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Abstract

Background: While substance use is known to influence cardiovascular health, most prior
studies only consider one substance at a time. We examined associations between the concurrent
use of multiple substances and left ventricular mass index (LVMI) in unhoused and unstably
housed women.
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Methods: Between 2016 and 2019, we conducted a cohort study of unstably housed women in

which measurements included an interview, serum/urine collection, vital sign assessment, and a

single transthoracic echocardiogram at baseline. We evaluated independent associations between
39 separate substances confirmed through toxicology and echocardiography-confirmed LVMI.

Results: The study included 194 participants with a median age of 53.5 years and a high
proportion of women of color (72.6%). Toxicology-confirmed substance use included: 69.1%
nicotine, 56.2% cocaine, 28.9% methamphetamines, 28.9% alcohol, 23.2% opioid analgesics, and
9.8% opioids with catecholaminergic effects. In adjusted analysis, cocaine was independently
associated with higher LVMI (Adjusted linear effect: 18%; 95% CI 9.9, 26.6). Associations with
other substances did not reach levels of significance and did not significantly interact with cocaine.

Conclusion: In a population of vulnerable women where the use of multiple substances is
common, cocaine stands out as having particularly detrimental influences on cardiac structure.
Blood pressure did not attenuate the association appreciably, suggesting direct effects of cocaine
on LVMI. Routinely evaluating stimulant use as a chronic risk factor during risk assessment and
preventive clinical care planning may reduce end organ damage, particularly in highly vulnerable
women.

Keywords

polysubstance use; stimulant use; women’s health; cardiac remodeling; homeless; unhoused and
unstably housed

Background

In 2021 stimulant overdose deaths hit record highs across the country and exceeded 93
000.12 This follows trends of increased hospital readmission rates among people with
cocaine, amphetamine or opioid disorders, and increased mortality among emergency
department patients who use cocaine with alcohol and/or cannabis.3# Use and consequences
of use have traditionally been disproportionately high in certain vulnerable populations
compared to the general population; however, contributing factors are often unclear, which
makes risk assessment unreliable.

While acute toxicity is a known contributor to death in vulnerable populations, influences
from co-occurring conditions are rarely considered. This is important because pre-existing
cardiovascular conditions are common but often undetected among people who use
stimulants.> Similarly, “silent” cardiovascular disease (CVD) frequently goes undiagnosed
until an individual presents to an emergency department with an acute event.” Research
acknowledging polysubstance use in high-risk individuals, could facilitate better risk
assessment.

Cocaine use has been associated with cardiac events including myocardial infarction and
sudden cardiac death,82 and conditions known to precede them such as left ventricular

mass index (LVMI),1011 a measure of cardiac structure that independently predicts adverse
cardiovascular events.12-15 Notably, these studies do not account for other substances, which
is salient given rising trends of overdose death associated with polysubstance use.16-19
Furthermore, it has become clear that current CVD risk scores, often derived from study
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populations composed mostly of men, do not accurately predict CVD risk in women20

and that non-traditional risk factors are more common in women.2! Despite known sex
differences in CVD risk factors, left ventricular (LV) remodeling, and a higher risk of death
associated with LV hypertrophy in women, much of the existing evidence comes from
predominantly male study populations.22-24 Sex-specific research that leads to sex-specific
risk assessment models may improve risk prediction, particularly in women.22

Our previous work showed that cocaine use is significantly associated with high-sensitivity
cardiac troponin (hsTnl) in hospitalized patients. Similarly, we found that toxicology-
confirmed substance use is associated with higher levels of hsTnl in non-hospitalized,
unstably housed women,18:26 suggesting potential ongoing cardiac injury in chronic users.
The present study extends these findings to investigate structural evidence of end organ
damage by examining the independent effects of stimulants and other substances on LVMI.

Materials and Methods

The present study is based on a cross sectional analysis of data from “Polysubstance Use and
Health Outcomes Evaluation,” a previously described cohort study of unhoused and unstably
housed women in San Francisco.1® Women were sampled from homeless shelters, free

meal programs, single room occupancy hotels, and street encampments.2” Women living
with HIV were also oversampled from the Zuckerberg San Francisco General Hospital HIV
clinic (“Ward 86”) to achieve HIV-related objectives of the parent study. Study participants
completed 6 consecutive monthly study visits conducted between June 2016 and January
2019 and were reimbursed $40 for each interview. All study procedures were approved

by the Institutional Review Board at the University of California, San Francisco (IRB#
14-13868).

