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Abstract 

 
  

There are distinct differences in the accessibility, purity, dosing, and misuse associated 
with illicit gamma-hydroxybutyrate (GHB) compared to pharmaceutical sodium oxybate. 
Gamma-hydroxybutyrate sodium and sodium oxybate are the chemical and drug names, 
respectively, for the pharmaceutical product Xyrem® (sodium oxybate) oral solution. 
However, the acronym GHB is also used to refer to illicit formulations that are used for 
non-medical purposes. This review highlights important differences between illicit GHB 
and sodium oxybate with regard to their relative abuse liability, which includes the 
likelihood and consequences of abuse. Data are summarized from the scientific 
literature; from national surveillance systems in the U.S., Europe, and Australia (for illicit 
GHB); and from clinical trials and post-marketing surveillance with sodium oxybate 
(Xyrem). In the U.S., the prevalence of illicit GHB use, abuse, intoxication, and overdose 
has declined from 2000, the year that GHB was scheduled, to the present and is lower 
than that of most other licit and illicit drugs. Abuse and misuse of the pharmaceutical 
product, sodium oxybate, has been rare over the 5 years since its introduction to the 
market, which is likely due in part to the risk management program associated with this 
product. Differences in the accessibility, purity, dosing, and misuse of illicit GHB and 
sodium oxybate suggest that risks associated with illicit GHB are greater than those 
associated with the pharmaceutical product sodium oxybate. 
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Introduction 

Gamma-hydroxybutyric acid is an endogenous compound and putative 
neurotransmitter that differs from the primary inhibitory neurotransmitter 
gamma-aminobutyric acid (GABA) by the substitution of a hydroxyl group in place 
of the amino group of the GABA molecule (Maitre, 1997; Pardi and Black, 2006). 
Sodium gamma-hydroxybutyrate or sodium 4-hydroxybutyrate (GHB) is the 
International Union of Pure and Applied Chemistry chemical name for the sodium 
salt of gamma-hydroxybutyric acid, whereas sodium oxybate is the international 
drug name for the identical compound (Hillebrand et al., 2008). Sodium oxybate is 
marketed as Xyrem® in the U.S., Canada, and Europe by Jazz Pharmaceuticals, 
Valeant Pharmaceuticals International, and UCB, respectively. It is approved for 
the treatment of excessive daytime sleepiness and cataplexy in patients with 
narcolepsy in the U.S., for the treatment of narcolepsy with cataplexy in adult 
patients in Europe, and for the treatment of cataplexy with narcolepsy in Canada. 
Sodium oxybate is approved in Germany as an anesthetic, Somsanit® (Dr. F. Köhler 
Chemie), and is approved in Austria and Italy for the treatment of opioid and 
alcohol withdrawal as Alcover® (Laboratorio Farmaceutico; Hillebrand et al., 2008). 
Clinical development programs are also under way to study the clinical efficacy and 
safety of sodium oxybate for the treatment of conditions such as fibromyalgia 
(Russell et al., 2009) and essential tremor (Frucht et al., 2005). For the purposes of 
this report, sodium oxybate will be used to refer to the government-approved drug 
or pharmaceutical product. GHB will be used to refer to endogenous gamma-
hydroxybutyric acid and chemical grade gamma-hydroxybutyrate. Illicit GHB will 
be used to refer to illicitly manufactured gamma-hydroxybutyric acid or gamma-
hydroxybutyrate and street drug products that are purported to be GHB and might 
contain GHB or other compounds of unknown dose and purity. 
 
GHB was legally manufactured and widely available as a nutritional supplement (to 
induce sleep or increase muscle mass) in the 1980s until reports of abuse as a “club 
drug” (a drug used in a club or party setting for its euphoric effects; e.g., Sumnall 
et al., 2008) and “date-rape drug” (a drug used for drug-facilitated sexual assault; 
e.g., Chin et al., 1992) led to the scheduling of GHB as a controlled substance. As 
of March 2000, GHB and sodium oxybate were placed in a unique bifurcated 
Federal schedule in the U.S. GHB for non-medical use is Schedule I, the most 
restrictive schedule of the Controlled Substances Act (2008). When used as 
prescribed for medical purposes (e.g., the treatment of narcolepsy), it is a Schedule 
III substance. 
 
In March 2001, the Commission on Narcotic Drugs of the United Nations, at the 
recommendation of the World Health Organization, added GHB to Schedule IV of 
the 1971 Convention on Psychotropic Substances, with GHB subject to scheduling 
or control in all Member States of the European Union. Some Member States (e.g., 
Italy, Latvia, and Sweden) subsequently also placed controls on one or both of the 
GHB precursors gamma-butyrolactone (GBL) and 1,4-butanediol (1,4-BD; 
Hillebrand et al., 2008). In the U.S., GBL is a List I chemical (a chemical that is used 
in, and important to, the manufacture of a controlled substance) and is subject to 
regulatory controls; 1,4-BD is neither controlled nor listed at the Federal level 
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(Controlled Substances Act, 2008), but is controlled in some U.S. states under State 
Law (e.g., Hawaii, Nevada; Hawaii Revised Statute, 2008; Nevada Administrative 
Code,2008). Canada lists sodium oxy-bate/GHB and all salts as Schedule III. 
 
Distinguishing between illicit GHB and licit GHB or sodium oxybate from clinical 
case reports of abuse and dependence is difficult. Many of the epidemiological 
studies or case reports that describe the effects of illicit GHB refer to the molecule 
simply as GHB (e.g., Kim et al., 2008). Without forensic analysis of the substance 
consumed or of a biological sample from the consumer, extrapolating effects 
reported after the administration of illicit GHB or a GHB precursor to the effects of 
chemical grade GHB or sodium oxybate requires several assumptions to be made, 
such as the illicit formulation contained GHB, the illicit formulation was not 
contaminated or adulterated by other chemicals, and the effects were not caused 
by a co-administered drug or chemical. 
 
