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Abstract: Problem statement: Patients on chronic opioid therapy are monitored to detect illicit drug use 
in order to deter diversion of their prescription opioids and to ensure medication adherence. The addictive 
potential of opioid drugs and their similar binding sites in the brain may make them potential gateway 
drugs for each other. Recent reports indicate that oxycodone has a high probability of leading to heroin use 
due to heroin’s similar effects and lower cost. This study explores the correlations between heroin abuse, 
prescription opioids and illicit drugs using urinary excretion data from pain patients. Approach: This 
retrospective analysis was conducted using a database of 148,200 urine samples from pain patients during 
routine drug screening at Millennium Laboratories between 2008 and 2010. Samples were tested for the 
presence of the heroin metabolite, 6-acetylmorphine (6-AM). All samples were analyzed and were 
quantified using LC-MS-MS. Microsoft® Excel 2007 and OriginPro® 8.1 were used to calculate 
percentages and ratios relating heroin use to opioid medications and illicit drugs. Results: Of the 446 
samples positive for 6-AM, methadone was concomitantly used most frequently (26.7%) followed by 
cocaine (25.6%), oxycodone (24.2%), hydrocodone (16.4%), marijuana (11.6%), buprenorphine (4.9%) and 
methamphetamine (4.7%). The high percentage of concomitant methadone is expected because a portion of 
patients were likely to be on methadone maintenance therapy for heroin withdrawal. Patients on oxycodone 
were twice as likely to test positive for 6-AM than those on hydrocodone(0.28% versus 0.14%). 
Conclusions/Recommendations: Our results indicate that patients on methadone should be most closely 
monitored for heroin abuse due to their high proportion of concomitant use. The proportions of 
concomitant use were similar between oxycodone and cocaine and were both considerably higher than 
marijuana, a purported gateway drug for heroin. This study suggests that oxycodone may be highly 
correlated with heroin use. Urine samples must be assessed in the full clinical context. 
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INTRODUCTION 

 
 Patients  on  chronic  opioid therapy for 
treatment  of pain  have  a   high  incidence  of   
illicit drug use (Manchikanti et al., 2004; 

Manchikanti et al., 2006a; Manchikanti et al., 2006b; 
Manchikanti et al., 2005). This has been further 
validated by reports from laboratories testing this 
population  (Cone et al., 2008;  Mikel   et   al.,  
2009;   Pesce  et    al., 2010a;  Pesce  et   al., 2010b).  



Am. J. Pharm. & Toxicol., 6 (1): 5-10, 2011 
 

6 

 
 

Fig. 1: Metabolism of Heroin 
 
The addictive potential of opioid drugs and their similar 
binding sites in the brain may make them potential 
gateway drugs for other opioid prescription drugs and 
illicit drugs in the same way that marijuana is considered 
a possible gateway drug (Lynskey et al., 2003). 
 Providers are constantly challenged with the task of 
providing adequate analgesia in the presence of illicit 
substance abuse and aberrant drug-taking behaviors 
(Todd, 2005). These providers’ concerns include: 
harmful effects from the illicit substance; synergistic or 
antagonistic drug-drug interactions between the opioid 
and illicit substance; and misuse of prescribed opioids for 
pain while under the influence of the illicit substance. 
Other concerns include diversion for purposes of selling 
and distributing (American Academy of Pain Medicine, 
2001). 
 This diversion may be responsible for funding 
illicit drug purchases by prescription drug seekers 
which contributes to the increasing number of 
prescription drug deaths (National Prescription Drug 
Threat Assessment, 2009).  As prescribers of 
controlled substances, treating providers have a 
responsibility to monitor those patients to establish 
adherence  and identify those who are at risk for 
diversion and use of illicit drugs (Manchikanti et al., 
2004; 2006a; 2006b; 2005; Cone et al., 2008; 
National Prescription Drug Threat Assessment, 2009; 
Chou et al., 2009). 
 One of the illicit drugs of choice is heroin because 
of its euphoric properties. Oxycodone is also used by 
drug abusers because of its similar euphoric properties. 
Recent reports indicate that oxycodone has a high 
probability of leading to heroin use due to heroin’s 
similar effects and lower cost (Topix Local News, 
2010).  
 Laboratories monitoring pain patients for illicit 
drug use measure the heroin metabolite, 6-
acetylmorphine (6-AM). Heroin (3,6-diacetylmorphine) 
metabolism first involves deacetylation to 6-AM which 
is then converted to morphine (Fig. 1). Heroin use is 
difficult to detect from urine samples due to the short 

