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Abstract

Objective: Marijuana, tobacco and alcohol use are prevalent among people with HIV and may 

adversely affect kidney function in this population. We determined the association of use of these 

substances with estimated glomerular filtration rate (eGFR) among women with HIV (WWH) and 

women without HIV.

Design: We undertook a repeated measures study of 1043 WWH and 469 women without HIV 

within the United States Women’s Interagency HIV Study, a multicenter, prospective cohort of 

HIV-seropositive and HIV-seronegative women.

Methods: We quantified substance exposures using semi-annual questionnaires. Using pooled 

eGFR data from 2009 to 2019, we used linear regression models with multivariable generalized 

estimating equations to ascertain associations between current and cumulative substance use 

exposures with eGFR, adjusting for sociodemographics, chronic kidney disease risk factors and 

HIV-related factors.

Results: Marijuana use of 1–14 days/month versus 0 days/month was associated with 3.34 

ml/min per 1.73 m2 [95% confidence interval (CI) −6.63, −0.06] lower eGFR and marijuana use 

of >0.02–1.6 marijuana-years versus 0–0.2 marijuana-years was associated with 3.61 ml/min per 

1.73 m2 (95% CI −5.97, −1.24) lower eGFR. Tobacco use was not independently associated with 

eGFR. Alcohol use of seven or more drinks/week versus no drinks/week was associated with 5.41 

ml/min per 1.73 m2 (95% CI 2.34, 8.48) higher eGFR and alcohol use of >0.7–4.27 drink-years 

and >4.27 drink-years versus 0–0.7 drink-years were associated with 2.85 ml/min per 1.73 m2 

(95% CI 0.55, 5.15) and 2.26 ml/min per 1.73 m2 (95% CI 0.33, 4.20) higher eGFR, respectively.

Conclusion: Among a large cohort of WWH and women without HIV, marijuana use was 

associated with a lower eGFR while alcohol use was associated with a higher eGFR.

Keywords

alcohol; estimated glomerular filtration rate; HIV; kidney; marijuana; tobacco; women

Introduction

Kidney disease strongly contributes to excess morbidity and mortality among people with 

HIV (PWH) [1]. Compared to the general population, PWH are at increased risk for chronic 

kidney disease (CKD). Studies have reported a two- to three-fold higher prevalence of CKD 

among PWH compared to match persons without HIV in the United States [2]. Contributing 

factors to CKD among PWH include direct and indirect effects of HIV, antiretroviral 

therapy (ART) nephrotoxicity and comorbidities including diabetes and hypertension [3]. 

Though several studies have implicated behavioral risk factors such as substance use in the 

development of CKD in the general population, whether these potentially modifiable risk 

factors negatively impact kidney function among PWH is unknown.

Data from previous studies have indicated a higher prevalence of marijuana, tobacco and 

alcohol use among PWH compared to persons without HIV [4,5]. In the general population, 
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substance use is associated with early onset of age-related diseases including CKD [6]. 

PWH develop comorbidities 10–20 years earlier compared to persons without HIV, and 

substance use may contribute to accelerated aging in this population [7,8]. Proposed 

mechanisms by which substance use promotes aging include increased oxidative stress, 

production of reactive oxygen species and chronic excess inflammation leading to cellular 

damage [9]. Substance abuse is also associated with poor sleep quality, poor nutrition and 

insufficient exercise which contribute to aging [10].

Though findings from studies conducted in the general population have indicated protective 

effects of moderate alcohol consumption and harmful effects of tobacco use on kidney 

function, their effects on kidney function in PWH have not been investigated [10–14]. 

In recent years, tobacco use has declined in the United States, but marijuana use has 

steadily increased, particularly among young adults [15]. The kidneys express cannabinoid 

receptors that may have beneficial or harmful effects when activated [16]. Limited data 

suggest that marijuana does not have negative effects on kidney function in the general 

population; however, PWH were not included in these studies [17,18]. Many recreational 

manufacturers now produce high potency marijuana that contains increased concentrations 

of tetrahydrocannabinol (THC), posing greater potential for addiction and more significant 

health risks [19].

