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ORIGINAL RESEARCH
The Effect of Co-occurring Substance Use
on Gamma-hydroxybutyric Acid Withdrawal Syndrome
Rama M. Kamal, MD, PhD, Boukje A.G. Dijkstra, PhD, Anton J. Loonen, MD, PharmD, PhD,
and Cornelis A.J. De Jong, MD, PhD
Objectives: Gamma-hydroxybutyric acid (GHB) withdrawal is a

complex syndrome which can be potentially life-threatening.

Additionally, GHB-dependent patients frequently report co-occurring

substance use of other psychoactive drugs. We assessed the add-on

effect of co-use on GHB withdrawal symptoms.

Methods: We conducted an open-label, pretest–posttest design

study with 95 patients selected from 229 inpatients admitted for

detoxification, who were divided into GHB only (GO, n¼ 40), GHB

plus sedatives (GSE, n¼ 38), and GHB plus stimulants (GST, n¼ 17)

groups. GHB withdrawal was evaluated by means of the Subjective

Withdrawal Scale. Co-use add-on effects on the severity of with-

drawal symptoms were evaluated 2.5 hours after the last illicit GHB

self-administration (T1) when withdrawal was expected and

2.5 hours later, after administration of a very low dose of pharma-

ceutical GHB (T2).

Results: The GO group reported high scores of psychomotor retar-

dation symptoms at both T1 and T2, and also high cravings, agitation,

and restlessness at T1, and anxiety at T2. The GSE group reported the

highest score in psycho-autonomic distress symptoms at both T1 and

T2, whereas the GST group reported the highest score in psycho-

motor stress factor at T2. There was no significant difference in

withdrawal intensity in all symptom clusters between T1 and T2 for

both GSE and GO groups. However, after 5 hours, the GST group

reported significant decreases in intensity for all symptoms except

for psycho-motor stress. At T1, GST and GSE groups reported more

muscle twitches than the GO group as a significant add-on effect to

the GHB withdrawal. At T2, the GST group experienced more

agitation (P¼ 0.009), restlessness (P¼ 0.001), and rapid pulse

(P¼ 0.034) than the GO group.
Copyright © 2016 American Society of Addiction Medicine. U
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Conclusions: Co-use, especially of stimulants, caused an add-on

effect on the GHB withdrawal symptoms within the first 5 hours.

Key Words: co-use, dependence, detoxification, gamma-

hydroxybutyric acid, GHB, withdrawal

(J Addict Med 2016;10: 229–235)

G amma-hydroxybutyric acid (GHB) is a gamma-amino-
butyric acid (GABA) metabolite and precursor which

can cross the blood–brain barrier (Wong et al., 2004). GHB is
used clinically in the treatment of narcolepsy with catalepsy
and alcoholism (Addolorato et al., 2009). It has become a
popular recreational substance and is on the rise as a drug
associated with use disorder in several countries, including the
Netherlands (van Amsterdam et al., 2012). Dependent GHB
users dose at regular intervals (every 1–3 hours), taking
similar doses around the clock (Gonzallez and Nutt, 2005).
Withdrawal from GHB can occur within 2 to 3 hours and is
reported to be a complex syndrome characterized by auto-
nomic instability and significant changes in mental state.
Case reports indicate that dependent users can suffer from
a rapidly deteriorating withdrawal syndrome which frequently
results in delirium and can be potentially life-threatening
(McDonough et al., 2004; Bennett et al., 2007).

In the Netherlands, 42% of GHB users have reported co-
use of other psychoactive drugs such as amphetamine (11%),
cocaine (11%), alcohol (7%), cannabis (7%), benzodiazepines
(2%), and ecstasy (1%) (Wisselink et al., 2012). Similarly,
65% of GHB users, who presented to an emergency depart-
ment in Switzerland with GHB-related medical problems, co-
ingested alcohol or illicit drugs, mostly 3,4-methylenedioxy-
methamphetamine and cocaine (Liechti et al., 2006).