However, studies examining the effects of GHB are applicable to sodium oxybate. 
All pharmaceutical products have chemical names (e.g., sodium gamma-
hydroxybutyrate), non-proprietary pharmaceutical names (e.g., sodium oxybate), 
and trade names (e.g., Xyrem). Clinical studies that were conducted with 
pharmaceutical grade GHB prior to the development of sodium oxybate as a 
commercial product (e.g., Broughton and Mamelak, 1979; Scharf et al., 1985) use 
the chemical name GHB and are applicable to the pharmaceutical product. The use 
of the chemical name in the scientific literature has likely persisted because of the 
availability and use of chemical grade GHB for non-human studies (e.g., Carter et 
al., 2003; Goodwin et al., 2005) 
 
It is important, however, to recognize that illicit GHB and sodium oxybate have 
different risks or liabilities of abuse and using “GHB” to refer to both illicit GHB and 
sodium oxybate has blurred this distinction in the scientific literature and in the 
popular press. The purpose of this review is to summarize the differences between 
the relative abuse liability of sodium oxybate and that of illicit GHB, with a specific 
focus on the availability and prevalence of non-medical use, and the risks and 
consequences of misuse and abuse. Relative abuse liability includes both a drug’s 
liability for abuse (likelihood that the drug will be abused) and its liability of abuse 
(consequences of abuse; Griffiths et al., 2003). Information on sodium oxybate, 
GHB, and illicit GHB from three types of sources are presented in this review: data 
from the peer-reviewed scientific literature; data from national surveys of drug 
use, abuse, and law enforcement activity; and data from Jazz Pharmaceuticals on 
the rates of abuse, diversion, drug-facilitated sexual assault, and deaths associated 
with sodium oxybate. 
 
1. Characteristics of illicit GHB compared to those of sodium oxybate 

1.1. Availability 
1.1.1. Availability of illicit GHB.  

After GHB was scheduled in the U.S. in 2000 and became an illegal drug, it 
continued to be sold as a dietary supplement under a variety of different names, 



 

 - 95 - 

as a GHB alternative, or more covertly, as a solvent not recommended for human 
consumption (Maxwell and Spence, 2005). Chemistry kits, reagents, and recipes to 
convert GHB precursors into GHB also became available for purchase over the 
internet; however, the availability of these kits, reagents, and recipes is thought to 
have diminished in recent years (Nicholson and Balster, 2001; Mason and Kerns, 
2002; European Monitoring Centre for Drugs and Drug Addiction Annual Report, 
2007; National Drug Intelligence Center U.S. Department of Justice, 2008). 
Epidemiological data show that illicit GHB remains accessible to individuals in the 
U.S., Europe, and Australia (Degenhardt et al., 2005; Barker et al., 2007; Sumnall 
et al., 2008). International restrictions on the production and sale of GHB are 
thought to have shifted recreational use from GHB toward the GHB precursors GBL 
and 1,4-BD in the U.S., Europe, and Australia (Winickoff et al., 2000; Zvosec et al., 
2001; Dupont and Thornton, 2001; Caldicott et al., 2004; Palmer, 2004; European 
Monitoring Centre for Drugs and Drug Addiction Annual Report, 2008; Hillebrand 
et al., 2008; Knudsen et al., 2008; Wood et al., 2008). GBL and 1,4-BD are ingested 
for recreational use presumably because they are converted to GHB in the body 
(Doherty and Roth, 1978; Lettieri and Fung, 1978), but they can also be chemically 
converted to illicit GHB prior to consumption. 
 
Several surveys and data collection methods have been used in different countries 
to assess the relative availability and reported prevalence of use of illicit GHB 
(Table 1). In the U.S., the relative availability of illicit GHB can be assessed by 
examining the reported prevalence of use by individuals and the prevalence of 
drug confiscations by law enforcement. Data regarding the use of illicit GHB by 
adults in the U.S. are limited since GHB was not added to the U.S. National Survey 
on Drug Use and Health (formerly the National Household Survey on Drug Abuse) 
until 2006 (Substance Abuse and Mental Health Services Administration, Office of 
Applied Studies, 2008b). However, data from the Monitoring the Future Study 
indicate that the estimated annual rates of non-medical use of GHB by 8th, 10th, 
and 12th grade students are low (0.5–1.2%) and have declined from 2000 (the first 
year in which GHB use was queried in the survey) to 2008 (Johnston et al., 2008). 
Reported rates of non-medical use of GHB among each of the grade levels in the 
Monitoring the Future Study in 2007 were lower than those of other sedatives, 
tranquilizers, Vicodin®, Oxycontin®, Ritalin®, and over-the-counter cough and cold 
medicines (Johnston et al., 2008). Similarly, the rate of confiscations of illicit 
GHB/GBL by U.S. law enforcement is also low, relative to that of other drugs, and 
has declined in recent years. Data from the U.S. Drug Enforcement 
Administration’s National Forensic Laboratory Information System (NFLIS) indicate 
that the percentage of items that tested positive for GHB or GBL decreased by 83% 
from 2000 to 2007 (Fig. 1, top panel; The National Forensic Laboratory Information 
System, 2001; The National Forensic Laboratory Information System, 2002; Strom 
et al., 2003, 2004; Weimer et al., 2004, 2006, 2007; Office of Diversion Control, 
2008). Indeed, the 2009 National Drug Threat Assessment authored by the U.S. 
Department of Justice states that GHB has been a very low threat and low priority 
for law enforcement for the last several years (National Drug Intelligence Center 
U.S. Department of Justice, 2008). 
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TABLE 1. Sources of data for reported availability and use of illicit GHB 
 

U.S. U.S. National Survey on Drug Use and Health (formerly the National Household 
Survey on Drug Abuse) 

• Annual survey by the Substance Abuse and Mental Health Services 
Administration (SAMHSA). 

• Assesses the prevalence and incidence of illicit drug, alcohol, and 
tobacco use, substance abuse and dependence, and mental health 
problems in the civilian, non-institutionalized population ages 12+ in 
the U.S. 