Women account for 25% of adults with HIV in the United States and >50% of adults with 

HIV worldwide [20,21] yet are underrepresented in HIV and substance use research [22,23]. 

Recent data indicate greater than two-fold higher prevalence of tobacco and marijuana 

use among WWH compared to women without HIV [24]. We therefore investigated 

the association between self-reported marijuana, tobacco and alcohol use and estimated 

glomerular filtration rate (eGFR) in WWH and women without HIV in a repeated measures 

cross-sectional study. We explored acute and chronic effects of these substances on kidney 

function by evaluating associations between current and cumulative use and eGFR.

Methods

Study setting and population

The Women’s Interagency HIV Study (WIHS) was a prospective, multicenter cohort study 

of WWH and women at historical risk for HIV in the United States [25]. Eligibility 

criteria and follow-up procedures for WIHS have been previously described [26,27]. 

Briefly, HIV-seropositive and HIV-seronegative women with similar demographic and 

behavioral characteristics were enrolled at six sites in Brooklyn, New York; the Bronx/

Manhattan, New York; Washington, DC; Chicago, Illinois; San Francisco, California; and, 

Los Angeles, California. Data were collected using structured interviews and standardized 

physical and laboratory assessments, with study visits occurring every six months. WIHS 

data collection instruments are available at https://statepi.jhsph.edu/wihs/wordpress/. The 

institutional review boards at each study site approved the WIHS study protocol, and all 

participants provided written informed consent.

The present analyses included participants from 1994—1995 and 2001—2002 enrollment 

waves. The Los Angeles site closed in 2010 and was excluded from this analysis due to 
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inability to obtain sufficient eGFR data (n = 800). The index date was defined as the first 

study visit between October 2009 and September 2010 when serum creatinine and eGFR 

data were available and included WWH and women without HIV who were active in the 

study from April 2000 to September 2019 (Figure S1, Supplemental Digital Content, http://

links.lww.com/QAD/C907). Participants with end-stage kidney disease or an eGFR <15 

ml/min per 1.73 m2 at the index visit (n = 63), those missing serum creatinine measurement 

at the index visit (n = 98), and those who HIV seroconverted during follow up (n = 26) were 

excluded, resulting in a sample size of 1512 participants.

Exposure variables

Marijuana, tobacco and alcohol use were self-reported at each semi-annual study visit. We 

used repeated measures of use of these substances between April 2000 to September 2019 

to compute cumulative use (calculated from the preceding 10 years prior to each current 

visit, repeated at every visit). Current use was assessed from the index visit (October 2009–

September 2010) until September 2019. Marijuana use was assessed with the question: 

‘Since your last study visit, have you used marijuana or hash?’ Participants responding with 

a ‘yes’ were then asked ‘On average, how often have you used marijuana or hash since your 

last study visit?’ with the following response options: ‘less than once a month’, ‘at least 

once a month, but less than once a week’, ‘once a week’, ‘2–3 times a week’, ‘4–6 times a 

week’, ‘once a day’, and ‘more than once a day’. Current marijuana use was categorized as: 

0, 1–14, and more than 14 days per month. Data on marijuana use prior to enrollment were 

not collected. We calculated 10-year cumulative marijuana use based on the number of days 

used per month. This was converted to marijuana-years categorized by tertiles as 0–0.02, 

>0.02–1.6, >1.6 (1 marijuana-year equals 365 days of marijuana use) [18].

Current, former, or no tobacco use and quantity of use was ascertained according to the 

questions, ‘Have you smoked more than 100 cigarettes in your lifetime?’ and ‘Do you 

currently smoke cigarettes?’ and if you do smoke, ‘How many cigarettes do you smoke 

on average each day?’. Lifetime pack-years was categorized as 0, 1–10 and more than 10 

pack-years at enrollment and each follow up study visit. Participants were asked if they 

drank one or more alcoholic drinks per week and amount of alcohol use during the previous 

six months. Current alcohol use was categorized as none (0), mild-moderate (1–7) or heavy 

(>7 drinks per week). Data on alcohol use prior to enrollment in WIHS were not collected. 