Inclusion criteria were female sex at birth; age >17 years; and history of housing instability,
including to sleeping in public, in a homeless shelter, or staying with a series of associates
out of necessity (“couch surfing”).

Study measurements included an interview, serum/urine collection, vital sign assessment,
and a baseline transthoracic echocardiogram. Median time between the baseline study visit
and the baseline echocardiogram was 76.5 days. Baseline data were used in the current
study; blood pressure was averaged across all study visits to reduce bias from a single
transient spike.

LVMI was the primary study outcome. Echocardiography-confirmed LV mass (g) was
calculated by the Devereux and Reichek “cube” formula and indexed to body surface area
(BSA) to obtain the LVMI (g/m?).28 Echocardiograms were read by a single cardiologist
who was blinded to any identifying variables.

Primary exposure variables included 39 separate substances confirmed through urine
toxicology (Table 1).29:30 Assessments were made using qualitative liquid chromatography-
high resolution mass spectrometry (LC-HRMS) on hydrolyzed urine samples. Information-
dependent product ion mass spectra were obtained using a SCIEX 5600 Triple TOF®
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LC_HRMS system. Notably, this methodology cannot distinguish between prescribed or
unprescribed (“illicit”) medications.

Additional exposures included demographic variables; self-reported chronic health
conditions (diabetes, prior myocardial infarction, prior stroke, hepatitis C); serum-confirmed
presence of commonly used pharmaceutical drugs related to cardiovascular health (Table 1);
and additional CVD risk factors including body mass index (BMI), systolic and diastolic
blood pressure, total cholesterol (Cholesterol_2, Siemens ADVIA® Chemistry XPT), HDL
cholesterol (Direct HDL cholesterol, Siemens ADVIA® Chemistry XPT), and calculated
LDL cholesterol (Friedewald equation).

We used linear regression to estimate independent associations in all models where
multiple variables were considered. Specifically, we used linear regression to estimate
associations between substances used and LVVMI, which was log-transformed to meet
normality assumptions. We exclude BMI from the model assessing LVMI because it is
highly correlated with BSA, a component of the formula defining LVMI. We also excluded
blood pressure from the main model because stimulant use increases blood pressure3!

and hypertension drives cardiac remodeling,32 thus making it part of the causal pathway
and consequently not recommended for inclusion in cross-sectional analyses.32 In post-hoc
analysis, hypertension reintroduced into the model as a possible effect modifier.

For all models, we first estimated unadjusted associations with all exposure variables.
Exposure variables that were significant with a ~value <.1 in the unadjusted analysis

were considered for inclusion in the final models, which were selected using backwards
deletion. Variable significance within adjusted models was considered at the £< .05 level.
To delineate the effects of hypertension more clearly, we estimated adjusted effects with and
without hypertension in a post-hoc analysis. All analyses were done using Stata Version 15.0
(Stata Corp., LLC, College Station, TX).

Of 245 women recruited, 194 received a baseline echocardiogram and were included in this
analysis. Baseline characteristics of included participants are detailed in Table 1. The median
age of participants was 53.5 years (interquartile range [IQR]: 46.5-59.5 years), and 72.6%
were women of color. The median BMI was 27.8 kg/m? (IQR 23-34.5 kg/m?). Median
average systolic and diastolic blood pressures were 130 mmHg (IQR 116-142 mmHg) and
86 mmHg (IQR 78.5-93.5 mmHg) respectively, and 82% of participants met criteria for
hypertension based on at least 2 blood pressure readings greater than 130/80 mmHg during
the study period.34 One-third (32%) of participants tested positive for HIV antibody. Self-
reported chronic health conditions included diabetes (12.4%), prior myocardial infarction
(9.3%), prior stroke (12.4%), and hepatitis C (31.4%).

