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Abstract

BACKGROUND: Cardiovascular disease (CVD) and heart failure (HF) are disproportionately
high in people living with HIV and differ by sex. Few CVD-related studies focus on drug use, yet
it is common in low-income women living with HIVV (WLWH) and increases cardiac dysfunction.

SETTING: We recruited unsheltered and unstably housed WLWH from San Francisco
community venues to participate in a six-month cohort study investigating linkages between drug
use, inflammation, and cardiac dysfunction.

METHODS: Adjusting for CVD risk factors, co-infections, medications, and menopause, we
examined the effects of toxicology-confirmed drug use and inflammation (C-reactive protein,
sCD14, sCD163 and sTNFR2) on levels of NT-proBNP, a biomarker of cardiac stretch and HF.

RESULTS: Among 74 WLWH, the median age was 53 years and 45% were Black. At baseling,
72% of participants had hypertension. Substances used included tobacco (65%), cannabis (53%),
cocaine (49%), methamphetamine (31%), alcohol (28%), and opioids (20%). Factors significantly
associated with NT-proBNP included cannabis use (Adjusted Relative Effect [ARE]: —39.6%) and
STNFR2 (ARE: 65.5%). Adjusting for heart failure and restricting analyses to virally suppressed
persons did not diminish effects appreciably. Cannabis use was not significantly associated with
STNFR2 and did not change the association between sTNFR2 and NT-proBNP.

Corresponding author: Elise Riley, 1001 Potrero Ave., UCSF Mailbox 0874, San Francisco, CA 94143-0874,
Elise.Riley@UCSF.edu.
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CONCLUSIONS: Among polysubstance-using WLWH, NT-proBNP levels signaling cardiac
stretch were positively associated with STNFR2, but 40% lower in people who used cannabis.
Whether results suggest that cardiovascular pathways associated with cannabis use mitigate
cardiac stress and dysfunction independent of inflammation in WLWH who use multiple
substances merits further investigation.

Keywords
HIV; Women; substance use; NT-proBNP; inflammation; STNFR2

1. Introduction

HIV and substance use are both known to increase the risks of cardiac dysfunction and
cardiovascular events common to overdose (e.g., heart attack and stroke), particularly in
some high-risk populations. For example, substance use among unsheltered and unstably
housed women living with, and at risk for, HIV is common (>50% prevalence) (Riley et

al., 2015), and cocaine-related overdose is a common cause of death in this population
(Riley et al., 2013). However, most large-scale HIV studies regarding cardiovascular disease
and cardiac dysfunction do not account for substance use. The extent to which ongoing
substance use contributes to chronic cardiac dysfunction is therefore unknown.

Monitoring NT-proBNP, a biomarker which signals volume overload and cardiac stretch,
provides an opportunity to monitor cardiac dysfunction, improve targeting of individuals
with increased cardiovascular risk, and optimize strategies for primary and secondary
prevention of cardiovascular disease (Campbell, 2008). A better understanding of factors
that are associated with or influence NT-proBNP could contribute to more effective
strategies for improving cardiovascular health (Manzano-Fernandez et al., 2009). Such
improvements are especially important in women, particularly racial/ethinic minority
women, for whom heart failure (HF) is a foremost cardiovascular disorder (Nayak et al.,
2020). The heterogeneity of women with HF has led to recent calls for gender-specific
research to inform care strategies specific to women of all races and ethnicities, many who
are not in consistent care (Carlson et al., 2020).

PLWH have higher NT-proBNP levels than age-matched people living without HIV
(Berg et al., 2007; Secemsky et al., 2015). Consistent with research from the general
population, the higher NT-proBNP levels found in PLWH are associated with cardiovascular
dysfunction (Secemsky et al., 2015), and represent one of several serum biomarkers used
to classify individuals into separate risk categories that predict mortality independent

of cardiac structure and function (Gingo et al., 2015; Scherzer et al., 2018). Research
conducted specifically in women living with HIV (WLWH) confirms that NT-proBNP

is an independent marker of mortality (Gingo et al., 2015). While WLWH have higher
NT-proBNP levels than women living without HIV, the differences have been linked to
non-HIV factors such as kidney disease, anemia and HCV coinfection (Mansoor et al.,
2009), reflecting the contributions of comorbidities to cardiac volume regulation in the
setting of HIV infection (Mansoor et al., 2009). Given that PLWH are at higher risk for
non-AlIDS co-morbidities and shorter life expectancy than those without HIV, even in the
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modern era of effective antiretroviral therapy (Antiretroviral Therapy Cohort, 2008), the
conditions contributing to these risks, such as substance use, and their association with
potential pathways signaled by NT-proBNP, warrant attention.

