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Abstract

Aims—Withdrawal symptoms have been linked to a propensity for relapse to drug abuse.
Inasmuch as this association applies to methamphetamine (MA) abuse, an understanding of the
course of MA withdrawal symptoms may help to direct treatment for MA dependence. Previous
studies of symptoms manifested during abstinence from MA have been limited in size and scope.
We asked (i) whether debilitating psychological and/or physical symptoms appear during the first
several weeks of MA abstinence, (ii) how craving for MA evolves and (iii) whether psychiatric
symptoms (e.g. depression, psychosis) persist beyond a month of abstinence.

Design—A study of MA-dependent participants, who initiated and maintained abstinence from
the drug for up to 5 weeks, compared to a matched healthy comparison group.

Setting—In-patient research hospital ward (MA-dependent subjects) and out-patient (comparison
subjects).

Participants—Fifty-six MA-dependent and eighty-nine comparison subjects.

Measurements—Rater-assessed MA withdrawal questionnaire and self-report assessment of
craving (MA-dependent subjects) and self-report assessment of psychiatric symptoms (both

groups).

Findings—At study entry, MA-dependent subjects exhibited a wide range in severity of
depressive symptoms, with the average score at a mild—-moderate level of severity. Symptoms of
psychosis were also prevalent. While depressive and psychotic symptoms largely resolved within
a week of abstinence, craving did not decrease significantly from the time of initiating abstinence
until the second week, and then continued at a reduced level to the fifth week.

Conclusions—Depressive and psychotic symptoms accompany acute withdrawal from
methamphetamine but resolve within 1 week. Craving is also present and lasts at least 5 weeks.
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INTRODUCTION

Methamphetamine (MA) abuse is a substantial global problem, with as many as 50 million
users world-wide [1,2]. The US National Survey on Drug Use and Health demonstrated that
the prevalence of use was approximately 0.5% nation-wide, with use being more endemic in
the western US [3]. MA addiction produces serious medical complications, and imposes
costly social burdens [1,4]. In addition, MA dependence is resistant to treatment, with
psychosocial interventions providing help to only some affected individuals [5,6], and no
medications proven to be effective in treating this disorder [7,8].

Physiological dependence, associated withdrawal-related symptoms and craving are thought
to reinforce continued drug-taking, including MA self-administration [9-11]. An
understanding of MA withdrawal may therefore inform the development of strategies for
relapse prevention. Amphetamine withdrawal is well represented in the clinical literature,
including the development of validated rating scales, which have contributed to defining the
symptom cluster recognized in the DSM IV-TR [12-14]. The DSM IV-TR identifies
dysphoric mood as the main symptom for amphetamine (including MA) withdrawal, and
requires at least two of the following additional symptoms for a positive diagnosis: fatigue,
insomnia or hypersomnia, increased appetite, psychomotor agitation or retardation and
vivid, unpleasant dreams [15,16].

MA differs from its parent compound, amphetamine, by N-methylation, which increases its
lipid solubility and permeability of the blood—brain barrier [17,18]. These physical
properties lead potentially to increased potency and toxicity [17,18]. Two studies of MA
withdrawal have been conducted [19,20] with small sample sizes. They focused primarily
upon depressive symptoms, craving and changes in appetite and sleep. In one of these
studies, MA addicts (n = 21), who were seeking treatment, were assessed over 3 weeks,
using a DSM-111-derived amphetamine withdrawal questionnaire [19]. A withdrawal
syndrome, with an acute phase of 7-10 days followed by a subacute phase of up to 3 weeks,
was described. The acute phase featured hyperphagia, MA craving and depression-related
symptoms, during which symptom severity declined from a high initial peak that generally
occurred ~24 hours after stopping MA use. In the subacute phase, symptoms were mild and
stable for another 2 weeks. In the other withdrawal study, the MA-dependent participants (n
= 19) were not seeking treatment [20]. It found that depressive symptoms, which were
generally mild, varied considerably in intensity and duration, and resolved within the first 2
weeks of abstinence.

While these studies have provided intriguing preliminary information regarding the
symptoms of MA withdrawal, more extensive studies were warranted. Until now the
association between psychotic symptoms and MA withdrawal and abstinence has not been
well characterized. Although psychotic symptoms are not a diagnostic feature of MA
withdrawal, they are often prominent during early abstinence [21].

