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Abstract 

Empirical evidence of the profile of methamphetamine withdrawal and procedures to 

manage the syndrome are in the relatively early stages of development and there are 

currently no established pharmacological treatments. A number of studies were 

therefore conducted with the intention of informing the clinical management of 

methamphetamine withdrawal. A review of previous observations led to a self-reported 

instrument that was used to explore symptoms and components of the syndrome. The 

instrument also included a selection of direct effects and a previously validated 

withdrawal scale as an internal reference. A factor analysis revealed a three-component 

structure consisting of positive effects, anxiety and fatigue symptom clusters. The 

anxiety component included symptoms of arousal, including symptoms previously 

associated with direct effects, while the fatigue component consisted of symptoms of 

generalised depression. Methamphetamine withdrawal therefore appears to be a 

complex syndrome rather than simply a rebound from direct effects of the drug. The 

anxiety and fatigue components were combined to form a composite withdrawal scale 

(ACSAR-CW), which was found to have satisfactory reliability and validity as a 

measure of withdrawal severity. Analysis of the time course of methamphetamine 

withdrawal indicated peak severity during the initial 4 days of abstinence and significant 

recovery after 7 to 10 days of abstinence. Overall symptoms, particularly those of the 

anxiety component, remained above normal levels, suggesting that on-going clinical 

contact may be required. A reliable and valid clinician-rated amphetamine withdrawal 

scale (CAWS 2.1) and a high performance liquid chromatography method measuring 

methamphetamine and mirtazapine levels in oral fluid were developed. These measures 
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were applied to a double-blind placebo-controlled trial of the antidepressant mirtazapine 

in the management of methamphetamine withdrawal among out-patients. In contrast to 

a previous placebo-controlled trial conducted among detainees, mirtazapine (30 mg/day 

nocte for two weeks) was not found to significantly improve retention, alleviate 

methamphetamine withdrawal symptoms, or reduce methamphetamine use. The effect 

of mirtazapine on methamphetamine withdrawal may therefore be mild and limited to 

certain treatment settings and patients. More aggressive treatment may be required for 

the successful management of methamphetamine withdrawal. 
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Chapter 1.  Literature review 

1.1.  Introduction 

1.1.1.  Scope 

The broad aim of this thesis was to investigate the clinical features of the 

methamphetamine withdrawal syndrome in the context of dependent illicit use of the 

drug. The present chapter is a general review of the pharmacology and adverse effects 

of methamphetamine, with a particular emphasis on its illicit use in Australia.  An 

edited version of this chapter was published in Drug and Alcohol Review (Cruickshank 

& Dyer, 2009). 

1.1.2.  Definitions 

‘Amphetamine’ is a contraction of ‘ -methylphenethylamine’, an older description of 

the compound described as 1-phenylpropan-2-amine according to the International 

Union of Pure and Applied Chemistry (IUPAC) nomenclature system, and  listed as 

amfetamine in the International Non-proprietary Names (INN) guidelines. 

Methamphetamine, also referred to as methylamphetamine (IUPAC name: N-methyl-1-

phenylpropan-2-amine; INN name: metamfetamine,) is the N-methyl derivative of 

amphetamine. S-Methamphetamine (d-methamphetamine) reportedly has 2 to 5 times 

greater biological activity compared with the R-enantiomer (Kraemer & Maurer, 2002; 

Sulzer et al., 2005). 

Throughout this thesis, the plural ‘amphetamines’ will be used to refer to amphetamine 

and methamphetamine collectively, but will not extend to other derivatives such as 

methylphenidate or 3,4-methylenedioxymethamphetamine (MDMA).  
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In Australia, illicit consumers do not always distinguish between amphetamine and 

methamphetamine preparations, whereas MDMA is generally identified as a separate 

product with a distinct profile of effects. Annual Australian government surveys of 

illicit drug use classify these drugs accordingly (Australian Institute of Health and 

Welfare, 2008a; Stafford et al., 2006). In recent years, methamphetamine has come to 

represent 97% of the two illicit amphetamines in Australia (Australian Crime 

Commission, 2006) and so this thesis is therefore focussed on this particular congener. 

Within illicit Australian markets, methamphetamine is commonly sold as powder, 

‘base’, or crystalline products (McKetin & McLaren, 2004).  Powdered  

methamphetamine has an average purity of 10% and  is currently the most prevalent 

form  in Australia (McKetin & McLaren, 2004). ‘Base’ methamphetamine is a damp 

oily form, typically of 20% purity (McKetin & McLaren, 2004; Topp et al., 2002). 

Crystalline methamphetamine is currently the second most common form of 

methamphetamine used by Australian illicit drug users (Australian Institute of Health 

and Welfare, 2007b). This product presents as large translucent crystals, colloquially 

referred to as ‘ice’ or ‘crystal meth’ (Cho, 1990; Schifano et al., 2007). Crystalline 

methamphetamine seized in Australia is typically 80% pure (Qi et al., 2006). The 

crystalline form is suitable for vapour inhalation as high purity S-methamphetamine 

hydrochloride vaporises without pyrolysis (Cook et al., 1993; Schifano et al., 2007). 

Crystalline methamphetamine is associated with higher rates of dependence compared 

with the lower purity forms (McKetin et al., 2006a). 



3 

 

1.1.3.  Illicit methamphetamine use  

1.1.3.1.  A brief history of amphetamines 

Amphetamine was first synthesised in 1887 by the Romanian doctoral student Lazar 

Edeleanu (Sulzer et al., 2005). The United States biochemist Gordon Alles and his 

colleagues are commonly credited for introducing amphetamine into medicine as part of 

a program towards developing cost-effective alternative decongestants at a time when 

ephedrine was rapidly inflating in price (Angrist & Sudilovsky, 1978; Rasmussen, 

2006). The early history of methamphetamine is not well recorded in English language 

literature, but it is reported to have been first synthesised from ephedrine in Japan in 

1883 (Anglin et al., 2000). The stimulant effects of methamphetamine were first 

reported  in animal studies conducted by the German pharmacologist and chemist Fritz 

Hauschild in 1938 (Angrist & Sudilovsky, 1978). 

In 1933 the pharmaceutical company Smith, Kline and French introduced amphetamine 

as Benzedrine
®
, initially as an inhaler device,  and later as tablets for oral ingestion 

(Angrist & Sudilovsky, 1978; Monroe & Drell, 1947). After three years of ready 

availability, over 50 million amphetamine tablets were purchased in the United States 

(Sulzer et al., 2005).  From 1939, amphetamine was available in the United States only 

by prescription, but found continued popularity, with 39 indications as of 1946 (Angrist 

& Sudilovsky, 1978; Sulzer et al., 2005). 

Within a decade of its introduction, the drug was being issued to military personnel to 

maintain alertness and offset fatigue during warfare. Approximately 2 million 

amphetamine tablets were reportedly issued to British forces during World War II and 



4 

 

1.5 million United States soldiers were said to have been exposed to the drug (Angrist & 

Sudilovsky, 1978; Sulzer et al., 2005). Japanese military personnel were commonly 

issued with methamphetamine (Angrist & Sudilovsky, 1978; Sulzer et al., 2005).  

Reports of nonmedical use of amphetamines, along with dependence and psychosis, 

began to emerge in the United States in the late 1930s (Angrist & Sudilovsky, 1978; 

Editorial, 1937; Youngs & Scoville, 1938). An ‘epidemic’ of methamphetamine 

dependence is said to have occurred in post-war Japan as surplus military supplies were 

apparently readily available to the general population (Angrist & Sudilovsky, 1978; 

Suwaki, 1991).  It was claimed that by 1954, between half a million and one million 

Japanese people were using the drug daily, primarily by intravenous injection. The 

epidemic was largely curtailed in 1957 following the introduction of strict regulations 

(Angrist & Sudilovsky, 1978; Sulzer et al., 2005; Suwaki, 1991). Widespread 

amphetamine use was reported in Sweden shortly after its introduction there. In 1942, 

up to 3% of the Swedish population were reported to have been using amphetamine 

regularly (Angrist & Sudilovsky, 1978; Sulzer et al., 2005).  

During the 1950s and 1960s, methamphetamine was widely prescribed in the United 

States for the treatment of depression and obesity. Prescriptions of methamphetamine 

peaked in the United States in 1967 at 31 million (Anglin et al., 2000). 

Methamphetamine (predominantly by intravenous injection) was the principle illicit 

drug of concern in parts of California in the late 1960s and its psychotic effect appear to 

have been particularly problematic (Ellinwood & Cohen, 1971; Smith, 1969). An 

‘epidemic’ of intravenous methamphetamine use was reported in London in 1968, with 
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the illicit market apparently supported in a large part by prescriptions from a small 

number of physicians (Hawks et al., 1969).  

By the late 1980s and early 1990s, methamphetamine imported from Asia had emerged 

as the major illicit drug in Hawaii (Anglin et al., 2000; Cho, 1990). Its use became more 

widespread across mainland United States, most noticeably from California towards the 

Midwest (Anglin et al., 2000; Cho, 1990; Rawson et al., 2002). The rapid expansion of 

the illicit methamphetamine market appears to be related to the adoption of clandestine 

synthetic processes that involve the reduction of ephedrine and pseudoephedrine. These 

methods tend to selectively yield high purity S-methamphetamine salts at a relatively 

low cost (Cho, 1990; Logan, 2002).  

Methamphetamine production is presently concentrated in Asia and North America, 

most notably in the Philippines, Burma, China and Mexico  (Farrell et al., 2002; 

Kulsudjarit, 2004; United Nations Office on Drugs and Crime, 2008). In 2000-2001 

heroin supplies markedly dropped in Australia and crystalline methamphetamine 

emerged as an important product in local illicit drug markets (Topp et al., 2002). In 

recent years, the prevalence of methamphetamine dependence in Australia has grown to 

be similar to that of heroin dependence at its height in the late 1990s (McKetin et al., 

2006b). 

Amphetamine continues to be used therapeutically, primarily for the treatment of 

attention deficit disorders and narcolepsy. It continues to be used in military aviation to 

offset fatigue (Eliyahu et al., 2007) and therapeutic products are commonly diverted for 

nonmedical use (Poulin, 2001). Methamphetamine is a more stringently controlled 
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substance and is not in general therapeutic use in Australia, Canada, the United States, 

South Africa or the United Kingdom (Schifano et al., 2007). 

1.1.3.2.  Global methamphetamine use 

The United Nations Office on Drugs and Crime estimated that 340 mt 

methamphetamine was synthesised in 2006 (United Nations Office on Drugs and Crime, 

2008), which is equivalent to 3.4 billion 100-mg doses. Methamphetamine is the 

second-most popular illicit drug, with an estimated 15 to 16 million users globally. Use 

of the drug is particularly common in Asia, Oceania and North America (United Nations 

Office on Drugs and Crime, 2007a). In 2005-2006, the highest prevalence of use was in 

the Philippines, where an estimated 6% of the adult population had used the drug 

(United Nations Office on Drugs and Crime, 2007b), compared with 3% in Australia 

(Australian Institute of Health and Welfare, 2007b) and 0.8% in the United States 

(Substance Abuse and Mental Health Services Administration, 2007b).  

1.1.3.3.  Methamphetamine use in Australia 

The 2006 National Drug Strategy Household Survey report estimated that 9% of 

Australians aged over 14 years had used methamphetamine at some time in their lives 

and 3% had used the drug in the previous 12 months. The prevalence among 20-29 

year-old Australians was substantially greater, with 21% reporting lifetime use and 11% 

reporting methamphetamine use in the previous 12 months (Australian Institute of 

Health and Welfare, 2007b).   

McKetin and colleagues (2005), estimated that approximately 73,000 Australians or 7.3 

per thousand individuals were methamphetamine-dependent in 2004 (McKetin et al., 
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2006b). This was approximately twice the number of heroin-dependent individuals 

(Australian Institute of Health and Welfare, 2005; McKetin et al., 2006b). Comparing 

the figure with the estimated the number of Australians who used methamphetamine 

(Australian Institute of Health and Welfare, 2005), 14% of Australians who had used 

methamphetamine in 2004 appear to have been dependent users of the drug. The 

combined health, crime and road accident costs attributable to methamphetamine 

dependence in Australia have been estimated at AUD$3.7 billion per annum (Moore, 

2007). 

1.2.  Pharmacology of methamphetamine 

1.2.1.  Molecular pharmacology 

The pharmacological activity of methamphetamine arises from its structural similarity 

with the endogenous monoamine neurotransmitters noradrenaline, dopamine and 

serotonin (Figure 1-1). The absence of phenol groups confers greater lipophilicity to 

methamphetamine compared to the endogenous monoamines, a property that appears to 

facilitate penetration into the brain and passive diffusion through cell membranes (Vree 

et al., 1969). The alpha methyl group of methamphetamine confers resistance to 

monoamine oxidase, thereby potentiating the pharmacological activity relative to its 

endogenous analogues (Iversen, 2006). As a weak base (Beckett & Rowland, 1965a), 

methamphetamine disrupts the pH of small aqueous environments such as the interior of 

neuronal monoamine storage vesicles. This property is important in terms of its 

mechanism of action. 
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Figure 1-1 Structures of amphetamines and monoamines 

 

 

Methamphetamine is an indirect agonist at dopamine-, noradrenaline- and serotonin-

receptors. It substitutes for monoamines at membrane-bound transporters, namely the 

dopamine transporter (DAT), noradrenaline transporter (NET), serotonin transporter 

(SERT) and vesicular monamine transporter-2 (VMAT-2). VMAT-2 is embedded in 
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vesicular membranes, while active DAT, NET and SERT are cell surface integral 

membrane proteins (Sulzer et al., 2005).  

Under normal conditions, VMAT-2 regulates the concentration of monoamines in the 

cytosol by mediating transport into intracellular storage vesicles. In response to an 

action potential, the monoamine vesicles fuse with the cell membrane and release their 

contents of monoamines into the neuronal synapse. This process is called exocytosis. 

DAT, NET and SERT normally moderate synaptic monoamine transmission by 

mediating the reuptake of their respective monoamines from the synapse into the 

presynaptic neuron. The reuptake process attenuates the stimulation of post-synaptic 

monoamine receptors  (Seiden et al., 1993). 

Methamphetamine redistributes monoamines from storage vesicles into the cytosol by 

reversing the function of VMAT-2 and disrupting the pH gradient that otherwise 

provides the energy required to drive the accumulation of monoamine inside storage 

vesicles. Methamphetamine also reverses the endogenous function of DAT, NET and 

SERT, resulting in release of dopamine, noradrenaline and serotonin from the cytosol 

into synapses independent of an action potential. Ultimately, this process permits 

monoamines to stimulate postsynaptic monoamine receptors in an unregulated manner. 

(Seiden et al., 1993; Sulzer et al., 2005; Figure 1-2). Furthermore, methamphetamine 

attenuates monoamine metabolism by inhibiting monoamine oxidase (Seiden et al., 

1993; Sulzer et al., 2005). In vitro studies suggest that methamphetamine is 

approximately twice as potent at releasing noradrenaline as dopamine, and its effect is 

reported to be 60-fold greater on noradrenaline than on serotonin release (Rothman et 

al., 2001).  
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Certain neuronal circuits are particularly rich in monoamine components and these 

neurons are therefore focal points for methamphetamine action. The major 

dopaminergic pathways are the mesolimbic circuit, the mesocortical circuit, and the 

nigrostriatal pathway. The mesolimbic circuit links the ventral tegmentum in the 

midbrain to the nucleus accumbens in the striatum and is implicated in reward salience. 

The mesocortical circuit projects from the ventral tegmentum to the cortex, and 

regulates cognitive functions. The nigrostriatal pathway projects from the substantia 

nigra to the striatum, and is implicated in motor control (Wise, 2004).  

Noradrenergic regions of particular interest include: the medial basal forebrain, which 

mediates arousal; the hippocampus, involved in memory consolidation; and the 

prefrontal cortex, which processes cognitive functions (Berridge et al., 2003). Serotonin 

neurons are widely distributed throughout the brain and regulate diverse functions 

including reward, hyperthermia, respiration, pain perception, sexual responses, 

hypophagia, impulsiveness, anxiety and higher cognitive functions (Hornung, 2003). 
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 Figure 1-2 Molecular mechanisms of methamphetamine action in neurons 
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A) Under normal conditions: (1) action potential stimulates exocytosis, (2) releasing 

monoamines into the synapse (3) monoamines activate postsynaptic receptors. (4) 

reuptake via monoamine transporters. (5) monoamines accumulate inside storage 

vesicles via the vesicular monoamine transporter-2. B) In the presence of 

amphetamines: (1) amphetamines enter the neuron via monoamine transporters or 

(2) by passive diffusion. (3) amphetamines redistribute vesicular monoamines into the 

cytosol. (4) amphetamines alkalinise vesicles, which displaces vesicular monoamines 

into the cytosol. (5) amphetamines reverse the function of monoamine transporter, 

increasing the synaptic monoamine concentration. 
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Several factors add substantial complexity to the molecular mechanisms of 

amphetamines as described above. For example: (a) multiple receptor subtypes exist for 

noradrenaline, dopamine and serotonin, with distinct binding affinities, second-

messenger effects, and central nervous system (CNS) distribution; (b) neuronal 

pathways interact with each other (e.g. monoamine neurons impinge on excitatory 

glutamate neurons and inhibitory -aminobutyric acid (GABA) neurons (Berridge, 

2006)); and (c) some effects of amphetamines are mediated peripherally (Simpson, 

1975). Baseline dopamine function also appears to influence the response to 

amphetamines. Low baseline D2-receptor density tends to favour a pleasant response to 

exogenous stimulants while high baseline D2-receptor density is associated with 

aversive responses (Volkow et al., 1999). As a result, some of the acute effects of 

methamphetamine vary considerably between individuals. 

Following the acute molecular effects of amphetamines, vesicular monoamine stores 

tend to be depleted (Barr & Markou, 2005). In addition, exposure to high levels of 

monoamines leads to internalisation of membrane-bound protein complexes such as 

dopamine D1- and D2-receptors DAT and VMAT-2 via phosphorylation-dependent 

processes (Cardenas et al., 2004; Cervinski et al., 2005; Dumartin et al., 1998; 

Ramamoorthy & Blakely, 1999; Sun et al., 2003). These down-regulatory processes 

appear to be particularly marked following chronic exposure to amphetamines and 

appear to largely underlie the withdrawal syndrome.  



13 

 

1.2.2.  Clinical pharmacokinetics 

Selected pharmacokinetic parameters for methamphetamine are presented in Table 1-1. 

These data were derived from clinical studies in which the dose of methamphetamine 

was generally in the low-to-moderate range (5-35 mg).  Pharmacokinetic studies at the 

high doses reported for illicit use (approximately 50-500 mg per dose) (Hawks et al., 

1969; McGregor, 2005; McKetin et al., 2006a) do not appear to have been conducted.  

1.2.2.1.  Absorption via intravenous administration 

The peak plasma methamphetamine concentration (Cmax) is dose dependent 

(Mendelson et al., 2006; Newton et al., 2005a; Newton et al., 2005c).  Following an 

intravenous dose of 17.5 mg/70kg Cmax was approximately 70 μg/L  

methamphetamine, and an intravenous dose of 35 mg/70kg  produced a mean Cmax of 

approximately 130  μg/L  following (Mendelson et al., 2006). Cmax is likely to be 

reached rapidly via intravenous injection, perhaps within 5 min (Mendelson et al., 

1995). The reported time to reach peak concentration (~0.3-0.5 h) may reflect sampling 

times (Newton et al., 2005a; Newton et al., 2005c).  

The area under the concentration vs time curve for methamphetamine (AUC0-∞) is
 

significantly greater for R-methamphetamine compared with S-methamphetamine, 

which indicates that N-demethylation of the S-enantiomer is more extensive (Section 

1.2.2.6).  
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1.2.2.2.  Absorption via vapour inhalation 

Unlike the powder and ‘base’ forms, crystalline methamphetamine readily vaporises at 

~300 C without pyrolysis (Cook et al., 1993). The drug is commonly ‘smoked’ by 

inhaling the vapours from crystalline methamphetamine loaded onto a glass pipe and 

heated with a common butane lighter (Logan, 2002).  

Vapour inhalation results in rapid appearance of methamphetamine in the plasma.  A 

rapid absorption half-life estimated at 1.6 min indicates highly efficient transfer of the 

drug from alveoli into the blood. However, a second slower absorption half-life of 1.4 h 

was also reported, and peak plasma levels were reached ~2.5 h after smoking (Cook et 

al., 1993). The slower absorption component may arise from absorption of 

methamphetamine retained in the upper respiratory tract and/or absorption of the dose 

that may have been condensed and swallowed before reaching the lungs (Cook et al., 

1993; Perez-Reyes et al., 1991a). 

When consumed by smoking, methamphetamine residue tends to remain on the 

smoking implement. A 40-mg loaded methamphetamine dose resulted in a mean inhaled 

dose of 22.2 mg in one study (Harris et al., 2003). Another study, where a higher 

vaporising temperature was used, resulted in a similar mean inhaled dose (21.8 mg) 

although a smaller loading dose (30 mg) was used (Cook et al., 1993). The 

bioavailability of methamphetamine by vapour inhalation has therefore been reported 

both as a function of the loaded dose and of the actual inhaled dose. The bioavailability 

of methamphetamine via vapour inhalation was reported at 37% - 67% in terms of the 
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loaded drug, and at 67% - 90% in terms of the inhaled dose (Cook et al., 1993; Harris et 

al., 2003). 

1.2.2.3.  Absorption via intranasal administration 

The bioavailability of methamphetamine via the intranasal route was estimated at 79% 

(Harris et al., 2003). The peak plasma methamphetamine concentration of 

approximately 100 μg/L  occurred 2.7 h after administration,  which may reflect slower 

absorption processes associated with drug retained in the nasal mucosa, upper 

respiratory tract or absorption of a portion of swallowed methamphetamine (Hart et al., 

2007). 
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Table 1-1 Pharmacokinetic parameters for methamphetamine  

Dose Route N 
Cmax 

(μg/L ) 

Tmax 

(h) 

AUC0-∞ 

(μg/L ∙h)  

F 

(%) 
T1/2 (h) 

Vd 

(L/kg) 
CL (L/h) Reference 

15 mg IV 26 49 0.51 453 (NR) 9.4 (NR) 37 (Newton et al., 2005c) 

15.5 mg IV 6 (NR) (NR) 787 (NR) 11.8 3.7 16 (Cook et al., 1993) 

17.5mg/70kg 

S-meth 
IV 12 77 (NR) 1010 (NR) 10.2 3.7 

18 

L/h/70kg 
(Mendelson et al., 2006) 

17.5mg/70kg 

S-meth 
IV 12 65 (NR) 1191 (NR) 13.6 4.2 

15 

L/h/70kg 
(Mendelson et al., 2006) 

30 mg IV 26 109 0.54 862 (NR) 9.9 (NR) 43 (Newton et al., 2005c) 

30 mg IV 5 108 0.29 997 (NR) 9.1 (NR) 31 (Newton et al., 2005a) 
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Table 1-1 Pharmacokinetic parameters for methamphetamine (continued) 

Dose Route N 
Cmax 

(μg/L ) 

Tmax 

(h) 

AUC0-∞ 

(μg/L ∙h)  

F 

(%) 
T1/2 (h) 

Vd 

(L/kg) 
CL (L/h) Reference 

30mg S-

meth 
IV 8 (NR) (NR) (NR) (NR) 12.0 (NR) 19 (Mendelson et al., 1995) 

35mg/70kg 

S-meth 
IV 12 132 (NR) 1887 (NR) 10.3 3.8 

18 

L/h/70kg 
(Mendelson et al., 2006) 

35mg/70kg 

R-meth 
IV 12 126 (NR) 2368 (NR) 13.3 4.2 

15 

L/h/70kg 
(Mendelson et al., 2006) 

35mg/70kg 

S/R-meth 
IV 12 

68.9 (S) 

68.7 (R) 
(NR) 

991 (S) 

1407 (R) 
(NR) 

10.7 (S) 

15.0 (R) 

4.0 (S) 

3.8 (R) 

19 (S) 

13 (R) 

L/h/70kg 

(Mendelson et al., 2006) 
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Table 1-1 Pharmacokinetic parameters for methamphetamine (continued) 

Dose Route N 
Cmax 

(μg/L ) 
Tmax (h) 

AUC0-∞ 

(μg/L ∙h)  
F (%) 

T1/2 

(h) 

Vd 

(L/kg) 
CL (L/h) Reference 

21.8 mg smoked 6 47 3.0 1013 90.3 13.1 3.2 (NR) 
(Cook et al., 1993; Perez-Reyes et 

al., 1991b) 

22.2 smoked 8 51 2.5 801 67 10.7 (NR (NR) (Harris et al., 2003) 

50 mg IN 8 113 2.6 2000 79  10.7 (NR) (NR) (Harris et al., 2003) 

8.75mg/70kg oral 8 20 3.6 (NR) 67  8.5 (NR) 28 
(Cook et al., 1993; Cook et al., 

1992) 

10 mg  SR oral 8 20 5.4 (NR) (NR) 9.3 5.8 32 (Schepers et al., 2003) 

17.5mg/70kg oral 8 37 3.2 (NR) 67  11.4 (NR) 23 
(Cook et al., 1993; Cook et al., 

1992) 
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Table 1-1 Pharmacokinetic parameters for methamphetamine (continued) 

Dose Route N 
Cmax 

(μg/L ) 
Tmax (h) 

AUC0-∞ 

(μg/L ∙h)  
F (%) 

T1/2 

(h) 

Vd 

(L/kg) 
CL (L/h) Reference 

20  mg SR oral 8 32 7.5 (NR) (NR) 11.1 5.3 34 (Schepers et al., 2003) 

30mg/70kg 

S-meth 
oral 10 94 3.6 1213 (NR) 9.1 4.6

#
 (NR) (Shappell et al., 1996) 

Cmax: maximum plasma concentration; Tmax: time to reach maximum plasma concentration; AUC0-∞: estimated area under the plasma concentration vs time curve; 

F: bioavailability relative to intravenous dose (bioavailability via  vapour inhalation was calculated from the actual inhaled dose); T1/2 : plasma concentration half-

life; Vd: volume of distrubtion; CL: total clearance; IV: intravenous; IN: intranasal; smoking: vapour inhalation; #: apparent steady state-state volume of distribution; 

(NR): not reported; (S): data for S-methamphetamine; (R): data for R-methamphetamine; S-meth: S-methamphetamine; R-meth: R-methamphetamine; SR: sustained 

release formulation
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1.2.2.4.  Absorption via oral administration 

Amphetamines are well absorbed from the gastrointestinal tract (Vree & Henderson, 

1980) and bioavailability of methamphetamine by the oral route is 67% (Cook et al., 

1993). Absorption of methamphetamine via oral administration is not as rapid as via 

smoking or intravenous injection. The oral absorption half-life (T1/2) is 0.6-0.9 h, and 

the time to reach Cmax is approximately 3.5 h (Cook et al., 1992; Shappell et al., 1996). 

The time to reach the maximum plasma concentration was extended to 5.5 h with a 

sustained-release oral formulation (Schepers et al., 2003). 

Cmax was found to be slightly but significantly larger following repeated oral dosing. 

This suggested that pharmacokinetic tolerance does not develop. The authors speculated 

that the increase in plasma methamphetamine concentration may have been due to 

saturation of extra-compartmental binding sites, and that the effect may be expected to 

be greater among chronic illicit users (Cook et al., 1992).  

1.2.2.5.  Distribution 

The volume of distribution for methamphetamine across different doses and 

administration routes is approximately 3-4 L/kg (Cook et al., 1993; Mendelson et al., 

2006). Amphetamine is reported to have a higher volume of distribution among 

dependent users (Busto et al., 1989) but this effect does not appear to have been 

investigated for methamphetamine. The plasma protein binding of methamphetamine 

does not appear to have been investigated but the plasma binding of amphetamine is 

approximately 20% (Busto et al., 1989). 



21 

 

Intravenous injection of trace quantities (~2 μg) of [
11

C]-methamphetamine resulted in 

rapid absorption in the brains of humans, with peak [
11

C]-methamphetamine 

concentration in the putamen detected at 9 min by in situ positron emission tomography 

(PET) (Fowler et al., 2008). 

1.2.2.6.  Metabolism 

The dominant biotransformation pathways for methamphetamine include:                     

a) N-demethylation to produce amphetamine; b) aromatic hydroxylation to produce               

p-hydroxymethamphetamine and; c) -hydroxylation to produce norephedrine 

(Caldwell et al., 1972; Kraemer & Maurer, 2002; Lin et al., 1997). Other metabolites 

include benzoic acid, p-hydroxynorephedrine, norephedrine, and p-

hydroxyamphetamine (Caldwell et al., 1972; Shima et al 2006). N-demethylation and 

aromatic hydroxylation are catalysed by cytochrome P450 2D6.  Cytochrome P450 2D6 

is polymorphic and this may contribute to inter-individual variability in 

methamphetamine pharmacokinetics (Cook et al., 1992; Wu et al., 1997).  

N-demethylation via cytochrome P450 2D6 is stereoselective, and biotransformation to 

amphetamine is greater for S-methampohetamine than for the R-enantiomer (Lin et al., 

1997; Vree & Henderson, 1980). As a consequence, the ratio of AUC0-∞ (amphetamine)/ 

AUC0-∞ (methamphetamine) is approximately 5 times greater for S- compared with R-

enantiomer pairs (Mendelson et al., 2006; Vree & Henderson, 1980). 

The metabolite amphetamine is unlikely to significantly contribute to the acute effects 

of methamphetamine at moderate doses because peak amphetamine concentrations tend 

to occur after the direct effects dissipate (Beckett & Rowland, 1965b). For example, 
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following 30 mg intravenous S-methamphetamine, the mean maximum amphetamine 

plasma concentration was 4 μg/L  which occurred 17 h after administration  (Cook et 

al., 1993).  Mendelson and colleagues reported a mean maximum plasma amphetamine 

concentration of 9 μg/L  occurring 12-18 h after a 35 mg/70kg intravenous dose, 

whereas significant drug effects were observed for less than 9 h (Mendelson et al., 

2006; Perez-Reyes et al., 1991a). 

1.2.2.7.  Elimination 

The terminal plasma half-life of methamphetamine is 8-14 h. The plasma elimination 

half-life of methamphetamine is similar across the common administration routes (i.e. 

intravenous, intranasal, vapour inhalation and oral; Cook et al., 1993; Harris et al., 

2003; Mendelson et al., 2006; Newton et al., 2005a; Newton et al., 2005c; Shappell et 

al., 1996). The plasma elimination half-life is somewhat longer for R-methamphetamine 

compared with the S-enantiomer as S-methamphetamine is metabolised more rapidly 

(Mendelson et al., 2006).  

Methamphetamine arising from a single intravenous dose of 10 mg may be detected in 

plasma for 36-48 h at a limit of detection of 1 μg/L  (Harris et al., 2003; Mendelson et 

al., 2006). Total plasma clearance of methamphetamine is highly variable, between 15 

L/h and 45 L/h (Cook et al., 1993; Cook et al., 1992; Mendelson et al., 2006; Newton et 

al., 2005a; Newton et al., 2005c; Schepers et al., 2003). Variability in the plasma 

clearance of methamphetamine may be partly due to the polymorphism of cytochrome 

P450 2D6 or differences in renal clearance. 
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Methamphetamine has a pKa of 9.9. Its renal excretion rate is highly dependent on 

urinary pH. Methamphetamine is predominantly unionised in alkaline urine and is 

readily reabsorbed from the distal tubule into the peritubular blood, so renal excretion is 

limited. Renal excretion is greater where the urine is acidic as methamphetamine is 

ionised (Beckett & Rowland, 1965b). Accordingly, a longer duration of 

methamphetamine effects was observed under alkaline urine conditions compared with 

an acidic urine condition (Beckett & Rowland, 1965b). 

Where the urinary pH was uncontrolled, the renal clearance of methamphetamine varied 

between  6 L/h and 10 L/h across studies (Cook et al., 1992; Cook et al., 1993; 

Mendelson et al., 1995; Shappell et al., 1996). The renal clearance of methamphetamine 

appears to be dose dependent, which indicates saturable renal excretion processes. Thus 

at larger doses, a smaller fraction of methamphetamine is excreted in the urine (Cook et 

al., 1993; Cook et al., 1992).  

The maximum rate of urinary excretion occurs within 3-6 h (Beckett & Rowland, 

1965b; Cook et al., 1992). Methamphetamine has a urinary half-life of 25 h and 

accumulates in the urine with repeated dosing (Kim et al., 2004; Oyler et al., 2002). 

Methamphetamine has been detected in urine after 7 days of completing a regimen of 

four daily 10 mg doses (Oyler et al., 2002). In a single case study, methamphetamine 

was detected in urine 7 days after a single 250 mg oral dose  (Connell, 1958). Following 

45 mg intravenous methamphetamine administered to two illicit methamphetamine 

users, the parent drug was present in urine after 4.5 days at > 80 μg/L and the urinary 

amphetamine concentration was > 50 μg/L at this time (Shima et al 2006). These small 
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studies suggest that methamphetamine or amphetamine may be detected in urine for 

approximately 7 days following illicit use. 

The amount of methamphetamine excreted unchanged into the urine varies widely 

between studies (15-70%)  (Beckett & Rowland, 1965b; Cook et al., 1993; Cook et al., 

1992; Harris et al., 2003; Kim et al., 2004; Mendelson et al., 1995; Shappell et al., 

1996). Up to 15% is excreted as p-hydroxymethamphetamine and approximately 10% 

as amphetamine when urinary pH is uncontrolled. Other urinary metabolites include 

benzoic acid, p-hydroxynorephedrine, norephedrine, and p-hydroxyamphetamine  

(Caldwell et al., 1972). 

1.2.2.8.  Pharmacokinetic drug interactions 

With the exception of a reduction in the apparent volume of distribution, the 

pharmacokinetic profile of methamphetamine was not altered when co-administered 

with ethanol. The reduced volume of distribution may have been due to competition 

between ethanol and methamphetamine for peripheral binding sites (Mendelson et al., 

1995).  

Co-administration of the dopaminergic antidepressamt buproprion and 

methamphetamine was associated with increased methamphetamine plasma levels and 

reduced methamphetamine plasma clearance. Peak and trough plasma levels of 

bupropion were unaffected by methamphetamine. Bupropion reduced the metabolism of 

methamphetamine, most likely by inhibiting cytochrome P450 2D6 (Newton et al., 

2005c). Other cytochrome P450 2D6 inhibitors may be expected to increase plasma 

methamphetamine concentration and reduce plasma methamphetamine clearance. 
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Co-administration with selegine (a drug used in the treatment of Parkinson’s disease 

(PD) and Alzheimer’s disease) had no significant effect on the pharmacokinetic profile 

of intravenous methamphetamine (at 10 or 30 mg). Methamphetamine did not alter peak 

or trough plasma levels of  selegine or its major metabolites at 5 mg selegine twice a 

day (Newton et al., 2005a).  

1.2.2.9.  Methamphetamine in oral fluid 

Cook and colleagues reported that the concentration of methamphetamine in oral fluid 

was six-fold greater than its concentration in plasma following 15.5 mg intravenous 

methamphetamine, but with large inter-individual variability (Cook et al., 1993). Oral 

fluid concentrations of methamphetamine were particularly high within ~5 h of smoking 

the drug, which was probably due to drug residue in the mouth, rather than as a result of 

passage from blood to oral fluid (Cook et al., 1993). As anticipated for a basic drug, 

accumulation of methamphetamine in oral fluid was highly sensitive to salivary pH and 

was greater when the oral fluid was  acidic (Cook et al., 1993; Schepers et al., 2003). 

Following oral dosing of a sustained-release (SR) preparation, Schepers and colleagues 

reported higher oral fluid compared to plasma methamphetamine concentration.  The 

authors concluded that methamphetamine levels in oral fluid could not be used to 

predict plasma methamphetamine levels (Schepers et al., 2003).  

The pharmacokinetics of methamphetamine has not been characterised in oral fluid, 

except in a low-dose methamphetamine study using a sustained-release preparation 

(Schepers et al., 2003). Nevertheless, in many situations, oral fluid may be a more 
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convenient sampling matrix than plasma, and an efficient indicator of recent drug use 

(Verstraete, 2004). 

1.2.3.  Patterns of illicit methamphetamine use 

In Australia, the drug is typically purchased in ‘points’, which are reportedly ~100-mg 

units (McKetin & McLaren, 2004). The amount of methamphetamine consumed illicitly 

is difficult to verify. However, based on self-reported data, single illicit doses appear to  

typically range from a half point to 5 points (~50 to ~500 mg) (Hawks et al., 1969; 

McGregor, 2005; McKetin et al., 2006a). These data suggest that typical doses in the 

context of illicit use are significantly larger than the doses generally used in clinical 

studies (5-35 mg).  

Regular methamphetamine users typically use the drug every 2-4 h, amounting to     

0.5–1 g per 24 h period. The drug is often used in a binge pattern of continuous use 

without sleep over 3-4 days, followed by 1-2 days of sleeping. However, others report 

using the drug daily and curtail their use before sleep (Simon et al., 2002b).  

Detailed pharmacokinetic studies at the high doses used illicitly do not appear to have 

been conducted. However, plasma levels reported in forensic studies are consistent with 

exposure to substantially greater doses than those reported in most clinical studies 

(Sections 1.2.2 and 1.2.4). Among driving offenders and detainees who tested positive 

for methamphetamine, plasma methamphetamine levels were typically 300-550 g/L, 

with a maximum of 1665 g/L reported among the non-fatal cases.  (Logan, 1996; 

Melega et al., 2007). The median plasma concentration of amphetamine (possibly 

arising from the metabolism of methamphetamine) was  70 g/L (Melega et al., 2007). 
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1.2.4.  Direct effects 

1.2.4.1.  Acute subjective effects 

The major direct effects of methamphetamine observed at low-to-moderate doses        

(5-35 mg) in clinical experiments are summarised in Table 1-2. Acute subjective effects 

reported in methamphetamine dosing studies were grouped by semantically similar 

descriptors: 

 Arousal, e.g. stimulation, reduced fatigue and vigour (Harris et al., 2003; Martin 

et al., 1971; Mendelson et al., 2006; Newton et al., 2005b; Perez-Reyes et al., 

1991a; Shappell et al., 1996), 

 Euphoria, e.g. elation and intoxication (Harris et al., 2003; Martin et al., 1971; 

Mendelson et al., 2006; Newton et al., 2005b; Perez-Reyes et al., 1991a; 

Shappell et al., 1996), 

  Relaxation, e.g. confidence, sociability, and talkativeness (Bell, 1973; Harris et 

al., 2003; Hart et al., 2007; Martin et al., 1971; Mendelson et al., 2006) 

 Reduced appetite (Comer et al., 2001; Hart et al., 2007; Martin et al., 1971). 

Unpleasant subjective responses such as anxiety were also commonly reported (Harris 

et al., 2003; Martin et al., 1971; Mendelson et al., 2006; Newton et al., 2005a). 

Paranoia, delusions and hallucinations were observed at intravenous doses exceeding  

55 mg methamphetamine (Bell, 1973). 
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1.2.4.2.  Acute physiological effects 

Methamphetamine is a potent stimulator of the cardiovascular system and increases 

heart rate and blood pressure (Harris et al., 2003; Johnson et al., 2000; Martin et al., 

1971; Mendelson et al., 2006; Newton et al., 2005a; Perez-Reyes et al., 1991a). 

Cardiovascular effects of methamphetamine are dose-dependent (Johnson et al., 2000; 

Mendelson et al., 2006; Newton et al., 2005a). Severe cardiac complications can arise 

as a result of acute high-dose or chronic methamphetamine use (Section 1.3.3).  

Other physiological effects include increased respiration rate (Martin et al., 1971; 

Mendelson et al., 2006), elevated body temperature (Martin et al., 1971), and pupil 

dilation (Martin et al., 1971). Marked psychomotor activation has been observed 

following large intravenous doses (Bell, 1973). 

1.2.4.3.  Acute effects on cognitive function 

Methamphetamine at low-to-moderate doses may initially improve performance on 

tasks that challenge sustained and divided attention (Johnson et al., 2000; Shappell et 

al., 1996; Silber et al., 2006; Talland & Quarton, 1966), reasoning ability (Johnson et 

al., 2000), pattern recognition, (Shappell et al., 1996), motor co-ordination (Hart et al., 

2007; Shappell et al., 1996) and reaction speed (McTavish et al., 2001). However, 

response accuracy may be impaired (McTavish et al., 2001).  

At higher doses, improvements in cognitive function may be counteracted by delusional 

thought, leading to marked behavioural disturbance in severe cases (Bell, 1973). 

Chronic methamphetamine use may cause neurotoxicity, leading to significant long-

term impairment in cognitive function (Scott et al., 2007). 
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1.2.4.4.  Acute effects at large doses 

Although limited clinical studies have been conducted at high methamphetamine doses, 

the available evidence suggests that qualitatively distinct responses emerge at elevated 

doses. A unique study of high-dose intravenous methamphetamine administration (55-

640 mg) evoked marked positive subjective responses, followed by psychotic 

symptoms. At least 5 of 12 individuals developed hypertension, 4 of 12 developed 

aggressive thoughts or behaviours, 8 of 12 talked almost continuously during the 

experiment, and all reported severe headaches (Bell, 1973). However, each of these 

subjects had a prior history of psychosis, whih should be considered when extending 

these findings more generally. Nevertheless, similar experiments indicate that 

amphetamine can induce acute psychotic symptoms among subjects without a prior 

history of psychosis (Angrist & Gershon, 1970; Griffith et al., 1972).  

Based on arrest reports of automobile drivers in the United States (amount and time of 

dose unknown), elevated blood methamphetamine plasma levels above 300 g/L were 

associated with the emergence of violent behaviours. Rapid or confused speech, dilated 

pupils, agitation, paranoia, rapid pulse, sweating, nervousness and motor restlessness 

were commonly reported at plasma levels exceeding 100 g/L (Logan, 1996). 

1.2.4.5.  Time course of effects 

Peak cardiovascular effects occur rapidly via intravenous administration (within 5-30 

min) (Martin et al., 1971; Mendelson et al., 2006) and persist for  6-8 h relative to 

placebo (Mendelson et al., 2006). Acute subjective effects occur within 15-20 min via 

intravenous and smoking routes (Cook et al., 1993; Newton et al., 2006) and remain 
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elevated relative to placebo for 6-7 h (Mendelson et al., 2006; Newton et al., 2006). In 

comparison, the peak subjective effects of an equivalent intravenous dose of cocaine 

tend to occur rapidly and subside within 25 min (Newton et al., 2005b). 

Via smoking and oral routes, peak methamphetamine effects occur substantially earlier 

than peak plasma methamphetamine concentrations, which may indicate acute tolerance 

(Cook et al., 1993; Shappell et al., 1996). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies 

Subjective effects     

Effect Dose Evidence References Possible mechanisms 

Arousal 

stimulating, energetic, 

drive, vigour, reduced 

fatigue, mind-racing 

 5 mg  Quantitative 

self-report 

(Harris et al., 2003; 

Martin et al., 1971; 

Mendelson et al., 

2006; Newton et al., 

2005b; Perez-Reyes 

et al., 1991a; 

Shappell et al., 

1996) 

1- and β-adrenoceptor stimulation in the medial basal 

forebrain (Berridge, 2006).  

Dopamine D1- and D2-receptor stimulation (Berridge, 2006). 

Activation in the anterior cingulated cortex and ventral 

striatum (Vollm et al., 2004). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Euphoria 

high, elation, good 

drug effect, 

intoxication 

  5 mg  Quantitative 

self-report 

(Harris et al., 2003; 

Martin et al., 1971; 

Mendelson et al., 

2006; Newton et al., 

2005b; Perez-Reyes 

et al., 1991a; 

Shappell et al., 

1996) 

Dopamine release in the nucleus accumbens (Abi-Dargham et 

al., 2003; Drevets et al., 2001; Vollm et al., 2004).  
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Relaxation 

relaxed, loss of 

tension, confidence, 

sociable 

 10 mg  Quantitative 

self-report 

(Bell, 1973; Harris et 

al., 2003; Martin et 

al., 1971; Mendelson 

et al., 2006) 

Stimulation of serotonin 5-HT1- and 5-HT2B-receptors (Filip 

et al., 2005). 

Anxiety 

dysphoria, bad drug 

effects, nervousness 

 30 mg  Quantitative 

self-report 

(Harris et al., 2003; 

Martin et al., 1971; 

Mendelson et al., 

2006; Newton et al., 

2005a) 

Excessive 1-adrenoceptor stimulation in the prefrontal cortex 

(Berridge, 2006) 

Serotonergic 5-HT3-receptor stimulation (Filip et al., 2005) 

Excessive dopamine stimulation in the striatum (Drevets et 

al., 2001). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Talkativeness   50 mg Qualitative 

Observation 

(Bell, 1973; Hart et 

al., 2007) 

 ‘Mind racing’ correlates with activation in the anterior 

cingulated cortex and ventral striatum (Vollm et al., 2004). 

 Facial motor neurons innervated by  serotonergic trigeminal 

-motoneurons (Jacobs & Fornal, 1997). 

Reduced appetite  5 mg Quantitative 

Objective 

(Comer et al., 2001; 

Hart et al., 2007; 

Martin et al., 1971) 

1 Receptors activation in paraventricular nucleus, β2 

receptors of lateral hypothalamic area,  mesolimbic dopamine 

D1 and D2 receptors,  serotonin 5-HT1 and 5-HT2 receptors 

(Halford et al., 2004). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Paranoia  55 mg Qualitative 

Observation 

(Bell, 1973) Excessive dopamine activation in the striatum (Breier et al., 

1997; Drevets et al., 2001; Laruelle et al., 1995). 

Hallucinations 

Auditory, visual 

 55 mg Qualitative 

Observation 

(Bell, 1973) Striatal dopamine release (Breier et al., 1997; Drevets et al., 

2001; Laruelle et al., 1995).  

Activation of thalamus, hippocampus and ventral striatum. 

Activation of paralimbic and primary motor cortices 

(Silbersweig et al., 1995). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Physiological effects    

Effect Dose Evidence References Possible mechanisms 

Increased heart 

rate 

 10 mg Qualitative 

self-report, 

qualitative 

objective 

(Harris et al., 2003; 

Johnson et al., 2000; 

Martin et al., 1971; 

Mendelson et al., 

2006; Newton et al., 

2005a; Perez-Reyes 

et al., 1991a) 

Cardiac β-adrenoceptor stimulation (Simpson, 1975). 

Noradrenergic stimulation in forebrain and brainstem (Crick 

et al., 2000). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Increased blood 

pressure 

 10 mg  Quantitative 

objective 

(Harris et al., 2003; 

Martin et al., 1971; 

Mendelson et al., 

2006; Newton et al., 

2005b; Shappell et 

al., 1996) 

Cardiac β-adrenoceptor stimulation (Simpson, 1975)  

Noradrenergic stimulation in forebrain and brainstem (Crick 

et al., 2000). 

Increased 

respiration rate 

30 mg Quantitative 

objective 

(Martin et al., 1971; 

Mendelson et al., 

2006) 

α-Adrenreceptor stimulation in pontomedullary respiratory 

centres of the lower brain stem (Mediavilla et al., 1979).  

 Serotonin modulation via phrenic motorneuronal 5-HT2 

receptors (Jacobs & Fornal, 1997). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Elevated body 

temperature 

30 mg Quantitative 

objective 

(Martin et al., 1971) Excessive dopamine, noradrenaline and serotonin release in 

the hypothalamus.  

Noradrenaline-mediated uncoupling of mitochondrial energy 

transfer. Heat retention facilitated by vasoconstriction (Mills 

et al., 2004). 