During withdrawal from chronic drug use, the symp-
toms observed are related to drug-induced adaptive changes
within neurotransmitter, neuropeptide, and neuroendocrine
systems—physiological mechanisms which are responsible
for re-establishing bodily and neurological equilibrium
(Littleton, 1998; Koob, 2003). GHB withdrawal state is
associated with glutamate-dependent hyperactivity involving
neurotransmitter systems such as dopamine and norepi-
nephrine (NE) (Szabo et al., 2004)—a distinct effect exerted
via the GABA-B receptors, GHB receptors (Wong et al.,
2004), and subtypes of GABA-A receptors (Bay et al.,
2014). Through alcohol and benzodiazepine withdrawal,
down-regulation of GABA-A receptors can lead to increased
nauthorized reproduction of this article is prohibited.
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sensitivity of the glutamatergic N-methyl D-aspartate receptor
and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors in the frontal lobe, medial septal nuclei, and in
certain hippocampal regions (Song et al., 2007). In this way,
the central inhibition is decreased due to diminished GABA
activity associated with increased excitation as a result of
increased glutamate, dopamine, and NE activity (Nutt, 1999;
McIntosh and Chick, 2004). Psychostimulants such as
amphetamine and cocaine influence the processes of release,
reuptake, and metabolism of monoamine neurotransmitters.
The chronic use of psychostimulants depletes monoamine
neurotransmitter stores such as those of serotonin and NE, and
it has been suggested that this may be associated with
decreases in dopamine transporters (Volkow et al., 1997;
McCann et al., 1998; Volkow et al., 2001). This mechanism
could cause an increase in extracellular levels of dopamine as
a result of withdrawing from chronic use. It has been
suggested that psychostimulant use and subsequent with-
drawal are associated with alterations in cognitive and
emotive behaviors (such as anxiety) regulated by the dorsal
and ventral hippocampus (Barr et al., 2010).

The similarities and differences in the aforementioned
neuropharmacological effects of co-used psychoactive drugs
would alter the presentation of the GHB withdrawal, which is
of clinical relevance for the choice of appropriate medical
interventions.

The aims of this study are to describe the first few hours
of GHB withdrawal syndrome without medical intervention
using other medication, to evaluate the add-on effects of
psychoactive substance co-use on this syndrome, and to assess
the changes in withdrawal presentation over time, in associ-
ation with co-use. We hypothesize that the simultaneous use
of alcohol, benzodiazepines, cocaine, or amphetamine will
increase the severity of GHB withdrawal, becoming even
more severe if left untreated for several hours.

METHODS

Design
We conducted an open-label, pretest–posttest design

study, in a consecutive series of GHB-dependent patients
admitted for controlled inpatient GHB detoxification as part
of the Dutch National GHB Detoxification Monitor study
(GHB Monitor). The GHB Monitor is a prospective study, and
baseline data (psychiatric and somatic) were obtained before
the start of the detoxification process. The GHB Monitor was
conducted at 7 addiction treatment facilities in the Nether-
lands, between March 2011 and September 2012, and
included 229 patients. The GHB Monitor protocol was
approved by the Medical Ethical Board (Medisch Spectrum
Twente), with the protocol in accordance with the Declaration
of Helsinki.

Participants
Participants were either male or nonpregnant female

patients aged between 18 and 60 years, who reported GHB as
their main drug of misuse, and were dependent according to
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision general criteria for psychoactive
Copyright © 2016 American Society of Addiction Medicine. U
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substance dependence. They agreed to be admitted for con-
trolled inpatient GHB detoxification as part of the GHB
Monitor study. From the aforementioned patients, those
who had provided complete data about substance co-use were
included, and as such the selection of the patients included in
this study was done retrospectively.

The exact co-use pattern of each participant for the last
30 days before admission was assessed separately. Co-use of
psychoactive substances was only considered when the sub-
stances were reported as having been consumed over at least 7
consecutive days within the last 30 days before admission.
Patients who used GHB simultaneously with substances other
than alcohol, benzodiazepines, cocaine, or amphetamine (eg,
cannabis or both stimulants and sedatives concurrently) were
excluded. Only current (in the last 30 days before admission)
co-use was considered for this study, and past co-use of drugs
or alcohol was not assessed.

Participants were divided into 3 groups according to the
effects and the expected mechanisms of action of the used
drugs: GHB-dependent without current co-use (GO); GHB-
dependent with current alcohol and/or sedative co-use (GSE),
with co-use of alcohol �5 standard glass or �10 g
pure alcohol equivalent per day for the last 7 days before
admission, or benzodiazepines equivalent to 10 mg/d diaze-
pam or more for the last 15 days before admission; GHB-
dependent with current stimulant co-use (GST), amphet-
amine, and/or cocaine use �1 g/d, daily for the last 15 days
before admission.

