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Introduction
Over the last two decades methamphetamine use has escalated in the United States as well
as around the world.1, 2 Methamphetamine abuse carries with it profound medical,3, 4
psychiatric,1, 3 legal5, and social1 problems. The increasing prevalence and adverse
consequences of methamphetamine use highlight the importance of characterizing better the
pharmacology of methamphetamine in order to develop promising treatment strategies for
methamphetamine dependence.

The Diagnostic and Statistical Manual defines criteria for cocaine and amphetamine
withdrawal syndromes6 and 87–97% of recently-abstinent amphetamine users are thought to
experience withdrawal7, 8. Nevertheless, amphetamine withdrawal, much less
methamphetamine withdrawal, has been studied on a very limited basis in humans7–9. The
duration of amphetamine withdrawal is generally considered to be much longer than cocaine
withdrawal,10 reportedly lasting from 5 days to more than 2 weeks7, 11. Acute withdrawal
from chronic amphetamine use in humans has been associated with depression, fatigue,
sleepiness12, aggression, agitation, anxiety, hyperphagia, hypersomnia, and psychomotor
retardation13 14 and has also been linked with sleep abnormalities such as early onset of the
first REM period, greatly increased total REM, and total sleep length that increased for
several weeks15.

Given that the period of drug or substance withdrawal is often cited as time during which
risk for relapse is very high16, 17, better characterizing the withdrawal syndrome associated
with cessation of methamphetamine use would be of great importance for developing more
efficacious treatment strategies. Therefore, we conducted this prospective observational pilot
study to examine mood, anxiety, cognitive function and subjective measures of sleep over a
4-week period in patients entering residential treatment for methamphetamine dependence.
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Methods
Subjects

Consecutive male and female treatment seeking volunteers were recruited from a local
residential treatment facility between August 2006 and January 2008. Subjects between the
ages of 18 and 65 were recruited by flyers and staff referrals at the treatment facility.
Participants had to report methamphetamine as their primary drug problem with recent use
verified by urine toxicology screen positive for methamphetamine. Subjects could not
participate if they had an unstable medical condition requiring acute inpatient
hospitalization, current diagnosis of other drug or alcohol physical dependence (other than
tobacco), history of psychosis, schizophrenia or bipolar disorder, current suicidality, or
current use of over-the-counter or prescription psychoactive drugs that may affect mood
ratings. Women were not eligible if they were pregnant or lactating. Assessments were
reviewed by a study physician prior to study entry to ensure these criteria were met. All
participants gave written informed consent to participate in the study and were compensated
monetarily for participation. This protocol was approved by the UAMS Institutional Review
Board.

Setting
Participants were residing at the Recovery Centers of Arkansas (RCA), a licensed and
accredited community-based provider of residential services for substance abuse and related
disorders.

Research Design and Procedures
After informed consent, demographic data, drug use history, medical and psychiatric
histories and a urine sample to test for recent methamphetamine use were obtained.
Participants were then observed over a four-week period, during which time drug use,
physiological, mood, sleep, cognitive and withdrawal assessments were obtained. The
Methamphetamine Selective Severity Assessment (MSSA) was administered at baseline to
determine severity of methamphetamine dependence11. Methamphetamine withdrawal
symptoms were measured at baseline and thrice weekly using the Methamphetamine
Withdrawal Assessment (MAWA) based on DSM-IV criteria for amphetamine withdrawal6.
Thirteen items of amphetamine withdrawal symptoms were included in the MAWA. These
items were: (i) drug craving; (ii) dysphoric mood; (iii) loss of pleasure; (iv) loss of interest
in activities previously enjoyed; (v) anxiety; (vi) slowing in movement; (vii) agitation; (viii)
decreased energy or fatigue; (ix) increased appetite or eating too much; (x) decreased
appetite; (xi) vivid or unpleasant dreams; (xii) sleeping too much; and (xiii) insomnia. Each
item was scored on a 0–4 scale (choices: `not at all', `a little, `moderately ', `quite a bit', and
`extremely'). Hamilton Depression18 and Anxiety19 scales were administered at baseline and
thrice weekly. Sleep quality and duration were assessed at baseline and thrice weekly
utilizing items from the Sleep Inventory Questionnaire20. Domains assessed by this sleep
questionnaire include overall quality of sleep rated on a 0–4 scale (choices: `very poor',
`poor', `average', `good', `very good') and how refreshed the subject felt after awakening in
the morning rated on a 0–4 scale (choices: `not at all', `a little', `moderately', `quite a bit', and
`extremely'). Cognitive assessments were obtained at baseline, week 2 and 4 and included
the Trail making Parts A and B21, the Digit symbol subtest of the Wechsler Adult
Intelligence Scale-Revised22, and the Stroop Color Word Interference Test23. Heart rate and
blood pressure (sitting and standing) were measured at baseline and thrice weekly. Body
weight was measured at baseline and weekly.