Pupil dilation  30 mg Quantitative 

objective 

(Martin et al., 1971) Contraction of the dilator muscle of the iris via                     

α1-adrenoceptor stimulation (Fotiou et al., 2000). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Psychomotor 

activation 

 55 mg Qualitative 

observation 

(Bell, 1973) Nigrostriatal dopamine release, indirect prefrontal α1-

adrenoceptor stimulation, dopamine release in the nucleus 

accumbens (Darracq et al., 1998; Ventura et al., 2003; 

Weinshenker & Schroeder, 2007). Activation of central 

serotonin 5-HT1A-receptors (Geyer, 1996). Peripheral skeletal 

muscle stimulation (Gerald et al., 1982).  

Impaired response 

accuracy 

10 mg Quantitative 

objective 

(McTavish et al., 

2001) 

Dopamine D2- receptor binding in the striatum (Riccardi et 

al., 2006). 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Acute cognitive effects   

Effect Dose Evidence References Possible mechanisms 

Improved attention 

sustained, divided 

attention 

30 mg Quantitative 

objective 

(Johnson et al., 

2000; Shappell et al., 

1996; Silber et al., 

2006; Talland & 

Quarton, 1966) 

Dopamine D2-receptor binding in the ventral striatum and 

basal forebrain (Riccardi et al., 2006). Arousal component of 

attention facilitated by 1- and β-adrenoceptor stimulation in 

the medial basal forebrain (Berridge, 2006). 

Improved 

reasoning ability 

30 mg Quantitative 

objective 

(Johnson et al., 

2000) 

Dopamine D1-receptor and α2 -adrenoceptor stimulation in the 

frontal cortex (Ramos & Arnsten, 2007; Sawaguchi & 

Goldman-Rakic, 1991) 
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Table 1-2 Acute effects of methamphetamine identified in clinical studies (continued) 

Effect Dose Evidence References Possible mechanisms 

Improved pattern 

recognition 

30 mg Quantitative 

objective 

(Shappell et al., 

1996) 

Dopamine D1-receptor and α2 -adrenoceptor stimulation in the 

frontal cortex (Ramos & Arnsten, 2007; Sawaguchi & 

Goldman-Rakic, 1991). 

Improved motor 

co-ordination 

30 mg Quantitative 

Objective 

(Hart et al., 2007; 

Shappell et al., 

1996) 

Dopaminergic activation in the striatum, particular the 

putamen (Brooks, 2003). 

Improved reaction 

time 

10 mg Quantitative 

Objective 

(McTavish et al., 

2001) 

Arousal component of attention facilitated by 1- and β-

adrenoceptor stimulation in the medial basal forebrain 

(Berridge, 2006). 
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1.3.  Adverse effects 

1.3.1.  Methamphetamine overdose 

An estimated 94,000 emergency department admissions associated with recent 

methamphetamine use were reported in the United States in 2005 (excluding cases of 

detoxification) (Substance Abuse and Mental Health Services Administration, 2007a).  

Based on case reports, common features of methamphetamine overdose include 

agitation, dilated pupils, tachycardia, hypertension, and rapid respiration. Other features 

include shivering, dyspnoea, chest pain, hyperpyrexia and cardiac, hepatic and/or renal 

failure. Coma or seizures occur less frequently (Ago et al., 2006; Hong et al., 1991; 

Jordan & Hampson, 1960; Katsumata et al., 1993; Kojima et al., 1984; Perez et al., 

1999; Waksman et al., 2001; Wijetunga et al., 2003; Zalis & Parmley, 1963). 

Methamphetamine toxicity typically  features tachycardia, hypertension and altered 

mental status (Derlet et al., 1990; Gray et al., 2007; Richards et al., 1997). Altered 

mental state may take the form of agitation (approximately 20% of cases), suicidal 

ideation (6-12%) and/or acute psychosis (7-12%) (Derlet et al., 1989; Gray et al., 2007; 

Richards et al., 1997). Rhabdomyolysis may be a factor in up to 14% of presentations 

(Richards et al., 1997). Seizures appear to be less common, occurring in 3-4% of 

overdoses (Derlet et al., 1990; Gray et al., 2007; Richards et al., 1997).  

Case reports indicate that methamphetamine-associated fatalities most commonly arise 

from multiple congestion, pulmonary oedema, pulmonary congestion, cerebrovascular 
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haemorrhage (attributed to hypertension),  ventricular fibrillation, acute cardiac failure 

or hyperpyrexia (Inoue et al., 2006; Kalant & Kalant, 1975). Other fatalities have arisen 

from septic injection or asphyxia by aspiration of vomit (Kalant & Kalant, 1975). A 

number of studies suggest that a significant and possibly greater proportion of 

methamphetamine-related fatalities arise from accidents, suicide and homicides, which 

may suggest severe psychological and behavioural disturbances at toxic doses (Logan et 

al., 1998; Shaw, 1999; Zhu et al., 2000). 

Inoue and colleagues proposed that plasma methamphetamine concentrations in the 

range 200-5000 g/L constitute toxic levels, and plasma concentrations  exceeding 

10,000 g/L may be taken as fatal levels (Inoue et al., 2006). However, these figures 

should be considered guides only since plasma concentration is dependent not only on 

the dose, but the time since dosing. Fatalities have been reported at plasma 

concentration as low as 90 g/L (Logan et al., 1998) and survival has been reported at 

9,460 g/L (Logan, 1996). 

1.3.2.  Psychosis 

Methamphetamine psychosis refers to paranoid-hallucinatory states induced by 

methamphetamine, which are very similar to acute paranoid schizophrenia (Angrist & 

Gershon, 1970; Bell, 1973; Connell, 1958). Regular methamphetamine use is associated 

with a high incidence of chronic psychotic symptoms (McKetin et al., 2006c). The most 

common signs of methamphetamine psychosis are hallucinations, delusions and odd 

speech (Angrist & Sudilovsky, 1978; Chen et al., 2003; Connell, 1958). 
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Methamphetamine-induced hallucinations are predominantly auditory (experienced in 

85% of cases of methamphetamine psychosis), visual (46%) and tactile (21%). 

Delusions of persecution (71%), of reference (63%), and of ‘mind-reading’ (40%) are 

also common (Chen et al., 2003). 

There is considerable variability in both the dosage required (55-640 mg) and the onset 

of psychotic symptoms (7 min to 34 h post dose) (Bell, 1973). The duration of psychotic 

symptoms is also variable, dissipating within a week of abstinence in some cases, and 

persisting indefinitely in others (Angrist & Sudilovsky, 1978; Bell, 1973; Connell, 

1958; Sato et al., 1983). Among a sample 170 Japanese methamphetamine users 

affected by psychosis, 59% recovered from psychosis within 30 days, but symptoms 

persisted for over a month in 41% of cases, including 28% expressing symptoms after 

more than 6 months of abstinence (Ujike & Sato, 2004). These findings suggest that in 

more than 50% of cases, psychotic symptoms resolve spontaneously and may not 

require long-term antipsychotic medication. 

Psychotic symptoms increase in severity with increased duration and frequency of 

methamphetamine use (Sekine et al., 2003; Zweben et al., 2004). Sensitisation to 

methamphetamine psychosis may be partly related to neurotoxicity since DAT density 

in the striatum and the prefrontal cortex (PFC) have been inversely correlated with 

psychotic symptoms (Sekine et al., 2003). Non-specific environmental stressors such as 

incarceration, severe insomnia, and heavy alcohol consumption may induce psychotic 

symptoms during periods of methamphetamine abstinence (Ujike & Sato, 2004; Yui et 

al., 2000b). Stress-induced psychosis among former methamphetamine users appears to 
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be associated with enhanced noradrenergic and dopaminergic reactivity (Yui et al., 

2000b). A familial history of psychotic illness may be associated with persistent 

methamphetamine psychosis. Individuals with psychotic symptoms persisting more than 

one month after withdrawal are three times more likely to have a family history of 

schizophrenia than those exhibiting less prolonged episodes of psychosis (Chen et al., 

2005). A genetic component is supported by reports of  higher rates of 

methamphetamine psychosis associated with certain gene variations (Barr et al., 2006). 

1.3.3.  Cardiovascular complications 

Few studies have been conducted to examine the severe cardiovascular complications 

arising from methamphetamine use. Much of the clinical evidence for its severe adverse 

cardiovascular effects have been provided by case reports (reviewed in Kaye et al., 

2007). Acute methamphetamine consumption may cause hypertension and arrhythmias 

which can lead to acute events such as acute coronary syndrome (Chen, 2007; 

Turnipseed et al., 2003), acute aortic dissection (Swalwell & Davis, 1999) and sudden 

cardiac death (Kaye et al., 2007). 

Repeated methamphetamine insult can lead to chronic conditions including coronary 

heart disease and cardiomyopathy (Kaye et al., 2007). Coronary heart disease appears to 

occur more frequently and at a younger age among methamphetamine users than others 

(Karch et al., 1999). Methamphetamine users reportedly have a 3.7-fold increased risk 

for cardiomyopathy. Furthermore, left ventricular dysfunction among methamphetamine 

users with cardiomyopathy appears to be significantly more severe than among others 



 

46 

 

with cardiomyopathy (Yeo et al., 2007). Impaired myocardial contractility and left 

ventricular hypertrophy commonly result, leading to chronic fatigue and shortness of 

breath (Hong et al., 1991; Karch et al., 1999; Wijetunga et al., 2003). Based on case 

reports, the prognosis for methamphetamine-associated cardiomyopathy appears to be 

poor (Hong et al., 1991; Inoue et al., 2006; Karch et al., 1999). However, improvement 

has been reported following cessation of methamphetamine use and treatment with 

digoxin, diuretics and/or anticoagulants (Jacobs, 1989). 

Population studies indicate that methamphetamine increases the risk of hemorrhagic and 

ischemic stroke (Perez et al., 1999; Westover et al., 2007). Outcomes range from 

spontaneous recovery to permanent neurological damage or death (McGee et al., 2004; 

Perez et al., 1999). Hypertension, leading to elevated cerebral pressure, appears to be 

the underlying cause (McGee et al., 2004). Accordingly, headaches have been reported 

to precede methamphetamine-associated stroke (Perez et al., 1999; Salanova & 

Taubner, 1984). 

1.3.4.  Methamphetamine withdrawal syndrome 

Drug dependence is characterised by the onset of adverse symptoms following 

withdrawal of a drug, which may be relieved by reinstatement of its use (Oswald & 

Thacore, 1963). Methamphetamine withdrawal is classified as Amphetamine-Type 

Stimulant Withdrawal Syndrome in the Forth Edition of the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV) (American Psychiatric Association, 2000). 

According to DSM-IV criteria, methamphetamine withdrawal arises following cessation 
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or marked reduction in ‘heavy and prolonged’ use of the drug (American Psychiatric 

Association, 2000). The syndrome is characterised by symptoms of dysphoric mood, 

fatigue, vivid unpleasant dreams, insomnia or hypersomnia, increased appetite, and 

psychomotor agitation or retardation. The criteria stipulate that withdrawal symptoms 

occur within hours or days of an abrupt reduction in methamphetamine use (American 

Psychiatric Association, 2000). 

Based on observational studies, the most prominent symptoms of methamphetamine 

withdrawal appear to be disturbed sleep, depressed mood and anxiety, accompanied by 

symptoms such as craving and cognitive impairment. A longer duration of 

methamphetamine use appears to be associated with greater withdrawal severity 

(McGregor et al, 2005). In general, withdrawal symptoms show significant 

improvement after 7-10 days of abstinence, although symptoms often persist for several 

months (McGregor et al, 2005).  

1.3.4.1.  Anxiety and depressed mood  

Depressed mood and anxiety associated with methamphetamine withdrawal can lead to 

suicidal ideation and panic (Connell, 1958; Hawks et al., 1969; Watson et al., 1972; 

Zweben et al., 2004). The high incidence of marked psychological trauma among 

methamphetamine users is likely to exacerbate anxiety and depression among affected 

users (Cohen et al., 2003). 

Depression associated with methamphetamine withdrawal typically features dysphoric 

mood, anhedonia, irritability, inactivity and impaired concentration (Gossop et al., 
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1982; Kalechstein et al., 2003; London et al., 2005; McGregor et al., 2005; Oswald & 

Thacore, 1963; Srisurapanont et al., 1999a; Watson et al., 1972). Depression and 

anxiety are most severe after 2-3 days of abstinence, with gradual improvement 

following 7-10 days of abstinence (McGregor et al., 2005; Watson et al., 1972).  

In most cases depressed mood significantly improves after two weeks of abstinence. 

However, 24% of individuals continued to report depression in the moderate to severe 

range after three weeks of abstinence (McGregor et al., 2005), and some individuals 

have continued to experience significant depression after several months of abstinence 

(Watson et al., 1972).  

Methamphetamine-induced depletion of monoamines may play a role in depression, 

since the urinary concentration of 3-methoxy-4-hydroxyphenylglycol (a metabolite and 

marker of noradrenaline) was significantly reduced during withdrawal, and was 

inversely correlated with the severity of depression (Watson et al., 1972). Neuroimaging 

studies suggest that persistent depression may be associated with methamphetamine-

induced neurotoxicity (London et al., 2004; Section 1.3.5). 

1.3.4.2.  Disordered sleep 

Early polysomnolographic case studies suggested that acute withdrawal features a 

period of increased sleep duration (particularly rapid eye movement (REM) sleep) 

during the initial 3-8 days of abstinence from amphetamines (Oswald & Thacore, 1963; 

Watson et al., 1972). This period is sometimes referred to as the ‘crash’ phase (Barr et 

al., 2002; Lago & Kosten, 1994). McGregor reported that the amount of sleep during 
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the first week of withdrawal was unrelated to sleep deprivation during the week prior to 

withdrawal. Therefore, the phase of hypersomnia characterising early methamphetamine 

withdrawal does not appear to be simply a function of sleep deprivation alone 

(McGregor, 2005). 

Insomnia has been reported as a feature of a later phase of withdrawal (Gossop et al., 

1982) but this is not a consistent observation. Following the initial period of 

hypermnolence, some researchers report reduced sleep quality but not quantity 

(McGregor et al., 2005) while others have not found insomnia to be a significant 

symptom (Srisurapanont et al., 1999a). Where observed, impaired sleep quality during 

the later phase of methamphetamine withdrawal has been associated with reduced clear-

headedness on waking, suggesting a link between sleep, mood, and cognitive function 

during methamphetamine withdrawal (McGregor et al., 2005). 

1.3.4.3.  Other symptoms of methamphetamine withdrawal 

Craving for amphetamines appears to be  a ubiquitous symptom of methamphetamine 

withdrawal (London et al., 2004; McGregor et al., 2005; McGregor et al., 2007; Oswald 

& Thacore, 1963; Srisurapanont et al., 1999a; Topp et al., 1995) and may emerge 

within hours of administration (Perez-Reyes et al., 1991b). The severity of craving 

predicts relapse to methamphetamine use, so craving appears to play a particularly 

important role in driving methamphetamine dependence (Hartz et al., 2001).  

Agitation and irritability commonly emerge following cessation of amphetamine or 

methamphetamine use (Comer et al., 2001; Hawks et al., 1969; McGregor et al., 2005; 
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McGregor et al., 2007; Newton et al., 2004; Srisurapanont et al., 1999a). Psychotic 

symptoms such as hallucinations and paranoia have also been associated with the 

withdrawal syndrome (Cantwell & McBride, 1998; McGregor et al., 2005; McGregor et 

al., 2007; Topp et al., 1995). Impairment in cognitive domains such as  executive 

function, learning and memory, appear to arise from frontostriatal and limbic 

abnormalities resulting from neurotoxicity (Kalechstein et al., 2003; Scott et al., 2007). 

These symptoms may persist for several months after withdrawal and may partly arise 

from neurotoxicity (Section 1.3.5).  

1.3.4.4.  Measures of methamphetamine withdrawal 

Two validated self-report instruments which evaluate the severity of 

amphetamine/methamphetamine withdrawal have been published. The Amphetamine 

Cessation Symptoms Assessment (ACSA) (McGregor et al., 2007) was largely derived 

from the earlier Amphetamine Withdrawal Questionnaire (AWQ) (Srisurapanont et al., 

1999a). An objective or observer-rated measure of methamphetamine withdrawal is yet 

to be validated. 

The AWQ was based on the DSM-IV criteria for amphetamine-type stimulant 

dependence (American Psychiatric Association, 2000), and on a previous study of 

cocaine withdrawal (Gawin & Kleber, 1986; Srisurapanont et al., 1999a). The AWQ 

consists of 10 items rated on a   5-point Likert scale (Srisurapanont et al., 1999a). Factor 

analysis of the instrument suggested three components: hyperarousal, reverse vegetative 

and anxiety (Table 2-1). 
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The ACSA was derived from the AWQ, and the Cocaine Selective Severity Assessment 

(CSSA) (Kampman et al., 1998; McGregor, 2005; McGregor et al., 2007). The ACSA 

consists of 16 items, each rated on a 5-point Likert scale (Table 2-1; McGregor, 2005; 

McGregor et al., 2007). Satisfactory reliability, discriminant validity and predictive 

validity were reported (McGregor et al., 2007) and an initial factor analysis indicated 

three factors anxiety and craving, hypersomnia and depression (McGregor, 2005). An 

alternative factor analysis indicated anxiety and mood, fatigue and craving as broad 

components of the ACSA (McGregor et al., 2007). 

1.3.5.  Neurotoxicity 

Repeated exposure to amphetamines leads to damage at dopaminergic and serotonergic 

axons. The mechanisms underlying neurotoxicity are not completely understood. 

However, the selectivity of damage may be explained by the oxidation of cytosolic 

dopamine and serotonin to 6-hydroxydopamine and 5,6-dihydroxytryptamine 

respectively. These hydroxy metabolites readily oxidise proteins and lipids in 

dopamine- and serotonin-rich neurons (Davidson et al., 2001; McCann & Ricaurte, 

2004; Riddle et al., 2006). Elevated cerebral temperature is also thought to be an 

important factor in methamphetamine-induced neurotoxicity (Riddle et al., 2006). 

Neuronal damage induced by amphetamines is normally localised to axons and termini, 

and cell bodies are usually spared (Ricaurte et al., 1982; Ricaurte et al., 1984). 

Primate experiments suggest that single episodes of methamphetamine use (at doses 

corresponding with the range of illicit use by humans) can lead to prolonged 
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neurotoxicity requiring more than a year for complete recovery. Among baboons 

administered 8 mg/kg methamphetamine over a period of eight hours (approximately 

equivalent to four 140 mg doses given to a 70 kg person), striatal DAT density was 

reduced by up to 70% when the animals were killed 2-3 weeks after dosing (Villemagne 

et al., 1998).  In vervet monkeys, two doses of 2 mg/kg methamphetamine delivered 6 h 

apart reduced nigrostriatal DAT density by 80% when measured after 7 days. Recovery 

was substantial but incomplete after 18 months (Harvey et al., 2000). Recovery of DAT 

density may reflect emerging DAT populations on dendrites branching from the 

damaged termini (Robinson & Kolb, 1999). 

In vivo human positron emission tomography and magnetic resonance imaging data 

indicate brain abnormalities that persist beyond the period of methamphetamine 

consumption (Baicy & London, 2007; Chang et al., 2007). Abnormalities included 

inflammation (Sekine et al., 2002), reduced neuronal density (Ernst et al., 2000), and 

reduced density of dopaminergic markers such as DAT (Sekine et al., 2003; Volkow et 

al., 2001b; Volkow et al., 2001c), and the dopamine D2-receptor (Volkow et al., 2001a), 

VMAT-2 (Johanson et al., 2006), and the serotonergic marker SERT (Sekine et al., 

2006). Striatal abnormalities may persist for years after cessation of dependent 

methamphetamine use, although partial recovery has been reported after 6-12 months of 

abstinence (Chou et al., 2007; Shoblock et al., 2003; Volkow et al., 2001b; Wang et al., 

2004). 

Methamphetamine-associated neurotoxicity in the striatum was found to correlate with 

psychotic symptoms (Sekine et al., 2001; Sekine et al., 2002), memory deficits (Volkow 
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et al., 2001c) and impaired psychomotor co-ordination (Volkow et al., 2001c). 

Psychotic symptoms correlated with diminished DAT density in the frontal cortex and 

reduced global SERT density (Sekine et al., 2001). Reduced SERT density in the 

anterior cingulate, prefrontal, and temporal cortices, was reported to correlate with 

measures of aggression (Sekine et al., 2006). 

1.3.5.1.  Neuropsychological impairment 

A meta-analysis of neurocognitive impairments concluded that chronic 

methamphetamine use is associated with moderate impairment in neuropsychological 

performance corresponding with frontostriatal and limbic abnormalities (Scott et al., 

2007). Principle impairments were reportedly in the domains of executive function, 

learning, episodic memory, speed of information processing, motor skills, working 

memory and perceptual narrowing (Scott et al., 2007). Among the studies reviewed, 

prior methamphetamine use was associated with specific impairments in impulse 

control (Clark et al., 2006; Hoffman et al., 2006; London et al., 2005; Rogers et al., 

1999; Salo et al., 2006; Salo et al., 2002; Simon et al., 2000), memory recall (Gonzalez 

et al., 2004; Hoffman et al., 2006; Johanson et al., 2006; Kalechstein et al., 2003; 

Rapeli et al., 2005; Simon et al., 2000), sustained attention (London et al., 2005; 

McKetin & Mattick, 1997), working memory (Chang et al., 2002; Johanson et al., 2006; 

Ornstein et al., 2000; Simon et al., 2002a), perseveration (Kim et al., 2006; Ornstein et 

al., 2000) and fluency (Kalechstein et al., 2003; Ornstein et al., 2000). These findings 

correspond with clinical observations that methamphetamine-dependent patients tend to 

present as distractible and tend to have difficulty sustaining attention (Nordahl et al., 
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2003). Several studies document cognitive deficits persisting for longer than 6 months 

after withdrawal (Clark et al., 2006; Kim et al., 2006; Salo et al., 2006; Volkow et al., 

2001c). However, some improvements have been reported with protracted abstinence 

(Kim et al., 2006).  

1.3.5.2.  Parkinson’s disease 

Since Parkinson’s disease (PD) is a neurodegenerative disorder affecting dopamine 

neurons in the nigrostriatal pathway (Hodaie et al., 2007), several investigators have 

examined links between methamphetamine neurotoxicity and PD (reviewed in Caligiuri 

& Buitenhuys, 2005; Guilarte, 2001).  

Signs of PD tend to be associated with striatal DAT deficits of 47% (McCann et al., 

1998), but  DAT deficits among recently abstinent methamphetamine users are typically 

20-30% below normal levels (McCann et al., 1998; Sekine et al., 2001; Volkow et al., 

2001b; Volkow et al., 2001c). Accordingly, marked psychomotor dysfunction has not 

always been observed among dependent methamphetamine users (Caligiuri & 

Buitenhuys, 2005).  

Nevertheless, PD-like psychomotor disturbances have been reported among cases of 

severe methamphetamine neurotoxicity where the degree of damage to dopamine 

neurons was in the range associated with PD (Volkow et al., 2001c). Given that DAT 

density normally declines with age by approximately 5% per decade (Ouchi et al., 

1999), regular methamphetamine use may be expected to confer an increased risk of 

developing PD in later life. In support of this contention, a retrospective case-control 
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study suggested that prolonged use of amphetamines was associated with an eight-fold 

increased risk of PD, with an average delay of 27 years between exposure to 

amphetamines and the onset of signs of PD (Garwood et al., 2006). 

1.3.6.  Sexual behaviour 

The effects of methamphetamine on sexual behaviour do not appear to have been 

systematically examined in clinical studies. The available evidence for sexual effects 

largely stems from self-reported survey data, commonly conducted among regular 

methamphetamine users who exhibit problematic sexual behaviours. It is therefore 

unclear how broadly these effects may apply.  

Some users have reported that methamphetamine delays orgasm, and facilitates 

prolonged sexual activity and a markedly intense orgasm (Shoptaw & Reback, 2007). 

Methamphetamine has also been association with erectile dysfunction and some users 

report taking the drug in combination with drugs such as sildenafil (Viagra
®
) to enhance 

sexual performance (Bang-Ping, 2007; Shoptaw & Reback, 2007).  

Compulsive sexual activity and behaviours such as unprotected, anonymous and/or 

receptive anal sex are reportedly common among dependent homosexual 

methamphetamine users (Bolding et al., 2006; Semple et al., 2006a; Semple et al., 

2006b). There are some indications that the prevalence of methamphetamine use is 

particularly high among urban homosexual men, which has raised concern about sexual 

disease transmission (Stall et al., 2001; Thiede et al., 2003). That methamphetamine use 
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has also been associated with high-risk sexual activity among heterosexual females 

tends to broaden this concern (Semple et al., 2004). 

Sexual effects of methamphetamine may be mediated by excessive dopaminergic 

activation, as intravenous administration of the substituted amphetamine 

methylphenidate was found to increase sexual desire (Volkow et al., 2007).  In addition 

hypersexuality has been associated with dopamine agonist therapy (Klos et al., 2005). 

Increased impulsiveness and impaired decision-making associated with chronic 

methamphetamine use may also play a role in its effect on sexual behaviour (Section 

1.3.5.1). 

1.3.7.  Teratogenic effects 

In 2005, an expert panel concluded that there was insufficient evidence regarding the 

consequences of prenatal exposure to amphetamines, largely because the available data 

were confounded by high rates of poor prenatal care and maternal nicotine use (Golub et 

al., 2005). Nevertheless, among the studies reviewed by the panel,  the use of 

amphetamines during pregnancy was associated with low birthweight (Eriksson et al., 

1981; Phupong & Darojn, 2007; Smith et al., 2006), increased frequency of 

hospitalisation for pregnancy complications (Eriksson et al., 1981), perinatal mortality 

(Eriksson et al., 1981; Larsson, 1980), preterm deliveries (Eriksson et al., 1981), 

maternal anemia (Phupong & Darojn, 2007), premature membrane rupture (Phupong & 

Darojn, 2007), pre-eclampsia (Eriksson et al., 1981; Phupong & Darojn, 2007), 

meconium-stained amniotic fluid (Eriksson et al., 1981; Phupong & Darojn, 2007), 
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postpartum hemorrhage (Eriksson et al., 1981; Thaithumyanon et al., 2005), unplanned 

caesarean delivery (Eriksson et al., 1981), and an increased incidence of neonatal 

infection (Eriksson et al., 1981). 

Cases of neonatal birth defects associated with prenatal methamphetamine exposure 

include atresia, hydrocephalus, cardiac defects, epidermolysis bullosa and Down’s 

syndrome (Eriksson et al., 1981; Phupong & Darojn, 2007). However, congential 

anomolies occur at low frequency (~2-4% of cases) and there is insufficient data to 

determine whether these defects occur at higher than normal rates (Golub et al., 2005). 

Animal experiments suggest that maternal methamphetamine exposure increases the 

risk of perinatal mortality, low birth weight, congenital anomalies and neurobehavioural 

impairments that persist into adulthood (Golub et al., 2005). Possible mechanisms may 

include increased uterine and umbilical vascular resistance, fetal hypoxia, and 

accumulation of methamphetamine  in the fetus (Golub et al., 2005).  

Neonatal amphetamine withdrawal is uncommon, reportedly occurring in approximately 

2% of affected infants. The syndrome consists of poor feeding, drowsiness and tremor 

and generally resolves spontaneously within 7 days. Neonatal methamphetamine 

withdrawal is considered to be less severe than both neonatal alcohol and opiate 

withdrawal syndromes (Thaithumyanon et al., 2005). 

Preliminary evidence indicates that methamphetamine passes to the breastfeeding infant 

through milk. Following recreational methamphetamine use, a minimum period of 48 h 

has been  recommended before breastfeeding (Bartu et al., 2009).  
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1.3.8.  Other adverse effects 

Methamphetamine intoxication is associated with dry mouth, which can lead to dental 

caries. In addition, activation of mandibular muscles can lead to bruxism. These effects 

may result in tooth fracture and generally poor dental health (Goodchild & Donaldson, 

2007).  

Recent methamphetamine use appears to be a risk factor for methicillin-resistant 

Staphylococcus aureus skin infections (Cohen et al., 2007). Skin infections may be 

associated with formication (a sensation of something crawling on the skin) and skin-

picking (Cohen et al., 2007). Tactile hallucinations are commonly reported by people 

experiencing methamphetamine psychosis, and may contribute to skin-picking and 

infection (Chen et al., 2003). 

1.4.  Treatment of methamphetamine dependence 

1.4.1.  Pharmacotherapies 

Although there are established pharmacotherapies for alcohol and opioid dependence, 

there is a dearth of evidence to guide the pharmacological treatment of 

methamphetamine dependence or methamphetamine withdrawal (Lingford-Hughes et 

al., 2004; Shoptaw et al., 2009; Srisurapanont et al., 2002).  Outcomes from clinical 

drug trials for methamphetamine abuse, dependence and withdrawal are summarised in 

Table 1-3.  
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Medications that have been reported to show some effect in  placebo-controlled trials 

include amineptine (Jittiwutikan et al., 1997; Srisurapanont et al., 1999b), bupropion 

(Elkashef et al., 2007), fluoxetine (Srisurapanont et al., 2001), methylphenidate 

(Tiihonen et al., 2007), mirtazapine (Kongsakon et al., 2005) and modafinil (Shearer et 

al., 2007).  

Evidence for the efficacy of amineptine appears to be the most robust, having 

demonstrated effectiveness in alleviating withdrawal symptoms in two independent 

placebo-controlled trials (Jittiwutikan et al., 1997; Srisurapanont et al., 1999b). 

However, amineptine was withdrawn in 1999 following reports of abuse and is not 

currently regarded as a treatment option (Shoptaw et al., 2009)  

1.4.1.1.  Antidepressants 

In a placebo-controlled trial, the antidepressant mirtazapine significantly reduced 

withdrawal severity among a cohort of methamphetamine-dependent Thai detainees. 

This effect was reported to emerge by day 3 of treatment (Kongsakon et al., 2005). In 

addition, a retrospective case-control study indicated that mirtazapine reduced 

withdrawal severity more than normal treatment consisting of pericyazine, which was 

the standard treatment for methamphetamine withdrawal at the host clinic (McGregor et 

al., 2008).  The antidepressant effect of mirtazapine appears to arise from stimulation of 

noradrenergic and serotonergic neurons. The drug also has anxiolytic and sedative 

effects, apparently as a result of its selective blockade of 5-HT2- 5-HT3- and histamine 

H1-receptors (Anttila & Leinonen, 2001). Therefore, mirtazapine may potentially 
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alleviate withdrawal symptoms such as depressed mood, anxiety and sleep disturbance 

(McGregor et al., 2008). 

The antidepressant fluoxetine was reported to have only ‘very limited benefits’ for 

methamphetamine dependence (Srisurapanont et al., 2001). The effect of bupropion was 

small and appeared to be limited to males with lower levels of methamphetamine use 

(Elkashef et al., 2007). Paroxetine, reboxetine, sertraline, desipramine and imipramine 

have also been trialled for the treatment of methamphetamine dependence without 

demonstrable beneficial effect (Cox et al., 2004; Galloway et al., 1996; Piasecki et al., 

2002; Shoptaw et al., 2006; Tennant et al., 1986). 

1.4.1.2.  Stimulants 

Modafinil (200 mg/day) significantly reduced self-reported methamphetamine use after 

10 weeks when tested in a placebo-controlled trial, although the effect on stimulant-

positive urines was not significant (Shearer et al., 2007).  In an open-label retrospective 

case-controlled study, short-term modafinil treatment (400 mg/day for a maximimum of 

10 days) reduced methamphetamine withdrawal severity to a significantly greater 

degree than both mirtazapine treatment and the standard treatment at the host clinic, 

which was chiefly pericyazine (McGregor et al., 2008). Modafinil may therefore offer 

some benefit as a medium-term treatment for methamphetamine dependence and as a 

short-term treatment of methamphetamine withdrawal. However, its short-term effect in 

the treatment of methamphetamine withdrawal should be clarified in a placebo-

controlled trial. Nevertheless, these recent results appear to position modafinil, with 



 

61 

 

mirtazapine, as a leading candidate medication for the treatment of methamphetamine 

dependence. As a stimulant medication, the relative success of modafinil suggests that 

minimising the hypersomnolence and fatigue associated with methamphetamine 

withdrawal may be a beneficial therapeutic strategy (McGregor et al., 2008). 

Oral amphetamine treatment for methamphetamine-dependence has also been proposed 

as a maintenance therapy (Shearer et al., 2002; Sherman, 1990). A retrospective 

comparison study indicated that oral amphetamine substitution among illicit 

amphetamine users was at least as effective at reducing drug injection as methadone 

substitution among dependent opiate users (Charnaud & Griffiths, 1998). Prospective 

controlled open-label trials of amphetamine substitution have produced mixed results. 

One randomised open-label study indicated no significant effect of daily amphetamine 

treatment on methamphetamine use, dependence severity or human immunodeficiency 

virus (HIV) related risk-taking behaviours (Shearer et al., 2001). However, an open-

label matched-case controlled study indicated a greater decline in illicit amphetamine 

use among those who received amphetamine prescriptions (Klee et al., 2001).  

Amphetamine substitution appears to be associated with improved retention in 

psychosocial therapies (Klee et al., 2001; McBride et al., 1997; Shearer et al., 2001). 

However, placebo-controlled trials of oral amphetamine as a treatment for 

methamphetamine dependence are required to clarify the efficacy of oral amphetamine 

for the treatment of methamphetamine dependence.  

Participants randomised to receive a slow release preparation of methylphenidate (54 

mg/day) returned significantly fewer amphetamine-positive urine samples compared to 
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those receiving placebo. However, significant benefits emerged only after 18 weeks of 

daily treatment. Methylphenidate may have a role in the treatment of methamphetamine 

dependence rather than withdrawal (Tiihonen et al., 2007).  
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Table 1-3 Medications trialled for methamphetamine dependence 

Selective serotonin reuptake inhibitor antidepressants   

Medication  Study design Subjects  Efficacy References 

Fluoxetine 

40 mg/day 

Placebo-

controlled 

Methamphetamine-dependent patients 

(32 fluoxetine, 28 placebo) 

Reduced amphetamine craving 

 

Unpublished data reviewed in 

(Srisurapanont et al., 2001) 

Paroxetine 

20 mg/day 

Placebo-

controlled 

Methamphetamine-using out-patients (5 

placebo, 4 paroxetine) 

Insufficient subjects to 

determine efficacy 

(Piasecki et al., 2002) 

Sertraline  

100 mg/day 

Placebo-

controlled 

Methamphetamine dependence or abuse 

out-patients (109 placebo, 120 

sertraline) 

Increased adverse events, no 

evidence for efficacy 

(Shoptaw et al., 2006) 



 

64 

 

Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Tricyclic antidepressants   

Medication  Study design Subjects  Efficacy References 

Amineptine*  

300 mg/day 

Placebo-

controlled 

Amphetamine-dependent in-patients (15 

amineptine, 15 placebo)  

Reduced depression and 

improved clinician-rated 

clinical response at day 7 

(Jittiwutikan et al., 1997) 

Amineptine*  

300 mg/day 

Placebo-

controlled 

Amphetamine-dependent in-patients (22 

amineptine, 22 placebo) 

Reduced withdrawal 

symptoms, improved clinician-

rated clinical response  

(Srisurapanont et al., 1999b) 

*amineptine was withdrawn by its manufacturers following reports of abuse.
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Tricyclic antidepressants   

Medication  Study design Subjects  Efficacy References 

Desipramine 

100-150 mg/day 

Placebo-

controlled 

Amphetamine-dependent out-patients (2 

desipramine, 2 placebo) 

Insufficient subjects to 

determine efficacy 

(Tennant et al., 1986) 

Imipramine  

150 mg/day   

Controlled 

(low-dose 

control) 

Methamphetamine-dependent out-

patients (10 at 10 mg/day, 22 at         

150 mg/day) 

Control group not appropriate 

to determine efficacy 

(Galloway et al., 1996) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Other antidepressants    

Medication  Study design Subjects  Efficacy References 

Bupropion (slow 

release)  

300 mg/day 

 

Placebo-

controlled 

Methamphetamine dependent out-

patients (72 placebo,  79 bupropion) 

Reduced methamphetamine 

use (among males using 

methamphetamine  18 days in 

the 30 days prior). 

(Elkashef et al., 2007) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Other antidepressants    

Medication  Study design Subjects  Efficacy References 

Mirtazapine      

15-30 mg/day 

Placebo-

controlled 

Methamphetamine-dependent detainees 

(9 mirtazapine, 11 placebo)  

Reduced withdrawal severity at 

days 3 and 14. 

(Kongsakon et al., 2005) 

Mirtazapine       

60 mg/day 

 

Open label 

case -

controlled 

Methamphetamine-dependent in-

patients (13 mirtazapine, 22 

pericyazine, 14 modafinil) 

Reduced withdrawal severity 

compared with pericyazine. 

(McGregor et al., 2008) 

Reboxetine   

8 mg/day 

Open label 

case series - 

uncontrolled 

11 Amphetamine-dependent out-

patients 

No control group. Efficacy 

cannot be determined. 

(Cox et al., 2004) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Antipsychotics     

Medication  Study design Subjects  Efficacy References 

Aripiprazole  

15 mg/day 

Placebo-

controlled 

Intravenous methamphetamine 

dependent out-patients (17 placebo,  19 

aripiprazole) 

Increased methamphetamine 

use compared to placebo 

(Tiihonen et al., 2007) 

Risperidone  

4 mg nocte 

Open label 

case series, 

uncontrolled 

11 Methamphetamine-dependent out-

patients 

No control group. Efficacy 

cannot be determined. 

(Meredith et al., 2007) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Stimulants     

Medication  Study design Subjects  Efficacy References 

Amphetamine
†
  

 (mean 43 mg/day, 

range 15–75 

mg/day) 

Retrospective 

case-

controlled 

120 Opiate users prescribed oral 

methadone, 60 amphetamine users 

prescribed oral amphetamine. 

Reduced drug injection, 

comparable to methadone 

substitution among opiate users 

(Charnaud & Griffiths, 

1998) 

Amphetamine
†
   

( 90 mg/day) 

Open label, 

uncontrolled 

220 Illicit amphetamine users (95 

intravenous users, 53 oral users) 

No control group, efficacy 

cannot be determined.  

(White, 2000) 

†
Oral S-amphetamine, i.e. d-amphetamine; commonly referred to as dexamphetamine. 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Stimulants     

Medication  Study design Subjects  Efficacy References 

Methylphenidate  

54 mg/day  

Placebo-

controlled 

Methamphetamine-dependent out-

patients (17 placebo, 17 

methylphenidate) 

Reduced frequency of positive 

urinalysis results after 18 

weeks. 

(Tiihonen et al., 2007) 

Modafinil 

200 mg/day bid 

Open-label 

case-

controlled 

Methamphetamine-dependent in-

patients (13 mirtazapine, 22 

pericyazine, 14 modafinil) 

Reduced withdrawal severity 

compared with pericyazine and 

mirtazapine 

(McGregor et al., 2008) 

Modafinil 

400 mg/day 

Placebo-

controlled 

Methamphetamine-dependent out-

patients (38 modafinil, 42 placebo) 

Reduced self-reported 

stimulant use (non-significant 

urinalysis results). 

(Shearer et al., 2007) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Other medications    

Medication  Study design Subjects  Efficacy References 

Amlodipine 

10 mg/day 

Placebo-

controlled 

Methamphetamine-dependent patients 

(26 amlodipine, 25 placebo) 

No evidence of efficacy Unpublished data 

reviewed in (Srisurapanont 

et al., 2001) 

Baclofen        

60 mg/day 

Placebo-

controlled 

Methamphetamine-dependent out-

patients (37 placebo, 25 baclofen) 

Small reduction in frequency 

of methamphetamine use 

(detected in secondary 

analyses). 

Heinzerling et al., 2006) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Other medications    

Medication  Study design Subjects  Efficacy References 

Gabapentin     

2400 mg/day 

Placebo-

controlled 

Methamphetamine-dependent out-

patients (37 placebo, 26 gabapentin) 

No evidence of efficacy (Heinzerling et al., 2006) 

Lisuride  

4 mg/day 

Placebo-

controlled 

Stimulant –dependent in-patients, (11 

placebo, 10 lisuride) 

No evidence of efficacy (Gillin et al., 1994) 

Naltrexone  

50 mg/day 

Uncontrolled 

case series  

20 Amphetamine-dependent out-patients No control group. Efficacy 

cannot be determined. 

(Jayaram-Lindstrom et al., 

2005) 
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Table 1-3 Medications trialled for methamphetamine dependence (continued) 

Other medications    

Medication  Study design Subjects  Efficacy References 

Ondansetron  

0.25-4 mg/day 

Placebo-

controlled 

Methamphetamine-dependent out-

patients (46 placebo, 37 at 0.25mg/day, 

29 at 1 mg/day, 38 at 4 mg/day) 

Reduced frequency of 

adverse events, no difference 

in efficacy. 

(Johnson et al., 2007a) 

Vigabatin            

3 g/day 

Open label 

case series 

20 Methamphetamine and/or cocaine 

dependent out-patients 

No control group. Efficacy 

cannot be determined. 

(Fechtner et al., 2006) 
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1.4.2.  Psychosocial interventions 

Psychosocial interventions remain the most common treatment for methamphetamine 

dependence and appear to have moderate overall effectiveness (Shearer, 2007). A 

number of psychotherapeutic modes have been employed by various drug treatment 

agencies. Counselling approaches include cognitive-behavioural therapy (CBT) (Baker 

et al., 2004), narrative therapy (Cruickshank et al., 2008) and other brief interventions 

(Srisurapanont et al., 2007). Other forms of psychological support include twelve-step 

programmes (Room & Greenfield, 1993), psychoeducation (Galloway et al., 2000), and 

contingency management (CM), which is an incentive-based programme (Petry et al., 

2005; Roll & Shoptaw, 2006).  

Several clinics combine elements from a variety of psychosocial approaches (Galloway 

et al., 2000). For example, the Matrix Model is widely used in the United States and is a 

structured program integrating group CBT sessions, social support, family education, 

individual counselling, weekly drug screens, and 12-step programmes (Rawson et al., 

2004).   

A number of randomised-controlled trials have been conducted to examine the 

effectiveness of psychosocial interventions for methamphetamine dependence. 

Compared to a control condition consisting only of a self-help booklet, CBT among 

regular amphetamine users was associated with a higher likelihood of abstinence after 6 

months, provided that two or more sessions were attended. Increased frequency of 
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attendance at CBT sessions resulted in greater improvement in depression levels (Baker 

et al., 2001b; Baker et al., 2005).  

CM resulted in reduced methamphetamine use compared with subjects who were 

randomised to receive no psychosocial treatment (Shoptaw et al., 2006). CM alone or in 

combination with CBT was associated with longer retention and higher rates of 

abstinence during treatment compared with CBT alone among two cohorts: (a) gay and 

bisexual men with methamphetamine dependence (Shoptaw et al., 2005), and             

(b) patients with either cocaine or methamphetamine dependence (Rawson et al., 2006). 

In addition, CM combined with normal care was associated with reduced drug use and 

longer periods of abstinence than usual care alone. Matrix Model treatment was the 

usual care at most sites involved in this study, which suggests that CM offers further 

benefit to this multi-modal approach (Roll et al., 2006).  

Methamphetamine-dependent patients randomised to receive Matrix Model treatment 

were 27% more likely to complete their treatment programme, and were 31% more 

likely to return methamphetamine-free urine samples, compared to those who received 

the normal care (where normal care consisted of different programs of weekly 

counselling, regular group meetings and optional 12-step involvement, depending on 

the study site) (Rawson et al., 2004).  

Overall, providing multiple incentives and psychosocial supports appears to have 

greatest benefit in managing methamphetamine dependence.  There is evidence for the 
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effectiveness of CBT alone and as part of Matrix Model interventions, with the addition 

of CM offering further benefits.  

In addition to these more common interventions, a brief intervention consisting of two 

non-CBT counselling sessions was associated with reduced rates of relapse compared 

with a single 15-min psychoeducation session (Srisurapanont et al., 2007). At 4-6 year 

follow-up, preventative family education interventions appeared to reduce the 

subsequent uptake of methamphetamine use among sixth- and seventh-grade mid-west 

United States students (Spoth et al., 2006). There is currently insufficient data to assess 

the efficacy of narrative therapy counselling (Cruickshank et al., 2008) or the twelve-

step approach in isolation (Donovan & Wells, 2007) for the management of 

methamphetamine dependence.  

1.5.  Summary 

The range of negative consequences arising from illicit methamphetamine use is broad 

and severe. Acute adverse effects include psychosis and potentially fatal cardiovascular 

complications. Chronic methamphetamine commonly results in cognitive impairment, 

chronic cardiovascular disease, prolonged psychosis and, possibly, the emergence of 

Parkinson’s disease later in life. 

Despite suffering these adverse consequences, many methamphetamine users continue 

to repeatedly use the drug because the drug readily induces dependence (Anglin et al., 

2000; Connell, 1968; Topp & Mattick, 1997b; Volkow et al., 2002). One of the major 

impediments to breaking methamphetamine dependency appears to be the withdrawal 



 

77 

 

syndrome, which primarily features sleep disturbance and severe psychological distress, 

including instances of suicidal ideation (Cantwell & McBride, 1998; Hawks et al., 

1969; McGregor et al., 2005; Schildkraut et al., 1971; Watson et al., 1972). 

This impediment to breaking methamphetamine dependence may be reduced by 

improving the clinical management of methamphetamine withdrawal. However, despite 

significant recent advances, much remains to be learnt about the clinical profile of 

methamphetamine withdrawal, how to monitor the syndrome, and the most effective 

approaches to managing the symptoms of withdrawal (McGregor et al., 2005; Shoptaw 

et al., 2009; Srisurapanont et al., 2002). 

This thesis attempts to: 

 further characterise the symptoms and time course of the  methamphetamine 

withdrawal syndrome, 

 develop and validate an observer-rated instrument to monitor methamphetamine 

withdrawal severity, 

  examine the efficacy of a potential pharmacological treatment for symptoms of 

methamphetamine withdrawal through a placebo-controlled trial. 
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Chapter 2.  Symptoms and components of methamphetamine 

withdrawal 

2.1.  Introduction 

As methamphetamine dependence develops, the motivation to continue using the drug 

appears to become increasingly driven by avoidance of  withdrawal symptoms, rather 

than by a desire to experience its positive direct effects (Topp & Darke, 1997). 

Withdrawal symptoms are reported by 86-97 % of regular methamphetamine users, 

suggesting that a period of withdrawal is almost inevitable when dependent use is 

ceased (Cantwell & McBride, 1998; Schuckit et al., 1999; Topp & Darke, 1997). The 

withdrawal syndrome therefore appears to be an important barrier to ceasing dependent 

use of this drug. 

The major symptoms of methamphetamine withdrawal include depressed mood, anxiety 

and sleep disturbance (Gossop et al., 1982; McGregor et al., 2005; Schildkraut et al., 

1971; Srisurapanont et al., 1999a; Watson et al., 1972). The duration of 

methamphetamine withdrawal varies between individuals but symptoms appear to 

significantly improve after 7-10 days of abstinence (McGregor et al., 2005). Residual 

symptoms may persist for several months and these prolonged symptoms may partly 

arise from neurotoxic effects of chronic exposure to the drug exposure (Volkow et al., 

2001b; Watson et al., 1972; Section 1.3.5).  

Until relatively recently, there was a dearth of investigation into the signs and 

symptoms of the methamphetamine withdrawal syndrome. There remains a lack of 
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clinical tools with which to evaluate symptomology and guide pharmacotherapeutic 

treatment. This chapter will attempt to identify additional symptoms of 

methamphetamine withdrawal and re-examine the components of the syndrome taking 

into account any additional symptoms. 

2.1.1.  Previous studies 

Methamphetamine withdrawal has historically attracted less research activity than other 

drug withdrawal syndromes, due in part to a perceived absence of physical symptoms 

(Bloomberg, 1940; Connell, 1968; McGregor et al., 2005; Oswald et al., 1963). 