Procedure

Detoxification Treatment
A detoxification inpatient regime by means of titration

and tapering of oral pharmaceutical GHB (industrial pharma-
cologically-prepared GHB) (150 mg/mL) was provided (de
Jong et al., 2012; Kamal et al., 2012). Via titration, the GHB
dose needed to keep the withdrawal symptoms (WS) to a
minimum was established. The first pharmaceutical GHB
dose during the titration phase was administered within
2.5 hours after the patient’s last self-administration of illicit
GHB. It was a low dose to avoid the risk of intoxication
(0.75–1.5 g< the second dose). The second dose, adminis-
tered after a 3-hour interval, was 70% the equivalent of the
reported self-administered illicit GHB dose (eg, for 3.3 g
illicit GHB, 2.3 g pharmaceutical GHB was provided). The
pharmaceutical GHB dose was adjusted every 3 hours
according to the patient’s self-reported symptoms and the
nurse/doctor’s observations. This took place until the patients
reported an acceptable level of WS and the monitored vital
signs were stable and within the normal range. The next day,
pharmaceutical GHB was tapered off according to a daily
fixed schedule.

Study Procedure
Participants meeting the inclusion criteria of the GHB

Monitor study were approached by their addiction treatment
counselor. If they chose the inpatient detoxification, they were
approached again 2 weeks before a possible admission and
details of the study were reviewed with them. Written
nauthorized reproduction of this article is prohibited.
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TABLE 1. Co-use of Other Drugs Per Group, Mean (SD)

Co-use GO GSE GST

Mean days alcohol co-use 8.3 (4.3) 20.3 (9.7) 4.8 (2.0)
Mean days cocaine co-use 3.8 (3.1) 3.7 (9.8) 14.0 (10.1
Mean days

amphetamine co-use
4.5 (3.2) 7.5 (9.6) 23.2 (10.5

Mean days cannabis co-use 11.1 (2.1) 13.1 (3.6) 14.0 (10.1
Mean days

benzodiazepenes co-use
12.0 (10.4) 24.8 (9.6) 6.4 (3.2)

GO, GHB-only users; GSE, GHB plus sedatives co-users; GST, GHB plus stimulant
co-users.
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informed consent for the treatment procedure was obtained,
and also the off-label prescription of pharmaceutical GHB,
and use of the obtained data for research purposes. Partici-
pants were required to stop use of all other drugs before
admission for detoxification. They were asked to use their
morning dose of illicit GHB and to be present at the addiction
care centre at around 9.00 AM. Within the first hour of admis-
sion for detoxification, the participants underwent a review of
their medical history and a physical examination by an
addiction physician. Upon admission, breath blood alcohol
concentration measurement (BAC) and urine samples for drug
testing were taken. The exact recent concomitant substance
use pattern was confirmed by means of the patient’s self-
report, with emphasis on the last 3 days before admission.
Once the medical screening had been conducted and 2.5 hours
had passed since the reported last illicit GHB ingestion,
participants were asked to fill out the Subjective Withdrawal
Scale (SWS) list (first measurement time point¼T1), just
before administration of a low dose of pharmaceutical GHB.
To determine any change in their WS, patients were asked to
complete the SWS list again 30 minutes before administration
of the second dose, or 2.5 hours after administration of the
low-pharmaceutical GHB dose and 5 hours after the last illicit
GHB ingestion (second measurement time point¼T2).

The objective monitoring measures were blood pressure
(BP) and heart rate (HR), and were acquired manually upon
admission by an addiction physician only. At T1, half an hour
after T1 and at T2, BP and HR were measured by a member of
the nursing staff only. Both measured the BP in both arms
whilst in a sitting position.

Instruments
Measurement of Addicts for Triage and Evaluation

(MATE) is a Dutch instrument designed to aid in the diagnosis
of substance use disorders according to the DSM-IV axes
(Schippers et al., 2010). For the present study, section 1 of this
instrument (substance use) was used to define the partici-
pants’ lifetime substance use and current use within the last 30
days (frequency and quantity) as a partial assessment of the
degree of substance dependence.

The GHB questionnaire, a self-report instrument,
describes the pattern of GHB misuse, indicating the reasons
for GHB use, places, numbers of years, doses, intervals,
frequency, and experienced complications of GHB use.