Urine samples were obtained thrice-weekly and analyzed for the presence of
methamphetamine (including metabolites) and other drugs using Hitachi 717 Automated
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Analyzers (Boehringer Mannheim Corp., Indianapolis, IN). A quantitative test was used to
examine changes in urinary levels of methamphetamine over the course of participation in
order to ensure that methamphetamine levels decreased over time as would be expected with
abstinence.

Data analysis
Means and ranges were computed for continuous baseline characteristics. For longitudinal
data, Proc GLIMMIX in SAS was used to fit a Mixed Model with Random Intercept. The
GLIMMIX procedure in SAS allows for the generalization of the standard linear model
(GLM) by allowing for the data to exhibit correlation and non-constant variability.
Additionally, the random intercept allows the model to be fit separately for each individual,
and then combined for the total model. This model was used initially to determine if there
was a significant overall effect of time. Significant time point differences were identified
utilizing post hoc Holm-Bonferroni corrections for multiple comparisons. For simplicity, a
mean weekly score was calculated for measures that were obtained thrice weekly and these
mean weekly scores are reported. For data with 5 time points (baseline and weeks 1 through
4), hypothesis tests were performed to test for differences between baseline and each
subsequent time point as well as differences between each time point (e.g., baseline and
week 1, week 1 and week 2, etc.). All tests performed were two-tailed and the level of α (to
infer statistical significance) was set at 0.05.

Results
Baseline characteristics and treatment retention

Thirteen subjects (8 females and 5 males; 100% Caucasian) signed informed consent. Five
were ineligible for the following reasons: baseline urine toxicology negative for
methamphetamine (n=3), chronic cannabis use (n=1), and unstable hypertension (n=1). Six
of the eight eligible participants (4 females, 2 males) completed the 4-week study. Study
completers had a mean age of 32.7 yrs (range 25–39), 13.2 years (range 11–16) of
education, reported first using methamphetamine at an average age of 16 (range 12–18), and
reported using methamphetamine on average 23.8 (range 20–28) of the past 30 days. Five
subjects had at least a high school education. Two participants used methamphetamine IV,
while the other 4 smoked methamphetamine. Mean use of methamphetamine in any 24 hour
use episode was approximately 0.9 grams (range 0.5–1.5). Participants reported using
methamphetamine within 2 (n=5) or 3 (n=1) days prior to study entry. Mean baseline MSSA
and MAWA scores were 48.2 (SD = 26.8) and 20.3 (SD = 12.5) respectively.

All study participants had urine screens negative for both licit and illicit substances and
decreases in the amount of methamphetamine measured in quantitative urinalyses over the
course of the study.