• N ∼70,000. 
 
Monitoring the Future Study 

• Annual survey carried out by the University of Michigan Institute for 
Social Research and supported by the National Institute on Drug 
Abuse, a part of the National Institutes of Health. 

• Assesses self-reported behavior, attitudes, and values of secondary 
school students (8th, 10th, and 12th grade), college students, and 
young adults. 

• N ∼50,000. 
 
National Forensic Laboratory Information System (NFLIS) 

• Program sponsored by the U.S. Drug Enforcement Administration 
(DEA) in partnership with 274 federal, state, and local forensic 
laboratories. 

• Systematic collection (annual, mid-year, and special reports) of results 
from drug analyses conducted by state and local forensic laboratories 
of substances seized in law enforcement operations across the 
country. 

• Resource for monitoring illicit drug availability, including the diversion 
of legally manufactured drugs into illegal markets. 

 
Drug Abuse Warning Network (DAWN) 

• Public health surveillance system that is operated by the Substance 
Abuse and Mental Health Services Administration (SAMHSA). 

• Monitors drug-related hospital emergency department visits and 
drug-related deaths to track the impact of drug use, misuse, and abuse 
in the U.S. 

National Poison Database 
• Comprehensive poisoning surveillance database system in the U.S. 

operated by the American Association of Poison Control Centers. 
• • Information included in its annual reports reflects the information 

submitted by the regional Poison Control Centers. 
Europe European Monitoring Center for Drugs and Drug Addiction (EMCDDA) 

• Annual report on the state of the drugs problem in Europe; 
comprehensive information on drugs and drug addiction in Europe. 

• Works with network of ∼30 national monitoring centers (Reitox 
network). 

Australia National Drug Strategy Household Survey 
• National survey conducted by the Australian Institute of Health and 

Welfare (AIHW) on drug use patterns, attitudes and behaviors in 
individuals ages 12+ in Australia. 

• Conducted every 2–3 years 
• N ∼30,000. 

 
 
In Europe, the European Monitoring Centre for Drugs and Drug Addiction is the 
central source of comprehensive information on drugs and drug addiction. The 
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European Monitoring Centre for Drugs and Drug Addiction 2007 and 2008 Annual 
Reports and thematic paper on GHB and GBL showed that the prevalence of illicit 
GHB use in Europe is low, with levels of use limited to specific subpopulations of 
drug users (Bellis et al., 2003; European Monitoring Centre for Drugs and Drug 
Addiction Annual Report, 2007; European Monitoring Centre for Drugs and Drug 
Addiction Annual Report, 2008; Hillebrand et al., 2008). In Australia, data from the 
National Drug Strategy Household Survey conducted by the Australian Institute of 
Health and Welfare estimated that in 2007 a total of 0.1% of the Australian 
population over 14 years of age reported using GHB in the previous 12 months 
(Australian Institute ofHealthandWelfare,2008). This figure is the same as that 
reported in 2004 for GHB (Degenhardt and Dunn, 2008), and is considerably lower 
than the reported use of other illicit drugs, such as marijuana/cannabis (9.1%) and 
ecstasy (3.5%), as well as non-medical use of pain-killers (2.5%) and sleeping pills 
during the same year (1.4%; Australian Institute of Health and Welfare, 2008). In 
contrast to the national reports, a recent retrospective study from a metropolitan 
area in Australia reported that GHB-related, non-fatal ambulance calls increased 
from 2001 to 2005, suggesting that use of illicit GHB in Australia might also be 
limited to specific sub populations of drug users (Dietze et al., 2008). 
 
1.1.2. Availability of sodium oxybate.  

Sodium oxybate is available by prescription in the U.S., Canada, and Europe. In the 
U.S., an extensive risk- management program called the Xyrem Success Program® 
was specifically designed to prevent diversion and misuse of sodium oxybate by 
limiting distribution of the drug and by educating physicians and patients on proper 
use of the drug. In the U.S., Xyrem is manufactured at a single source and is 
distributed through a central pharmacy. The Xyrem Success Program also includes 
physician and patient registries, whereby prescriptions are verified before being 
filled (in addition to confirming that the prescriber and the prescription are valid, 
the central pharmacy calls the physician to identify the physician’s name and DEA 
and state license numbers, confirms that the physician’s DEA number is valid, and 
confirms that the physician is registered with the central pharmacy, a one-time 
process in which the physician must attest that he/she has read specific 
educational materials that include information regarding the approved indications 
and doses). The central pharmacy also calls each patient to confirm that they have 
received and understood the Patient Success Program materials explaining the 
risks and proper use of Xyrem (and sends or re-sends the materials if they have not 
been received). Once it is documented that the patient has read and understood 
the educational materials, the drug is shipped overnight to the patient; if a patient 
or a patient’s designee does not sign for the drug, it is returned to the central 
pharmacy (see Fuller et al., 2004; Wedin et al., 2006). 
The central pharmacy tracks all instances of potential diversion, theft, and loss of 
drug (e.g., reports of misplaced, spilt, or damaged bottles; delivery of drug to an 
incorrect address). From the approximately 26,000 patients that have received 
drug and the approximately 600,000 bottles of Xyrem distributed worldwide 
(approximately 5 million defined daily doses, based on the modal prescribed dose 
of 9g/night) from market introduction through March 2008, there have been 5 
reported instances of drug diversion (drug was used or intended to be used by 
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someone other than the patient), 6 instances of possible diversion (drug was 
reported to have been stolen with no information about its subsequent use), 9 
instances of coincidental theft (drug was part of a general theft including other 
items; e.g., burglary, theft of a backpack), and 22 instances in which the drug was 
lost or missing and theft was not suspected (e.g., drug was delivered to the wrong 
address and was not recovered, drug was left in a hotel room by the patient). Given 
the five reported instances of drug diversion, the estimated rate of diversion of 
Xyrem is approximately one instance per 5200 patients treated (approximately 
0.019%), or one instance per 120,000 bottles of drug shipped (less than 0.0009%; 
Wang et al., 2009). 
 
