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Abstract

Background—Deceptive methods of falsifying urine samples are of concern for anyone who
relies on accurate urine toxicology results. A novel method to combat these efforts utilizes
polyethylene glycol (PEG) markers administered orally prior to providing a urine sample. By
using various PEG combinations to create a tracer capsule of unique composition, each urine
sample can be matched to that individual. The goal of this study was to determine the
effectiveness of using the PEG marker system among active heroin users screening for research
studies.

Methods—Upon each screening visit, participants (N=55) were randomized to provide an
unobserved urine sample, or the PEG tracer procedure was used. LCMS analysis was used to
distinguish the PEG combinations, and allowed us to provide a unique qualitative analysis of
patterns of drug use (N=168, total urine specimens).

Results—The unique composition of the tracer capsules was accurately detected in 83.5% of the
urine specimens. Analyses of inconsistencies implicated a number of possible attempts at
fraudulence (11.4%) and investigator/lab error (5.1%). Among this sample, the concurrent use of
multiple classes of psychoactive drugs was more common than not, though concomitant drug use
was often underreported.
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Conclusion—Urine drug testing should be the minimum standard for obtaining information
about drug use as self-report was unreliable even in a situation where there were no perceived
adverse consequences for full disclosure. In cases where there are significant pressures for
individuals to falsify these data, more protective collection methods such as the PEG marker
system should be considered.
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1. INTRODUCTION

Urine drug testing is a quick and easy method for clinicians and researchers to gain
information about risk-related behaviors concerning substance abuse. Among opioid users in
treatment, regular urine drug testing can identify aberrant drug-related behaviors and help to
ensure treatment adherence and effectiveness (U.S. Food and Drug Administration (FDA),
2011). Among active opioid users, urine toxicology (Utox) results can inform us about drug
use patterns, such as polysubstance abuse, that are thought to significantly increase risk of
disease transmission and overdose (Roux et al., 2013; Gjersing et al., 2013). Accordingly,
regular urine drug testing has been advocated by many state, policy, and organizational
guidelines (Chou et al., 2009; Gudin et al., 2013; Manchikanti et al., 2012; Utah Dept. of
Health 2009). However, urine sample adulteration may be a problem in any clinical
population that has an interest in false results (e.g., pre-employment and workplace
screening; Owen et al., 2012).

There are several documented methods of tampering with urine samples: dilution by
drinking excessive amounts of water or external dilution, and adulteration by mixing the
urine with oxidants, soaps etc. (Honour et al., 1996; Mikkelsen and Ash, 1988). These
methods can be detected with modern laboratory techniques (Federal Register, 2001).
However, substitution of one’s urine with a “clean” sample from another individual or
synthetic urine remains a serious concern (Jaffe et al., 2007). The most common approach to
prevent these methods of Utox falsification is supervision of the urination process. However,
supervised urine collection can be burdensome to personnel and embarrassing to clients.
Also, observed collection does not entirely ensure against fraudulence aided by clever
devices, such as those containing life-like penises, synthetic urine, and heat packs (to keep
the fake urine at body temperature; http://www.thewhizzinator.com/).

The current study tested a different method to detect sample manipulation, a labelling
procedure that allows samples to be matched with a particular person (Gauchel et al., 2003;
Huppertz et al., 2004). With this novel method, a tracer/marker substance is taken orally
prior to the participant providing a urine sample. Urine samples can be matched to the
particular patient by assessing for the specific marker substance previously ingested.

The marker substances are low molecular weight polyethylene glycols (PEGs) used for
years as a galenic basis for drugs and considered “inactive ingredients” by the FDA. PEGs
appear in urine 30 min after ingestion and are undetectable after 6-8 hours (Christensen et
al., 2014). By combining polyethylene glycols of different molecular weights, a large
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number of different polyethylene glycol chain mixtures can be obtained. Therefore, for a
group of participants, unique tracer capsules can be offered that can be discriminated from
each other, matching a participant to his or her sample.

The goal of this study was to determine the feasibility and effectiveness of using the PEG
marker system among active heroin users screening for clinical studies within the Opioid
Research Laboratory, part of the Division on Substance Abuse at the College of Physicians
and Surgeons of Columbia University/New York State Psychiatric Institute (NYSPI).
Throughout our normal screening procedure urine toxicology tests are performed numerous
times in order to: verify experience with the drug under investigation, assess and diagnose
abuse, and identify potential adverse drug interactions.