We calculated 10-year cumulative alcohol use and reported use in drink-years (1 drink-year 

equals 365 drinks), categorized by tertiles as 0–0.7, >0.7–4.27, >4.27.

Outcome variable

Serum creatinine was measured at each visit using local laboratories for each study 

site. We used the 2009 CKD Epidemiology Consortium (CKD-EPI) equation without the 

race coefficient to calculate the eGFR from serum creatinine [28] and calculated pooled 

eGFR estimates using each available measure from the index date to September 2019. 

The creatinine assay was not standardized across WIHS sites until 2020. To account for 

variations in creatinine measurement due to site specific differences in creatinine assays, we 

incorporated site, visit and site × visit interaction terms into our models.
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Covariates

Demographics, CKD risk factors, and HIV-related characteristics were assessed at each 

visit. Covariates at each person-visit were selected based upon known association with 

CKD or if statistically significant in unadjusted analyses. These included age, self-identified 

race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Other), educational 

attainment (less than high school, high school or higher), WIHS study site, enrollment 

cohort, diabetes mellitus (defined by fasting glucose ≥ 126 mg/dl, self-reported diabetes, 

self-reported diabetes medication use, or glycated hemoglobin ≥ 6.5%), hypertension 

(defined as systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 

mmHg, or self-reported history of hypertension and/or antihypertensive medication use). 

HIV covariates included CD4+ T-cell count (<200, 200–349, 350–499, ≥500 cells/mm3), 

plasma HIV RNA viral load (undetectable versus detectable) and cumulative tenofovir 

disoproxil fumarate (TDF) exposure. Plasma HIV RNA was classified as undetectable by 

a threshold ranging from 20 to 48 copies/ml. ART use was assessed via self-report and 

was binarized at each visit [29]. Dolutegravir (DTG) reduces tubular secretion of creatinine, 

leading to a reduction in creatinine clearance of 10–15 ml/min [30,31]. No WWH were on 

DGTat the index date but by 2016, the prevalence of DTG use among WWH increased to 

36%. To account for differences in eGFR attributed to DTG use, we created a three-level 

HIV/DTG variable denoted as HIV-negative, HIV-positive/not using DTG at study visit 

and HIV-positive/using DTG at study visit. Rilpivirine and cobicistat also reduce tubular 

secretion of creatinine but their prevalence was much lower compared to DTG and therefore 

they were not included in our models.

Statistical analysis

We compared the characteristics of women by HIV serostatus at the index date using 

chi-square tests for categorical variables and Wilcoxon rank-sum tests for continuous 

variables. Linear regression models using generalized estimating equations (GEE) with 

an independence working correlation were conducted to estimate associations separately 

between each substance exposure (marijuana, tobacco, and alcohol) and eGFR. [32,33] 

Models were employed using two approaches: (1) fitting the most recent exposure and 

(2) fitting the 10-year cumulative exposure for marijuana and alcohol use and lifetime use 

for tobacco. When calculating 10-year cumulative substance use exposures, we allowed up 

to six visits to be missing and imputed the values for the missing visits as the mean of 

the nonmissing visits. To account for participants with fewer study visits, we performed 

sensitivity analyses using inverse probability weighting (IPW). Confounders were selected 

a priori based on prior literature and variables with a statistically significant association 

with eGFR in bivariate analyses. We adjusted for age, race/ethnicity, enrollment wave, study 

site, study visit, WIHS study site x visit interaction, education level, diabetes, hypertension, 

HIV serostatus and DTG use. WWH and women without HIV were analyzed together 

since interaction testing between HIV serostatus and each substance exposure were not 

statistically significant. We also performed analyses restricted to WWH which included 

CD4+ T cell count, HIV RNA viral load, and cumulative TDF use. Significance was defined 

as P ≤ 0.05. Analyses were performed using SAS version 9.4, SAS Institute Inc. Cary, North 

