determined by self-report at the 3-month post-
hospitalization visit regarding the type, quantity, and
frequency of usage.

636 REIN ET AL.

D
ow

nl
oa

de
d 

by
 2

60
1:

28
1:

cc
00

:8
26

0:
6d

b0
:e

7d
a:

eb
c6

:8
5d

5 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

04
/2

4.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Outcome measures
All participants had serum creatinine (SCr) concen-
tration measured, and eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration
equation36 at the 3-month post-hospitalization study
visit and subsequent annual visits. Random urine albu-
min to creatinine ratio (UACR) was quantified concur-
rently. Serum and urine creatinine concentration was
measured using the Roche enzymatic method (Roche
Diagnostics) on a Roche ModP Chemistry Analyzer be-
fore January 2014 and Cobas 6000 Chemistry Analyzer
afterward. The method was calibrated, and checked
semiannually, using the National Institute of Standards
and Technology standard traceable to reference material
SRM 909b (Isotope Dilution Mass Spectroscopy).

Urine albumin concentration was quantified using a
nephelometric method on the Siemens ProSpec Ana-
lyzer (Siemens GmbH). Kidney function decline was
defined by the parent study protocol, where incident
CKD among participants without pre-existing CKD
(eGFR ‡ 60 mL/min/1.73 m2) before the index hospi-
talization was defined as a ‡ 25% reduction in eGFR
compared with the 3-month post-hospitalization mea-
sured eGFR and achieving CKD stage 3 or higher. Pro-
gression of CKD among participants with pre-existing
CKD at the index hospitalization (preadmission eGFR
< 60 mL/min/1.73 m2) was defined as a ‡ 50% reduc-
tion in eGFR compared with the 3-month post-
hospitalization eGFR, reaching CKD stage 5, or receiving
kidney replacement therapy (long-term dialysis or kid-
ney transplant).35

Covariates
Demographic characteristics included age, sex, self-
reported race/ethnicity, employment status, education
level, and annual income. Self-reported prior cardio-
vascular disease (heart failure, myocardial infarction,
stroke, or peripheral artery disease) was recorded.
Hypertension was based on self-report combined with
taking antihypertensive agents, or having a study visit
systolic blood pressure (SBP) > 140 mm Hg and/or a
diastolic blood pressure (DBP) > 90 mm Hg. Diabetes
(types 1 and 2) was based on self-report, taking pre-
scription antidiabetic agents, or having a glycosylated
hemoglobin level of ‡ 6.5%. Sepsis was based on sus-
pected infection plus the presence of at least two crite-
ria of systemic inflammatory response syndrome.
Shock was defined by physician diagnosis. There were
no missing data in any of the primary exposures of in-
terest, other key covariates, or outcomes examined.

Statistical analyses
Multivariable Cox regression models were used to as-
sess the association between cannabis consumption
and time until incident and progressive CKD after ad-
justment for covariates including: AKI status at the
index hospitalization, sex, Black race, Hispanic ethnic-
ity, former smoker, current smoker, diabetes, sepsis,
body mass index (BMI), parathyroid hormone, phos-
phorus, and C-reactive protein. Linear mixed models
were used to assess the independent association of
cannabis consumption with change in eGFR and
UACR over time after adjusting for the within-
subject variance of the participant intercept as a ran-
dom effect.

Key covariates were used as additional fixed effects
in the regression models, which included: AKI status
at the index hospitalization, demographic characteris-
tics (age, sex, race), lifestyle characteristics (tobacco
use, alcohol use, other illicit drug use); comorbid con-
ditions (diabetes mellitus, hypertension, cardiovascular
disease, cancer, chronic obstructive pulmonary dis-
ease); SBP, DBP, BMI, laboratory variables (LDL and
HDL cholesterol), and medications (renin–angioten-
sin–aldosterone system [RAAS] antagonists, diuretics).
For all analyses, a two-tailed t-test value of p < 0.05 was
taken as evidence of statistical significance. All statistical
analyses were performed with SAS Version 9.4.