Cardiac risks among PLWH are due to multiple factors outside of substance use, paramount
among them being inflammation, which persists during effective antiretroviral treatment
(Hsue et al.). For example, research shows associations between markers of general
inflammation, such as C-reactive protein (CRP), and cardiovascular outcomes (Gilotra and
Geraci, 2017). In addition, higher sCD163 (a biomarker of innate monocyte/macrophage
activation) and sTNFR2 (a biomarker of inflammatory TNF-signaling) levels are among

the strongest predictors of myocardial infarction in antiretroviral therapy (ART)-suppressed
PLWH (Tenorio et al., 2014). Furthermore, sCD14 is related to risk of incident HF in

older adults (Al-Kindi et al., 2020), and in association with stimulant use, predicts mortality
in treated HIV infection (Carrico et al., 2018; Hunt et al., 2014; Sandler et al., 2011).

A more nuanced treatment of human studies examining the associations of substance use
with markers of immune activation and inflammation in HIV is needed (Slawek et al.,
2021). The simultaneous consideration of inflammatory factors alongside substance use
could provide a more accurate understanding of how each influences cardiac dysfunction.
We therefore determined associations of substance use and markers of inflammation with
NT-proBNP levels in unsheltered and unstably housed WLWH, as well as the extent to
which alterations in immune activation and inflammation mediate associations between
significantly influential substances and NT-proBNP levels.

Material and Methods

2.1. Study design

Polysubstance Use and Health Outcomes Evaluation (PULSE) is a prospective study of
unsheltered and unstably housed women living in San Francisco. Between June 2016 and
January 2019, study participants made monthly visits for six consecutive months to examine
the influences of substance use on markers of cardiac dysfunction, including NT-proBNP.
Two-hundred forty-five women (172 HIV- and 77 HIV+) were recruited from homeless
shelters, free meal programs, low-income single room occupancy (SRO) residential hotels),
street encampments, the Zuckerberg San Francisco General Hospital HIV clinic (“Ward
86"), and from provider and participant referrals. The current analysis was restricted to
WLWH who had available biomarker data (n=74).

Inclusion criteria were female sex at birth, age = 18 years and a history of housing instability
(i.e., slept in public or a homeless shelter, or stayed with a series of associates because

there was no other place to sleep [“couch-surfed”]). HIV antibody testing was conducted

at screening. All study procedures reported here were approved by the Institutional Review
Board at the University of California, San Francisco (IRB Study #14-13868).

2.2. Data Collection

Participants completed confidential study visits consisting of an interview, blood draw,
urine collection and vital sign assessment. Measures were assessed at all visits with the
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exception of inflammatory biomarkers, which were only assessed at two of the six study
visits. Data for the current study were therefore restricted to the two study visits where all
measures were available. Given that substances and combinations of substances used change
over time, we included information from both visits to increase heterogeneity in substance
exposure. Questionnaires and study procedures were pilot tested to ensure appropriateness
for the target population.

2.3. Dependent Outcome Measures

2.4,

We used serum samples from two study visits per participant to evaluate the level of NT-
proBNP (Roche NT-proBNP; cutoff for HF in a non-acute setting for individuals younger
than 75 years >125 pg/mL) (Farnsworth et al., 2018).

