
Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

     e1J Clin Psychiatry 83:1, January/February 2022

Focus on Childhood and Adolescent Mental Health

Positive Urine Drug Screens and External Mortality  
in Teenagers Who Present for Medical Care
Matej Markota, MDa,*; Paul E. Croarkin, DO, MSa; and William V. Bobo, MD, MPHb

ABSTRACT
Objective: To examine whether a positive urine drug of abuse 
screen in youth who receive medical care is associated with 
subsequent risk of external mortality (eg, overdose, suicide, 
homicide, accident).

Methods: This was a population-based retrospective cohort 
study of all Olmsted County (Minnesota) residents who were 
13–18 years of age at the time of urine drug screen (UDS) 
testing (January 1, 1999, to November 28, 2012). Cox regression 
models were used to examine the relationships between having 
a positive UDS and external mortality, adjusted for sex, race, 
age, alcohol exposure, psychiatric diagnoses as defined by 
the International Classification of Diseases (ICD-9/ICD-10), and 
medical setting of UDS testing. Separate analyses were done for 
(1) overall UDS results, (2) tetrahydrocannabinol (THC), and (3) 
cocaine.

Results: Of the 2,772 teenagers included in this study (47.2% 
male), a total of 26 died of external causes during a median 
follow-up period of 11.8 years. Testing positive for any illicit 
substance was not associated with significantly increased risk 
of external mortality (hazard ratio [HR] = 1.9; 95% CI, 0.9–4.2). 
Testing positive for cocaine was associated with significantly 
increased risk of external mortality (HR = 7.0; 95% CI, 1.9–25.0). 
Testing positive for THC was associated with a marginally 
significantly increased risk of external mortality (HR = 2.1; 95% 
CI, 1.0–4.7); however, when cocaine was added as a covariate 
in the analysis, the relationship between THC-positive UDS 
and mortality was still elevated but was no longer statistically 
significant (HR = 1.8; 95% CI, 0.8–4.1).

Conclusions: History of cocaine-positive UDS may help identify 
a population of young people who are at high risk of premature 
death.
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Over the past decade, deaths from accidental drug 
overdoses have increased to the extent that life 

expectancy in the US has started to decline.1,2 The high 
prevalence of illicit substance use among teenagers makes it 
challenging to ascertain which substance-using youth are at 
high risk for early mortality.3,4 Even for cannabis—the most 
frequently used illicit drug—several reviews have concluded 
that there is insufficient evidence to determine whether an 
association exists between cannabis use and an increased risk 
for all-cause mortality.5,6 More recently, increased mortality 
was reported among cannabis-using youth with mood 
disorders.7 Moreover, a recent meta-analysis8 raised additional 
concerns for a specific association between cannabis use 
and suicidal behavior in youth. Significantly increased risk 
of cardiovascular disease mortality in adults has also been 
reported, particularly in those who started using cannabis 
as teenagers.9 A clearer understanding of the relationship 
between substance use and mortality risk in youth is needed.

Current practices for estimating the risk for mortality in 
teenage substance users rely heavily on clinical intuition. 
There is an urgent need for evidence-based methods to 
stratify the risk of early mortality in youth who are abusing 
substances, including which specific substances are associated 
with the greatest risk.10 Patient-reported patterns of substance 
use have shown only limited success in predicting mortality 
among people who use substances.11 Among teenagers, 
substance use disclosure is often unreliable, and corroboration 
by routine biochemical tests has been recommended in this 
population.12–14 Recent studies on drug overdoses call for 
improved efforts to screen for drug use and better understand 
the implications of screening results.15

At present, it is unknown if results of biochemical drug 
testing can be used to predict mortality in teenagers. The 
aim of this study was to examine the association between 
testing positive for any illicit substance, for cocaine, and 
for tetrahydrocannabinol (THC) on a routine urinary drug 
screen (UDS) and early mortality from drug overdose, suicide, 
homicide, or accidents (subsequently referred to as “external 
mortality”) in a geographically defined population-based 
cohort of youth, aged 13–18 years, who present for medical 
care.

METHODS

Data Source
The medical records linkage system of the Rochester 

Epidemiology Project (REP; https://rochesterproject.org/) was 

https://rochesterproject.org/
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Clinical Points
 ■ Urine drug screens are frequently used, but the prognostic 

value of positive drug screens is not fully understood, 
particularly among youth. 