Table 1. Baseline Characteristics of Cannabis Consumers
and Nonconsumers

Characteristic
Consumers

(n 5 113)
Nonconsumers

(n 5 1,486)

Demographics
Age (years) 54.2 – 12.7 65.0 – 12.7
Sex

Male 88 (78%) 910 (61%)
Female 25 (22%) 576 (39%)

Race/ethnicity
American Indian/Alaskan Native 1 (1%) 14 (1%)
Asian 1 (1%) 31 (2%)
Black/African American 20 (18%) 183 (12%)
Hispanic/Latino 2 (2%) 39 (3%)
Native Hawaiian/Pacific Islander 1 (1%) 9 (1%)
White 88 (78%) 1,220 (82%)
Multiracial 2 (2%) 29 (2%)

Study location
Kaiser Permanente 23 (20%) 331 (22%)
Vanderbilt 19 (17%) 496 (33%)
Washington 68 (60%) 354 (24%)
Yale 3 (3%) 305 (21%)

Demographics were determined from the index hospitalization. Data
are presented either as total number and percentage or mean – SD.

SD, standard deviation.
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Results
Participant baseline characteristics
Of 1,599 study participants, 1,486 did not consume
cannabis (93%), whereas 113 consumed cannabis within
the past year (8%), of whom 96 consumed canna-
bis chronically (85% of all cannabis consumers), hav-
ing consumed cannabis within the 30 days preceding
every post-hospitalization study visit (Table 1). At
baseline, cannabis consumers had a mean age of
54 – 12 years while nonconsumers had a mean age of
65 – 12 years, were 78% White and 18% Black com-
pared with nonconsumers who were 82% White and

12% Black, were 78% male while nonconsumers
were 61% male, and were enrolled from the Univer-
sity of Washington site (60%) while nonconsumers
were more evenly distributed across the four study
centers.

From the 1,599 total study participants, 616 had
CKD, of whom 19 (3%) consumed cannabis and 597
(97%) did not (Table 2). Of the remaining 983 partici-
pants who did not have CKD, 94 (10%) of them con-
sumed cannabis while 889 (90%) did not. Baseline
comorbidities were similar among the groups except
for chronic liver disease being more prevalent among

Table 2. Baseline Characteristics of Cannabis Consumers and Nonconsumers Stratified by Chronic Kidney Disease Status

Characteristic

CKD No CKD

Consumers
(n519)

Nonconsumers
(n5597)

Consumers
(n594)

Nonconsumers
(n5889)

Demographics
Age (years) 57.6 – 6.7 70.1 – 10.4 53.5 – 13.5 61.7 – 13.0
Sex

Male 15 (79%) 346 (58%) 73 (78%) 564 (63%)
Female 4 (21%) 251 (42%) 21 (22%) 325 (37%)

Race/ethnicity
American Indian/Alaskan Native 0 (0%) 4 (1%) 1 (1%) 10 (1%)
Asian 0 (0%) 19 (3%) 1 (1%) 12 (1%)
Black/African American 2 (11%) 81 (14%) 18 (19%) 102 (11%)
Hispanic/Latino 0 (0%) 15 (3%) 2 (2%) 24 (3%)
Native Hawaiian/Pacific Islander 1 (5%) 6 (1%) 0 (0%) 3 (0%)
White 16 (84%) 476 (80%) 72 (77%) 744 (84%)
Multiracial 0 (0%) 11 (2%) 2 (2%) 29 (2%)

Study location
Kaiser Permanente 3 (16%) 145 (24%) 20 (21%) 186 (21%)
Vanderbilt 4 (21%) 218 (37%) 15 (16%) 278 (31%)
Washington 10 (53%) 116 (19%) 58 (62%) 238 (27%)
Yale 2 (11%) 118 (20%) 1 (1%) 187 (21%)

Comorbidities
Acute kidney injury during hospitalization 8 (42%) 299 (50%) 40 (43%) 422 (47%)
Cancer 0 (0%) 58 (10%) 9 (10%) 65 (7%)
Chronic liver disease 1 (5%) 20 (3%) 10 (11%) 31 (3%)
Chronic lung disease 3 (16%) 135 (23%) 22 (23%) 154 (17%)
Congestive heart failure 3 (16%) 194 (32%) 12 (13%) 123 (14%)
Coronary artery disease 10 (53%) 310 (52%) 34 (36%) 348 (39%)
Diabetes 10 (53%) 293 (49%) 24 (26%) 300 (34%)
Hypertension 18 (95%) 499 (84%) 58 (62%) 589 (66%)
Gout 2 (11%) 114 (19%) 9 (10%) 71 (8%)

Lifestyle habits
Regular heavy tobacco use ( ‡ 20 cigarettes per day) 2 (11%) 35 (6%) 27 (29%) 80 (9%)
Frequent heavy alcohol use ( ‡ 5 drinks at least 5 days/week) 3 (16%) 101 (17%) 30 (32%) 184 (21%)
Hard drug use 0 (0%) 1 (0%) 6 (6%) 1 (0%)