Validation studies for instruments that have been developed to assess methamphetamine 

withdrawal have provided much of the evidence for the symptoms of the syndrome. To 

date, two validated instruments that evaluate methamphetamine withdrawal symptoms 

have been published. Both are self-reported questionnaires with significant overlap in 

scale items. The Amphetamine Cessation Symptoms Assessment (ACSA) (McGregor et 

al., 2007) was largely based on the earlier Amphetamine Withdrawal Questionnaire 

(AWQ) (Srisurapanont et al., 1999a).  The AWQ was derived from DSM-IV criteria for 

amphetamine-type stimulant dependence (American Psychiatric Association, 2000), and 

a study of cocaine withdrawal (Gawin & Kleber, 1986; Srisurapanont et al., 1999a).  

The AWQ consists of 10 items (Table 2-1) that were rated on a 5-point Likert scale 

(0=not at all, 1=very little, 2=a little, 3=quite a lot, 4=very much). Withdrawal severity 

was determined as the sum of item scores (Srisurapanont et al., 1999a). The AWQ was 

trialled among 102 Thai in-patients treated for methamphetamine withdrawal. 

Satisfactory internal test-retest reliability (Cronbach’s alpha=0.77), and external validity 



 

80 

 

were reported (Srisurapanont et al., 1999a). A factor analysis indicated three 

components which were labelled hyperarousal, reverse vegetative and anxiety. 

However, the presence of psychotic symptoms was an exclusion factor in the AWQ 

validation study (Srisurapanont et al., 1999a), whereas psychotic symptoms were 

identified by participants in other studies of the methamphetamine withdrawal 

syndrome (Cantwell & McBride, 1998; McGregor et al., 2005; McGregor et al., 2007; 

Topp et al., 1995). Furthermore, the prescribed self- evaluation period for the AWQ was 

7 days prior to assessment. This is not ideal for daily clinical monitoring as this period 

may include periods of drug intoxication preceding abstinence. 

McGregor and colleagues modified the AWQ and incorporated items from the Cocaine 

Selective Severity Assessment (CSSA) (Kampman et al., 1998) to form the 

Amphetamine Cessation Symptoms Assessment (ACSA) (McGregor et al., 2007). 

Items incorporated from the CSSA were: ‘poor concentration’, ‘tension’, ‘suicidal 

ideation’, ‘paranoid ideation’, ‘craving frequency’, and ‘inactivity’. The ACSA consists 

of 16 items (Table 2-1), each rated on a 5-point Likert scale (0= not at all, 1= a little, 

2=moderately, 3=quite a lot, 4=extremely). Withdrawal severity was determined as the 

sum of item scores (McGregor et al., 2007). 
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Table 2-1 AWQ (Srisurapanont et al., 1999a) and ACSA items (McGregor et al., 

2007) 

AWS items Factor ACSA items Factor 

Hypersomnia Hyperarousal Hypersomnia  Fatigue 

Vivid or unpleasant 

dreams 

Reverse vegetative Vivid, unpleasant 

dreams  

Anxiety and mood 

Agitation Reverse vegetative Agitation Anxiety and mood 

Fatigue Hyperarousal Fatigue Fatigue 

Anxiety Anxiety Anxiety Anxiety and mood 

Anhedonia Anxiety Anhedonia Anxiety and mood 

Dysphoric mood Hyperarousal, 

reverse vegetative 

Depression Anxiety and mood 

Slowing in 

movement 

Anxiety Motor retardation Anxiety and mood 

Drug craving Reverse vegetative Craving intensity Craving 

Increased appetite  Hyperarousal Craving frequency Craving 

  Inactivity Fatigue 

  Poor concentration Anxiety and mood 

  Tension Anxiety and mood 

  Irritability Anxiety and mood 

  Paranoid ideation Anxiety and mood 

  Suicidal ideation Anxiety and mood 
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The ACSA was trialled among a group of 133 in-patients receiving treatment for 

methamphetamine withdrawal, with each subject providing a single ACSA measure 

(McGregor et al., 2007). The ACSA had satisfactory reliability (Cronbach’s 

alpha=0.76); discriminant validity (ACSA scores were significantly greater among 

higher than lower intensity methamphetamine users); external validity (ACSA scores 

were significantly correlated with scores on the Beck Depression Inventory); and 

predictive validity (those who completed treatment had lower baseline ACSA scores 

than those who failed to complete treatment, and ACSA scores significantly decreased 

with time (McGregor et al., 2007)). A Principle Component Analysis identified three 

factors: anxiety and mood, fatigue and craving (McGregor et al., 2007). 

As was the case for the AWQ, some items examined in the ACSA were based on 

studies of cocaine withdrawal. However, the pattern, intensity and temporal profile of 

direct effects of cocaine differs from those of methamphetamine (Newton et al., 2005b). 

Therefore, differences may be expected in the characteristics of the respective 

withdrawal syndromes. For example, the duration of methamphetamine withdrawal 

tends to be longer than the duration of cocaine withdrawal (World Health Organization, 

2001). Both the AWQ and the ACSA were constructed with the minimal number of 

items necessary to evaluate withdrawal severity. The present study sought to identify 

additional symptoms of methamphetamine withdrawal by appending further items to the 

ACSA instrument. 
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2.1.2.  Relationship between direct effects and withdrawal symptoms 

In broad terms, methamphetamine withdrawal symptoms tend to oppose the direct 

effects of the drug. For example, direct methamphetamine effects include improved 

mood, increased energy, and improvements in a number of cognitive domains (Section 

1.2.4), while withdrawal is associated with depressed mood, fatigue and cognitive 

impairment (Section 1.3.4). This is consistent with the opponent-process theory of 

motivation, which has been proposed to account for drug seeking during drug 

withdrawal syndromes (Solomon & Corbit, 1974). The opponent-process theory of 

motivation posits that drug dependence arises from neuroadaptation, where cellular 

responses that underlie acute hedonic drug effects progressively adapt to oppose the 

drug’s acute effects. Such neuroadaptations were proposed to produce negative mood 

states of longer latency and duration compared to the drug’s direct effects, resulting in 

aversive withdrawal symptoms which tends to drive dependence via negative 

reinforcement (Koob et al., 1997; Solomon & Corbit, 1974).  

In the case of methamphetamine, depletion of vesicular monoamine stores and down-

regulation of monoamine receptors are examples of cellular consequences of chronic 

methamphetamine use that are consistent with the opponent process model of 

withdrawal. 

However, agitation, anxiety and paranoia are features of both direct methamphetamine 

effects (Bell, 1973; Harris et al., 2003; Johnson et al., 2007b; Martin et al., 1971; 

Mendelson et al., 2006; Newton et al., 2005a; Topp et al., 1995) and of  
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methamphetamine withdrawal (Cantwell & McBride, 1998; Hawks et al., 1969; London 

et al., 2004; McGregor et al., 2005; McGregor et al., 2008; Srisurapanont et al., 1999a; 

Topp et al., 1995). In addition, animal research indicates that some responses to 

amphetamines become sensitised with repeated exposure to the drug. For example, the 

stereotypy response to amphetamine (an animal model for psychosis) increases with 

amphetamine pre-exposure (Akiyama et al., 1994; Kuczenski & Segal, 1999). 

Sensitisation of motor stimulation has also been observed among humans receiving 

repeated amphetamine doses in laboratory studies (Strakowski & Sax, 1998; Strakowski 

et al., 2001), and increased vulnerability to psychosis has been reported among 

methamphetamine users during periods of abstinence (Ujike & Sato, 2004; Yui et al., 

2000b). Therefore, while the opponent process model is consistent with a number of 

methamphetamine withdrawal symptoms, sensitisation to certain effects may also 

influence the profile of the methamphetamine withdrawal syndrome. 

2.1.3.  Aims 

The present study sought to validate further symptoms of the methamphetamine 

withdrawal in addition to those identified in previous studies (McGregor et al., 2005; 

McGregor et al., 2007; Srisurapanont et al., 1999a). The study also sought to examine 

the major components of the syndrome given the inclusion of additional symptoms. 

McGregor’s description of the methamphetamine withdrawal syndrome was based on 

the 16-item ACSA instrument (McGregor et al., 2005; McGregor et al., 2007). In the 

present study, additional items were determined from a review of the literature (Section 

2.1.1) and appended to the ACSA instrument  (McGregor et al., 2007). The additional 
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items were validated against the ACSA. Direct effect items were also included to 

explore the relationship between direct effects and withdrawal symptoms over the initial 

period of abstinence. It is envisaged that a self-reported scale incorporating both direct 

methamphetamine effects, as well as withdrawal symptoms, will have clinical utility. 

The resulting 42-item instrument will be referred to as the ACSA-R (Appendix 1). 

2.2.  Methods 

2.2.1.  Setting 

The study was conducted at three publicly-funded inner-city drug and alcohol treatment 

clinics, the Next Step Drug and Alcohol Services South Metropolitan Drug and Alcohol 

Centre (SMDAC) in Fremantle, Western Australia, the Next Step Drug and Alcohol 

Services East Metropolitan Drug and Alcohol Centre (EMDAC) in East Perth, Western 

Australia, and the Langton Centre in Surry Hills, New South Wales. 

2.2.2.  Participants  

Subjects were 102 individuals receiving treatment for methamphetamine or 

amphetamine dependence. Most subjects (n=83) were recruited from EMDAC and 

SMDAC and the remaining subjects were recruited from the Langton Centre (n=19). 

The sample consisted of: (a) 30 out-patients who participated in a clinical trial of 

mirtazapine for the management of methamphetamine withdrawal (including the 19 

participants of the Langton Centre in New South Wales; Chapter 6); (b) 46 in-patients 

receiving treatment for methamphetamine withdrawal who participated in development 

studies for an observer-rated amphetamine withdrawal scale (Chapter 4); and (c) 26 out-
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patients who participated in a treatment satisfaction survey conducted at SMDAC and 

EMDAC between 2004 and 2005. There were no significant differences in 

demographics or drug use patterns between subjects from the different sites. Procedures 

were approved by the Human Research Ethics Committees of The University of 

Western Australia and the South Eastern Sydney and Illawarra Area Health Service. 

2.2.3.  Development of the ACSA-R 

The ACSA-R rating scale consisted of the 16-item ACSA, with additional items 

appended with the same scoring format. Additional symptoms of methamphetamine or 

amphetamine withdrawal were identified through a literature search of clinical studies 

of the amphetamine-type stimulant withdrawal syndrome. Studies were identified 

through a PubMed search using the terms ‘amphetamine’, ‘methamphetamine’, 

‘methylamphetamine’ and ‘withdrawal’. Additional studies were identified from 

reference lists of papers identified through the original search. In addition, a doctoral 

dissertation (McGregor, 2005) and a National Drug and Alcohol Research Centre 

monograph (Topp et al., 1995) were considered.  Studies were limited to those that 

documented signs and symptoms within 21 days of ceasing daily or dependent use of 

amphetamines,  as significant withdrawal symptoms are generally experienced within 

this timeframe (McGregor et al., 2005).  Symptoms that were reported in more than one 

study were selected for analysis.  

A total of 14 papers reporting clinical studies of amphetamine or methamphetamine 

withdrawal were identified. Among these studies, 34 symptoms of withdrawal were 
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tentatively identified (16 symptoms described in the ACSA, plus 18 tentative symptoms 

‘muscle tension’, ‘heart pounding’, ‘decreased appetite’, ‘increased appetite’, ‘chills’, 

‘sweating’, ‘nausea/vomiting’, ‘increased heart rate’, ‘tremor’, ‘restlessness’, ‘muscle 

aches’, ‘increased respiration’, ‘hallucinations’, ‘racing thoughts’, ‘easily startled’, 

‘exhaustion’, ‘slow speech’, and ‘social avoidance’; Table 2-2).  

Paranoid ideation, increased blood pressure, agitation, anxiety and racing thoughts have 

also been associated with direct methamphetamine effects (Bell, 1973; Harris et al., 

2003; Hart et al., 2007; Johnson et al., 2000; Johnson et al., 2007b; Martin et al., 1971; 

Mendelson et al., 2006; Newton et al., 2005a; Shappell et al., 1996). Therefore, a 

selection of other direct effects of methamphetamine was also appended in the ACSA-R 

to explore the relationship between withdrawal symptoms and direct drug effects. The 

selected drug effect items consisted of ‘talkative’, ‘increased heart rate’, ‘dry mouth’, 

‘euphoria’, ‘clear thinking’, ‘relaxed’, ‘confidence’, energetic’, ‘bruxism’ and ‘racing 

thoughts’ (Section 1.2.4; Table 2-3). Bruxism has been associated with acute 

methamphetamine effects and residual jaw sorenesss has been documented during 

withdrawal (Curtis, 2006; Goodchild & Donaldson, 2007; Topp et al., 1995). 

The additional 26 items were appended to the original 16-item ACSA (McGregor et al., 

2007). The 42 items were scored on a 5-point Likert scale as described for the ACSA  

(0=not at all, 1=a little, 2=moderately, 3=quite a lot, 4=extremely) and were 

administered by self-completion (McGregor et al., 2007). The resulting 42-item scale 

will be referred to as the ACSA-R (Appendix 1). 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

Symptom Phrasing References 

Poor 

concentration 

‘Are you having difficulty concentrating? 

(e.g. on reading, conversation, tasks, or 

making plans)’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Difficulty concentrating, scattered’ (Topp et al., 1995) 

 ‘Impairments across a range of 

neurocognitive domains, including 

attention’ 

(Kalechstein et al., 2003) 

 ‘Poor concentration’ (Newton et al., 2004) 

Hypersomnia ‘Have you been craving sleep or sleeping 

too much?’ 

(Srisurapanont et al., 

1999a) 

 ‘Needing too much sleep’ (Topp et al., 1995)  

 ‘Increase in rapid-eye movement sleep 

time’ 

(Oswald & Thacore, 

1963) 

 ‘After the first night, the total amount of D 

sleep was strikingly above normal’ 

(Schildkraut et al., 1971; 

Watson et al., 1972) 

 ‘Have you been sleeping (or wanting to 

sleep) a lot?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Difficulty in staying awake’ (Cantwell & McBride, 

1998) 

 ‘Made me sleep’ (Monroe & Drell, 1947) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Hypersomnia ‘Amphetamine users slept more than the 

controls in the first few days but they slept 

less than the controls from the 6th night’ 

(Gossop et al., 1982) 

Tension ‘Are you tense?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

Vivid, 

unpleasant 

dreams 

‘Have you had any vivid or unpleasant 

dreams?’ 

(Srisurapanont et al., 

1999a) 

 ‘Vivid dreams’ (Topp et al., 1995) 

 ‘Have you had vivid, unpleasant dreams?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Made me daydream’ (Monroe & Drell, 1947) 

Irritability ‘Do you feel irritable?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Irritability’ (Cantwell & McBride, 

1998) 

  (Newton et al., 2004) 

 ‘Irritable’ (Comer et al., 2001) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal  

Symptom Phrasing References 

Fatigue ‘Are you tired?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you felt tired?’ (Srisurapanont et al., 

1999a) 

 ‘Fatigue/exhaustion’ (Topp et al., 1995)  

 ‘Made me tired’ (Monroe & Drell, 1947) 

Agitation ‘Are you agitated?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you felt agitated?’ (Srisurapanont et al., 

1999a) 

Suicidal 

ideation 

‘Do you feel that life is not worth living?’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘If I had been home I would have killed 

myself’ 

(Watson et al., 1972) 

 ‘Hospitalized for self-harm’ (Dyer & Cruickshank, 

2005) 

Inactivity ‘Is your present level of activity less than 

usual?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Listless’ (Oswald & Thacore, 

1963) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Anxiety ‘Do you feel anxious’ (McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you felt anxious?’ (Srisurapanont et al., 

1999a) 

 ‘Anxiety; on edge’ (Topp et al., 1995)  

 ‘Anxiety’ [State-Trait Anxiety Inventory] (London et al., 2004) 

 ‘Anxiety’ (Hawks et al., 1969) 

Anhedonia ‘Have you lost interest in things or no 

longer take pleasure in them?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you lost interest in things or no 

longer take pleasure in them?’ 

(Srisurapanont et al., 

1999a) 

 ‘Unkeen to do anything’ (Topp et al., 1995)  

 ‘Anhedonia’ (Newton et al., 2004) 

Paranoid 

ideation 

‘Do you find it difficult to trust other 

people?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Increased persecutory ideation’ (Cantwell & McBride, 

1998) 

 ‘Obsess about things said/done on speed’ (Topp et al., 1995) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Depression  [Beck Depression Inventory] 

‘Depression’ 

(London et al., 2004; 

McGregor et al., 2005; 

McGregor et al., 2007; 

Newton et al., 2004) 

 ‘Have you felt sad’ (Srisurapanont et al., 

1999a) 

 ‘Feeling depressed’ (Cantwell & McBride, 

1998) 

 ‘Depression’ (Oswald & Thacore, 

1963) 

 ‘Depression’ [Hamilton Depression Rating 

Scale] 

(Watson et al., 1972) 

 ‘Depressed’ (Topp et al., 1995) 

 ‘Miserable’ (Comer et al., 2001) 

 ‘Made me sad’ (Monroe & Drell, 1947) 

Social 

avoidance 

‘Impaired social functioning’ (Cantwell & McBride, 

1998) 

 ‘Withdrawn, antisocial or insular’ (Topp et al., 1995) 

 ‘Made me want to be alone’ (Monroe & Drell, 1947) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Motor 

retardation 

‘Do you feel as if your movements were 

slow?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you felt as if your movements were 

slow?’ 

(Srisurapanont et al., 

1999a) 

 ‘Feeling slow and sluggish’ (Topp et al., 1995)  

 ‘Impairments across a range of 

neurocognitive domains, 

including…psychomotor speed’ 

(Kalechstein et al., 2003) 

Craving 

frequency 

‘In the past 24 hours, how much of the 

time have you been craving for 

amphetamines?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Have you been craving amphetamine or 

methamphetamine?’ 

(Srisurapanont et al., 

1999a) 

 ‘Preoccupied with getting more speed’ (Topp et al., 1995) 

Craving 

intensity 

‘How strong is your craving for 

amphetamines right now?’ 

(McGregor et al., 2005; 

McGregor et al., 2007) 

 ‘Craving’ (Oswald & Thacore, 

1963) 

  (London et al., 2004) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Muscle tension ‘Musculoskeletal pains’ (Cantwell & McBride, 

1998) 

 ‘Muscle aches/cramps, 

stiff/aching/cramps’ 

(Topp et al., 1995)  

Heart  ‘Heart beating fast’ (Topp et al., 1995)  

pounding ‘Heart pounding’ (Comer et al., 2001) 

Decreased 

appetite  

‘Decreased appetite’ (Cantwell & McBride, 

1998) 

  (Topp et al., 1995) 

 ‘Made me not want to eat’ (Monroe & Drell, 1947) 

Increased 

appetite 

‘Has your appetite increased or are you 

eating too much?’ 

(Srisurapanont et al., 

1999a) 

 ‘Increased appetite’ (Cantwell & McBride, 

1998) 

  (Topp et al., 1995) 

Chills ‘Shivers’ (Cantwell & McBride, 

1998) 

 ‘Hot/cold flushes’ (Topp et al., 1995)  
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Sweating ‘Sweats’ (Topp et al., 1995)  

 ‘Cold sweats’ (Cantwell & McBride, 

1998) 

Nausea ‘Nausea and vomiting’ (Cantwell & McBride, 

1998) 

 ‘Nausea/vomiting’ (Topp et al., 1995) 

Restless ‘Feel like I can’t sit still’ (Topp et al., 1995) 

 ‘Jittery’ (Comer et al., 2001) 

Muscle aches ‘Musculoskeletal pains, aches and 

pains’ 

(Cantwell & McBride, 

1998) 

 ‘Muscle aches/cramps’ (Topp et al., 1995)  

 ‘Made my back ache’ (Monroe & Drell, 1947) 

Hallucinations ‘Auditory hallucination‘ (Cantwell & McBride, 

1998) 

 ‘Seeing/hearing things’ (Topp et al., 1995)  

Easily startled ‘Noises seem loud’ (Comer et al., 2001) 

 ‘Made me jump when startled’ (Monroe & Drell, 1947) 
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Table 2-2 Reported signs and symptoms of methamphetamine withdrawal 

(continued) 

Symptom Phrasing References 

Exhaustion ‘Physically exhausted’ (Topp et al., 1995) 

 ‘Exhaustion’ (Cantwell & McBride, 

1998) 

 ‘Verbal fluency’ (Kalechstein et al., 2003) 

Tremor ‘Tremors (hands tremble)’ (Topp et al., 1995) 

 ‘Made my hands shake’ (Monroe & Drell, 1947) 

Slow speech ‘Mumbling’ (Tuma, 1993) 

 ‘Verbal fluency’ (Kalechstein et al., 2003) 

Talkative ‘Talkative’ (Topp et al., 1995) 

  (Bell, 1973; Hart et al., 

2001) 

 ‘Made me talkative’ (Monroe & Drell, 1947) 

Racing thoughts ‘Mind-racing’ (Vollm et al., 2004) 

 ‘Mentally overactive or wired’ (Topp et al., 1995) 

Clear thinking ‘Clear/focused/analytical thinking’ (Topp et al., 1995) 
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Table 2-3 Selected direct effects 

Symptom Phrasing References 

Increased heart  ‘Heart beating fast’ (Topp et al., 1995)  

rate ‘Increased heart rate’ (Harris et al., 2003; Hart et al., 

2007; Mendelson et al., 1995) 

 ‘Increased pulse’ (Martin et al., 1971) 

Dry mouth ‘Hyposalivation; dry mouth’ (Goodchild & Donaldson, 2007) 

 ‘Thirst’ (Bell, 1973) 

  (Topp et al., 1995) 

Euphoria ‘Fun, buzzing, happy, 

euphoric, ecstatic, extreme 

well-being’ 

(Topp et al., 1995) 

 ‘Euphoria’ (Martin et al., 1971; Mendelson 

et al., 1995) 

Relaxed ‘Calm (after stress of scoring)’ 

‘Relaxed’ 

(Topp et al., 1995) 

(Bell, 1973; Harris et al., 2003; 

Martin et al., 1971) 

Confident ‘Self-confident’ (Topp et al., 1995) 

  (Hart et al., 2001) 

Energetic ‘Energetic’ (Topp et al., 1995) 

  (Hart et al., 2001) 

Bruxism ‘Jaw sore form grinding’ (Topp et al., 1995) 

 ‘Bruxism’ (Goodchild & Donaldson, 2007) 
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2.2.4.  Measures 

The ACSA-R questionnaire was completed by 102 subjects. Sixty-five subjects (64%) 

provided repeated measures of the ACSA-R on different days during treatment, 

resulting in a total of 294 administrations of the scale. A maximum of eight ACSA-R 

measures were provided per subject. 

The following data were also recorded from clinic admission records: gender; age; 

secondary drug of dependence; major route of methamphetamine or amphetamine 

administration; the form of amphetamines typically used; the typical daily amount of 

amphetamines used in AUD$ and ‘points’  (McKetin & McLaren, 2004; Section 1.2.3). 

The number of days on which amphetamine or methamphetamine was consumed during 

the previous 30 days, and the number of days since amphetamine or methamphetamine 

was last used were obtained from a questionnaire addressing drug use (Appendix 5). 

2.2.5.  Data analysis  

Except where otherwise indicated, data analyses were conducted using the software 

package SPSS 16.0.1 (SPSS Incorporated, Chicago, United States). Missing ACSA-R 

item scores were imputed by regression using all ACSA items as predictors, with 

estimates adjusted for residuals using SPSS 16.0.1 (SPSS Incorporated, Chicago United 

States), and then rounded to the nearest integer in the range 0-4 to correspond with the 

prescribed scoring scale. 
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Endorsement rates were calculated for each ACSA-R item as the frequency of scores 

greater than 0 (i.e. symptom severity rated more than ‘not at all’). Frequencies for items 

rated greater than 2 (moderately-extremely) were also computed. 

ACSA total scores were calculated as the sum of scores for items 1-16 (McGregor et al., 

2007). The correlation between each item score and the total ACSA score was 

computed as Pearson’s product-moment correlation coefficient. Correlations between 

items scores (inter-item correlations) were also calculated as Pearson product-moment 

correlations. Items were excluded from factor analyses where inter-item correlations 

exceeded the threshold level of r=0.8, which would indicated that such items measure 

the same construct (Tabachnick & Fidell, 2007). 

To examine the components of methamphetamine withdrawal, appropriate items from 

the ACSA-R were included in a confirmatory factor analysis and an exploratory factor 

analysis. A total of 294 measures were obtained among 102 methamphetamine-

dependent participants. If single measures were used, the sample size would have been 

close to a size of 100, considered to be ‘poor’ for a factor analysis. As a compromise, a 

maximum of 3 measures per subject were selected for the factor analysis (Tabachnick & 

Fidell, 2007). Where subjects provided more than 3 measures, 3 datasets per subject 

were randomly selected, resulting in a total of 210 administrations (49 subjects provided 

3 measures each, 10 subjects provided 2 measures each and 43 subjects provided single 

measures).  
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Factor analysis is a statistical technique used to identify variables that are intercorrelated 

but largely independent of other variable subsets. The intercorrelated variables form 

components or factors of more global measures (Tabachnick & Fidell, 2007). In the 

context of factor analysis, the terms ‘factor’ and ‘component’ are interchangeable. 

However, the term ‘component’ will be used more frequently here because the method 

of Principal Components Analysis method was used.  

The program FACTOR was used for factor analysis computations (Lorenzo-Seva & 

Ferrando, 2006). The appropriate number of components to be extracted was 

determined using the Parallel Analysis test (Lorenzo-Seva & Ferrando, 2006; O'Connor, 

2000). Principal components analysis is considered the extraction method of choice 

where the aim of the analysis is to condense a large number of items into a smaller set 

of components (Tabachnick & Fidell, 2007). The Principal Components Analysis 

method was used in previous analyses of methamphetamine withdrawal (McGregor, 

2005; McGregor et al., 2007; Srisurapanont et al., 1999a; Topp et al., 1995). 

Preliminary analyses were conducted using the following component rotation 

algorithms: varimax, normalised varimax, oblimin, normalised oblimin, promax, 

normalised promax, promaj, normalised promaj and promin. The rotation method which 

yielded optimal component simplicity was selected for each analysis. Optimal model 

simplicity was defined as component solutions that yielded component loadings for 

each item that were either zero or as far from zero as possible (Lorenzo-Seva & 

Ferrando, 2006). Simplicity was indicated by scores on Bentler’s Simplicity Index (S) 

approaching unity  (Bentler, 1977). 
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A preliminary confirmatory factor analysis was conducted using only the original 16 

ACSA items (McGregor et al., 2007) and an exploratory factor analysis was conducted 

using scores from all 42 items (i.e. including putative direct effect items). An 

exploratory factor analysis using all ACSA-R items was also conducted and the results 

were used to examine components of ACSA-R, and to identify items associated with 

methamphetamine withdrawal. Those items identified with components of 

methamphetamine withdrawal were summed to form a putative measure of withdrawal, 

which was referred to as ACSA-R composite withdrawal scale (ACSAR-CW).  

Predictors of ACSA total, ACSAR-CW and component scores were examined using 

linear regression analyses with backward entry criteria at the α=0.10 level. Effects of 

categorical variables on ACSA total, ACSAR-CW and component scores were 

examined using one-way analysis of variance (ANOVA), or Student’s t-test for 

binomial variables such as gender. 

2.3.  Results 

2.3.1.  Participant characteristics 

Demographic and drug use data are presented in Table 2-4. Males were somewhat better 

represented (56.8 %) than females, and participants were aged 30.1 0.7 years (mean  

standard error of the mean). Participants predominantly reported using 

methamphetamine by high-bioavailability routes (72.1 % intravenously and 24.6 % by 

smoking) and most nominated the crystalline type as the form of methamphetamine 
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they had used most frequently. A total of 37.5 % of participants reported a second drug 

of dependence, the most common of which were alcohol and cannabis (13.2% each). 

2.3.1.  Endorsement rates for ACSA-R items 

Table 2-5 lists endorsement rates for each ACSA-R item. The most frequently endorsed 

items were ‘paranoid ideation’, ‘anhedonia’, ‘social withdrawal’ and ‘tension’. The least 

frequently endorsed items were ‘euphoria’, ‘energetic’, ‘confidence’, ‘nausea/vomiting’ 

and ‘hallucinations’. Items most commonly rated as moderate-severe were ‘paranoid 

ideation’, ‘anxiety’, ‘anhedonia’, ‘social withdrawal’ and ‘inactivity’. 

2.3.1.  Correlation between ACSA-R items and ACSA total score  

All inter-item Pearson product-moment correlation coefficients were less than the 

threshold level of r=0.80 and therefore all items were included in the factor analysis 

(Section 2.3.4). All 16 original ACSA item scores significantly correlated with the 

ACSA total score (Pearson product-moment correlation, p<0.001). Among these items, 

Pearson product-moment correlation coefficients ranged from r=0.47 for the item 

‘vivid, unpleasant dreams’ to r=0.78 for the item ‘anhedonia’. Among the appended 

items, 20 items correlated positively and significantly with ACSA total scores 

(p<0.001). Among these, the item ‘social withdrawal’ had the highest Pearson 

correlation coefficient in relation to ACSA total score (r=0.68, p<0.001) and the item 

‘tremor’ had the lowest correlation (r=0.31, p<0.001). Four items, ‘confidence’, 

‘energetic’, calm/relaxed’ and ‘euphoria’ were significantly and negatively correlated 

with the ACSA total scores (Table 2-6). 
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Table 2-4 Presenting characteristics 

Gender 43.2 % females 

56.8 % males 

Age 30.1 0.7 years 

(18-47) 

Route of 

administration 

(amphetamines) 

72.1 % injection 

24.6 % smoking 

3.3 % oral 

Form of 

amphetamines 

most frequently 

used  

79.5 % crystal 

12.8 % powder 

5.1 % paste/base 

2.6 % tablets 

Typical amount 

consumed in a 

day of use 

4.6  0.6 points (0.5– 5) 

AUD$ 235.23 30.90 

(5-1200) 

Time since last 

use of 

amphetamines 

2.1  0.3 days  

(0 – 18) 

Dependence on 

second drug 

Alcohol 13.2 % 

Cannabis 13.2 % 

Opiates 7.4 % 

MDMA 2.8 % 

Benzodiazepines 0.9 % 

Total   37.5% 

Continuous data are presented as 

mean  standard error of the mean 

(range);  

‘opiates’ refers to methadone and/or 

heroin dependence. 
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Table 2-5 Endorsement rates for ACSA-R items 

Item Endorsement  

(% rated >0) 

Moderate-severe  

(% rated 2-4) 

Paranoid ideation 93.3 78.1 

Anhedonia 92.4 70.5 

Social withdrawal 92.2 70.3 

Tension 90.4 71.2 

Poor concentration 89.4 65.4 

Anxiety 88.6 74.3 

Agitation 87.6 67.6 

Irritability 87.6 69.5 

Depression 86.7 67.6 

Hypersomnolence 84.8 67.6 

Exhaustion 84.6 61.5 

Fatigue 84.6 67.3 

Craving frequency 82.9 63.8 

Inactivity 82.8 69.9 

Muscle tension 80.8 62.5 

Craving intensity 79.0 65.7 

Restless 76.7 53.3 

Muscle aches 76.1 50.0 
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Table 2-5 Endorsement rates for ACSA-R items (continued) 

Item Endorsement  

(% rated >0) 

Moderate-severe  

(% rated 2-4) 

Motor retardation 75.2 60.0 

Easily startled 73.1 48.1 

Racing thoughts 70.9 53.4 

Vivid, unpleasant dreams 69.9 57.3 

Heart pounding 68.3 46.2 

Bruxism 67.3 49.0 

Slowed speech 66.7 44.4 

Dry mouth 65.4 46.2 

Increased heart rate 65.2 34.8 

Thinking clearly 64.1 28.2 

Relaxed 62.1 32.0 

Sweating 59.2 35.0 

Increased appetite 58.1 45.9 

Suicidal ideation 56.7 32.7 

Decreased appetite 55.9 38.2 

Increased respiration rate 54.4 29.1 

Tremor 54.4 26.7 

Chills 52.4 41.7 
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Table 2-5 Endorsement rates for ACSA-R items (continued) 

Item Endorsement  

(% rated >0) 

Moderate-severe  

(% rated 2-4) 

Talkativeness 47.6 26.2 

Hallucinations 47.1 22.1 

Nausea/vomiting 41.3 22.8 

Confidence 40.4 21.2 

Energetic 31.1 14.6 

Euphoria 24.5 11.8 
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Table 2-6 Item correlations with ACSA total score 

Item r P 

Anhedonia 0.78 <0.001 

Irritability 0.77 <0.001 

Tension 0.76 <0.001 

Poor concentration 0.75 <0.001 

Depression 0.75 <0.001 

Agitation 0.74 <0.001 

Inactivity 0.72 <0.001 

Anxiety 0.72 <0.001 

Motor retardation 0.69 <0.001 

Fatigue 0.67 <0.001 

Craving frequency 0.63 <0.001 

Suicidal ideation 0.59 <0.001 

Craving intensity 0.58 <0.001 

Hypersomnia 0.55 <0.001 

Paranoid ideation 0.52 <0.001 

Vivid, unpleasant dreams 0.47 <0.001 

Social withdrawal 0.68 <0.001 

Exhaustion 0.68 <0.001 

Tense muscles 0.58 <0.001 

Easily startled 0.55 <0.001 

Muscle aches 0.54 <0.001 

Heart pounding 0.52 <0.001 

Chills and cold flushes 0.52 <0.001 

Slowed speech 0.52 <0.001 
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Table 2-6 Item correlations with ACSA total score (continued) 

Item r p 

Racing thoughts 0.50 <0.001 

Increased respiration rate 0.47 <0.001 

Sweating 0.47 <0.001 

Hallucinations 0.44 <0.001 

Bruxism 0.44 <0.001 

Dry mouth 0.41 <0.001 

Increased heart rate 0.41 <0.001 

Nausea/vomiting 0.40 <0.001 

Restlessness 0.38 <0.001 

Decreased appetite 0.37 <0.001 

Tremor 0.31 <0.001 

Increased appetite -0.03 0.635 

Talkative -0.07 0.244 

Euphoria -0.05 0369 

Clear thinking -0.33 <0.001 

Calm/relaxed -0.34 <0.001 

Energetic -0.35 <0.001 

Confidence -0.36 <0.001 
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2.3.2.  Factor analyses 

Prior to computing the principle component analysis, data were tested for suitability 

(Tabachnick & Fidell, 2007). Data were normally distributed and no outliers were 

identified. The correlation matrix indicated a number of correlations exceeding 0.3, 

which suggested that the dataset was suitable for factor analysis (Thompson, 2004). 

2.3.2.1.  Confirmatory factor analysis 

A confirmatory factor analysis was conducted using the original 16 ACSA items 

(McGregor et al., 2007).   A Parallel Analysis test (Lorenzo-Seva & Ferrando, 2006; 

O'Connor, 2000) indicated an optimal two-component solution, and the promax 

component rotation algorithm produced optimal simplicity (S=0.994). Bartlett’s test of 

sphericity was significant (χ120=1869.8, p<0.0001) and the Kaiser-Meyer-Olkin test 

statistic exceeded  0.88, indicating ‘good’ sampling adequacy (Lorenzo-Seva, 2003). 

The items ‘hypersomnia’, ‘fatigue’, ‘motor retardation’, and ‘inactivity’ loaded onto the 

first component with component loadings greater than 0.3. The items ‘anxiety’, 

‘agitation’, ‘tension’, ‘irritability’, ‘depression’, ‘suicidal ideation’, ‘craving frequency’, 

‘reduced concentration’, ‘craving intensity’, ‘anhedonia’ and ‘paranoid ideation’ loaded 

onto the second component with component loadings larger than 0.3. Note that the item 

‘vivid unpleasant dreams’ failed to load onto either component with an absolute 

component loading of >0.3 (Table 2-7). 
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Table 2-7 Confirmatory factor analysis matrix for the 16 ACSA items 

Item Component 1 Component 2 

Hypersomnia 0.863 -0.233 

Fatigue 0.732 -0.025 

Motor retardation 0.551 0.261 

Inactivity 0.666 0.099 

Anxiety -0.174 0.915 

Agitation -0.039 0.831 

Tension 0.015 0.786 

Irritability 0.089 

 
0.753 

Depression 0.010 0.741 

Suicidal ideation -0.012 0.600 

Craving frequency  -0.024 0.558 

Poor concentration 0.256 0.549 

Craving intensity -0.063 0.538 

Anhedonia 0.252 0.533 

Paranoid ideation 0.032 0.429 

Vivid, unpleasant 

dreams 
0.247 0.147 

Factor loadings >0.3 are presented in bold type.  

 

2.3.2.2.  Exploratory factor analysis 

The Parallel Analysis test (Lorenzo-Seva & Ferrando, 2006; O'Connor, 2000) predicted 

a three-component model for the exploratory factor analyses of all 42 ACSA-R items. 
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Optimal simplicity was obtained using the oblimin component rotation algorithm 

(S=0.909). Bartlett’s test of sphericity was significant (χ861=5138.5, p<0.0001) and the  

Kaiser-Meyer-Olkin test statistic exceeded  0.90, indicating ‘very good’ sampling 

(Lorenzo-Seva, 2003). 

The items ‘confidence’, ‘clear thinking’, ‘calm/relaxed’, ‘talkative’, ‘energetic’, and 

‘euphoria’ loaded onto component 1 with component loadings greater than 0.3. Each of 

these items correlated inversely with ACSA total scores. The item ‘depression’ loaded 

on component 1 in the negative direction. Component 1 was interpreted as a positive 

effects component.  

The items loading onto component 2 with absolute component loadings larger than 0.3 

were: ‘increased respiration rate’, ‘bruxism’, ‘increased heart rate’, ‘sweating’, ‘racing 

thoughts’, ‘tremor’, ‘anxiety’,  ‘reduced appetite’, ‘restlessness’,  ‘easily startled’, 

‘tension’, ‘heart pounding’, ‘agitation’, ‘irritability’, ‘chills or cold flushes’, ‘poor 

concentration’, ‘muscle tension’, ‘depression’, ‘paranoia’, ‘nausea’, ‘muscle aches’, 

‘hallucinations’, ‘suicidal ideation’, ‘anhedonia’, ‘social avoidance’, ‘craving 

frequency’, ‘dry mouth’, ‘slow speech’, ‘talkative’, and ‘craving intensity’. The item 

‘increased appetite’ loaded onto component 2 in the negative direction. Component 2 

was interpreted as an anxiety component.  

Items loading on the third component with absolute component loadings exceeding 0.3 

were: ‘hypersomnia’, ‘fatigue’, ‘exhaustion’, ‘increased appetite’, ‘motor retardation’, 

‘inactivity’, ‘muscle aches’, ‘muscle tension’, ‘slow speech’, ‘vivid unpleasant dreams’, 



 

112 

 

‘anhedonia’, and ‘social avoidance’. The item ‘energetic’ loaded onto component 3 in 

the negative direction. Component 3 was interpreted as a fatigue component.  

2.3.2.3.  Component scores and ACSAR-CW score 

Component scores were computed by summing weighted item scores among the items 

with absolute component loading coefficients exceeding 0.3 for the given component.  

(i.e. component score = ∑(component loading × item score); for items with an absolute 

component loading of >0.3 for the component).  

The anxiety component (r=0.85, p<0.001, n=210) and the fatigue component (r=0.82, 

p<0.001, n=210) both correlated with the ACSA total score (McGregor et al., 2004). 

The positive effects component score was negatively correlated with the ACSA total 

score (-0.49, p<0.001, n=210).  

The positive effects score negatively correlated with both the anxiety score (r=-0.32. 

p<0.001, n=210) and the fatigue score (r=-0.46, p<0.05, n=210).  The anxiety and 

fatigue component scores were directly correlated (p=0.59, p<0.001, n=210).  

A withdrawal measure, the ACSAR-CW score, was computed as the sum of unweighted 

item scores for items with positive component loadings exceeding 0.3 on either anxiety 

or fatigue components. The ACSAR-CW score was significantly and positively 

correlated with the ACSA total score (r=0.94, p<0.001, n=294), the anxiety component 

score (r=0.96, p<0.001, n=210) and the fatigue component score (r=0.78, p<0.001, 

n=210), and the ACSAR-CW score was and negatively correlated with the positive 

effects component score (-0.38, p<0.001, n=210). Among the 42 ACSA-R items, scores 
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for the item ‘tension’ had the highest correlation with the ACSAR-CW score (r=0.77, 

p<0.001, n=210). The items ‘euphoria’, ‘talkative’ and ‘increased appetite’ were not 

significantly correlated with the ACSAR-CW score (p>0.05). The items ‘clear thinking’ 

(r=0.27, p<0.001, n=210), ‘energetic’ (r=-0.27, p<0.001, n=210), ‘confidence’(r=-0.30, 

p<0.001, n=210), and ‘calm and relaxed’ (r=-0.32, p<0.001, n=210) were inversely 

correlated with the ACSAR-CW score (Table 2-9). 
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Table 2-8 Exploratory factor analysis matrix for 42 ACSA-R items (n=294) 

Items Positive effects Anxiety Fatigue 

Confidence 0.643 -0.071 -0.027 

Clear thinking 0.613 -0.041 -0.050 

Calm/relaxed 0.601 -0.250 0.157 

Talkative 0.591 0.316 -0.052 

Energetic 0.577 0.134 -0.306 

Euphoria 0.403 0.254 -0.121 

Depression -0.320 0.504 0.136 

Increased respiration rate 0.160 0.749 0.009 

Bruxism 0.043 0.707 -0.111 

Increased heart rate -0.067 0.706 -0.121 

Sweating 0.283 0.686 0.112 

Racing thoughts -0.127 0.686 -0.170 

Tremor 0.139 0.677 -0.158 

Anxiety -0.245 0.660 0.017 

Decreased appetite 0.061 0.660 -0.168 

Restlessness 0.051 0.641 -0.193 

Easily startled 0.022 0.632 0.137 

Tension -0.218 0.628 0.170 

Heart pounding -0.001 0.608 0.085 

Agitation -0.240 0.595 0.131 

Irritability -0.206 0.593 0.217 

Chills and cold flushes -0.008 0.550 0.114 

Poor concentration -0.131 0.536 0.285 

Muscle tension 0.034 0.507 0.352 

Paranoid ideation 0.206 0.487 0.142 

Nausea 0.133 0.487 0.167 

Muscle aches 0.136 0.485 0.416 

Hallucinations -0.007 0.482 -0.004 
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Table 2-9 Exploratory factor analysis matric for 42 ACSA-R items (n=294) 

(continued) 

Items Positive effects Anxiety Fatigue 

Suicidal ideation -0.191 0.466 0.064 

Anhedonia -0.218 0.416 0.331 

Social avoidance -0.234 0.398 0.318 

Craving frequency -0.163 0.380 0.130 

Dry mouth 0.212 0.379 0.227 

Slowed speech -0.052 0.339 0.348 

Craving intensity -0.261 0.314 0.067 

Increased appetite -0.378 -0.378 0.561 

Hypersomnia -0.016 -0.138 0.798 

Fatigue -0.093 0.119 0.686 

Exhaustion 0.211 -0.158 0.642 

Motor retardation -0.043 0.270 0.543 

Inactivity 0.210 -0.280 0.523 

Vivid, unpleasant dreams 0.098 0.001 0.336 

Note: component loadings >0.3 are presented in bold type.  

2.3.2.4.  Internal consistency of components 

Cronbachs’ alpha for the component positive effects was alpha=0.77. Cronbachs’ alpha 

for the component anxiety was alpha=0.94 and for the component fatigue was 

alpha=0.88. Cronbach’s alpha for the ACSA total score was computed to be alpha=0.91 

and Cronbachs’ alpha for the ACSAR-CW score was alpha=0.94. 
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Table 2-9 Item correlations with ACSAR-CW score (n=210) 

Item r p 

Tension 0.77 <0.001 

Irritability 0.75 <0.001 

Poor concentration 0.74 <0.001 

Agitation 0.72 <0.001 

Anhedonia 0.72 <0.001 

Anxiety 0.71 <0.001 

Social avoidance 0.70 <0.001 

Depression 0.70 <0.001 

Muscle tension 0.69 <0.001 

Exhaustion 0.68 <0.001 

Easily startled 0.67 <0.001 

Motor retardation 0.66 <0.001 

Inactivity 0.65 <0.001 

Muscle aches 0.65 <0.001 

Heart pounding 0.63 <0.001 

Sweating 0.63 <0.001 

Increased respiration rate 0.62 <0.001 

Fatigue 0.62 <0.001 

Chills or cold flushes 0.60 <0.001 

Racing thoughts 0.60 <0.001 

Craving frequency 0.57 <0.001 

Bruxism 0.56 <0.001 

Slowed speech 0.56 <0.001 
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Table 2-9 Item correlations with ACSAR-CW score (n=210) (continued) 

Item r p 

Suicidal ideation 0.55 <0.001 

Paranoid ideation 0.55 <0.001 

Increased heart rate 0.54 <0.001 

Nausea 0.51 <0.001 

Reduced appetite 0.50 <0.001 

Craving intensity 0.50 <0.001 

Hallucinations 0.50 <0.001 

Dry mouth 0.50 <0.001 

Restlessness 0.49 <0.001 

Tremor 0.48 <0.001 

Hypersomnia 0.46 <0.001 

Vivid, unpleasant dreams 0.41 <0.001 

Euphoria 0.05 0.441 

Talkative 0.06 0.348 

Increased appetite -0.05 0.395 

Clear thinking -0.27 <0.001 

Energetic -0.27 <0.001 

Confidence -0.30 <0.001 

Calm/relaxed -0.32 <0.001 
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2.3.2.5.  Predictors of withdrawal severity 

Linear regression analysis (F(2,18)=4.35, p<0.05; r
2
=0.33) indicated that the duration of 

the methamphetamine use episode (Standardised β=0.43, t=2.21, p<0.05) and the 

typical daily consumption of methamphetamine in AUD$ (Standardised β=0.45, t=2.29, 

p<0.05) significantly predicted ACSA total scores.  

Scores on the fatigue component were found to be predicted by the duration of the 

methamphetamine use episode (Standardised β=0.50, t=2.54, p<0.05) and the typical 

daily consumption of methamphetamine in AUD$ (Standardised β=0.59, t=2.93, 

p<0.02; F(2,12)=4.95, p<0.02; r
2
=0.55). 

Predictors were not identified for ACSAR-CW scores (F(1,14)=2.27, p>0.05),  anxiety 

component scores (F(2,18)=2.08, p>0.05), or positive effect component scores 

(F(1,14)=3.66, p>0.05). ACSA total, ACSAR-CW and component scores were not 

found to be affected by gender, the form of methamphetamine used, administration 

route or secondary drug of dependence. 

Changes in ACSA total, ACSAR-CW and component scores by the duration of 

abstinence are reported in Chapter 3. 
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2.4.  Discussion 

2.4.1.  Symptoms and components of methamphetamine withdrawal 

A total of 42 items forming the ACSA-R were entered into an exploratory factor 

analysis and three components were identified. One of the components was interpreted 

as a positive effects component and was negatively correlated with the ACSA total score 

(McGregor et al., 2007). The other two components, designated anxiety and fatigue, 

were positively correlated with the ACSA total score, and were interpreted as 

components of the methamphetamine withdrawal syndrome. A total of 37 items were 

found to load positively onto the withdrawal components with component loading 

coefficients exceeding 0.3. Of these, 16 items were previously identified as symptoms 

of methamphetamine withdrawal (McGregor et al., 2004; Table 2-10). Items that loaded 

on the fatigue component were characteristic of central nervous system depression. 