There were significant overall time effects for the MAWA (F=20.04, p<0.0001), MSSA
(F=27.77, p<0.0001), HAM-D (F=19.61, p<0.0001), and the HAM-A (F=17.22, p<0.0001).
Both the MAWA and MSSA scores decreased significantly between baseline and week 1
(MAWA: t= −5.38, p<0.001, MSSA: t= −6.54, p<0.001) as well as week 1 and week 2
(MAWA: t= −2.89, p=0.01, MSSA: t= −3.06, p<0.01) with no significant changes during
the remaining two weeks of the study (Figure 1). For measures of depression and anxiety, a
similar pattern of significant decreases during weeks 1 and 2 was observed for both the
HAM-D (Wk1: t= −4.47, p<0.001, Wk2: t= −2.79, p=0.02) and HAM-A (Wk1: t= −4.34,
p<0.001, Wk 2: t= −3.05, p=0.01) followed by no additional significant changes thereafter
(Figure 1).
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There was no significant overall time effect for standing (F=1.69, p=0.16) or sitting systolic
blood pressure (F= 1.04, p=0.39) or standing diastolic blood pressure (F=0.36, p=0.84).
(Figure 2). There was an overall significant time effect for sitting diastolic blood pressure
(F=2.57, p<.05). Sitting DBP increased significantly between weeks 3 and 4 (t=2.80,
p=0.03). No significant change over time in either sitting (F=0.51, p=0.73) or standing HR
(F=1.21, p=0.31) was observed. There was an overall significant time effect for weight
(F=4.95, p=0.007). Body weight increased significantly between baseline and week 2
(t=2.99, p<0.05), 3 (t=2.98, p=0.04) and 4 (t= 4.08, p=0.004).

Significant overall time effects for both sleep quality (F=2.80, p=0.03) and refreshed sleep
(F=6.96, p<0.0001) were observed. Relative to baseline, a significant improvement in
refreshed sleep (t=−2.80, p=0.03) occurred during the first week of the residential stay,
while a significant decrease in sleep quality was found between weeks one and two (t=
−2.80, p=0.02) (Figure 3).

Performance on the Stroop Color-Word test, the Trials A and B tests and the Digit symbol
sub-test portion of the Wechsler Adult Intelligence Scale- Revised did not change
significantly over the course of the study (see table 1).

Discussion
Overall, self-reported measures of depression, anxiety and methamphetamine withdrawal
symptoms decreased significantly during the first two weeks of the residential stay with the
most dramatic reduction occurring during the first week. These results differ somewhat from
those of a previous study by McGregor and colleagues11, which demonstrated a decline in
methamphetamine withdrawal severity approaching control levels within one week. The
reason for this is unclear, but may be due to the fact that several patients in the McGregor
study received low dose benzodiazepines, which may have affected measures of
methamphetamine withdrawal. Additionally, participants in the current study were older and
had used methamphetamine longer. These differences may have contributed to the longer
duration of withdrawal symptoms in the current study, suggesting that the duration of
methamphetamine withdrawal-related symptoms may be longer than previously reported.

Although sitting diastolic blood pressure did increase significantly between weeks 3 and 4,
values were never outside of clinically acceptable normal ranges. These findings are
consistent with results from those of McGregor, et. al.11, in that radial pulse and blood
pressure did not change significantly and stayed within normal limits for the duration of the
3 week study. Be that as it may, the clinical utility of these measures are unclear in
monitoring methamphetamine withdrawal during early treatment.

Self-report measures of refreshed sleep improved significantly during the first week in
treatment; however, although this improvement persisted for refreshed sleep, quality of sleep
significantly worsened during the second week of the residential stay. This would seem to
indicate that, although the amount of sleep in abstinent methamphetamine users may
stabilize fairly quickly as demonstrated in the previous study by McGregor et. al.11, sleep
quality may be a complex phenomenon that does not stabilize as rapidly. It is also somewhat
unclear why seemingly related measures of refreshed sleep and quality of sleep don't follow
a similar pattern. These somewhat inconsistent findings suggest that a closer examination of
sleep to include more objective measures of sleep, such as actigraphic monitoring, is
warranted.