 ■ These results suggest that youth who test positive for 
cocaine are at a higher risk of external mortality, whereas 
positive drug screens for cannabis did not predict mortality 
in youth. 

used to identify all Olmsted County residents between the 
ages of 12 and 18 years who had a UDS between January 1, 
1998, and November 28, 2012. Adolescents with no parental 
research authorizations on file were excluded (< 4% of the 
overall population).16 Data on causes and dates of death 
were collected electronically through REP. The REP captures 
nearly the entire population of Olmsted County and has been 
described in detail elsewhere.16–19 Of note, no additional 
research authorization is required for REP to receive death 
certificates; these are sent to the REP by the state and are 
linked to the REP record for all county residents. This study 
was approved by the Institutional Review Boards of the 
Mayo Clinic and the Olmsted Medical Center.

Study Cohort
The initial cohort consisted of 3,298 Olmsted County 

residents who had a UDS completed between January 1, 
1998, and November 28, 2012, and were 12–18 years old 
at the time of UDS testing. The beginning of follow-up was 
defined as the date of the first qualifying UDS test (see the 
“Follow-Up and Endpoints” section later in the Methods). 
To increase the likelihood that the follow-up period would 
start on the date of the first UDS test (rather than on the 
date of a repeat UDS test), we introduced a 1-year “washout 
period” that excluded all cohort members who had a UDS 
between January 1, 1998, and December 31, 1998 (n = 393), 
and those who were tested at the age of 12 years (n = 128). 
The average age at the first UDS in this cohort was 16.3 years, 
and the average time window between the first UDS and 
end of testing eligibility for this study was 2.6 years. Given a 
mean of 3.2 tests per cohort member, the washout period of 
1 year in this study approximated the average time between 2 
UDS tests in this cohort (1.2 tests per year). Cohort members 
who died of general medical causes (eg, malignancy, heart 
disease, lung disease) were also excluded (n = 5). The final 
cohort consisted of 2,772 youth (Figure 1).

Urine Drug Screens
Results of all UDSs between ages 13 and 18 years were 

electronically abstracted from automated REP laboratory 
result files that contained the dates, times, and results of all 
UDSs. Cohort members with any positive UDS during this 
time window were classified as being positive UDS cohort 
members. Cohort members with no positive UDS between 
ages 13 and 18 years were classified as being pan-negative 
UDS cohort members. Routine UDSs with results available 
for amphetamines, barbiturates, benzodiazepines, cocaine, 

opiates, phencyclidine, and THC (most cohort members also 
had alcohol results available; see the “Covariates” section 
later in the Methods) were included in this study, whereas 
targeted UDSs for only one substance were not, given our 
goal of examining the association between a positive routine 
UDS and mortality. However, if a positive UDS was followed 
by a confirmatory test, the latter test was included as a final 
result (eg, if a screening UDS was positive for opioids but 
confirmatory testing for opioids was negative, this was 
counted as a negative result).

REP prescription records were ascertained for 
prescriptions of medications to cohort members that could 
cause false-positive drug screens, as specified by Moeller 
and colleagues in 200820 and 2017.21 All cohort members 
who received a prescription for a medication that could 
potentially yield false-positive results on a UDS and who 
received enough medications to last until 3 months prior 
to testing positive were classified as UDS negative (n = 52) 
(Supplementary Table 1 lists the percentages of patients 
with positive UDS screens). Two secondary analyses 
were performed using original data without prescription 
record–based reclassification as a test of robustness (see the 
“Substance-Specific UDS Results and External Mortality” 
section in the Results).

Follow-Up and Endpoints
The beginning of follow-up was defined as the date of 

the first qualifying UDS test between 13 years 0 days and 
18 years 364 days of age. The end of follow-up was defined 
as November 15, 2017, or the date of death, whichever 
came first. Electronic death certificates were reviewed to 
determine death from external causes versus death from 
general medical conditions. Death certificates were available 
for 28 of the 31 deceased cohort members. Of these, 23 died 
of external causes and 5 died of general medical conditions 
(Figure 1). All available diagnosis codes and medical 
records were reviewed for the 3 deceased cohort members 
with missing death certificates. All 3 were included in the 
final cohort, given the absence of any evidence of a medical 
illness that could have explained their premature deaths.