Items loading highly on the fatigue component included ‘hypersomnia’, ‘fatigue’, 

‘exhaustion’ and ‘inactivity’. The anxiety component consisted of items that were 

largely associated with arousal. Items loading highly on this component included 

‘increased respiration rate’, ‘bruxism’, ‘increased heart rate’, ‘sweating’ ‘racing 

thoughts’, and ‘tremor’. Although somatic complaints such as these loaded highly, 

psychological items such as ‘anxiety’, ‘irritability’, ‘depressed mood’ and ‘paranoid 

ideation’ also contributed to the anxiety component. 

Scores for the positive effects component, the anxiety component and the fatigue 

component may be useful for monitoring changes in withdrawal components for 
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research purposes. These components were used as measures in studies reported in the 

following chapters. The sum of unweighted scores for items that were included in the 

anxiety and fatigue component scores generated the ACSAR-CW score. ACSAR-CW 

scores were closely correlated with ACSA total scores and Cronbach’s alpha for 

ACSAR-CW was comparable to that of the ACSA total score. Therefore, ACSAR-CW 

scores appear to represent a measure of methamphetamine withdrawal severity.  

ACSA total scores were found to be predicted by the duration and amount of 

methamphetamine consumption. Similarly, McGregor and colleagues (2005) reported 

that the duration of methamphetamine use predicted higher levels of methamphetamine 

severity during withdrawal.  Scores on the fatigue component were also predicted by the 

duration and amount of methamphetamine use, but predictors were not identified for 

scores on other components. These results suggest that patients who present with severe 

methamphetamine dependence may be expected to experience greater fatigue-like 

symptoms during methamphetamine withdrawal. 
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Table 2-10 Source of the 37 items forming the ACSAR-CW 

Appended items ACSA items (McGregor et al., 2007) 

Bruxism Agitation 

Chills and cold flushes Anhedonia 

Decreased appetite Anxiety 

Dry mouth Craving frequency 

Easily startled Craving intensity 

Exhaustion Depression 

Hallucinations Fatigue 

Heart pounding Hypersomnia 

Increased appetite Inactivity 

Increased heart rate Irritability 

Increased respiration rate Motor retardation 

Muscle aches Paranoid ideation 

Muscle tension Poor concentration 

Nausea Suicidal ideation 

Racing thoughts Tension 

Talkative Vivid, unpleasant dreams 

Restlessness  

Slowed speech  

Social avoidance  

Sweating  

Tremor  
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2.4.2.  Previous factor analysis studies of methamphetamine withdrawal 

Topp and colleagues conducted a retrospective survey among 132 respondents with past 

experience of methamphetamine withdrawal and identified 24 symptoms of 

methamphetamine withdrawal. Factor analysis using the 24 items identified five 

components: psychological distress, circadian rhythm disturbance, physical symptoms, 

fatigue and psychological disturbance (Topp et al., 1995).  

From their analysis of the 10-item AWS administered to individuals during the first 5 

days of withdrawal, Srisurapanont and colleagues extracted three components which 

were labelled hyperarousal, reversed vegetative and anxiety (Srisurapanont et al., 

1999a). The hyperarousal component consisted of the items ‘drug craving’, ‘agitation’ 

and ‘vivid or unpleasant dreams’. The reversed vegetative component consisted of the 

items ‘decreased energy’, ‘increased appetite’ and ‘craving for sleep’. The anxiety 

component consisted of ‘loss of interest or pleasure’, ‘anxiety’, and ‘slowing of 

movement’ (Srisurapanont et al., 1999a). The AWQ components of anxiety and 

hyperarousal are consistent with the single component anxiety  identified in the present 

study, and the AWQ component reversed vegetative approximately corresponds with 

the component fatigue of the present study (Srisurapanont et al., 1999a). 

In the present study, the 16 items comprising the original ACSA were entered into a 

principle component analysis to compare the computed factor structure with previous 

studies. This analysis produced two components, in contrast to the three components 

identified in both previous factor analysis studies of ACSA items (McGregor, 2005; 
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McGregor et al., 2007). The first component of the present confirmatory analysis 

closely corresponded with the hypersomnia component identified by McGregor (2005) 

and the fatigue component identified in the analysis of McGregor and colleagues 

(2007). The second component was a composite of items in the components 

anxiety/craving and depression in the analysis of McGregor (2005). Items contributing 

to the components anxiety/craving and depression were distributed between  the two 

components anxiety and mood and craving which were generated in the analysis of 

McGregor and colleagues (2007). Thus overall, previous factor analysis studies indicate 

that a hypersomnia/fatigue component of withdrawal is relatively robust. Whether 

craving, anxiety and mood/affect/depression constitute separate components appears to 

be less clear. Therefore, while the confirmatory analysis in the present study produced 

two rather than three components, the distribution of items was consistent with factor 

analyses previously reported for ACSA items. 

2.4.3.  Relationship between direct effects and withdrawal symptoms 

The selected direct effect items ‘talkative’, euphoria’, ‘clear thinking’, ‘relaxed’, 

‘energetic’ and ‘confident’ were inversely correlated with overall withdrawal severity 

(ACSA total score) and formed a component designated positive effects. This outcome 

may have been anticipated according to the opponent-process model of motivation 

(Koob et al., 1997; Solomon & Corbit, 1974). In contrast, other items such as ‘increased 

respiration rate’, ‘increased heart rate’, ‘heart pounding’ and ‘bruxism’ were positively 

correlated with overall withdrawal severity. In addition, the item ‘talkative’ loaded 

positively onto both the positive effects component and the anxiety component. Other 
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items that loaded onto the withdrawal component ‘anxiety’, ‘paranoid ideation’, 

‘increased respiration’, ‘agitation’, ‘racing thoughts’ and ‘increased blood pressure’ are 

also known to correspond with direct methamphetamine effects (Bell, 1973; Harris et 

al., 2003; Hart et al., 2007; Johnson et al., 2000; Johnson et al., 2007b; Martin et al., 

1971; Mendelson et al., 2006; Newton et al., 2005a; Shappell et al., 1996; Vollm et al., 

2004). In addition, the item ‘decreased appetite’ loaded positively on the anxiety 

component, while ‘increased appetite’ loaded positively onto the fatigue component, but 

negatively on the anxiety component of methamphetamine withdrawal. 

Thus, methamphetamine withdrawal appears to be a complex syndrome rather than 

simply a reversal of direct effects. In addition to adaptations that oppose the direct 

effects of methamphetamine, processes contributing to the methamphetamine 

withdrawal syndrome may involve potentiation of some aversive direct effects. Animal 

research indicates that some responses become sensitised with repeated amphetamine 

exposure. For example, the stereotypy response to amphetamine (an animal model for 

psychosis) increases after pre-exposure to amphetamine (Akiyama et al., 1994; 

Kuczenski & Segal, 1999). 

Similarly, potentiated motor activation has also been observed among humans who 

received repeated amphetamine doses in laboratory studies (Strakowski & Sax, 1998; 

Strakowski et al., 2001). In addition, sensitivity to psychosis is often observed during 

periods of abstinence following dependent methamphetamine use (Ujike & Sato, 2004; 

Yui et al., 2000b).  



 

125 

 

The mechanisms underlying behavioural sensitisation are presently unclear. However, 

chronic methamphetamine exposure may lead to increased sensitivity of dompaminergic 

and noradrenergic systems to stimuli, despite reduced baseline functioning (Akiyama et 

al., 1994; Kuczenski & Segal, 1999; Yui et al., 2000a). Among humans, amphetamine 

withdrawal is associated with reduced markers of noradrenaline and depressed mood at 

baseline (Watson et al., 1972). However, during abstinence, stimuli such as 

psychosocial stressors may lead to elevated markers of noradrenaline and dopamine 

associated with paranoid hallucinatory states, suggesting increased monoaminergic 

sensitivity to stimuli (Yui et al., 2000a; Yui et al., 2000c). Methamphetamine-induced 

neurotoxicity may also contribute to increased vulnerability to psychotic symptoms 

(Sekine et al., 2001; Sekine et al., 2003). 

Thus, withdrawal from methamphetamine may result in decreased monoaminergic 

function, associated with central nervous system depression and baseline symptoms 

consistent with hypersomnia and fatigue. However, while baseline function appears to 

be impaired, monoaminergic systems may become dysregulated and more sensitive to 

stimuli during withdrawal. This model of methamphetamine withdrawal is speculative 

and remains to be tested. 

2.4.4.  Caveats 

The structure of the methamphetamine withdrawal syndrome would ideally be 

examined using objective measures of withdrawal signs, rather than using a self-

reported instrument as in the present study. Previous research indicates that among 
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individuals experiencing chronic anxiety disorders, self-reported autonomic arousal 

tends to be exaggerated relative to objective physiological measures (Hoehn-Saric & 

McLeod, 2000). In the absence of validated objective indicators of methamphetamine 

withdrawal, an observer-rated scale was developed and this is reported in Chapter 4. 

Over one-third of subjects in this study reported dependence on a second drug. Among 

these individuals, the profile of withdrawal symptoms may have been influenced by the 

presence of other drug withdrawal syndromes. Treatment may also have impacted on 

withdrawal symptoms. For example, in-patients at the EMDAC site were typically 

prescribed benzodiazepines such as diazepam to alleviate anxiety. Therefore, the 

withdrawal syndrome examined here reflects a naturalistic profile of methamphetamine 

withdrawal, rather than an idealised profile of ‘pure’ methamphetamine withdrawal. 

Ideally, the analysis presented here should be repeated using a cohort of 

methamphetamine dependent individuals with minimal use of other drugs. 

The sample size of 210 administrations of the instrument was close to a sample size of 

200 considered to be ‘fair’ (Tabachnick & Fidell, 2007). However, factor analysis is 

ideally conducted using 300 or more independent cases (Tabachnick & Fidell, 2007). 

The measures were obtained among 102 methamphetamine-dependent participants. If 

single measures were used from each participant, the sample size would have been close 

to a size of 100, considered to be ‘poor’ for a factor analysis (Tabachnick & Fidell, 

2007). As a compromise, a maximum of 3 measures per subject were accepted for the 

factor analysis, resulting in a total of 210 administrations (51 subjects provided 3 
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measures each, 11 subjects provided 2 measures each and 35 subjects provided single 

measures).  

Repeated measures were also used in a previous factor analysis study of 

methamphetamine withdrawal data drawn from 107 subjects, among whom 38 provided 

repeated measures for a total of 302 administrations of the ACSA instrument 

(McGregor, 2005). In a separate analysis using a similar dataset, single measures of the 

ACSA instrument were drawn from 133 subjects. These two analyses resulted in similar 

three-factor analysis in which one component (fatigue or hypersomnia) was in 

agreement, and two items on the other two components were overlapped between the 

different analyses (anxiety/craving and depression in the analysis of McGregor (2005) 

or anxiety and mood and craving (McGregor et al., 2007). The confirmatory factor 

analysis in the present study produced a solution which retained the common 

component and reconciled the overlapping components from the previous studies. 

2.4.5.  Implications 

This study suggests that methamphetamine withdrawal consists of components of 

fatigue, and anxiety. This implies that the treatment of methamphetamine withdrawal 

should aim to alleviate each of these components of withdrawal. However, treatment of 

all components simultaneously may be problematic. For instance, sedative medications 

such as benzodiazepines may attenuate anxiety, but may exacerbate hypersomnia and 

fatigue. Conversely, stimulant medications may alleviate fatigue, but may also 

exacerbate anxiety. The diversity of symptoms may partly account for the difficulty 
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experienced in identifying effective pharmacotherapies for methamphetamine 

withdrawal (Lingford-Hughes et al., 2004; Shoptaw et al., 2009; Srisurapanont et al., 

2002).  

A possible solution may involve flexible medication regimens tailored to individual 

levels of the three components during the course of withdrawal. Alternatively, use of a 

drug with multiple properties may be indicated. One such drug appears to be 

mirtazapine, which is an antidepressant with sedative and anxiolytic effects (Anttila & 

Leinonen, 2001; de Boer, 1996; Thase, 1999). Clinical trials of mirtazapine in the 

management of methamphetamine withdrawal have been previously reported 

(Kongsakon et al., 2005; McGregor et al., 2008) and a placebo-controlled trial is 

described in Chapter 6. 
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Chapter 3.  Temporal profile of self-reported methamphetamine 

withdrawal 

3.1.  Introduction 

3.1.1.  Previous studies 

Until recently, the clinical course of methamphetamine withdrawal had been sparsely 

reported. Early case studies reported changes in sleeping patterns derived from 

polysomnographic recordings of patients withdrawing from amphetamine and 

amphetamine-like drugs (Oswald & Thacore, 1963; Watson et al., 1972). These cases 

suggested that amphetamine withdrawal was associated with reduced onset of and 

increased duration of sleep, particularly REM stage sleep. Changes in sleeping pattern 

were predominantly observed during the first week of abstinence but persisted for 

several weeks in some cases (Oswald & Thacore, 1963; Watson et al., 1972). Depressed 

mood among the patients peaked 48-72 h after the last dose of amphetamines and 

improved after four days (Watson et al., 1972).  However, symptoms such as depression 

and fatigue often persisted for up to a month (Oswald & Thacore, 1963; Watson et al., 

1972).  In at least one case, depression remained problematic for a number of months 

after ceasing amphetamine use (Oswald et al., 1963). Although rich in individual detail, 

these early case studies were relatively unstructured and in some cases described 

withdrawal from the dependent use of ‘drinamyl’ or phenmetrazine, rather than 

amphetamine or methamphetamine exclusively (Oswald & Thacore, 1963). 
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A systematic prospective study of sleep among hospitalised patients experiencing 

amphetamine withdrawal suggested that the duration of night-time sleep initially 

increased during the first three nights of amphetamine withdrawal, and then decreased 

from the sixth night until the end of the twenty-night study period (Gossop et al., 1982). 

However, the comparison group consisted of forensic in-patients diagnosed with 

conditions such as schizophrenia, personality disorder and affective disorder, half of 

whom were receiving antipsychotic medications. A later phase of decreased sleep 

duration was not observed in a recent comprehensive study of methamphetamine 

withdrawal (McGregor et al., 2005).   

In a placebo-controlled trial of amineptine for the treatment of methamphetamine 

withdrawal, measures of methamphetamine withdrawal were measured at baseline, after 

one week and after two weeks of treatment (Srisurapanont et al., 1999b). Although 

mean scores on the Amphetamine Withdrawal Questionnaire (AWQ) and its subscales 

(hypersomnolence, reversed vegetative and anxiety) decreased at each interval among 

the placebo group, statistical analyses to identify changes by abstinence duration were 

not reported (Srisurapanont et al., 1999b). Similarly, in a placebo-controlled trial of 

mirtazapine for methamphetamine withdrawal, mean scores on the AWQ and its 

subscales improved from baseline among the placebo group after 3 and 14 days of 

abstinence, but analyses testing whether these differences were significant were not 

reported (Kongsakon et al., 2005).  However, a retrospective survey among drug 

treatment patients who had used amphetamines suggested that the duration of 

withdrawal was between 5 days and 3 weeks (Cantwell & McBride, 1998). 
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More recently, McGregor and colleagues reported on a series of studies which 

examined the clinical time course of methamphetamine withdrawal (McGregor, 2005; 

McGregor et al., 2005). Among 21 Thai in-patients experiencing methamphetamine 

withdrawal, symptom severity was maximal within 24 hours of abstinence and 

recovered to near control levels after 7-10 days. Among an Australian cohort the 

syndrome had a similar duration, although peak methamphetamine withdrawal severity 

occurred during the 48-72 h period following cessation of use (McGregor, 2005). The 

initial 7-10 day period was referred to as the acute phase of methamphetamine 

withdrawal, and was followed by a period of at least two weeks where symptoms tended 

to persist at lower levels. The later period was referred to as the subacute phase 

(McGregor et al., 2005).  

Higher levels of withdrawal severity during the initial stages of methamphetamine 

withdrawal have been associated with increased rates of drop-out from treatment 

(McGregor et al., 2005; McGregor et al., 2007). In addition, increased levels of 

methamphetamine craving during treatment for methamphetamine withdrawal were 

shown to predict relapse during the following week (Hartz et al., 2001). A more 

complete understanding of the course of the methamphetamine withdrawal syndrome 

may lead to a reduction in the incidence of such deleterious outcomes and increase the 

development and effectiveness of interventions. There is currently a dearth of effective 

treatments, particularly pharmacotherapies, for methamphetamine withdrawal 

(Lingford-Hughes et al., 2004; Rose & Grant, 2008; Shoptaw et al., 2009; 

Srisurapanont et al., 2002). 
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Furthermore, providing information to patients about the course of withdrawal may also 

lead to reduced severity of symptoms (Watson et al., 1972). This has been demonstrated 

for opiate withdrawal, where patients who were provided with information about the 

clinical profile of opiate withdrawal prior to treatment  reported reduced withdrawal 

severity compared to their counterparts who had not been randomised to attend the 

education session (Green & Gossop, 1988). Similarly, providing information to patients 

regarding the typical time course of methamphetamine withdrawal symptoms may lead 

to a reduction in the severity of the syndrome. 

3.1.2.  Aims 

This chapter describes a study of the temporal profile of methamphetamine withdrawal 

among dependent Australian methamphetamine users.  Specifically, the study examined 

changes in item scores and changes in ACSAR-CW scores, ACSA total scores, and the 

components positive effects, fatigue and anxiety as described in Chapter 2.  

Phase 1 in the present chapter describes changes in symptoms during the course of 

methamphetamine withdrawal, and the period of abstinence required for significant 

recovery to be observed. In this study, ‘significant recovery’ was considered to occur 

when symptom severity decreased significantly from peak levels.  

Phase 2 of the present chapter describes a cross-sectional study designed to examine 

symptom severity at peak withdrawal (early stage withdrawal) and at recovery (late 

stage withdrawal), in relation to the severity of symptoms reported among (a) a cohort 

of patients receiving treatment for other drug dependencies, and (b) a cohort of 
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individuals with minimal illicit drug exposure. Phase 2 sought to compare the severity 

of symptoms after 9 days of abstinence, to unaffected individuals, and to drug treatment 

patients with limited exposure to amphetamines. The aim of these comparisons was to 

examine the clinical significance of symptoms at the latter stages of methamphetamine 

withdrawal. 

The specific aims of Phase 1 and 2 of this study were to: 

a) Describe the temporal profile of methamphetamine withdrawal, taking into account 

the additional symptoms and the components described in Chapter 2. 

b) Compare the symptoms experienced during methamphetamine withdrawal  (at early 

and late stages) with unaffected individuals and drug treatment patients with limited 

exposure to amphetamines.  

 

3.2.  Phase 1: The effect of abstinence period on methamphetamine 

withdrawal severity 

3.2.1.  Methods 

3.2.1.1.  Participants 

Data were drawn from the methamphetamine-dependent cohort described in Chapter 2, 

which included participants in a clinical trial of mirtazapine for the treatment of 

methamphetamine withdrawal (Chapter 6) and participants in a study used to develop 
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an observer-rated methamphetamine withdrawal instrument (Chapter 4). Subjects 

received treatment for methamphetamine dependence, consisting of individual or group 

counselling sessions, plus pharmacological treatments primarily consisting of either 

benzodiazepines as required, nocte mirtazapine, or placebo. Only participants 

completing ACSA-R questionnaires on two or more days were selected for the 

repeated-measures analyses. The analysis period was 10 days of abstinence (data after 

this period were available from one or two subjects each day only). A total of 59 

participants met the criteria for selection in the repeated-measures analysis. 

3.2.1.2.  Measures 

Fifty-nine subjects completed repeated ACSA-R measures on different days during 

treatment. The minimum number of ACSA-R measures provided per subject was 2 

(22% of subjects provided two measurements) and the maximum was 8 (n=1).  

ACSAR-CW scores, ACSA total scores, and weighted scores for the three component 

subscales (positive effects component, fatigue component and anxiety component) were 

computed as described in Chapter 2. 

The following data were also recorded from clinic admission records: gender, age, 

secondary drug of dependence, major route of amphetamine or methamphetamine 

administration, and the form of amphetamines typically used. The typical daily amount 

of amphetamines used in AUD$, the number of days on which amphetamines were 

consumed during the previous 30 days, and the number of days since amphetamines 

were last used. 
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Respondents were also asked to report the number of days of use, typical amount used 

per day in AUD$, and the number of days since last use for the drug classes alcohol, 

cannabis, benzodiazepines, cocaine, MDMA, heroin, other opiates, hallucinogens and 

inhalants. The typical amount of alcohol consumed per day of use was given in standard 

drinks rather than AUD$ (Darke et al., 1991; National Health and Medical Research 

Council, 2001). 

3.2.1.3.  Data Analysis 

Changes in ACSAR-CW scores over time were examined using repeated measures 

linear mixed model ANOVA, with the duration of abstinence in days as the fixed effect 

and ACSA total score as the dependent variable. The restricted maximum likelihood 

estimation algorithm was used and repeated measures covariance was computed using 

the first order autoregression method. Changes in scores were compared between 

abstinence days using Bonferroni-corrected post hoc pair-wise comparisons. Analyses 

were repeated with ACSA total scores (McGregor et al., 2007) and positive effects, 

anxiety and fatigue component scores as dependent variables. All analyses were 

conducted using the software package SPSS 16.0.1 (SPSS Incorporated, Chicago, 

United States). Continuous data are reported as mean  standard error of the mean 

(SEM) (range) unless stated otherwise. 
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3.2.2.  Results 

3.2.2.1.  Participant characteristics 

Demographic and methamphetamine use data are presented in Table 3-1. Data were 

collected from 59 participants. The mean age was 30.8±0.9 years (20-47) and males 

accounted for 59.3% of the sample. Amphetamines were used on 22.3±1.1 days out of 

the previous 30 days (10-30). Typical reported daily amphetamines use was 

AUD$270±45 (10-1200). Amphetamines were most commonly used by intravenous 

injection (69.6%). Others consumed amphetamines by smoking (26.1%) or orally 

(4.3%). Crystal methamphetamine (87.1%) was the most commonly used form of 

amphetamines, followed by powder (6.5%), base/paste (3.2%) and tablets (diverted 

amphetamine; 3.2%). The duration of the current episode of methamphetamine or 

amphetamine use was 40.0±8.8 months (2-276). Age at first use of amphetamines was 

18.3±0.7 years (13-39) and age at onset of dependence was 23.8±1.0 years (14-39). The 

majority of participants were in-patients (Chapter 4) and received pharmacotherapeutic 

treatment according to presenting symptoms, consisting largely of 5-10 diazepam as 

required for anxiety (n=31, 62.7%). Nine participants (15.3%) received 15-30 mg 

mirtazapine nocte as part of the mirtazapine trial, and the remaining participants 

received placebo for the trial (n=13, 22.0%; Chapter 6). 
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Table 3-1 Demographics and patterns of methamphetamine use (n=59) 

Gender 40.7 % females 

59.3 % males 

 Age 30.8 0.9 years  

(20-47) 

Route of 

administration 

(amphetamines) 

69.6% injection 

26.1% smoking 

4.3% oral 

 Form of 

amphetamines most 

frequently used  

87.1% crystal 

6.5% powder 

3.2% paste/base 

3.2% tablets 

Typical amount 

consumed in a 

day of use 

AUD$270 45          

(10-1200) 

 Duration of 

methamphetamine 

use episode 

40.0 8.8 months  

(2-276) 

Frequency of 

use (days  used 

in last 30 days) 

22.3 1.1 days (10 – 

30) 

  

Continuous data are presented as mean  

SEM (range). 

 

Data describing use patterns for other drugs are presented in Table 3-2. Almost half the 

sample reported a second drug of dependence (45.7%; 23.7% cannabis, 16.9% alcohol, 

3.4% MDMA and 1.7% benzodiazepines). Alcohol was used by 45.1% of respondents 

during the previous 30 days, on 12.1±2.6 days (1-28). The typical amount consumed 

was 2.3±0.5 standard drinks per day of use (1-8) and alcohol was last consumed 4.0±1.0 

days prior to study entry (0-21). Cannabis use was reported by 35.5% of respondents 

during the 30 previous days, on 17.8±3.1 days (1-30). Typically, AUD$31±1 of 

cannabis was consumed per day of use (5-150), with last use being 2.5±0.8 days prior 

(0-14). MDMA use was reported by 23.5% of respondents during the 30 previous days, 

on 1.25±0.2 days (1-2). AUD $78±16 of MDMA was consumed per session (40-150), 

with last use being 13.0±2.2 days prior to the interview (2-21). Benzodiazepines were 
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used by 15.7% of respondents during the 30 previous days, on 14.2±7.3 days (1-30), 

with last use 6.8±2.8 days prior (0-21). Opiates were used by 8.2% of respondents, on 

2.0 0.6 days in the previous 30 days (1-3). Two participants reported use of cocaine, 

both using AUD$20 of cocaine once or twice in the last 30 days, with last use being 2 or 

3 days prior to the interview. The use of hallucinogens or inhalants was not reported. 

Table 3-2 Other drug use data (n=59) 

Drug Used in 

last 30 

days 

(%) 

Used in 

last 30 

days 

(days) 

Typical 

amount used 

in a day of 

use (AUD$) 

Days since 

last use 

Dependence 

(%) 

Alcohol 45.1 12.1 2.6 

(1-28) 

2.3 0.5 

(1-8) std 

drinks 

 

4.0 1.0 

(0-21) 

 

16.9 

Cannabis 35.5 17.8 3.1 

(1-30) 

31 1 

(5-150) 

2.5 0.8 

(0-14) 

 

23.7 

MDMA 23.5 1.2 0.2 

(1-2) 

78 16 

(40-150) 

13.2 2.2 

(2-21) 

 

3.4 

Benzodiazepines 15.7 14.2 7.3 

(1-30) 

Not 

purchased 
6.8 2.8 

(0-21) 

 

1.7 

Opiates 8.2 2.0 0.6    

(1-3) 

31 12  

(10-50) 

10.2 2.0  

(5-15) 

 

0 

Cocaine (n=2) (1-2) 20 (2-3) 0 

Hallucinogens 0 0 0 0 0 

Inhalants 0 0 0 0 0 
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  Among the demographic and drug use variables presented in Table 3-1 and Table 3-2, 

only age (r=0.18, p<0.02) and duration of the episode of methamphetamine use (r=0.22, 

p<0.02) significantly correlated with ACSA scores. Neither variable was a significant 

co-variate when entered into a repeated measures linear mixed model analysis for 

ACSA total score against abstinence duration (F(1,24.57)=0.281, p>0.05; F(1,4.05)= 

0.084, p>0.05, respectively).  

3.2.2.2.  Effect of abstinence period on withdrawal severity 

Changes in symptom severity scores over time were examined using repeated measures 

linear mixed model ANOVA. Mean ACSA total scores, ACSAR-CW scores and 

component scores are presented by day for the period 0-10 days in 



 

140 

 

Table 3-3 and Figure 3-1. Significant changes in scores by abstinence duration are 

described below. 

Effect of abstinence period on ACSA total score. Mean ACSA total scores declined 

from 38.7 5.6 on day 0 to 23.9 3.7 on day 10 out of a maximum possible score of 64 

(F(10,97.7)=3.84, p<0.001). Post hoc pair-wise comparisons indicated that ACSA total 

scores were significantly elevated on:  

 day 2 and day 3 compared with day 9 and day 10 (p<0.05) 

 days 0 to 4 compared with day 9 (p<0.05) 

 day 3 compared with day 7 and day 10 (p<0.05) 
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Table 3-3 Mean ACSA total, ACSAR-CW and component scores by day 

Days since 

last use 

N ACSA 

score 

 

ACSAR-

CW score 

Positive 

effects score  

Fatigue 

score  

Anxiety  

score 

 
(Maximum 

possible 

score) 

 (64) (148) (13.7) (23.4) (65.1) 

0 3 38.7  5.2 

 

95.3  16.2  3.7  1.0 

 

13.1  3.6 

 

44.5  7.8 

 1 16 31.0  3.5 

 

61.4  6.6 3.4 0.8 

 

10.2  1.1 

 

26.2  3.3 

 2 21 37.6  3.2 

 

74.0  6.5 1.8  0.7 

 

14.3  1.1 

 

29.9  3.4 

 3 25 33.8  2.8 

 

60.7  4.7 2.3  0.6 

 

12.0  1.1 

 

23.8  2.2 

 4 27 29.6  2.7 

 

55.1  4.4 3.1  0.6 

 

11.3  1.0 

 

20.7  2.1 

 5 20 29.0  3.5 55.9  5.7 2.5  0.6 

 

10.3  1.4 

 

19.9  2.6 

 6 22 28.6  3.4 

 

53.3  6.0 3.3  0.5 

 

9.2  1.2 

 

21.4  2.7 

 7 20  24.4  3.0 

 

45.4  5.4 2.8  0.5 

 

8.7  1.2 

 

17.4  2.4 

 8 12  24.8  4.4 

 

46.6  8.5 3.2  1.0 

 

8.0  1.3 

 

19.1  4.1 

 9 9  18.9  3.0 

 

33.4  4.6 4.6  0.7 

 

5.6  1.6 

 

12.4  1.8 

 10 9  23.9  3.7 

 

41.1  6.6 3.6  0.9 

 

7.6  1.5 

 

15.8  3.1 
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Effect on ACSAR-CW score. Abstinence duration significantly affected ACSAR-CW 

(F(10,90.6)=6.35 p<0.001). Mean ACSAR-CW scores declined from a maximum of 

95.3 16.8 on day 0 to a minimum of 33.4 4.6 on da 9, out of a maximum possible 

ACSAR-CW score of 148. Post hoc pair-wise comparisons indicated that ACSAR-CW 

scores were significantly elevated on:  

 day 0 compared with all other days (p<0.05) 

 days 1 to 3 compared with days 7 to 10 (p<0.05) 

 day 4 compared with day 9 (p<0.05) 

 

Effect of abstinence period on positive effects component score. Abstinence duration 

significantly affected positive effects scores (F(10,101.0)=2.35, p<0.02). Mean positive 

effects scores were maximal at 4.6 0.7 on day 9 and minimal at 1.8 0.7 on day 2, out of 

a maximum possible score of 13.7. Post hoc pair-wise comparisons indicated that the 

positive effects score was significantly greater on day 9 compared with day 2 (p<0.005).  

 

Effect of abstinence period on anxiety component score. Abstinence duration 

significantly affected anxiety component scores (F(10,87.6)=8.07, p<0.001). Mean 

anxiety scores declined from a maximum of 44.5 7.8 on day 0 to a minimum of 

12.4 1.8 on day 9. The maximum possible anxiety component score was 65.1. Post hoc 

pair-wise comparisons indicated that the anxiety component score was significantly 

elevated on the following days:  

 day 0 compared with all other days (p<0.005). 
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 day 1 compared with days 4,5 and 7 to 10 (p<0.05) 

 day 2 compared with days 7 to 10 (p<0.05) 

 day 3 compared with days 7, 9 and 10 (p<0.05). 

 

Effect of abstinence period on fatigue component score. Abstinence duration 

significantly affected fatigue component scores (F(10,102.2)=3.55, p<0.001). Mean 

fatigue component scores declined from a maximum of 14.3 1.1 on day 2 to a 

minimum of 5.6 1.6 on day 9, out of a maximum possible score of 23.4. Post hoc pair-

wise comparisons indicated that fatigue component scores were significantly elevated 

on: 

 day 2 compared with days 7 to 10 (p<0.05) 

 day 3 and day 4 compared with day 9 and day 10 (p<0.05) 

3.2.2.3.  Effect of abstinence period on withdrawal severity 

Changes in item scores over time were examined individually using repeated measures 

linear mixed model ANOVA, with the duration of abstinence in days as the fixed effect 

(Figure 3-2 and Table 3-4). Among the items contributing to the positive effects 

component, the items ‘energetic’ and ‘talkative’ were found to vary significantly with 

time. Post hoc analyses indicated that scores for ‘energetic’ were significantly lower on 

days 2 and 4 compared with day 9, and scores for ‘talkative’ were significantly elevated 

on day 0.  
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Among the items contributing to the fatigue component, the items ‘fatigue’, 

‘exhaustion’, ‘inactivity’, ‘increased appetite’, ‘muscle aches’, ‘slowed speech’, ‘muscle 

tension’,  ‘social avoidance’ and ‘poor concentration’ were found to significantly vary 

by day. Scores for these items were generally higher between days 0 and 3 and 

improved significantly by day 9 or 10. The item ‘muscle aches’ was significantly 

elevated on day 0 compared with all other days, and the item ‘increased appetite’ 

significantly recovered from day 1 levels by day 4. 

Among the items contributing to the anxiety component, the items ‘rapid respiration’, 

‘rapid heart rate’, ‘racing thoughts’, ‘heart pounding’, ‘tremor’, ‘restlessness’,  

‘decreased appetite, ‘sweating’, ‘anxiety’, ‘tension’, ‘agitation’, ‘easily startled’, 

‘irritability’, ‘hallucinations’, ‘depression’, ‘muscle tension’, ‘chills/clod flushes’, 

‘paranoid ideation’, ‘social avoidance’, ‘muscle aches’, ‘anhedonia’, ‘dry mouth’, and 

‘craving intensity’ were found to significantly vary by day. In general, scores on these 

items were significantly elevated between day 0 and day 3 and significantly improved 

by day 9. Scores for the items ‘rapid respiration’, ‘racing thoughts’, ‘rapid heart rate’, 

‘heart pounding’, ‘tremor’, ‘decreased appetite, ‘sweating’, ‘muscle aches’, ‘dry 

mouth’, and ‘craving intensity’ were significantly elevated during the initial 24-h 

period. 
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Figure 3-1 Methamphetamine withdrawal severity by abstinence period 

  

  

 

Figure 3-1  

 

 Figure 3-1. 

 Data represent mean scores  standard error 

of the mean.  
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Figure 3-2 ACSA-R item scores by abstinence period 
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 Figure 3-2 ACSA-R item scores by abstinence period (continued) 
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Table 3-4 Repeated measures linear mixed model ANOVA results for ACSA-R 

item scores 

Item Model P-value 

Positive effects items   

Confidence F(10,101.7)=1.24 0.275 

Calm/relaxed F(10,124.53)=0.94 0.499 

Thinking clearly F(10,101.84)=1.16 0.329 

Energetic F(10,1.3.26)=2.90 0.003 

Talkative F(10,120.12)=2.95 0.002 

Euphoria F(10,114.11)=1.48 0.157 

Fatigue items   

Hypersomnia F(10,115.99)=1.05 0.406 

Fatigue F(10,112.01)=3.09 0.002 

Exhaustion F(10,111.77)=3.77 <0.001 

Inactivity F(10,110.37)=2.39 0.013 

Motor retardation F(10,111.18)=1.171 0.086 

Increased appetite F(10,103.32)=3.00 0.002 

Muscle aches F(10,131.93)=4.82 <0.001 

Slowed speech F(10,144.00)=5.353 <0.001 

Muscle tension F(10,107.95)=3.18 0.001 

Social avoidance F(10,122.62)=2.65 0.006 

Poor concentration F(10,113.77)=2.98 0.002 
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Table 3-4 Repeated measures linear mixed model ANOVA results for ACSA-R 

item scores (continued) 

Item Model P-value 

Anxiety items   

Rapid respiration F(10,114.26)=3.47 0.001 

Rapid heart rate F(10,121.29)=.76 <0.001 

Racing thoughts F(10,122.34)=3.16 0.001 

Heart Pounding F(10,112.01)=3.09 0.001 

Bruxism F(10,94.48)=3.60 <0.001 

Tremor F(10,94.57)=3.88 <.0.001 

Restlessness F(10,95.93)=2.97 0.003 

Decreased appetite F(10,94.63)=2.99 0.003 

Sweating F(10,98.36)=3.80 <0.001 

Anxiety F(10,109.98)=3.60 <0.001 

Tension F(10,111.00)=2.59 0.007 

Agitation F(10,127.88)=4.72 <0.001 

Easily startled F(10,112.42)=2.95 0.003 

Irritability F(10,120.49)=3.33 0.001 

Hallucinations F(10,132.56)=2.30 0.016 

Poor concentration F(10,113.77)=2.98 0.002 

Depression F(10,113.77)=2.98 0.002 

Muscle tension F(10,107.95)=3.18 0.001 

Nausea F(10,105.41)=1.04 0.415 
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Table 3-4 Repeated measures linear mixed model ANOVA results for ACSA-R 

item scores (continued) 

Item Model P-value 

Anxiety items (continued)  

Chills/cold flushes F(10,112.26)=3.30 0.001 

Paranoid ideation F(10,90.48)=3.13 0.002 

Suicidal ideation F(10,101.15)=1.67 0.098 

Social avoidance F(10,122.62)=2.65 0.006 

Muscle aches F(10,131.93)=4.82 <0.001 

Anhedonia F(10,92.57)=4.41 <0.001 

Dry mouth F(10,91.10)=3.86 <0.001 

Craving frequency F(10,103.18)=1.19 0.304 

Craving intensity F(10,105.14)=0.78 0.651 

 

3.3.  Phase 2: Relative severity of methamphetamine withdrawal 

3.3.1.  Introduction 

Phase 1 of the study examined the temporal profile of methamphetamine withdrawal by 

measuring symptom severity among individuals during the syndrome. Significant 

recovery was observed by day 9 of withdrawal (Section 3.2.2.2). However, the limited 

data beyond this time period meant that it was difficult to ascertain whether recovery 

was ‘complete’, or the clinical symptoms were at this time, compared to non-affected 
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individuals. Therefore, a second cross-sectional analysis was conducted, in which 

participants in ‘early phase’ withdrawal (when symptoms tended to be most severe) and 

participants in ‘late phase’ withdrawal (when symptoms tended to improve 

significantly) where compared with 1) a control group unaffected by drugs of 

dependence, and 2) a general drug treatment cohort with minimal amphetamines use. 

3.3.2.  Methods 

3.3.2.1.  Participants 

Controls. The study was advertised to students before second-year pharmacology 

lectures and students were invited to participate. Consenting volunteers attended a data 

collection session at a university lecture theatre prior to a scheduled lecture. Sixty-six 

undergraduate students at The University of Western Australia completed single  

ACSA-R and the Opiate Treatment Index drug use section questionnaires (Darke et al., 

1991).  

Other drug dependent (OTHER DRUG DEP).  This sample consisted of individuals 

who were receiving treatment for alcohol or drug dependence other than amphetamines. 

Those reporting use of amphetamines in the preceding 30 days were excluded from this 

group. All were out-patients who participated in a client satisfaction survey conducted 

at Next Step Drug and Alcohol Services (EMDAC and SMDAC) between 2004 and 

2005.  This group consisted of n=137 subjects and will be labelled OTHER DRUG 

DEP. 
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Peak methamphetamine withdrawal (EARLY WD). Methamphetamine-dependent 

subjects were drawn from the cohort of methamphetamine-dependent individuals 

described in Chapter 2. Briefly, these were individuals receiving treatment for 

methamphetamine dependence at Next Step Drug and Alcohol Services in Western 

Australia (EMDAC and SMADAC) or the Langton Centre in New South Wales. These 

subjects were receiving treatment for methamphetamine dependence, including 

counselling or group therapy sessions and pharmacological treatments consisting of 

nocte mirtazapine (or placebo) or benzodiazepines as required. Data corresponding with 

abstinence days 0-3 formed one data group intended to reflect symptom characteristics 

at peak methamphetamine withdrawal (EARLY WD; n=66). Where subjects provided 

multiple measures within this time frame, data coinciding with their maximum ACSA 

total score were selected. 

Late methamphetamine withdrawal (LATE WD).  Data from methamphetamine-

dependent subjects corresponding with abstinence days 9-15 formed the group 

representing the later stages of methamphetamine withdrawal (LATE WD; n=22). 

Where subjects provided multiple measures within this time frame, data corresponding 

with their minimum ACSA total score were selected. All other data arising from 

methamphetamine-dependent individuals were excluded from this cross-sectional 

analysis. 
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3.3.2.2.  Measures 

All participants completed the ACSA-R questionnaire. Scores were calculated for 

ACSA total score (McGregor et al., 2007), ACSAR-CW score and the component 

scores as described in Chapter 2.  

The following data were also recorded among the methamphetamine dependent sample: 

gender; age; secondary drug of dependence; major route of amphetamine or 

methamphetamine administration; the form of amphetamines typically used; the typical 

daily amount of amphetamines used in AUD$, the number of days on which 

amphetamine or methamphetamine was consumed during the previous 30 days; and the 

number of days since methamphetamine or amphetamine was last used.  

3.3.2.3.  Data Analysis 

Descriptive statistics for continuous data for each group are presented as mean ± SEM 

(range). Frequencies of categorical data are presented as percentages within the given 

group. 

One-way ANOVA was used to examine differences in mean ACSA total score. 

ACSAR-CW score and mean component scores among the following groups: (a) 

CONTROLS (n=66), (b) OTHER DRUG DEP (n=137), (c) EARLY WD (n=66), and 

(d) LATE WD  (n=22). 

Post hoc Bonferroni-corrected pair-wise comparisons were computed to identify 

differences in mean scores between groups. All analyses were conducted using the 
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software package SPSS 16.0.1 (SPSS Incorporated, Chicago, United States). 

Continuous data are presented as mean  SEM (range) unless otherwise stated. 

3.3.3.  Results 

3.3.3.1.  Participant characteristics 

Among CONTROLS, no participant had used opiates, inhalants, amphetamines or 

MDMA during the previous 30 days. One control participant reported use of a 

benzodiapine on one occasion and one participant reported use of cannabis on one 

occasion in the previous 30 days. Almost half of the CONTROLS (48.5%) used alcohol 

during the previous 30 days. Overall, alcohol was used on a mean of 3.2±0.6 days out of 

the previous 30 days (0-22). This is consistent with the prevalence of weekly alcohol 

use by 20-29 year-old Australians in the general population (47.8%) (Australian 

Institute of Health and Welfare, 2008a) . Among those reporting alcohol consumption, a 

mean of 6.3±0.8 standard drinks (1-20) were consumed by CONTROLS on the last 

occasion of use, which was 4.2±0.9 days (1-20) prior to completing questionnaires. 

Among the OTHER DRUG DEP group, 54.9% were receiving treatment for primary 

dependence on opiates, 26.1% on alcohol, 6.3% on cannabis, and 8.1% for polydrug 

dependence. Among the 10% reporting use of heroin during the previous 30 days, 

heroin was used on 17.2±4.0 days (1-30) of the last 30 days, typically at a cost of 

AUD$121±27 per day of use (20-250). Among the 12.4% reporting alcohol use in the 

last 30 days, alcohol was last used 1.6±0.5 days (1-7) prior to participation, and 9.3±3.1 

standard drinks were consumed per day of use (0.14-30). Among the 48.5% reporting 
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cannabis use in the previous 30 days, cannabis was used on 14.2±1.7 days out of last 30 

days (1-30), last use was 2.3±0.6 days prior (0-18),  and the cost was AUD$18±2 per 

day of use (2-50). No subjects among the OTHER DRUG DEP group reported use of 

amphetamines, cocaine, hallucinogens, or inhalants during the 30 days preceding 

participation in the study. Two participants reported benzodiazepine use: once by one 

individual, and on each day of the last 30 days by another. 

Among the EARLY WD group, amphetamines were used on 19.4±1.5 days (4-30) out 

of the preceding 30, 10.6±0.4 days prior to participation in the study (0-28). The cost of 

amphetamine use was AUD$301±90 per day of use (10-1200). Among this group, all 

were receiving treatment for primary dependence on amphetamines (Table 3-1). Among 

the 71.4% reporting alcohol use in the last 30 days, alcohol was used 3.8±1.0 days (1-

21) prior, at 5.7±1.1 standard drinks per day of use (1-16). Among the 62.8% reporting 

cannabis use in the previous 30 days, cannabis was used on 12.6±2.9 days out of last 30 

(1-28), 5.1±1.3 days prior (0-21),  at a cost of AUD$30±12 per day of use (5-150). 

Among the 37.1% reporting MDMA use in the previous 30 days, MDMA was used on 

3.6±2.4 days out of last 30 days (1-25), last use was 12.1±2.2 days prior (1-21), and the 

cost of use was AUD$66±15 per day of use (10-150). None reported use of heroin, 

other opiates, benzodiazepines, cocaine, inhalants or barbiturates during the 30 days 

leading to participation in the study. 

Among the LATE WD group, amphetamines were used on 22.6±0.9 days (10-30) out of 

the 30, and last use was 1.7±0.1 days preceding participation in the study (0-28). The 

cost per day of amphetamine use was AUD$252±39 (5-1200) per day of use. Among 
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this group, all were receiving treatment for primary dependence on amphetamines (see 

Table 3-1). Among the 75.0% reporting alcohol use in the last 30 days, alcohol was 

used 11.8±3.8 days (1-30) in the previous 30 days, last use was 4.2±1.6 days (1-21) 

prior, and 4.3 ± 2.0 standard drinks (1-25) were consumed per day of use. Among the 

75.0% reporting cannabis use in the previous 30 days, cannabis was used on 19.0±6.2 

days out of last 30 days (1-28), last use was 6.5±2.1 days prior (0-21),  and the cost of 

use was AUD$20±7 per day of use (5-150). Among the 50.0% reporting MDMA use in 

the previous 30 days, MDMA was used on 5.2± 4.0 days out of last 30 (1-25), last use 

was 11.0±3.7 days prior (1-21),  and the cost of use was AUD$81±24 per day of use 

(45-150). No subjects in the LATE WD group reported use of heroin or other opiates, 

benzodiazepines, inhalants or barbiturates during the 30 days leading to participation in 

the study. One participant reported using AUD$20 cocaine on one occasion in the 

previous 30 days. 

3.3.4.  ACSA score among subject groups 

Significant variation in ACSA total score (McGregor et al., 2007)  was detected 

between the groups F(3,287)=56.84, p <0.001). Post hoc pair-wise comparisons 

indicated the following differences in ACSA total score (Figure 3-1; Table 3-2): 

a) The mean ACSA score among CONTROLS was significantly less than among all 

three drug-affected groups (p<0.005) 

b) Among those experiencing peak amphetamine withdrawal (EARLY WD ), the mean 

ACSA scores were significantly elevated compared with all other groups (p<0.001) 
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c) Among those experiencing late phase methamphetamine withdrawal at days 9-15 of 

abstinence (LATE WD), the mean ACSA score was significantly greater than 

among CONTROLS (p<0.005), but was not significantly different from those 

receiving treatment for other drug dependencies (OTHER DRUG DEP) (p>0.05). 

The rank order for ACSA total scores was EARLY WD > LATE WD = OTHER DRUG 

DEP > CONTROLS (p<0.001). 
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Table 3-5 Demographic and drug use characteristics 

 
CONTROLS 

(n=66) 
OTHER DRUG DEP 

(n=127)  
EARLY WD  

(n=66) 
LATE WD  

(n=22) 

Gender (% females) 62.1% 40.6% 45.6% 18.2% 

Age 
19.5 ± 0.2  

(18-24) 

37.3 ± 0.9  

(16-67) 

30.6 ± 0.9  

(21-48) 

31.1 ± 1.3  

(21 -45) 

Abstinence period (days) n.a. n.a. 1.7 ± 0.1 (0-3) 10.6 ± 0.4 (9-15) 

Days of amphetamines use in last 30 (days) 0 0 22.6 ± 0.9 (10-30) 19.4 ± 1.5 (4-30) 

Typical amount of amphetamines  per day of 

use (AUD$)
 0 0 

252 ± 39  

(5-1200) 

301 ± 90  

(10-1200) 

Primary drug of dependence n.a. 

54.9% opiates 

26.1 % alcohol 

8.1% polydrug 

6.3% cannabis 

2.7% other 

1.8% benzodiazepines 

100% amphetamines 100% amphetamines 
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Table 3-5 Demographic and drug use characteristics (continued) 

 
CONTROLS 

(n=66) 
OTHER DRUG DEP 

(n=127)  
EARLY WD  

(n=66) 
LATE WD  

(n=22) 

Form of amphetamines  typically used n.a. n.a. 