Carolina, USA.
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Results

Baseline participant characteristics

The final analysis included 1512 participants; 1043 WWH with 14 481 study visits and 469 

women without HIV with 6660 study visits. Table 1 shows the characteristics at the index 

visit. WWH were significantly older [46 years (IQR 41–52) versus 42 years (IQR 35–50), P 
< 0.0001], more likely to have health insurance (95% versus 84%, P < 0.0001), have lower 

body mass index [BMI: 28.3 kg/m2 (IQR 23.9–33.8) versus 30.7 kg/m2 (IQR 26.0–36.9), 

P < 0.0001] and have lower eGFR (99.8 ml/min per 1.73 m2 (IQR 80.9–114.0) versus 

102.7 ml/min per 1.73 m2 (IQR 88.4–116.2), P = 0.003) compared to women without HIV. 

No significant differences in income, education level, diabetes or hypertension prevalence 

were observed. Among WWH, 86% had a CD4+ cell count ≥200 cells/μl, 54% had an 

undetectable HIV viral load, and 60% were receiving TDF.

At the index visit, the prevalence of current marijuana use was significantly lower among 

WWH compared to women without HIV (14 versus 22%, P < 0.0001), and 10-year 

cumulative marijuana use was significantly lower in WWH compared to women without 

HIV (P < 0.0001). The prevalence of current tobacco use was lower among WWH compared 

to women without HIV (40 versus 46%, P = 0.06). More WWH reported no alcohol use 

in the past six months (61 versus 50%, P < 0.001) than women without HIV, and 10-year 

cumulative alcohol use was also lower in WWH compared to women without HIV (P < 

0.0001). At the index date, we observed a high prevalence of use of multiple substances. 

Among participants, 26.1% reported current marijuana, tobacco and alcohol use, 18.1% 

reported current alcohol and tobacco use, 8.3% reported current marijuana and tobacco use 

and 3.1% reported current marijuana and alcohol use (Fig. 1).

Association of cumulative marijuana, tobacco and alcohol use with eGFR

Between 2009 and 2019, participants with cumulative marijuana use of >1.6 marijuana-

years had a 2.31 ml/min per 1.73 m2 lower eGFR (95% CI −4.87, 0.24, P = 0.08) compared 

to those with cumulative use of 0–0.02 marijuana-years (Table 2). Participants with 

cumulative marijuana use of >0.02 – 1.6 marijuana-years had a 3.61 ml/min per 1.73 m2 

lower eGFR (95% CI −5.97, −1.24, P = 0.002) compared to those with 0–0.02 marijuana-

years. There was no statistically significant difference in eGFR among participants with 1 – 

10 pack-years or more than 10 pack-years of lifetime tobacco use compared to never users. 

Participants with cumulative alcohol use of >0.07 – 4.27 drink-years had a 2.26 ml/min per 

1.73 m2 (95% CI 0.33, 4.20, P = 0.02) higher eGFR compared to those with cumulative 

use of 0–0.7 drink-years. Those with cumulative alcohol use of >4.27 drink-years also had a 

2.85 ml/min per 1.73 m2 (95% CI 0.55, 5.15, P = 0.02) higher eGFR compared to those with 

cumulative use of 0–0.7 drink-years. Associations of cumulative marijuana, tobacco and 

alcohol use with eGFR were similar in analyses restricted to WWH and in our sensitivity 

analysis (Table S1, Supplemental Digital Content, http://links.lww.com/QAD/C907).
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Association of current marijuana, tobacco and alcohol use with estimated glomerular 
filtration rate

WIHS participants with marijuana use of 1–14 days per month had a 3.34 ml/min per 1.73 

m2 (95% CI −6.63, −0.06, P = 0.05) lower eGFR compared to those with use of 0 days per 

month (Table 3). Those reporting more than 14 days of marijuana use per month had 2.72 

ml/min per 1.73 m2 (95% CI −6.10, 0.65, P = 0.11) lower eGFR compared to those with 

0 use per month but this was not statistically significant. We did not observe a statistically 

significant difference in eGFR between former and current tobacco users compared to never 

users. Participants with heavy alcohol use of more than 7 drinks per week had a 5.41 

ml/min per 1.73 m2 (95% CI 2.34, 8.48, P = 0.0006) higher eGFR compared to 0 drinks 

per week. Those with moderate alcohol use of 1–7 drinks per week had a 2.01 ml/min 

per 1.73 m2 (95% CI −0.09, 4.10, P = 0.06) higher eGFR compared to 0 drinks per week. 