1.2. Product identity, purity, and dosing 
1.2.1. Identity, purity, and dosing of illicit GHB.  

As with any illicit drug, there are no standards governing the production or sale of 
illicit GHB. A powder or solution sold as GHB might or might not contain GHB or 
other substances. Similarly, illicitly synthesized GHB might contain toxic 
contaminants or residual reagents from the synthesis. As such, case reports that 
describe instances of illicit GHB intoxication and unintentional overdose without 
forensic confirmation that GHB and no other drugs was present in a biological 
sample, assume that GHB was actually ingested and that illicit GHB, and not a 
contaminant of synthesis or another drug(s) or chemical(s), was responsible for the 
observed effects. 
GHB used for non-medical purposes is most commonly synthesized illicitly from 
GBL. As such, less than careful chemistry can result in a final product that contains 
GBL. GBL is metabolized to GHB in the body (Lettieri and Fung, 1978); however, in 
a number of different species, including mice, rats, pigeons, and baboons, GBL has 
been shown to be more potent than GHB (cf.,Weertsetal.,2005; Goodwin et al., 
2006), which is likely due to pharmacokinetic differences between GHB and GBL 
(see Carter et al., 2009 for review). Thus, the use of illicitly synthesized GHB can 
result in greater harm if GBL is present since GBL is more potent than GHB across 
species and might increase the risk of unintentional overdose. 
 
In addition, GBL or other drugs such as 1,4-BD might be sold as illicit GHB. For 
example, reported use of GHB by patients admitted to the emergency department 
in a recent study in the U.K. was substantially higher than data from analyzed 
substances would suggest. In one study that included 158 patients who reported 
use of either GHB, GBL, or 1,4-BD after being admitted to the emergency 
department, 95% of the patients reported using GHB. However, an analysis of 
substances seized from clubs in the same area showed that 38% of seized 
substances contained GHB, whereas 62% contained GBL (Wood et al., 2008). 
 
Although both GBL and 1,4-BD are metabolized to GHB in vivo following oral 
administration (Doherty and Roth, 1978; Lettieri and Fung, 1978), the toxic effects 
of these compounds might differ from those of GHB. In one study in mice, 1,4-BD 
produced loss of righting and resulted in 25% lethality (LD25) at a dose of 1780 
mg/kg, whereas lethality was not observed after doses of GHB up to 3200mg/kg 
(Carter et al., 2005). A study in human subjects reported that there were no serious 
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adverse effects observed after a single relatively low dose of 1,4-BD (25 mg/kg; 
Thai et al., 2007); however, the relative toxicity of 1,4-BD in humans has been 
suggested to be quite high (Zvosec et al., 2001). 
 
Recreational users of illicit GHB have typically reported self-administering one or 
more “capfuls” of liquid. Depending on the size of the cap and the concentration 
of the solution, a capful of liquid could contain 5 g of GHB, or approximately 70 
mg/kg for a 70 kg person (based on an approximate concentration of 1g/mL of pure 
GHB solution; Miotto et al., 2001; Barker et al., 2007; Sumnall et al., 2008). In a few 
studies, users of illicit GHB reported taking the drug 1–6 times per week, 1–3 times 
per day, often in the evenings (but not immediately before bed), and most 
frequently on the weekends (Miotto et al., 2001; Barker et al., 2007; Sumnall et al., 
2008). In addition, case reports of illicit GHB abuse and withdrawal often describe 
use that has escalated to larger doses and frequent dosing throughout the day and 
night (e.g., Craig et al., 2000; Wojtowicz et al., 2008). 
 
The adverse consequences of illicit GHB abuse have been postulated to be worse 
than those of other sedative/hypnotic drugs because the dose–effect curve for 
GHB appears to be steep and there is a narrow range between doses that are used 
for recreational purposes and those that can result in loss of consciousness 
(Griffiths and Johnson, 2005). As noted in the following Section 2.2.2, studies 
conducted with sodium oxybate under controlled conditions have shown that the 
pharmacokinetics are nonlinear, with, for instance, a doubling of the dose resulting 
in a greater than 2-fold increase in blood levels of the drug. In surveys of illicit GHB 
users in the U.S. and Australia, more than half of the respondents reported 
experiencing some degree of unintentional loss of consciousness as a result of their 
illicit GHB use (Miotto et al., 2001; Degenhardt et al., 2003). 
 
1.2.2. Identity, purity, and dosing of sodium oxybate.  

Sodium oxybate is manufactured in liquid form to precise specifications (500 mg 
sodium oxybate per mL of solution), and doses are measured by patients using a 
calibrated device. Under controlled conditions and using known doses of sodium 
oxybate, the dose–effect curve, across a wide range of doses, was found to be 
relatively steep and the relative potency of the sedative effects somewhat variable 
across participants (Abanades et al., 2006, 2007; Carter et al., 2006). This finding is 
consistent with the nonlinear pharmacokinetics of sodium oxybate, in which blood 
levels increased 3.7-fold as the dose was doubled from 4.5 to 9 g per day (Palatini 
et al., 1993; Scharf et al., 1998). 
 