Independent Exposure Measures

The primary exposure assessed was toxicology-confirmed substance use (Table 1). We
tested for the presence of substances as well as pharmaceutical drugs in hydrolyzed urine
samples using a qualitative liquid chromatography-high resolution mass spectrometry (LC-
HRMS) method. Data acquisition and generation of mass spectra took place using an
SCIEX 5600 TripleTOF® LC-HRMS system. Data were acquired using HRMS full scan
mode with information-dependent acquisition of HRMS product ion spectra, which were
searched against a mass spectral library for positive identification of each substance. The
methodology has proven sensitive and specific for the detection of these compounds in urine
(Thoren et al., 2016), using standardized detection limits for each analyte (Thoren et al.,
2016). To increase cannabis test sensitivity, we conducted separate urine THC screening,
which uses a liquid chromatography tandem mass spectrometry (LC-MS/MS) method to
detect THC-COOH (>0.5 ng/mL) and THC-COOH-glucuronide (2.5 ng/mL) (Benowitz
etal., 2019a). Additional substance and pharmaceutical drug metabolites included the
following: cocaine, cocaethylene, amphetamine, methamphetamine, heroin, additional
opioids, fentanyl, methadone, buprenorphine, naloxone, lidocaine, benzodiazepines, cotinine
(>10 pg/ml, a marker of smoking (Benowitz et al., 2019b), ethyl glucuronide (a marker

for alcohol), beta blockers, calcium channel blockers, diuretics, nitrates, antihypertensive
agents, statins, vasodilators, antithrombotic agents and acetaminophen (Table 1).

Additional exposures from the same two study visits included age, race, ethnicity,
menopausal status (>12 months since last menstrual period), estradiol (Enhanced Estradiol
Assay: eE2, Siemens ADVIA® Centaur XP), chronic health conditions, CVD risk factors
and inflammatory markers. Chronic health conditions included HIV antibody status, as
well as self-reported conditions including hepatitis C infection, diabetes, prior myocardial
infarction and prior stroke. Additional CVD risk factors were measured in a standardized
fashion, including body mass index (BMI), calculated as weight in kilograms and height
as meters squared (kg/m?), systolic blood pressure and diastolic blood pressure. We
assessed blood pressure according to a standardized protocol, with participants sitting
upright and both feet planted on the floor after a five-minute period of rest and silence.

An Omron™ wrist blood pressure monitor was used for obese participants based on
research staff discretion, and an Omron™ upper arm blood pressure monitor was used

for all other participants. Inflammatory markers included high sensitivity C-reactive protein
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(CardioPhase™ High-Sensitivity CRP, Siemens ADVIA® Chemistry XPT). In addition,
STNFR2, sCD163 and sCD14 were selected as a panel of inflammatory biomarkers due

to their associations with cardiac dysfunction and/or substance use (Al-Kindi et al., 2020;
Carrico et al., 2018; Hunt et al., 2014; Sandler et al., 2011; Tenorio et al., 2014). All three
analytes have relatively low within-subject-variability, supporting their utility in studies with
modest sample sizes. Plasma levels of sSCD14, sCD163, and sSTNFR2 were all assessed in
duplicate using commercial ELISA kits (all R&D Systems). The coefficients of variation for
all ELISAs were <5% and measures were log-transformed for analysis to meet assumptions
of normality.

2.5. Analysis

We used linear mixed models to estimate unadjusted and adjusted associations between
exposure measures and log-transformed NT-proBNP from two study visits per participant.
Beginning with the subset of exposures associated at p<0.1 with NT-proBNP in unadjusted
analysis, we used backwards deletion to select final models. In a final step, we added
markers of HIV inflammation, allowing for a crude assessment of potential mediation. To
avoid potential confounding by recent heart failure, we adjusted estimates among individuals
with available electronic health record data for heart failure noted at any point during the
study, or up to two years prior. To assess influences from substance use without potential
residual confounding by viral load, we also conducted a sensitivity analysis in which only
virally suppressed persons were included. All analyses were done using Stata Version 15.0
(Stata Corp., College Station, TX).

3. Results

The sample population included 74 out of 77 (96%) PULSE participants living with

HIV who had available biomarker data. Among participants with biomarker data, 60 had
available data from two study visits, while the remaining 14 had available data from

one study visit, resulting in 134 observations. The median participant age was 53 years
(range: 25.5-68; IQR: 41-59) and 73% were racial or ethnic minority women (Table 2).
Median BMI was 28.8, which is regarded as “overweight” (Sahakyan et al., 2015), 12% of
participants reported a previous diabetes diagnosis, and 46% reported hepatitis C infection.
Two-thirds (66%) of study participants were virally suppressed. Prior physician-diagnosed
MI and stroke were self-reported by 8% and 11% of participants, respectively. At baseline,
72% had blood pressures that met criteria for hypertension (i.e., systolic >120 mm Hg or
diastolic>80 mm Hg) (Table 2).