Falsification is a serious concern in cases where opioid users may lose money, privileges, or
their freedom (Owen et al., 2012). However, in the present setting, specific inclusion/
exclusion criteria related to drug use and toxicology results were not disclosed to potential
study participants. As such, this study allowed us to examine the need for objective and
protective methods of assessing drug use among a population with little perceived incentive
to be deceptive. Finally, the analyses performed on the urine samples provided an objective
way to assess drug use trends and concomitant drug use among a unique population of
heroin users not currently in treatment or seeking treatment.

2. METHODS

2.1 Overview

Data were collected between 2013 and 2014 at the NYSPI Substance Use Research Center
located in upper Manhattan. Urine samples used in the current analysis were obtained from
volunteers screening for six experimental studies with the Opioid Research Laboratory
(IRB#s 6255, 6107, 5879, 6021, 6883R, 6400). Our clinical studies investigate the
subjective and reinforcing effects of various opioids, and novel treatment medications
among various populations of opioid users who are not seeking treatment for drug abuse (at
time of their study participation). See Jones et al. (2011; 2014) for examples of this research.

Potential participants were recruited locally with newspaper advertisements and word-of-
mouth referrals. Although the exact wording of the advertisements differed from study to
study, the verbiage typically sought “intravenous and intranasal heroin users,” or “healthy
heroin users.” After completing an initial telephone screening interview, eligible participants
were scheduled for in-person screening at NYSPI that included: detailed medical history and
drug use questionnaires, medical evaluation, psychiatric evaluation, a naloxone challenge to
assess opioid dependence, and an interview with a research psychologist to discuss patterns
of drug use in detail. Screening typically required 4-5 visits, and was conducted over the
course of 3—4 weeks to determine eligibility (with urine collected at each visit). As an
addendum to the screening process for the 6 inpatient studies mentioned above, participants
were offered the opportunity to participant in the current study (IRB# 6817). Those who
agreed signed separate study consent and completed the procedures described below.
Participants were paid between $20 and $45 for each visit ($20 for the inpatient study
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screening procedures, plus a possible $25 for days they received a PEG tracer). All study
procedures were approved by the NYSPI IRB.

2.2 Procedures

2.3 Aims

Prior to providing each individual urine sample, participants were randomized to one of two
conditions: Testing as Usual (TAU) and Marker group (i.e., participants could have provided
urine samples using both procedures). Participants were randomized to a specimen
collection procedure upon each visit using a Latin Square randomization scheme (Bailey,
2008). Urine specimens from participants assigned to the TAU sample were collected using
our current practice, without direct observation. Participants were provided with a urine cup
and given access to a private bathroom. When participants were assigned to provide a urine
sample with Marker, they were given a gel capsule containing 100 mg of PEG marker
material, which they consumed with 100 ml of a flavored beverage (e.g., soda, fruit juice,
Gatorade), under the supervision of a study nurse (Figure 1). Participants waited 30 min — 1
hr and then provided a urine sample in a standard urine cup (without supervision). All
participants, when assigned to the Marker condition, received an active PEG tablet (i.e.,
there was no placebo tablet).

Participants met with a research nurse to assess for any immediate adverse effects following
consumption of the Marker capsule. At their next visit (or via phone), they were asked if
they experienced any adverse drug effects after leaving the research center.

All urine samples were initially tested using an 11-Panel DrugCheck® Dip Drug Tests with
the following positive result cut-offs: Amphetamine: 1000 ng/mL, Barbiturate: 300 ng/mL,
Benzodiazepine: 300 ng/mL, Buprenorphine: 10 ng/mL, Cocaine: 150 ng/mL,
Methamphetamine: 500 ng/mL, Methadone: 200 ng/mL, Opiates (morphine, codeine,
heroin): 300 ng/mL, Oxycodone: 100 ng/mL, PCP: 25 ng/mL, THC: 50 ng/mL. The results
of this test were entered into the participants’ study chart and on the sample reporting form
that accompanied the urine sample for confirmatory Liquid Chromatography-Mass
Spectrometry (LCMS) assessment for drugs of abuse and detection of the PEG tracers (when
applicable).