The recommended starting dose of sodium oxybate for treating cataplexy and 
excessive daytime sleepiness associated with narcolepsy is 4.5 g/night divided into 
two equal doses of 2.25 g to be taken at bedtime and 2.5–4 h later. The dose can 
be increased to a maximum of 9g/night (two doses of 4.5g/night) in increments of 
1.5 g/night (0.75 g per dose; Xyrem Prescribing Information, 2008). The doses 
under evaluation in Phase II and Phase III trials for fibromyalgia are 4.5 and 6 
g/night (Russell et al., 2009; data on file, Jazz Pharmaceuticals). 
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2. Substance Abuse, Substance Dependence, and misuse with illicit GHB 
compared to sodium oxybate 

2.1. Substance Abuse and Substance Dependence with illicit GHB 

In cases of intoxication or unintentional overdose, the dose or doses of illicit GHB 
are often unknown; however, surveys of users of illicit GHB provide some 
information about the effects of acute illicit GHB intoxication. In surveys of 
recreational users of illicit GHB in the U.S., U.K., and Australia, individuals reported 
using GHB for euphoric-, sociable-, and aphrodisiac-like effects (Miotto et al., 2001; 
Degenhardt et al., 2002; Barker et al., 2007; Sumnall et al., 2008). In some of the 
same studies, more than half of the respondents also reported that acute adverse 
effects of illicit GHB intoxication included confusion, dizziness, blurred vision, 
hot/cold flushes, profuse sweating, vomiting, and loss of consciousness (Miotto et 
al., 2001; Degenhardt et al., 2002). In one survey, users who had experienced an 
unintentional, non-fatal overdose with illicit GHB reported that the most frequent 
reason for the unintentional overdose was taking “too much GHB” (37% of 
respondents), followed by a concentration of illicit GHB “stronger than usual” (21% 
of respondents; Degenhardt et al., 2003). 
 
Epidemiological information on the prevalence of illicit GHB abuse and intoxication 
includes data from the Drug Abuse Warning Network (DAWN; Substance Abuse 
and Mental Health Services Administration, Office of Applied Studies, 2008a) and 
the American Association of Poison Control Centers, which receive reports of drug-
related hospital emergency department visits and calls or case reports of 
poisonings, respectively (Table 1). Data from the DAWN surveillance system 
estimate that the number of emergency department visits in which GHB or a GHB 
precursor was mentioned decreased from 2004 to 2006 (Fig. 1, middle panel); 
however, the number of emergency department visits reported in 2006 was not 
statistically different than those reported in 2004 or 2005(Substance Abuse and 
Mental Health Services Administration, Office of Applied Studies, 2008b; Dr. 
Elizabeth Crane, personal communication). Annual Reports of the American 
Association of Poison Control Centers also suggest that poisonings attributed to 
illicit GHB, GHB analogs, and GHB precursors have declined in recent years, with 
the number of GHB exposures decreasing by 73% from a total of 1916 exposures 
(including six deaths) in 2001 to 518 exposures (including no deaths) in2007 (Fig. 
1, bottom panel; Litovitz et al., 2002; Watson et al., 2003, 2004, 2005; Lai et al., 
2006; Bronstein et al., 2007, 2008). Similarly, a retrospective review of cases 
presented to the California Poison Control System showed that from 1999 to 2003 
there was a 76% decrease in case reports of GHB exposure to the California Poison 
Control System (Anderson et al., 2006). 
 
The actual prevalence of death from illicit GHB overdose is difficult to determine 
because of the lack of objective assessments, such as sensitive, specific assays for 
measuring GHB in biological matrices; the high prevalence of concomitant drug 
use; and differences in reporting practices within the medical community. Nausea 
and vomiting can occur after GHB administration and increase the risk for 
aspiration if an individual is unconscious. Cardiac and respiratory depression can 
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lead to bradycardia, bradypnea, and apnea. Myoclonic seizure-like activity and loss 
of consciousness have also been described (Centers for Disease Control, 1991; 
Dyer, 1991; Chin et al., 1992). The clinical course of illicit GHB overdose is thought 
to be relatively short, with most people awakening within 3–4h and recovering 
within 5–8h of ingestion (Chin et al., 1998; Van Sassenbroeck et al., 2007; but see 
Strickland et al., 2005). The concomitant use of other sedative-hypnotics, including 
alcohol, has been reported to prolong the time it takes to recover (Williams, 1998; 
Thai et al., 2006). 
 
Fatalities due to illicit GHB intoxication both alone and together with other drugs 
have been reported (Fig. 1, bottom panel; also see Ferrara et al., 1995; Caldicott et 
al., 2004; Knudsen et al., 2008). The relationship between adverse events and the 
consumption of illicit GHB is often not straightforward. Studies conducted in the 
U.S., Europe, and Australia have shown that the majority of individuals co-
administer illicit GHB with at least one other substance (Miotto et al., 2001; 
Degenhardt et al., 2002, 2003; Barker et al., 2007; Kim et al., 2007; Dietze et al., 
2008; Sumnall et al., 2008). In addition, cases of intentional or unintentional 
overdose from drugs other than GHB might be mistaken for illicit GHB overdose 
(Couper et al., 2004; Wood et al., 2008). 
 
There are case reports that describe individuals who appear to fulfill DSM-IV 
criteria for a diagnosis of Substance Dependence upon (i.e., addiction to) illicit GHB 
(Galloway et al., 1997; Craig et al., 2000; McDaniel and Miotto, 2001; Degenhardt 
et al., 2002). There are also case reports (including those above) that describe 
individuals who have become physically dependent (evidenced by a withdrawal 
syndrome) upon illicit GHB as a result of frequent administration of the drug (every 
1–3h), resulting in daily doses of 43–144 g/day (e.g., Price, 2000; Dyer et al., 2001; 
Miotto et al., 2001; Glasperet al.,2005). In many cases, DSM-IV Substance 
Dependence and physical dependence on illicit GHB are associated with 
administration of supratherapeutic doses of GHB in an around-the-clock manner 
(Dyer et al., 2001; Tarabar and Nelson, 2004). Surveys of recreational users of illicit 
GHB have reported a prevalence of physical dependence ranging from4%to21%, 
with a higher prevalence in surveys in which participants reported more frequent 
use of illicit GHB (Miotto et al., 2001; Degenhardt et al., 2002). 
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FIGURE 1 