The prevalence of toxicology-confirmed substances at any study visit included cotinine/
nicotine (65%); cannabis (53%); cocaine (49%); methamphetamine (31%); alcohol (28%);
non-heroin opioids (20%); cocaethylene (16%); and heroin (3%) (Table 2). Seventy-seven
percent of participants had evidence of more than one substance (polysubstance use) at one
or more study visits (Table 3). Toxicology-confirmed use of CVD-related pharmaceutical
drugs was rare (1.4% hypertensive agents, 4.1% calcium channel blockers, 10.8% beta
blockers and 0% statins) (Table 2).
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Median levels of inflammatory markers included sCD14 (Median=3.44 ng/ml; IQR=2.93,
3.93), sCD163 (Median=168 ng/ml; IQR=1.2, 2.39) and sSTNFR2 (Median=1.21 pg/ml;
IQR: 0.84-1.75). Inflammatory markers were not highly correlated (Pearson’s Correlation <
0.56 for each permutation).

NT-proBNP

At baseline, the median level of NT-proBNP was 78.8 pg/mL (IQR: 38.1, 158). A level

of NT-proBNP exceeding 125 pg/mL (the cutoff for HF for individuals younger than 75
years in a non-acute setting (Farnsworth et al., 2018)) was observed in 33 participants

(45%) during at least one of the two study visits. Table 4 shows that, after adjusting for

other significant variables, including age and race/ehtnicity, cannabis was the only substance
significantly associated with NT-proBNP. NT-proBNP levels were 40% lower among women
who were toxicology positive for cannabis (Adjusted Relative Effect: —39.6%; 95% CI:
-56.1%, —17.0%). In addition, effects from combinations of drugs that included cannabis
were largely similar to effects from cannabis only (data not shown), and the overall
heterogeneity of variables for all models including drug combinations was significant.

Each inflammatory marker was positively associated with NT-proBNP in unadjusted
analysis, though only sCD14 (Adjusted Relative Effect per standard deviation [SD]: 33.3%;
95% ClI: 10.2%, 61.2%) and sSTNFR2 (Adjusted Relative Effect per SD: 59.8%; 95% CI:
33.0%, 92.1%) reached levels of significance. Adjusting for age, race/ethnicity and cannabis
use, a similar level of association was maintained for each inflammatory marker. When
adjusted estimates included age, race/ethnicity, cannabis use and all inflammatory markers
simultaneously, STNFR2 effects were maintained; however, sSCD14 was no longer significant
and sCD163 effects reversed direction (Adjusted Relative Effect per SD: —20.9%; 95% CI:
-34.9%, —4.0%).

Analyses restricted to virally suppressed individuals (n=54) were not appreciably different,
though the magnitude of association between STNFR2 and NT-proBNP doubled (data not
shown).

Analyses restricted to individuals with available electronic health record data (n=55)
showed a similar cannabis effect (Adjusted Relative Effect: —40.3%; 95% CI: —59.2%,
-12.7%), which changed to a limited degree after adjusting for heart failure, but was

still statistically significant (Adjusted Relative Effect: —34.7; 95% CI: —=56.7%, —1.7%).
Likewise, associations were significant when analyses were restricted to virally suppressed
individuals with electronic health record data (n=51), even after adjusting for each
inflammatory marker (data not shown). The exception was that the cannabis effect
diminished substantially when all inflammatory markers were included in the same model
and that model was restricted to virally suppressed people with electronic health records, at
which point the magnitude of effect for cannabis was reduced to —19.5% (95% CI: —43.8%,
15.4%).
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4. Discussion

