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Abstract

Background—While cocaine use is an established risk factor for acute cardiovascular 

complications, associations between cocaine use and markers of cardiac injury outside of acute 

hospital presentation remain poorly characterized. We leveraged advances in cardiac troponin 

(cTnI) testing to assess low but clinically meaningful levels of cardiac injury among cocaine users 

and non-users.

Methods—We conducted a case control study comparing cTnI levels by the presence of cocaine 

among patients presenting for non-cardiac care in an urban safety net hospital. Samples were 
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chosen sequentially among those for which urine drug screens were ordered by providers hospital-

wide.

Results—During 2015, 14% of all hospital drug screens ordered were cocaine-positive. Among 

unique persons providing cocaine-positive (N=100) and cocaine-negative (N=100) samples, 37% 

were female, 45% were African-American and the median age was 51. Detectable cTnI (>0.02 

ng/mL) was observed in 21 samples (11%). It was more common in subjects using cocaine 

(Adjusted OR=2.81; 95% CI=1.03–7.65), but not other drugs. Moreover, there was a significant 

correlation between concentrations of cTnI and the cocaine metabolite, benzoylecgonine 

(Spearman Correlation=0.34, p<0.01).

Conclusions—Among urban safety net hospital patients, 11% had detectable cTnI, and cTnI 

concentration was significantly correlated with benzoylecgonine concentration. While these 

preliminary results require additional confirmation, they suggest the potential utility of considering 

cocaine use as more than just an episodic exposure leading to acute cardiac events. The 

consideration of cocaine use as an ongoing chronic exposure leading to subclinical cardiac injury 

may improve risk-stratification and patient outcomes in populations where cocaine use is high.

Keywords
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1.0 INTRODUCTION

Cocaine use leads to 64,000 acute health care visits in the US annually (Maraj et al., 2010), 

and with a 42% increase in the total number of cocaine-related deaths between 2001 and 

2014, it resulted in 5,415 deaths in 2015 alone (National Institutes of Health, (2015). We 

recently reported a 3% annual mortality rate among homeless and unstably housed adult 

women living in San Francisco, California (Riley et al., 2013), which is roughly 10 times 

higher than women of the same age range (ages 45–54) in the general US population (Xu et 

al., 2010). While rates of co-morbidity were high in this cohort, existing health conditions 

did not account for the disproportionately high level of mortality. Instead, the most common 

cause of death was acute intoxication in which cocaine was detected at autopsy. This 

increase in mortality follows a national trend as deaths due to illegal drug use have increased 

across the US over the past decade (Miech et al., 2013).

As cocaine is a highly addictive substance, its use is highly prevalent, frequent and sustained 

over years in some populations, which leads to substantial health risks (Marasco et al., 2014; 

Spronk et al., 2013; Wolf, 2010). Specifically, the prevalence of crack cocaine use is 

approximately 50–60% among impoverished women (Riley et al., 2015; Torchalla et al., 

2011). Between 30% and 40% of all cocaine users from communities with a high prevalence 

of poverty report daily use (Hayashi et al., 2016; Kuo et al., 2014), and the median number 

of years used among active cocaine users is as high as nine (Parker and Anthony, 2014). In 

addition, less than 50% of users from low-income communities have ever been in treatment 

(Booth et al., 2014).
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According to the San Francisco Medical Examiner, at least one-third of cocaine-related 

deaths among San Francisco residents are directly linked to a cardiovascular event (CA 

Electronic Death Record System, data extracted 8/15/2012), which is consistent with 

existing research (Maraj et al., 2010; Phillips et al., 2009). Cocaine is a known risk factor for 

cardiovascular dysfunction (Grund et al., 2010; Lange and Hillis, 2001), and has been linked 

to a variety of complications, including thrombus formation (Stenberg et al., 1989), 

enhanced platelet activation (Kugelmass et al., 1993; Rezkalla et al., 1993; Rinder et al., 

1994), premature atherosclerosis (Kolodgie et al., 1991), endothelial dysfunction (Gan et al., 

1999), hypertrophy (Brickner et al., 1991) and aortic dissection (Hsue et al., 2002). It also 

exacerbates the effects of other drugs to increase cardiac complications (Tacker et al., 2006; 

Tacker and Okorodudu, 2004). Life-threatening arrhythmias and sudden death caused by 

arrhythmia related to cocaine use occur with and without cardiac risk factors (Hollander et 

al., 1994; Hollander et al., 1997; Hsue et al., 2007; Lange and Hillis, 2001; Minor et al., 

1991).