Covariates
Psychiatric comorbidity data were collected electronically 

from REP using International Classification of Diseases (ICD) 
diagnosis codes. ICD-9 codes were available for diagnoses 
made between January 1, 1998, and June 1, 2015, whereas 
ICD-10 codes were available for diagnoses made after 
September 29, 2016. Between June 1, 2015, and September 
29, 2016, there was a transition period during which 
patients received either ICD-9 or ICD-10 codes. Diagnosis 
codes that appeared in the REP electronic files from each 
cohort member’s 13th birthday until 364 days after their 
18th birthday were used to define diagnosed mental health 
conditions (Supplementary Table 2). Cohort members were 
divided into 2 groups defined by having (n = 2,357) or not 
having (n = 415) at least one ICD-9/10 diagnosis. Because 
substance-related ICD disorders and UDS results are closely 
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Figure 1. Study Flow of Participants: Entire Olmsted County Population of Those Aged 
12–18 Years During the Study Period to Analysis

Abbreviation: UDS = urine drug screen.

Drug Testing in 1998 or at age 12 y
n = 521 excluded

Deaths, General Medical Cause
n = 5 excluded

Olmsted County, MN, residents; aged 12–18 y, January 1, 1998–November 28, 2012
N = 54,861

Complete Urine Drug Screen Results Available, January 1, 1998–November 28, 2012
n = 3,298

All Cohort Eligibility Criteria Met
n = 2,772

Urine Drug Screen Positive 
(UDS positive)

n = 1,126 (any substance)

Urine Drug Screen Negative 
(UDS pan-negative)

n = 1,646

Deaths, 
External Cause

n = 15

Deaths, 
External Cause

n = 11

intertwined, we did not include substance-related disorders 
as covariates. From the REP electronic indices, we also 
collected data on sex, age at each UDS, self-identified race, 
and results of urine, blood, or breathalyzer screening tests 
for alcohol (available for 2,641 cohort members, classified 
as positive or negative) between ages 13 and 18 years. As a 
proxy for the medical setting in which the index UDS was 
performed, we grouped cohort members into those with 
UDS done in an academic setting (Mayo Clinic, the largest 
medical provider in the county) and those with UDS done 
by other community providers.

Statistical Analysis
Sequential tests of the associations between UDS results 

and external mortality were performed. First, unadjusted 
associations between UDS results (positive, negative) and 
external mortality were estimated using Cox proportional 
hazard models (model #1). The analyses were repeated 
using the following models: model #2, adjusting for age 
at qualifying UDS, sex, and race; model #3, adjusting for 

covariates in model 2 plus alcohol use; and model #4, 
adjusting for covariates in model 3 plus ICD-9/10 evidence 
of psychiatric diagnosis and type of medical setting. Kaplan-
Meier methods were used to compute survival estimates 
and curves. Kaplan-Meier curves were examined to ensure 
proportional hazards assumption was met. JMP statistical 
software (version 14.1.0; SAS Corporation; Cary, North 
Carolina) was used to perform all statistical analyses. The 
threshold for statistical significance level was adjusted to 
.02 to account for multiple (m = 3) comparisons using the 
method of Bonferroni.

RESULTS

Demographic and Clinical Characteristics
The 2,772 cohort members in this study contributed 

32,694 person-years of follow-up (average duration of 
follow-up of 11.8 years). The mean age of cohort members 
at the time of index UDS was 16.3 years (Table 1). A 
total of 1,126 cohort members (40.6%) were classified 

Table 1. Demographic and Psychiatric History Data for Urine Drug Screen (UDS)–
Positive and Negative Groupsa

Variable
Total Cohort 
(N = 2,772)

Positive
UDS (n = 1,126)

Pan-Negative UDS 
(n = 1,646) P Value

Male 1,307 (47.2) 640 (56.8) 667 (40.5) <.0001
White 2,208 (79.7) 932 (82.7) 1,276 (77.5) .0007
Alcohol-positive test resultb 254 (9.6) 138 (12.3) 116 (7.0) <.0001
Age at first UDS, mean (SD), y 16.3 (1.5) 16.4 (1.5) 16.2 (1.6) .007
No. of UDSs, mean (SD) 3.2 (4.4) 5.3 (6.1) 1.8 (1.6) <.0001
Index UDS ordered at an academic center 2,473 (89.2) 1,029 (91.4) 1,444 (87.7) .002
Any psychiatric diagnosis by age 18 y 2,357 (85.0) 958 (85.1) 1,399 (85.0) .95
aValues are shown as n (%) unless otherwise noted. Statistical comparisons (resulting in P values) were made 

between positive UDS and pan-negative UDS groups (ie, case and control groups). Group differences were 
tested using χ2/Fisher exact tests for categorical variables and 2-tailed t tests for continuous variables.