In this community-recruited sample of unsheltered and unstably housed WLWH, almost
80% used multiple substances and 45% had NT-proBNP levels above the normal range for
non-acute settings over a six-month study period. This finding confirms unsheltered and
unstably housed WLWH as a group at especially high risk for cardiac dysfunction. Among
19 substances and pharmaceutical drugs tested, cannabis was the only one significantly,

and negatively, associated with NT-proBNP level. Effects from drug combinations including
cannabis were similar to cannabis only and overall heterogeneity of models assessing drug
combinations were significant, reinforcing the idea that the effect from each individual
substance was distinct, and the effect from cannabis was in fact due to cannabis rather

than a combined effect. In addition, HIV viral load and hepatitis C co-infection were not
significantly associated with NT-proBNP levels. Likewise, several CVD risk factors (e.g.,
prior M, prior stroke, diabetes, cotinine and alcohol) did not reach levels of significance

in this sample population. Prior research suggests that cannabis contributes to an anti-
inflammatory profile in people living without HIV (e.g., lower systemic TNF-a in cannabis
users)(Ribeiro et al., 2021), as well as in people living with HIV (Costiniuk and Jenabian,
2019) (e.g., lower levels of monocyte activation [CD14++CD16+] in people living with
HIV) (Castro et al., 2019; Manuzak et al., 2018; Rizzo et al., 2018). However, the combined
use of cannabis and cocaine lead to an increased proinflammatory status (Ribeiro et al.,
2021). Here we found no evidence of potential mediation of cannabis effects on NT-proBNP
by inflammatory markers including sTNFR2, indicating independent contributions by each.
Our findings suggest that, in high-risk polysubstance-using WLWH, markers of cardiac
stretch are higher in those with higher levels of STNFR2 and lower in people who use
cannabis. While further research is needed to confirm these findings from a single, modest-
sized sample, results suggest that mechanisms of cardiac stretch may be influenced by
protective effects of cannabis use independent of STNFR2 in WLWH who use substances.

While some studies report associations between cannabis use and acute coronary syndromes
(Richards et al., 2019), recent reviews point to large prospective studies that have failed to
show significant associations between cannabis use and cardiovascular events, concluding
that the relationship is still unclear (Alfulaij et al., 2018; Ghosh and Naderi, 2019).

Results presented here contribute prospective evidence to this ongoing dialog in finding
that, among polysubstance-using WLWH, the toxicology-confirmed presence of cannabis

is negatively associated with a biomarker of cardiac stretch. Possible mechanisms and
pathways are unclear, but deserve consideration. Some prior studies suggest that cannabis
has beneficial health effects, including among PLWH (Bredt et al., 2002; Manuzak et al.,
2018); however, the relationship is complicated. For example, cannabis activation of the
endocannabinoid receptor 1 (CB1R) can lead to adverse cardiovascular effects through a
variety of mechanisms (e.g., endothelial dysfunction, cell death, tissue injury, oxidative
stress, smooth muscle proliferation)(Pacher et al., 2018), whereas activation of CB,;R
(expressed primarily in immune cells) exerts anti-inflammatory effects (Pacher et al., 2018).
The association we observed between cannabis use and lower NT-proBNP levels did not
appear to be explained by lower levels of inflammatory markers, suggesting that factors
independent of TNF-a signaling may account for this inverse association. However, it is
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possible that cannabis was influencing inflammatory markers other than those studied here.
Complicating these relationships is the potential effect modification by the concentration
of A9-tetrahydrocannabinol (THC) found in cannabis, which may have an atheroprotective
effect at low doses (Steffens et al., 2005). However, dramatic increases in the THC content
of available cannabis over the past decade have complicated the assessment of its impact
(Pacher et al., 2018). Future studies that not only qualitatively assess the presence of

each drug, but quantitatively assesses drug concentration, may provide a more complete
understanding of these initial associations. Another potential mechanism linking cannabis
with lower levels of NT-proBNP is weight gain from increased appetite, which could lead
to higher neprilysin breakdown of NT-proBNP (Packer, 2018); however, BMI was not
significant here, suggesting that this is not a significant contributing factor.