Here we describe the time—course of psychological and physical symptoms reported by in-
patient, abstinent MA-dependent research volunteers (MA subjects; n = 56) during a period
of up to 5 weeks of continuous, monitored abstinence. We also compared this sample of MA
participants to a matched sample of healthy control (HC) participants, using self-report
ratings of dysphoria/depressive and psychotic symptoms. The aims of this study were: (i) to
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determine whether MA withdrawal symptoms result typically in debilitating psychological
and physical symptoms; (ii) to evaluate craving for MA; and (iii) to assess psychiatric
symptoms, such as depression and psychosis, in the transition from active MA abuse to
abstinence of up to 5 weeks.

Fifty-six MA and 89 HC participants took part in this study after receiving a detailed
explanation and giving written informed consent, as approved by the UCLA Institutional
Review Board. Participants were recruited by means of print, radio and internet
advertisements. Participants in both groups were excluded if they had major medical illness,
including human immunodeficiency virus (HIV) seropositivity, as determined by medical
history, physical examination and laboratory assay. The MA participants were not seeking
treatment, and were not dependent upon other substances (besides nicotine). However, they
met criteria for MA dependence, and were active users of MA (urine toxicology screen
positive for MA) at study entry. HC participants had no history of substance use disorders
(besides nicotine dependence) and had negative urine tests throughout the study. Light
alcohol use (equivalent to 7.5 drinks per week) was not an exclusion criterion. Participants
were excluded in both groups if they met criteria for other current Axis I diagnoses based on
the Structured Clinical Interview for DSM-1V disorders (SCID-1V), or any history of recent
psychotropic medication use. HC participants were studied on an out-patient basis. All
participants were allowed to smoke tobacco ad libitum to avoid the possible confounding
effects of nicotine withdrawal. All participants were compensated for their time in the study.

In-patient milieu

MA participants resided at the UCLA General Clinical Research Center (GCRC) for the
duration of the studies, and were monitored via daily urine and alcohol breath testing to
confirm abstinence. They were housed individually, with care taken to minimize contact
with any other participants enrolled concurrently. MA- or drug-related cues, personal effects
and media (e.g. movies) were proscripted during the course of the study. Adjunctive
medications without remarkable psychopharmacological activity were provided for physical
symptoms (i.e. acetaminophen for pain and aluminum/magnesium hydroxide for dyspepsia),
but medications were not provided for other complaints (e.g. insomnia, anxiety, fatigue).
MA participants were studied in a series of neuroimaging studies that lasted either 2 or 5
weeks, and involved magnetic resonance imaging and positron emission tomography
scanning, the results of which have been published previously [22-29]. All questionnaires
were given at the same time each day (~9:00 a.m.). Most MA participants identified
smoking as the primary route of MA administration.

Methamphetamine Withdrawal Questionnaire (MAQW)

We used the MAWQ, adapted and expanded for MA-dependent populations from the
Amphetamine Withdrawal Questionnaire [13] by a member of our team (R.R.). This
instrument differed from the parent instrument by substantially expanding the range of
possible MA withdrawal-associated symptoms: these included many symptoms such as joint
pain, red/itchy eyes, headache and anger, which have been seen anecdotally in clinical
populations seeking treatment for MA dependence (Table 2). The MAWQ is a 30-item,
rater-scored instrument using a four-point Likert-type scale that reviews drug withdrawal-
related symptom clusters, separated into functional, emotional, physical and additional
symptoms, along with a review of vital signs (see Table 2). The length of abstinence for MA
participants was based upon self-reported last use of MA, which was corroborated with
urine toxicology screening information at study entry, to control for varying lengths of pre-
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study abstinence among participants. All MA participants reported MA use within the last 7
days prior to admission to the hospital ward. Individuals with discrepant self-reported last
use and urine toxicology test results were excluded from the analysis.

Other procedures

All participants were assessed at study entry and weekly thereafter with the Brief Symptom
Inventory (BSI [30]) and Beck Depression Inventory (BDI [31]). MA participants were also
assessed at study entry and weekly with the Visual Analogue Scales (VAS [32]) for MA,
alcohol, opioids and cocaine craving. Urine toxicology testing (Instant-View Urine Test kit,
Alfa Scientific, Poway, CA, USA) was performed at intake and all subsequent procedure
days for all participants, and daily while in-patients for the MA participants. The detection
window for recent MA exposure for this kit is typically 48-72 hours (manufacturer’s
information).

