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bstract

Although intranasal methamphetamine abuse has increased, there are no published data investigating the residual effects of the drug under
ontrolled conditions. Thus, the current study examined the residual effects of single-dose intranasal methamphetamine administration on a broad
ange of behavioral and physiological measures. Non-treatment seeking methamphetamine abusers (n = 11) completed this two-week, in patient,
ithin-participant, double-blind study. The study consisted of four two-day blocks of sessions; each block was separated by at least 48 h. At

pproximately 10:00 h, on the first day of each block, participants received one of four intranasal methamphetamine doses (0, 12, 25, 50 mg/70 kg).
ights were turned out at 23:00 h that evening and sleep measures were assessed. On the morning of the second day of each block, methamphetamine
lasma levels, cardiovascular measures, mood, subjective reports of the previous evening’s sleep, and psychomotor performance were assessed

o determine residual drug effects. The larger methamphetamine doses (25 and 50 mg) markedly disrupted subjective measures of that night’s
leep and some indices of next-day mood, but only the largest dose (50 mg) dose decreased objective measures of that night’s sleep and increased
ext-day physiological measures. Methamphetamine did not produce any negative residual effects on early next-day performance. Future studies
hould assess methamphetamine-related residual effects following repeated doses administered over consecutive days.

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Following several decades of dormancy, the abuse of
mphetamines has again become an important public health
roblem in several countries, including Australia, Thailand,
nd the United States. In the United States, for example,
reatment admissions for methamphetamine use disorders have

teadily increased since 2000. Although acute administra-
ion of relatively low oral methamphetamine doses reportedly
mproves mood and cognitive performance (e.g., Johnson et
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urgeons of Columbia University, 1051 Riverside Drive, Unit 120, New York,
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l., 1999, 2000; Hart et al., 2002), long-term abuse of larger
oses, administered via routes other than oral, is associated
ith mood disturbances (London et al., 2004) and cogni-

ive impairments (London et al., 2005). These deleterious
ffects appear to be exacerbated following abrupt discontinu-
tion of methamphetamine use (Peck et al., 2005). In addition,
ypersomnia, increased depression-related symptoms, anxiety
nd methamphetamine craving are reported after cessation of
ethamphetamine use (McGregor et al., 2005).
It should be noted, however, that there were a few method-

logical concerns that constrained the conclusions from studies
ndicating methamphetamine-related disruptive effects after

iscontinuation of drug use. For example, sleep behavior
ased on subjective reports may not correspond with objec-
ive sleep measures (e.g., Baker et al., 1999; Tworoger et al.,
005). Furthermore, previous studies relied on retrospective

mailto:clh42@columbia.edu
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elf-reported information regarding recency and amounts of
ethamphetamine use, making it difficult to precisely quan-

ify patterns of methamphetamine use that are most likely
o precipitate disruptive effects. Given these considerations, a
ystematic laboratory investigation, during which carefully con-
rolled methamphetamine doses are administered and objective
leep measures are assessed, is needed. A better understanding of
ethamphetamine-related residual effects is an important initial

tep in developing effective methamphetamine abuse treatments
ecause interventions can target specific symptoms. There-
ore, we undertook a double-blind, in patient, within-participant
tudy to evaluate the residual effects of intranasal metham-
hetamine administration (0, 12, 25, and 50 mg/70 kg) on several
ependent variables, including mood, cognitive/psychomotor
erformance, objective and subjective sleep behaviors. Resid-
al effects were operationally defined as those occurring at least
2 h after drug administration, at a time when plasma levels of
ethamphetamine are declining and acute subjective effects are

egligible. These participants were previously described in an
nvestigation of the acute effects of intranasal methamphetamine
n the behavioral and physiological measures in abusers (Hart
t al., 2007).

. Methods

.1. Participants

Eleven research participants (2F, 9M) completed this two-week inpatient
tudy: their age ranged from 22 to 45 years (mean age = 30.7). Prior to study
nrollment, participants signed a consent form that was approved by the Institu-
ional Review Board of The New York State Psychiatric Institute (NYSPI); each
assed comprehensive medical and psychiatric evaluations and were within nor-
al weight ranges according to the 1983 Metropolitan Life Insurance Company

eight/weight table [body mass index: 24.1 ± 4.4 (mean ± S.D.)]. All partici-
ants met DSM-IV criteria for current methamphetamine abuse or dependence
nd stated they were not seeking treatment at the time of study participation.
o participant met criteria for any other axis I disorder. All reported abusing
ethamphetamine primarily via the intranasal route, although nine reported

aving used via the smoked route and one via the intravenous route. Partici-
ants reported using methamphetamine 3.6 ± 1.7 (mean ± S.D.) days/week. Six
articipants reported current cocaine use (1–4 times/week), seven reported cur-
ent alcohol use (1.5–15 drinks/week), seven reported current marijuana use
1–6 times/week), and eight smoked 2–20 tobacco cigarettes/day.