Advances in biomarker testing are creating new opportunities to improve existing knowledge 

regarding cardiac risks, particularly subclinical conditions. Newer tests with higher levels of 

sensitivity are expanding the use of cardiac troponins I (cTnI) and T (cTnT), which are 

current gold standard biomarkers for detecting myocardial infarction (MI), to now detect 

lower levels of cardiac injury. These advances have led to the establishment of a dose-

response association between troponin concentration and degree of cardiac damage (Wu, 

1999). Lower concentrations of troponin can now be used to risk-stratify patients suspected 

of suffering an acute coronary syndrome (Apple and Collinson, 2012; Karras and Kane, 

2001), and predict clinical outcomes including death among cardiac surgery patients and 

those with suspected acute MI (Hochholzer et al., 2011; Lurati Buse et al., 2009). The use of 

higher-sensitivity assays has led to the understanding that patients with detectable values far 

below the traditional 99th percentile cutoff, required for the diagnosis of an MI, are at 

increased risk for morbidity (Zethelius et al., 2006) and mortality (Jaffe, 2006; Waxman et 

al., 2006). Moreover, cTnI predicts clinical outcomes including death and a first coronary 

heart disease (CHD) event in individuals free from cardiovascular disease at baseline, 

indicating the importance of subclinical cardiac damage in the development of CHD and 

mortality (Zethelius et al., 2006).

More recently, the use of higher-sensitivity troponin has been tested, not only among 

hospitalized persons or patients receiving cardiac care, but also in the general population. 

Population-based cohort studies across the United States and Europe report that troponin is a 

predictor of cardiovascular events (McKie et al., 2014; Zeller et al., 2014), as well as all-

cause mortality among individuals aged 30–65 (de Lemos et al., 2010). The addition of 

troponin to variables of established risk models improves prediction of cardiovascular death 

and cardiovascular disease in the general population (Blankenberg et al., 2010; Neumann et 

al., 2014), even in individuals free of cardiovascular disease at baseline (Blankenberg et al., 

2016).

While prior work has used cardiovascular magnetic resonance (CMR) examination to 

indicate a high prevalence of cardiac damage in asymptomatic cocaine users (Aquaro et al., 

2011), simpler and lower-cost methods of identifying cardiac injury, such as measuring 
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peripheral cardiac troponin, have received little attention. Given that higher sensitivity 

troponin is now recognized as a strong predictor of future cardiac events in the general 

population, significant associations between cocaine and troponin could be used, not only 

for the treatment of existing cardiac conditions, but for prevention efforts to deter serious 

future dysfunction. Few studies have compared troponin concentrations by cocaine use 

outside of acute MI, and those that have, found no significant difference (Epelde et al., 2000; 

Hollander et al., 1998). However, previous studies evaluating this association are limited by 

small sample sizes and older, less sensitive troponin assays. Further work in this area has the 

potential to influence risk assessment and risk stratification in populations that include a 

high proportion of cocaine users.

To test the hypotheses that cocaine use is associated with detectable concentrations of cTnI, 

and higher concentrations of cocaine are correlated with higher levels of troponin, we 

conducted a case-control study among patients using both inpatient and outpatient health 

care, but not currently receiving care for cardiac complications, at an urban safety net 

hospital.

2.0 MATERIAL AND METHODS

We conducted cTnI testing among remnant serum from patients receiving lab services in 

health care units throughout San Francisco General Hospital. During two six-week periods 

occurring from June 1st, 2015 through July 9th, 2015 and December 14th, 2015 through 

January 25th, 2016, specimens were sequentially obtained among those for which urine drug 

testing was ordered by a health care provider and accompanied by a serum sample. Drug 

screens throughout all hospital units, including inpatient and outpatient settings, were 

processed by a single lab, thus specimens for the current study came from patients 

presenting for care hospital-wide.

To isolate the effect of cocaine, we restricted samples to those negative for amphetamines. 

This was done to minimize synergistic effects from commonly used stimulants other than 

cocaine, which are often difficult to analyze and understand in small cross-sectional studies. 