Toxicology-confirmed substances and metabolites included nicotine (69.1%); cotinine
(68.0%); cocaine (56.2%); cannabis (50.0%); methamphetamine (28.9%); alcohol (28.9%);
opioid analgesics (23.2%); cocaethylene, a metabolite formed during the co-use of cocaine
and alcohol (18.0%); heroin (2.1%); and fentanyl (1.5%). Toxicological analysis also
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identified several pharmaceutical drugs including methadone (20.6%), benzodiazepines
(8.8%), beta blockers (6.2%), calcium channel blockers (4.1%), and other antihypertensives
(3.6%).

Median LVMI was 86.8 g/m2 (IQR 72.9-100 g/m?2) with 34.4% of the study population
meeting criteria for LV hypertrophy (LVMI > 95 g/m?) (Table 1).3% Table 2 shows
independent associations between study factors and L\VVMI. Here, effect size represents the
percent difference in log L\VMI associated with the presence of each exposure variable.
Adjusting for other significant variables, including menopause, prior myocardial infarction,
and the presence of antihypertensive medications and tenofovir, cocaine was associated
with an 18.0% higher log LVMI (Table 2, Model 2; 18.0%, 95% CI 9.9, 26.6, P<

.01). Associations did not reach levels of significance for other substances, diabetes, prior
myocardial infarction, HIV, or hepatitis C (Table 2). Cocaine effects did not interact
significantly with other substances.

Adding hypertension to the final model slightly reduced cocaine’s magnitude of effect, but it
was still associated with a significant 15% difference (Table 2, Model 3; 15.3%, 95% CI 7.7,
23.4, P< .01).

Conclusion

In this population of unhoused and unstably housed women with high rates of polysubstance
use, one-third had abnormal LVMI suggestive of hypertrophy, which is 12% to 16% higher
than women of a similar age range from the general population.3¢ Cocaine was the only
substance independently associated with LVVMI, even after adjusting for age and blood
pressure. These findings are consistent with our prior work showing strong associations
between cocaine and cardiac injury.18:26 In combination they are significant because both
increased troponin and LV structural abnormalities have known prognostic implications

for cardiovascular morbidity and mortality.12-14 Routine assessment of cocaine in safety

net patients and unstably housed women may improve CVD risk assessment in these
populations.

Building on previous studies implicating cocaine in wide ranging adverse cardiovascular
events, our study confirms that cocaine is also associated with increased LVMI, a

chronic marker of cardiovascular remodeling and antecedent of cardiovascular morbidity
and mortality.13-14 Results presented here are also consistent with prior work which
highlighted the centrality of cocaine in cardiac injury as evidenced by hsTnl.18 Taken
together, the existing evidence indicates that cocaine is associated with conditions preceding
cardiovascular morbidity and mortality, suggesting opportunities for prevention. This is
notable because prior studies have found that risk management is linked to reversal of LVMI
over time.15

Prior studies have also described gender differences in LV response to chronic pressure
overload in scenarios like chronic hypertension or aortic stenosis.3”-38 Notably, female
sex was independently associated with LV hypertrophy, early myocardial scarring, and
less regression of LV hypertrophy after treatment compared to men. Given cocaine’s
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known associations with increased blood pressure and aortic stiffness, chronic cocaine use
may lead to physiologically similar states of chronic pressure overload. In our study, the
outsized impact of cocaine on L\VMI may suggest further exacerbation by these sex-specific
differences in LV response to pressure overload. Further longitudinal studies are needed,
especially in light of calls for sex-specific research.20:25

The finding that cocaine is especially detrimental to cardiovascular health compared with
other substances is consistent with prior research showing that, among people using cocaine
or heroin, those using cocaine have a higher likelihood of LV hypertrophy.3? Similarly,
compared to opioid-related emergency department presentations, those related to cocaine
more often require interventions for acute cardiopulmonary complications.*0 Moreover,
cocaine deaths are more likely than methamphetamine/amphetamine deaths to involve
significant contributing cardiac conditions.® Future studies focused on mechanisms of action
and potential mediation by patterns of substance use could help further elucidate the
disproportionate effects of cocaine on cardiovascular outcomes.

Data presented here suggest that cocaine has an outsized impact on LVMI, even compared to
traditional risk factors like hypertension or tobacco use. However, while traditional medical
education and current risk assessment tools often include tobacco use, they rarely include
other substances. Our results suggest that tobacco use and other commonly assessed risk
factors may not perform as well as cocaine in women who use multiple substances. For
frontline clinicians caring for this uniquely vulnerable population with limited time per
patient, these results suggest that an emphasis on stimulant use for risk stratification and
CVD prevention may be appropriate.