Data analysis

RESULTS

Data for repeated-measures instruments (MAWQ, BSI, BDI, VAS) were analyzed using
linear mixed effects models; group comparisons used analyses of covariance (ANCOVAS)
with post hoc Bonferroni correction, including demographic and behavioral variables which
differed between study groups as covariates to adjust for potential bias. The association
between craving for MA and BDI scores in MA subjects was determined using Pearson’s
correlation.

Demographics

The groups did not differ significantly in age (P = 0.15) or gender (P = 0.16), but MA
subjects had fewer years of education (P = 0.04) and lower maternal education than HC
participants (P = 0.001; Table 1). Overall, there was a significant difference in ethnicity
between groups (P = 0.001; Table 1), including: the HC group included a larger proportion
of black and Asian individuals, while the MA group had a higher prevalence of Hispanic
participants. More of the MA than the HC participants smoked cigarettes (P < 0.001; Table
1). While 56 MA participants provided data for at least one of the instruments used, n < 56
for individual analyses, demographic profiles of these subsets of the total number of MA
participants did not differ significantly from the group as a whole.

Methamphetamine withdrawal symptoms

In general, the MA withdrawal symptoms experienced by the participants were mild and
well tolerated (Table 2). These included: mild paranoid ideation (‘... people are talking
about me”), red/itchy eyes, sleep difficulties, lack of motivation, lack of energy, decreased
sexual pleasure and increased appetite. Up to 70% of participants reported craving or
‘thinking about” MA at study entry, which was the most frequent reported symptom,
whereas only two of 32 participants reported any suicidal thoughts (Table 2). Any
substantial changes which were observed during the course of the study occurred within the
first 14 days of abstinence from MA.

Depressive symptoms

BDI scores in the HC group trended lower with time, but did not vary significantly (data not
shown). At entry to the study, MA participants had a wide range of BDI scores, but the
average was ~12, in the category of ‘mild—moderate’ depressive symptoms based upon
experience with treatment-seeking psychiatric out-patients [31]. Depressive symptoms
decreased substantially over the first 2 weeks of abstinence to stable low levels (P < 0.001
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for effect of time; Fig. 1). During the first 3 weeks of abstinence, MA participants still had a
significantly higher level of overall depressive symptoms than HC participants, even after
controlling for demographic and behavioral variables that differ between study groups (P <
0.05; Fig. 1). MA participants’ BDI scores did not approach those of the HC participants
until the end of 4 weeks of abstinence (P = 0.07; Fig. 1).

Craving for MA

MA participants at study entry exhibited elevated levels of craving for MA, which continued
throughout the first week of abstinence (Fig. 2). Craving for MA dropped substantially with
abstinence >2 weeks (P < 0.01 versus study entry), but still continued at a reduced level
throughout 5 weeks of abstinence (Fig. 2).

Craving for MA and depressive symptoms

Despite elevated levels of both depressive symptoms and craving for MA, there was no
significant correlation between these two variables (P = 0.29; Fig. 3) in MA participants at
study entry. However, by the end of the first week of abstinence (P = 0.004) to the end of
the second week of abstinence (P = 0.03), a significant correlation between BDI and MA
craving was established (Fig. 3). There were no correlations at later time-points of
abstinence, such that by the end of weeks 3 (P = 0.8) and 4 (P = 0.09) no significant
correlation between BDI score and MA craving was present (Fig. 3).

Psychiatric symptoms

BSI scores among HC participants did not change significantly over time. At study entry
MA participants showed elevated levels of most psychopathology indices (Fig. 4), except
for phobias (Fig. 4H). These elevated scores decreased significantly during the first week of
abstinence, and reached a low baseline by the end of the second week (P < 0.004; Fig. 4).
By the end of the second week of abstinence, all the BSI subscale scores for the MA
participants had decreased to the level of the HC participants (Fig. 4), with the exception of
the “‘additional symptoms’ subscale (Fig. 4E). The HC participants did not show significant
changes over time on the BSI. The effect of duration of abstinence for MA subjects was
significant (P < 0.001) when analyzed by linear mixed-effect modeling. A mixed between—
within-subjects analysis of variance was conducted between MA subjects at each time-point
and the HC subjects, assessing the impact of ethnicity, subject educational level, maternal
educational level and cigarette smoking status differences among study participants, with
post-hoc Bonferroni correction. The MA subjects scored higher than HC subjects at most
time-points (Fig. 4).