 
2.2. Substance Abuse and Substance Dependence with sodium oxybate 

Human abuse liability studies of supratherapeutic doses of sodium oxybate have 
shown that although subjects report positive subjective effects comparable to 
those of alcohol or a benzodiazepine, they also report greater negative subjective 
effects such as nausea and gastrointestinal distress (Carter et al., 2006; Abanades 
et al., 2007). Data from post-marketing surveillance indicate that abuse of sodium 
oxybate by patients and/or recreational drug users is rare. All reported cases of 
sodium oxybate abuse from spontaneous reporting and the central pharmacy were 
reviewed for fulfilling the DSM-IV criteria for Substance Abuse. Ten cases fulfilling 
DSM-IV criteria for Substance Abuse with sodium oxybate have been reported 
from market introduction through March2008 in the U.S., Europe, and Canada 
(Wang et al., 2009). As shown in Table 2, there has been approximately one case 
of Substance Abuse reported for every 2600 patients treated (a rate of 
approximately 0.039%). Also noted in Table 2, the majority of cases that fulfilled 
DSM-IV criteria for Substance Abuse involved use of sodium oxybate in a 
potentially hazardous situation. 
 
A total of 21 deaths have been reported in patients who were likely or known to 
be currently taking sodium oxybate (out of 26,000 patients who took sodium 
oxybate) since market introduction in the U.S., Europe, and Canada (Wang et al., 
2009). In 6 of the 21 cases, a physician deemed that the cause of death was not 
related to sodium oxybate. The causes of death in the remaining 15 cases include 
unknown causes (seven cases), drug overdose (three cases total, in two of the 
three cases, the overdose itself did not involve sodium oxybate; all three overdoses 
involved more than one drug), accidental drowning (one case), suicide (one case), 
renal failure (one case), cardiac arrest (one case), and metastatic lung cancer (one 
case). 
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Since market introduction in the U.S., Europe, and Canada, four cases fulfilling a 
DSM-IV diagnosis of Substance Dependence (i.e., addiction) on sodium oxybate 
(three cases also fulfilled the criterion for physical dependence) have been 
documented by the central pharmacy and from spontaneous reporting (Table 2). 
Of the cases that fulfilled DSM-IV criteria for Substance Dependence, the criteria 
of tolerance (four cases), withdrawal (three cases), and using larger amounts of the 
drug than intended (four cases) were the most common criteria endorsed (Table 
2). An additional five cases fulfilled the criterion for physical dependence but did 
not fulfill DSM-IV criteria for a Substance Dependence diagnosis. Thus, reported 
rates of Sub-stance Dependence per DSM-IV criteria and physical dependence, 
respectively, are one case for every 6500 patients treated and one case for every 
3300 patients treated, or approximately 0.015% and 0.031% (Wang et al., 2009). 
 
The effects of abrupt discontinuation of therapeutic doses of sodium oxybate were 
examined in a retrospective analysis of clinical trial data. In a study in which 29 of 
55 narcoleptic patients who had been taking nightly doses of 3–9g of sodium 
oxybate for 7–44 months were (re)randomized to placebo treatment under 
double-blind conditions, 5 instances of possible withdrawal symptoms (e.g., 
anxiety, dizziness, insomnia, and somnolence) were reported (U.S. Xyrem Multi-
Center Study Group, 2003). 
 
TABLE 2. DSM-IV criteria fulfilled in the post-marketing cases of DSM-IV Substance 
Abuse and Substance Dependence on Xyrema 
 

Cases of DSM-IV 
Substance Abuseb 

DSM-IV Substance 
Abuse Criteria 
Fulfilledc 

Physical 
dependence 

Patient history of 
Substance Abuse 

Case #2 B – use in physically 
hazardous situation 

No Yes 

Case #3 B – use in physically 
hazardous situation 

No Yes 

Case #4 D – continued use 
despite interpersonal 
problems 

No Yes 

Case #5 B – use in physically 
hazardous situation 

No Yes 

Case #7 A – failure to fulfill 
major role obligations 

No Unknown 

Case #8 B – use in physically 
hazardous situation 

No Unknown 

Case #10 B – use in physically 
hazardous situation 

No No 

Case #12 B – use in physically 
hazardous situation 

No Yes 

Case #13 B – use in physically 
hazardous situation 

No No 

Case #40 B – use in physically 
hazardous situation 

No Unknown 

    
Cases of DSM-IV 
Substance 
Dependenced 

DSM-IV Substance 
Dependence Criteria 
Fulfillede 

Physical dependence Patient history of 
Substance Abuse 
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Case #9 E – tolerance; F – 
withdrawal; G – larger 
amounts 

Yes No 

Case #21 E – tolerance; F – 
withdrawal; G – larger 
amounts 

Yes Yes 

Case #22 E – tolerance; G – 
larger amounts; K – use 
despite problems 

No Yes 

Case #31 E – tolerance; F – 
withdrawal; G – larger 
amounts 

Yes Yes 

 

aThe 10 cases of Substance Abuse and the four cases of Substance Dependence 
were identified using case reports from the approximately 26,000 patients that 
received Xyrem worldwide from its introduction to the market in the U.S. in 2002, 
in Europe in 2005, and in Canada in 2007, through March 31, 2008. Thus, the rate 
of Substance Abuse and Substance Dependence in this population of 
approximately 26,000 patients is 0.039% and 0.015%, respectively. 
 

bA case was designated as DSM-IV Substance Abuse if one or more or of four 
criteria for Substance Abuse were fulfilled in the same 12-month period and 
symptoms did not meet criteria for DSM-IV Substance Dependence. 
 

cLetters designate which of the four criteria for Substance Abuse listed below were 
fulfilled in each case. In all ten cases, only one criterion was fulfilled. 

(A) Recurrent substance use resulting in a failure to fulfill major role obligations 
at work, school, or home (e.g., repeated absences or poor work performance 
related to substance use; substance-related absences, suspensions, or 
expulsions from school; neglect of children or household). 
 
(B) Recurrent substance use in situation in which it is physically hazardous (e.g., 
driving an automobile or operating a machine when impaired by substance 
use). 
 