78.1% crystal 

15.6% powder 

6.2% paste 

 

80% crystal 

6.7% powder 

6.7% paste 

6.7% tablets 

Age first used amphetamines (years) n.a. n.a. 
16.6 ± 0.8  

(11-39) 

19.0 ± 1.2  

(14-39)  

Age first amphetamines dependent (years) n.a. n.a. 24.0 ± 1.1 (11-40) 24.9 ± 1.6 (16-39) 

Current amphetamines use episode (months) n.a. n.a. 37.1 ± 8.8 (2-276) 29.8 ± 8.8 (2-132) 

Typical route of amphetamines administration
 
 n.a. n.a. 

73.3% intra venous 

24.4% smoking 

2.2% oral 

 

60.0 % intra venous 

35.0% smoking 

5.0 % oral 
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3.3.5.  ACSAR-CW score among subject groups 

Significant variation in ACSAR-CW scores was detected between the groups 

(F(3,287)=51.09, p <0.001). Post hoc pair-wise comparisons indicated the following 

relationships (Figure 3-1; Table 3-2): 

 The mean ACSAR-CW score among the CONTROLS was significantly less than 

among all three drug-affected groups (p<0.005). 

 Among those experiencing peak methamphetamine withdrawal (EARLY WD), 

the mean ACSAR-CW score was significantly elevated compared with all other 

groups (p<0.001). 

 Among those experiencing late  methamphetamine withdrawal at days 9-15 of 

abstinence (LATE WD), the mean ACSAR-CW scores was not significantly 

different from those receiving treatment for other drug dependencies (OTHER 

DRUG DEP) (p>0.05). 

The rank order for ACSAR-CW scores was EARLY WD > LATE WD = OTHER 

DRUG DEP > CONTROLS (p<0.001). 

3.3.6.  Positive effects component score among subject groups 

Significant variation in positive effects component score was detected among the 

groups (F(3,283)=7.15, p<0.05). The positive effects component score was 

significantly reduced among the EARLY WD group compared with the CONTROL 

group (p<0.001), the OTHER DRUG DEP group (p<0.01) and the LATE WD group 
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(p<0.05). No other group differences in positive effects component score were 

detected. 

3.3.7.  Anxiety component score and drug use status 

Significant variation in anxiety component score was detected among the groups 

(F(3,246)=16.12, p <0.001). Anxiety component scores among the EARLY WD group 

were significantly higher than among all other groups (p<0.001). Anxiety component 

scores among the LATE WD group were significantly elevated relative to controls 

(p<0.01) but were not significantly different from scores among the OTHER DRUG 

DEP group (p>0.05). The rank order for anxiety component score was EARLY WD > 

LATE WD = OTHER DRUG DEP > CONTROLS. 

3.3.8.  Fatigue component score and drug use status 

Significant variation in fatigue component score was detected among the groups 

(F(3,248)=30.43, p <0.001). The mean fatigue component score among the EARLY 

WD group was significantly higher than among all other groups (p<0.001) and the 

mean fatigue component score among the OTHER DRUG DEP group was 

significantly higher than among the CONTROL group (p<0.05).  No other group 

differences in fatigue component scores were detected. 
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Table 3-6 Mean ACSA total, ACSAR-CW and component scores among subject 

groups 

 CONTROLS 

(n=66) 

OTHER 

DRUG DEP 

(n=137) 

EARLY WD 

(n=66) 

LATE WD  

(n=22) 

ACSAR-CW score 16.9 ± 1.5 34.6 ± 2.1 65.0 ± 3.4 36.0 ± 4.5 

Positive effects 

component score 

4.3 ± 0.3 3.6 ± 0.2 2.4 ± 0.3 4.0 ± 0.6 

Anxiety component 

score 

5.4 ± 0.6 13.8 ± 0.9 30.9 ±2.1 14.6 ± 2.7 

Fatigue component 

score 

4.4 ± 0.3 6.3 ± 0.4 13.1 ± 0.8 7.6 ±1.3 

ACSA total  score  10.9 ± 0.8 17.1 ± 1.0 35.0 ± 1.6 20.3 ± 2.4 
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Figure 3-3 Mean ACSA total, ACSAR-CW and component scores among subject 

groups 

  

  

 

 

*** p<0.001 

 

** p<0.005 

 

* p<0.05 
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3.4.  Discussion 

3.4.1.  Temporal profile of methamphetamine withdrawal severity 

Results from this study suggest that methamphetamine withdrawal is maximal 

between days 0 and 4 of withdrawal, and significant recovery in symptom severity 

may be observed between 7 and 10 days of abstinence. In general, symptoms were 

particularly elevated during the first 48 h of abstinence. These findings are consistent 

with previous reports of the temporal profile of methamphetamine withdrawal 

(McGregor, 2005).  

Results from the cross-sectional study (Phase 2) indicate that by the time 

methamphetamine withdrawal severity had significantly improved from peak levels, 

overall symptom severity remained significantly elevated relative to a control sample 

of undergraduate students who reported minimal drug use. However, symptom 

severity after day 9 of abstinence was comparable to levels reported among a more 

general drug treatment group.  

3.4.2.  Temporal profile of components of methamphetamine withdrawal 

This study also examined the temporal profile of the components positive effects, 

anxiety and fatigue which were described in Chapter 2. In general, scores on the 

anxiety and fatigue components followed similar trajectories to the ACSA total score 

(McGregor et al., 2007).  Although scores on the fatigue component were elevated 

during early withdrawal, after 9 days of abstinence, scores were similar to scores 

among the control group of undergraduates. Scores on the anxiety component were 

significantly elevated within the first 24 h of withdrawal, which may suggest a 
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role for anxiolytic or sedative medication during this period. Scores on the anxiety 

component were elevated during the first 3 days of withdrawal and significantly 

improved between 7 and 10 days of abstinence. However, after 9 days, anxiety scores 

remained significantly elevated relative to the control group of undergraduates. The 

persistence of overall methamphetamine withdrawal symptoms after nine days of 

abstinence appears to be owing to symptoms of the anxiety component (i.e. 

generalised CNS stimulation, anxiety and other psychological symptoms; Table 2-8), 

rather than symptoms of the fatigue component (e.g. hypersomnia, exhaustion and 

inactivity; Table 2-8). Nevertheless, scores on the anxiety component remained at 

similar levels as reported among the general drug treatment group. 

Scores on the positive effects component were reduced on day 2 relative to day 9, but 

otherwise remained unchanged with time. In the cross sectional analysis, positive 

effects component scores were significantly reduced among the early withdrawal 

group relative to the control group of undergraduate students. However, the positive 

effects component scores among the late phase of withdrawal group and the general 

drug treatment group were not different from the control group of undergraduate 

students. Therefore the reduction in the positive effects component scores appears to 

reflect impairment of normal levels of states such as confidence, calmness, clear 

thinking and energy (Table 2-8). 

3.4.3.  Temporal profile of ACSAR-CW scores 

ACSAR-CW scores represent a potential alternative measure of overall 

methamphetamine withdrawal severity (Chapter 2). Incorporating 37 items, the 

ACSAR-CW may be used to monitor a larger number of symptoms than existing 
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self-reported withdrawal scales (McGregor et al., 2007; Srisurapanont et al., 1999a). 

The present study demonstrates that ACSAR-CW scores changed significantly during 

the initial 7 to 10 days of withdrawal. Scores on the ACSAR-CW were highest within 

the first 24 h of withdrawal. Between days 7 and 10, ACSAR-CW scores significantly 

recovered from levels reported during days 0-3. Furthermore, ACSAR-CW scores 

during the initial 3 days of abstinence were significantly higher than scores among a 

more general drug treatment population, and among a control group of undergraduate 

students, which suggests discriminant validity for this measure. 

3.4.4.  Previous studies 

The observations from this study are consistent with previous observations of 

methamphetamine withdrawal. McGregor and colleagues (2005) measured 

methamphetamine withdrawal severity daily for up to 21 days among 21 Thai in-

patients and a sample of non-drug-using controls (all in-patients received oral B-

complex vitamin tablets daily, and three in-patients also received 5-10mg diazepam 

on a single occasion). Withdrawal symptoms were maximal during the 24 h period 

following last methamphetamine use, and reduced to near control levels after 

approximately one week of abstinence. The authors identified an ‘acute’ phase 

spanning the first 7-10 days of abstinence, and a ‘subacute’ phase continuing for at 

least a further two weeks (McGregor et al., 2005). In a similar study conducted 

among Australian in-patients, McGregor (2005) reported peak methamphetamine 

withdrawal severity on the first and second days of abstinence and elevated 

withdrawal severity at the completion of the 1-week observation period (standard 

treatment consisted of benzodiazepines or antipsychotics as required).  
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Newton and colleagues (2004) observed depressed affect among in-patients 

experiencing early methamphetamine withdrawal and noted that depressed mood 

declined during the first 3 days of abstinence (Newton et al., 2004). Others have 

reported that depression decreased significantly over 3 weeks. Mean levels of 

depression have been reported in the moderate range at admission, and were minimal 

at the end of the first and second weeks of abstinence (McGregor, 2005). In a case-

series report, depression peaked 48-72 h after last dose of amphetamines and 

improved after four days.  However, some signs of depression and fatigue persisted 

after two weeks and were problematic for a number of months in at least one case 

(Oswald & Thacore, 1963; Watson et al., 1972). In general, these studies reflect a 

profile of peak methamphetamine withdrawal occurring during the first 4 days of 

abstinence, significant recovery after 7-10 days, and persistent symptoms in some 

cases.  

3.4.5.  Drug use 

The methamphetamine-dependent participants in this study typically used the 

crystalline form of the drug by high-bioavailability routes of administration 

(intravenously or by smoking).  The methamphetamine-dependent participants tended 

to use high doses of methamphetamine on two-thirds of the days during the preceding 

month.  This pattern of use is consistent with the high-dose ‘binge’ pattern typical of 

dependent methamphetamine use (McKetin et al., 2006a; Simon et al., 2002b; Topp 

et al., 1995). Participants had been dependent on methamphetamine for 3 years on 

average, but there was a broad range in the duration of dependence. Although the 

duration of methamphetamine use correlated with withdrawal severity (measured as 
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ACSA total score), the correlation was relatively weak and the duration of use was 

not found to be a covariate in the repeated measures analysis. However, in the cross-

sectional study described in Chapter 2, the duration of methamphetamine use was 

found to be  a significant predictor of withdrawal severity, and McGregor and 

colleagues (2005) also reported that the duration of methamphetamine use was a 

significant predictor of withdrawal severity (McGregor, 2005).  

There was a substantial amount of other drug use among the cohort. Over half were 

dependent on a second drug, typically alcohol or cannabis. This is consistent with 

previous reports which indicated that that approximately two-thirds of Australian 

patients who received treatment primarily for methamphetamine use in 2006 had 

additional drug problems (Australian Institute of Health and Welfare, 2007a)   and 

that methamphetamine is commonly used in conjunction with other drugs (Australian 

Institute of Health and Welfare, 2008a).  The profile of methamphetamine withdrawal 

described here should therefore be interpreted in the context of a realistic sample of 

Australian methamphetamine users seeking treatment, rather than as an idealised 

cohort experiencing ‘pure’ methamphetamine withdrawal. Nevertheless, indices of 

other drug use were not found to influence measures of withdrawal severity. 

3.4.6.  Caveats 

The inclusion of data for day 0 implies that methamphetamine intoxication was 

experienced on that day, although the onset of withdrawal may have begun to emerge 

within the initial 24-h period. For example, symptoms such as anxiety may have 

reflected acute responses, rather than symptoms of withdrawal. As limited data were 

obtained at day 0 (n=3), it is difficult to draw conclusions regarding this time 
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period for the data discussed in Phase 1. Nevertheless, such symptoms may require 

treatment on presentation. 

The majority of participants in the study of the temporal profile of methamphetamine 

withdrawal (Phase 1) received medication to alleviate withdrawal. Medications 

predominantly consisted of 5-10 mg diazepam as required, in response to anxiety (in-

patients, Chapter 4); or 15-35 mg mirtazapine, for those in the mirtazapine trial who 

were randomised to the active group (Chapter 6). Therefore, the severity and duration 

of methamphetamine withdrawal, in particular the anxiety component, may have been 

underestimated in this study as a result of the treatment received by these patients. A 

similar approximation was necessary in a previous study of the temporal profile of 

methamphetamine withdrawal, in which symptomatic medications were prescribed 

(McGregor, 2005). However, as treatment-seeking methamphetamine dependent 

individuals the participants in this study may arguably represent more severe cases 

than in typical instances of methamphetamine withdrawal in the general community.  

The extent to which these factors impacted on the temporal profile and severity of 

methamphetamine withdrawal cannot be determined, and therefore must be 

considered when applying these findings more generally. Nevertheless, a similar 

temporal profile for the withdrawal syndrome was reported in a previous study of 

methamphetamine withdrawal conducted among Thai individuals who received 

minimal pharmacological treatment (McGregor et al., 2005). 
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3.4.7.  Implications  

The signs and symptoms of methamphetamine withdrawal arise, at least in part, from 

the depletion of dopamine, noradrenaline and serotonin (Barr et al., 2005; Kitanaka et 

al., 2008). Accordingly, animal experiments suggest that amphetamine- or 

methamphetamine-induced depletion of central monoamine levels corresponds with 

behavioural indicators of withdrawal (Barr et al., 2005; Kitanaka et al., 2008). 

Therefore, the time course of the withdrawal syndrome may reflect recovery of the 

normal functioning of monoaminergic components. For example, among rats exposed 

to amphetamine chronically, mesolimbic dopamine levels recovered to normal levels 

between days 5 and 10 of abstinence (Rossetti et al., 1992).  Among humans 

experiencing amphetamine or methamphetamine withdrawal, urinary excretion of the 

noradrenaline metabolite 3-methoxy-4-hydroxyphenylglycol decreased markedly after 

2 days of abstinence and remained low for 5 days. Depression levels were inversely 

correlated with noradrenaline metabolite levels, which is consistent with monoamine 

dysfunction as an underlying factor (Watson et al., 1972). 

Persistent residual mood disturbance may be associated with neurotoxicity induced by 

chronic methamphetamine consumption. Neurotoxicity refers to long-lasting 

reductions in markers of axon terminals that cannot be accounted for by acute 

pharmacological effects or neuroadaptive responses (McCann et al., 2004). 

Neurotoxicity has been observed among former methamphetamine-dependent 

individuals as reduced density of dopamine transporters, dopamine D2-receptors, 

vesicular monoamine transporter, serotonin transporter and a range of other markers 

(Chang et al., 2007; McCann et al., 2004). Significant reductions in neuronal markers, 
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particularly of dopaminergic and serotonergic neurons, can persist for several months 

(Nordahl et al., 2005; Sekine et al., 2006; Volkow et al., 2001a).  

The results of the present study suggest strategies that may be useful in the 

management of methamphetamine withdrawal. Symptoms of fatigue and anxiety 

appear to be maximal during the initial 24 h of withdrawal until day 4 of abstinence. 

The symptoms may require treatment for approximately 7 to 10 days.  Somatic and 

psychological symptoms of anxiety tend to persist and may require additional 

management beyond the acute withdrawal phase.  

The profile of symptoms may suggest that the antidepressant mirtazapine may be an 

appropriate medication to assist in the management of methamphetamine withdrawal. 

Mirtazapine has sedative and anxiolytic properties, in addition to its antidepressant 

effect (Anttila & Leinonen, 2001; de Boer, 1996; Westenberg, 1999). Based on these 

properties, mirtazapine appears to be an appropriate medication in the treatment of 

methamphetamine withdrawal (Kongsakon et al., 2005; McGregor et al., 2008). A 

placebo-controlled trial to assess this hypothesis is described in Chapter 6. 

The study also provides further evidence for the validity of the ACSAR-CW, which is 

a potential self-reported measure of overall methamphetamine withdrawal severity. 

The following chapter describes the development of a potential observer-rated 

measure of methamphetamine withdrawal severity. 
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Chapter 4.  Development, validity and reliability of a clinician-

rated amphetamine withdrawal scale (CAWS) 

4.1.  Introduction 

Present evidence suggests that the methamphetamine withdrawal syndrome largely 

consists of subjective experiences such as depressed mood, anxiety, anhedonia, drug 

craving and paranoid ideation (McGregor et al., 2007; Srisurapanont et al., 1999a; 

Srisurapanont et al., 1999b). The predominance of subjective symptoms tends to be a 

general characteristic of drug withdrawal syndromes (Handelsman et al., 1987; Kolb 

& Himmelsbach, 1938). The Amphetamine Withdrawal Questionnaire (AWQ) 

(Srisurapanont et al., 1999a), the Amphetamine Cessation Symptoms Assessment 

(ACSA) (McGregor et al., 2007) and the ACSA-R (Chapter 2) are all instruments that 

measure of methamphetamine withdrawal severity by self-report, and each 

predominantly measures subjective experiences of methamphetamine withdrawal.  

However, self-reported subjective symptom ratings may be interpreted or calibrated 

differently between subjects. Observer-rated scales provide an objective measure of 

symptom severity based on observable physical or behavioural signs, but may have a 

limited ability to accurately quantify subjective complaints, such as those arising from 

psychological symptoms. Ideally, an objective measure such as an observer-rated 

instrument should be used in parallel with a self-reported measure to monitor drug 

withdrawal syndromes (Handelsman et al., 1987; Kaplan & Saccuzzo, 2005; McIntire 

& Miller, 2007). 
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At present, there is no validated observer-rated scale that evaluates the severity of 

methamphetamine withdrawal. Conversely, the opiate withdrawal syndrome may be 

rated by clinical observation using the Objective Opiate Withdrawal Scale (OOWS), 

which was developed in parallel with the Subjective Opiate Withdrawal Scale 

(SOWS), a self-reported measure (Handelsman et al., 1987). The OOWS measures 

observable physical signs of opiate withdrawal such as yawning, rhinorrhea, 

lacrimation, mydriasis, piloerection and vomiting. The SOWS measures subjective 

experiences such as craving, hot and cold flushes, aching bones and muscles and 

anxiety. A comparison of these two opiate withdrawal instruments suggested that 

opiate withdrawal was rated as more severe subjectively on the SOWS than it was 

rated by observers using the OOWS instrument (Handelsman et al., 1987). Both 

modes of clinical assessment have advantages and disadvantages, and so the 

consideration of results from both self-reported and observer-rated scales may better 

inform clinical judgement than either mode of assessment alone (Handelsman et al., 

1987). Observer-rated assessment scales may assist clinical decision-making by 

assessing the validity of self-reported measures, and may be used in place self-

reported measures in instances where patients are unable to respond or may not 

provide an accurate account of their clinical status. 

4.1.1.  Aims 

The present study seeks to examine the validity and reliability of a novel observer-

rated instrument, the Clinician-rated Amphetamine Withdrawal Scale (CAWS). This 

chapter describes the design and evaluation of the following properties of the 

instrument: (a) internal consistency, (b) inter-rater reliability, (c) concurrent validity, 
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and (d) predictive validity of the instrument. 

Internal consistency refers to the capacity of a test item to measure the same attribute 

as the overall instrument (McIntire & Miller, 2007). Internal consistency may be 

evaluated by calculating item-total correlations and Cronbach’s coefficient alpha for 

the instrument. Item-total correlations and a Cronbach’s coefficient alpha approaching 

unity indicate good internal consistency (Cronbach, 1951). 

Inter-rater reliability describes the agreement between scores as rated by independent 

assessors. Inter-rater reliability therefore indicates the variability between assessors in 

their interpretation of the test instructions and clinical judgement. Inter-rater 

reliability may be evaluated as the Pearson product-moment correlation, where 

correlations coefficients approaching unity indicate good inter-rater relaibility 

(McIntire & Miller, 2007). 

Validity may be defined as the agreement between a test outcome and the particular 

quality it is designed to measure. Criterion validity refers to how well the test 

corresponds with an external indicator of the attribute to be measured. Concurrent 

validity is a form of criterion validity and may be evaluated as the Pearson product-

moment correlation between the test score and a validated measure of the attribute of 

interest. A Pearson correlation coefficient approaching unity indicates validity 

(Kaplan & Saccuzzo, 2005). 

Predictive validity is an alternate form of criterion validity where the criterion is an 

outcome that is dependent on the attribute being considered (Kaplan & Saccuzzo, 

2005). For example, withdrawal severity would be expected to diminish following an 
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appropriate treatment or period of abstinence. For example, McGregor and colleagues 

(2007) demonstrated predictive validity for ACSA total scores by showing that 

elevated ACSA total scores were associated with failing to complete treatment. 

Predictive validity for the ACSA total, ACSAR-CW and ACSA-R component scores 

were reported in Chapter 3, where measures of methamphetamine withdrawal severity 

were shown to significantly diminish with the duration of abstinence. 

Reliability and validity of the CAWS instrument was evaluated according to the 

analyses described above. The study was conducted in two phases. Phase 1 consisted 

of a pilot study of a draft scale which will be referred to as CAWS 1.0. The scale was 

tested among a sample of in-patients receiving treatment for methamphetamine 

withdrawal. Based on the performance of the CAWS 1.0 draft instrument and 

clinician feedback, a second version, referred to as CAWS 2.0 was tested. Phase 2 

describes construction and testing of CAWS 2.0. 

4.2.  Phase 1 – Pilot study: CAWS 1.0 

4.2.1.  Methods 

4.2.1.1.  Setting 

The study was conducted at the in-patient withdrawal unit of Next Step Specialist 

Drug and Alcohol Services East Metropolitan Drug and Alcohol Centre (EMDAC) in 

East Perth, Western Australia. EDAC is a publicly-funded inner-city drug and alcohol 

treatment clinic. 
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4.2.1.2.  Participants 

The sample consisted of 27 consecutive in-patients receiving treatment for 

methamphetamine withdrawal. Subjects remained within the in-patient unit for the 

duration of treatment, which was typically one week. The unit consisted of eight beds 

staffed by registered nurses at all times, a medical officer during business hours, and 

an on-call medical officer at other times. During admission, medication was provided 

in response to symptoms and typically consisted of diazepam for agitation or anxiety, 

and temazepam for insomnia.  

4.2.1.3.  The CAWS 1.0 instrument 

The draft Clinician-rated amphetamine withdrawal scale (CAWS 1.0) consisted of 8 

items (Appendix 2). CAWS 1.0 was based on the format of the revised Clinical 

Institute Withdrawal Assessment for Alcohol scale (CIWA-Ar) (Sullivan et al., 1989). 

The CIWA-Ar was in routine use within the host facility for the treatment of alcohol 

withdrawal and its format was familiar to clinical staff. Items included in the CAWS 

1.0 were based on DSM-IV criteria for amphetamine-type stimulants withdrawal 

syndrome and self-reported symptoms of amphetamine or methamphetamine 

withdrawal reported in the literature (Chapter 2). Items were intended to evaluate 

clinical assessment based on direct observation of the patient, rather than by patient 

self-report. The eight items were: ‘anger’, ‘depression’, ‘agitation’, ‘psychomotor 

retardation’, ‘anxiety-tension’, ‘activity’, ‘paranoid ideation’ and ‘confusion’. Item 3 

‘agitation’ was adapted from a corresponding item of the CIWA-Ar (Sullivan et al., 

1989).  
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4.2.1.4.  Procedures 

CAWS 1.0 item scores were allocated by registered nurses working in the withdrawal 

unit, based on their impression of symptom severity following observation of the 

patient for approximately 10 min. No specific training was provided on the use of the 

scale as the instrument contains directions for use, and the analyses were intended to 

reflect the performance of the scale in a realistic setting where specific training on its 

use may be minimal. CAWS 1.0 scores were recorded independently by two 

registered nurses (nominally ‘Rater A’ and ‘Rater B’) twice daily, at approximately 

1100 h (‘AM’ measures) and 1600 h (‘PM’ measures). Patients completed the ACSA-

R questionnaire at these times. 

4.2.1.5.  Data Analysis 

All data analyses were conducted using the software package SPSS 16.0.1 (SPSS 

Incorporated, Chicago, United States). Mean scores, SEM, and range were computed 

for each of the items. The percentage of ratings scored zero was calculated for each 

item.  

Scale performance was assessed by internal consistency (Cronbach’s alpha), and as 

significant correlations according the tests for inter-rater reliability, test-retest 

reliability, and concurrent validity. Where the overall scale did not meet the required 

scale performance for a reliability or validity test, the lowest-performing item for that 

test was deleted and the scale was re-examined.  
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4.2.1.6.  Internal consistency 

Internal consistency was evaluated as Cronbach’s coefficient alpha (Cronbach, 1951) 

and the Pearson product-moment correlation coefficients relating each item to CAWS 

1.0 or CAWS 1.1 total scores. 

4.2.1.7.  Inter-rater reliability 

Inter-rater reliability was assessed as the Pearson product-moment correlation 

coefficient between scores concurrently evaluated by Rater A and Rater B. Inter-rater 

reliability was determined for each of the eight items, the CAWS 1.0 total score, and a 

version of the instrument arising from deletion of an item according to the reliability-

validity criteria (CAWS 1.1, described below). 

4.2.1.8.  Test-retest reliability 

Test-retest reliability was assessed as the Pearson product-moment correlation 

coefficient between scores between AM and PM rating sessions. Test-retest reliability 

was assessed for each item score, and the overall CAWS 1.0 (or CAWS 1.1, see 

below). 

4.2.1.9.  Concurrent validity 

Concurrent validity was assessed as the Pearson product-moment correlation 

coefficient between total CAWS 1.0 (or CAWS 1.1) and ACSA total scores 

(McGregor et al., 2007). The ACSA is a validated instrument that measures self-

reported amphetamine withdrawal severity (McGregor et al., 2007). Correlations 

between CAWS 1.0 (or CAWS 1.1) scores and ACSAR-CW and ACSA-R 

component scores (Chapter 2) were also computed. 
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4.2.1.10.  Predictive validity 

The CAWS 1.1 draft instrument would be expected to be clinically useful if scores 

were to significantly change according to withdrawal state. To test predictive validity, 

temporal changes in CAWS 1.1 scores were assessed using repeated measures linear 

mixed models ANOVA, where the fixed repeated measure was duration of admission 

and the dependent variable was CAWS 1.1 score. Post hoc Bonferonni-corrected pair-

wise comparisons in CAWS 1.1 scores were computed between treatment days. 

4.2.2.  Results 

4.2.2.1.  Descriptive statistics 

The mean age of participants (n=27) was 30.0 1.8 years and 33.3 % were male. The 

maximum duration of admission was 7 days. CAWS 1.0 measurements were available 

among 6 patients on day 5 (6 measurements in the morning, 6 measurements in the 

afternoon). 

Descriptive statistics for CAWS 1.0 item rater A AM scores are presented in Table 

4-2. Excepting item 6 ‘low activity’, items were predominantly rated zero. Among 

rater A AM measures, ‘psychomotor retardation’ and ‘anger’ were rated > 0 on 6 

occasions, ‘confusion’ was rated > 0 on four occasions, and ‘paranoia’ was rated > 0 

twice out of 51 occasions. 

4.2.2.2.  Internal consistency  

The CAWS 1.0 appeared to have inadequate internal consistency (Cronbach’s 

alpha=0.56). However, all items significantly correlated with the CAWS 1.0 (Table 
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4-3). When item 6 ‘low activity’ was excluded, Cronbach’s alpha increased to 0.80, 

indicating good internal consistency for the 7-item scale, which will be referred to as 

CAWS 1.1. All items in CAWS 1.1 significantly correlated with the total scale score 

(p<0.001 Table 4-3). 



 

 181 

Table 4-1 CAWS 1.0 data collected by admission day (Rater A) 

 

 

 

 

 

 

 

Admission 

day 

Number of 

AM measures 

Number of 

PM measures 

Total number 

of measures 

0 9 11 20 

1 13 12 25 

2 12 12 24 

3 10 9 19 

4 8 6 14 

5 6 6 12 

6 5 3 8 

7 1 1 2 
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Table 4-2 CAWS 1.0 item scores (Rater A, AM measures, n=51) 

Item Mean  SEM Range  %  rated zero 

Anger 0.28  0.12 0 – 4 88.7 

Depression 0.45  0.10 0 – 3 66.0 

Agitation 0.60  0.16 0 – 4 73.6 

Psychomotor 

retardation 
0.17  0.08 0 – 4 88.5 

Anxiety-tension 0.89  0.17 0- 4 56.6 

Low activity 1.75  0.32 0 – 7 41.5 

Paranoid ideation 0.11  0.08 0 – 4 96.2 

Confusion 0.13  0.08 0 – 4 92.5 
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Table 4-3 Item-total correlations for all CAWS 1.1 items (rater A, n=104) 

Item Item-total 

correlation    

(CAWS 1.0) 

p-value Item-total 

correlation   

(CAWS 1.1) 

p-value 

Anger 0.75 <0.001 0.83 <0.001 

Depression 0.43 <0.001 0.46 <0.001 

Agitation 0.76 <0.001 0.87 <0.001 

Psychomotor 

retardation 

0.47 <0.001 0.54 <0.001 

Anxiety-tension 0.76 <0.001 0.88 <0.001 

Paranoid ideation 0.52 <0.001 0.59 <0.001 

Confusion 0.50 <0.001 0.55 <0.001 

Low activity 0.31 0.002 -0.16* 0.109* 

*The item ‘low activity did not contribute to the CAWS 1.1 measure 

4.2.2.3.  Inter-rater reliability 

Independent Rater A and Rater B scores were available for 71 measures among the 27 

patients. CAWS 1.0 scores (r=0.55, p<0.001, n=71) and CAWS 1.1 scores were 

significantly correlated (r=0.52, p<0.001, n=71). Inter-rater correlations were 

significant for the items ‘anger’ (r=0.42, p<0.001, n=71), ‘depression’ (r=0.56, 

p<0.001, n=71), ‘agitation’ (r=0.32, p<0.01, n=71), ‘psychomotor retardation’ 
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(r=0.69, p<0.001, n=71), and ‘low activity’ (r=0.32, p<0.01, n=71). A trend for inter-

rater correlation was computed for the item ‘anxiety-tension’ (r=0.23, p=0.06, n=71). 

Inter-rater correlation was not significant for the item ‘confusion’ (r=-.04, p>0.10, 

n=71). Inter-rater correlation for the item ‘paranoid ideation’ could not be computed 

because this item was rated zero by all assessors in group A where concurrent Rater B 

measures were obtained.   

4.2.2.4.  Test-retest reliability 

CAWS 1.0 scores measured during AM sessions were significantly correlated with 

scores measured in the PM sessions (r=0.64, p<0.001, n=44). Similarly, CAWS 1.1 

test-retest scores were significantly correlated (r=0.54, p<0.001, n=44). Test-retest 

correlations were significant for the items ‘anger’ (r=0.71, p<0.001, n=44), ‘agitation’ 

(r=0.50, p<0.002, n=44), ‘anxiety-tension’ (r=0.42, p<0.005, n=44) and ‘low activity’ 

(r=0.42, p<0.005, n=44). Test-retest correlations were not significant for the items 

‘depression’, ‘psychomotor retardation’, ‘paranoia’ or ‘confusion’. 

4.2.2.5.  Concurrent validity 

CAWS 1.0 scores were found to correlate significantly with the ACSA total score 

(r=0.47, p<0.005 n=37). However, among the CAWS 1.0 items, only ‘low activity’ 

significantly correlated with the ACSA total score (r=0.43, p<0.01, n=37; Table 4-4). 

CAWS 1.0 scores were also found to correlate significantly with ACSAR-CW scores 

(r=0.58, p<0.001 n=37) and scores on the anxiety component (r=0.60, p<0.002, 

n=37). Among CAWS 1.0, the following items were found to significantly correlate 

with ACSAR-CW sores: ‘anger’ (r=0.34, p<0.05, n=37), ‘agitation’ (r=0.44, p<0.01, 
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n=37) and ‘anxiety tension’ (r=0.39, p<0.02, n=37). Among CAWS 1.0, the following 

items were found to significantly correlate with anxiety component sores: ‘anger’ 

(r=0.49, p<0.01, n=37), ‘agitation’ (r=0.59, p<0.002, n=37) and ‘psychomotor 

retardation’ (r=0.54, p<0.005, n=37), ‘anxiety tension’ (r=0.55, p<0.002, n=37) and 

‘paranoid ideation’ (r=0.48, p<0.02, n=37).  

Although CAWS 1.0 scores were not found to significantly correlate with scores on 

the positive effects component, the item ‘low activity’ was found to be inversely 

correlated with the positive effects component (r=-0.61, p<0.0001, n=37). Total 

CAWS 1.0 scores were not found to significantly correlate with scores on the fatigue 

component, but the item ‘low activity’ was found to be significantly correlated with 

this component (r=0.35, p<0.05, n=37). 

CAWS 1.1 scores were not found to significantly correlate with ACSA total score 

(r=0.24, p>0.05, n=37), suggesting a lack of concurrent validity. However, the 

correlation matrix presented in Table 4-4 indicates that CAWS 1.1 scores were 

significantly correlated with the ACSAR-CW score (r=0.42, p<0.02, n=37) and the 

anxiety component score (r=0.61, p<0.002, n=37). CAWS 1.1 scores were found to 

inversely correlate with scores on the positive effects component (r=-0.36, p<0.05, 

n=37), but were not found to correlate with scores on the fatigue component (r=0.12, 

p>0.05, n=37).  

Among the CAWS 1.1 items, only scores for ‘low activity’ were significantly 

correlated with ACSA total scores (r=0.43, p<0.01, n=37). However, ACSAR-CW 

scores correlated with scores for the items ‘anger’ (r=0.34, p<0.05, n=37), ‘agitation’ 
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(r=0.44, p<0.01, n=37) and ‘anxiety-tension’ (r=0.39, p<0.02, n=37) (Table 4-4). 

4.2.2.6.  Predictive validity  

CAWS 1.0 scores were not found to be significantly affected by treatment duration 

(F(7,58.52)=0.390, p>0.05). Similarly, CAWS 1.1 scores were not significantly 

affected by the duration of treatment (F(7,31.11)=0.906, p>0.05). However, no 

treatment duration effect was detected for ACSA scores (F(6,26.7)=1.17, p>0.05), or 

ACSAR-CW scores (F(6,26.5)=1.46, p>0.05) positive effects component scores 

(F(6,25.9)=0.93, p>0.05), anxiety component scores (F(6,26.7)=1.17, p>0.05), or 

fatigue component scores (F(6,17.72)=0.63, p>0.05). This may be have been owing to 

an insufficient observation period, or an inadequate sample size, since significant 

differences in ACSA total score were observed previously after 7-10 days (McGregor 

et al., 2005; Chapter 3). Thus, the duration of treatment and/or the number 

participants appear to have been insufficient to ascertain predictive validity for the 

CAWS 1.1 draft scale. Additionally, symptomatic medication during initial periods of 

admission may have minimised any changes in symptom severity during the period of 

admission.  
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Table 4-4 Correlations between CAWS 1.0, CAWS 1.1 and item scores, with 

ACSA total, ACSAR2, and ACSA-R component scores (Rater A, n=37) 

Note: Significant correlations (p<0.05) are presented in bold type. 

 ACSA total ACSAR-CW Positive effects Anxiety Fatigue 

 r p r p r p r p r p 

CAWS 1.0 0.47 <0.005 0.58 <0.001 0.08 >0.05 0.60 <0.002 0.29 >0.05 

CAWS 1.1 0.24 >0.05 0.42 <0.01 -0.36 <0.05 0.61 <0.002 0.12 >0.05 

Anger 0.26 >0.05 0.34 <0.05 0.19 >0.05 0.49 <0.01 0.23 >0.05 

Depression 0.02 >0.05 0.09 >0.05 0.17 >0.05 -0.03 >0.05 -0.09 >0.05 

Agitation 0.29 >0.05 0.44 <0.01 0.40 <0.02 0.59 <0.002 0.17 >0.05 

Psychomotor 

retardation 
0.18 >0.05 0.30 >0.05 0.24 >0.05 0.54 <0.005 0.02 >0.05 

Anxiety-

tension 
0.22 >0.05 0.39 <0.02 0.31 >0.05 0.55 <0.002 0.12 >0.05 

Low activity 0.43 <0.01 0.28 >0.05 -0.61 <0.001 -0.05 >0.05 0.35 <0.05 

Paranoid 

ideation 
0.17 >0.05 0.30 >0.05 0.23 >0.02 0.48 <0.02 -0.05 >0.05 

Confusion -0.01 >0.05 0.13 >0.05 0.26 >0.05 0.16 >0.05 0.04 >0.05 
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4.2.3.  Summary – CAWS 1.0 pilot study 

The CAWS 1.0 consisting of all eight items appeared to have inadequate internal 

consistency. This finding appears to be largely due to the item ‘low activity’. The item 

‘low activity’ was found to correlate with the fatigue component while the items 

‘anger’, agitation, ‘psychomotor retardation’ and ‘anxiety-tension’ were found to 

correlate with the anxiety component. Therefore, the lack of internal consistency for 

CAWS 1.0 arising from the inclusion of the item ‘low activity’ may reflect the 

inclusion of an item which measured an additional dimension of methamphetamine 

withdrawal. Exclusion of the item ‘low activity’ substantially improved internal 

consistency and the resulting scale, CAWS 1.1, was considered in subsequent 

analyses. Both the CAWS 1.0 and CAWS 1.1 scores were found to have adequate 

inter-rater reliability. In relation to the validated self-reported ACSA instrument 

(McGregor et al., 2007), the CAWS 1.0 displayed adequate concurrent validity, but 

CAWS 1.1 was not significantly correlated. Both versions had acceptable concurrent 

validity relative to ACSAR-CW scores and the anxiety component, but not the fatigue 

component. The ‘low activity’ item was found to be inversely correlated with the 

positive effects component and as a result, CAWS 1.1 scores were found to be 

correlated with this component, although CAWS 1.0 scores were not. 

Predictive validity was not demonstrated for CAWS 1.0 nor CAWS 1.1 scores. 

However, predictive validity could not be ascertained because the previously 

validated ACSA total score, as well as ACSAR-CW and component scores also did 

not significantly change during the assessment period. In addition, a number of items 

were predominantly rated zero, indicating that clinical staff did not frequently identify 
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evidence of the corresponding clinical signs. Since the CAWS 1.0 lacked internal 

consistency, and both versions lacked concurrent validity, the instrument was revised. 

Analysis of the revised instrument, CAWS 2.0, is described in Phase 2.  

 

4.3.  Phase 2 – Development and psychometric testing of CAWS 2 

4.3.1.  Methods 

4.3.1.1.  Setting 

The study was conducted at the in-patient withdrawal unit of Next Step Specialist 

Drug and Alcohol Services East Metropolitan Drug and Alcohol Centre (EMDAC) in 

East Perth, Western Australia, which is a publicly-funded inner-city drug and alcohol 

treatment clinic. 

4.3.1.2.  Participants 

The sample consisted of 110 consecutive in-patients receiving treatment for 

methamphetamine withdrawal. Subjects remained within the unit for the duration of 

treatment, which was typically one week. The eight-bed unit was staffed by registered 

nurses at all times, a medical officer during business hours, and an on-call medical 

officer at other times. During admission, medication was provided in response to 

symptoms and typically consisted of diazepam for agitation or anxiety, temazepam for 

insomnia and other medication to alleviate symptoms as required.  
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4.3.1.3.  The CAWS 2.0 instrument 

Based on outcomes from the pilot study and following discussions with nursing staff 

that had used the CAWS 1.0, a revised instrument was constructed and will be 

referred to as CAWS 2.0. The items ‘agitation’ and ‘paranoid ideation’ were retained 

with the addition of the brief instructions ‘observe psychostimulation’ and ‘observe 

unprompted complaints’, respectively. Further items were based on CAWS 1.0 items 

but were intended to better facilitate assessment of observable signs and behaviour 

with minimal subjective judgement. Additional items were introduced in response to 

reports from nursing staff that had used the draft scale. 

The draft item ‘anger’ was revised to ‘irritability’, with a specification to ‘observe 

irritability and anger’. The CAWS 1.0 item ‘depression’ was revised to ‘social 

avoidance’, with a specification to ‘observe mood and social avoidance’. This 

alteration was intended to facilitate objectivity by reporting on a specific behaviour 

that was thought to be an indicator of depressed mood. The CAWS 1.0 item 

‘psychomotor retardation’ was revised to ‘slow movements’, with a specification to 

‘observe body and limb movements’. The CAWS 1.0 item ‘anxiety-tension’ was 

revised to ‘muscle tension’, with a specification to ‘observe muscle tone’. The CAWS 

1.0 item ‘low activity’ was revised to ‘lethargy’, with a specification to ‘observe 

activity level’. The CAWS 1.0 item ‘confusion’ was expanded into two components: 

‘concentration’ and ‘comprehension/expression’.  

The item ‘concentration’ was given the specification ‘observe attention to tasks’. The 

item ‘comprehension/expression’ was rated zero if the patients ‘answered queries 

appropriately, concisely and coherently’, and was to be given a maximum rating 
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of 7 where the patient demonstrated ‘extreme difficulty comprehending verbal 

information, or where responses were considered ‘irrelevant and/or tangential’. 

Based on discussions with nursing staff, abnormal eye movements were reported to be 

frequently observed and were thought to be an indicator of distractibility, anxiety 

and/or paranoid ideation. Speech patterns were also thought to be affected by 

methamphetamine withdrawal, but anecdotal reports from nursing staff suggested that 

the direction changes in speech patterns (stimulated or depressed) varied between 

individuals. Therefore the items ‘eye movements’, ‘stimulated speech’ and ‘poverty 

of speech’ were tested in the revised CAWS 2.0 (Appendix 3).  

The item ‘eyes movements’ was given the specification ‘observe eyes wandering, 

avoiding contact, eyes constantly tracking’. The item ‘stimulated speech’ was given 

the specification ‘observe rate, stress and volume of speech’. The item ‘poverty of 

speech’ was given the specification ‘observe speech, brief, slow, monotonal’.  

4.3.2.  Procedures 

Registered nurses working in the withdrawal unit conducted observations and 

recorded CAWS 2.0 scores twice each day, at approximately 1100 h (AM) and at 

1600 h (PM).  At the corresponding times, the nurses were also requested to provide 

an unstructured rating of the participants’ withdrawal severity on a scale of 0-10, 

based on their overall clinical impression (OCI). At the same time, participants 

completed the self-reported ACSA-R questionnaire. CAWS 2.0 and OCI measures 

were recorded twice each day by two independent observers for 20 admissions, and 

measures were then taken by a single observer once a day during the PM period for 

the remaining admissions. 
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The following data were extracted from the medical records held at the host facility: 

age; gender; route of amphetamine or methamphetamine administration; duration of 

the current episode of amphetamines use; secondary drug of dependence. These data 

were collected by clinic staff as part of the clinic’s standard initial clinical assessment 

procedures for admission to the in-patient unit. The following data were recorded by 

self-report: the typical day’s amount of amphetamines used in AUD$; number of days 

on which amphetamines were consumed during the previous 30 days. 

4.3.3.  Data Analysis 

Internal consistency, inter-rater reliability, test-retest reliability, concurrent validity 

and predictive validity were examined following the methods described in Phase 1. 

Where the overall scale did not meet the required scale performance for a reliability or 

validity test, the lowest-performing item for the test was deleted and the resulting 

scale was re-examined. 

A factor analysis was conducted for the final scale. The program FACTOR was used 

for factor analysis computations (Lorenzo-Seva & Ferrando, 2006). The appropriate 

number of components to be extracted was determined using the Parallel Analysis test 

(Lorenzo-Seva & Ferrando, 2006; O'Connor, 2000) and the Principal Components 

Analysis algorithm was used (Tabachnick & Fidell, 2007). Preliminary analyses were 

conducted using the following component rotation algorithms: varimax, normalised 

varimax, oblimin, normalised oblimin, promax, normalised promax, promaj, 

normalised promaj and promin. Results were reported for the rotation method which 

yielded optimal component simplicity. Simplicity was indicated by scores on 

Bentler’s Simplicity Index (S) approaching unity  (Bentler, 1977). 
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4.3.4.  Results 

4.3.4.1.  Presenting characteristics 

The mean age of participants was 30.7 0.7 years (18-56) and 60.5 % were male. Most 

participants used amphetamines intravenously (83.3%) or by smoking (12.5%). The 

typical amount of a day’s use of amphetamines was AUD$323 51 (50-800), on 

23.2 1.6 days in the last 30 days (12-30). The duration of the current episode of 

amphetamines use was 49.1 14.7 months (1–276). The use of other drugs was 

common among the sample and 64.9 % reported a secondary drug of dependence. 

These included cannabis (29.7%), alcohol (13.5%) and heroin or other opiates 

(13.5%). The maximum duration of in-patient admission among the sample was 12 

days. CAWS 2.0 measures were available among 11 patients on day 7 and 3 patients 

on day 9 (Table 4-5).  
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Table 4-5 CAWS 2.0 data collected by admission data (Rater A) 

Admission day n AM measures n PM measures Total measures 

0 83 1 84 

1 80 12 92 

2 74 16 90 

3 73 20 93 

4 61 19 80 

5 45 15 60 

6 26 7 33 

7 9 6 15 

8 2 0 2 

9 3 0 3 

10 1 0 1 

11 1 0 1 

12 1 0 1 

 

Across admission days, the item ‘concentration’ was scored across the range 0-6. The 

items ‘irritability’, ‘social avoidance’ and ‘agitation’ were scored in the range 0-5 and 

the items ‘muscle tension’, ‘slow movement’, ‘poverty of speech’ and 

‘comprehension/expression’ were scored across the range 0-4. The items ‘paranoid 

ideation’ and ‘comprehension/expression’ were scored zero on more than 95% of 

occasions (Table 4-6). 
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Table 4-6 CAWS 2.0 item scores (Rater A, AM measures, n=449) 

Item Mean  SEM Range  %  rated zero 

Irritability 0.42  0.04 0 – 5 71.0 

Social avoidance 0.41  0.04 0 – 5 70.8 

Agitation 0.53  0.42 0 – 5 63.0 

Lethargy 0.87  0.06 0 – 4 48.8 

Muscle tension 0.29  0.03 0 – 4 76.6 

Slow movement 0.22  0.02 0 – 4 82.6 

Stimulated speech 0.11  0.02 0 – 4 91.8 

Poverty of speech 0.14  0.02 0 – 4 88.6 

Paranoid ideation 0.06  0.02 0 – 1 96.0 

Concentration 0.30  0.03 0 – 6 75.7 

Eye movement 0.14  0.02 0 – 3 88.8 

Comprehension/expression 0.07  0.18 0 – 4 95.1 

 

4.3.4.2.  Internal consistency 

All CAWS 2.0 items significantly correlated with the total CAWS 2.0 score 

(p<0.001). Item-total correlation coefficients for the items ‘paranoid ideation’ and 

‘comprehension/expression’ were less than 0.4. However, exclusion of these items did 

not diminish Cronbach’s coefficient alpha and CAWS 2.0 appeared to have adequate 

internal consistency (Cronbach’s alpha=0.67). 
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However, based on subsequent validity-reliability tests, the item ‘eye movements’ 

was deleted from CAWS 2.0, and the resulting scale was labelled CAWS 2.1           

(Section 4.3.4.3). All CAWS 2.1 item-total correlations were significant and CAWS 

2.1 appeared to have adequate internal consistency (Cronbach’s alpha=0.65; Table 

4-7). 

4.3.4.3.  Inter-rater reliability 

Concurrent Rater A and Rater B scores were collected for a total of 38 measures 

among 8 participants. CAWS 2.0 scores were not significantly correlated between 

raters (r=0.28, p=0.07, n=38). Therefore, the lowest-correlating item was deleted and 

the inter-rater reliability of the resulting scale was assessed. 