Given that effects from depressants oppose those of stimulants, and would therefore not 

likely have synergistic effects with cocaine, depressants were considered as potential 

confounders and no restrictions on depressant use were imposed during recruitment. The 

first 100 specimens to test positive for cocaine and/or the cocaine metabolite, 

benzoylecgonine (cocaine/benzoylecgonine), and negative for amphetamines, were 

considered cases; the first 100 specimens to test negative for cocaine, benzoylecgonine and 

amphetamines were considered controls. Samples were de-identified and linked to patient 

age, race and gender. Based on medical chart review of sequential eligible specimens, 

patients receiving care for cardiac complications were excluded, and only the first sample 

provided by any patient was included. Serum samples were batch tested for cTnI after all 

case and control specimens were collected. The study was considered to have minimal risk 

to human subjects as data were limited to de-identified retrospective medical records and 

testing of existing biological specimens. The study protocol was approved by the 

Institutional Review Board at the University of California, San Francisco, USA.
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The primary outcome of the study was cardiac injury measured as cardiac troponin I (cTnI) 

(Siemens Healthcare Diagnostics, Inc.) >0.02 ng/mL. Measurements were conducted with 

Siemens ADVIA Centaur TnI Ultra®, a contemporary three-site sandwich immunoassay 

using direct chemiluminometric technology. Exposure covariates included age, race and 

gender, each obtained from the electronic medical record, as well as drug use (cocaine, 

benzoylecgonine, benzodiazepine, methadone, opiates, and oxycodone), which was directly 

measured by standard competitive immunoassays. Cocaine and benzoylecgonine 

concentrations were measured using a clinically validated liquid chromatography tandem 

mass spectrometry method. Due to direct effects of cocaine on heart, kidney and renal 

function (Gitman and Singhal, 2004; Grund et al., 2010; Hoefsloot et al., 2009; Jaffe and 

Kimmel, 2006; Lange and Hillis, 2001; Nzerue et al., 2000; Volcy et al., 2000), placing them 

in the causal pathway between cocaine use and cardiac injury, we did not adjust for these 

conditions in this case control study as doing so would violate analytic assumptions of 

independence among covariates.

We used proportional odds models to assess the association of each drug exposure with an 

ordinal measure of troponin concentration, categorized as low (≤0.02 ng/mL), intermediate 

(>0.02–0.04 ng/mL), and high (>0.04 ng/mL). In addition, we used Fisher’s exact test to 

assess the associations with a dichotomous indicator or troponin levels >0.02 ng/mL. Log-

transformation was used to account for skewed data when comparing drug and troponin 

concentrations as continuous variables. Comparisons were accomplished with Kruskal-

Wallis tests and analyses were conducted in Stata Version 14.1 (Stata Corp, College Station, 

TX). Given that this is one of the first studies to consider associations between illegal drug 

use and troponin, we used more inclusive methods advised by Rothman and did not adjust 

for multiple comparisons (Rothman, 1990).

3. 0 RESULTS

Cumulative records showed an average of 1,307 drug screens ordered monthly by San 

Francisco General Hospital providers during 2015, 14% of which were cocaine/

benzoylecgonine-positive. During the study period, 100 case and 100 control specimens 

were obtained. Specimens came from a variety of hospital clinics and departments, the most 

common being emergency medicine (46%), general medicine primary care (31%), inpatient 

locations (12%), HIV primary care (5%) and psychiatry (4%). The final sample consisted of 

specimens from 200 individuals, of whom 71 (36%) were female, 47 (24%) were Latino/a, 

and 90 (45%) were African-American (Table 1). The median patient age was 51 years (Inter-

Quartile Rage: 37–59). Comparing cases and controls, a higher proportion of cases were 

African-American and a lower proportion were Caucasian (p<0.01).

Cardiac, kidney and renal dysfunction, as well as associated conditions, are directly affected 

by cocaine and therefore in the causal pathway between cocaine and cardiac dysfunction. 

For this reason, these conditions were not included in this cross sectional adjusted analysis; 

however, their description provides context for understanding results presented below. Based 

on medical chart review of these conditions, no significant differences (p>0.05) were 

observed between cases and controls regarding median concentrations (mg/dL) of sodium 

(141 vs. 140), potassium (4.2 vs. 4.1), calcium (9.0 v.s 9.1), chloride (106 vs. 106), carbon 
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dioxide (28 vs. 28) and blood urea nitrogen (14 vs. 15). Conversely, median creatinine 

concentration was significantly higher in cases compared to controls (0.94 vs. 0.81, p<0.01), 

and glucose concentration was significantly lower (92 mg/dL vs. 100 mg/dL, p=0.04).