Vitals
SBP (mm Hg) 135.3 – 22.7 128.0 – 21.1 124.3 – 18.5 126.8 – 20.5
DBP (mm Hg) 81.7 – 12.1 68.4.1 – 13.9 74.1 – 12.5 73.0 – 13.5
BMI (kg/m2) 36.0 – 9.9 31.1 – 7.4 29.5 – 7.7 30.9 – 7.8

Laboratory variables
SCr (mg/dL) 1.9 – 0.8 1.5 – 0.7 0.9 – 0.4 0.9 – 0.4
UACR (mg/g) 130.0 – 77.1 91.8 – 65.3 114.0 – 81.6 103.2 – 75.4
eGFR (mL/min/1.73 m2) 45.2 – 20.3 47.9 – 16.3 95.1 – 22.1 82.9 – 20.4

Demographics and comorbidities were determined from the index hospitalization, whereas lifestyle habits, vitals, and laboratory variables were
determined from the 3 month post-hospitalization study visit. Data are presented either as total number and percentage or as mean – SD.

BMI, body mass index; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood
pressure; SCr, serum creatinine; UACR, urine albumin to creatinine ratio.
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participants without CKD who consumed cannabis
compared with nonconsumer counterparts (11% vs. 3%).

Participants with CKD who consumed cannabis
were younger than nonconsumers with CKD (mean
57.7 – 6.7 vs. 70.2 – 10.3 years), had a higher baseline
SCr (1.9 – 0.8 vs. 1.5 – 0.7 mg/dL), UACR (130.0 –
77.1 vs. 91.8 – 65.3 mg/g), DBP (81.7 – 12.1 vs. 68.4 –
13.9 mm Hg), and BMI (36.0 – 9.9 vs. 31.1 – 7.4 kg/m2)
but had a similar eGFR (45.2 – 20.3 vs. 47.9 – 16.3 mL/
min/1.73 m2) and SBP (135.3 – 22.7 vs. 128.0 –
21.1 mm Hg; Table 2). Additionally, of the 19 partic-
ipants with CKD who consumed cannabis, 10 (53%)
were permanently disabled, 9 (47%) had an annual
income less than $20,000, and 8 (42%) did not re-
ceive education past high school (Table 3).

Participants without CKD who consumed cannabis
were younger than nonconsumers (mean 53.7 – 13.5
vs. 61.8 – 13.0 years) and had a higher eGFR (95.1 –
22.1 vs. 82.9 – 20.4 mL/min/1.73 m2) but had a simi-
lar baseline SCr (0.9 – 0.4 vs. 0.9 – 0.4 mg/dL), UACR
(114.0 – 81.6 vs. 103.2 – 75.4 mg/g), SBP (124.3 – 18.5
vs. 126.8 – 20.5 mm Hg), DBP (74.1 – 12.5 vs. 73.0 –
13.5 mm Hg), and BMI (29.5 – 7.7 vs. 30.9 – 7.8 kg/m2;
Table 2).

Regular heavy tobacco smoking was reported
most frequently from participants without CKD who
consumed cannabis compared with cannabis noncon-
sumers without CKD (29% vs. 9%). Rates of tobacco

smoking among participants with CKD were similar
between cannabis consumers and nonconsumers
(11% vs. 6%; Table 2). Additionally, participants with-
out CKD who consumed cannabis reported frequent
heavy alcohol drinking more commonly compared
with cannabis nonconsumers (32% vs. 21%), whereas
participants with CKD had similar rates of alcohol
drinking regardless of cannabis consumption (16%
vs. 17%). Finally, of the 113 total cannabis consumers,
6 also used methamphetamine, cocaine, heroin, or
other drugs, none of whom had CKD.

Kidney outcomes by cannabis consumption
Over a mean follow-up of 4.5 – 1.8 years, participants
with CKD who consumed cannabis had a faster rate
of annual eGFR decline compared with nonconsumers
(�2.69 – 0.98 vs. �1.41 – 0.21 mL/min/1.73 m2/year;
p = 0.02; Fig. 1), whereas participants without CKD
demonstrated similar rates of annual eGFR decline be-
tween cannabis consumers and nonconsumers (�1.64 –
0.52 vs. �1.61 – 0.15 mL/min/1.73 m2/year; p = 0.92).
Cannabis consumption was not associated with dif-
ferences in annual change in UACR compared with
nonconsumers regardless of whether participants had
CKD (0.14 – 0.22 vs. 0.17 – 0.04 mg/g/year; p = 0.75)
or not (0.16 – 0.11 vs. 0.11 – 0.03 mg/g/year; p = 0.40).