bAlcohol testing results were available for 2,641 cohort members (95%). Row percentages are based only on 
the cohort members with available alcohol results.
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Table 2. Demographic and Psychiatric History Data in Deceased and Surviving 
Cohort Membersa

Variable Deceased (n = 26) Surviving (n = 2,746) P Value
Male 24 (92) 1,283 (46.7) < .0001
White 20 (76.9) 2,188 (79.7) .73
Alcohol-positive resultb 3 (11.5) 251 (9.6) .75
Age at first UDS, mean (SD), y 16.1 (1.3) 16.3 (1.5) .62
Age at first positive UDS, mean (SD), y 16.9 (0.8) 16.7 (1.4) .64
Index UDS ordered at an academic center 25 (96.2) 2448 (89.2) .19
No. of UDSs, mean (SD) 2.8 (2.9) 3.2 (4.4) .58
Any psychiatric diagnosis by age 18 y 20 (76.9) 2,337 (85.1) .27
aValues are shown as n (%) unless otherwise noted. Statistical comparisons (and P values) were 

made between positive UDS and pan-negative UDS groups. Group differences were tested using 
χ2/Fisher exact tests for categorical variables and 2-tailed t tests for continuous variables.

bAlcohol testing results were available for 2,641 cohort members (95%). Row percentages are 
based only on the cohort members with available alcohol results.

Abbreviation: UDS = urine drug screen.

as being UDS-positive, and 1,646 were classified as being 
pan-negative.

Mortality and Causes of Death
Twenty-six cohort members were classified as having 

died of external causes during the follow-up period, with a 
mortality incidence rate of 79.5 per 100,000 person-years. 
The mean time between the first positive UDS to death was 6 
years. The majority of deaths (24/26; 92%) occurred in males 
(Table 2). Both of the deceased females had negative UDS 
results during the study period. There were no significant 
differences with regard to race, alcohol results, age at first 
UDS, age at first positive UDS, setting of medical testing, 
number of UDSs, or psychiatric comorbidity between 
surviving and deceased cohort members (Table 2). External 
causes of death were from suicides (n = 9, all male), lethal 
accidents (n = 7, 6 male), overdoses on drugs of abuse (n = 6, 
5 male), and other types of external deaths (n = 4, all male). 
Five of the 6 lethal drug overdoses involved concurrent 
toxicities from multiple substances. Four overdose deaths 
included opioid toxicity, though only 1 of these cohort 
members had a positive UDS for opioids prior to death; 
interestingly, 2 opioid-related deaths occurred in youth who 
previously tested positive for cocaine. Fifteen (57.7%) of the 
26 deceased cohort members had a UDS positive for THC, 
and 3 (11.5%) were positive for cocaine.

UDS Results and External Mortality
Testing positive for any substance between the ages of 

13 and 18 years (1,126 positive and 1,646 negative) was 
not associated with significantly increased risk of external 
mortality (hazard ratio [HR] = 1.9; 95% CI, 0.9–4.2).

Two secondary analyses were conducted to address 
cohort members who were receiving prescription drugs 
that can produce a positive UDS. First, we tested for an 
association between mortality and UDS results without 
reclassification of positive UDS from prescribed substances 
(1,178 positive and 1,594 negative), which yielded similar 
findings as the main analysis (HR = 1.8; 95% CI, 0.8–3.9). 
We then entirely excluded 52 cohort members with a positive 
UDS and a concurrent prescription for medications that can 

produce a positive UDS and compared 1,126 UDS-positive 
to 1,594 UDS-negative cohort members and again obtained 
similar results (HR = 1.9; 95% CI, 0.9–4.1). There were no 
significant associations between UDS-positive results and 
external mortality in any of the multivariable models (data 
not shown).

Substance-Specific UDS Results and External Mortality
Three of 58 cohort members with a positive UDS result 

for cocaine died of external causes during follow-up (all 
male). None of these 3 decedents had evidence of cocaine 
ingestion at the time of death. Two of the 3 deaths in 
cocaine-positive youth were due to lethal drug overdoses 
that included opioids, and 1 was by a motor vehicle accident. 
All 3 cocaine-positive youth who died had also previously 
tested positive for THC, but not any other substance. Testing 
positive for cocaine (n = 58) was associated with a large and 
significantly increased risk of external mortality compared 
to negative-UDS (n = 1,646) cohort members (HR = 7.0; 
95% CI, 1.9–25.0). Testing positive for cocaine remained 
significantly associated with external mortality after 
adjusting for age at first positive UDS, sex, and race (HR = 6.3; 
95% CI, 1.7–23.1) (model #2); after further adjustment for 
alcohol results (HR = 6.1; 95% CI, 1.7–22.4) (model #3); and 
further adjustment for psychiatric comorbidity and medical 
setting of testing (HR = 6.1; 95% CI, 1.6–22.7) (model #4) 
(see Supplementary Table 3 for demographic and psychiatric 
history data for cocaine-positive and -negative youth).