Associations for current marijuana, tobacco and alcohol use with eGFR were similar in 

analyses restricted to WWH and in our sensitivity analysis (Table S2, Supplemental Digital 

Content, http://links.lww.com/QAD/C907).

Discussion

In this well characterized, prospectively followed, and geographically diverse cohort of 

WWH and women without HIV in the United States, we observed differential associations 

between marijuana, tobacco and alcohol use with eGFR. Although current and cumulative 

marijuana use were both independently associated with lower eGFR, this association did 

not reach statistical significance in the highest category of use. Neither current nor lifetime 

tobacco use were independently associated with eGFR. Greater current and cumulative 

alcohol use were independently associated with higher eGFR. To our knowledge, this is the 

first study to characterize the association of current and cumulative use of these substances 

with kidney function among a large cohort of WWH and women without HIV. Although 

prior studies have reported a higher prevalence of substance use among PWH compared 

to persons without HIV, we found that women without HIV had a higher prevalence of 

marijuana and alcohol use and a trend toward higher tobacco use compared to WWH. 

A national sample evaluating patterns of substance use reported 1.7-fold higher lifetime 

marijuana use and 3-fold higher current marijuana use among PWH compared to persons 

without HIV [34]. Women without HIV in WIHS are recruited based on socio-behavioral 

characteristics associated with risk for HIV, which may explain why we did not observe 

a higher prevalence of substance use among WWH [26]. Baseline differences in health 

insurance status may also explain the higher prevalence of substance use among women 

without HIV compared to WWH. Lack of health insurance represents a barrier to treatment 

for substance use and prior studies have indicated that uninsured persons have a higher 

prevalence of substance use and dependence [35,36].

Our finding that marijuana use was associated with lower eGFR is contradictory to studies 

in non-HIV populations which have not identified an association of marijuana use with 

adverse kidney outcomes. A cohort of 647 middle-aged, hypertensive men followed from 

1977 to 1999 reported two-fold higher risk of mild kidney function decline associated with 

marijuana use but this was not statistically significant [37]. The Coronary Artery Risk 
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Development in Young Adults Study evaluated cumulative marijuana use from 1985 to 2010 

among 3765 adults 18–30 years of age and did not observe a longitudinal association of 

marijuana use with eGFR or albuminuria [18]. However, marijuana use was ascertained 

every 5 years in this study compared to semi-annual assessment in WIHS. Current and 

cumulative marijuana use were not associated with CKD progression in 3939 participants 

with eGFR 20–70 ml/min per 1.73 m2 followed from 2003 to 2008 in the Chronic Renal 

Insufficiency Cohort Study [38]. Though we observed an association between current and 

cumulative marijuana use with lower eGFR among WWH and women without HIV, this 

association was only observed with moderate use, not the highest category of marijuana use, 

so we cannot rule out a type 1 error and residual confounding. However, the trend toward 

lower eGFR in those with highest use suggests that marijuana adversely affects kidney 

function.

One potential explanation for our findings that we considered is increasing marijuana 

potency over time. From 1995 to 2014, the Drug Enforcement Association analyzed more 

than 36 000 samples of marijuana and found that over 20 years there was a three-fold 

increase in the potency of marijuana and more than five-fold increase in the THC/CBD ratio 

[19]. Changes in marijuana potency were most pronounced after 2010, a time period after 

prior studies that investigated the association between marijuana use and kidney function. 