All controls were toxicology negative for cocaine and amphetamines, but almost half (47%) 

tested positive for at least one other drug. A higher proportion of cases tested positive for 

methadone (p=0.05), as well as multiple drugs (polydrug use) (p<0.01) (Table 1).

Among all patient samples, 21 (11%) were positive for detectable troponin. Intermediate 

troponin levels (0.02–0.04 ng/mL) were observed among 8 individuals (4%) and high 

troponin levels (>0.04 ng/mL), representing the 99th percentile and thus high enough to 

diagnose MI, among 13 (7%). Tests for detectable troponin levels exceeding 0.02 ng/mL and 

tests for trend in greater concentrations of troponin were non-significant for all drugs except 

cocaine/benzoylecgonine. The presence of cocaine/benzoylecgonine was significantly 

associated with both detectable troponin (>0.02 ng/mL) (p=0.04) and higher concentrations 

of troponin (p for trend=0.04) (Table 2).

The proportion of persons with detectable troponin among polydrug users was not 

significantly different from the proportion among those who tested positive for one drug 

only. In addition, there were no significant pairwise interactions between drugs. The only 

significant effect modification found by age, race or sex was a sex effect on the presence of 

benzodiazepines. Specifically, detectable troponin levels were significantly higher among 

persons negative for benzodiazepines, but this effect only approached statistical significance 

for men (p=.048). Adjusting for the interaction between male sex and benzodiazepine use 

resulted in a negligible increase in the association between the presence of cocaine and 

detectable troponin (Adjusted ORcocaine =2.81; 95% CI=1.03–7.65).

Among cocaine-users only, the log-transformed concentration of cocaine by itself (i.e., 

without benzoylecgonine) was not significantly correlated with the log-transformed 

concentration of troponin (Spearman Correlation=0.06, .5% change per SD [95% CI=

−31.3% to 46.9%, p=0.98]; Figure 1). However, the concentration of benzoylecgonine by 

itself was (Spearman Correlation=0.34, 108% change per SD [95% CI=46.7% to 194.9%, 

p<0.01]; Figure 2).

4.0 DISCUSSION

In this modest sample of urban safety net hospital patients, 11% were observed to have 

detectable troponin, indicating cardiac injury and elevated risk for cardiac complications. 

Moreover, no patient was currently being seen for cardiac care, suggesting high levels of 

subclinical cardiac damage. Given that 14% of approximately 15,600 drug screens ordered 

by hospital providers in 2015 were positive for cocaine, results presented here suggest that 

subclinical cardiac injury, which is known to predict cardiovascular events and all-cause 

mortality in the general population (Blankenberg et al., 2016; Blankenberg et al., 2010; de 

Lemos et al., 2010; McKie et al., 2014; Neumann et al., 2014; Zeller et al., 2014), may be 

pertinent for a substantial portion of patients receiving care at urban safety net hospitals.

Riley et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Detectable troponin was significantly associated with cocaine/benzoylecgonine (Tables 1; 

Table 2). In addition, the concentration of benzoylecgonine was positively correlated with 

the concentration of troponin (Figure 2), while the concentration of cocaine without 

benzoylecgonine did not reach a level of significance (Figure 1), which is consistent with the 

shorter half-life of cocaine compared to benzoylecgonine. Given the previously established 

dose-response association between troponin concentration and degree of cardiac damage 

(Wu, 1999), and prior associations between cocaine use and severe cardiac conditions, as 

well as acute cardiac events (Hollander et al., 1994; Hollander et al., 1997; Hsue et al., 2007; 

Lange and Hillis, 2001; Minor et al., 1991), these results reinforce the importance of 

subclinical cardiac injury caused by cocaine. In particular, they highlight the potential utility 

of contemporary troponin testing to use detectable cTnI as a prevention-screening tool in 

cardiac risk assessment for populations with high proportions of cocaine users.