The marker substances are low molecular weight polyethylene glycols. The chemical
structure of polyethylene glycols is HO-(CH»-CH,-0),, —H with “n” varying between 8 and
1000 or more. Polyethylene molecules of chain lengths between 8 and 17 repeating units
resulting in molecular weights ranging from 370 to 766. For the purposes of the current
study, PEGs of 4 different molecular weights were used: PEG370 (PEG-8), PEG414
(PEG-9), PEG458 (PEG-10), and PEG503.3 (PEG-11). An individual marker capsule could
contain a single PEG or any combination of the 4. The barcode on each gel capsule
identified the PEG or PEG combination used (Figure 1). The unique PEG identifier was only
known to Avee laboratory staff.

This study was designed to determine the safety and efficacy of the PEG marker system by
assessing adverse events related to PEG capsule consumption, reliable identification of the
PEG combination administered in the urine sample, and a comparison of attempts at
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fraudulence/substitution between TAU and Marker conditions. In addition, patterns of drug
use among heroin users not currently seeking treatment were assessed using self-report,
urine dip tests, and LCMS.

2.4 Statistical Analyses

Continuous and categorical participant variables were summarized descriptively (Table 1).
Independent-samples T-test was planned to compare fake urine falsification attempts
between the Marker and TAU groups, though this analysis was found to be unnecessary (see
Results). The significance level of a was set at 0.05. All data analyses were performed using
SPSS® version 18.

3. RESULTS

3.1 Participants

In total, 55 heroin users (without chronic pain) were consented and provided Utox data for
the current analysis. Participants were predominately male (93%), and in their mid 40s
(mean: 46.7 yrs). On average, participants had been using heroin for 18 years and all but one
reported daily heroin use with an average of 5.1 bags per day. This sample provided a total
of 168 urine specimens, with each participant providing an average of 3.3 samples, collected
on average 3.6 days apart. Table 1 presents a more extensive list of demographic data.

3.2 Detection of PEG and Urine Falsification Attempts

Eighty-nine total urine samples were collected under the TAU collection procedure, while
79 total urine samples were obtained using the Marker system. No fraudulent urine samples
(e.g., synthetic or watered-down urine) were found among any of the samples collected.

Of the 79 samples collected under the Marker conditions, there were 65 cases (83.5%)
where the PEG marker consumed was accurately identified in the urine sample. This leaves
13 (16.5%) where PEG results were inconsistent. In 9 samples, it was noted that a PEG
marker had been administered, but not found in the urine specimen. In 4 samples, no PEG
marker was indicated as being given yet PEGs were detected in the urine sample. Possible
explanations for these inconsistencies are provided in the discussion. There was no
association between the consistency/inconsistency of the samples and the total number of
samples provided by a participant, or the samples’ order in the participants’ randomization
sequence.

3.3 Side Effects and Adverse Events

No adverse side effects of PEG capsule consumption were reported in the period of
observation immediately after consumption or after the participant left the research center
(assessed at their next visit).

3.4 Consistency of Self-reported Drug Use with Utox Results

Urine toxicology results were matched by date to an in-person interview with a research
psychologist. Only 23.5% of participants’ self-reported “current and/or 30-day” drug use
was found to be consistent with their Utox results.
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3.5 Assessment of Drug Use

A total of 168 urine specimens were collected as a part of this investigation. Although all
participants reported being current heroin users, seven participants provided samples that
were never positive for opioids. As such, 87.3% of our participants provided at least one
urine sample that was positive for an opioid and 91.6% of the total individual samples tested
positive for an opioid. Following opioids, nicotine was the most commonly used drug with
81.8% of participants providing at least one urine sample that tested positive and 88.0% of
all samples testing positive.

Cocaine was the next most commonly found drug with 54.5% of participants providing at
least one urine sample that tested positive and 53.8% of all samples testing positive. Cocaine
was followed by: delta-9-tetrahydrocannabinol (THC: 34.4% of participants, 24.5% of total
samples), alcohol (30.9% of participants, 29.3% of samples), benzodiazepines (BZD: 20.0%
of participants, 13.1% of samples), and gabapentin (10.9% participants, 8.3% samples). Two
participants (3.6%) provided a sample positive (1.2% of total samples) for
methamphetamine and one participant (1.8%) provided a single sample positive for
phencyclidine (PCP; 0.59% of total samples). Results of quantitative drug levels are shown
in Table 2. Figure 2 displays the percentage of participants who provided urine samples that
tested positive only for opioid drugs vs. opioids in addition to another type of drug.