The SWS measures subjective WS. The SWS is based
on the format of the Subjective Opiate Withdrawal Scale
(Handelsman et al., 1987) and its Dutch translation proved to
have good psychometric quality (Dijkstra et al., 2007). The
SWS consists of all the subjective criteria as described in the
chapter on substance-related disorders in the DSM-IV-TR
under the subheadings of WS. The resulting SWS consists
of 33 items, rated on a scale from 0 to 4 (0¼ not at all, 1¼ a
little, 2¼moderate, 3¼ severe, 4¼ extremely severe). The
total SWS score ranges between 0 and 132. To divide the SWS
into related symptom clusters for further analysis, the SWS
scores reported by all the patients included in the GHB
Monitor study (n¼ 229), obtained during the first titration
day before administration of the pharmaceutical GHB dose,
were analyzed. Firstly, items with a mean score of 0.40 or
Copyright © 2016 American Society of Addiction Medicine. U
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lower were excluded (epilepsy 0.05, fever 0.09, visual or
auditory hallucinations 0.17, hyperlacrimation 0.40, runny
nose 0.40, nausea 0.40, vomiting 0.21, and diarrhea 0.36). For
this study, the 4 items referring to sleeping problems were
excluded because the measurement moments of interest were
only during daytime. To examine the underlying factor load-
ing of the symptoms with a mean score <0.40 and due to not
assessing the sleep pattern, an exploratory factor analysis
(EFA) was performed. Principal component analysis (PCA)
was conducted with Varimax rotation and extraction if the
eigenvalue >1.0. The EFA Kaiser-Meyer-Olkin measure was
0.90 (‘‘superb’’) and all values for the remaining 20 individual
items were >0.72. Bartlett test of sphericity (P< 0.001)
indicated that correlations between items were sufficiently
large for PCA. The PCA of the remaining 20 SWS items
(GHB-SWS) revealed 4 factors. The GHB-SWS symptoms
and all factors had a Chronbach alpha �0.80 except cluster 4
(a¼ 0.61) (see Table A, Supplemental Digital Content 1,
http://links.lww.com/JAM/A39). The resulting symptom clus-
ters were named as follows (Table 1): factor 1 consists of 7
symptoms which are labeled ‘‘psycho-autonomic distress’’;
factor 2 consists of 6 symptoms labeled ‘‘psycho-motor
stress’’; factor 3 consists of 5 symptoms labeled ‘‘psycho-
motor retardation’’; and factor 4 consists of 2 symptoms
labeled ‘‘Appetite.’’

Statistical Analysis
Differences in demographic variables between the

patients included in this study (n¼ 95) and all GHB Monitor
participants (n¼ 229) were analyzed with chi-square tests for
categorical data and t tests for continuous data. Descriptive
analysis of the GO, GSE, and GST groups’ baseline charac-
teristics were carried out. Comparisons between the groups
were performed using analysis of variance (ANOVA) for
continuous data and chi-square tests for categorical data.

Means and standard deviations (SDs) at T1 and T2 were
calculated for each withdrawal symptom and for the whole
SWS scale for all participants per group. To conduct a
comparison per factor according to EFA, a factor mean score
was calculated by dividing the sum of mean scores of the
included items by their number. The total score of all factors
was also calculated. To evaluate the WS over time within each
group, paired t tests were performed per factor, individual
symptoms, and total GHB-SWS. The effect of concomitant
use at T1 and T2 was analyzed in a stepwise fashion. The add-
on effect of co-use, with GO as the reference group, was tested
nauthorized reproduction of this article is prohibited.
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at factor scores level with ANOVA where Bonferroni and
Games-Howell post hoc test were performed. To identify
which symptoms attributed to the differences, and taking into
account the interaction between these symptoms, MANOVA
was performed. The mean BP and HR measurements were
calculated and analyzed using paired t tests and MANOVA. A
2-sided P value of <0.05 was considered statistically signifi-
cant. Analysis was performed using IBM SPSS Statistics
version 19 for Windows.

RESULTS

Participant Characteristics
Generally, there were no significant differences

between the 95 patients included in this study and all GHB
Monitor participants (n¼ 229) with regards to their age, sex,
education, and duration of GHB use. The sample consisted of
40 GO, 38 GSE, and 17 GST patients. Characteristics of this
sample are shown in Table 2. The average age was 29.1
(SD¼ 8.2). GST patients were significantly younger than
both the GO and the GSE groups (Table 2). Males accounted
for 66.3% of the patients. There was no association between
sex (rpb¼ 0.16, P¼ 0.124) or age (r¼ 0.03, P¼ 0.76), and
drug co-use. The average amount of low-dose pharmaceutical
GHB used 2.5 hours before T2 was 2.3 g (SD¼ 1.2).

The GSE and GST patients reported dependence on
sedatives and stimulants, respectively. All GST patients stated
co-use of stimulants up to the day before admission, with
some continuing late into the night. It is not clear if the
patients co-used stimulants just before admission or up to
2.5 hours before the assessment. The average number of days
of co-use of other drugs in the 30 days before admission is
reported by group in Table 1. Even though all institutes
involved in the study were requested to perform urine drug
tests and to measure the blood alcohol levels of patients upon
admission to confirm the accuracy of their self-reports, this
did not occur for all patients, resulting in limited data.