(C) Recurrent substance-related legal problems (e.g., arrests for substance-
related disorderly conduct). 
 
(D) Continued substance use despite having persistent or recurrent social or 
interpersonal problems caused or exacerbated by the effects of the substance 
(e.g., arguments with spouse about consequences of intoxication, physical 
fights). 

 

dA case was designated as DSM-IV Substance Dependence if three or more of the 
seven Substance Dependence diagnostic criteria were fulfilled in the same 12-
month period. 
 

eLetters designate which of the seven criteria for Substance Dependence listed 
below were fulfilled in each case. In all four cases, only three criteria were fulfilled. 
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(E) Tolerance, as defined by either of the following: a need for markedly 
increased amounts of the substance to achieve intoxication or desired effect or 
markedly diminished effect with continued use of the same amount of the 
substance. 
 
(F) Withdrawal, as manifested by either of the following: the characteristic 
withdrawal syndrome for the substance or the same (or a closely related) 
substance is taken to relieve or avoid withdrawal symptoms. 
 
(G) The substance is often taken in larger amounts or over a longer period than 
was intended. 
 
(H) There is a persistent desire or unsuccessful efforts to cut down or control 
substance use. 
 
(I) A great deal of time is spent in activities necessary to obtain the substance 
(e.g., visiting multiple doctors or driving long distances), use the substance 
(e.g., chain-smoking), or recover from its effects. 
 
(J) Important social, occupational, or recreational activities are given up or 
reduced because of substance use. 
 
(K) The substance use is continued despite knowledge of having a persistent or 
recurrent physical or psychological problem that is likely to have been caused 
or exacerbated by the substance (e.g., current cocaine use despite recognition 
of cocaine-induced depression or continued drinking despite recognition that 
an ulcer was made worse by alcohol consumption). 

 
 
2.3. Drug-facilitated sexual assault with illicit GHB 

A major concern in the area of illicit GHB misuse and abuse has been its use for 
incapacitating victims for the purpose of sexual assault or “date rape.” It has been 
suggested that some effects attributed to illicit GHB, such as a rapid onset of 
sedation, anterograde amnesia, and increased libido and suggestibility, might 
specifically lend illicit GHB for use in drug-facilitated sexual assault, particularly 
when combined with alcohol (Marwick, 1997; ElSohly and Salamone, 1999; 
Varelaetal.,2004). This aspect of illicit GHB abuse has drawn much attention from 
the media and criminal justice systems in the U.S., Europe, and Australia. As is the 
case with voluntary non-medical use of illicit GHB, determining whether illicit GHB 
was associated with drug-facilitated sexual assault is often confounded by the 
presence of other drugs of abuse (e.g., cannabis and/or alcohol), the difficulty in 
confirming that GHB was in fact administered due to its relatively short (40–50 min) 
half-life (Scharf et al., 1998; Borgen et al., 2004; Abanades et al., 2006), the lack of 
readily available specific assays for detecting GHB, and the difficulty of 
differentiating between levels of endogenous GHB and exogenously administered 
illicit GHB (Slaughter, 2000). 
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GHB is an endogenous compound and human urine and other biological specimens 
often contain measurable amounts of GHB in the absence of exogenous GHB 
administration (Doherty and Roth, 1978; LeBeau et al., 2006, 2007). Thus, failure 
to distinguish between exogenous and endogenous concentrations of GHB in 
biological specimens, as well as the documented post-mortem increase of GHB 
levels in biological specimens (LeBeau et al., 2001, 2007), might have resulted in 
the reporting of false-positive test results for illicit GHB prior to the development 
of sensitive and specific analytical methods and established cut-off values for 
normal endogenous levels of GHB. Specific and sensitive analytical methods for 
measuring GHB in biological matrices were developed during the clinical 
development of sodium oxybate as a pharmaceutical product (Scharf et al., 1998) 
and subsequent methodology has continued to address the need for more 
accurate assessments in forensic toxicology (e.g., LeBeau et al., 2006). 
 
Forensic analyses of cases of suspected drug-facilitated sexual assault have 
typically reported a lower prevalence of illicit GHB use compared to other drugs. 
In two studies conducted in the U.S., forensic analysis showed that one or more 
drugs were detected in approximately 40–60% of biological samples from cases of 
suspected drug-facilitated sexual assault (ElSohly and Salamone, 1999; Slaughter, 
2000; Juhasciketal.,2007). Of the samples in which only one drug was detected, 
GHB was found in 0–3%, whereas alcohol, tetrahydrocannabinol (THC; the primary 
active compound in marijuana), or a benzodiazepine was foundin8–69%ofsamples 
(ElSohly and Salamone, 1999; Slaughter, 2000). Of the samples in which one or 
more drugs were detected, GHB was found in 3–4%, whereas alcohol, THC, or a 
benzodiazepine was found in 19–56% of samples (ElSohly and Salamone, 1999; 
Slaughter,2000). The ability to detect a drug in a biological sample depends on the 
rate of elimination of a drug or drug metabolite, and the window of detection for 
some drugs (e.g., THC, benzodiazepines) is typically longer than for others (e.g., 
alcohol, GHB). Such differences can reduce the likelihood of detecting drugs with 
a shorter half-life in blood or urine. Each of the studies mentioned above included 
only samples collected within 72h of the assault and acknowledged that the 
detection of GHB in urine or plasma is limited by the relatively rapid elimination of 
GHB from the body and its metabolism to carbon dioxide and water (ElSohly and 
Salamone, 1999; Slaughter,2000;Juhasciket al., 2007). These issues complicate the 
interpretation of these forensic data and have prompted the development of 
toxicological analyses able to detect GHB or specific GHB metabolites in biological 
specimens for greater periods of time after administration. 
 