4. DISCUSSION

The results of this study demonstrate that PEG markers are a safe and effective means of
ensuring against urine toxicology fraudulence. In over 83% of cases, the unique marker
administered to each participant was accurately detected in the urine sample later collected.
Two types of inconsistencies were found. In 9 samples, it was noted that a PEG marker had
been administered, but was not found in the urine specimen. Cross referencing PEG marker
results with our Opioid Lab records could find no evidence of human error (e.g., labeling
errors, sample mix up). Reporting forms for all 9 samples indicated the day and time the
PEG marker was given, matching the details in the laboratory report. Among these samples,
urine specimens were obtained between 31 and 42 minutes following PEG administration.
According to the manufacturer, PEGs should appear in urine 30 min after ingestion, thus,
sufficient time was allowed for the marker to be detectible. As such, the remaining likely
cause of these inconsistencies could be that participants did not swallow the capsules
(“cheeking™) or provided a urine sample that was not theirs. In either case, the Marker
system shows its utility as these samples were correctly flagged as “inconsistent.”

In 4 samples, no PEG marker was indicated as being given, but PEGs were detected in the
urine sample. Exploration into possible causes of these errors revealed that in two cases PEG
markers had been given on the previous visit, and the type of PEG markers found in the
inconsistent samples matched that given previously. In both cases PEG marker had been
given over 30 hrs previously. PEGs should completely clear from the blood and urine after
6-8 hours, making it unlikely that PEGs remained detectable in the urine from the previous
sample (Christensen et al., 2014). This leads the investigators to conclude that these errors
were most likely due to investigator labeling errors or lab mix-ups. Human error may have
also been the cause of the remaining two erroneous samples. In both cases, the urine samples
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provided were the participants’ first as a part of this study and there is no indication of
previous PEG exposure. As multiple participants often provided samples concurrently,
samples from participants who received PEGs that day may have been substituted. Because
of the unique nature of the PEG composition of the marker capsules, it is unlikely that false
positives would result from other participant medications (e.g., antihypertensives) that use
PEGs to prepare galenic forms of tablets and capsules. An equally unlikely, yet possible,
source of the false positives could have been individuals in the non-marker group
substituting their sample with that of another study participant who had recently received a
PEG marker. Unpublished data from other clinical studies involving PEGs have not found a
single verified false positive in over 70,000 cases (Personal Communication, Dr. Ruprecht
Keller; Christensen, 2014). Further assessment of the LCMS chromatograph would allow for
a more definitive determination of the source of these erroneous positive results.

These data confirm the necessity of validating self-reported drug use. Omission of many
drugs of abuse was common even when there were no perceived adverse consequences for
full disclosure. The results of the current investigation found that the abuse of multiple drug
classes is far more common than not among active heroin users. Urine toxicology tests
revealed that the majority of those sampled were using multiple opioids in addition to
another type of drug. Among the heroin users sampled, there was evidence of regular
buprenorphine and methadone use. These data suggest that use of these two medications is
common among heroin users, even when out of treatment. Although this suggests a street
market for these drugs, the authors would argue that this is beneficial to the health of heroin
users. First, both drugs carry a lower risk of overdose in comparison to heroin (Brugal et al.,
2005; Mattick et al., 2008; Megarbane et al., 2010; Vormfelde et al., 2001; Wolff et al.,
2002). Second, studies suggest that the diversion of these drugs is for the purpose of self-
detoxification or self-medication of opioid withdrawal, rather than for recreational purposes
(Johanson et al., 2012; Monte et al., 2009).

As expected, high rates of nicotine use were found among this sample with the vast majority
(88%) of urine samples indicating recent use. There was also robust evidence of regular
alcohol use, with 29% of the sample indicating alcohol use within the past 3 days among
31% of study participants (Helander et al., 2009). Cocaine was the most commonly found
illicit drug, followed by THC. The co-occurring use of cocaine and BZDs was the most
likely to be unreported by the users.

Of most concern to the investigators was the indication of frequent BZD use among this
opioid-dependent sample. The use of BZDs among this population may be unintentional, as
anecdotal reports from heroin users and sellers indicate that street heroin is often “cut” with
BZDs (http://www.bluelight.org/vb/threads/675556-Recent-Heroin-Cut-with-Benzo; http://
www.talkingdrugs.org/benzodiazepines-sold-as-heroin). Alternatively, BZDs may be
intentionally used for medicinal (i.e., the self-medication of underlying mental conditions)
or recreational (i.e., potentiate the reinforcing/rewarding effect of the opioid) purposes
(Jones et al., 2012). Either case is cause for concern, as there is a growing body of literature
to suggest that the addition of BZD drugs significantly increases risk of opioid overdose and
overdose lethality (Chan et al., 2006; Lintzeris et al., 2007; Pirnay et al., 2004; Reynaud et
al., 1998; Ross et al., 2000; New York City Dept. of Health and Mental Hygiene
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(NYCDHMH), 2013). With some studies finding that BZDs were detected in a quarter of
overdose deaths (Zador et al., 1996; Darke et al., 1997).