DISCUSSION

Methamphetamine withdrawal symptoms

In this study, MA withdrawal symptoms (aside from craving for MA) were, on average,
mild and resolved within 14 days of abstinence. In a previous study, MA withdrawal
symptoms (increased appetite, craving for MA and depressive symptoms) decreased linearly
from a peak in the first day of abstinence over 7-10 days [19]. The onset, appearance and
subsequent decrease of ‘increased appetite’ observed in that study directly match the pattern
that was also reported for the craving for MA [19] and is similar to the findings presented
here. However, our survey of depressive symptoms based upon the MAWQ did not reveal a
significant decrease over 1-2 weeks of abstinence.

Whereas the severity of MA withdrawal symptoms has not been linked previously to a
propensity to relapse, a relationship between withdrawal severity and relapse has been well
established for opiates, cocaine, nicotine and alcohol [33-36]. Therefore, the severity of MA
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withdrawal symptomatology (which varies considerably among MA-dependent individuals
[20]) is likely to influence the ability of MA-dependent individuals to maintain abstinence
(discussed in [8]).

Depressive symptoms in MA withdrawal and abstinence

Our findings on the time—course of BDI symptoms in MA abstinence replicated a prior
report of acute (7—-10 days) versus subacute (second and third weeks) depressive symptoms
being a central hallmark of the MA withdrawal syndrome [19]. Our results also corroborate
and expand upon previous research findings in 19 MA-dependent participants who were not
seeking treatment [20]. That study also found a similar reduction in depressive symptoms as
measured by BDI with continued abstinence up to 2 weeks [20]. Therefore, on average, MA-
dependent individuals may be expected to have a reduction in depressive symptoms within 2
weeks of con-firmed abstinence.

Treatment-seeking MA users at greatest risk for developing major depressive disorder had a
high BDI score at study entry and/or a past history of suicide attempts [37]. In addition,
depressive symptoms after cessation of stimulant abuse have been associated with reduced
retention in treatment [38]. In the context of previous reports from the literature, our
findings indicated that some individuals continue to experience clinically notable depressive
symptoms after 2 or more weeks of abstinence from MA, and may benefit from treatment
for these symptoms.

Psychopathology and psychotic symptoms in MA withdrawal and abstinence

At study entry, BSI indices for the MA participants were similar to those of general adult
out-patient treatment-seeking psychiatric patient populations [30]. Our finding that levels of
psychopathology subsequently decreased substantially with a week or more of abstinence
from MA complement data published recently showing a large reduction in BSI indices of
psychopathology when measured over 3 weeks of abstinence from MA [39].

MA-induced psychotic symptoms are common among MA-dependent individuals who are
not seeking treatment, with up to 60-80% reporting a life-time history of any psychotic
symptoms [21]. In a study of 71 active MA-dependent participants who had experienced a
recent episode of MA-associated psychosis, pathological levels of hostility were found to
accompany psychotic symptoms in 27% of the most severe psychotic episodes,
demonstrating further the association of hostility and psychotic symptoms [40]. MA-abusing
individuals with more severe psychotic symptoms were found to require increased health
service utilization and present with increased psychiatric burden [41]. Taken together, our
results provide further evidence of the psychiatric burden that MA dependence imposes
upon afflicted individuals, and also serves to inform clinicians that MA-abusing individuals
are likely to have high levels of ongoing psychological distress and hostility that may
influence adversely their interactions with treatment providers.

Craving for MA in withdrawal and abstinence

Our findings indicate that MA-dependent individuals may have difficulty maintaining
abstinence for longer than a week due to continued craving for MA, which persists through
several weeks of abstinence, and continues at a lower level throughout at least 5 weeks of
abstinence. In this regard, a prospective study showed that levels of craving for MA in out-
patient treatment-seeking participants predicted the likelihood to relapse on MA, with a
craving score >20 out of 100 on the VAS leading to a doubling of the relative risk of relapse
[42]. Therefore, continuous craving for MA in abstinence probably contributes to the high
rate of relapse observed across treatment studies [7].
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Our data on the correlation of depressive symptoms and craving for MA, when taken
together with a review of the relevant literature, provide strong evidence that the most
vulnerable time for relapse to MA is likely to be during days 7-14 of abstinence (Fig. 3
[38]). This assertion would be particularly valid for those subjects with significant
depressive symptoms during this period of abstinence, as they are also likely to be
experiencing high levels of craving for MA.