Cannabis consumption among participants with-
out CKD was not associated with the development of

Table 3. Baseline Socioeconomic Characteristics of Cannabis Consumers and Nonconsumers Determined
from the Index Hospitalization and Stratified by Baseline Chronic Kidney Disease Status

Characteristic

CKD No CKD

Consumers
(n519)

Nonconsumers
(n5597)

Consumers
(n594)

Nonconsumers
(n5889)

Employment
Part-time 2 (11%) 37 (6%) 11 (12%) 62 (7%)
Full-time 4 (21%) 64 (11%) 23 (24%) 200 (22%)
Retired 1 (5%) 352 (59%) 12 (13%) 361 (41%)
Permanently disabled 10 (53%) 81 (14%) 31 (33%) 125 (14%)
Unemployed 2 (11%) 14 (2%) 12 (13%) 57 (6%)

Education
< 7th grade or no formal education 0 (0%) 4 (1%) 0 (0%) 5 (1%)
7th to 12th grade 0 (0%) 82 (14%) 7 (7%) 90 (10%)
High school graduate or equivalent 8 (42%) 139 (23%) 21 (22%) 198 (22%)
Technical or vocational school degree 1 (5%) 23 (4%) 10 (11%) 61 (7%)
Some college education 3 (16%) 121 (20%) 20 (21%) 199 (22%)
College graduate 6 (32%) 112 (19%) 22 (23%) 178 (20%)
Professional or graduate degree 1 (5%) 82 (14%) 13 (14%) 135 (15%)

Annual income
$20,000 or under 9 (47%) 71 (12%) 21 (22%) 103 (12%)
$20,001–$35,000 2 (11%) 62 (10%) 10 (11%) 63 (7%)
$35,001–$50,000 2 (11%) 60 (10%) 3 (3%) 80 (9%)
$50,001–$100,000 0 (0%) 82 (14%) 7 (7%) 131 (15%)
More than $100,000 2 (11%) 43 (7%) 7 (7%) 90 (10%)

Data are presented as total number and percentage.
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CKD (incidence rate of 19/82 [23.2%] consumers vs. 185/
898 [20.6%] nonconsumers; adjusted hazard ratio
[aHR] = 1.22; 95% confidence interval [CI] = 0.74–2.01;
p = 0.43), nor was there an independent association with
increased risk of CKD progression among those already
with CKD (incidence rate of 7/31 [22.6%] consumers vs.
90/588 nonconsumers [15.3%]; adjusted HR = 1.59; 95%
CI = 0.71–3.54; p = 0.26; Figs. 2 and 3).

Discussion
Retrospective analysis of the multicenter ASSESS-
AKI study revealed that self-reported cannabis con-
sumption did not adversely affect the kidney func-
tion of participants without CKD, but that
cannabis consumption was associated with a faster
annual eGFR decline among participants with
CKD. Additionally, cannabis consumption was not

FIG. 1. Change in (A) eGFR and (B) UACR between cannabis consumers (MJ) and nonconsumers (non-MJ).
(A) Participants with CKD who consumed cannabis had a faster rate of annual eGFR decline compared with
nonconsumers (*p = 0.02), whereas participants without CKD demonstrated similar rates of annual eGFR
decline between cannabis consumers and nonconsumers ( p = 0.92). (B) Cannabis consumption was not
associated with differences in annual change in UACR compared with nonconsumers regardless of whether
participants had CKD ( p = 0.75) or not ( p = 0.40). Data are presented as mean – 95% confidence interval.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urine albumin to creatinine ratio.

FIG. 2. Adjusted HR for incident or progressive CKD in cannabis consumers vs. nonconsumers. Cannabis
consumption among participants without CKD was not associated with the development of CKD ( p = 0.43),
nor was there an independent association with increased risk of CKD progression among participants with
CKD ( p = 0.26). aHR, adjusted hazard ratio.
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associated with changes in UACR over time, incident
CKD, or progression of CKD regardless of baseline kid-
ney function.