While the inflammatory marker hsCRP is predictive of HF in the general population (Anand
et al., 2005), we did not find an association between hsCRP and NT-proBNP levels in our
study of WLWH. Since CRP is synthesized in the liver and both HIV and viral hepatitis
are often associated with hepatic synthetic dysfunction, CRP may be less reflective of

the inflammatory state in HIV and less predictive of cardiovascular outcomes than in the
general population.(Reingold et al., 2008; Ronit et al., 2018) Nevertheless, we found that the
inflammatory marker sSTNFR2, which is increased in treated HIV infection and strongly
predicts cardiovascular events and mortality in this setting,(Tenorio et al., 2014) was
strongly and independently associated with higher NT-proBNP levels. Interestingly, higher
sCD163 levels, which have been associated with vascular inflammation (Subramanian et
al., 2012) and subsequent myocardial infarction in some but not all prior studies (Hoenigl
et al., 2019; Knudsen et al., 2013), were associated with paradoxically lower NT-proBNP
levels in our study. While this association was no longer significant after restricting to
ART-suppressed participants (and hence was not as robust an association as STNFR2),

this was a surprising finding without an obvious explanation. SCD163 is associated with
M2 macrophage activation in tissues, which is associated with the fibrotic responses often
observed in HF, and higher plasma sCD163 has been linked to HF with preserved ejection
fraction in a prior study of individuals without HIV (Glezeva et al., 2015). Why we found
the opposite association in a sample of WLWH is unclear, and needs to be confirmed in
future studies. Nevertheless, an important clue may be that we only revealed a negative
correlation between sCD163 and NT-proBNP after simultaneously adjusting for STNFR2
levels; in unadjusted analyses, we found no evidence for a negative correlation. One
potential explanation for this phenomenon is that CD163-expressing “M2” macrophages
may be induced in response to inflammation (and hence are associated with STNFR2), but
they often secrete IL-10, which can decrease inflammation (Crayne et al., 2019). Thus,
adjusting for the degree of inflammation (i.e., STNFR2), might unmask anti-inflammatory
properties associated with sSCD163.

Consistent with a recent study by Al-Kindi et al., which found a significant association
between sCD14 and HF in adults over age 65 (Al-Kindi et al., 2020), we found a significant
association between sCD14 and NT-proBNP; however, we observed that the association
was no longer significant after adjusting for STNFR2.The Health ABC Study did not find

a significant association between sTNFR2 level and incident HF among adults in their 70s
(average age=74 years), but did document significant associations between sTNFR1 and HF.
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Whether differences between this study and the ABC study are due, at least in part, to the 20
year age difference between sample populations, the difference in the proportion of female,
unsheltered or minority study participants, or the difference in STNFR2 measurement
(because cytokine receptors are known to be more stable and longer lasting in circulation
than cytokines themselves) is unknown. Moreover, whether the difference can be explained
by the fact that the ABC Study was not composed of participants living with HIV is unclear.
It is plausible that the contributions of inflammatory responses to cardiac dysfunction are
qualitatively different in individuals living with an immune deficiency syndrome.

Analyses reported here suggest no significant association between NT-proBNP and viral
load, which is similar to reports by the Women’s Interagency HIV Study (WIHS) (Mansoor
et al., 2009). However, our results are dissimilar in that the WIHS observed strong
associations between NT-proBNP and chronic hepatitis C infection, but but we did not

find an association between NT-proBNP and self-reported hepatitis C infection. While we
adjusted for prior hepatitis C treatment, we did not have data on sustained virologic response
(SVR). It is unclear whether differences in results between studies can be accounted for by
such measurement differences, the absence of kidney function in our model, the absence

of substance use in the WIHS models, or general differences in the study populations.
Compared to the WIHS, participants from the current study were older (53 vs. 42), more
likely to smoke tobacco (65% vs. 48%), have Stage 2 hypertension (40% vs. 27%) and more
likely to have HCV infection (46% vs. 26%). Regardless of the specific differences between
methodologies and data, both studies confirm that among ART-treated women, NT-proBNP
levels are not discernably related to HIV disease severity, but rather to non-HIV factors.