2.4. Drug-facilitated sexual assault with sodium oxybate 

In ten clinical trials evaluating the effects of sodium oxybate in different disease 
states in a total of 781 patients, one instance of drug-facilitated sexual assault was 
reported (∼0.128%), which involved the assault of a patient (Wanget al., 2009). 
Two confirmed cases (∼0.008%) of drug-facilitated sexual assault were reported 
from the approximately 26,000 patients treated with sodium oxybate (one case 
involved a patient, one case did not) since market introduction through March 
2008 in the U.S., Europe, and Canada. One additional suspected case of drug-
facilitated sexual assault not included in the numbers above involved a report of a 
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drug-facilitated sexual assault of a patient made to the central pharmacy by a 
prescribing physician; however, the central pharmacy had neither received a 
prescription for, nor shipped Xyrem to, this physician’s patient (Wang et al., 2009). 
 
Administration of known supratherapeutic doses of sodium oxybate can produce 
a state in which the patient is largely unresponsive, and with larger doses, a state 
of unconsciousness (Carter et al., 2006). However, in human studies with drug 
users (Carter et al., 2006) and non-drug users (Carter et al., 2007), administration 
of sodium oxybate did not produce the same magnitude of anterograde amnestic 
effects on the encoding of episodic memory that were observed after comparable 
doses of the benzodiazepine triazolam. 
  
3. Discussion and conclusions 

There are important differences between illicit GHB and the pharmaceutical 
product sodium oxybate inaccessibility, purity, and dosing, as well as in the 
prevalence and potential consequences of misuse and abuse. Illicit GHB and GHB 
precursors are more widely available than sodium oxybate, which is manufactured 
and distributed under strict conditions that allow the prospective monitoring of 
potential cases of abuse and dependence. Illicit GHB is synthesized and sold in a 
manner in which the purity and dose of the illicit formulation are often unknown 
to the consumer, whereas sodium oxybate is produced and stored according to 
Good Manufacturing Practice standards. Illicit GHB is often consumed at frequent 
intervals and together with other illicit drugs, whereas sodium oxy-bate is 
specifically prescribed to be taken in bed and not to be taken with alcohol or other 
CNS depressants. 
 
Despite confounding factors (e.g., co-administration of other substances, 
misreporting, challenges in detection, and generic use of the term GHB to refer to 
any drug that has caused sedation or has been used for sexual assault), data from 
national surveys of drug use and abuse, law enforcement activity, emergency 
department visits, and poison control center exposures and deaths suggest that 
the rate of GHB abuse has remained low over the past several years, even as 
sodium oxybate was introduced to the market. These data, together with the 
extremely low rates of diversion of sodium oxybate, support the conclusion that 
market introduction has not substantially contributed to the rates of GHB abuse or 
misuse. There are several possible reasons for the decreases in production, 
availability, and use of illicit GHB. International restrictions on the production and 
sale of illicit GHB have been suggested to have shifted use away from illicit GHB 
and toward GHB precursors GBL and 1,4-BD (Zvosec et al., 2001; Wood et al., 
2008). The relative risk of overdose with illicit GHB, possibly due to a narrow dose 
range for abuse, impurities of illicit synthesis, or consumption with other drugs, is 
thought to lessen its desirability as a drug of abuse. Moreover, in studies conducted 
in the U.S. and Australia more than half of recreational GHB users report that the 
acute effects of illicit GHB intoxication include confusion, dizziness, blurred vision, 
hot/cold flushes, profuse sweating, vomiting, and loss of consciousness (Miotto et 
al., 2001; Degenhardt et al., 2002). 
 



 

 - 109 - 

Rates of DSM-IV Substance Abuse and Substance Dependence, physical 
dependence, and diversion of sodium oxybate have been extremely low since its 
introduction to the market in the U.S., Europe, and Canada. The product’s risk-
management program has played an important role in prospectively identifying 
instances of sodium oxybate misuse, abuse, or diversion and discontinuing access 
to the drug in those cases. Prospective monitoring of reports of lost or stolen drug 
and requests for early refills by the central pharmacy reduces the likelihood 
thatpatients can develop a chronic problem undetected. In fact, in 2007 Barker et 
al. reported that in a survey of 51 individuals in the U.S. who reported using illicit 
GHB for an average of 4.3 years, “only a handful of people in the study, those 
working in healthcare, had ever heard of the drug Xyrem .... No one had ever 
received or attempted to procure a prescription for this substance from a 
physician” (Barker et al., 2007). Data also suggest that the likelihood of developing 
physical dependence to sodium oxybate at therapeutic doses is low (Tarabar and 
Nelson, 2004). For the relatively small population of narcoleptic patients, 
prospective monitoring by the central pharmacy is feasible and has likely limited 
and prevented potential cases of abuse, dose escalation, and dependence. 
 
Some of the surveillance systems described in this review are limited by their 
reliance on the spontaneous reporting of events (i.e., events might go unreported 
or different types of cases might be more likely to be reported than others) and 
the inability to specifically differentiate between the abuse of illicit GHB and the 
abuse of the pharmaceutical product. Prospective post-marketing surveillance 
methodologies have been developed that monitor the non-medical use of drugs in 
drug-using populations and that can distinguish between the abuse of illicit and 
licit formulations of drugs (e.g., Arfken et al., 2003). Future investigations that 
prospectively differentiate abuse of illicit GHB from abuse of sodium oxybate 
would speak directly to some of the issues presented in this review. 
 
Data from the scientific literature, national surveillance systems, and the 
manufacturer support the conclusion that there are substantial differences in the 
availability, purity, and dosing, as well as in the prevalence and potential 
consequences of misuse and abuse of illicit GHB compared to the pharmaceutical 
product sodium oxy-bate. These differences result in a greater liability of abuse of 
illicit GHB compared to sodium oxybate, which is reflected in the additional 
controls, restrictions, and penalties associated with illicit GHB in the U.S. Although 
GHB and sodium oxybate are the chemical and non-proprietary drug names for the 
identical compound, recognition of the different liabilities of abuse for illicit GHB 
and sodium oxybate will help to ensure that patients who benefit from the 
pharmaceutical product will have continued unimpeded access to their 
medication. 
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