Inter-rater correlations were significant for the items ‘social avoidance’ (r=0.65, 

p<0.001, n=38), ‘lethargy’ (r=0.48, p<0.001, n=38), ‘slow movement’ (r=0.38, 

p<0.02, n=38), ‘stimulated speech’ (r=0.35, p<0.05, n=38) and ‘poverty of speech’ 

(r=0.48, p<0.005, n=38). Inter-rater correlations were not significant for the items 

‘irritability’ (r=0.23, p>0.05, n=38) ‘agitation’ (r=0.15, p>0.05, n=38), ‘muscle 

tension’ (r=0.19, p>0.05, n=38), ‘paranoia’ (r=-0.04, p>0.05, n=38), ‘concentration’ 

(r=-0.04, p>0.05,, n=38), ‘eye movements’ (r=-0.23, p>0.05, n=38) or 

‘comprehension/expressions’ (r=-0.04, p>0.05, n=38).  
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Table 4-7 CAWS 2.0 item-total Pearson correlations (Rater A, n=88) 

 Correlation with 

CAWS 2.0 score 

Correlation with 

CAWS 2.1 score 

Item r p r p 

Irritability 0.52 <0.001 0.53 <0.001 

Social avoidance 0.62 <0.001 0.64 <0.001 

Agitation 0.57 <0.001 0.57 <0.001 

Lethargy 0.54 <0.001 0.55 <0.001 

Muscle tension 0.38 <0.001 0.38 <0.001 

Slow movement 0.49 <0.001 0.50 <0.001 

Stimulated speech 0.40 <0.001 0.39 <0.001 

Poverty of speech 0.53 <0.001 0.52 <0.001 

Paranoid ideation 0.29 <0.001 0.29 <0.001 

Concentration 0.66 <0.001 0.64 <0.001 

Eye movements 0.55 <0.001 0.46 <0.001 

Comprehension/expression 0.27 <0.001 0.28 <0.001 
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The item with the lowest inter-rater correlation coefficient, ‘eye movements’, was 

deleted from the analysis. The inter-rater correlation for the resulting score, labelled 

CAWS 2.1, was found to be significant (r=0.36, p<0.05, n=38). CAWS 2.1 scores 

were therefore used in place of CAWS 2.0 scores in subsequent analyses. 

4.3.4.4.  Test-retest reliability 

CAWS 2.1 total scores measured during morning sessions were significantly 

correlated with scores measured in afternoon sessions among the Rater A group 

(r=0.68, p<0.001, n=54). Test-retest correlations were also significant for the items 

muscle tension (r=0.84, p<0.001, n=54), ‘stimulated speech’ (r=0.76, p<0.001, 

n=54), ‘poverty of speech’ (r=0.67, p<0.001, n=54), ‘agitation’ (r=0.61, p<0.001, 

n=54), ‘social avoidance’ (r=0.50, p<0.001, n=54), concentration (r=0.50, p<0.001, 

n=54), ‘muscle tension’ (r=0.34, p<0.001, n=54), ‘slow movement’ (r=0.35, p<0.02, 

n=54) and ‘eye movement’ (r=0.32, p<0.02, n=54). However, note that the item ‘eye 

movement’ does not contribute to the CAWS 2.1 score. Test-retest correlations were 

not significant (p>0.05) for the items ‘irritability’, ‘lethargy’ and ‘paranoid ideation’. 

4.3.4.5.  Concurrent validity 

CAWS 2.1 scores were significantly correlated with observer ratings on the simple 

unstructured OCI rating scale for methamphetamine withdrawal severity (r=0.75, 

p<0.001, n=278). All item scores were found to significantly correlate with OCI 

scores. Among the items which were most strongly correlated with OCI scores were 

‘agitation’ (r=0.46, p<0.001, n=278), ‘social avoidance’ (r=0.46, p<0.001, n=278), 

‘poor concentration’ (r=0.45, p<0.001, n=278) and ‘lethargy’ (r=0.45, p<0.001, 

n=278).  
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CAWS 2.1 scores were significantly correlated with ACSA total scores, albeit weakly 

(r=0.20, p<0.05, n=98). Among the CAWS 2.1 items, ‘irritability’ (r=0.30, p<0.005, 

n=98) and ‘lethargy’ (r=0.21, p<0.05, n=98), were found to correlate with ACSA 

total scores. 

CAWS 2.1 scores were not found to correlate with ACSAR-CW scores (r=0.16, 

p>0.05, n=98). Among the ACSA-R components, CAWS 2.1 total scores were 

inversely correlated with positive effects component scores (r=-0.27, p<0.01, n=98). 

The correlation between CAWS 2.1 and anxiety component scores approached 

significance (r=0.18, p=0.08, n=98), but CAWS 2.1 and fatigue component scores 

were not significantly correlated (r=0.09, p>0.10, n=98). 

Only the item ‘irritability’ correlated with ACSAR-CW scores  (r=0.36, p<0.001, 

n=97). The items ‘social avoidance (r=-0.21, p<0.05, n=97) and ‘eye movements’        

(r=-0.23, p<0.05, n=98) were inversely correlated with positive effects component 

scores. The item ‘irritability’ correlated with anxiety component scores (r=0.41, 

p<0.001, n=98) and the item ‘lethargy’ correlated with fatigue component scores 

(r=0.21, p<0.05, n=98). No other significant correlations between item scores and 

ACSA-R component scores were detected. 
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Table 4-8 Correlations between CAWS 2.1, item scores and ACSA total and 

component scores (Rater A, PM data, n=98) 

 ACSA total ACSAR-CW Positive effects Anxiety Fatigue 

 r p r p r p r p r p 

CAWS 2.0 0.20 <0.05 0.16 >0.05 -0.28 <0.01 0.18 >0.05 0.90 >0.05 

CAWS 2.1 0.20 <0.05 0.16 >0.05 -0.27 <0.01 0.18 >0.05 0.09 >0.05 

Irritability 0.30 <0.005 0.36 <0.001 -0.07 >0.05 0.41 <0.001 0.15 >0.05 

Social 

avoidance 
0.14 >0.05 0.06 >0.05 -0.21 <0.05 0.06 >0.05 0.08 >0.05 

Agitation 0.05 >0.05 0.06 >0.05 -0.13 >0.05 0.11 >0.05 -0.06 >0.05 

Lethargy 0.21 <0.05 0.12 >0.05 -0.15 >0.05 0.08 >0.05 0.21 <0.05 

Muscle 

tension 
0.1 >0.05 0.05 >0.05 -0.19 >0.05 0.04 >0.05 0.05 >0.05 

Slow 

movement 
0.12 >0.05 0.05 >0.05 -0.14 >0.05. 0.05 >0.05 0.04 >0.05 

Stimulated 

speech 
-0.07 >0.05 -0.04 >0.05 -0.05 >0.05 0.01 >0.05 -0.13 >0.05 

Poverty of 

speech 
0.13 >0.05 0.07 >0.05 -0.17 >0.05 0.08 >0.05 0.01 >0.05 

Paranoid 

ideation 
-0.06 >0.05 -0.04 >0.05 -0.11 >0.05 -0.04 >0.05 -0.01 >0.05 

Concentration 0.02 >0.05 -0.01 >0.05 -0.08 >0.05 0.03 >0.05 -0.10 >0.05 

Eye 

movement 
0.13 >0.05 0.11 >0.05 -0.23 <0.05 0.13 >0.05 0.08 >0.05 

Comprehensio

n/expression 
-0.08 >0.05 -0.07 >0.05 -0.03 >0.05 -0.07 >0.05 -0.08 >0.05 

Significant correlations (p<0.05) are presented in bold type. 
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4.3.4.6.  Predictive validity.  

CAWS 2.1 scores appeared to significantly vary with treatment duration, suggesting 

predictive validity (F(7,25.4)=4.02, p<0.005). Post hoc pair-wise comparisons 

indicated that mean CAWS 2.1 scores were significantly diminished on day 5 

compared with days 0 to 2 of treatment (Figure 4-1). At the time of admission, most 

participants had used methamphetamine within the preceding 3 days (94.7%, n=71) 

and were therefore likely to have been experiencing peak withdrawal or close to 

maximal withdrawal symptoms at some stage during admission. 

Among the CAWS 2.1 items, scores for ‘irritability’ (F(7,145.8)=2.28, p<0.05) and 

‘lethargy’ (F(7,205.7)=3.70, p<0.002) were found to significantly vary with treatment 

duration. Scores for the item ‘irritability’ were significantly elevated on day 2 

compared with days 4 and 5 of admission. Scores for the item ‘lethargy’ were 

significantly elevated on day 2 compared with day 5 and day 6. 

Figure 4-1 Mean CAWS 2.1 score by admission day 

 



 

 202 

4.3.4.7.  Factor analysis of CAWS 2.1 

Data for the factor analysis were drawn from 79 participants. Where participants 

provided multiple CAWS 2.1 measures, the first three measures obtained were used 

for the analysis. Fifty participants provided 3 measures, 18 participants provided 2 

measures and 11 participants provided one CAWS 2.1 measure each. A total of 197 

measures were entered into the factor analysis. Prior to computing the principle 

component analysis, data were tested for suitability (Tabachnick & Fidell, 2007). Data 

were normally distributed and no outliers were identified. The correlation matrix 

indicated a number of correlations exceeding 0.3, which suggested that the data were 

suitable for factor analysis (Thompson, 2004). 

The Parallel Analysis test (Lorenzo-Seva & Ferrando, 2006; O'Connor, 2000) 

predicted a two-component model for the factor analysis of the 11-item CAWS 2.1. 

Optimal simplicity for the analysis was obtained using the oblimin component 

rotation algorithm (S=0.995). The items ‘lethargy’, ‘poverty of speech, ‘slow 

movements’, ‘comprehension/expression’, ‘social avoidance’, and ‘agitation’ loaded 

onto the first component with component loadings greater than 0.3. The first 

component was interpreted as lethargy. The items loading onto component 2 with 

absolute component loadings larger than 0.3 were: ‘stimulated speech’, ‘paranoid 

ideation’, ‘muscle tension’, ‘agitation’ and ‘comprehension/expression’. The second 

component was interpreted as stimulation. The items ‘irritability’ and ‘poor 

concentration’ loaded onto neither component with an absolute factor loading greater 

than 0.30 (Table 4-9). 
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Table 4-9 Factor analysis matrix for CAWS 2.1 items (n=197) 

Items Lethargy Stimulation 

Irritability 0.007 -0.031 

Social avoidance 0.389 0.076 

Agitation 0.331 0.415 

Lethargy 0.938 -0.069 

Muscle tension -0.130 0.635 

Slow movements 0.497 0.005 

Stimulated speech -0.078 0.806 

Poverty of speech 0.590 0.023 

Paranoid ideation 0.068 0.719 

Poor concentration 0.261 0.149 

Comprehension/expression 0.427 0.384 

Component loadings >0.3 are presented in bold type. 

4.3.4.8.  Reliability and validity of CAWS 2.1 components 

CAWS 2.1 lethargy and stimulation component scores were computed by summing 

weighted item scores among the items with absolute component loading coefficients 

exceeding 0.3 for the given component (i.e. component score=∑(component loading × 

item score); for items with an absolute component loading of >0.3 for the 

component). The validity and reliability of both CAWS 2.1 components was assessed 

using the same tests that were applied to the overall CAWS 2.1 scale. 

Internal consistency was poor for the lethargy component (Cronbach’s alpha=0.33). 

Cronbach’s alpha coefficient was 0.54 for the stimulation component. Inter-rater 

reliability was poor for both the lethargy (r=-0.03, p>0.05, n=37) and stimulation 
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components (r=0.19, p>0.05, n=37). Test-retest reliability was acceptable for both 

components (lethargy: r=0.66, p<0.001, n=50; stimulation: r=0.60, p<0.001, n=50). 

Concurrent validity was poor with respect to the ACSA total score (lethargy: r=0.06, 

p>0.05, n=95; stimulation: r=0.08, p>0.05, n=95), ACSAR-CW score (lethargy: 

r=0.06, p>0.05, n=95; stimulation: r=0.03, p>0.05, n=95), fatigue component 

(lethargy: r=0.04, p>0.05, n=95; stimulation: r=-0.04, p>0.05, n=95), and the positive 

effects component (lethargy: r=0.07, p>0.05, n=95; stimulation: r=0.05, p>0.05, 

n=95). The CAWS 2.1 lethargy component was found to be significantly and 

inversely correlated with the ACSA-R anxiety component (r=-0.22, p<0.05, n=95), 

but a significant correlation was not detected between CAWS 2.1 stimulation and 

ACSA-R anxiety (r=-0.18, p>0.05, n=95). Correlations between OCI scores and 

CAWS 2.1 component scores were significant (lethargy: r=0.56, p<0.001, n=330; 

stimulation: r=0.53, p<0.001, n=330). 

4.3.4.9.  Reliability and validity of OCI scores 

Observer ratings on the simple unstructured rating scale (OCI scores) significantly 

correlated with ACSA total scores (r=0.29, p<0.02, n=79), suggesting concurrent 

validity for this measure. The correlation between OCI and ACSAR-CW scores 

approached significance (r=0.21, p=0.06, n=78). OCI scores were significantly 

correlated with scores on the anxiety component (r=0.24, p<0.05, n=78), were 

inversely correlated with scores on the positive effects component (r=-0.24, p<0.05, 

n=78) but were not found to correlate with scores on the fatigue component (r=0.05, 

p>0.05, n=78).  
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Although available data were relatively sparse, test-retest performance of the OCI 

appeared to be adequate (r=0.66, p<0.05, n=10). OCI scores significantly diminished 

with treatment duration (F(7,140.2)=2.85, p<0.01), indicating predictive validity. Post 

hoc pair-wise Bonferonni-corrected comparisons indicated that OCI scores were 

significantly less on day 5 of treatment compared with scores on days 0 to 2 (p<0.02). 

4.3.5.  Summary – CAWS 2 

The CAWS 2.0 scale was found to have good internal consistency, but the inter-rater 

correlation was not significant. Deletion of the item ‘eye movements’ from the 

CAWS 2.0 scale resulted in adequate inter-rater reliability for the resulting scale, 

which was labelled CAWS 2.1. The internal consistency of the CAWS 2.1 was 

marginally smaller than that of the CAWS 2.0, but remained adequate. Test-retest 

reliability and internal consistency of the CAWS 2.1 were found to be adequate, and 

the concurrent validity was partly demonstrated by a significant correlation with OCI 

scores, which were a simple rating of the clinicians’ overall clinical impression of 

methamphetamine withdrawal severity. Concurrent validity was also demonstrated by 

a significant correlation between CAWS 2.1 and ACSA total scores. CAWS 2.1 

scores appeared to predominantly be an indicator of the anxiety rather that the fatigue 

component of methamphetamine withdrawal since CAWS 2.1 scores were found to 

correlate with the anxiety component of the ACSA-R but not with the fatigue 

component. Predictive validity was demonstrated by significant changes in CAWS 2.1 

scores with the duration of treatment. CAWS 2.1 scores were significantly diminished 

by day 5 compared to ratings during the first 36 h of treatment. Thus, the CAWS 2.1 

instrument appears to be a valid clinician-rated measure of methamphetamine 
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withdrawal severity.  A factor analysis of CAWS 2.1 items identified two components 

which were labelled lethargy and stimulation. However, both components were found 

to have inadequate reliability and validity. Scores on the OCI appeared to have 

adequate test-retest reliability, concurrent validity and predictive validity. 

4.4.  Discussion 

This study describes the development, reliability and validity of the Clinician-rated 

Amphetamine Withdrawal Scale (CAWS). The final version of the CAWS 

corresponds with version CAWS 2.1 which consisted of 11 items: ‘irritability’, ‘social 

avoidance’, ‘agitation’,  ‘lethargy’, ‘muscle tension’, ‘slow movements’, ‘stimulated 

speech’, ‘poverty of speech’, ‘poor concentration’, ‘comprehension/expression’, and 

‘paranoid ideation’. The instrument required an observation of period of 10 min and 

could then be completed by clinicians within 2 min. The scale appeared to have 

adequate reliability and validity as a measure of methamphetamine withdrawal 

severity. A preliminary factor analysis suggested that CAWS 2.1 consists of two 

components labelled lethargy and stimulation. This finding broadly corresponds with 

the components fatigue and anxiety identified for the self-report ACSA-R scale 

(Chapter 2). However, the  CAWS 2.1 component scores were not found to be reliable 

or valid measures of methamphetamine withdrawal severity.  

A major indicator of concurrent validity was the correlation between the CAWS 2.1 

score and the ACSA total score. However, the ACSA is a self-reported instrument 

that predominantly measures subjective experiences associated with 

methamphetamine withdrawal, while the CAWS 2.1 instrument was designed to 

quantify observable signs of the syndrome.  At present, the only validated 
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measures of methamphetamine withdrawal are self-reported instruments (McGregor 

et al., 2007; Srisurapanont et al., 1999a). While not ideal for its use in validating 

observable signs, the self-reported ACSA total score is an appropriate reference 

instrument for validating methamphetamine withdrawal severity in the absence of a 

validated objective measure. Therefore, the relatively modest correlation between 

ACSA total score and CAWS 2.1 (r=0.21, p<0.05) may partly arise from these scales 

measuring subjective and observable dimensions of the same syndrome. Previously, 

subjective self-reported symptoms of opiate withdrawal were found to be rated more 

severely than observer-rated objective signs of the condition, and correlations 

between subjective SOWS scores and observer-rated OOWS scores were generally 

r<0.2 (Handelsman et al., 1987; Loimer et al., 1991). 

The measure OCI was an unstructured and unvalidated observer rating of overall 

methamphetamine severity. Nevertheless, the relatively strong correlation between 

OCI and CAWS 2.1 scores suggested that CAWS 2.1 scores were a valid observer-

rated measure of methamphetamine withdrawal severity. Analysis of CAWS 2.1 item 

correlations with OCI scores suggested that observer’s OCI scores particularly 

reflected ratings for the items ‘agitation’, ‘social avoidance’ and ‘poor concentration’. 

A preliminary examination suggested that OCI scores had adequate test-retest 

validity, concurrent validity and predictive validity. The simple OCI measure was 

found to significantly correlate with the ACSA total score (r=0.29, p<0.02), but as 

was the case for the CAWS 2.1, the correlation was not particularly strong. These 

results may suggest that a simple unstructured observer rating of methamphetamine 

withdrawal severity based on clinicians’ overall clinical impression (OCI) may also 

be a valid and reliable measure of methamphetamine withdrawal. However, the 
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validity of a single clinical rating may be a function of clinical experience and this 

factor may be considered in future studies. 

Many of the items comprising CAWS 2.1 required substantial subjective judgement 

on the part of clinicians (e.g. irritability, comprehension/expression, agitation, 

paranoia). Thus, for a number of items, inter-rater correlations were not found to be 

significant, although inter-rater reliability of the overall CAWS 2.1 scale was found to 

be sufficient.  

Individual items also appeared to be scored relatively conservatively. In particular, the 

item ‘paranoid ideation’ was scored at zero on most occasions. This finding may have 

been a consequence of the admission procedures at the host clinic, as patients with 

marked evidence of psychotic symptoms such as paranoia were referred to specialist 

mental health services. Although ‘paranoid ideation’ could not be reliably assessed 

among the present cohort, this item was retained in the final version of the scale as the 

presence of marked paranoia would be a significant clinical finding and may require 

particular clinical attention.  

CAWS 2.1 should ideally have been tested among a control sample of individuals 

who were not affected by methamphetamine or methamphetamine withdrawal to 

assess discriminant validity. 

A substantial use of other drug use was reported among the study cohort. In Phase 2 

of the study, 64.9% of subjects reported a second dug of dependence. Although 

perhaps not ideal for the purposes of validating a methamphetamine withdrawal 

measure, this pattern of drug use appears to represent a realistic typical sample of 
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Australian methamphetamine users who tend to report considerable use of other 

drugs, particularly alcohol, cannabis and MDMA (Australian Institute of Health and 

Welfare, 2008a). In addition, the in-patients involved in this study received 

medications such as benzodiazepines in response to symptoms. Therefore, since 

withdrawal from other drugs and in-patient medication may have contributed to the 

symptom profile among some of the participants, CAWS 2.1 validation studies should 

ideally be repeated among methamphetamine-dependent individuals with minimal use 

of drugs and where minimal treatment is provided. For example, McGregor (2005) 

reported on the withdrawal profile among 72 Thai patients with a smaller amount of 

other drug use who received minimal pharmacological treatment during withdrawal.  

This chapter describes the development and psychometric properties of the Clinician-

rated Amphetamine Withdrawal Scale (CAWS), which is a novel observer-rated 

measure of methamphetamine withdrawal severity.  The instrument may be used as a 

clinical measure of methamphetamine withdrawal severity based on observable signs, 

but should be used in conjunction with a self-reported subjective measure such as the 

ACSA (McGregor et al., 2007), the AWQ (Srisurapanont et al., 1999a), or the  

ACSA-R (Chapter 2 and Chapter 3). The CAWS was used to evaluate 

methamphetamine withdrawal severity in the clinical trial described in Chapter 6.  

Further validation studies for the CAWS 2.1 scale may ideally: (a) evaluate 

discriminant validity by incorporating a control group of individuals who do not use 

illicit drugs, (b) compare scores participants dependent methamphetamine alone, and 

subjects dependent on  other drugs to examine the specificity of the measure, and (c) 

be conducted among participants receiving minimal treatment during withdrawal, for 

example among a sample of untreated methamphetamine users. In addition, 
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further studies that relate CAWS 2.1 scores with specific clinical outcomes or 

treatment requirements may enhance the clinical utility of this measure. The CAWS 

2.1 represents an initial observer-rated scale that may benefit from subsequent 

iterations in the manner that the self-reported AWQ (Srisurapanont et al., 1999a) led 

to the development of the ACSA (McGregor et al., 2007) and the ACSA-R (Chapter 

2).  
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Chapter 5.  Determination of methamphetamine and  

mirtazapine in plasma and oral fluid 

5.1.  Introduction 

5.1.1.  Background 

Mirtazapine is an antidepressant with sedative and anxiolytic properties (Anttila & 

Leinonen, 2001). Based on its clinical profile, the drug was hypothesised to alleviate 

symptoms of methamphetamine withdrawal. A multi-site randomised placebo-

controlled trial was conducted to test this hypothesis among out-patients seeking 

treatment for methamphetamine withdrawal (Chapter 6). The present chapter 

describes high performance liquid chromatography (HPLC) methodss for the 

measurement of drug concentrations in plasma and oral fluid for use in the clinical 

trial. Assays were developed to determine methamphetamine, amphetamine, 

mirtazapine and desmethylmirtazapine concentrations in oral fluid and plasma.  

Methamphetamine and amphetamine determinations were used to examine illicit use 

among trial participants. Mirtazapine and desmethylmirtaszapine determinations were 

used to assess compliance with the medication among those participants who were 

randomised to receive active medication. 

Although plasma is a common matrix in drug exposure studies, oral fluid affords 

several practical advantages as an analytical matrix. For example, the collection of 

oral fluid samples does not require specialised training, the collection procedure is 

associated with less discomfort to the patient or research subject, and sample 

collection is not subject to complications that may be associated with 



 

 212 

compromised venous access which is frequently a problem among injecting drug 

users (Dyer & Wilkinson, 2008; Langman, 2007). In the study described in Chapter 6, 

oral fluid samples were collected from participants recruited from both the Next Step 

Drug and Alcohol Services South Metropolitan Drug and Alcohol Centre (SMDAC; 

Fremantle, Western Australia); and the Langton Centre (Surry Hills, New South 

Wales). Plasma samples were collected at the SMDAC trial site only. 

Methamphetamine and amphetamine concentrations in oral fluid have previously 

been reported following controlled dosing studies (Cook et al., 1993; Cook et al., 

1990). An analytical method for the quantification of mirtazapine in oral fluid has 

previously been published, but results for incurred samples were not reported 

(Doherty et al., 2007). 

HPLC is a technique which may be used to resolve separate analytes of interest in a 

sample and measure their abundance. Central to the technique is a column packed 

with a resin (stationary phase) through which a solution (mobile phase) is pumped, 

and onto which samples may be injected for analysis. The passage of a given analyte 

through the column will be influenced by a number of factors including: its relative 

affinity to the stationary and mobile phases; the column temperature; and the mobile 

phase flow rate.  Under set conditions (such as mobile phase, flow rate, surface 

chemistry of the stationary phase, and column dimensions), a given analyte will elute 

at a characteristic and reproducible elution or retention time. Quantities of the 

analytes may be measured using a detection device coupled to the HPLC system 

(Bird, 1989). In the method described in this chapter, an ulta-violet absorbance 

detector was coupled to an HPLC system (HPLC-UV) to quantify  methamphetamine, 

amphetamine, desmethylmirtazapine and mirtazapine in extracts of plasma or oral 
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fluid from a single chromatographic injection  (Cook et al., 1993). A method 

permitting analysis of both drugs within a single chromatographic run was required 

due to the limited volume of oral fluid collected from trial participants. The method 

may also have broader clinical utility given the poor venous access and limited oral 

fluid volumes which are commonly encountered among drug dependent subjects 

(Dyer & Wilkinson, 2008). 

5.1.2.  Phamacokinetics of methamphetamine and plasma concentrations 

In order to establish an appropriate plasma methamphetamine concentration range for 

analysis, it was necessary to estimate the likely range of methamphetamine 

concentrations in plasma and oral fluid arising from illicit use. However, clinical 

pharmacokinetic studies following methamphetamine dosing have been limited to 

low-to-moderate doses rather than the large-doses that appear to be typical of illicit 

use (Section 1.2.3). Forensic evidence suggests that plasma methamphetamine 

concentrations are typically in the range of 300-500 µg/L among offenders testing 

positive for methamphetamine (Logan, 1996; Melega et al., 2007). Reports from 

regular methamphetamine users indicate that typical methamphetamine doses may be 

50-500 mg per administration, and up to 4 g/day may be used (McKetin et al., 2006a; 

Stafford et al., 2006; Topp et al., 1995). However, these self-reported data were not 

reported with objective bioanlytical data.  

Among controlled clinical dosing studies, intravenous doses of methamphetamine 

have been limited to a maximum of 35 mg/kg, but these studies nevertheless provide 

rich detail about the pharmacokinetics of methamphetamine (Section 1.2.2).  An 

intravenous dose of 35 mg/70kg S-methamphetamine produced a maximum 
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methamphetamine plasma concentration (Cmax) of approximately 130  μg/L  within 

minutes of administration (Mendelson et al., 1995). Absorption was also rapid via 

vapour inhalation (smoking) with an estimated initial absorption half-life of 1.6 min 

(Cook et al., 1993). The bioavailability of methamphetamine via vapour inhalation 

was reported at 67-90% of the inhaled dose (Cook et al., 1993; Harris et al., 2003). 

Methamphetamine is also highly bioavailable by intra-nasal administration (79%) 

(Harris et al., 2003). Oral administration results in moderate bioavailability (67%) and 

a relatively slow absorption half life (~0.7 h), with Cmax observed after 3.5 h (Cook 

et al., 1992; Shappell et al., 1996). The volume of distribution for methamphetamine 

across different doses and administration routes is approximately 3-4 L/kg (Cook et 

al., 1993; Mendelson et al., 2006). Methamphetamine appears to accumulate in the 

plasma to a small degree with repeated dosing (Cook et al., 1992).  

The terminal plasma half-life of methamphetamine across the major administration 

routes is approximately 10 h across a number of studies, with substantial inter-

individual variability (3-17 h) (Cook et al., 1993; Harris et al., 2003; Newton et al., 

2005a; Perez-Reyes et al., 1991a; Shappell et al., 1996). Plasma concentrations 

arising from an intravenous dose of 35 mg/70 kg were detected in plasma at a 

sensitivity of >1 μg/L for 36-48 h (Mendelson et al., 2006). Following 30 mg 

intravenous or smoked methamphetamine, 24-h plasma methamphetamine 

concentrations were approximately 10 g/L and plasma amphetamine concentrations 

were approximately 3-6 g/L at this time (Cook et al., 1993; Mendelson et al., 2006; 

Newton et al., 2005c; Perez-Reyes et al., 1991a). Following oral administration of 20 

mg amphetamine, 24-h plasma amphetamine concentrations were approximately 15 

g/L (Brauer et al., 1996). Thus for the purposes of the trial described in Chapter 
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6, an analytical range of 10 g/L to 500 g/L for amphetamine and methamphetamine 

in plasma may be appropriate to detect illicit methamphetamine or amphetamine use 

within the preceding 24 h. The clinical pharmacokinetics of methamphetamine are 

described in Section 1.2.2.  

5.1.3.  Mirtazapine concentrations in plasma 

The plasma assay for mirtazapine in the present study was required to detect 

mirtazapine in plasma up to 18 h following therapeutic oral doses of 15-30 mg (i.e. 

during business hours, following a nocte dose). The pharmacokinetics of mirtazapine 

remains linear within the usual therapeutic range of 15-45 mg.  Oral bioavailability is 

50%, due largely to gut wall and hepatic first-pass metabolism. Among a number of 

studies of healthy males, 15 mg oral mirtazapine produced mean plasma mirtazapine 

maxima between 32 and 42 g/L, at 1.2 to 1.8 h post administration (Timmer et al., 

2000). Following single 30-mg oral doses, the maximum plasma mirtazapine 

concentration ranged from 56 g/L to 89 g/L between studies, and occurred 1.0 h to 

1.5 h after administration. The elimination half-life of mirtazapine varied between    

16 h and 40 h. With daily dosing, steady state plasma concentrations increased 10% 

relative to single dose experiments (Timmer et al., 2000). 

The mean steady-state trough plasma mirtazapine concentration following 30 mg/day 

dosing was 11 g/L (Timmer et al., 1997). Others reported a median 12-h plasma 

mirtazapine and concentration of 37 g/L following a 15-mg oral dose, and 48 g/L 

following a 30-mg dose (Meineke et al., 2004).  
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Mirtazapine undergoes N-demethylation to produce the metabolite 

desmethylmirtazapine, which accounts for approximately 25% of the ingested dose.  

In vitro and in vivo studies indicate that desmethylmirtazapine has 5- to 10-fold lower 

pharmacological activity than its parent compound, and it is estimated to account for 

3-6 % of the overall pharmacological activity of a dose of mirtazapine (Delbressine et 

al., 1998). 

In their review of the pharmacokinetics of mirtazapine, Timmer and colleagues (2000) 

reported that at steady state, 30 mg oral mirtazapine produced plasma 

desmethylmirtazapine maxima between 26 and 34 g/L, which occurred 1.6 to 3.2 h 

after administration. The elimination half-life of desmethylmirtazapine was 

approximately 25 h following a 30 mg oral dose of mirtazapine (Timmer et al., 2000). 

Others reported that median 12-h plasma desmethylmirtazapine concentrations were 

20 g/L following a 15-mg mirtazapine dose and 31 g/L following a 30-mg dose 

(Meineke et al., 2004). Thus, the plasma assay in the present study was required to 

detect plasma concentrations of 11 g/L mirtazapine and 20 g/L 

desmethylmirtazapine. 

5.1.4.  Analyte concentrations in oral fluid  

The major factors that influence the oral fluid/plasma concentration ratio  (O/P) for a 

drug include its lipid solubility, protein binding, and degree of ionisation (Haeckel, 

1993). Lipid solubility is required for diffusion across the membrane of epithelial 

cells separating saliva ducts from the systemic circulation. The protein component of 

oral fluid is typically small but drug binding to proteins such as albumin and α1-

glycoprotein may be significant in plasma (Kidwell et al., 1998). However, in the 
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present study, unbound or free drug concentrations were measured and the amount of 

drug bound to plasma proteins was not determined.  

The non-ionised, lipid soluble form of a drug may diffuse through the salivary 

epithelial cells, and therefore the degree of ionisation influences the equilibrium 

plasma and saliva concentrations. Unstimulated oral fluid is generally more acidic 

than plasma and basic drugs such as amphetamine (pKa 9.9), methamphetamine (pKa 

10.1)  and mirtazapine (pKa 7.7) may be expected to accumulate in oral fluid relative 

to plasma (Haeckel, 1993; Vree & Henderson, 1980). The relationship between pH 

and the oral fluid content of a basic drug may be described by the following 

expression which is based on the Henderson-Haselbach equation for basic drugs 

(Kidwell et al., 1998): 

[drug]oral fluid/[drug]plasma= (1+10
(pKa-pHoral fluid)

/1+10
(pKa-pHplasma)

) 

Where: [drug]oral fluid is the drug concentration in oral fluid; [drug]plasma is the drug 

concentration in plasma; pKa is the pKa of the basic drug; pHoral fluid is the pH of oral 

fluid; and pHplasma is the pH of plasma. The O/P ratio for a drug may also be 

influenced by salivary flow because increased salivary flow is associated bicarbonate 

in oral fluid and consequently with increased pH. Alternatively, accumulation of a 

drug in oral fluid relative to plasma might indicate an active transport mechanism 

(Haeckel, 1993; Kidwell et al., 1998). 

Cook and colleagues reported O/P ratio for methamphetamine of 6:1 with large inter-

individual variability following intravenous methamphetamine administration 

(coefficient of variation 51%) (Cook et al., 1993). Schepers and colleagues (2003) 
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also reported higher oral fluid compared to plasma methamphetamine concentrations 

following oral dosing of a sustained-release preparation.  The authors suggested that 

accumulation of methamphetamine in oral fluid may arise either from the lower 

salivary pH which would favour diffusion of basic molecules from plasma to oral 

fluid, or via an unidentified specific transport mechanism. The authors concluded that 

methamphetamine concentrations in oral fluid could not be used to predict plasma 

methamphetamine concentrations (Schepers et al., 2003). The pharmacokinetics of 

methamphetamine or amphetamine have not been characterised in oral fluid, except in 

a low-dose methamphetamine study using a sustained-release preparation (Schepers et 

al., 2003). Nevertheless, oral fluid is a more convenient sampling matrix than plasma, 

and may be an efficient indicator of recent drug use (Dyer & Wilkinson, 2008; 

Verstraete, 2004). 

A search of PubMed identified one study reporting mirtazapine and 

desmethylmirtazapine analysis in oral fluid. The study described analytical methods 

for detection of a suite of psychoactive medications and their metabolites, including 

mirtazapine and desmethylmirtazapine. However, the concentration of mirtazapine or 

desmethylmirtazapine in incurred samples were not reported (Doherty et al., 2007). 

5.1.5.  Purpose of the study 

The aim of this study was to develop an assay to permit the detection and 

quantification of methamphetamine, amphetamine, mirtazapine and 

desmethylmirtazapine in plasma and oral fluid to support the clinical trial described in 

Chapter 6. The assays should be capable of identifying mirtazapine or 

desmethylmirtazapine in plasma up to 18 h after administration of therapeutic 
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doses of mirtazapine (≥15 mg), as well as illicit methamphetamine or amphetamine 

use within 24 h. Based on data from pharmacokinetic studies, the minimum sensitivity 

of the plasma assay should be 10 g/L for methamphetamine (Cook et al., 1993; 

Mendelson et al., 2006), 15 g/L for amphetamine (Brauer et al., 1996), 11 g/L for 

mirtazapine (Timmer et al., 1997) and 11 g/L for desmethylmirtazapine (Meineke et 

al., 2004). A single assay method measuring each of the four analytes was required 

because specimen volumes were limited. This chapter reports the results of validation 

studies using spiked blank plasma and oral fluid spiked with known concentrations of 

the analytes. Results of determinations in patient samples appear in Chapter 6. 

5.2.  Methods 

5.2.1.  Specimens 

Blank blood and oral fluid specimens were collected from a healthy 32-year old male 

for use in assay calibration and validation procedures. Venous blood samples were 

collected by venipuncture into heparinised tubes (Becton Dickinson, North Ryde, 

New South Wales, Australia) and stored at 4 C for a maximum of 6 h. The whole 

blood samples were centrifuged at 1500 g for 10 min (Beckman J-6B centrifuge, 

Beckman Coulter, Fullerton, United States). Plasma samples were collected as the 

supernatant and were then stored at -20 C until analysed. Oral fluid samples were 

collected by direct expectoration into 10-mL polypropylene tubes (Sarstedt, 

Numbrecht, Germany) and stored at -20 C. Prior to extraction, oral fluid specimens 

were thawed at room temperature for 1 h and then centrifuged (1500 g for 10 min; 

Beckman J-6B centrifuge). The supernatant was collected for analysis. 
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5.2.2.  Chemicals 

Stock solutions of racemic ephedrine, amphetamine, methamphetamine, mirtazapine 

and desmethylmirtazapine were prepared separately in 10% methanol in double-

distilled water and stored at 4 C. Intermediate solutions were prepared in double-

distilled water from stock solutions and stored at 4 C. Racemic ephedrine, 

amphetamine, methamphetamine, and mirtazapine were obtained from Sigma 

Chemical Company (St. Louis, MO, United States). Racemic desmethylmirtazapine 

was sourced from Organon Australia (Lane Cove, New South Wales). Potassium 

dihydrogen orthophosphate (KH2PO4) was obtained from Univar, (Seven Hills, New 

South Wales).  HPLC grade acetonitrile, diethylether and methanol were obtained 

from Merck (Damstadt, Germany). 

5.2.3.  Extraction procedures 

Extraction procedures were modified from the methods described previously for the 

determination of mirtazapine and desmethylmirtazapine in plasma (Kristensen et al., 

2007). Plasma samples (1 mL) were spiked with 20 μL of 10 mg/L ephedrine (internal 

standard), alkalinised with 0.1 mL of 0.1 M sodium hydroxide and extracted into 8 

mL diethylether by shaking vigorously by hand for 10 min. Samples were then 

centrifuged at 1500 g for 10 min (Beckman J-6B centrifuge) and the organic layer was 

collected and back-extracted into 0.2 mL of 0.05 M hydrochloric acid by shaking 

vigorously by hand for 10 min. Samples were then centrifuged at 1500 g for 10 min 

(Beckman J-6B centrifuge) and the upper organic phase was discarded by aspiration. 

The acid solution was collected and residual diethylether was removed by 

centrifuging the extracts uncovered (1500 g, 30 min; Beckman J-6B centrifuge). 
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The extraction procedure for oral fluid was identical to that of plasma, except that 

aliquots of 0.2 mL oral fluid were used due to the limited volume of oral fluid 

specimens.  

5.2.4.  HPLC-UV conditions 

The HPLC-UV system consisted of a quarternary pump, degasser, autosampler and         

ultra-violet (UV) wavelength detector (Agilent 1100 series HPLC system, Agilent, 

Waldbronn, Germany). The HPLC-UV system was fitted with a Phenomenex Aqua 

C18 reverse phase column (5 μm, 250 mm x 2.6mm; Phenomenex, Torrance, United 

States) and the column was held at 30 C using a Phenomenex Thermosphere TM TS-

130 column temperature controller, (Phenomenex, Torrance, United States).  

The anlaytical method for mirtazapine and desmethylmirtazapine reported by 

Kristensen and colleagues was adapted to allow chromatographic separation of 

amphetamine and methamphetamine (Kristensen et al., 2007). A mobile phase of 9% 

v/v acetonitrile in 50 mM KH2PO4 (pH 2.5) was pumped through the analytical 

column at 1.8 mL/min. Acid extracts were injected in 100 μL aliquots and UV 

absorption was recorded at 210 nm using Agilent ChemStation 8.1 (Agilent, 

Walderbronn, Germany). 

5.2.5.  Calibration and validation 

Chromatograms were analysed in manual integration mode with ChemStation 8.1 

(Agilent, Walderbronn, Germany). Analytes were identified by retention time, and 

anlayte abundance was estimated as the ratio of anayte/internal standard peak 

absorbance at 210 nm. Batch calibration, quality control and validation procedures 
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followed the guidelines for a partial validation proposed by Shah and colleagues 

(Shah et al., 2000).  

To validate retention times, standard solutions of each analyte (~100 µg/L) were 

injected into the HPLC-UV system individually with each batch. Standard solutions 

of nicotine and caffeine (~100 µg/L) were also analysed to examine potential 

interference. 

Plasma calibration samples were prepared by spiking 1 mL blank plasma samples 

with equivalent quantities of the analytes (amphetamine, methamphetamine, 

desmethylmirtazapine and mirtazapine). Plasma calibration samples were prepared by 

spiking blank plasma to final concentrations of 10 μg/L, 20 μg/L, 50 μg/L, 100 μg/L, 

and 200 μg/L. The spiked plasma calibration samples were subjected to the extraction 

procedure described above. Oral fluid calibration samples were prepared by spiking 

blank oral fluid with equivalent quantities of each of the analytes to a final volume of 

0.2 mL at concentrations of 10 μg/L, 25 μg/L, 50 μg/L, 100 μg/L, 500 μg/L, 1000 

μg/L and 2000 μg/L of each analyte, which were then subjected to the extaction 

procedure. 

The lower limit of quantification (LLOQ) for each analyte was determined as the 

lowest measured concentration where the coefficient of variance (CV; CV=standard 

deviation*100%/mean concentration) among five spiked samples was <20%. The 

upper limit of detection (ULOQ) was defined as the highest measured concentration 

where the CV among five spiked samples was <15% (Shah et al., 2000). 
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Quality control samples of spiked blank plasma were prepared at 10 μg/L, 50 μg/L 

and 200 μg/L. Quality control samples of spiked blank oral fluid were prepared at 50 

μg/L, 500 μg/L and 2000 μg/L. Calibration curves were constructed by linear 

regression of analyte/internal standard peak height ratio, plotted against the spiked 

analyte concentration.  

Extraction efficiency was estimated from the recovery of the analytes from blank 

plasma spiked at 50 μg/L and from blank oral fluid spiked at 500 μg/L.  Recovery was 

calculated as analyte peak heights for extracts as a percentage of peak heights 

measured for corresponding standard solutions in 0.05 M hydrochloric acid. Recovery 

was estimated as the mean percentage recovery from five replicates.  

5.3.  Results 

5.3.1.  Specificity 

Approximate retention times were 7 min for ephedrine (internal standard), 9 min for 

amphetamine, 12 min for methamphetamine, 13 min for desmethylmirtazapine, and 

18 min for mirtazapine. Nicotine eluted at approximately 25 min (not shown) and 

caffeine eluted at approximately 10 min. Peak absorbance signals for both the 

potential contaminants adequately resolved from those of the internal standard and the 

analytes of interest (Figure 5-1). Chromatograms for both blank plasma and blank oral 

fluid indicated that analyte peaks were adequately resolved from the potential 

contaminants. 
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Figure 5-1 Chromatogram of analytes 

Chromatogram of ephedrine (internal standard) amphetamine, methamphetamine, 

desmethylmirtazapine and mirtazapine (analytes of interest) caffeine (potential 

interfering compound; all analytes at 100 µL of 100 µg/L). 

 

 

5.3.2.  Linearity 

Calibration curves were linear within the calibration ranges examined. Correlation 

coefficients for analyte/internal standard peak height ratios plotted against 

concentration in spiked plasma and oral fluid were r 0.99. Sample calibration curves 

for the analytes in both plasma and oral fluid are presented in Figure 5-2. 
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5.3.3.  Precision 

The precision of the method was estimated using spiked blank plasma and spiked 

blank oral fluid. Precision was estimated as CVs based on interpolated concentrations 

using 5 within-day replicates (intra-day CV) and 5 between-day replicates (inter-day 

CV) for  blank plasma spiked at 10 g/L,  100 g/L and 500 g/L and blank oral fluid 

spiked at 50 g/L, 500 g/L and 2000 g/L Assay precision data for spiked plasma 

are presented in Table 5-1 and precision data for for the oral fluid method are 

presented in Table 5-2. 

The LLOD for each analyte was 5 g/L in plasma. The LLOQ for each analyte in 

plasma was 10 g/L and the ULOQ for each analyte was 200 g/L.  

The LLOD in oral fluid for each analyte was 25 g/L. The LLOQ was 50 g/L and 

the ULOQ was 2000 g/L for each analyte in oral fluid.  

Representative chromatograms for spiked samples at LLOQ and ULOQ for plasma 

and oral fluid are presented in Figure 5-3.  
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Figure 5-2. Sample calibration curves 

Horizontal axes depict spiked analyte concentrations in blank plasma (A-D) or oral 

fluid (E-D). Vertical axes indicate peak height ratios for analyte/internal standard 

where ephedrine (200 µg/L) was the internal standard. 
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Table 5-1.  Intra-day and inter-day coefficient of variation (CV) for analytes in 

plasma 

Plasma Intra-day CV (%) n=5 Inter-day CV (%) n=5 

 10 g/L 50 g/L 200 g/L 10 g/L 50 g/L 200 g/L 

g/L g/L Amphetamine 13.0 14.8 13.6 18.2 10.0 4.6 

Methamphetamine 14.2 13.2 6.9 12.8 12.4 1.4 

Desmethylmirtazapine 13.1 14.8 6.8 18.5 3.7 0.9 

Mirtazapine 19.3 13.2 6.5 15.8 9.2 1.1 

CV = standard deviation×100%/mean concentration 

Table 5-2.  Intra-day and inter-day coefficient of variation (CV) for analytes in 

oral fluid 

Saliva Intra-day CV (%) n=5 Inter-day CV (%) n=5 

 50 g/L 500 g/L 2000 g/L 50 g/L 500 g/L 2000 g/L 

Amphetamine 3.0 5.8 4.1 13.9 6.1 3.4 

Methamphetamine 17.9 10.4 5.0 19.1 9.6 4.1 

Desmethylmirtazapine 9.0 3.2 4.5 12.1 11.6 4.1 

Mirtazapine 16.8 6.4 2.9 19.7 6.9 2.8 

CV = standard deviation×100%/mean concentration 
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Figure 5-3 Upper and lower limits of quantification (LLOQ and ULOQ) for 

analytes in plasma and oral fluid 

Representative chromatograms depicting upper and lower limits of detection for 

analytes in plasma and oral fluid. 
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5.3.4.  Extraction efficiency 

At 50 μg/L spiked plasma, extraction efficiencies were (mean  SEM): amphetamine: 

82 15%, methamphetamine: 82 15%, desmethylmirtazapine: 87 15%, and 

mirtazapine: 79 15%. At 500 μg/L spiked oral fluid, extraction efficiencies were: 

amphetamine: 87 15%, methamphetamine: 74 15%, desmethylmirtazapine: 78 13% 

and mirtazapine: 89 15%.  

 

5.3.5.  Trial participant specimens 

Plasma specimens were collected from participants enrolled at the Fremantle site of 

the clinical trial described in Chapter 6. Specimens were collected from 11 

participants, 7 of whom provided plasma samples on multiple occasions, resulting in a 

total of 25 participant plasma samples. Descriptive statistics for analyte 

concentrations in patient plasma are presented in Table 5-3. 
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Table 5-3 Descriptive statistics for analyte concentrations in participants’ plasma 

Analyte Detected            

(n (%))
#
 

Mean  SEM  (n)* Maximum 

concentration 

Amphetamine 15 (71 %) 59  8 g/L  (40) 115 g/L 

Methamphetamine 14 (67 %) 211  82 g/L (41) 806 g/L 

Desmethylmirtazapine^ 4 (19 %) [None  above LOQ] [None  above LOQ] 

Mirtazapine^ 4 (19 %) 21  5 g/L  (4) 35 g/L 

#
number (and percentage) of specimens where analyte concentration exceeded 

LLOD.  

*mean SEM calculations were limited to specimens concentrations exceeding 

LLOQ. 

^note that 4 of 25 plasma specimens were taken from participants exposed to 

mirtazapine at the time of collection, according to the trial procedure and 

randomisation schedule. 

Oral fluid specimens were collected from participants at both trial sites (Chapter 6). 