Outside of reports addressing acute MI, this is the first study of which we are aware to report 

significantly higher troponin concentrations in cocaine-using patients compared to patients 

who do not use cocaine. Two prior studies included patients evaluated for chest pain without 

acute MI and did not find significant differences in troponin by cocaine use (Epelde et al., 

2000; Hollander et al., 1998). Potential reasons for non-significant findings in prior studies 

include smaller sample sizes (<100 patients), which limited statistical power, and older, less 

sensitive troponin assays. In addition, while we were not able to evaluate duration of drug 

use, a higher proportion of safety net hospital patients included in the current study may 

have been chronic cocaine users compared to previous studies, with more time to develop 

subclinical cardiovascular disease. Combined with previous reports showing that frequent 

cocaine use is highly prevalent and sustained over years in some populations (Hayashi et al., 

2016; Kuo et al., 2014; Parker and Anthony, 2014; Riley et al., 2015; Torchalla et al., 2011), 

results presented here suggest the importance of considering cocaine use not only as an 

episodic phenomenon leading to acute health events, but also as a chronic condition leading 

to subclinical cardiac injury.

Large studies, such as the Framingham Heart Study (Pencina et al., 2009), have established 

assessment tools for predicting cardiovascular disease, which have been incorporated into 

national guidelines for assessing cardiovascular risk (Goff et al., 2014). Risk assessment 

tools include age, race, sex, total cholesterol, high-density lipoprotein (HDL) cholesterol, 

systolic blood pressure, diastolic blood pressure, treatment for high blood pressure, diabetes, 

smoking, and a prior heart attack or stroke. Drug use, cocaine use in particular, is not 

commonly considered in standard risk assessment tools. Although further research is 

needed, these findings suggest that evaluating for cocaine use may improve the sensitivity of 

cardiovascular risk assessment, particularly in hospitals and clinics caring for populations 

with high proportions of cocaine-using patients.

Results presented here should be considered in the context of several limitations. First, 

remnant biological specimens were obtained from patients whose health care provider 

ordered a drug test and accompanied the order with a serum sample. Such orders suggest a 

priori concern of drug influences, which may have overrepresented higher-risk patients 

among those analyzed as negative for cocaine (controls). However, this limitation would 

have biased results toward the null, indicating that the association between cocaine and 
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cardiac injury is at least as strong as that reported here. Also, as information was abstracted 

from medical records, we did not have consistent data on duration of cocaine use or other 

cardiac risk factors such as smoking status and family history of heart disease. In addition, 

while the sample was larger than prior studies considering associations between cocaine and 

troponin (Epelde et al., 2000; Hollander et al., 1998), it was still relatively small, providing 

only limited statistical power to detect significant associations between troponin and drugs 

other than cocaine. For example, all individuals but one who were positive for methadone 

had a non-detectable troponin concentration, which may suggest a role for future larger 

studies in examining a potentially protective effect from methadone. In addition, due to 

direct effects of cocaine on heart, kidney and renal function (Gitman and Singhal, 2004; 

Grund et al., 2010; Hoefsloot et al., 2009; Jaffe and Kimmel, 2006; Lange and Hillis, 2001; 

Nzerue et al., 2000; Volcy et al., 2000), placing them in the causal pathway between cocaine 

use and cardiac injury, we did not adjust for these conditions in this case control analysis. 

Descriptive analyses confirmed higher concentrations of creatinine in cases compared to 

controls, suggesting mediation of cocaine’s effects on troponin by creatinine. Future 

longitudinal studies will be able to more accurately quantify cocaine’s direct and indirect 

effects on cardiac injury. Finally, to isolate the effect of cocaine, and rule out the possibility 

of misattributing synergistic effects from other commonly used stimulants to cocaine, we 

restricted samples to those negative for amphetamines. In addition, we did not test for 

additional lesser-used stimulants, thus results presented here cannot confirm whether 

multiple stimulant intake has differential or combined effects on cardiac troponin 

concentration. Larger prospective studies are needed to clearly delineate independent and 

possibly interactive effects from all stimulants. In addition, the consideration of additional 

drug byproducts known to have negative health consequences (e.g., cocaethylene, which 

results from the use of cocaine and alcohol) will help to more clearly delineate independent 

effects of cocaine on cardiac injury.