half-life of heroin (t1/2=~3 min) (Topix Local News, 
2010); therefore, its surrogate marker, 6-AM (t1/2 = ~22 
min) is used (Inturrisi et al., 1984). Although 6-AM is 
used, it also has a relatively small window of detection 
and is only detected if heroin use is recent. Because of 
this, a high concentration of morphine along with 6-
AM in the urine is the standard indicator of heroin 
use. However, the interpretation of urine drug testing 
for heroin has become even more difficult due to 
recent observations of 6-AM in the absence of 
morphine (Crews et al., 2009). This unusual 
observation contradicts notices in the Federal Register 
which suggest that a positive 6-AM result cannot 
occur without a positive morphine result (Department 
of Transportation, 2010).   
 This study was conducted on a population of pain 
patients to determine the relationship between heroin 
use and opioid medication use. Other illicit drugs were 
also assessed to provide insight into correlations with 
drug addiction. 
 

MATERIALS AND METHODS 
 
 This retrospective analysis was conducted on a 
database of 148,200 urine samples from pain patients 
during routine drug screening at Millennium 
Laboratories between 2008 and 2010 that were tested 
for the presence of the heroin metabolite. All study data 
were de-identified and IRB-exempt status was granted 
by the University of California, San Diego Human 
Research Protection Program. The study dataset 
included a study-specific patient identification number, 
specimen identification number and concentrations of 
heroin metabolite, 6-AM, morphine, methamphetamine, 
methadone, buprenorphine, marijuana, oxycodone and 
hydrocodone. All samples were analyzed and were 
quantified using LC-MS-MS (Mikel et al., 2009; Pesce 
et al., 2010a; Crews et al., 2009). The lower limit of 
quantitation for 6-AM was 10 ng m L−1. Concentrations 
at or above this values were considered positive. 
Similarly, values above the lower limit of quantitation 
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were also used to define the other medications as being 
present. These were: 100 ng m L−1 for methadone and 
methamphetamine; 50ng m L−1 for morphine, 
hydrocodone and oxycodone; 15 ng mL−1 for marijuana 
(THC); and 10 ng m L−1 for buprenorphine. Microsoft® 
Excel 2007 and OriginPro® 8.1 were used to determine 
percentages and ratios relating heroin use to other 
opiate medications and illicit drugs. Regression analysis 
was conducted to determine the relationship between 
morphine and heroin concentrations in the urine.  
 