Specimens were collected from 30 participants, 21 of whom provided oral fluid 

specimens on multiple occasions, resulting in a total of 84 participant oral fluid 

specimens. Descriptive statistics for analyte concentrations in patient oral fluid are 

presented in Table 5-4. 
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Table 5-4.  Descriptive statistics for analyte concentrations in participants’ oral 

fluid. 

Analyte Detected (n (%)
#
 Mean  SEM (n) * Maximum 

concentration 

Amphetamine 57 (68 %) 269  28 g/L (41) 1646 g/L 

Methamphetamine   47 (56 %) 1363  317 g/L 

(41) 

8526 g/L 

Desmethylmirtazapine^ 12 (14 %) 102  21 g/L (6) 198 g/L 

Mirtazapine^ 19 (23 %) 122  21 g/L (9) 257 g/L 

#
 the number (and percentage) of specimens where analyte concentration was 

LLOD  

*mean  SEM calculations were limited to specimens concentrations exceeded 

LLOQ 

^ according to the trial procedure and randomisation schedule, 23 of the 84 

plasma specimens were taken from patients exposed to mirtazapine at the time 

of collection. 

Concurrent oral fluid and plasma specimens from the same patient at the same time 

point were quantifiable in four cases for methamphetamine, two cases for 

amphetamine, one case for mirtazapine, and in no cases for desmethylmirtazapine. 

The mean oral fluid concentration/plasma concentration (O/P) ratio for 

methamphetamine was 10  4 (mean  SEM). O/P ratios for the two available 

amphetamine cases were 6 and 11. The O/P ratio for the one available mirtazapine 
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case was 14. O/P ratio could not be determined for desmethylmirtazapine as all 

participant plasma concentrations were below quantifiable concentrations. The mean 

oral fluid concentration was 4-fold greater than the mean plasma concentration for 

amphetamine, 6-fold greater for methamphetamine, and 6-fold greater for 

mirtazapine. 

5.4.  Discussion 

This chapter describes the development and validation of a HPLC-UV method that 

was used to determine amphetamine, methamphetamine, mirtazapine and 

desmethylmirtazapine concentrations in plasma and oral fluid specimens for use in the 

clinical trial described in Chapter 6. The amphetamine and methamphetamine 

components of the assay were intended to be used to examine illicit 

methamphetamine or amphetamine use as an outcome variable of the trial. 

Mirtazapine and desmethylmirtazapine components were intended to be used to 

monitor compliance with the trial procedures among those participants who were 

randomised to receive mirtazapine. 

5.4.1.  Methamphetamine and amphetamine concentrations in plasma 

The methamphetamine component of the plasma assay appears to be appropriate for 

detecting illicit methamphetamine use within 24 h. In previous pharmacokinetic 

studies, 30 mg smoked or intravenous methamphetamine resulted in approximately 10 

g/L plasma methamphetamine after 24 h (Cook et al., 1993; Mendelson et al., 2006), 

which would be detected using the plasma assay presented here, but would be at the 

lower limits of detection and quantification (LLOD 5 g/L and LLOQ 10 g/L).  
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However, methamphetamine concentrations arising from high-dose illicit use, as in 

the current application, are likely to be substantially larger than 30 mg (Logan, 1996; 

McKetin et al., 2006a; Melega et al., 2007; Stafford et al., 2006; Topp et al., 1995). 

The plasma methamphetamine component of the assay therefore appears to be 

appropriate for the purpose of detecting illicit methamphetamine use in the preceding 

24 h.  

The mean plasma methamphetamine concentration in the study presented in Chapter 6 

was 211 μg/L (among the participant specimens found to have quantifiable 

concentrations of methamphetamine). This is approximately twice as large as the 

mean maximum plasma methamphetamine concentration after intravenous 

administration of 30mg methamphetamine (Newton et al., 2005a). Therefore, the 

results presented here are consistent with substantial methamphetamine intake. The 

largest plasma methamphetamine concentration measured in this study was 806 g/L, 

which is consistent with the upper range of plasma methamphetamine concentrations 

reported among driving offenders and detainees who tested positive for 

methamphetamine (Logan, 1996; Melega et al., 2007). 

5.4.2.  Mirtazapine and desmethylmirtazapine concentrations in plasma 

The mirtazapine component of the plasma assay appears to be appropriate for the 

purpose of detecting thereapuetic dosing of mirtazapine in the preceding 18 h. The 

LLOQ  and LLOD were less than the reported mean trough plasma concentration of 

mirtazapine of 11  g/L following 30-mg oral mirtazapine (Timmer et al., 1997), and 

median 12-h plasma mirtazapine concentrations following oral 15-mg or 30-mg doses 
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(Meineke et al., 2004). 

5.4.3.  Methamphetamine and amphetamine concentrations in oral fluid 

As reported previously (Cook et al., 1993; Schepers et al., 2003), methamphetamine 

accumulated in oral fluid relative to plasma. Thus, although oral fluid may not 

necessarily correspond with plasma methamphetamine concentrations, it is a 

convenient and efficient matrix for qualitative determination of methamphetamine use 

within 24 hours of specimen collection (Verstraete, 2004). 

Previous studies indicated that methamphetamine and amphetamine may be detected 

above 10 g/L for at least 24 h following low-to-moderate oral doses (Schepers et al., 

2003; Verstraete, 2004). Therefore, the analytical method reported here appears to be 

sufficiently sensitive to detect illicit use in the previous 24 h. Although oral fluid 

concentrations may not necessarily be used to predict plasma methamphetamine 

concentrations, it is a convenient and efficient matrix to assess illicit 

methamphetamine use within 24 hours of specimen collection (Cone & Huestis, 2007; 

Verstraete, 2004).  

5.4.4.  Mirtazapine and desmethylmirtazapine concentrations in oral 

fluid 

Although an analytical method for detection of mirtazapine and desmethylmirtazapine 

in oral fluid has been published (Doherty et al., 2007), results for incurred oral fluid 

samples  do not appear to have been reported. Mirtazapine is weakly basic (pKa 7.7) 

and may therefore be expected to accumulate in oral fluid relative to plasma (Kidwell 

et al., 1998). Results from patient samples presented in Chapter 6 are consistent 
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with this.  Therefore the limit of detection for mirtazapine in oral fluid for this assay 

(25µg/L) is likely to be appropriate to detect mirtazapine dosing within 18 h. 

However, in the absence of established trough oral fluid mirtazapine concentrations 

following therapeutic dosing, a failure to detect mirtazapine in oral fluid in the clinical 

trial reported in Chapter 6 at the sensitivity of 25µg/L may not necessarily indicate 

non-compliance. 

Desmethylmirtazapine was detected above the LLOQ in only three incurred plasma 

samples in the study presented in Chapter 6. Although desmethylmirtazapine has been 

detected in spiked oral fluid previously, quantitative data for incurred samples were 

not reported (Doherty et al., 2007). Therefore, the detection of desmethylmirtazapine 

in oral fluid specimens arising from patients (Chapter 6) represents a novel finding. 

Nevertheless, mirtazapine was more commonly detected than desmethylmirtazapine. 

Since desmethylmirtazapine is thought to account for only 3 to 6% of the 

pharmacological activity of the drug (Delbressine et al., 1998), the relevance of 

desmethylmirtazapine plasma and oral fluid concentrations for therapeutic monitoring 

in the present application is likely to be minimal. Future use of the assay presented 

here may omit the measurement of desmethylmirtazapine. 

5.4.5.  Assay performance 

The plasma methamphetamine sensitivity was equivalent to that reported previously 

for an alternative HPLC-UV assay developed in the same laboratory, where the 

LLOD and LLOQ in plasma were also 5 μg/L and 10 μg/L, respectively (Lam, 2004). 

Elsewhere, a recent HPLC-UV method used to measure urinary amphetamine and 

methamphetamine resulted in a higher (i.e. less sensitive) LLOQ of 20 μg/L 
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(Kumihashi et al., 2007). The present assay therefore shows satisfactory sensitivity 

for amphetamine and methamphetamine measurement in plasma compared with other 

HPLC-UV methods. Nevertheless the coefficients of variation at the lower limits of 

detection were close to the maximum tolerance level of 20% (Shah et al., 2000). 

5.4.6.  Limitations 

Adding the capacity to measure amphetamine and methamphetamine concentrations 

in plasma to an existing method for mirtazapine and desmethylmirtazapine 

(Kristensen et al., 2007) appeared to compromise the sensitivity for detection of the 

latter analytes. In the original method, mirtazapine and desmethylmirtazapine were 

detected in plasma at 1 μg/L and were quantifiable at 25 μg/L and 9 μg/L respectively. 

In comparison, the sensitivity of the present plasma assay was at least 2-fold lower for 

mirtazapine and at least five-fold lower for desmethylmirtazapine. Co-efficients of 

variation at LLOQs for all analytes were relatively high, although within acceptable 

limits (Shah et al., 2000). Development of separate chromatography methods for the 

analytes may have led to improved precision. However, this strategy may have 

required multiple sample injections and was not pursured due to the limited volume of 

patient specimens. The sensitivity of the present method using oral fluid specimens 

was five-fold less than its sensitivity in plasma, which corresponds with the five-fold 

smaller volume of oral fluid used. Collection of larger volumes of oral fluid may have 

allowed increased sensitivity of the method for each analyte in this matrix. 

The absorbance wavelength selected for  UV detection and qantification of the 

analytes (210 nm) was the same as that used by Kristensen and colleagues (2007) to 

detect mirtazapine and desmethylmirtazapine in plasma and milk samples, and by 
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Kumihashi and colleagues to measure amphetamine and methamphetamine 

concentrations in urine (Kumihashi et al., 2007). However, Lam (2004) used an 

absorbance wavelength of 200 nm to quantify methamphetamine in plasma. Using 

multiple absorbance wavelengths for detection of analytes may have increased the 

sensitivity compared with the method presented here. Furthermore, other analysts 

have noted that amphetamines have limited UV absorbance. Assay sensitivity has 

previously been  enhanced by derivatising amphetamines with modifying agents 

which are readily detected at UV wavelengths (Kraemer & Maurer, 1998). For 

example, Talwar and colleagues reported an analytical method for amphetamines 

using a    naphthaquinone-4-sulphonate derivatisation step prior to chromatography, 

and measured the derivatised analytes in urine extracts at wavelengths of 260 nm and   

450 nm (Talwar et al., 1999). 

Alternatively, use of a more sensitive and selective detection system such as tandem 

mass spectrometry may have led to increased sensitivity. For example, a liquid 

chromatography-tandem mass spectrometry method permitted the quantification of 

amphetamine and methamphetamine in plasma at 1 μg/L and 1.2 μg/L respectively, 

and in oral fluid at 1.5 μg/L and 0.6 μg/L respectively (Sergi et al., 2008). A liquid 

microextraction sample preparation method and liquid chromatography-tandem mass 

spectrometry analytical method was used to quantitate mirtazapine and 

desmethylmirtazapine plasma concentrations of 1.25 μg/L with stereoselectivity (de 

Santana & Bonato, 2008). 

Chromatograms presented in Figure 5-1 and Figure 5-3 suggest that the long retention 

time for mirtazapine (~18 min) was associated with attenuation of the mirtazapine 
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absorbance peak. Further optimisation to identify a more suitable column and HPLC 

conditions permitting a more appropriate chromatographic separation of the analyte 

peaks may have allowed for increased assay sensitivity, particularly for mirtazapine.  

Furthermore, the calibration samples for methamphetamine and amphetamine should 

have extended above the range used in the present study. In particular, the mean 

plasma methamphetamine concentration among quantifiable incurred samples 

specimens (211 μg/L; Chapter 6) was larger than the upper limit of the calibration 

curve (200 μg/L). As a result, several specimens were diluted and re-analysed. In 

retrospect, extending the calibration range to 1,000 μg/L for the plasma method, and 

to 10,000 μg/L for the oral fluid method would have been appropriate. 

5.4.7.  Summary 

The method presented here appears to have been suitable for the detection of 

methamphetamine, amphetamine and mirtazapine in oral fluid samples for use in the 

clinical trial described in Chapter 6. 

For each analyte, detection limits were 5 μg/L in plasma and 25 μg/L in oral fluid. 

Quantification limits (LLOQ) for each analyte were 10 μg/L in plasma and 50 μg/L in 

oral fluid. The oral fluid method appears to be appropriately sensitive for detection of 

methamphetamine use in the preceding 24-h period. However, it is not clear whether 

the oral fluid method is adequately sensitive for detecting mirtazapine dosing within 

the previous 18 h at the levels used in the clinical study (15-30 mg) because trough 

levels of mirtazapine in oral fluid have not previously been reported. Nevertheless, 

mirtazapine appears to accumulate in oral fluid relative to plasma (Chapter 6), and the 
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sensitivity of the plasma method (LLOD=5 μg/L, LLOQ=10 μg/L) appeared to be 

adequate to detect trough plasma levels of mirtazapine following therapeutic dosing 

(Timmer et al., 2000). This suggests that the sensitivity of the method for mirtazapine 

in oral fluid was sufficient. The plasma and oral fluid assays described in this chapter 

were applied to specimens collected as part of the clinical trial reported in Chapter 6. 
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Chapter 6.  A randomised placebo-controlled trial of 

mirtazapine for the management of methamphetamine 

withdrawal in an out-patient setting 

6.1.  Introduction 

This chapter describes a randomised double-blind, placebo-controlled clinical trial of 

the efficacy of mirtazapine in the treatment of methamphetamine withdrawal in an 

out-patient setting. The study was published in Drug and Alcohol Review 

(Cruickshank et al., 2008) and met the criteria for inclusion in a recent Cochrane 

Intervention Review of treatments for amphetamine withdrawal (Shoptaw et al., 

2009). 

6.1.1.  Methamphetamine withdrawal 

Regular methamphetamine use is associated with chronic depressed mood, irritability, 

anxiety and sleep disturbance (Dyer & Cruickshank, 2005; Hando et al., 1997; 

Vincent et al., 1998; Zweben et al., 2004). A withdrawal syndrome emerges on 

cessation of dependent use which is recognised by the American Psychiatric 

Association as ‘amphetamine-type stimulant withdrawal syndrome’ (American 

Psychiatric Association, 2000). Withdrawal is commonly reported among dependent 

methamphetamine users. For example, among a sample of 647 individuals dependent 

on amphetamines, 87.6% reported experiencing symptoms of withdrawal on cessation 

of use (Schuckit et al., 1999).  

The major reported symptoms of methamphetamine withdrawal are disturbed sleep, 
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depressed mood, anxiety, and craving (Gossop et al., 1982; McGregor et al., 2005; 

Oswald & Thacore, 1963; Srisurapanont et al., 1999a; Watson et al., 1972;      

Chapter 2). Acute methamphetamine withdrawal severity is maximal during the initial 

4 days of withdrawal and significantly improves following 7-10 days of abstinence 

(McGregor et al., 2005; Oswald & Thacore, 1963; Watson et al., 1972; Chapter 3). 

However, residual symptoms often persist for several months and may rise from the 

neurotoxic effects of methamphetamine (Johanson et al., 2006; Nordahl et al., 2005; 

Sekine et al., 2001; Sekine et al., 2003; Volkow et al., 2001c). To date there has been 

limited evidence to guide the clinical management of methamphetamine withdrawal 

(Shoptaw et al., 2009). 

6.1.2.  Treatment of methamphetamine withdrawal 

6.1.2.1.  Pharmacological treatment of methamphetamine withdrawal 

While established pharmacotherapies exist for alcohol and opiate withdrawal 

syndromes, there is a dearth of evidence guiding the pharmacological treatment of 

methamphetamine withdrawal (Lingford-Hughes et al., 2004; Shoptaw et al., 2009; 

Srisurapanont et al., 2002). Placebo-controlled trials have demonstrated a lack of 

efficacy for the antidepressants fluoxetine (Srisurapanont et al., 2001), paroxetine 

(Piasecki et al., 2002), sertraline (Shoptaw et al., 2006) and desipramine (Tennant et 

al., 1986). Other medications including aripiprazole (Tiihonen et al., 2007) 

ondansetron (Johnson et al., 2007a), gabapentin (Heinzerling et al., 2006), baclofen 

(Heinzerling et al., 2006) and lisuride (Gillin et al., 1994) have also failed to show 

efficacy in placebo-controlled trials. The atypical tricyclic antidepressant amineptine 

was found to reduce symptoms of methamphetamine withdrawal in two placebo-
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controlled controls, but this drug was withdrawn by its manufacturers following 

reports of abuse (Jittiwutikan et al., 1997; Shoptaw et al., 2009; Srisurapanont et al., 

1999b). 

Maintenance therapy is an alternative approach to treating drug dependence, where a 

medication may be prescribed as a less deleterious substitute for a drug of dependence 

rather than for alleviating symptoms of withdrawal symptoms. For example, 

methadone and buprenorphine are maintenance synthetic opiates that are commonly 

used in the treatment of opiate dependence (Lingford-Hughes et al., 2004).  Similarly, 

drugs such as methylphenidate, amphetamine and modafinil may decrease 

methamphetamine use among certain subgroups of participants (Elkashef et al., 2007; 

McGregor et al., 2008; Shearer et al., 2007; Shearer et al., 2001; Tiihonen et al., 

2007; White, 2000). The pharmacological treatment of methamphetamine withdrawal 

was reviewed in Section 1.4.1.  

6.1.2.2.  Psychological interventions for methamphetamine withdrawal 

In the absence of established pharmacotherapies, psychological interventions remain 

the most common mode of treatment for methamphetamine dependence and appear to 

have moderate overall effectiveness (Shearer, 2007). Cognitive-behavioural therapy 

(CBT) appears to be the most common psychological counselling approach used in 

the treatment of methamphetamine dependence  (Baker et al., 2004). CBT appears to 

be associated with reduced methamphetamine use and improved mood (Baker et al., 

2001b; Baker et al., 2005). Other forms of psychological support include twelve-step 

programmes (Room & Greenfield, 1993), psychoeducation (Galloway et al., 2000) 

and contingency management (CM), which is an approach that provides external 
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incentives for maintaining abstinence (Petry et al., 2005; Roll & Shoptaw, 2006). A 

number of reports suggest that CM alone or in combination with other interventions 

such as CBT is associated with reduced methamphetamine use (Rawson et al., 2006; 

Roll et al., 2006; Shoptaw et al., 2006; Shoptaw et al., 2005). Psychological 

interventions for methamphetamine withdrawal are reviewed in Section 1.4.2.  

6.1.3.  Mirtazapine 

The antidepressant mirtazapine (1,2,3,4,10,14b-hexahydro-2-methylpyrazino[2,1-

α]pyrido[2,3-c]benzazepine) is a derivative of the tetracyclic antidepressant manserin 

(Anttila & Leinonen, 2001). Both S- and R- enantiomers of mirtazapine are 

pharmacologically active and the racemate is often used in therapeutic formulations 

(Anttila & Leinonen, 2001). Mirtazapine is sometimes referred to as a noradrenergic 

and specific serotonergic antidepressant (NaSSA) (de Boer, 1996).  

S-Mirtazapine appears to enhance noradrenergic and serotonergic transmission 

through its antagonist effect at inhibitory noradrenergic α2–adrenergic autoreceptors  

and α2–adrenergic heteroreceptors on serotonin neurons (Anttila & Leinonen, 2001; 

de Boer, 1996). Sedative and anxiolytic properties of mirtazapine are likely to be 

mediated by the antagonist action of R-mirtazapine at 5-HT2- and 5-HT3-receptors, 

and/ or via blockade of histamine H1-receptors (Anttila & Leinonen, 2001).  

In a meta-analysis of placebo-controlled studies consisting of a total of 161 major 

depression patients treated with mirtazapine (5-35 mg/day), treatment was found to be 

associated with significant improvement in levels of anxiety within 1 week of 

treatment. Anxiolytic effects were observed to continue for up to six weeks and were 
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quantitatively similar to those measured among patients treated with the tetracyclic 

antidepressant amitriptyline (Fawcett & Barkin, 1998). 

In a double-blind placebo-controlled study, mirtazapine was found to significantly 

improve sleep and levels of anxiety among females awaiting gynaecological surgery. 

Therapeutic effects were found to be optimal at 15 mg nocte mirtazapine, and larger 

doses were associated with excessive morning sleepiness. The anxiolytic effect of 15 

mg mirtazapine was found to be similar to that of 10 mg diazepam (Sorensen et al., 

1985). Single acute mirtazapine dosing was found by others to reduce the time 

required for sleep onset and to increase sleep duration, particularly the amount of 

stage III sleep (Ruigt et al., 1990).  

As a medication with antidepressant, anxiolytic and sleep-promoting properties, 

mirtazapine appears to be suitable for alleviating symptoms of methamphetamine 

withdrawal. Previous studies conducted among Thai detainees (Kongsakon et al., 

2005) and among Australian in-patients (McGregor et al., 2008) suggest that 

mirtazapine may be beneficial for this condition. Within 3 days of mirtazapine 

treatment (15-30 mg/day), methamphetamine withdrawal severity among 

methamphetamine-dependent Thai detainees was significantly reduced compared with 

their placebo-treated counterparts (Kongsakon et al., 2005). An Australian 

retrospective case-controlled in-patient study also suggested that mirtazapine 

treatment was associated with reduced symptoms of methamphetamine withdrawal. 

The comparison group was a retrospective cohort of patients who had received 

standard treatment at the host clinic, which consisted primarily of pericyazine  

(McGregor et al., 2008). 
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6.1.4.  Aims 

The present study sought to examine the efficacy of mirtazapine as a treatment for 

methamphetamine withdrawal in an out-patient setting. It was hypothesised that a 

two-week course of nocte mirtazapine would alleviate methamphetamine withdrawal 

severity among out-patients seeking medical assistance to discontinue dependent 

methamphetamine use. A nocte medication regimen was used as the medication has 

been reported to promote sleep onset (Ruigt et al., 1990; Sorensen et al., 1985).  

The study was a double-blind, placebo-controlled trial, and both treatment groups 

were offered a five-week course of psychotherapy using the Narrative Therapy 

approach. The Narrative Therapy psychotherapeutic approach is intended to challenge 

patients’ existing perceptions of problems of concern. This modality is thought to 

facilitate the formulation of new perspectives or ‘narratives’ that  ‘allow for better 

function and higher degrees of agency’ (France & Uhlin, 2006). Narrative Therapy 

was used as it was the dominant mode of psychological support at the Langton 

Centre, which was anticipated to provide support for the majority of participants in 

this trial. 

6.2.  Methods 

6.2.1.  Recruitment 

The trial protocol and associated procedures were approved by the Human Research 

Ethics Committees of The University of Western Australia and the South Eastern 

Sydney and Illawarra Area Health Service. Study participants were provided with 

written information regarding research procedures, medications, and contact 
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details for after-hours medical emergency and drug information services (Appendix 

6). Study participants were recruited from two public inner-city drug and alcohol out-

patient clinics. These clinics were the Next Step Drug and Alcohol Services South 

Metropolitan Drug and Alcohol Centre (SMDAC; Fremantle, Western Australia); and 

the Langton Centre (Surry Hills, New South Wales). Participants were recruited 

between March 2005 and September 2006.  

Potential participants were identified by clinic staff at initial clinical contact and 

interviewed by research staff to assess study eligibility. Structured eligibility 

checklists based on inclusion and exclusion criteria were used to guide eligibility 

assessment (Appendix 7). Inclusion criteria were: being 18-65 years of age, meeting 

DSM-IV criteria for Amphetamine-Type Stimulant Dependence (assessed during 

interviews with patients using a checklist of DSM-IV criteria), and self-reported 

amphetamine or methamphetamine use during the prior 72 hours. Exclusion criteria 

were: (a) pregnancy or breastfeeding; (b) a medical condition for which mirtazapine 

was contraindicated (epilepsy, renal insufficiency, hepatic insufficiency, recent 

myocardial infarction); (c) psychiatric instability (a previous episode of psychosis 

unrelated to drug use and/or presenting with significant risk of suicide, as assessed by 

the treating physician); (d) known hypersensitivity or a previous adverse reaction to 

mirtazapine; (e) significant risk of withdrawal from other drugs; (f) currently 

receiving antidepressant medication; (g) referral for treatment through justice systems. 

Study eligibility was confirmed by each participant’s treating physician. All study 

participants provided informed written consent to participate in the study procedures. 

Participants were not remunerated for participation (Appendix 6). 
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6.2.2.  Study design and medication schedule 

Mirtazapine and placebo tablets were provided by Organon Australia Pty Ltd (Lane 

Cove, New South Wales, Australia). Randomisation was conducted independently by 

pharmacists at each site using the service of randomization.com (Dallal, 2003). 

Clinical staff, research staff and participants were blinded to the outcome of 

randomisation. The dosage was 15 mg nocte mirtazapine on the first two nights of the 

trial, and 30 mg mirtazapine nocte for a further 12 nights. Medications were provided 

to participants following enrolment in the trial. Participants were directed to self-

administer trial medication according to the dosage schedule, which was half a tablet 

(15 mg mirtazapine) prior to retiring on the first two nights, and one whole tablet (30 

mg mirtazapine) prior to retiring on each of the further 12 nights. 

6.2.3.  Psychological intervention 

The psychotherapy mode used in this project followed the Narrative Therapy 

approach (France & Uhlin, 2006). A manualised programme was specifically 

developed for psychostimulant users by therapists at the Langton Centre, who 

provided training to and ensured competency of therapists at SMDAC. Therapists 

were all clinical psychologists or in one case, a registered nurse with extensive 

psychotherapy experience in the drug and alcohol field. All participants were offered 

five weekly 45-min psychotherapy sessions. 

6.2.4.  Measures 

Demographic data were extracted from clinic registration records and consisted of 

age, gender, indigenous status, education level, marital status and accommodation 
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type. Drug use data consisted of the number of days of use in the past month, cost for 

a typical day of use in AUD$ (or the number of standard drinks in the case of 

alcohol), the number of days since methamphetamine use and Q-score for 

amphetamines, determined from the Opiate Treatment Index (OTI) drug use 

questionnaire (Darke et al., 1991). The drug classes considered in the OTI drug use 

questionnaire were amphetamines, cannabis, alcohol, MDMA, tranquillisers, cocaine, 

heroin, and other opiates. 

Data for outcome variables were collected on days 0, 3, 7, 14 and 35. Data collection 

sessions consisted of the self-reported questionnaire ACSA-R (Chapter 2), which 

generated an ACSA total score (McGregor et al., 2007), an anxiety component score, 

a fatigue component scores, a positive effect component score and an ACSAR-CW 

composite withdrawal score (Chapter 2). Other self-reported questionnaires included 

the 5-item Athens Insomnia Scale (AIS-5) (Soldatos et al., 2000); the Brief Symptom 

Inventory (BSI) Global Symptoms Index subscale (BSI-GSI), a measure of 

psychiatric morbidity (Derogatis, 1993); the Depression-Anxiety-Stress Scale (DASS) 

which generated DASS-depression (DASS-D), DASS-anxiety (DASS-A), and DASS-

stress (DASS-S) subscores (Lovibond & Lovibond, 1995), the Severity of 

Dependence Scale for amphetamines (SDS; Gossop et al., 1995); and the OTI drug 

use subscale, calculated as Q-scores, which indicate the average number of drug use 

occasions in the preceding month (Appendix 7).  

The Clinician-rated Amphetamine Withdrawal Scale (CAWS 2.1) was completed at 

each data collection session by clinical or research personnel as described in Chapter 

4. Higher scores on all measures (except the positive effects component) indicated 
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greater symptom severity. The number of psychotherapy sessions attended was also 

recorded. 

Approximately 0.5 mL to 1 mL of oral fluid was collected from participants by direct 

expectoration into a clean test tube at each data collection session. Specimens were 

stored at -20ºC until analysed. Concentrations of amphetamine, methamphetamine, 

desmethylmirtazapine and mirtazapine in oral fluid specimens were determined by 

HPLC-UV using methods described in Chapter 5. The lower limit of detection was 25 

µg/L in oral fluid for all anlaytes (Chapter 5).  

Plasma concentrations of amphetamine, methamphetamine, desmethylmirtazapine  

and mirtazapine were determined among participants in the SMDAC site only. 

Venous blood samples were collected by venipuncture into heparinised tubes (Becton 

Dickinson, North Ryde, New South Wales, Australia) and stored at 4 C for a 

maximum of 6 h. Whole blood samples were centrifuged at 1500 g for 10 min 

(Beckman J-6B centrifuge, Beckman Coulter, Fullerton, CA, United States). Plasma 

samples were collected as the supernatant, which were then stored at -20 C until 

analysed by HPLC-UV using methods described in Chapter 5. The lower limit of 

detection (LLOD) in plasma was 5µg/L for all anlaytes. 

6.2.5.  Data analysis 

In the first instance, data were analysed using an intent-to-treat approach. The 

duration of retention in the trial was compared between treatment groups using 

Student’s t-test and a Kaplan-Meier survival function. ACSA total score,        

ACSAR-CW, anxiety component, fatigue component, positive effects component, 
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CAWS 2.1, AIS-5, BSI-GSI, DASS (total and subscores), SDS, and OTI Q-scores, 

the frequency of methamphetamine-positive oral fluid specimens and the frequency of 

amphetamine-positive oral fluid samples were considered secondary outcome 

variables. Whole-sample mean scores at enrolement were compared with published 

mean normative and patient data using Student’s one-sample t-test where available, 

i.e. for the measures AIS-5 (Soldatos et al., 2003), BSI-GSI (Derogatis & Melisaratos, 

1983), DASS-S, DASS-D and DASS-A (Antony et al., 1998). 

Differences between treatment groups and changes in secondary outcomes variables 

over time were examined using repeated measures linear mixed model analyses.  

First-order autoregression models were employed. Treatment group was treated as a 

fixed effect, while data collection day was treated as a repeated fixed effect. Changes 

in symptom severity scores over time were further examined using Bonferonni-

corrected post hoc pair-wise comparisons between collection days. Frequencies of 

amphetamine- and methamphetamine-positive oral fluid specimens were compared 

using Fisher’s exact test (a) between  enrolment and subsequent collection periods and 

(b) between treatment groups.  

In secondary per-protocol analyses, secondary outcome variables were compared 

between the following three groups: 

 participants randomised to the placebo group (placebo), 

 participants randomised to the mirtazapine group who provided at least one 

mirtazapine-positive oral fluid specimen (i.e. above the limit of detection for 

mirtazapine; mirtazapine-positive), 
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  participants randomised to the mirtazapine group who did not provide any 

mirtazapine-positive oral fluid specimens (mirtazapine-negative). 

 Repeated measures linear mixed models were used to compare continuous secondary 

variables between the three groups and Fisher’s exact test was used to compare the 

frequency of methamphetamine-positive and amphetamine-positive oral fluid samples 

between placebo, mirtazapine-positive and mirtazapine-negative groups. 

Symptom measures were also compared between subjects attending 3 psychotherapy 

sessions and those attending <3 sessions using repeated measures linear mixed 

models. Statistical analyses were computed using SPSS 12.0 for Windows (SPSS 

Incorporated, Chicago, United States). The criterion for significance was p<0.05. All 

continuous data are presented as mean ± SEM and frequencies are reported as 

percentages of available data. 

6.3.  Results 

6.3.1.  Recruitment, randomisation and retention 

Ninety-one individuals were assessed for eligibility and 31 paticipants were enrolled 

in the study. The most common reasons for ineligibility were not having used 

amphetamines in the 72 hours prior to recruitment (55%) and psychiatric instability 

(20%). Thirteen participants were randomised to receive mirtazapine and 18 received 

placebo. Fifty-two percent of participants completed the two-week medication period 

and 32% completed the five-week study (Figure 6-1). The study was terminated 

without recruiting the intended number of participants (n=60) as the study medication 
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had reached its expiry date. 

 

Figure 6-1 Recruitment, randomisation and retention 

Study design flow chart (SMDAC: South Metropolitan Drug and Alcohol Centre, 

Fremantle, WA; Langton Centre: The Langton Centre, Surry Hills, NSW). 

 

 

6.3.2.  Presenting characteristics  

6.3.2.1.  Demographics and drug use 
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Baseline demographics and drug use characteristics are presented in Table 6-1 and 

Table 6-2 respectively. No significant differences in these variables were detected 

between treatment groups or between trial sites. 

Table 6-1 Presenting demographic characteristics 

Demographics   

Age 31±1 years 

Gender 63.3 % Male 

 36.7 %  Female 

Indigenous 3.3 % Indigenous  

Education 76.7 % Attended secondary school 

 16.7 % Attended university 

 6.7 % Attended technical college 

Marital status 61.3 % Single 

 30.0 % Married or de facto 

 6.6 % Separated or divorced 

Accommodation 89.7 % House or flat 

 10.3 % No usual residence/boarding house 

Continuous variables are presented as mean ± SEM. Categorical are variables 

presented as the percentage of available data among the whole sample 



 

 254 

Table 6-2 Presenting drug use characteristics 

Drug use 

 

Participants 

reporting use 

Days used in 

last month 

 

Q-score 

Cost per day of use 

(AUD $) 

Methamphetamine 100 % 22.4±1.6 1.8±0.3 223.17±54.40 

Cannabis 61.3 % 11.2±3.6 2.8±1.0 11.94±3.29 

Alcohol 54.8  % 10.8±2.7 2.8±1.0 Not reported 

MDMA 41.9 % 1.3±0.8 0.12±0.06 53.18±7.46 

Tranquilisers 25.8 % 1.2±0.1 0.3±0.1 2.94±0.89 

Cocaine 9.7 % 2.5±0.5 0.06±0.01 0.67±0.67 

Heroin 3.2 % 1 0.07 150 

Other opiates 6.4 % 1 0.07 10 

Methamphetamine use   

Previous treatment for 

problematic 

methamphetamine use 

17.9 %  

Preferred form 77.8 % Crystal 

 11.1 % Powder 

 7.4 % Paste 

 3.7 % Amphetamine tablets 

Preferred route of  54.8 % Intravenous injection 

administration 41.9 % Smoking 

 3.2 % Oral 

Continuous variables are presented as mean ± SEM, except heroin (n=1) and other 

opiates (n=2, both reporting the same use parameters). Categorical variables are 

presented as the percentage of available data among the whole sample 
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6.3.2.2.  Presenting symptoms 

The mean baseline ACSA score among all participants (37.6±1.9) was consistent with 

other studies of methamphetamine withdrawal, indicating significant withdrawal 

severity (McGregor et al., 2005; McGregor et al., 2007). Among all participants, 

scores at enrolment were: ACSAR-CW: 73.9±6.4; positive effects component: 

2.8±0.5;   anxiety component: 31.0±2.2; fatigue component: 12.3±0.8. The mean 

score for CAWS 2.1 at enrolment among all participants was 11.7±1.7. 

The mean AIS-5 score at enrolment was 8.7±0.7 and 66% of participants scored 

above the cut-off indicating nonorganic insomnia (Soldatos et al., 2003). The mean 

baseline BSI-GSI score (2.1±0.1) was significantly greater than published  mean 

scores among non-patients (0.30±0.01), and was not significantly different to a 

published mean score among psychiatric in-patients (1.4±0.9) (Derogatis & 

Melisaratos, 1983). The mean DASS total score was 72.7±4.5 and subscale scores 

were: DASS-D: 25.8±2.0; DASS-A: 20.0±1.5; and DASS-S: 26.4±1.6. These scores 

were significantly greater than mean scores reported among non-patient controls 

(DASS-D: 2.2±0.4; DASS-A: 1.4±0.3; and DASS-S: 4.1±0.5) and were consistent 

with mean scores among out-patients diagnosed with major depressive disorder 

(DASS-D: 29.7±1.2; DASS-A: 12.9±1.3; and DASS-S: 25.5±1.3) as reported 

previously (Antony et al., 1998). The mean baseline SDS score was 11.3±0.5 and all 

participants exceeded a score of 4 which indicates severe dependence (Topp & 

Mattick, 1997a). 
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6.3.3.  Oral fluid and plasma drug concentrations 

A total of 84 oral fluid specimens (mirtazapine group: n=39; placebo group: n=45) and 

25 plasma specimens (mirtazapine group: n=14; placebo group: n=11) were collected 

during the course of the trial. Among the oral fluid specimens, methamphetamine was 

detected in 58% (n=49) of specimens, amphetamine was detected in 61% (n=51) of 

specimens, mirtazapine was detected in 14% (n=12) of specimens and 

desmethylmirtazapine was detected in 10% (n=8) of specimens, 

Among the plasma specimens, methamphetamine was detected in 60% (n=15) of 

specimens, amphetamine was detected in 56% (n=14) of specimens, mirtazapine was 

detected in 16% (n=4) of specimens and desmethylmirtazapine was detected in 12% 

(n=3) of specimens. Descriptive statistics for plasma and oral fluid drug concentrations 

are presented in Table 6-3. 

6.3.3.1.  Relationship between oral fluid results and self-reported drug use data 

Methamphetamine appears to be detectable by sensitive methods (>2.5 µg/L) in oral 

fluid for up to 24 h following a single administration, and up to 72 h following multiple 

administrations (Schepers et al., 2003; Verstraete, 2004). However, these data were 

based on controlled studies where doses were limited to 20 mg per administration, 

rather than illicit doses which may be considerably higher (Section 1.2.3).  

Among the self-reported methamphetamine use data with corresponding oral fluid 

results (among the whole sample), participants reported methamphetamine use in the 
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Table 6-3 Plasma and oral fluid drug concentrations 

 methamphetamine amphetamine mirtazapine desmethylmirtazapine 

Plasma     

n 25 25 25 25 

Detected 15 (60%) 14 (56%) 4 (16%) 3 (12 %) 

Mean  SEM 103  41 µg/L 29  7 µg/L 3.3  1.7 µg/L 0.6  0.3 µg/L 

Median (range) 5 µg/L (0-806) 5 µg/L (0-115) 0 µg/L (0-35) 0 µg/L (0-88) 

Oral fluid     

n 84 84 84 84 

Detected 49 (58%) 51 (61%) 12 (14%) 8 (10 %) 

Mean  SEM 635  179 µg/L 107  19 µg/L 14  5 µg/L 3.8  1.5 µg/L 

Median (range) 25 µg/L (0-9790) 25 µg/L (0-9790) 0 µg/L (0-257) 0 µg/L (0-88) 

Oral fluid/ 

plasma (O/P)* 

    

n 4 5 2 2 

Mean  SEM 10  4  9  3 7  6 5  4 

Median (range) 7 (4-22) 7 (2-20) 7 (1-14) 5 (2-9) 

*O/P: oral fluid/plasma concentration ratios determined among specimens where the 

analyte was quantifiable in both matrices for the corresponding collection session (i.e. 

>10 µg/L for plasma and  >50 µg/L for oral fluid). 
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preceding 24 h on 28% (n=22) of instances. Among the positive self reports, 

methamphetamine was detected in 91% (n=20) of oral fluid specimens. However, 

methamphetamine was detected in 45% of oral fluid specimens where 

methamphetamine use within 24 h was denied. These discordant findings may be due to 

either inaccurate self-reports, or to methamphetamine persisting in oral fluid for greater 

than 24 h (Dyer & Wilkinson, 2008). 

Therefore, whole sample data were also analysed in terms of self-reported 

methamphetamine use within the preceding 72 h. Participants reported 

methamphetamine use within 72 h on 49% (n=39) of occasions. Among the positive 

self reports, methamphetamine was detected in oral fluid on 74% (n=29) of occasions. 

Among the participants denying methamphetamine use within 72 h, 42% (n=17) of oral 

samples were found to be positive for methamphetamine. The discordance between self-

reports and oral fluid results suggests that methamphetamine use should ideally be 

assessed by both self-reported and objective measures. 

6.3.4.  Effect of treatment duration on outcome measures 

Repeated measures linear mixed model analysis indicated that ACSA total scores 

among the whole sample significantly improved during the 35 days of the trial 

(F(4,63.5)=9.422, p<0.001). Pair-wise comparisons between days indicated that ACSA 

scores were elevated on day 0 compared with all other data collection sessions (p<0.05) 

and ACSA total scores were elevated on day 3 compared with days 7 and 35 (p<0.05). 
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The following measures were also found to change significantly between data collection 

periods as indicated: 

 ACSAR-CW scores (F(4,59.08)=12.77, p<0.001) were elevated on day 0 compared 

with all other data collection sessions (p<0.001) and on day 3 compared with day 7 

(p<0.05). 

 Anxiety component scores (F(4,54.68)=15.55, p<0.001) were elevated on day 0 

compared with all other data collection sessions (p<0.001). 

 Fatigue component scores (F(4,59.66)=4.71, p<0.005) were elevated on day 0 

compared with data collection sessions on days 14 and 35 (p<0.05) and were 

elevated on day 3 compared with day 35 (p<0.05). 

 CAWS 2.1 scores (F(4,52.67)=3.45, p<0.02) were elevated on day 0 compared with 

day 7 (p<0.001). 

 DASS total scores (F(4,58.93)=5.66, p<0.002) were elevated on day 0 compared  

with days 3, 7 and 14 (p<0.01). 

 DASS-D scores (F(4,57.34)=5.98, p<0.001) were elevated on day 0 compared  with 

days 3, 7 and 14 (p<0.005). 

 DASS-A scores (F(4,64.19)=4.08, p<0.01) were elevated on day 0 compared  with 

day 14 (p<0.005). 

 DASS-S scores (F(4,56.82)=4.08, p<0.01) were elevated on day 0 compared  with 

days 3, 7 and 14 (p<0.05). 
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 SDS total scores (F(4,66.64)=4.92, p<0.005) (F(4,46.37)=12.54, p<0.02) were 

elevated on day 0 compared with days 7, 14 and 35 (p<0.05). 

 BSI-GSI scores (F(4,56.20)=4.0, p<0.001) (F(4,62.59)=12.54, p<0.001) were 

elevated on day 0 compared with all other data collection sessions (p<0.001). 

 OTI Q-scores for amphetamines (F(4,57.94)=4.83, p<0.005) were elevated on day 3 

compared with day 7 and 14 (p<0.05). 

AIS-5 scores (F(4,64.64)=1.22, p>0.05),  positive effects component scores 

(F(4,58.84)=1.13, p>0.05), methamphetamine oral fluid concentrations 

(F(4,48.24)=2.24, p>0.05) and amphetamine oral fluid concentrations (F(4,58.89)=3.14, 

p>0.05)  were not found to vary between data collection sessions. 

The proportion of oral fluid specimens among the whole sample that were found to be 

methamphetamine positive was 71 % (n=20) at enrolment, 53% (n=9) at day 3, 44% 

(n=7) at day 7, 50% (n=7) at day 14, and 67% (n=6) at day 35. No significant 

differences in the proportion of methamphetamine-positive oral fluid samples between 

enrolment and subsequent collection days were identified (χ
2
(4)=4.24, p>0.05).  

The proportion of oral fluid specimens that were found to be amphetamine positive was 

79% (n=22) at baseline, 53% (n=9) at day 3, 56% (n=9) at day 7, 50% (n=7) at day 14, 

and 44% (n=4) at day 35. No significant differences in the proportion of amphetamine-

positive oral fluid samples between baseline and subsequent collection days were 

identified (χ
2
(4)=5.98, p>0.05).  
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6.3.5.  Effect of treatment group on outcome measures 

6.3.5.1.  Effect of treatment group on retention 

Kaplan-Meier survival analysis indicated no significant difference in retention rates 

between the mirtazapine and placebo groups (Mantel-Cox χ
2
=0.483, p>0.05; Figure 

6-2). The mean duration of retention in the trial did not differ significantly between 

groups (18±4 days among the mirtazapine group and 16±3 days among the placebo 

group; t(29)=-0.484, p>0.05). 

6.3.5.2.  Effect of treatment group on secondary outcome measures 

Repeated measures linear mixed model analysis indicated no significant effect of 

treatment group on ACSA total score (F(1,33.2)=0.910, p>0.05). Similarly, no 

significant effect of treatment group was detected for ACSAR-CW (F(1,28.50)=2.20, 

p>0.05), fatigue component (F(1,33.07)=1.42, p>0.05), positive effects component 

(F(1,30.59)=0.05, p>0.05), CAWS 2.1 (F(1,28.93)=0.26, p>0.05), DASS total 

(F(1,26.78)=1.44, p>0.05), DASS-D (F(1,27.80)=0.002), p>0.05), DASS-A           

(F(1,26.78)=2.25, p>0.05), DASS-S (F(1,25.34)=3.14, p>0.05), BSI-GSI                

(F(1,31.10)=1.22, p>0.05), AIS-5 (F(1,33.59)=2.89, p>0.05), SDS (F(1,26.31)=1.08, 

p>0.05),  OTI Q-scores (F(1,31.19)=0.01, p>0.05), methamphetamine oral fluid 

concentration (F(1,21.75)=1.30, p>0.05), or amphetamine oral fluid concentration  

(F(1,17.50)=4.70, p>0.05). Overall mean anxiety component scores were found to be 

elevated among the mirtazapine group compared with the placebo group                   

(F(1,28.27)=4.66, p<0.05), but no significant interaction between group and day was 

identified for this measure (F(4,59.68)=0.30, p>0.05) (Figure 6-3). 
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No significant differences were detected in the overall frequency of methamphetamine-

positive oral fluid samples between the two treatment groups (placebo: 64% (n=19); 

mirtazapine: 51% (n=20); χ
2
=1.49, p>0.05). Similarly, the proportion of 

methamphetamine-positive oral fluid samples was not found to differ between treatment 

groups collected on  day 0 (placebo: 81% (n=13); mirtazapine: 58% (n=7); χ
2
=1.76, 

p>0.05), day 3 (placebo: 67% (n=6); mirtazapine: (38%) (n=3); χ
2
=1.45, p>0.05), day 7 

(placebo: 50% (n=4); mirtazapine: 38% (n=3); χ
2
=0.25, p>0.05), day 14 (placebo: 29% 

(n=2); mirtazapine: 71% (n=5); χ
2
=2.57, p>0.05) or day 35 (placebo: 80% (n=4); 

mirtazapine: 50% (n=2); χ
2
=0.90, p>0.05). 

Figure 6-2 Survival curve for retention in the trial – intent-to-treat analysis 

Survival curve depicting the proportion of participants retained in the study for each 

treatment group during the 35 days of the study (placebo group: n=18; mirtazapine 

group: n=13). 
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Figure 6-3 Effect of treatment group on secondary outcome measures 
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Figure 6-3 Effect of treatment group on secondary outcome measures (continued). 
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Figure 6-3 Effect of treatment group on secondary outcome measures (continued). 

  

  

No significant differences in the proportion of amphetamine-positive oral fluid samples 

were detected between the two treatment groups among all collected specimens 

(placebo: 53% (n=24); mirtazapine: 69% (n=27); χ
2
=2.21, p>0.05) or at day 0 (placebo: 

69% (n=11); mirtazapine: 92% (n=11); χ
2
=2.14, p>0.05), day 3 (placebo: 44% (n=4); 

mirtazapine: 62% (n=5); χ
2
=0.55, p>0.05), day 7 (placebo: 50% (n=4); mirtazapine: 

62% (n=4); χ
2
=0.25, p>0.05), day 14 (placebo: 43% (n=3); mirtazapine: 57% (n=4); 

χ
2
=0.29, p>0.05) or day 35 (placebo: 40% (n=2); mirtazapine: 50% (n=2); χ

2
=0.09, 

p>0.05). No differences in the proportion of self-reported methamphetamine use in the 

preceding 72 h were detected between treatment groups (placebo: 48% (n=25); 
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mirtazapine: 54% (n=24); χ
2
=0.40, p>0.05). 

6.3.1.  Adherence to trial medication 

According to the medication schedule, participants randomised to the mirtazapine group 

had taken 30 mg mirtazapine orally at bed time prior to collection days 3, 7 and 14. 