Findings from this study add to a growing body of
evidence that cannabis consumption among an older
population with normal kidney function does not
seem to adversely affect kidney function. Our results
from participants without CKD regarding eGFR and
albuminuria are consistent with previously reported
retrospective analyses of the Coronary Artery Risk
Development in Young Adults (CARDIA) study,29

which did not demonstrate a longitudinal associa-
tion between cannabis consumption and eGFR change,
rapid eGFR decline, or prevalent albuminuria, and the
nationally representative National Health and Nu-
trition Examination Survey (NHANES),30 which did
not find a clinically significant effect of self-reported
past or current cannabis consumption on SCr, eGFR,
UACR, or odds of having stage 2 or higher CKD.

Both of these respective cohorts were larger
(3,765 and 13,995 participants), had longer follow-up
(15 and 7 years), and their participants were younger
(mean 35 years, but mean age was not reported in

the NHANES study, although 86% of the cohort was
< 50 years), and had higher baseline eGFR than our
study (111 and 99 mL/min/1.73 m2).

A recent retrospective analysis examined the associ-
ation between chronic heavy cannabis consumption
on baseline kidney function at inpatient admission
for 42 treatment-seeking cannabis-dependent adults.37

Participants did not have any other concomitant sub-
stance abuse or dependence, were primarily White Eu-
ropeans who were younger (mean age = 29 years), and
had higher baseline eGFR (104 mL/min) than partici-
pants from our cohort. Despite near-daily cannabis
consumption for a mean of 55 – 60 months and no-
tably, one participant for 360 months, no participant
had significant kidney dysfunction. Five participants
had stage 2 CKD, but those individuals smoked on av-
erage more cigarettes per day and two of these partici-
pants had a comorbid medical condition.37

Although the number of participants in our study
with CKD who consumed cannabis was low, the faster
annual eGFR decline that we observed differs from
prior research. Retrospective analysis of the Chronic
Renal Insufficiency Cohort (CRIC) study did not reveal

FIG. 3. Kaplan–Meier estimates of time to CKD (A) incidence and (B) progression in cannabis consumers
(MJ) compared with nonconsumers (non-MJ). Cannabis consumption among participants without CKD was
not associated with incident CKD, nor was there an independent association with increased risk of CKD
progression among those already with CKD.
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an association between cannabis consumption and
CKD progression defined as incident ESKD or halving
of eGFR.31 Participants were similar in age and had
a similar baseline eGFR to our study, but their cohort
was larger (3,939 participants) with slightly longer
follow-up (5.5 years). However, the 1,293 cannabis
consumers included those with any lifetime or past
year consumption limiting the ability to make conclu-
sions about current consumption.

Recently, a retrospective analysis of U.S. veterans
with advanced CKD who were transitioning to dialysis
found that 66 participants with cannabis-only posi-
tive urine toxicology screens and 168 participants
with positivity for cannabis and other drugs had sim-
ilar rates of AKI within the week after the positive
urine test compared with veterans who tested nega-
tive.32 The cohort was almost all men who were sim-
ilar in age to our cohort (mean = 57 years) but had
lower baseline kidney function (mean eGFR = 30
mL/min/1.73 m2), higher mean blood pressure (150/
83 mm Hg), and more cigarette smokers (76% of
cannabis-only participants).32

Strengths of our study include an adequate length of
follow-up (mean = 4.5 years) to predict long-term renal
outcomes, the use of a study cohort enriched with par-
ticipants who had CKD at risk for progression, regular
follow-up and prospective data collection that reduced
ascertainment bias, and the assessment of cannabis
use within the past 30 days to better identify chronic
consumption. Of note, the prevalence of past month
(*6%) and past year (*8%) cannabis consumption
in the ASSESS-AKI cohort is similar to nationally
reported estimates for U.S. adults.38

Across the study recruitment centers, three of the
four are located in states with legal medical cannabis
programs and one of these had legal recreational
cannabis at some point during the study period (De-
cember 2009–February 2015). Washington legalized
medical cannabis in 1998 and recreational cannabis
in 2012 with sales beginning in 2014; California le-
galized medical cannabis in 1998 and legalized recre-
ational cannabis in 2016; Connecticut legalized
medical cannabis in 2012; and cannabis remains illegal
in Tennessee. Accordingly, 80% of the cannabis con-
sumers in this cohort were recruited from the Univer-
sity of Washington and Kaiser Permanente Northern
California.