Of the 1,019 cohort members with a positive UDS for 
THC, 15 died of external causes during follow-up. Testing 
positive for THC (n = 1,019) was associated with a marginally 
significant increase in external mortality compared to 
UDS-negative cohort members (n = 1,646) (HR = 2.1; 95% 
CI, 1.0–4.7); however, 176 cohort members who tested 
positive for THC also had positive UDS for other substances, 
including cocaine (n = 48) (see Supplementary Table 4 for 
demographic and clinical data for THC-positive and THC-
negative youth). When cocaine was added as a covariate in 
the analysis, THC-positive UDS was still elevated but was 
no longer significantly associated with increased mortality 
(HR = 1.8; 95% CI, 0.8–4.1), while cocaine remained 
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significantly associated with external mortality (HR = 4.7; 
95% CI, 1.3–16.8). Similar results were obtained after 
restricting the analysis to the 843 cohort members with a 
positive UDS only for THC (HR = 1.9; 95% CI, 0.8–4.4).

Of note, the mean age for testing positive for THC was 
16.7 years, and 17.3 for cocaine. On average in those who 
tested positive for THC and cocaine by 18 years of age, 
THC-positive UDS preceded cocaine-positive UDS by an 
average of 187 days. Those with THC- and cocaine-positive 
UDS compared to those with THC only–positive UDS were 
marginally more likely to have a psychiatric diagnosis (odds 
ratio [OR] = 4.2; 95% CI, 1.0–17.6); there was no difference 
between the 2 groups in age at first THC-positive UDS, sex, 
race, setting of UDS testing, or alcohol results.

Drug-specific associations between external mortality 
and positive UDS results for amphetamine, opioid, 
benzodiazepine, barbiturate, and phencyclidine were not 
tested due to low frequencies of deaths in teenagers who 
tested positive for the aforementioned substances and/or 
low frequencies of positive UDSs for these substances (see 
Supplementary Table 1).

DISCUSSION

This population-based study of youth who received 
drug testing as part of their routine medical care found no 
statistically significant association between testing positive 
for any substance and external mortality. However, cohort 
members who tested positive for cocaine had a pronounced 
increase in risk of premature death. There was no statistically 
significant effect of testing positive for THC and external 
mortality after accounting for the effects of testing positive 
for cocaine.

Several of our findings are consistent with results of 
prior research on substance use in youth. For example, the 
proportion of cohort members with at least 1 positive UDS 
during the follow-up period in this study (approximately 
40%) is consistent with previously reported substance use 
rates in the general teenage population, and the age at first 
THC-positive UDS was similar to self-reported age at first 
cannabis use in the US population.3,22

This study provides new data on the risk of external 
mortality in youth with a positive UDS for cocaine. We 
found significantly increased risk of external mortality 
in cohort members who tested positive for cocaine 
as compared to youth with negative UDS results. The 
association between having a UDS-positive result for 
cocaine and external mortality remained both large and 
statistically significant after adjusting for important 
potential sources of confounding, including sex, race, age at 
UDS, alcohol results, psychiatric comorbidity, and medical 
setting of UDS testing. In broad strokes, results presented 
here are complimentary to findings from previous studies 
on mortality in cocaine users. A recent study based on 
national data15 found that rates of cocaine use in the general 
population do not mirror rates of cocaine-related deaths, 
suggesting a complex relationship between the two. Our 

findings of cocaine users’ being at higher risk of dying from 
non–cocaine-related external causes further add to this 
complexity. Cocaine is perceived as a dangerous drug by 
the majority of US teenagers; therefore, it may be the case 
that cocaine use occurs more commonly in individuals who 
engage in risky and potentially life-threatening cocaine- 
and non–cocaine-related behaviors.23 Consistent with 
previous studies, the present REP study also observed the 
role opioids have in causing death in cocaine users.15,24,25 
Combined, this study and others suggest that, in trying to 
identify individuals at risk of lethal overdose (including 
opioid-related overdose), the focus should include not only 
evidence of opioid use but also a history of cocaine use, the 
latter of which may be a “red flag” for future opioid-related 
deaths.15,24,26