Our study has several potential limitations. The relatively small sample size limits power,
and outcome measurement at a single time point does not allow the assessment of

change in LV mass. In addition, the sample population is a subgroup that experiences

high levels of stress and other unmeasured risks, which could limit the generalizability

of our findings. The intentional oversampling of women living with HIV may also limit
generalizability; however, HIV was not associated with LVMI in this study suggesting that
these effects were minimal. Our toxicology testing methodology also cannot distinguish
between the prescribed versus unprescribed use of drugs like amphetamines, cannabis, and
fentanyl, though this does not change the echocardiographic associations presented here.
Furthermore, explicit diagnosis of substance use disorder was not performed, which limits
the understanding of chronicity of substance use in this population. Finally, inclusion of men
in future studies will help to assess applicability of these findings to men. Study strengths
include a community-based sample of polysubstance-using women, toxicology confirmation
of multiple substances, and echocardiographic confirmation of cardiac structure.

Among a diverse population of unstably housed women where the use of multiple
substances is common, cocaine use is strongly associated with higher LVMI. Our findings
suggest the centrality of stimulant use to the cardiac health of unstably housed women.
Routinely evaluating stimulant use alongside traditional CVD risk factors during primary
care visits and considering them as potential chronic cardiovascular risk factors in preventive
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clinical care plans, may improve patients’ cardiovascular health, particularly in highly
vulnerable women.
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Baseline Patient Characteristics.

Table 1.

Characteristics Median (IQR) or N (%)
Age 53.5 (46.5-59.5)
Race

White 53 (27.3)

Black/AA 76 (39.2)

Latina 28 (14.4)

Multiracial 21(10.8)

Other 16 (8.2)
Post-menopausal? 124 (64.2)

Body Mass Index (BMI) (kg/m?)
Average systolic blood pressure (mmHg)
Average diastolic blood pressure (mmHg)
Hypertension (=130/80 mmHg)

LDL cholesterol (mg/dL)

HDL cholesterol (mg/dL)

Diabetes?

Prior M9

Prior stroke?

Hep cb

HIve

Cocaine®€
Cocaethylened
Levamisole?
Methamphetamined
Heroin®f
Fentanyld

Opioid analgesicsd'g
Alcohol 4/
Cannabis®/
Nicotine?
Cotinine?
Promethazine/
Methadone/
Buprenorphinef
Naloxone/

Benzodiazapinesﬁk

Subst Abus. Author manuscript; available in PMC 2024 October 13.

86 (78.5-93.5)
130 (116-142)
86 (78.5-93.5)
159 (82.0)
93 (76.5-118)
60 (47-73)
24 (12.4)
18 (9.3)

24 (12.4)
61 (31.4)
62 (32)
109 (56.2)
35 (18.0)
73 (37.6)
56 (28.9)
4(2.1)
3(L5)

45 (23.2)
56 (28.9)
97 (50)
134 (69.1)
132 (68)
4(2.1)

40 (20.6)
0(0)
0(0)

17 (8.8)
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Characteristics

Median (IQR) or N (%)

Beta blockers//

Calcium channel blockers/ /7
Other antihypertensive agentsﬁ”
Statins/0

Isosorbide Mononitrate/
Acetaminophen/

Lidocaine/

Tenofovir/

Emtricitabine/

Darunavit/

Raltegravirj

Dolutegravirj

LVMI (g/m?)

12 (6.2)
8 (4.1)
7(3.6)
0(0)
0(0)
51 (26.3)
32 (16.5)
9(4.6)
21(10.8)
6(3.1)
1(0.5)
26 (13.4)
86.8 (72.9-100)

a . .
>1 year since last menstrual period;

b .
Self reported history;

c -
Immunoassay positive result;

dToxicoIogy confirmed,;

e . . . .
Cocaine, Benzoylecgonine, Ecgonine methyl ester or Norcocaine;

f6-MonoacetyImorphine, Heroin;

gMorphine, Codeine, Hydrocodone, Hydromorphone, Dihydrocodeine, Morphine Glucuronide, Codeine Glucuronide, Oxycodone or

Oxymorphone;

hDetermined by Ethyl Glucuronide;