RESULTS 
 
 Table 1 summarizes the observed cases. The 446 
observed cases of the 148,200 specimens tested indicate 
a prevalence of 0.3%.  Of these cases, 350 subjects had 
one heroin metabolite positive test, 39 had two tests, 3 
had four tests and 1 had six visits. The subject with 6 
tests was prescribed oxycodone but only tested positive 
one time. The first data row of Table 1 lists the number 
of cases positive for each drug including the heroin 
metabolite. The most prevalent drugs were 
hydrocodone followed by oxycodone and morphine. 
These values were used to calculate the correlation 
with heroin use. The second data row lists the number 
of times the heroin metabolite was found with the 
drug. These data are plotted as a histogram (Fig. 2) as 
the percentage of heroin positive subjects who also 
have measureable levels of other opiate medications 
and illicit drugs. The percentages reported represent 
the percent of 6-AM positive cases from the total 
number of positive cases from each medication. Note 
the higher proportion of concomitant use of heroin 
with oxycodone as compared to hydrocodone and 
fentanyl. Higher proportions of morphine positive 
cases are due to the metabolism of heroin to morphine. 
Patients on oxycodone were twice as likely to test 
positive for heroin as those on hydrocodone (0.28% 
versus 0.14%). Cocaine was the most highly 
correlated with heroin use (20 times more likely than 
hydrocodone) followed by methamphetamine (14 
times more likely), methadone (7.2 times more likely), 
buprenorphine (5.6 times more likely) and marijuana 
(3.7 times more likely). 
 The correlation of heroin positive cases with 
selected medications is presented in Fig. 3 and the 
histogram shows the frequency of concomitant use in 
the heroin user population for each drug. Positive 
morphine cases only represent 90% of  total  heroin  
positive  cases. Of the 446 samples positive for 

heroin metabolite, methadone   was   concomitantly 
used    most frequently (26.7%) followed by cocaine 
(25.6%), oxycodone (24.2%), hydrocodone (16.4%), 
marijuana (11.6%), buprenorphine   (4.9%)  and 
methamphetamine (4.7%). A considerably higher 
proportion of concomitant oxycodone   and   heroin 
use was seen   as   compared  to other   opioids   such 
as     hydrocodone,   fentanyl      and   propoxyphene. 

 

 
 
Fig. 2: Concomitant use of heroin with other drugs. 

Observations of the heroin metabolite (6-AM) 
with cocaine metabolite (COCN), 
methamphetamine (METAMP), morphine 
(MORPH), methadone (METD), buprenorphine 
(BUP), marijuana metabolite (THC), oxycodone 
(OXYCO), hydrocodone (HYDROCO), 
propoxyphene (PROPX) and fentanyl (FEN) are 
expressed as the percentage of total cases for 
each drug 

 

 
 
Fig. 3: Frequency of concomitant drug use in the heroin 

user population. Observations of the cocaine 
metabolite (COCN), methamphetamine 
(METAMP), morphine (MORPH), methadone 
(METD), buprenorphine (BUP), marijuana 
metabolite (THC), oxycodone (OXYCO), 
hydrocodone (HYDROCO), propoxyphene 
(PROPX) and fentanyl (FEN) are expressed as 
the percentage of total 6-AM positive cases 
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Table 1: Number of positive drug cases 
Population data 6-AM  Morphine Methadone Cocaine Oxycodone Hydrocodone THC Buprenorphine Methamp- Fentanyl Propoxyphene 

    metabolite     hetamine  
number positive 446 22279 11640 4060 38701 53430 9951 2838 1056 10977 4326  
for drug  
number positive 446 404 119 114 108 73 52 22 21 12 6  
also positivefor 6-AM  

 

 
 

Fig. 4: Percent frequency of heroin positive cases vs. 
morphine concentration.  A positive correlation 
is observed between 6-AM positive cases and 
morphine concentration (y=3.52x+1.19)  At 
higher concentrations of morphine, the chances 
of detecting 6-AM increase as expected 

 
Ninety percent of the heroin cases were also positive 
for morphine. Detection of 6-AM was expected to 
follow the concentration of excreted morphine. Figure 4 
shows the correlation of the detection of 6-AM and 
morphine concentration. Regression analysis yielded a 
positive linear relationship between the frequency of 
heroin positive cases and morphine concentration; that 
is, the greater the concentration of morphine, the greater 
the frequency of observed heroin cases. This provides 
evidence that the finding of 6-AM followed the 
pharmacokinetics of heroin metabolism. 
 