This study also provides novel data on the relationship 
between having a positive UDS for THC and external 
mortality in youth. As a group, THC-positive teenagers 
were at an increased risk of external mortality in our 
study; however, this association was no longer significant 
after controlling for cocaine UDS results. While this study 
does not document a statistically significant increase in 
external mortality associated with a positive THC UDS, it 
is important to note that there was a (nonsignificant) trend 
toward increase in mortality (eg, as evidenced by HR = 1.9; 
95% CI, 0.8–4.4 in 843 cohort members with THC-only 
positive UDS), and it is quite possible that in a larger cohort 
a significant difference could be found.

Limitations
Previous studies have shown superiority of biochemical 

tests over clinical self-reporting for detecting substance use 
in teenagers, particularly for cocaine.12–14 However, testing 
by UDS is not “routine” in the same sense that measuring 
height/weight is, and only a minority of Olmsted County 
youth were tested with a UDS (Figure 1). UDS testing 
tends to be done in the setting of diagnosing or treating 
psychiatric or chemical dependency–related problems. 
The control group of pan-negative UDS cohort members 
was therefore not representative of the general teenage 
population, as it was “higher risk” just by virtue of having 
had a clinical concern leading to a UDS test. The design and 
findings of this study are relevant primarily to clinicians 
working in settings where UDSs of adolescents are part of 
the “routine” clinical care, such as inpatient or outpatient 
child and adolescent psychiatrists. Finally, Olmsted County, 
Minnesota, had some of the lowest rates of opioid use in the 
US during the study period.27 This may have contributed 
to the relatively low number of opioid-positive teenagers in 
this study and may limit the generalizability of our results 
to regions with higher rates of opioid misuse. Of note, 
we observed slightly more opioid-positive UDS cohort 
members than cocaine-positive UDS cohort members in 
our study, yet there were more deaths in cocaine-positive 
youth. Conversely, at time of death, opioid toxicity was more 
common than evidence of cocaine toxicity. Overall, this 
suggests that to identify youth who are at high risk of death 
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by overdose, it is insufficient to focus only on identifying 
substance use that was deemed lethal at time of overdose. 
Instead, identifying other “red flags” may also be helpful.

Our findings raise the question of whether broad UDS 
screening across multiple environments, including non-
clinical settings or clinical settings where they are historically 
not commonly used, can be of benefit for reducing early 
mortality. We do not believe that our results should be 
interpreted as supporting such an expansion. As with any 
other medical test, using drug toxicology tests can have 
unintended consequences.28 The authors believe that 
effects of UDS testing are heavily dependent on the context 
within which they are used. UDSs can provide diagnostic 

clarification and aid in treatment and recovery, which would 
be beneficial for the tested individual; however, same tests 
can yield false-positive results leading to unnecessary care 
or have undue consequences (eg, restriction of employment 
or educational opportunities) without offering access to help 
and treatment.

In conclusion, in a geographically defined population of 
youth who received a UDS during routine health care, having 
a UDS positive for cocaine was associated with increased risk 
of premature death, whereas testing positive for any illicit 
substance or for THC was not. History of cocaine-positive 
UDS may help clinicians identify youth who are at higher 
risk of premature death.
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Supplementary Table 1. Frequency of positive results on urine drug screen (UDS) by 

specific substance 

 Cohort members with positive UDS 

 N % 

Tetrahydrocannabinol 1,019   36.8 

Amphetamine   

     Any Amphetamine 209   7.5 

          Non-prescribed amphetamine 116   4.1 

Opiate     

     Any opiate 102   3.7 

          Non-prescribed opiate  81   2.9 

Benzodiazepine    

     Any benzodiazepine 66  2.4 

          Non-prescribed benzodiazepine 60  2.2 

Cocaine 58  2.1 

Phencyclidine  9   0.3 

Barbiturates     

     Any barbiturate 7   0.3 

          Non-prescribed barbiturate 5  0.2 
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Supplementary Table 2.  ICD-9 and ICD-10 diagnosis codes used to define psychiatric 

diagnoses  

 

 

N (%) of cohort members with 

ICD (n= 2,772) 

ICD-9 Diagnosis Codes 

Dementias (290.20) 1 (0.04) 

Transient mental disorders due to conditions classified elsewhere 

(293.0, 293.83, 293.84, 293.89, 293.9 

18 (0.6) 

Persistent mental disorders due to conditions classified elsewhere 

(294.0, 294.11, 294.8, 294.9) 