ITetrahydrocannabinoI (THC) ~COOH and THC-COOH glucuronide;

/Drug level confirmed;

Page 11

k. . . .
7-Aminoclonazepam, Clonazepam, Diazepam, Lorazepam, Nordiazepam, Temazepam, Oxazepam, Alprazolam, alpha-hycroxyalprazolam,
Flurazepam, 2-Hydroxyethlflurazepam, Desalkylflurazepam, Flunitrazepam, 7-aminoflunitrazepam, N-Desmethylflunitrazepam, Midazolam, 7-

aminontrazepam or Etizolam;

/Metoprolol, Atenolol, Carvedilol, Labetolol;

mAmIodipine, Diltiazem, Verapamil;

n . - .
Clonidine, Lisinopril or Losartan;

o . . . .
Atorvastatin, Pravastatin or Simvastatin.

Subst Abus. Author manuscript; available in PMC 2024 October 13.



Page 12

Ravi et al.

- - - - 89°0 (€'9'8'8-) %9'T- 1 pSIdRUUED
- - - - 180 (96 '5°2-) %L°0 yp1OUOIV
- - - - 60 (26 '0'6-) %E0- Gpsotsebieue proido
- - - - 120 (Ot '€22-) %09 plAueiisd
- - - - 190 (1'22 '8'82-) %8'9- 4ipUI0HRH
- - - - 58°0 (62 '6'8-) %80~ pRultEIRyduEIN
- - - - 100> (522 '0'G) %PET pRIoSIWEAST
- - - - £00 (€2 '2T) %L TT pRudiAuzea03
100> (r'ee ‘L°1) we'ST 100> (992 ‘6'6) %0°8T 100> (822 '€'0T) %L'8T a)pPUlE20d
- - - - 80 (81T 'T'5-) %0'€ oAIH
- - - - A (9¥1 '8'2-) %9'S g0 deH
- - - - 9L'0 (T'S'5'9-) %60~ gions 1ond
00 (€92 '¥°0) %9°ZT 900 (022 ‘'€°0-) %921 600 (922 '6'T-) %6TT gUONDIEI [EIIEO0AL Jold
- - - - 6L°0 (T'%1'9'6-) %9'T gsoREd
- - - - 120 (99 '¥'1-) %92 (Ip/Bu) josayssjoyd JAH
- - - - €20 (9T'e9-) wrz— (p/Bw) jose1s81042 1A
00 (L°ST'2°0) %L'L 100> (00 '5°€) %' TT 10°0> (T€z '€'9) w8'eT plesnedousur-isod
- - - - 100> (9ev 'L'9) %8'€T Jaylo
- - - - 100 (/9T '8'0T-) %0°Z [e1oeinInA
- - - - ¥Z'0 (ST12'L'v-) %9'L eune]
- - - - 100> (9'5Z '€'V) %S T VVpioRlg
N JEX N AUYM
9%ey
- - - - 100> (T°0T 'v'2) %29 (sreak QT Jad) aby
anfeA-d anfeA-d ouosuelledAy aneAd (1D %S6) 19949 Jeaul| paxsnlpeun ;T ppo N S9|qelen 8.nsodx3

d'ouosueIRdAY Yum (10 %56)
10949 Jesul| pesnipe ;g PPON

moyum (1D %S6) 19948
JTeaul| pasnipe 'z ppo

(76T = N) USWOAN pasnoH Ajgeisun pue ssajawioH Ut (;w/B) 1IN pawojsues 1 -607 pue si030eq Apms usamiag SUOIRIN0SSY

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Subst Abus. Author manuscript; available in PMC 2024 October 13.



Page 13

Ravi et al.