.2. Design and procedures

This two-week, double-blind, within-participant study consisted of four two-
ay blocks of sessions with each block of sessions separated by at least 48 h. On
he first day of each block, at approximately 10:00 h, participants received one
f four intranasal methamphetamine doses (0, 12, 25, 50 mg/70 kg). Metham-
hetamine dosing was counterbalanced across participants. Subsequently that
vening, lights were turned off at 23:00 h for an 8-h sleep period and objective
leep was assessed. During this period, participants were instructed to remain
n bed. On the second day of each block, at approximately 10:00 h, heart rate
HR), systolic (SP) and diastolic pressure (DP) and methamphetamine plasma
evels were assessed. Then, a sleep questionnaire, subjective-effect ratings, and

cognitive/psychomotor battery were completed to determine residual drug
ffects.
At least two days before beginning experimental sessions, participants were
dmitted onto the General Clinical Research Service (GCRS) at the NYSPI,
here they resided until study completion. This arrangement ensured a sufficient
rug washout period before study commencement and decreased the likelihood
hat non-study drugs would be consumed during the study.

3

o
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.3. Sleep monitoring

Objective measures of sleep were obtained by tracking gross motor activity
sing Actiwatch® Activity Monitoring System (Actiwatch®: Respironics Com-
any, Bend, OR), worn throughout the study by 6 of the 11 participants (Kushida
t al., 2001). Actiwatch® data from the first five participants were not available
ue to equipment malfunctions with another portable sleep system. Each morn-
ng, all participants were asked to estimate the number of hours they slept the
revious night and to complete a visual analog sleep questionnaire consisting of
100 mm lines labeled “not at all” at one end and “extremely” at the other end.
he six items were: “I slept well last night,” “I woke up early this morning,”
I fell asleep easily last night,” “I feel clear-headed this morning,” “I woke up
ften last night,” “I am satisfied with my sleep last night.”

.4. Subjective-effects and cognitive/psychomotor battery

The computerized visual analog questionnaire consisted of a series of
00 mm lines labeled “not at all” at one end and “extremely” at the other end
described in Hart et al., 2007). The lines were labeled with adjectives describ-
ng a mood (e.g., “Anxious,” “Depressed,” “Frustrated”), a drug effect (e.g.,
Bad Drug Effect,” “Good Drug Effect,” “High”), or a physical symptom (e.g.,
Headache,” “Muscle Pain,” “Stomach Upset”). Three items were also used to
perationalize drug craving and were labeled “I want meth,” “I want alcohol,”
nd “I want a cigarette.”

Computerized psychomotor tasks (Haney et al., 1999) consisted of a 3-
in Digit–Symbol Substitution Task (DSST; McLeod et al., 1982), a 3-min

epeated-acquisition task (RA; Kelly et al., 1993), a 10-min divided attention
ask (DAT; Miller et al., 1988), a 10-min rapid information task (RIT; Wesnes
nd Warburton, 1983), and a 3-min immediate and delayed digit-recall task (Hart
t al., 2001).

.5. Drugs

Methamphetamine HCl, was provided by the National Institute on Drug
buse (NIDA). Lactose (60 mg/70 kg) was used as a placebo and lactose was

lso added to each methamphetamine dose (12, 25, and 50 mg/70 kg) to achieve
final weight of 60 mg/70 kg. As a safety precaution, the maximum single
ethamphetamine dose administered did not exceed 60 mg. Three participants’
eight exceeded 84 kg, and as a result, they were administered 41–48 mg/70 kg.
ach dose was provided in a small medicine cup, along with a plastic straw
∼7 cm) and participants were instructed to insufflate the entire dose within a
0-s period. All drug administrations occurred in a double-blind manner.

.6. Data analysis

Repeated-measures analyses of variance (ANOVA) with planned com-
arisons were conducted to determine the residual effects of intranasal
ethamphetamine (0, 12, 25, 50 mg/70 kg) on sleep measures, subjective-effect

atings, cognitive/psychomotor performance, and physiological measures. For
ll analyses, ANOVAs provided the error terms needed to calculate planned com-
arisons that were designed to determine the effects of methamphetamine dose.
ata were considered statistically significant at p < 0.05, using Huynh–Feldt

orrections.