Although our study identified a negative association between marijuana use and eGFR 

between 2009 and 2019, a time period inclusive of use of higher potency THC, we did 

not observe a dose dependent effect, making it less likely that recent increases in THC 

concentrations explain our findings. Marijuana use has been associated with epigenetic 

changes linked to accelerated aging and may contribute to premature onset of age-related 

comorbidities [39]. Our data suggest that marijuana use is negatively associated with kidney 

function in WWH and women without HIV. This finding warrants further investigation, 

including potential pathophysiologic mechanisms, reproducibility in other populations and 

determining if there is an association with CKD and longitudinal changes in eGFR over 

time.

In the general population, tobacco use has been independently associated with lower eGFR, 

albuminuria and incident CKD [10,11,40,41]. A previous study of >400 hospitalized PWH 

demonstrated that smoking was independently associated with CKD and a dose–response 

relationship between packs smoked per day and CKD [41]. However, in our study, we 

did not observe an independent association between current or lifetime tobacco use and 

lower eGFR in adjusted models. After adjusting for age, the association between tobacco 

use and lower eGFR was completely attenuated, suggesting that age explains any potential 

differences.

We observed an incremental, graded association between current alcohol use and eGFR with 

an independent association between heavy alcohol use and higher eGFR and a trend toward 

higher eGFR with mild-moderate alcohol use. Multiple population-based cohort studies 

have demonstrated that alcohol consumption is inversely associated with incident CKD and 

end-stage kidney disease (ESKD) [12,13,40,42]. An analysis of more than 65 000 Chinese 

men showed that alcohol use of less than 21 drinks/week and more than 21 drinks/week 

compared to no use were both associated with a lower risk of ESKD [42]. Another analysis 
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of more than 9000 middle aged Japanese men demonstrated alcohol intake of 4–7 drinks/

week was associated with a lower risk of incident CKD [12]. Though alcohol consumption 

appears to have protective effects on the kidney, this has been questioned since people that 

abstain from alcohol may do so due to worse health, a hypothesis that we were unable to 

evaluate fully in this study. Potential protective effects of alcohol use on the kidney may 

be mediated by increases in high-density lipoprotein and decreases in platelet aggregation, 

resulting in lower risk of atherosclerosis and a reduction in cardiovascular disease [43–46].

Our study has several strengths. WIHS uses standardized questionnaires across sites, which 

minimizes misclassification bias. Semi-annual updated substance exposures were captured, 

which allowed us to determine the association of time-updated and cumulative substance 

use with eGFR. Substance use was also quantified which allowed us to determine if there 

was a dose dependent relationship with GFR. However, our study also has several important 

limitations. First, substance use was self-reported and obtained via structured interviews 

which could have resulted in social desirability bias. Third, we were unable to consider 

changes in potency of marijuana used over time, which may have had differential effects 

on the kidney. However, the association of current marijuana use with eGFR was evaluated 

between 2009 and 2019, a contemporary time frame in which THC content has been 

reported to be significantly higher. Fourth, data on lifetime marijuana and alcohol use 

were not collected. Though there were missing data for 10-year cumulative exposures, our 

findings were qualitatively consistent in a sensitivity analysis using IPW which accounts for 

potential bias of informative drop out by overweighting the available visits to compensate 

for the missing visits in individuals who died or who were lost to follow up. Finally, it is 

possible that substance use was associated with subclinical kidney injury that would have 

been better detected by albuminuria or other urinary biomarkers which were not available in 

most of the WIHS cohort during our study period. Future studies are needed to determine 

the association of marijuana use with other biomarkers of kidney function, including cystatin 

C and urinary biomarkers of glomerular and tubular kidney injury such as urine albumin-

creatinine ratio and kidney-injury molecule 1, respectively.

Conclusion

Among a large diverse cohort of WWH and women without HIV in the United States, 

alcohol use was associated with a higher eGFR and marijuana use was associated with a 

lower eGFR. Future studies should investigate the association between marijuana use and 

adverse kidney outcomes in PWH. Despite the lack of a negative association between eGFR 

and tobacco or alcohol use, given their association with adverse health outcomes, routine 

clinical care should include substance use screening and counseling that addresses potential 

health risks associated with substance use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Baseline prevalence of marijuana, tobacco and alcohol use among 1512 women living with 
and without HIV.
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