Among samples testing positive for both opioids and BZD, the mean heroin (6-MAM) levels
were 738.96 ng/ml, while the mean BZD levels were 629.89 ng/ml. Among samples that did
not also test positive for BZDs the 6-MAM levels were much higher (1677.72 ng/ml). These
data may imply that the addition of a BZD may preclude the need for more heroin. BZDs
may also be used in times when access to heroin is difficult, or its purity low. This analysis
did not include levels of other opioids, which were common, but varied from individual to
individual. The clinical significance of these data is difficult to interpret because of
differences in strength and half-life across the various BZD drugs. However, given the
increased risk of overdose and possibility of BZD withdrawal, accurate knowledge of
regular BZD use is important in a number of clinical scenarios (e.g., opioid detoxification,
when prescribing opioid agonist medications or opioid analgesics).

With respect to drug-using populations, having accurate, comprehensive information on
drug use may improve safety and treatment adherence rates, facilitate patient—provider
communication, and reduce opioid misuse (Substance Abuse and Mental Health Services
Administration (SAMHSA), 2012). This study, along with several others, revealed that urine
drug testing should be the minimum standard for obtaining information about drug use
(Gudin et al., 2013). However, in cases where there are significant pressures for individuals
to falsify these data, more protective collection methods should be considered. As methods
of thwarting drug tests become savvier and more nuanced, the PEG marker system may
prove to be a valuable tool to combat these efforts.
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Figure 2.
Percentage of participants who provided urine samples that tested positive only for opioid

drugs and opioids in addition to: cocaine, alcohol and benzodiazepines. Nicotine was
excluded due to its ubiquitous use among this sample. THC was excluded because the
duration of time that it remains detectable in the urine makes it difficult to quantify
frequency of use. Each participant was only counted once; that is, the categories do not
overlap.
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Table 1

Demographic characteristics of study participants (N =55)

Demographics

Mean (SD) or Participants (%)

Age 46.78 (7.45)
Sex
Male 51 (93)
Female 4(7)
Ethnic/Racial Category
African American 28 (51)
Caucasian 7(13)
Hispanic 15 (27)
Multiracial 5(9)
Opioid Use

Mean (SD) or Participants (%)

Heroin Bags per Day 5.17 (2.48)
Years of Use 18.12 (11.62)
Route of Administration Preference
Intranasal 35 (63.6)
Intravenous 20 (36.4)
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Quantitative levels of drugs of abuse found using LCMS analysis

Opioids?

Mean (SEM)
6-MAM 1523.00  (241.00)
Hydrocodone 450.00  (198.00)
Oxycodone 3530.00 (434.00)
Buprenorphine  54.78 (15.00)
Fentanyl 46.00 (18.00)
Methadone 241251 (544.00)
Tramadol 562.75  (395.00)
Stimulants

Mean (SEM)

Methamphetamine 168.00 (17.00)
Cocaine 1937.00  (145.00)

Alcohol Metabolites

Mean (SEM)

Ethyl Glucoronide  6557.00  (350.00)
Ethyl Sulfate 1507.00  (92.00)

Benzodiazepines

Mean

(SEM)

Alprazolam 123.00
Clonazepam  126.00
Lorazepam 2171.33
Diazepam 82.00

Oxazepam 984.00

(57.30)
(24.00)
(824.00)
(30.00)
(288.00)

Other Drugs

Mean (SEM)

THC 196.00  (92.00)
PCP 124.00  (40.70)
Zolpidem 42.00 (30.00)
Nicotine (cotinine)  3321.89  (144.94)
Gabapentin 8500.71 (815.51)

Table 2
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a . L . . . S .
As participants are primarily heroin users, we excluded opioids whose presence could have resulted from metabolism of heroin (i.e., codeine,

morphine, hydromorphone) (http://www.mayomedicallaboratories.com/articles/drugbook/opiates.html).
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