Among all oral fluid samples collected from participants in the mirtazapine group at 

these collection sessions, 52% (n=12) were found to be positive for mirtazapine, which 

suggested that not all participants in the active group were compliant with the 

medication schedule. Therefore, participants were divided into three groups for a 

secondary per-protocol analysis. The comparison groups for the per protocol analyses 

consisted of: 

 Placebo: participants randomised to the placebo group (n=18), 

 Mirtazapine-positive: participants randomised to the mirtazapine group who 

provided at least one oral fluid specimens above the detection limit for 

mirtazapine (n=7), 

 Mirtazapine-negative: participants randomised to the mirtazapine group who did 

not provide any mirtazapine-positive oral fluid specimens (n=6). 

Secondary outcome measures between these three groups were compared using repeated 

measures linear mixed models analyses and Fisher’s exact test. 
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6.3.1.1.  Outcome measures by oral fluid mirtazapine status (per protocol 

analyses) 

Kaplan-Meier survival analysis indicated a significant difference in retention rate 

among the placebo, mirtazapine-positive and mirtazapine-positive groups (Mantel-Cox 

χ
2
=6.833, p<0.05). Post hoc analyses indicated a significant difference in retention rate 

between mirtazapine-positive and mirtazapine-negative groups only (Mantel-Cox 

χ
2
=6.445, p<0.02).  

The duration of retention was also compared between groups by one-way ANOVA. The 

mean duration of retention in the trial did not differ significantly between groups 

(F(2)=3.15; p=0.06). However, Bonferroni-corrected post hoc analyses suggested that 

there was a non-significant trend (p=0.06) towards an increased retention time among 

the mirtazapine-positive group compared with the mirtazapine-negative group 

(mirtazapine-positive group: 27 5 days;  mirtazapine-negative group: 8±4 days; placebo 

group: 16±4 days). 
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Figure 6-4 Survival curve for retention in the trial – per-protocol analysis 

Survival curve depicting the proportion of participants retained in the study for each 

treatment group (per protocol analysis) during the 35 days of the study (placebo: n=18; 

mirtazapine-positive: n=7; mirtazapine-negative: n=6). 
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No differences were detected in any of the continuous secondary outcome variables 

between participants the placebo, mirtazapine-positive, and mirtazpaine-negative 

groups. Group effects for the continuous secondary outcome variables were found to be: 

 ACSA total: F(2,31.82)=0.55, p>0.05 

 ACSAR-CW: F(2,26.88)=1.23, p>0.05 

 Anxiety component: F(2,27.48)=2.93, p>0.05 

 Fatigue component: F(2,30.58)=0.73, p>0.05 

 Positive effects component: F(2,24.46)=0.34, p>0.05 

 CAWS 2.1: F(2,29.86)=1.77, p>0.05 

 AIS-5: F(2,31.88)=1.31, p>0.05 

 OIT Q-score (amphetamines): F(2,30.00)=0.03, p>0.05 

 DASS total score: F(2,26.76)=0.80, p>0.05 

 DASS-A: F(2,28.40)=1.33, p>0.05 

 DASS-S: F(2,26.66)=3.17, p>0.05 

 DASS-D: F(2,29.98)=0.02, p>0.05 

 BSI-GSI: F(2,30.95)=0.97, p>0.05 

 SDS total score: F(2,28.34)=1.06, p>0.05 

 Amphetamine oral fluid concentration: F(2,21.42)=0.48, p>0.05 

 Methamphetamine oral fluid concentration: F(2,18.30)=2.76, p>0.05 

Fisher’s exact test suggested that there were no significant differences between placebo, 

mirtazapine-positive and mirtazapine-negative groups in the proportion of 

methamphetamine-positive oral fluid samples (placebo: 53% (n=24); mirtazapine-

positive: 67% (n=18); mirtazapine-negative: 75% (n=9); χ
2
=2.56, p>0.05). 
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Similarly, the proportion of methamphetamine-positive oral fluid samples was not 

found to differ between groups (placebo: 64% (n=29); mirtazapine-positive: 44% 

(n=12); mirtazapine-negative: 67% (n=8); χ
2
=3.18, p>0.05). 

A non-significant difference in the proportion of self-reported methamphetamine use in 

the preceding 72 h was detected among groups (placebo: 48% (n=25); mirtazapine-

positive: 43% (n=13); mirtazapine-negative: 79% (n=11); χ
2
=5.14, p=0.08). Post hoc 

analyses suggested that self-reported use of methamphetamine within 72 h was more 

frequent among the mirtazapine-negative group compared with both the placebo group 

(χ
2
=4.14, p<0.05) and the mirtazapine-positive group (χ

2
=4.78, p<0.05). 

6.3.2.  Psychological intervention 

Fifteen participants (39.5%) attended 3 psychotherapy sessions. When participants 

were divided into those who attended three or more psychotherapy sessions, and those 

who attended less than three, no group effects were detected for any of the secondary 

outcome variables using repeated measures linear mixed models analyses. The group 

effect components of these analyses are listed below: 

  ACSA total: F(1,33.92)=1.58, p>0.05 

 ACSAR-CW: F(1,28.58)=0.839, p>0.05 

 Anxiety component: F(1,29.54)=1.58, p>0.05 

 Fatigue component: F(1,32.65 )=0.37, p>0.05 

 Positive effects component: F(1,28.96)=2.70, p>0.05 

 CAWS 2.1: F(1,26.86)=1.68, p>0.05 

 AIS-5: F(1,33.59)=0.064, p>0.05 
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 OIT Q-score (amphetamines): F(1,29.961)=0.03, p>0.05 

 DASS total score: F(1,27.11)=1.89, p>0.05 

 DASS-A: F(1,27.74)=0.12, p>0.05 

 DASS-S: F(1,28.17)=2.43, p>0.05 

 DASS-D: F(1,28.00)=1.98, p>0.05 

 BSI-GSI: F(1,31.63)=1.30, p>0.05 

 SDS total score: F(1,29.32)=1.29, p>0.05 

 Amphetamine oral fluid concentration: F(1,20.03)=2.85, p>0.05 

 Methamphetamine oral fluid concentration: F(1,22.29)=4.05, p>0.05 

However, participants who attended less than three psychotherapy sessions returned 

methamphetamine-positive oral fluid samples more frequently (73.9%, n=34) than 

those deemed to have engaged in the psychotherapy component (39.5%, n=15; 

χ
2
=10.16, p<0.0002). When data were limited to baseline determinations, the frequency 

of methamphetamine-positive oral fluid samples among those who did not engage in 

psychotherapy (84.2%, n=16) remained significantly greater than those who engaged in 

psychotherapy (44.4%, n=4; χ
2
=4.73, p<0.05). 

6.4.  Discussion 

6.4.1.  Summary 

Methamphetamine-dependent out-patients presented with significant depression, 

anxiety, stress and general psychiatric morbidity. Although a number of symptom 

measures were found to significantly improve during the treatment period among the 

combined sample, no evidence was found to suggest that mirtazapine was more 
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effective than placebo in improving treatment retention, methamphetamine withdrawal 

symptoms, sleep quality, psychiatric morbidity, or rates of methamphetamine use. These 

findings were based on intent-to-treat analyses.  

Data were also analysed on a per-protocol basis by comparing outcome variables 

between participants randomised to the placebo group, those in the mirtazapine group 

who returned oral fluid samples indicating adherence to the medication schedule 

(mirtazapine-positive), and those randomised to the mirtazapine group who did not 

(mirtazapine-negative group). The per-protocol analyses were consistent with the 

general finding that mirtazapine treatment did not lead to reduced symptoms of 

methamphetamine withdrawal or reduced methamphetamine use. However, retention 

was lower and the frequency of self-reported recent methamphetamine use was higher 

among the mirtazapine-negative group compared with the mirtazapine-positive group.  

This suggests that non-adherence with trial protocol was associated with poorer 

outcomes, although no effect of the medication was detected. Settings where  

compliance with trial procedures can be more closely monitored may be more 

appropriate for clinical trials examining treatments for methamphetamine withdrawal. 

6.4.2.  Previous studies 

Previous trials of mirtazapine in the treatment of major depression suggest that 

antidepressant and anxiolytic effects may be observed within one week of commencing 

daily mirtazapine treatment, although full antidepressant effects were generally found to 

be reached after 6-8 weeks of daily dosing (Fawcett & Barkin, 1998; Muehlbacher et al., 

2005; Thompson, 1999). The medication period of two weeks in this study may therefore 
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have been insufficient to achieve optimal antidepressant effects. However, the focus of 

this study was on the acute withdrawal syndrome and significant anxiolytic effects were 

previously observed among females awaiting gynaecological surgery following a single 

oral dose (Sorensen et al., 1985), while sleep-promoting effects were previously observed 

among healthy non-depressed volunteers following acute mirtazapine administration 

(Ruigt et al., 1990). 

Kongasakon and colleagues recently reported that mirtazapine significantly reduced 

methamphetamine withdrawal symptoms measured on days 3 and 14 of abstinence 

among Thai detainees (Kongsakon et al., 2005). The Thai study consisted of the same 

number of participants in each treatment group at day 14 as in the present study. 

However, in the study by Kongsakon and colleagues, the mirtazapine dose was titrated 

to treatment response in the range 15-60 mg nocte. Nevertheless, most subjects were 

reported to respond well to the initial dosage of 15 mg/day mirtazapine and ‘very few 

required a higher dose of 30 mg/day’ (Kongsakon et al., 2005). Therefore, the actual 

dose received appears to have been similar to or generally less than the fixed dosage 

schedule used in the present study. Although the outcomes of dose titration in the Thai 

study was not reported (Kongsakon et al., 2005), it is feasible that the treatment effect 

observed by Kongsakon and colleagues (2005) was partly due to the dose of 15 mg/day 

being optimal, or that the option of dose flexibility was associated with improved 

response.  

Previously, mirtazapine doses above 15 mg were found to be associated with increased 

morning drowsiness (Sorensen et al., 1985). Therefore, excessive sedation in the present 

study, where the plateau dose was 30 mg/day mirtazapine, may have occurred. 
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However, no evidence was found to support this possibility and no anecdotal reports of 

excessive sedation were received from the participants to suggest this was a particular 

problem among the active treatment group. In addition, in an open-label study 

conducted in an Australian in-patient setting, mirtazapine treatment at 60 mg/day was 

found to be associated with reduced methamphetamine withdrawal severity compared 

with an historical case-control cohort that received treatment-as-usual, primarily 

consisting of 2.5-10 mg/day pericyazine (McGregor, 2005). Therefore, it is unclear 

whether the size of the dose used in the present study was responsible for the different 

findings compared with the previous placebo-controlled trial of mirtazapine for 

methamphetamine withdrawal (Kongsakon et al., 2005). 

The failure to detect a therapeutic effect of mirtazapine in the present study may be 

partly due to differences between the study cohorts. In a previous study, Australian 

methamphetamine users were found to report higher levels of subjective 

methamphetamine withdrawal severity compared with a Thai cohort (McGregor, 2005). 

Potential contributing factors suggested by the author included higher levels of 

dependence, increased frequency of intravenous methamphetamine use, and more 

common use of the crystalline form of methamphetamine among the Australian cohort 

(McGregor, 2005). However, details of the patterns of methamphetamine use and levels 

of dependence were not reported in the study by Kongsakon and colleagues (2005). It is 

nevertheless possible that the different outcomes observed in the present trial and in the 

previous placebo-controlled trial were partly due to different patterns of 

methamphetamine use and levels of dependence between the two cohorts. In addition, 

psychotherapy was offered to all participants in the present study, while no additional 
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support was reported in the previous placebo-controlled study (Kongsakon et al., 2005). 

The out-patient setting in this trial may not have been ideal to test the intrinsic efficacy 

of a medication because compliance with medication may be expected to be more 

difficult to monitor in an out-patient than in an in-patient or detainee setting, where 

administration of medications may be more readily observed. In addition, daily patterns 

such as mealtimes and bedtimes may be expected to be more regular in an in-patient or 

detainee setting compared with an out-patient setting. These factors may be expected to 

impact on the variability of outcome measures. Nevertheless, testing in an out-patient 

setting reflects a realistic setting where withdrawal is likely to occur. 

The intent-to-treat analysis approach used in this study compared treatment groups 

based on randomisation rather than actual adherence to the treatment protocol. An 

alternative per-protocol approach to analysis may have introduced bias if reasons for 

non-adherence to the
 

protocol were related to prognosis. Nonetheless, secondary 

analyses were conducted using a per-protocol approach in an attempt to examine further 

evidence regarding compliance and the efficacy of mirtazapine. No significant outcome 

differences were found between participants randomised to the placebo group and 

participants randomised to the mirtazapine group who were found to be compliant with 

the medication by oral fluid analysis. This suggests that the failure to detect an effect of 

mirtazapine in the intent-to-treat analysis may not have been due to non-compliance 

with the medication schedule. However, among those randomised to the mirtazapine 

group, apparent non-adherence with the medication protocol was associated with poorer 

prognosis. Given the results of comparisons between the mirtazapine-positive group  

and the placebo group, this finding was likely to arise from issues other than the 
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efficacy of the medication. A possible cause may have been a general lack of 

engagement in the trial procedures among some participants, leading to non-compliance 

with trial medication procedures, reduced retention in the study, and increased 

frequency of methamphetamine use among such individuals. Non-compliance with the 

trial procedures may have been minimised in an in-patient or a detainee setting where 

supervision may be expected to be improved and where exposure to drug cues and 

access to drugs may be expected to be less than in an out-patient setting.  

Thus, the different findings between the present study and the placebo-controlled study 

reported by Kongsakon and colleagues (2005) may have been partly due to (a) the 

treatment setting, (b) the psychotherapy component in the present study, (c)  possible 

differences in methamphetamine use patterns and dependence levels, and (e) the more 

flexible dosing schedule used in the previous Thai trial among detainees (Kongsakon et 

al., 2005). Nevertheless, the failure to detect an effect in the present study suggests that 

any effects of mirtazapine on methamphetamine withdrawal may be relatively mild 

and/or limited to certain treatment settings or particular patient groups. 

6.4.3.  Psychotherapy 

All participants in the present study were offered psychotherapy in the form of 

Narrative Therapy, while no additional support was reported in the study by 

Kongasakon and colleagues (Kongsakon et al., 2005). Participants who were considered 

to have engaged in the psychotherapy component (i.e. those who attended three or more 

sessions) were found to return a lower frequency of methamphetamine-positive oral 

fluid samples compared with those deemed not to have engaged in psychotherapy. 

However, this finding does not appear to indicate a treatment effect of Narrative 
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Therapy, since differences in oral fluid results were also observed among baseline 

samples collected at enrolment. These findings may instead suggest that participants 

were less likely to engage in psychotherapy during periods of methamphetamine use, or 

that participants with greater intention to change behaviours were more likely to be 

attracted to engage in the psychotherapy component and avoid methamphetamine use.  

Although the study cannot be used to examine the efficacy of Narrative Therapy, the 

results suggest that methamphetamine-dependent patients may be attracted to engage in 

this mode of psychotherapy. Narrative Therapy was used in this study as it was the 

predominant psychological intervention at the host clinic from which the majority of 

participants were anticipated to be recruited (the Langton Centre, New South Wales). 

However, this mode of psychological support has not been previously reported in the 

treatment of methamphetamine use disorders. A structured examination of the efficacy 

and acceptability of Narrative Therapy among methamphetamine users may be 

warranted. Studies may include randomised trials comparing effectiveness and 

engagement in Narrative Therapy, with CBT or other established psychotherapy modes 

that have been used in the treatment of methamphetamine dependence (Baker et al., 

2001b; Baker et al., 2005; Rawson et al., 2006; Shoptaw et al., 2005).  

6.4.4.  Limitations 

Recruitment was limited by the number of appropriate presentations at the host clinics. 

Difficulty in attracting and retaining methamphetamine users into treatment has been 

previously reported (Baker et al., 2001a; Hando et al., 1997). A preliminary power 

analysis indicated that a sample size of n=30 per treatment group would have been 

sufficient to identify a difference of 20% in outcome measures as a significant 
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difference at the α level of 0.05. However, the intended cohort size was not recruited 

before the trial medication expired, and comparisons between treatment groups should 

be interpreted with caution. Nevertheless, significant effects of mirtazapine on 

methamphetamine withdrawal were reported in a placebo-controlled trial study with the 

same number of participants as were recruited in the present study (Kongsakon et al., 

2005) 

The secondary per-protocol analyses were based on results of mirtazapine 

determinations in oral fluid. Mirtazapine and desmethylmirtazapine concentrations were 

also determined in 25 plasma samples collected at the Western Australia site. The mean 

mirtazapine concentration in plasma across all samples (including from participants in 

the placebo group) was 3.3 µg/L (range 0-35 µg/L), measured 12-18 h after dosing with 

15-30 mg mirtazapine or placebo. These results were consistent with previous 

determinations of trough plasma mirtazapine concentrations following therapeutic 

dosing. For example, the mean steady state trough plasma mirtazapine concentration 

following 30 mg/day dosing was 11 µg/L (Timmer et al., 1997).   

The mean concentration of mirtazapine in oral fluid was 14 µg/L (range 0-257 µg/L). 

Mirtazapine levels have not previously been reported in oral fluid and the results 

suggest that the drug accumulates in oral fluid relative to plasma. Mirtazapine is a 

weakly basic compound and may be expected to tend to accumulate in oral fluid, which 

is generally more acidic than blood (Kidwell et al., 1998). Therefore, oral fluid appears 

to be an appropriate matrix for detection of mirtazapine administration. The 

concentration of desmethylmirtazapine measured in plasma and oral fluid was less than 

the concentration of mirtazapine and therefore was less useful in determining 
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compliance among participants in the mirtazapine group than its parent compound.  

Analysis of oral fluid samples suggested that participants in the mirtazapine group had 

taken mirtazapine as directed on little more than half of the prescribed occasions. 

Possible reasons for apparent non-compliance include simply forgetting to take the 

medication, avoiding mirtazapine during periods of methamphetamine use, participants 

perceiving no benefit from the medication, or experiencing undesired medication 

effects.  Conversely, the pharmacokinetic profile of mirtazapine in oral fluid has not 

been reported and typical trough oral fluid mirtazapine concentrations remain unknown. 

Therefore, it is possible that instances where oral fluid samples were deemed to be 

mirtazapine-negative may have reflected insufficient assay sensitivity, rather than non-

compliance on the part of the participant. 

The per-protocol analyses that compared outcome variables between placebo, patients 

who returned mirtazapine-positive and those providing mirtazapine-negative oral fluid 

samples did not identify significant effects of mirtazapine. However, group sizes were 

small for these analyses (n=18 placebo, n=7 mirtazapine-positive participants and n=6 

mirtazapine-negative participants). 

6.4.5.  Conclusions 

Despite apparent benefits observed in a previous placebo-controlled trial conducted 

among Thai detainees (Kongsakon et al., 2005), and a case-controlled study conducted 

among Australian in-patients (McGregor et al., 2008), two weeks of nocte mirtazapine 

treatment in the present out-patient study did not appear to improve retention, reduce 

methamphetamine use, or alleviate methamphetamine withdrawal symptoms, compared 
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with placebo. Mirtazapine may be a more effective treatment for methamphetamine 

withdrawal in settings where compliance with the medication may be more readily 

monitored and daily patterns are likely to be more regular. Nevertheless, when 

mirtazapine and placebo groups were combined, methamphetamine use and symptoms 

of methamphetamine withdrawal were found to have reduced over the trial period 

independent of pharmacological treatment. 
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Chapter 7.   Summary and conclusions 

7.1.  Introduction 

Methamphetamine is among the most commonly used illicit drugs globally and is 

particularly prevalent in Western Australia (Australian Institute of Health and Welfare, 

2008b; United Nations Office on Drugs and Crime, 2008). The drug is associated with a 

number of potentially severe adverse effects that may arise following acute intoxication 

or from chronic use (Cruickshank & Dyer, 2009; Section 1.3). Acute cardiovascular 

effects of methamphetamine administration include arrhythmias and hypertension which 

can lead to potentially fatal events such as acute coronary syndrome, acute aortic 

dissection and cerebral haemorrhage (Kaye et al., 2007). Methamphetamine intoxication 

is also associated with the risk of psychosis, severe behavioural disturbances and 

suicidal ideation (Angrist & Gershon, 1970; Bell, 1973; Connell, 1958; Derlet et al., 

1989). 

The rewarding effects of methamphetamine readily induce dependence, which can lead 

to chronic use of the drug (Anglin et al., 2000; Connell, 1968; McKetin et al., 2006a; 

Topp & Mattick, 1997b; Volkow et al., 2002). Dependent use of methamphetamine can 

lead to chronic cardiovascular conditions such as cardiomyopathy and coronary heart 

disease (Kaye et al., 2007). Dependent methamphetamine use is also associated with 

chronic psychosis, and psychiatric symptoms tend to deteriorate with continued use 

(Chen et al., 2003; McKetin et al., 2006c; Sekine et al., 2003). In particular,  dependent 

use of methamphetamine is associated with depressed mood, anxiety and sleep 

disturbance (Comer et al., 2001; Dyer & Cruickshank, 2005; Hawks et al., 1969; 

London et al., 2004; Williamson et al., 1997). Chronic use of methamphetamine is 
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also associated with neurotoxicity which can lead to cognitive impairments and may be 

associated with the emergence of Parkinson’s disease later in life (Garwood et al., 2006; 

McCann & Ricaurte, 2004; Scott et al., 2007). 

The adverse effects of methamphetamine appear to be widely acknowledged among 

regular users (Cantwell & McBride, 1998; Topp et al., 1995). However, the emergence 

of withdrawal symptoms on discontinuation of use appears to prevent many from 

ceasing regular methamphetamine use (McGregor et al., 2005), particularly since 

amphetamines can immediately alleviate the discomfort of withdrawal (Hawks et al., 

1969; Oswald & Thacore, 1963). The emergence of methamphetamine withdrawal is 

very common, with 87.6% of a sample of 647 dependent methamphetamine users 

reporting withdrawal symptoms when they had discontinued use (Schuckit et al., 1999). 

Therapies that alleviate methamphetamine withdrawal symptoms may facilitate 

cessation of problematic use and thereby mitigate the deleterious effects of dependent 

use of this drug. However, there are currently no established pharmacological 

treatments for methamphetamine withdrawal (Shoptaw et al., 2009; Srisurapanont et al., 

2002). In addition to clinical trials of effective medications, studies examining the 

profile of methamphetamine withdrawal and the development of appropriate clinical 

measures are required to progress towards effective evidence-based treatment options 

for the syndrome (Shoptaw et al., 2009; Srisurapanont et al., 2002). 

The series of studies presented in this dissertation sought to progress towards these 

goals. Firstly, the symptoms, structure and time course of methamphetamine withdrawal 

were examined. Secondly, clinical assessment instruments were developed to assist in 

monitoring methamphetamine withdrawal for clinical and research purposes. 
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Finally, a clinical trial with objective drug monitoring was conducted to evaluate a 

potential pharmacological treatment for methamphetamine withdrawal. 

7.2.  Clinical profile of methamphetamine withdrawal 

7.2.1.  Symptoms of methamphetamine withdrawal 

A literature search identified 14 clinical reports describing observations of 

methamphetamine withdrawal. Among these studies, 34 symptoms of 

methamphetamine withdrawal were reported in two or more papers.  These consisted of 

16 symptoms that were included in the validated Amphetamine Cessation Symptoms 

Assessment scale (ACSA; McGregor et al., 2007) and 18 symptoms which were not 

previously validated against the ACSA.  

A rating scale based on the format of the ACSA was constructed which consisted of the 

16-item ACSA, 18 items corresponding to the additional symptoms of 

methamphetamine withdrawal identified in the literature search, and eight items 

corresponding with selected direct methamphetamine effects.  

A factor analysis of the 42-item ACSA-R indicated three components which were 

labelled anxiety, fatigue and positive effects. The anxiety and fatigue components 

appeared to represent components of methamphetamine withdrawal and were broadly 

consistent with components of the syndrome that were identified in previous factor 

analyses of the syndrome (McGregor, 2005; McGregor et al., 2007; Srisurapanont et al., 

1999a). The fatigue component was composed of symptoms consistent with generalised 

central nervous system depression (e.g. hypersomnia, fatigue and motor retardation). 

This profile of withdrawal symptoms is consistent with preclinical experiments that 
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indicate depletion of available monoamines following methamphetamine exposure, and 

adaptation (down-regulation) of monoamine systems in response to chronic 

methamphetamine exposure (White & Kalivas, 1998). Depletion of vesicular 

monoamine stores is a consequence of the direct molecular effects of methamphetamine 

(Barr & Markou, 2005; Sulzer et al., 2005). Down-regulation appears to at least partly 

arise from the internalisation of certain membrane-bound protein complexes, such as 

dopamine D2-receptor, in response to excessive activation (Sandoval et al., 2001; Sun et 

al., 2003). 

However, the anxiety component was composed of items consistent with negative affect 

(e.g. depressed mood, poor concentration and anhedonia) as well as generalised arousal 

(e.g. increased heart rate, bruxism, racing thoughts, paranoid ideation and 

hallucinations). Among the symptoms of arousal were symptoms previously associated 

with acute methamphetamine toxicity (Bell, 1973; Harris et al., 2003; Johnson et al., 

2000; Martin et al., 1971; Mendelson et al., 2006; Newton et al., 2005a; Perez-Reyes et 

al., 1991a; Vollm et al., 2004).  

Thus, a number of aversive direct effects of methamphetamine appear to be sensitised 

with chronic use. Methamphetamine withdrawal appears to be a complex syndrome, 

rather than being composed simply of a reversal of direct drug effects. This has 

implications for the treatment of methamphetamine withdrawal and suggests that 

treatment regimens that can successfully address anxiety, mood disturbance and fatigue 

may be appropriate.  

The factor analysis of the 42-item ACSA-R instrument was conducted using 210 

administrations of the scale among 102 participants. The number of measures used 
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in the analysis was limited to a maximum of three per participant. Although a sample 

size of 200 may be considered to be ‘fair’, the dataset should ideally have been 

composed of single measures from 300 or more participants (Tabachnick & Fidell, 

2007).  

7.2.2.  Time course of methamphetamine withdrawal 

Peak self-reported withdrawal severity was found to occur between day 0 and day 4 of 

abstinence, with significant recovery observed between days 7 and 10. Within the broad 

time frame for peak effects, the anxiety component of methamphetamine withdrawal 

tended to be maximal on the day of cessation of methamphetamine use, while the 

fatigue component tended to peak on the second day of abstinence. This profile is 

consistent with previous reports of the time course for the syndrome (McGregor, 2005; 

McGregor et al., 2005).  

After 9 days of abstinence, when methamphetamine withdrawal symptoms severity had 

significantly improved among the methamphetamine-dependent group, overall symptom 

severity was similar to levels among a cohort of patients receiving treatment for drug 

dependence, but remained elevated relative to a control group of students reporting 

minimal drug use. The anxiety component followed this profile of group differences. 

However, the fatigue component recovered to control levels by the latter stages of acute 

withdrawal. 

These results are consistent with a ‘crash’ phase previously used to describe a period of 

fatigue and hypersomnolence observed during the early period of methamphetamine 

withdrawal (Gossop et al., 1982; McGregor, 2005). The profile of symptoms suggests 
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that symptoms of hypersomnolence and fatigue are particularly pronounced during the 

first week of methamphetamine withdrawal. Symptoms of anxiety and aversive arousal 

also appear to be pronounced during this period, but tend to remain elevated for more 

prolonged periods. This finding suggests that on-going clinical contact may be 

appropriate following short-term treatment for methamphetamine withdrawal. 

7.3.  Assessment of withdrawal severity 

7.3.1.  Self-reported composite withdrawal scale (ACSAR-CW) 

A self-reported methamphetamine withdrawal scale, ACSA-R, was constructed from 

items on the existing ACSA instrument which was expanded to include additional 

items. The ACSA-R was designed to examine further symptoms of withdrawal, and the 

relationship between direct effects and withdrawal. Items from the ACSA-R which 

formed the components anxiety and fatigue were combined to form a composite 

withdrawal score which was labelled ACSAR-CW. The ACSAR-CW score was found 

to have adequate internal consistency, concurrent validity (significant correlation with 

ACSA total score), and scores were found to significantly decrease during the course of 

methamphetamine withdrawal. The ACSAR-CW therefore appears to be valid self-

reported measure of methamphetamine withdrawal severity. Adequate internal 

consistency, concurrent validity and predictive validity were observed for the ACSA-R 

components anxiety and fatigue. The ACSAR-CW includes items that can be traced 

from the Amphetamine Withdrawal Questionnaire (AWQ) (Srisurapanont et al., 1999a) 

and the Amphetamine Cessation Symptoms Assessment scale (ACSA) (McGregor et 

al., 2007). The ACSAR-CW consists of a larger number of items than the AWQ and 

ACSA which preceded it, and may allow for a broader range of symptoms to be 
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monitored. This may be useful for research purposes and may allow a more detailed 

analysis of temporal changes in specific direct drug effects and withdrawal symptoms. 

7.3.2.  Clinician-rated amphetamine withdrawal scale (CAWS) 

In addition to expanding on self-reported measures of methamphetamine withdrawal, a 

Clinician-rated Amphetamine Withdrawal Scale (CAWS) was also developed. An 

observer-rated scale may be useful in instances where a patient is unable to provide self-

reported information or may be used to verify self-reports where these are available. A 

draft version (CAWS 1.0) was initially trialled among in-patients receiving treatment 

for methamphetamine withdrawal. The scale was adapted, and an 11-item version 

CAWS 2.1 was found to have adequate internal consistency, inter-rater reliability, test-

retest reliability, and predictive validity. CAWS 2.1 scores were found to significantly 

correlate with ACSA total scores, although modestly so.  

This may have been partly due to the observable features of methamphetamine 

withdrawal representing a somewhat different domain to the subjective experience of 

the syndrome. This phenomenon was previously observed for opiate withdrawal, which 

has been reported to be subjectively more severe than it tends to be rated by observation 

(Handelsman et al., 1987; Loimer et al., 1991). Similar low correlations between 

observer-rated and self-reported measures of opiate withdrawal have been reported 

(Loimer et al., 1991).  

Overall, version 2.1 of the CAWS appeared to be a reliable and valid measure of 

methamphetamine withdrawal severity. However, further studies to modify the    

CAWS 2.1 measure may be appropriate, for example, in the manner that the self-
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reported instrument AWQ (Srisurapanont et al., 1999a) was modified to the ACSA 

instrument (McGregor et al., 2007) and the ACSAR-CW (Chapter 2 and Chapter 3).  

7.4.  Clinical trial of mirtazapine as a treatment for methamphetamine 

withdrawal 

Mirtazapine is an antidepressant medication which has anxiolytic properties (Anttila & 

Leinonen, 2001; de Boer, 1996; Fawcett & Barkin, 1998; Muehlbacher et al., 2005; 

Thase, 1999). Based on the profile of methamphetamine withdrawal symptoms 

described in Chapters 2 and 3, this medication was hypothesised to be suitable for the 

treatment of methamphetamine withdrawal. Its efficacy in treating the withdrawal 

syndrome was therefore tested in a randomised double-blind placebo-controlled trial. 

The trial participants consisted of out-patients seeking treatment for methamphetamine 

withdrawal.  

Analysis of the time profile of methamphetamine withdrawal indicated that a minimum 

treatment period of 7-10 days may be required (Chapter 3). A number of previous 

clinical trials had used a treatment period of 14 days (Jittiwutikan et al., 1997; 

Kongsakon et al., 2005; Srisurapanont et al., 1999b), and this period of treatment was 

applied to a placebo-controlled trial of mirtazapine among methamphetamine-dependent 

out-patients. 

7.4.1.  Determination of methamphetamine and mirtazapine in oral fluid 

A HPLC-UV assay was developed to allow methamphetamine and mirtazapine to be 

detected and quantified in oral fluid for drug monitoring in the clinical trial.  The assay 

permitted detection and quantification of methamphetamine and mirtazapine and 
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their metabolites amphetamine and desmethylmirtazapine in oral fluid. The detection 

limit in oral fluid was 25 μg/L and the quantification limit was 50 μg/L for each analyte. 

The assay was adapted to permit detection and quantification of methamphetamine, 

amphetamine, mirtazapine and desmethylmirtazapin in plasma. The detection limit in 

plasma was 5 μg/L and the quantification limit was 10 μg/L for each analyte. Plasma 

samples were obtained from participants from one of the two trial sites only. Analysis of 

trial participant plasma and oral fluid specimens suggested that methamphetamine, 

amphetamine and mirtazapine accumulated in oral fluid relative to plasma.  

7.4.2.  Outcomes of the clinical trial 

The methamphetamine-dependent out-patients participating in the trial initially 

presented with significant depression, stress and general psychiatric morbidity. 

Significant improvement in methamphetamine withdrawal symptoms were observed 

during the course of the trial. However, intent-to-treat and per-protocol analyses 

indicated that the two-week period of nocte mirtazapine treatment did not significantly 

improve retention, reduce methamphetamine use, or alleviate methamphetamine 

withdrawal symptoms.  

In contrast to the present findings, a placebo-controlled trial reported during the conduct 

of the present trial indicated that mirtazapine significantly reduced methamphetamine 

withdrawal among a cohort of Thai detainees (Kongsakon et al., 2005). In addition, an 

open-label case-controlled study among Australian in-patients suggested that 

mirtazapine may alleviate symptoms of methamphetamine withdrawal (McGregor et al., 

2008). The different outcomes reported for these studies and the present placebo-
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controlled trial may have been due to treatment settings, dosing schedules, and/or cohort 

differences such as methamphetamine use patterns and severity of dependence.  

The out-patient setting used in the present trial may be expected to result in greater 

variability in outcome measures, as daily routines may be expected to be more regular 

in in-patient and detainee settings (Kongsakon et al., 2005; McGregor et al., 2008). All 

other factors being equal, a larger number of participants may have therefore been 

required to detect any significant differences in the present out-patient study than in the 

previous in-patient and detainee trials.  

In the study conducted among detainees, the dose of mirtazapine was titrated from      

15 mg/day according to clinical response (Kongsakon et al., 2005). However, most 

subjects remained on 15 mg/day for the 14-day medication period and ‘very few’ 

required 30 mg/day, which was the only other dose level that was used. The additional 

flexibility in the dosing schedule used in the study by Kongsakon and colleagues (2005) 

may have had a bearing on the outcome. The actual doses administered in the study of 

Kongsakon and colleagues (2005) were similar to or somewhat less than the doses used 

in the trial reported here. It is possible that the plateau dose of 30 mg/day mirtazapine 

used in the present trial produced some residual daytime drowsiness that may have been 

less marked in the Thai study. However, such an effect was not specifically reported by 

participants in the active treatment group. In addition, a previous in-patient open-label 

case-controlled trial found a positive effect for mirtazapine, where the plateau 

mirtazapine dose was 60 mg/day (McGregor et al., 2008).  

Previously, McGregor (2005) observed higher levels of withdrawal severity among a 

cohort of Australian compared with a cohort of Thai methamphetamine-dependent 
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individuals (McGregor, 2005). The level of dependence, amount of amphetamines 

consumed in the preceding month, and the length of regular use, significantly 

contributed to self-reported levels of withdrawal, and these factors were more severe 

among the Australian cohort compared with the Thai cohort. However, drug use 

characteristics and dependence levels were not reported in the Thai placebo-controlled 

study (Kongsakon et al., 2005). Therefore, it remains possible that the different findings 

were related to the severity of methamphetamine use and dependence. The mean age of 

participants among the Thai detainee study was 24 years, while the mean age in the 

clinical trial reported here was 31 years, which may have been a factor, for example if 

older age reflected a longer duration of methamphetamine use, as appeared to be the 

case previously (McGregor, 2005). In addition, psychotherapy was offered to patients 

randomised to both treatment groups in the present study, while no additional treatment 

was reported in the previous placebo-controlled trial (Kongsakon et al., 2005) 

Therefore, the failure to detect an effect of mirtazapine in the present study may have 

been due to factors such as the treatment setting, aspects of the dosing schedule, specific 

cohort characteristics such as the extent of methamphetamine use and dependence, or 

the application of a psychotherapy component in the present study. Nevertheless, the 

results of the present trial suggest that any effect of mirtazapine may be relatively mild, 

limited to specific treatment settings, or limited to particular patients, perhaps those with 

lower levels of methamphetamine use or dependence.  

A report of the clinical trial presented in Chapter 6 (Cruickshank et al., 2008) met the 

criteria for inclusion in a recent Cochrane Intervention Review for the treatment of 

amphetamine withdrawal (Shoptaw et al., 2009). The criteria were based on 
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methodological quality, for example in the domains of sequence generation, allocation 

concealment, blinding, data treatment, and outcome reporting.  Among the 1146 studies 

identified in a preliminary search, 9 were retrieved for evaluation and the study 

presented in  Chapter 6 (Cruickshank et al., 2008) was among four studies included in 

the review. The authors of the review concluded that ‘at present, there is no evidence to 

guide selection of medications that might relieve symptoms of amphetamine 

withdrawal’ (Shoptaw et al., 2009). 

7.5.  Limitations  

Limitations specific to each study in this dissertation were discussed in previous 

chapters. However sample size was a limitation of all studies. This was partly due to 

difficulties in attracting methamphetamine-dependent individuals to seek treatment and 

to participate in research. Difficulties in attracting methamphetamine users to participate 

in research has been reported previously by others (Baker et al., 2001a; Rose & Grant, 

2008). Retention was a particular problem for the longitudinal studies. For example, 

almost half of the participants in the clinical trial of mirtazapine described in Chapter 6 

were lost to follow-up by the end of the medication phase, and less than a third of 

participants completed the final session at five weeks. Limited retention of participants 

also limited the analysis of the time-course of methamphetamine withdrawal described 

in Chapter 3. Ideally, these studies should be repeated with larger sample sizes and 

spanning a longer observation period. 

The methamphetamine-dependent participants recruited into the studies reported here 

were recruited through treatment agencies and may have been more severely dependent 

on the drug than may generally be the case for dependent users in the broader 
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community. In addition, a large component of the data collected in these studies was 

self-reported. A previous study suggested that methamphetamine may be self-reported 

differently among cohorts from different cultures, for example (McGregor, 2005). 

High rates of use of other drugs were also reported across the studies described here. 

Therefore, the findings may not specifically describe ‘pure’ methamphetamine 

withdrawal as the symptom profile may have been affected by the use of, or withdrawal 

from, other drugs. However, Australian methamphetamine users commonly report 

frequent use of alcohol, cannabis and MDMA (Australian Institute of Health and 

Welfare, 2008a) and so the data generated in these studies appears to be relevant for 

Australian dependent methamphetamine users. Attempts to limit participants to 

methamphetamine users with minimal exposure to other drugs may have substantially 

reduced participant numbers. 

7.6.  Conclusions 

This series of studies expanded on previous observations of the clinical profile of 

methamphetamine withdrawal. A literature review of methamphetamine withdrawal 

yielded 34 symptoms of the syndrome. A factor analysis of these symptoms, plus a 

number of direct effect items, suggested that the withdrawal syndrome may be 

condensed into two factors which were labelled anxiety and fatigue. The fatigue 

component was comprised of symptoms consistent with general central nervous system 

depression. The anxiety component consisted of symptoms relating to negative mood 

and aversive arousal symptoms, including some symptoms which have been associated 

with direct effects of the drug. In addition, the 16-item self-reported methamphetamine 

withdrawal scale ACSA (McGregor et al., 2007) was adapted to a 37-item measure 



 

 294 

ACSAR-CW and a clinician-rated amphetamine withdrawal scale CAWS 2.1 was 

developed. Overall symptoms appeared to have recovered significantly after 7-10 days 

of abstinence, but the anxiety component remained elevated after this time, at levels that 

were similar to those among a general sample of drug treatment patients.  

The symptoms and components of methamphetamine withdrawal suggest that it is a 

complex syndrome rather than simply a reversal or rebound from the direct effects of 

the drug. Effective treatment of methamphetamine withdrawal appears to require 

therapeutic interventions that improve mood, alleviate anxiety, reduce fatigue and 

restore sleeping patterns. This combination of therapeutic requirements may be 

problematic. For example, the anxiolytic effects of medications such as the 

benzodiazepines may be associated with sedative effects (Stevens & Pollack, 2005), 

which may exacerbate the fatigue component of the syndrome. 

Based on the components of methamphetamine withdrawal, the anxiolytic 

antidepressant mirtazapine was hypothesised to be a useful treatment for 

methamphetamine withdrawal and was tested in a placebo-controlled clinical trial 

among methamphetamine-dependent out-patients. However, results indicated that a 

two-week course of nocte mirtazapine did not alleviate methamphetamine withdrawal, 

increase retention in treatment, or reduce methamphetamine use among the out-patient 

cohort.  

In contrast, a previous placebo-controlled trial conducted among Thai detainees found 

that mirtazapine treatment significantly alleviated methamphetamine withdrawal 

(Kongsakon et al., 2005). The negative finding in the present case may have been due to 

the out-patient treatment setting, the psychotherapy component, a slightly different 
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dosing schedule, or to differences between the cohorts (Kongsakon et al., 2005). 

Nevertheless, the discrepancy between these two placebo-controlled trials suggests that 

any beneficial effect of mirtazapine on methamphetamine withdrawal may be relatively 

mild, limited to certain treatment settings, or limited to certain patients such as those 

with less severe methamphetamine dependence. Further research is required to identify 

effective treatments for methamphetamine withdrawal, and more aggressive treatment 

approaches may be required. 

7.7.  Future research 

As treatment setting may have impacted on the outcome of the clinical trial of 

mirtazapine treatment, it may be useful to compare the profile of methamphetamine 

withdrawal between in-patient and out-patient settings. Additional studies with larger 

sample sizes and a longer observation period may also be required to characterise the 

structure and time course of methamphetamine in further detail.  

In addition, further studies may ideally be undertaken to examine the validity of the 

self-reported instrument ACSA-R and the observer-rated CAWS 2.1 among different 

populations of methamphetamine users. The studies reported here involved 

methamphetamine users who presented to drug treatment clinics. Further studies may be 

ideally undertaken in community settings where levels of dependence may not be as 

severe.  In addition, the CAWS 2.1 may benefit from further refinement in the manner 

that the AWQ (Srisurapanont et al., 1999a) was revised to the ACSA (McGregor et al., 

2007) and then adapted to the ACSA-R instrument reported in this dissertation. 

Furthermore, the mode of psychotherapy used in the clinical trial appeared to be 
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acceptable to methamphetamine users. Future research may examine the efficacy of 

Narrative Therapy in the treatment of methamphetamine withdrawal, compared with the 

effectiveness of established psychotherapeutic approaches such as cognitive-

behavioural therapy (CBT) (Baker et al., 2004). 

In order to reconcile the different findings between the present placebo-controlled trial 

and the placebo-controlled trial reported previously, it may be necessary to replicate the 

procedures of Kongsakon and colleagues (2005) among an Australian cohort of 

detainees and/or in-patients. Additional study arms may compare different dosing 

regimens (e.g. fixed doses compared with titrated doses) and different patient settings 

(e.g. in-patients, detainees and out-patients).  Multi-site trials may be required to 

achieve sufficient sample sizes for such analyses. 

In the absence of sufficient evidence to guide the selection of any particular 

pharmacological treatment for methamphetamine withdrawal (Shoptaw et al., 2009), a 

number of drug treatment agencies have adopted certain medications as standard 

treatments. For example, benzodiazepines such as diazepam are commonly used to 

alleviate withdrawal symptoms (Lee et al., 2007) and the dopamine antagonist 

pericyazine was used routinely for to treat methamphetamine withdrawal elsewhere 

(McGregor et al., 2008). However, clinical trials have not been conducted to examine 

the efficacy of these medications for the treatment of methamphetamine withdrawal.  

Perhaps initial studies may be conducted to investigate the acute efficacy of 

benzodiazepines or pericyazine in the context of methamphetamine withdrawal. For 

example, in the first instance, the acute effects of diazepam and pericyazine on 

methamphetamine withdrawal severity may be compared with placebo treatment 
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over a time frame of hours, rather than over days. Such short-term studies may be 

expected to suffer less from problems of retention and may generate data to support 

further studies spanning the period of withdrawal. Such studies would require careful 

monitoring to minimise the risk of excessive sedation or iatrogenic dependence. Dose 

tapering may be required to minimise the risk of dependence and withdrawal for trials 

involving benzodiazepine medications (Stevens & Pollack, 2005). 

These therapeutic approaches seek to alleviate the symptoms of withdrawal as a means 

to establish cessation of methamphetamine use. Alternatively, substitution or 

maintenance therapy is an approach that seeks to replace a drug of dependence with a 

relatively benign alternative with a longer elimination half-life (Ward et al., 1999). In 

general, a maintenance therapy approach seeks to stabilise general functioning by 

avoiding rather than alleviating withdrawal. For example, methadone and 

buprenorphine are synthetic opiates with extended half-lives that have been used  as 

substitution therapies in the treatment of heroin dependence (Boothby & Doering, 2007; 

Garrido & Troconiz, 1999). 

Similarly, the stimulants amphetamine, methylphenidate, modafinil and amineptine 

have been trialled for the treatment of methamphetamine dependence. Open-label trials 

of oral S-amphetamine have produced mixed results (Klee et al., 2001; Shearer et al., 

2009) and placebo-controlled trials for its use in methamphetamine dependence or 

withdrawal have not been conducted. A slow-release preparation of methylphenidate 

(54 mg/day) was associated with reduced illicit use of amphetamines compared with 

placebo treatment, although significant effects only emerged after 18 weeks of daily 

treatment (Tiihonen et al., 2007). Similarly, in a placebo-controlled trial, modafinil (200 
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mg/day) was associated with reduced self-reported use of stimulants. This effect 

emerged after 10 weeks of treatment, although the corresponding difference in 

urinalysis results did not reach significance (Shearer et al., 2009).  

Modafinil has also been examined for the short-term treatment of methamphetamine 

withdrawal. In a ten-day in-patient study of methampehtamine withdrawal, modafinil 

(400 mg/day) was associated with decreased methamphetamine withdrawal severity 

compared with both mirtazapine (15-60 mg/day) and the standard treatment at the host 

clinic, which chiefly consisted of pericyazine (2.5-10 mg/day) (McGregor et al., 2008).  

The dopamine reuptake inhibitor amineptine has produced more robust results, with two 

independent placebo-controlled trials indicating that the medication significantly 

alleviates symptoms of methamphetamine withdrawal (Jittiwutikan et al., 1997; 

Srisurapanont et al., 1999b). However, this medication was withdrawn by its 

manufacturers following reports of abuse and therefore does not appear to be a 

treatment option at present (Shoptaw et al., 2009).  

Nevertheless, the qualified success of stimulants suggests that these medications may 

have a role in the treatment of methamphetamine withdrawal, and methamphetamine 

dependence more broadly. In particular, the apparent benefit of modafinil in the short-

term treatment of methamphetamine withdrawal (McGregor et al., 2008) should be 

clarified through a placebo-controlled trial.  

Alternatively, stimulant medications such as slow-release methylphenidate or modafinil 

may be appropriate for medium-term maintenance dosing to assist patients to reduce 

methamphetamine consumption levels (Shearer et al., 2009; Tiihonen et al., 2007). 

Reducing the level of methamphetamine dependence prior to commencing treatment 
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for withdrawal may lead to better outcomes compared with attempting 

methamphetamine withdrawal treatment at high levels of dependence. 

Given the complexity of the methamphetamine withdrawal syndrome, further studies 

may involve assessment of combination therapies. For example, a treatment regimen 

may consist of daily dosing of a mild stimulant medication to alleviate symptoms of 

fatigue, treatment with an anxiolytic to minimise symptoms of anxiety, and perhaps the 

introduction of antidepressant treatment to alleviate symptoms of mood disturbance. 

Such an approach may require careful supervision and appropriate prescribing 

guidelines to minimise risks such as drug interactions and iatrogenic dependence.  

Nevertheless, the limited success of pharmacotherapies to date suggests that more 

aggressive treatment approaches may be necessary for the successful management of 

methamphetamine withdrawal. 
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