Our study has several potential limitations. First, results may not be generalizable to men
since NT-proBNP concentrations differ by sex (Leosdottir et al., 2011). Second, the number
of comparisons made was large and the sample was modest. Third, while the number of
factors considered was substantial, it did not include serum creatinine or hemoglobin due

to the absence of available data. Future studies with larger and more diverse populations,
which include these measurements, will help elucidate the initial findings reported here.
Fourth, as is true in every study, it is possible that unmeasured factors are confounding
results. For example, we did not find significant associations between NT-proBNP and
several socioeconomic factors (income, education, insurance status); however, it is possible
that people who use cannabis may have other resources associated with better cardiac health.
Fifth, findings reported here are from a small sample. Replicating results in larger cohorts
will increase the evidence-base and ensure reliability of findings. However, while additional
studies will address issues of generalizability, it will be important to consider the possibility
that results may not be generalizable to all WLWH, but rather to other popualtions of people
who use substances and higher-risk individuals. This possibility could have implications for
targeted interventions or adaptations to risk assessment tools in very high-risk populations
like this, rather than all WLWH.

Study strengths include a community-based sample of polysubstance-using women, over
70% of whom were women of color. Our community-based sampling allowed us to
reduce the bias of only including people seeking care, which would result in a sample
with clinically apparent conditions and those with access to health care. In addition, the
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all-women sample allowed for the estimation of women-specific results, and the longitudinal
nature of the study allowed for data collection at multiple time points. Lastly, we not only
included a comprehensive list of substances, as well as commonly prescribed pharmaceutical
drugs, but each was confirmed by mass spectrometry.

5. Conclusion

NT-proBNP levels signaling cardiac stretch are positively associated with sSTNFR2, but 40%
lower in WLHW who use cannabis. Cardiovascular pathways associated with cannabis use
may mitigate cardiac stress and dysfunction in WLWH, particularly those with high levels
of substance and polysubstance use. Whether this protective effect is generalizable to other
WLWH, and the conditions in which it is more likely, merit further investigation.
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Highlights
. Cannabis use is negatively associated with NT-proBNP in women living with
HIV
. The cannabis effect is retained after adjusting for viral suppression and heart
failure

. STNFR2 is positively associated with NT-proBNP in women living with HIV

. Cannabis use is not significantly associated with STNFR2 in women living
with HIV
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Substances Assessed

Table 1.

Page 15

Drug or Drug Class

Individual Drugs and Drug Metabolites

Nicotine

Cotinine, Nicotine

Alcohol

Ethyl Glucuronide

Cannabis (THC)

Tetrahydrocannabinol (THC), THC-COOH and THC-COOH glucuronide

Cocaine

Benzoylecgonine, Cocaine, Ecgonine methyl ester, Norcocaine

Cocaethylene

Levamisole

Amphetamines

Methamphetamine, methamphetamine, MDMA

Heroin 6-Monoacetylmorphine, Heroin

Fentanyl Fentanyl, Norfentanyl

Opioids 6D-_Monoacety_lmorphine, H(_eroin, Mo_rphine, Codeine, Hydrocodone, Hydromorphone,
ihydrocodeine, Glucuronide, Codeine Glucuronide, Oxycodone, Oxymorphone

Methadone Methadone, EDDP

Opioid antagonist

Buprenorphine, Norbuprenorphine

Naloxone

Naloxone

Benzodiazepines

Clonazepam, Diazepam, Lorazepam, Nordiazepam, Temazepam, Oxazepam, Alprazolam
alpha-hycroxyalprazolam, Flurazepam, 2-Hydroxyethlflurazepam, Desalkylflurazepam,
Flunitrazepam, 7-aminto fluflunitrazepam, N-Desmethylflunitrazepam, Midazolam,
7aminotrazepam, Etizolam

Beta Blockers

Metoprolol, Atenolol, Carvedilol, Labetalol

Calcium Channel Blockers

Amlodipine, Diltiazem, Verapamil

Antiarrhythmic

Lidocaine

Diuretic

Furosemide, Hydrochlorothiazide

Other Antihypertensive Agents

Clonidine, Lisinopril, Losartan

Statins Atorvastatin, Pravastatin, Simvastatin
phosphodiesterase-5 inhibitors (Vasodilator) | Sildenafil
Anticoagulant Coumadin

Nitrate

Isosorbide mononitrate

Analgesic

Acetaminophen
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