The present study has several limitations, the great-
est one being the number of participants with CKD
who consumed cannabis was low and the results lack

adequate power to draw definitive conclusions from.
In addition, there were few cannabis consumers and
therefore only a few events of CKD progression, which
also limited statistical power. Despite the more rapid
annual eGFR decline among people with CKD who
consumed cannabis, the lack of association with CKD
progression could be due to a relatively small absolute
annual change in eGFR. Compared to nonconsumers
with CKD, participants with CKD who consumed can-
nabis had a higher baseline SCr, UACR, BMI, and
DBP in addition to having a lower annual income, and
an increased likelihood of being permanently disabled,
all of which are established risk factors for, or are clinical
markers associated with kidney disease, and we cannot
exclude residual confounding effects that contributed to
the faster annual eGFR decline.

Additionally, the retrospective nature of this study
is hypothesis generating but is unable to demonstrate
causality. Alternatively, we cannot exclude reverse cau-
sality in which sicker participants with progressive
CKD at baseline may have been more inclined to
consume cannabis medicinally for symptom manage-
ment. Cannabis consumption was determined by
self-report on a questionnaire, and the reliability of
questionnaire data assessing for federally illegal be-
havior may have limited honest study participation,
leading to reporting and selection bias with the mag-
nitude of such effects differing by state and changing
over time.

Furthermore, self-report is subject to recall bias and
may underestimate true consumption of cannabis and
other illicit substances. Also, the outcome measures
of cannabis consumption within the past 30 days or
within the last year since the last study visit do not cap-
ture the true frequency or intensity of consumption, or
other aspects such as simultaneous alcohol or other
drug consumption, which may be relevant to kidney
or cannabis-related harms. Finally, we were unable to
assess the recreational or medical motivations and rea-
sons for cannabis consumption.

Despite these limitations, there is biologic plausi-
bility that cannabis consumption could accelerate eGFR
decline among people living with CKD, although this
remains to be tested clinically in humans. CKD is
typically associated with overactivation of the RAAS
leading to a compensatory increase in glomerular hyper-
filtration, which is characterized by a reduction in affer-
ent arteriole resistance and increase in efferent arteriole
resistance to increase single nephron GFR. CB1R acti-
vation by anandamide in rat kidney vasodilates
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both the afferent arteriole39,40 and the efferent arteri-
ole, but the latter to a greater extent, causing GFR to
decrease and renal blood flow to increase.39 In the con-
text of CKD, CB1R activation would theoretically cause
excess efferent vasodilation and would be detrimental
to the preservation of GFR.41,42

Kidney diseases are associated with increased
kidney CB1R expression in people with CKD from
diabetic nephropathy,43,44 IgA nephropathy,43 intersti-
tial nephritis,43 focal segmental glomerulosclerosis,44

obesity-related glomerulopathy,44 and kidney allograft
fibrosis.45 In animals, CB1R expression and/or activity
are increased in diabetic nephropathy,17,19,46,47 ure-
teral obstruction,43 chronic intermittent hypoxia-
induced kidney injury,48 and nephrectomy models of
CKD,49,50 whereas CB1R inhibition prevents the devel-
opment of kidney fibrosis43 and reduces proteinuria19,51

associated with these conditions. Accordingly, several
CB1R antagonists are currently in pre-clinical develop-
ment for the treatment of various kidney diseases.
Also, combustion by-products found in smoke could
cause oxidative stress to blood vessels,52,53 leading to
impaired kidney function.

Although these hypotheses could be possible in hu-
mans, the exact clinical impact of cannabis consump-
tion among people living with CKD and ESKD is
uncertain. The ratio and degree of CB1R versus
CB2R activation from cannabis-based phytocannabi-
noids are unknown, and the net effect is unpredictable.
Similarly, complicated and nuanced pharmacokinet-
ics,54 and synergy among the numerous phytocannabi-
noids in cannabis, known as the ‘‘entourage effect,’’55

makes the cumulative physiological and pathophysio-
logical effects difficult to predict.

With increasing acceptance of both medical and
recreational cannabis use in the United States and
worldwide, risk factors for kidney disease including
negative social determinants of health and medical
comorbidities should be addressed, particularly
among those who consume cannabis and even
more so among those already living with CKD.
Additional research is needed to investigate the kid-
ney endocannabinoid system, and ultimately, a large
prospective study of people with and without CKD is
needed to properly assess the impact of cannabis
consumption on kidney health and disease. The fed-
eral illegality of cannabis in the United States se-
verely impairs the ability to conduct well-designed
clinical trials to properly inform health care provid-
ers and the public.
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