‘u1049H _mcE&oE_bmomocoE.w\

{auIed0240N 10 J31s8 |Ayaw auiuohog ‘auluohs|Aozusg dc_mooom

‘pawLIyuo9 ABoJ02IXO0, .rb

‘JInsas annisod >mmm8c:EE_u

:A101s1y papiodal :omQ

‘poriad [enJisuswl 1se| aouls Jeak i<,

- - - - 200 (TV2'6'T) %S2T uoisuapadAH
(FHww

800 (T°0°0'1-) %S'0- - - 100> (6'0'2°0) %90 0T Jad) aunssaud poojq d1joiselp abelony
(BHwWw

100> (0T '%70) %L0 - - 100> (80 '7'0) %90 0T 42d) ainssaid poojq 21]0¥sAs abelany
- - - - 8v°0 (S'L'2¥T-) %6e- wneibaniog

- - . - 0 (8'S€ ‘7€S-) %t 0z- fneibaey

- - - - 88°0 (0'22'5'8T-) %L'T Fneunieq

- - - - 9’0 (0'8'9'ST-) %S - rugaawa

- - 60°0 (1'2'6'92-) %9ET~ €00 (9T~ '£'TE-) %8'LT- F1hojousL

- - - - 100> (z12'6'8) %0'ST RUTE0PI]

- - - - 120 (G'¥T"L'€-) %0’ uydoulurEy
£0°0 1y '12) wo'ee 500 (2'9v '0°0) %6'02 500 (0'05 'z'0-) %v'ze uySusbe snisuspiadAynue 15O
- - - - 220 (598°0°2-) %L'CT w5420 [3uUByd Winfofed

- - - - 60°0 (Ove ‘'€'2-) %bv1 /511010 EIeE

- - - - 0 (12 'v'L-) %09 yfsouidezeipozusg

- - - - o (8T '6'T-) %8'L RUOPEYISN

- - - - eT'0 (9°09 'T°9-) %8'Z2 foUIzERIWON

- - - - 6T0 (VT 'L'2-) %9'S p>UIulod

- - - - 20 (O'vT 'e'e-) %0’ pSUOAIN
anfen-d anfea-d ouosuelRdAY anead (1D %G6) 10948 feaul| paisnipeun T ppo S9|qelfendnsodxg

drouosueLRdAY Yum (19 %56)
199449 seaul] pasn(pe :€ ppo N

noynm (12 %S6) 10940
JTeaul| pawsnipe :z ppo

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Subst Abus. Author manuscript; available in PMC 2024 October 13.



Page 14

Ravi et al.

‘S)SIA ajeledas z uo 0g8/0€T 01 enba Jo uey) Jarealb ainssaid poojq
Se paulyap auljaseq Je uoisuauadAH pue ‘(BHww T Jad) ainssaid poojg a1joiselq ‘(BHww QT Jad) ainssald poojg 91]0ISAS :Sa|qeLIeA JOUNSIP € Se [apoW [euonlippe Siy) ojul paelodiodul sem :o_m:wtw%fm.

‘sisAeue paisnipeun ul T'0> anjeA+/ & YU JuedILIUBIS 819M Jey) Sa]qeLieA ainsodxa WoJ) 199]as 0 Uonajap spaemyaeq Buisn 3jing japow _m.c_u_Q
‘uelreso Jo judoulsi ,w:_c_co_o:

‘Nwedessp ‘wazen|ig .mc_g_vo_E<E

‘|0j0180e ‘|oj1paAIe) ‘|[ojously ‘|ojoidolsin

/

‘wejozn3 Jo wedszenuouiwe-/ ‘wejozepi ‘wedszemunyiAyiswssg-N ‘wedszeniunjourwe-; ‘wedsazeniuni4

‘wedazeinyy|Aesaq ‘wedszein|y|yieAxoipAH-z ‘wedazeln|4 ‘wejozeidjeAxoloAy-eydpe ‘wejozeld)y ‘wedazexQ ‘wedazews] ‘wedszeiploN ‘wedszeio ‘wedszelq ‘wedsazeuold .Em%cho_oo:_E<.¢

‘pawuod [ans) Bniq ,

‘aptuoinan| HOOD-OHL pPue HOOD- (OHL) _oc_%c%oegfgﬁ

‘apiuoinan|o 1Ay Aq _omc_E_Bwn_Q

‘auoydiowAXQ 10 BUOPOIAXQ ‘apIu0ININ|S aUIBPOYD ‘apIuoinan|o aulydiopy ‘BulspodoIpAyYIg ‘BuoydiowolpAH ‘BUOPOICIPAH ‘aulBpoD ,m:_c&o_\,_m

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Subst Abus. Author manuscript; available in PMC 2024 October 13.



	Abstract
	Background
	Materials and Methods
	Results
	Conclusion
	References
	Table 1.
	Table 2.