Limitations of current study

While the sample size for this study was larger than those of previously published studies of
MA withdrawal [19,20], it is still relatively small, and limited to individuals who were not
seeking treatment. Our findings therefore may not be generalizable to treatment seeking
MA-dependent subjects, whose severity and/or time—course of withdrawal and abstinence-
associated physical and psychiatric symptoms may be more severe (e.g. [43]). In addition,
the fact that MA participants were studied as in-patients while the HC participants were
studied as out-patients may confound interpretation of the results. Another limitation is that
the current study did not extend beyond 5 weeks of continuous abstinence.

Finally, our results showed some discrepancies in psychiatric ratings on the investigator-
scored MAWQ compared with self-report scales, with the MAWQ indicating lower
symptom intensities than self-report ratings. This difference may reflect reluctance of the
participants to provide accurate information when interacting with a rater than when
responding more anonymously by written self-report. Similar discrepancies, suggesting
greater reliability of self-report ratings than rater-administered scales, have also been found
in clinical psychiatric populations [44]. We suggest that the rater-scored MAWQ may have
greater utility in a treatment-seeking subject population, where the participant has already
acknowledged distress by coming for treatment.

Implications for future research on treatments for MA dependence

Our sample of MA-dependent individuals who were not seeking treatment experienced
moderate levels of depressive symptoms, psychotic symptoms and other psycho-
pathological indices during the transition from active use to abstinence. This high level of
psychiatric comorbidity seen in very early abstinence is likely to be a common experience
among MA abusers, given the prevalence of a binge-type pattern of MA abuse [45], with the
potential for repeated bouts of withdrawal. These symptoms decreased greatly within several
weeks of continuous abstinence, and continued at low levels throughout 5 weeks of
abstinence. Our data indicate further that MA abusers may have difficulty maintaining
abstinence once initiated due to the presence of continued craving for MA throughout at
least 5 weeks of abstinence. Therefore, we suggest that future research on treatments for MA
abuse should target cravings experienced by some MA abusers in abstinence, which may
improve the ability of treatment-seeking MA abusers to maintain sobriety and remain in
treatment.
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Figure 1.

Effect of duration of abstinence from methamphetamine (MA) on Beck Depression
Inventory (BDI) score (n = 28), compared to healthy control (HC) subject sample (n = 89).
Data represent mean BDI score at each time-point; error bars represent standard deviation of
each value. The range of possible scores on the BDI is 0-69. *P < 0.05 for difference of MA
versus HC sample; **P < 0.001 for difference of MA versus HC sample. One-way repeated-
measures analysis of variance comparisons of BDI scores among MA subjects (within-group
assessments) were conducted with post-hoc Bonferroni correction. #P < 0.05 for the
difference between data at a later time-point compared with data at study entry. ##P < 0.001
for the difference between data at a later time-point compared with data at study entry
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Figure 2.

Page 11

Effect of time in abstinence from methamphetamine (MA) on Visual Analogue Scale (VAS)
craving for MA (n = 26). Data represent mean VVAS scores at each time-point; error bars
represent standard deviations of each value. ##P < 0.01 for each time-point versus study

entry
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Figure 3.

Correlation of Beck Depression Inventory (BDI) and Visual Analogue Scale (VAS) during
abstinence from methamphetamine (MA) (n = 26). The relationship between depressive
symptoms (as measured by BDI) and levels of craving for MA (as measured by VAS) was
investigated using Pearson’s product—-moment correlation coefficient. Correlations between
the two measures are presented in each figure. As demonstrated, BDI and VAS are
significantly correlated days 7-14 of abstinence from MA. Study entry: days 0-1 of
abstinence. Week 1: days 6-8 of abstinence; week 2: days 13-15 of abstinence; week 3:
days 20-22 of abstinence; week 4: days 27-29 of abstinence
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Figure 4.