GHB Withdrawal Symptoms by Group
The GO patients reported the highest WS severity on the

psycho-motor retardation factor at both T1 and T2 due to high
apathy and dysphoria scores. Despite the lower score on the
other factors, craving along with agitation and restlessness at
T1 and anxiety at T2 were noticeably high (Table 3, and Table
B, Supplemental Digital Content 1, http://links.lww.com/
JAM/A39). The factor scores and total GHB-SWS score
showed no significant change over time, apart from a
Copyright © 2016 American Society of Addiction Medicine. U

TABLE 2. Baseline Characteristics of Participants for the Differen

Characteristics GO (n¼ 40)

Age, mean (SD) 28.2 (9.4)
Years of GHB use, mean (SD) 4.0 (2.7)
GHB dose in g/d�, mean (SD) 49.9 (31.1)
GHB dose interval in hours, mean (range) 1.88 (1–3)

Male, n (%) 23 (57.5)

�GHB dose is calculated based on street illicit GHB average concentration of 650 mg/m
GO, GHB-only users; GSE, GHB plus sedatives co-users; GST, GHB plus stimulants c
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significant decrease in the individual WS diaphoresis and
rapid pulse (Table 3).

The GSE patients reported the highest severity on the
psycho-autonomic distress factor, mainly attributable to
higher craving, cold flashes, and tremors at T1, and to
increased craving at T2. Despite lower scores on the other
factors, intense restlessness, agitation, and dysphoria at T1,
and dysphoria and apathy at T2 were reported. No significant
change was detected in intensity over time at factor levels,
individual WS, or on the total GHB-SWS score (Table 3,
Table B, Supplemental Digital Content 1, http://links.
lww.com/JAM/A39).

The GST group reported greatest severity at T1 in the
psycho-autonomic distress factor (all included symptoms),
followed by the psycho-motor stress factor (restlessness,
muscle aches, and twitches). At T2, the psycho-motor stress
factor was the highest due to the strongly experienced rest-
lessness and agitation, in addition to craving (Table 3, Table B,
Supplemental Digital Content 1, http://links.lww.com/JAM/
A39). Within 5 hours, this group reported a significant decrease
in their factor scores due to a decrease in intensity of psycho-
autonomic distress, psycho-motor retardation, and appetite
factors. Also, there were noticeable decreases in the scores
for some individual symptoms such as abdominal pain and
dysphoria. The GST group also reported a significant decrease
in the total GHB-SWS score (Table 3, Table B, Supplemental
Digital Content 1, http://links.lww.com/JAM/A39).

Add-on Effect of Concomitant Use

At T1
No significant add-on effect on factor levels and total

GHB-SWS scores was detected. With MANOVA, no signifi-
cant add-on effect in the severity of the symptoms expressing
psycho-autonomic distress, psycho-motor retardation, or appe-
tite was identified. In terms of psycho-motor stress symptoms,
a significant add-on effect was detected (Wilk lambda
F [12,194]¼ 1.83, P¼ 0.048). This was mainly attributable
to higher muscle twitches in both the GST (P¼ 0.003) and the
GSE groups (P¼ 0.018) than in the GO group.

At T2
Analysis showed no significant co-use effect on factor

levels and total GHB-SWS score. MANOVA showed that co-
use led to a significant effect on the severity of WS indicating
psycho-autonomic distress (Wilk lambda F [14,150]¼ 3.47,
P¼ 0.027). The GST group reported a higher intensity of
nauthorized reproduction of this article is prohibited.

t Groups

GSE (n¼ 38) GST (n¼ 17) F P

31.6 (7.8) 25.8 (3.5) 3.6 0.03
5.0 (2.7) 4.3 (2.9) 1.2 0.31
59 (43) 70 (54.1) 1.4 0.25

1.85 (1–3) 1.84 (1–4) 0.03 0.97
x2

27 (71.1) 13 (76.5) 2.56 0.28

L.
o-users; SD, standard deviation.

� 2016 American Society of Addiction Medicine
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TABLE 3. The Reported Withdrawal Symptoms Divided in Factors

Withdrawal Symptoms

GO (n¼ 40)
Mean (SD)

GSE (n¼ 38)
Mean (SD)

GST (n¼ 17)
Mean (SD)

GO (n¼ 40)
Mean (SD)

GSE (n¼ 38)
Mean (SD)

GST (n¼ 17)
Mean (SD)

T1 T1 T1 T2 T2 T2

Psycho-autonomic distress 1.21 (0.81) 1.25 (0.82) 1.70 (0.78) 1.11 (0.74) 1.14 (0.84) 1.09
�

(0.94)
Diaphoresis 1.40 (1.48) 1.08 (1.21) 1.57 (1.38) 0.85

�
(0.88) 1.16 (1.02) 1.14 (1.09)

Hot flashes 1.19 (1.27) 1.19 (1.26) 1.81 (1.32) 0.92 (1.21) 1.03 (1.17) 1.24 (1.24)
Tremors 1.03 (1.16) 1.24 (1.24) 1.56 (1.09) 1.08 (1.02) 1.25 (1.07) 1.00 (1.15)
Craving 2.20 (1.42) 2.24 (1.32) 2.76 (1.20) 2.32 (1.43) 2.03 (1.33) 2.00 (1.66)
Rapid pulse 1.00 (1.20) 0.84 (1.07) 1.61 (1.54) 0.46

�
(0.60) 0.78 (0.97) 1.07 (1.33)

Cold flashes 1.08 (1.25) 1.49 (1.28) 1.43 (1.39) 1.51 (1.38) 1.03 (1.20) 0.71 (1.20)
Goose flesh 0.56 (1.04) 0.76 (1.05) 1.07 (1.16) 0.70 (1.09) 0.68 (0.88) 0.41

�
(0.87)

Psycho-motor stress 1.02 (0.80) 1.20 (1.10) 1.57 (1.01) 0.92 (0.80) 0.93 (0.80) 1.26 (0.89)
Muscle twitches 0.62 (0.85) 1.32 (1.51) 1.75 (1.57) 0.82 (1.31) 0.78 (1.09) 1.06 (1.36)
Muscle aches 1.05 (1.16) 1.21 (1.32) 1.75 (1.61) 1.03 (1.38) 1.07 (1.12) 1.00 (1.31)
Abdominal pain 0.51 (0.85) 0.61 (1.05) 1.08 (1.34) 0.43 (0.72) 0.59 (1.11) 0.32y (0.70)
Restlessness 1.38 (1.40) 1.57 (1.52) 2.29 (1.59) 0.92 (1.09) 1.21 (1.17) 2.20 (1.37)
Agitation 1.45 (1.46) 1.49 (1.48) 1.57 (1.83) 0.97 (1.20) 1.09 (1.21) 2.00 (1.41)
Anxiety 1.13 (1.26) 1.09 (1.19) 1.24 (1.35) 1.43 (1.34) 1.03 (1.24) 1.13 (1.30)

Psycho-motor retardation 1.34 (1.01) 1.08 (0.86) 1.48 (0.78) 1.34 (0.84) 1.10 (0.93) 0.96
�

(0.77)
Apathy 1.75 (1.29) 1.30 (1.13) 1.50 (1.32) 1.43 (1.09) 1.32 (1.22) 1.00 (1.00)
Slow reaction 1.10 (1.13) 0.92 (1.14) 0.94 (1.44) 1.00 (1.00) 1.00 (1.23) 0.81 (1.16)
Fatigue 1.37 (1.33) 1.08 (1.18) 1.71 (1.53) 1.33 (1.37) 1.21 (1.32) 1.50 (1.26)
Dysphoria 1.53 (1.56) 1.55 (1.43) 1.75 (1.39) 1.70 (1.45) 1.29 (1.33) 1.00

�
(0.87)

Yawning 0.98 (1.25) 0.65 (0.98) 1.38 (1.26) 1.10 (1.03) 0.82 (1.06) 0.59
�

(0.71)
Appetite symptoms 0.81 (0.99) 0.96 (0.89) 1.16 (1.08) 0.69 (1.04) 0.70 (0.86) 0.53

�
(0.67)

Extreme eating 0.95 (1.17) 1.03 (1.15) 1.06 (1.57) 0.63 (1.00) 0.70 (0.91) 0.53 (0.80)
Hunger 0.68 (1.05) 0.89 (1.13) 1.25 (1.13) 0.67 (1.14) 0.63 (0.80) 0.53 (0.80)

Total factors score 4.38 (2.7) 4.50 (2.8) 5.75 (2.5) 4.06 (2.4) 3.86 (2.5) 3.85y (2.4)
Total GHB-SWS score 22.85 (14.22) 23.35 (15.19) 30.67 (12.22) 21.36 (12.51) 20.37 (14.06) 21.08y (14.2)

Per individual symptom, per factor, and total GHB-SWS score is the mean score and standard deviation(SD) reported, at T1 and T2, by each group of participants defined by co-use.
�
Indicates significant change in time (difference between T1 and T2, paired dependent t test) in the withdrawal severity per individual symptom, factors or total GHB-SWS in every

group. Significance
�
P� 0.05, yP� 0.01.