5.0 CONCLUSION

The association of cocaine/benzoylecgonine-positivity with elevated troponin, and the 

positive correlation between benzoylecgonine and troponin concentration in patients not 

seeking cardiac care, suggest that cocaine use results in subclinical cardiac injury, which is 

known to predict future cardiac events in the general population. While these preliminary 

results require additional confirmation, they suggest that the consideration of cocaine use as 

not just an episodic exposure leading to acute cardiac events, but also as an ongoing chronic 

exposure leading to subclinical cardiac injury, may improve cardiac risk-stratification and 

patient outcomes.
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Highlights

• We determined associations between cocaine use and cardiac injury

• Detectable cardiac troponin (cTnI) was higher in cocaine-positive subjects

• Detectable cTnI was not higher in subjects positive for other drugs

• Considering cocaine use as a chronic exposure may improve cardiac risk 

stratification
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Figure 1. 
Correlation between concentrations of cocaine and troponin among patients using a non-

cardiology urban safety net hospital clinics between 6/1/15–7/9/15 and 12/14/15–1/25/16 

(N=100)
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Figure 2. 
Correlation between concentrations of the cocaine metabolite, benzoylecgonine and troponin 

among patients using a non-cardiology urban safety net hospital clinics between 6/1/15–

7/9/15 and 12/14/15–1/25/16 (N=100)
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Table 1

Characteristics of urban safety net hospital patients using non-cardiology clinics between 6/1/15–7/9/15 and 

12/14/15–1/25/16 (N=200)

Total (N=200)
N (%)

Cases (n=100)
n (%)

Controls (n=100)
n (%)

p-value*

Age Median=51 (IQR: 37–59) Median=52 (IQR:40–57) Median=51 (IQR: 33–60) 0.82

Female sex 71 (36%) 36 (36%) 35 (35%) 1.00

Race/Ethnicity

 Caucasian 51 (26%) 13 (13%) 38 (38%) <0.01*

 Asian/Pacific Islander 9 (4%) 3 (3%) 6 (6%) 0.31

 African American 90 (45%) 62 (62%) 28 (28%) <0.01*

 Latino/a 47 (24%) 19 (19%) 28 (28%) 0.14

 Other 3 (1%) 3 (3%) 0 0.16

Toxicology results

  Cocaine/Benzoylecgonine (+) 100 (50%) 100 (100%) 0 (0%) --

  Amphetamine (+) 0 0 0 --

  Benzodiazapine (+) 50 (25%) 25 (25%) 25 (25%) 1.00

  Methadone (+) 24 (12%) 17 (17%) 7 (7%) 0.05*

  Opiates (+) 58 (29%) 32 (32%) 26 (26%) 0.44

   Oxycodone (+)** 29 (15%) 12 (12%) 17 (17%) 0.42

Number of drugs indicated by toxicology

  0 53 (27%) 0 53 (53%) --

  1 65 (32%) 40 (40%) 25 (25%) 0.02*

  >1 82 (41%) 60 (60%) 22 (22%) <0.01*

*
p<0.05

**
Persons who were positive for Oxycodone were a subset of persons positive for opiates

--Included in sampling criteria
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Table 2

Troponin level by presence of drug type among patients using a non-cardiology urban safety net hospital 

clinics between 6/1/15–7/9/15 and 12/14/15–1/25/16 (N=200)

Troponin Level (ng/mL) p-value

<0.02
n (row%)

0.02–0.04
n (row%)

>0.04
n (row%)

Cocaine/Benzoylecgonine (+)   84 (85) 6 (6)   9 (9) ptrend=0.04*

ptroponin>0.02=0.04*(−)   94 (94) 2 (2)   4 (4)

Amphetamine (+) 0 0 0 ptrend= --
ptroponin>0.02= --

(−) 178 (89) 8 (4) 13 (7)

Benzodiazapine (+)   45 (90) 2 (4)   3 (6) ptrend=0.89
ptroponin>0.02=0.89

(−) 134 (89) 6 (4) 10 (7)

Methadone (+)   23 (96) 1 (4) 0 ptrend=0.28
ptroponin>0.02=0.30

(−) 156 (89) 7 (4) 13 (7)

Opiates (+)   53 (91) 2 (4)   3 (5) ptrend=0.58
ptroponin>0.02=0.58

(−) 126 (89) 6 (4) 10 (7)

Oxycodone** (+)   27 (93) 0   2 (7) ptrend=0.53
ptroponin>0.02=0.50

(−) 152 (89) 8 (5) 11 (6)

# drugs detected ptrend=0.63

*
p<0.05

**
Persons who were positive for Oxycodone were a subset of persons positive for opiat
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