Effect of duration of abstinence from methamphetamine (MA) on Brief Symptom Inventory
(BSI) scores (n = 25), compared to healthy control (HC) subject sample (n = 85). Data
represent mean BSI subscale score at each time-point (0: study entry; 1-5: represents data
collected at end of each week of hospitalization indicated); error bars represent standard
deviation of each value. *P < 0.05 MA versus HC sample at time-point: **P < 0.001 MA
versus HC sample at time-point. #P < 0.05 MA subjects: time-point versus study entry, ##P
< 0.01 MA subjects: time-point versus study entry. (A) Depression subscale: effect of
duration of abstinence, P = 0.001. (B) Psychoticism subscale: effect of duration of
abstinence, P = 0.003. (C) Obsession subscale: effect of duration of abstinence, P < 0.001.
(D) Anxiety subscale: effect of duration of abstinence, P < 0.001. (E) Additional symptoms
subscale: effect of duration in abstinence, P = 0.131. (F) Interpersonal sensitivity subscale:
effect of duration of abstinence, P < 0.001. (G) Paranoia subscale: effect of duration of
abstinence, P = 0.003. (H) Phobia subscale: effect of duration of abstinence, P = 0.506. (1)
Hostility subscale: effect of duration of abstinence, P < 0.001. (J) Somatization subscale:
effect of duration of abstinence, P < 0.001. (K) Global symptoms index (GSI) subscale:
effect of duration of abstinence, P < 0.001
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Table 2

Effect of duration of abstinence from methamphetamine (MA) on Methamphetamine Withdrawal

Questionnaire (MAWQ) subscales (n = 32).

Effect of time (days 1-14)  Study entry
F P Mean (SD)
Vital signs
Systolic blood pressure 0.63 0.68 118.8 (16.8)
Diastolic blood pressure 0.7 0.62 69.2 (12.2)
Pulse 0.77 0.57 70.2 (10.7)
Physical symptoms n (%)
Headaches 0.36 0.98 8 (25)
Constipation 0.46 0.96 2 (6)
Diarrhea 131 0.2 4(13)
Irregular or pounding heartbeat 0.98 0.47 4 (13)
Muscle or joint pain 1.24 0.25 9 (28)
Red/itching eyes 4.33 <0.001 10 (31)
Sweaty or clammy 1.35 0.18 5 (16)
Emotional symptoms
Angry 0.36 0.98 4(13)
Anxious/nervous 1.18 0.29 11 (34)
Craving 0.67 0.79 22 (68)
Depressed 1.22 0.26 8(25)
Irritable 0.8 0.66 6 (19)
No motivation 2.8 0.001 12 (38)
Loss of interest or pleasure 1.69 0.06 8(25)
Restless 0.54 0.90 13 (40)
Suicidal thoughts 1.47 0.12 2 (6)
Functional symptoms
Increased appetite 3.23 <0.001 20 (63)
Decreased appetite 0.51 0.92 4 (13)
Poor concentration 1.02 0.43 6 (19)
Poor memory 1.23 0.25 9 (28)
Sleep difficulties 3.16 <0.001 7(22)
Tired or low energy 5.36 <0.001 18 (56)
Additional symptoms
‘I am not feeling well’ 1.22 0.26 6 (19)
‘Sometimes it feels as though people are watching me or talking about me’  2.19 0.009 309
‘Sometimes it feels like someone is touching me but no one is there’ 0.83 0.63 1(3)
‘I often think about taking methamphetamine’ 2.04 0.02 23(72)
‘My sexual pleasure is less than usual’ 2.22 0.008 8(25)
‘Recently my interest in sex is less than usual’ 1.26 0.24 7(22)
‘I am not able to deal with stress as well as usual’ 1.39 0.16 7(22)
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Effect of time (days 1-14)  Study entry

F P Mean (SD)

‘Sometimes | hear voices that no one else can hear’ 0.87 0.58 1(3)

Effect of time of abstinence was analyzed by mixed-effects modeling over days 1-14 of abstinence from MA. The table presents the exact text of
the instrument, which was rater-administered to MA-abusing participants. The instrument is scored on a four-point Likert-type scale from ‘none’ to
‘severe’ (physical, emotional, functional symptoms) or ‘none’ to ‘strongly agree’ (additional symptoms). P values reaching statistical significance
(P < 0.05) are highlighted. SD: standard deviation.
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