GO, GHB-only users; GSE, GHB plus sedatives co-users; GST, GHB plus stimulants co-users.
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rapid pulse (tachycardia) (P¼ 0.034) and a lower intensity of
cold flashes (P¼ 0.038) than the GO group. A highly sig-
nificant add-on effect was detected in the severity of psycho-
motor stress symptoms (Wilk lambda F [12,168]¼ 2.21,
P¼ 0.014) as the GST group experienced more agitation
(P¼ 0.009) and restlessness (P¼ 0.001) than the GO group.
No difference was detected between the GO and GSE groups.
In terms of psycho-motor retardation symptoms and appetite
symptoms, there were no significant add-on effects at T2.

Blood Pressure and Heart Rate
In all GO, GSE, and GST groups BP measurements

were above average, with a mean of 139/90 mm Hg at T1 and
141/89 mm Hg at T2. A high BP measurement of 230/140 mm
Hg was detected in 1 patient in the GSE group at T2. Mean HR
ranged from 87 to 91 beats per minute (bpm) at T1 and 85 to
Copyright © 2016 American Society of Addiction Medicine. U

TABLE 4. Blood Pressure (BP) and Heart Rate (HR)

T1

GO GSE GST

Variables Mean (SD) Mean (SD) Mean (

HR 86.0 (14.2) 88.5 (18.1) 90.6 (1
Systolic BP 139.3 (17.7) 139.4 (21.9) 139.2 (2
Diastolic BP 89.6 (11.1) 89.9 (12.9) 89.9 (1

The table shows the mean and standard deviation (SD) of BP and HR reported at T1 a
GO, GHB-only users; GSE, GHB plus sedatives co-users; GST, GHB plus stimulants c

� 2016 American Society of Addiction Medicine
93 bpm at T2 (see Table 4). There were no significant
differences in BP or HR detected neither over time (from
T1 to T2) per group, nor due to a co-use add-on effect.

DISCUSSION
To the best of our knowledge, no previous studies

have investigated the effect of psychoactive substance
co-use on GHB withdrawal within the first 5 hours after
illicit GHB cessation. Our results showed that the intensity
of withdrawal symptoms changed with co-use. Although
GHB-only users principally reported psycho-motor retar-
dation, especially apathy and dysphoria, sedative co-users
experienced psycho-autonomic distress symptoms within
the first 5 hours. Stimulant co-users stated that psycho-
autonomic distress in the first 2.5 hours was predominated
by psycho-motoric stress symptoms after 5 hours. Of
nauthorized reproduction of this article is prohibited.

T2

GO GSE GST

SD) Mean (SD) Mean (SD) Mean (SD)

0.9) 89.1 (15.1) 85.2 (14.5) 92.6 (14.6)
0.5) 139.8 (14.5) 139.3 (24.7) 143.8 (20.4)
2.9) 90.6 (13.4) 86.9 (15.8) 89.5 (10.7)

nd T2 by each group.
o-users; SD, standard deviation.
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particular interest is that all 3 groups reported high
craving levels.

In the 5 hours after cessation of illicit GHB, GO and
GSE groups showed stable general withdrawal state intensity,
despite the decrease in severity reported by GO of some
symptoms such as diaphoresis and rapid pulse. A significant
decrease in the severity of the total withdrawal state of the
GST was detected. This could be due to the effect of the low
dose of pharmaceutical GHB administered after 2.5 hours. It
seems that these patients were more sensitive to the sedative
effect of GHB in the absence of stimulants.

In general, the reported withdrawal symptoms support
earlier case reports and studies (Miotto and Roth, 2001;
McDonough et al., 2004; Gonzallez and Nutt, 2005). Never-
theless, precarious symptoms such as visual or auditory
hallucinations and epilepsy were rarely reported within the
first 5 to 6 hours. This should provide clinicians with a
necessary time window to start adequate therapy and
avoid complications.