Cognitive testing did not reveal significant changes during the course of the study, although
performance did appear to decline during the second week of treatment. This is in contrast to
previous studies that have demonstrated significant problems in cognitive function in non-
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treatment seeking, recently abstinent methamphetamine dependent individuals25, 26. The
previous studies are difficult to compare to the current study as these previous studies were
in non-treatment seeking methamphetamine dependent individuals and all results were based
on comparisons to controls. It should be noted, however, that the negative results of the
present study may be due to the small sample size, which is less than 33% of that for
previous studies25, 26. Thus, these negative results may be due to a lack of power as well as
differences in sample populations. These findings also suggest that subjective ratings are
much more robust than cognitive measures in detecting changes following abrupt
termination of amphetamine administration.

The small sample size (N=6) is a significant limitation of the current study and does limit
generalizability for the overall population of methamphetamine dependent patients entering
inpatient treatment. The lower than expected recruitment of eligible methamphetamine users
over an 18-month time frame occurred due to several factors: staff did not always remember
to refer potential participants, RCA contacts were recommending potential patients to be
abstinent prior to their admission to the facility, which was an exclusion criterion, and
comorbidity and/or use of psychoactive medications was prevalent in these patients. These
factors highlight the difficulties with conducting studies like this in real world situations.
Although interpretation of findings was sometimes difficult because the power to detect
significant differences may have been too low, that significant changes in some sleep,
withdrawal and anxiety/mood measures occurred indicate that these symptoms may be the
result of a pharmacological effect associated with cessation of methamphetamine use. . An
alternate explanation is that the declines in these measures are not due to resolving drug
withdrawal per se, but rather reflect an improvement in anxiety and mood symptoms as
patients settle into the supportive treatment milieu, engage in therapy, and consequently
report fewer subjective symptoms of withdrawal. A placebo controlled, double-blind study
is necessary to more closely examine the potential contribution of treatment milieu effects
relative to the pharmacological effects associated with methamphetamine cessation as well
as the effects of methamphetamine withdrawal on relapse and treatment retention. Although
medications that reduce symptoms associated with withdrawal may be extremely valuable in
promoting engagement and retention in behavioral and psychosocial treatment27, 28, future
studies need to more closely examine the impact of these withdrawal symptoms on treatment
outcome. The small number of study participants also likely limited our ability to find
significant changes in cognitive functioning that have previously been demonstrated25, 26.

Another major limitation of the study is that it was uncontrolled; that is, there was no control
for the abstinent condition. However, these findings will aid the development of a double-
blind, placebo-controlled withdrawal paradigm to control for expectancy and define more
precisely the severity and time-course of methamphetamine withdrawal as well as examine
the efficacy of potential pharmacotherapies for alleviating these symptoms.

Conclusion
Despite the limitations cited, this study extends the literature by pointing toward a
methamphetamine withdrawal syndrome that includes alterations in measures of sleep
quality and refreshed sleep, early improvement in depression and anxiety symptoms, most
striking during the first week, but persisting into the second week. The findings of the
present and prior studies highlight the need for a double-blind, placebo-controlled
methamphetamine withdrawal paradigm in humans, currently underway, where changes in
sleep, cognitive function and withdrawal measures can be explored more fully.
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Fig 1.
Methamphetamine Withdrawal and Mood Rating Scores Over Time
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Fig 2.
Changes in Vitals Over Time
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Fig 3.
Quality and Refreshed Sleep Scores Over Time
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Table 1

Cognitive Performance over Time N=6

Measure Mean (SD) F value P

Trails A Time in seconds 3.43 0.07

 Baseline 28.5 (13.8)

 Week 2 23.3 (6.7)

 Week 4 19.2 (4.5)

Trails B Time in seconds 0.66 0.54

 Baseline 56.0 (25.6)

 Week 2 54.7 (13.4)

 Week 4 49.5 (13.1)

Color Word Interference T-score 0.18 0.84

 Baseline 62.3 (11.2)

 Week 2 57.5 (11.5)

 Week 4 60.2 (19.6)

Digit Symbol Subtest Number correct 1.84 0.21

 Baseline 52.8 (8.4)

 Week 2 53.8 (12.1)

 Week 4 59.8 (9.2)

Trails A and B: A lower score indicates a better performance.

Color Word Interference and Digit Symbol Subtest: A higher score indicates a better performance.
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