40 (1.4) 

Schizophrenic Disorders (295.02, 295.10, 295.20, 295.30, 295.32, 

295.40, 295.70, 295.80, 295.90, 295.92) 

25 (0.9) 

Episodic mood disorders (296.00, 296.02, 296.04, 296.05, 296.06, 

296.10, 296.11, 296.12, 296.2, 296.20, 296.21, 296.22, 296.23, 

296.24, 296.25, 296.26, 296.3, 296.30, 296.31, 296.32, 296.33, 

296.34, 296.35, 296.36, 296.4, 296.40, 296.41, 296.42, 296.44, 

296.45, 296.46, 296.50, 296.51, 296.52, 296.53, 296.54, 296.55, 

296.56, 296.60, 296.61, 296.62, 296.63, 296.64, 296.65, 296.66, 

296.7, 296.80, 296.81, 296.82, 296.89, 296.9, 296.90, 296.99) 

1,272 (45.9) 

Delusional disorders (297.1, 297.9) 19 (0.7) 

Other non-organic psychoses (298.0, 298.1, 298.8, 298.9) 104 (3.8) 

Pervasive developmental disorders (299.00, 299.01, 299.80, 

299.81, 299.90, 299.91) 

42 (1.5) 

Anxiety, dissociative, and somatoform disorders (300.0, 300.10, 

300.11, 300.14, 300.15, 300.2, 300.20, 300.21, 300.22, 300.23, 

300.29, 300.3, 300.4, 300.5, 300.6, 300.7, 300.81, 300.89, 300.9) 

1,188 (42.9) 

Personality disorders (301.13, 301.20, 301.22, 301.3, 301.4, 

301.51, 301.59, 301.6, 301.7, 301.81, 301.82, 301.83, 301.89, 

301.9) 

142 (5.1) 

Sexual and gender identity disorders (302.0, 302.2, 302.50, 302.6, 

302.71, 302.72, 302.75, 302.85, 302.9) 

19 (0.7) 

Physiological malfunction arising from mental factors (306.1, 

306.4, 306.50, 306.8, 306.9) 

16 (0.6) 

Special symptoms or syndromes not elsewhere classified (307.0, 

307.1, 307.2, 307.20, 307.21, 307.22, 307.23, 307.3, 307.40, 

307.41, 307.42, 307.44, 307.45, 307.46, 307.47, 307.49, 307.5, 

307.50, 307.51, 307.52, 307.53, 307.54, 307.59, 307.6, 307.7, 

307.8, 307.80, 307.81, 307.89, 307.9) 

355 (12.8) 

Acute reaction to stress (308.0, 308.2, 308.3, 308.4, 308.9) 83 (3.0) 

Adjustment reaction (309.0, 309.1, 309.2, 309.21, 309.22, 309.23, 

309.24, 309.28, 309.29, 309.3, 309.4, 309.81, 309.82, 309.83, 

309.89, 309.9) 

1,370 (0.49) 

Specific nonpsychotic mental disorders due to brain damage 

(310.1, 310.2, 310.9) 

63 (2.3) 

Depressive disorder, not elsewhere classified (311) 1,430 (51.6) 

Disturbance of conduct, not elsewhere classified (312.00, 312.10, 561 (20.2) 
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312.20, 312.30, 312.34, 312.39, 312.4, 312.8, 312.81, 312.82, 

312.89, 312.9) 

Disturbance of emotions specific to childhood and adolescence 

(313.0, 313.1, 313.22, 313.23, 313.3, 313.8, 313.81, 313.82, 

313.83, 313.89, 313.9) 

460 (16.6) 

Hyperkinetic syndrome of childhood (314.0, 314.1, 314.9) 813 (29.3) 

Specific delays in development (315.00, 315.01, 315.02, 315.09, 

315.1, 315.2, 315.31, 315.32, 315.39, 315.4, 315.5, 315.8, 315.9) 

351 (12.7) 

Psychic factors associated with diseases classified elsewhere (316) 20 (0.7) 

Intellectual disabilities (317, 318, 319) 30 (1.1) 

ICD-10 Diagnosis Codes  

Mental disorders due to known physiological conditions (F06.8, 

F09) 

2 (0.07) 

Schizophrenia, delusional disorders, brief psychotic disorder 

(F20.9, F22, F23) 

2 (0.07) 

Unspecified psychosis not due to a substance or known 

physiological condition (F29) 

4 (0.1) 