The add-on effect of co-occurring substance use of
stimulants or sedatives on the GHB withdrawal syndrome
was established. In the first 2.5 hours after self-administration
of illicit GHB and before any medication supplements, the
add-on effect was limited in both GST and GSE groups to
intense muscle twitches. This limited effect can be related to
the dominant influence of GHB withdrawal as GHB has a
short duration of action and is rapidly eliminated (van Noor-
den et al., 2010). The signs and symptoms of GHB abstinence
appear rapidly, starting generally within 1 hour after the last
dose (Abanades et al., 2007; Wojtowicz, 2008). After a period
of 5 hours of illicit GHB cessation, co-occurring sedative use
induced no detectable add-on effect. Based on the reinforced
similarity of neurobiological pathways, an increase in the
severity of withdrawal would be expected as time progresses,
as the peak of alcohol and benzodiazepine withdrawal usually
starts within 6 to 24 hours of cessation. Another possibility is
that the low GHB dose administered regulated the add-on
withdrawal symptoms caused by sedative use. This outcome
supports the stated therapeutic influence of GHB in the
management of alcohol withdrawal as shown in previous
studies, where 3 to 7 g GHB was provided per day in 3 to
6 administrations (Leone et al., 2010; Skala et al., 2014).
Hence, given that in this study an average of 2.3 g GHB was
provided 2.5 hours before T2, this might explain the entirely
absent or minimal sedative co-use withdrawal add-on effect
found. These findings suggest it may be a good treatment
strategy to apply pharmaceutical GHB as withdrawal treat-
ment for combined GHB and alcohol/sedative substance
use disorder.

Co-users of stimulants were at greater risk of develop-
ing increases in agitation, restlessness, muscle twitches, and
tachycardia (rapid pulse) during the withdrawal phase when
compared with GHB-only users. A possible explanation could
be that stimulants, such as cocaine and amphetamine, are
known to produce an effect that declines and returns to
baseline within 3 to 4 hours despite substantial plasma con-
centration (Cook et al., 1993). Furthermore, although there
was no significant statistical difference in the dose of illicit
GHB used between groups, it is important to consider that
Copyright © 2016 American Society of Addiction Medicine. U
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stimulant users consumed relatively higher doses (mean 70 vs
49.9 g in GO) possibly resulting in later onset and appended
levels of WS.

Combining GHB and stimulants could increase the
severity of withdrawal, possibly due to a reinforced rise in
extracellular dopamine and noradrenaline during withdrawal
from chronic GHB use, in addition to the acute effects of
stimulant use. However, other evidence suggests that chronic
self-administration of and abstinence from psychostimulants
dysregulates serotonin receptors and dopamine receptors
(Neisewander et al., 2014). This is in combination with an
increase in serotonin caused by chronic GHB use (Gobaille
et al., 2002), which possibly will persist during the withdrawal
phase, and could be a trigger for a wider range of WS over
time, for example, extreme agitation or psychosis/delirium. If
required, after several hours, it is advised to provide these
patients with higher doses of pharmaceutical GHB or extra
benzodiazepines during detoxification.

The BP measurements were relatively high for the
young participants, with a mean of 140/90. There was no
significant add-on effect of co-use on HR and BP. However,
BP measurements as high as 230/140 and a pulse of 124 bpm
were reported in a member of the GSE group and the patient
required medical attention.

Despite the fact that not all admitted patients were
included in the study, this sample was representative of the
whole inpatient group treated within the GHB Monitor and
can be generalized to GHB-dependent inpatients. The poten-
tial limitations of the study include the self-report nature of
the data (except for BP and HR) and the lack of complete data
from the toxicological tests performed to confirm the
accuracy of the self-reports. Evidence supports the accuracy
of substance use self-reports, but indicates that patients often
report more than is detected in urinalysis (Babor et al., 2002;
Dennis et al., 2002; Stein et al., 2011). The absence of an
assessment of GHB plasma concentration and the exact drugs/
alcohol doses co-used by the included patients is a limitation
to be addressed. Restricted to the daytime measurements,
sleeping problems were not assessed within the GHB-SWS.
The effect of co-use over time could not be assessed without
regarding the entire influence of medication due to the
administration of a low-pharmaceutical GHB dose within
2.5 hours of last illicit GHB use and we could not assess
the delayed onset withdrawal effect from co-use of sedatives.
The final 2 issues mentioned were unavoidable as it is
unethical to postpone the treatment required to avoid
complications.

In conclusion, GHB withdrawal can be affected by co-
occurring substance use. There may be an add-on effect to the
GHB withdrawal related to either withdrawal from the co-
used drugs (sedatives or stimulants) or even the actual acute
effect of the drugs themselves, especially from co-use of
cocaine and amphetamine. Physicians should be alert and
prepared for confounding intensified symptoms such as rest-
lessness, agitation, muscle twitches, cold flashes, and dys-
phoria, aggravating the withdrawal syndrome. This should
influence the clinical decision-making during detoxification
regarding medication choices and doses. It is safe to provide
limited medication support for GHB-dependent patients
nauthorized reproduction of this article is prohibited.
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within the first 2.5 to 5 hours of GHB cessation. In case of
stimulant co-use, increasing the usual doses of withdrawal
treatment medication is recommended.
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