DISCUSSION 
 
 The estimated prevalence of heroin abuse in the 
United States is 0.1% for individuals 35 and older 
(United States. General Accounting Office, 2004). The 
pain population on chronic opioid therapy is mostly 
older individuals and it is appropriate to compare these 
groups (Manchikanti et al., 2006b). The 446 observed 
cases of the 148,200 specimens tested indicate a 
prevalence of 0.3%, a rate three times higher than the 
general population. These observations are consistent 

with other studies that the pain population has a higher 
prevalence of illicit drug use (Manchikanti et al., 2004; 
2006a; 2006b; 2005; Cone et al., 2008) The proportion 
of oxycodone used concomitantly with heroin was 
twice as large as that of hydrocodone. The incidence of 
abusing prescription oxycodone prior to heroin abuse is 
supported by national reports (Siegal et al., 2000; Hart, 
2002; Callahan, 2002; Information bulletin: OxyContin 
diversion and abuse, 2001; Hunt, 2002). Although our 
data does not prove that oxycodone is a gateway drug, 
it is consistent with the current thinking of the Drug 
Enforcement Administration (DEA). According to the 
DEA, while cocaine and heroin continue to be the 
primary drugs of abuse in Massachusetts, “OxyContin 
remains extremely popular and has been seen as a 
‘gateway drug’ to heroin use”. An alternative that 
should be considered is the possibility that former 
heroin or opiate addicts will seek out more potent drugs 
in the opioid class. This would also explain the 
correlations observed and suggests a link between 
oxycodone and heroin. 
 Some subjects in these reports had stated that the 
reason for heroin use after oxycodone abuse was the 
heroin was more accessible and cheaper than 
oxycodone (Siegal et al., 2000). Heroin is metabolized 
to morphine and works on the opioid receptor similar to 
other opioids (Trescot et al., 2008). The high 
correlation in use between oxycodone and heroin would 
be supported by its structural and chemical properties. 
Although high correlations of methadone with heroin 
were observed, we do not believe that these are 
methadone maintenance patients. Several facts argue 
against this hypothesis. First, our laboratory serves pain 
physicians and not methadone clinics. Methadone 
prescriptions for withdrawal treatment needs to be 
prescribed by physicians who are certified in a facility 
that is also certified for this type of treatment. These 
methadone clinics are government funded operations 
and use different urine drug testing agencies. Second, 
Methadone is commonly used to treat chronic pain in 
the U.S. due to the following three reasons: (a) 
Methadone is more potent than most opioids (Bruera 
and Sweeney, 2002). In the setting of chronic pain, 
patients have built tolerance to other opioids and reqire 
higher doses and number of tablets. For this reason, 
patients are converted over to methadone. (b) 
Neuropathic pain occurs in the setting of chronic 
nociceptive pain through the activation of the NMDA 
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receptor (Trescot et al., 2008). Methadone has more 
affinity to the NMDA receptor than any other opioid 
(28-30). For this reason it is commonly used for treating 
a mixture of nociceptive and neuropathic pain. 
Clinicians may either change the regimen from the 
other opioid (i.e., morphine) or add it onto the other 
regimen (i.e., morphine plus methadone). (c)Finally the 
cost of the medication can be a burden for any chronic 
condition including chronic pain. Methadone is 
inexpensive compared to other long-acting opioids and 
is most often prescribed for patients who have no 
insurance coverage (Watanabe et al., 1996) Patients 
positive for these agents should be more closely 
monitored for heroin use than those patients using other 
opiate medications. The positive correlation between 
morphine and the heroin metabolite is expected if 
heroin use was more recent and thus, supports the 
validity of the study. 
 

CONCLUSION 
 
 The higher prevalence of heroin abuse in this 
population supports the need for monitoring pain 
patients for illicit drug abuse. The sub-population of 
those testing positive for methadone and buprenorphine 
should be closely monitored as well. Patients on 
oxycodone therapy were twice as likely to 
concomitantly use heroin as hydrocodone. These 
observations need to be further explored to consider 
oxycodone as a gateway drug for heroin. Urine drug 
testing is one measure of monitoring for opioid use in 
the setting of chronic pain and its results must be 
assessed in the full clinical context. 
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