Bipolar disorder (F31.81, F31.9) 3 (0.1) 

Major depressive disorder, single episode (F32.0, F32.1, F32.4, 

F32.5, F32.8, F32.81, F32.9) 

26 (0.9) 

Major depressive disorder, recurrent (F33.0, F33.1, F33.2, F33.3, 

F33.41, F33.42, F33.9) 

28 (1.0) 

Dysthymic disorder (F34.1) 5 (0.2) 

Unspecified mood disorder (F39) 3 (0.1) 

Phobic and other anxiety disorder (F40.10, F41.0, F41.1, F41.8, 

F41.9) 

33 (1.2) 

Reaction to severe stress, and adjustment disorder (F43.10, 

F43.12, F43.21, F43.23, F43.8, F43.9) 

10 (0.4) 

Dissociative and conversion disorders (F44.9) 1 (0.04) 

Eating disorders (F50.00, F50.01, F50.02, F50.2, F50.9) 4 (0.1) 

Puerperal psychosis (F53) 1 (0.04) 

Specific personality disorders (F60.3, F60.9) 4 (0.1) 

Impulse disorders (F63.81, F63.9) 2 (0.07) 

Gender identity disorders (F64.1, F64.2) 2 (0.07) 

Unspecified disorder of adult personality and behavior (F69) 2 (0.07) 

Severe intellectual disabilities (F72) 1 (0.04) 

Developmental disorder of scholastic skills, unspecified (F81.9) 2 (0.07) 

Pervasive developmental disorders (F84.0, F84.5) 5 (0.2) 

Attention-deficit hyperactivity disorders (F90.0, F90.1, F90.2, 

F90.9) 

13 (0.5) 

Conduct disorders (F91.1, F91.2, F91.3, F91.9) 8 (0.3) 

Other childhood emotional disorders (F93.8) 1 (0.04) 

Frequencies and percentages are based on a denominator of 2,772 cohort members.  The total count 

exceeds 2,772 because cohort members may have diagnosis codes for more than one group of 

conditions.  
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Supplementary Table 3. Demographic and psychiatric history data for cocaine positive and 

negative cohort members 

 

  Cocaine positive  UDS negative p-value 

N 58 1,646  

Male sex, n (%) 31 (53.5) 667 (40.5) 0.05 

White race, n (%) 53 (91.4) 1,276 (77.5) 0.006 

Alcohol positive results, n (%)* 10 (17.5) 116 (7.5) 0.01 

Age at first UDS, mean (SD), yrs. 16.5 (1.6) 16.2 (1.6) 0.2 

Number of UDS, mean (SD) 8.3 (9.6) 1.8 (1.6) <0.0001 

Index UDS ordered at an 

academic center, n (%) 

54 (93.1) 1,444 (87.7) 0.2 

Any psychiatric diagnosis by 18 

years of age, n (%) yes 

54 (93.1) 1,399 (85.0) 0.06 

Statistical comparisons (and p-values) were made between positive UDS and pan-negative 

UDS groups. Group differences were tested using chi-square/Fisher exact tests for categorical 

variables and two-tailed t-tests for continuous variables. 

* Alcohol testing results were available for 2,641 (95%) cohort member. Row percentages are 

based on only the cohort members with available alcohol results. 
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Supplementary Table 4. Demographic and psychiatric history data for cannabis positive 

and negative cohort members 

 

  THC positive THC negative p value 

N 1,019 1,753  

Male sex, n (%) 602 (59.1) 705 (40.2) <0.0001 

White race, n (%) 847 (83.1) 1,361 (77.6) 0.005 

Alcohol positive results, n (%)* 130 (13.1) 1246 (7.5) <0.0001 

Cocaine positive results, n (%) 48 (4.7) 10 (0.6) <0.0001 

Age at first UDS, mean (SD), yrs. 16.4 (1.5) 16.2 (1.6) 0.04 

Number of UDS, mean (SD) 5.5 (6.3) 1.9 (1.7) <0.0001 

Index UDS ordered at an academic 

center, n (%) 

937 (92.0) 1,536 (87.6) 0.0003 

Any psychiatric diagnosis by 18 years 

of age, n (%) yes 

866 (85.0) 1,491 (85.1) 0.9 

Statistical comparisons (and p-values) were made between THC positive and THC 

negative UDS groups. Group differences were tested using chi-square/Fisher exact tests 

for categorical variables and two-tailed t-tests for continuous variables. 

* Alcohol testing results were available for 2,641 (95%) cohort members. 
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