. Results

Data collected from the three participants who weighed
reater than 84 kg were consistent with the results of the other
articipants.
.1. Sleep

Fig. 1 (upper left panel) shows that, relative to placebo,
bjective total sleep duration was significantly decreased by the
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Fig. 1. Left panels: Mean values for total number of hours slept and number of awakenings as measured by the Actiwatch® Activity Monitoring System as a
function of methamphetamine dose (n = 6). Middle panels: Mean values for sleep questionnaire estimates of hour slept and ratings of “woke often” as a function of
methamphetamine dose (n = 11). Right panels: Values for subjective and objective number of hours slept for each participant and values for subjective and objective
number of awakenings following 50 mg/70 kg methamphetamine (n = 6). Error bars represent one S.E.M. An asterisk (*) indicates significantly different from placebo
(p < 0.05). Symbol (§) indicates significantly different from 12 mg/70 kg (p < 0.05). Symbol (†) indicates significantly different from 25 mg/70 kg (p < 0.05).

Table 1
Residual effects of methamphetamine on the sleep questionnaire, subjective-effect ratings, and physiological measures

Measure Methamphetamine conditions

Placebo 12 mg 25 mg 50 mg

Mean (S.E.M.) Mean (S.E.M.) F value Mean (S.E.M.) F value Mean (S.E.M.) F value

Sleep questionnaire
Clear-headed 78.20 (7.38) 71.17 (8.98) 0.39 63.80 (8.08) 1.64 49.44 (9.10) 6.55*

Estimated no. of hours slept 7.70 (0.31) 6.77 (0.56) 1.42 4.83 (0.85) 13.78*,§ 2.84 (0.89) 39.41*,§ ,†
Fell asleep easily 57.50 (9.74) 56.06 (12.51) 0.01 27.40 (11.34) 4.38* 10.22 (4.56) 10.80*,§

Satisfied with sleep 80.30 (7.75) 64.00 (10.77) 1.37 42.40 (12.43) 7.38* 25.33 (6.46) 15.53*,§

Slept well 85.20 (3.82) 75.72 (8.57) 0.72 49.60 (11.68) 10.08*,§ 21.44 (7.41) 32.34*,§ ,†
Woke often 16.50 (6.66) 32.28 (10.04) 1.15 64.80 (12.48) 10.78*,§ 67.56 (11.52) 12.04*,§

Subjective-effect ratings
Alert 55.55 (9.76) 51.09 (9.90) 0.32 53.36 (8.85) 0.08 38.09 (9.15) 4.40*

Content 53.91 (6.46) 46.09 (6.63) 1.56 42.09 (4.63) 3.56 37.36 (5.00) 6.98*

Energetic 35.20 (9.71) 45.00 (10.48) 1.04 29.20 (4.91) 0.39 22.80 (5.54) 5.33§

Friendly 65.00 (7.79) 60.36 (6.41) 0.48 59.09 (7.43) 0.77 43.00 (9.77) 10.69*,§ ,†
Social 67.09 (7.59) 50.36 (6.17) 4.46* 55.82 (6.49) 2.02 40.82 (6.60) 10.99*

Talkative 58.46 (4.63) 47.00 (8.62) 2.11 55.64 (6.10) 0.12 37.36 (6.43) 7.16*,†

Physiological measures
MA plasma levels (ng/ml) 0.00 (0.00) 6.72 (0.42) 4.33 13.67 (2.90) 17.91* 38.08 (4.11) 139.00*,§ ,†
Heart rate (bpm) 78.36 (2.28) 84.18 (2.90) 3.07 85.27 (3.09) 4.33 90.46 (4.44) 13.26*

Systolic pressure (mmHg) 118.00 (2.58) 119.64 (2.15) 0.42 123.00 (3.04) 3.96 124.00 (2.65) 5.70*

Diastolic pressure (mmHg) 69.00 (2.69) 71.36 (1.82) 0.84 73.82 (2.83) 3.51 78.55 (2.85) 13.76*,§

MA: methamphetamine. d.f. = 1, 30.
* p < 0.05, significantly different from placebo.
§ p < 0.05, significantly different from 12 mg.
† p < 0.05, significantly different from 25 mg.
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0-mg dose (p < 0.01); the average reduction was 2 h (50 mg:
.4 ± 1.03 h vs. placebo: 6.4 ± 1.16 h). Similarly, the number
f awakenings was increased by the largest methamphetamine
ose compared with all other doses (p < 0.01: Fig. 1, lower left
anel).

Fig. 1 (upper middle panel) shows that participants esti-
ated that they had slept approximately 2.9 and 4.9 fewer hours

he previous night when they received 25 and 50 mg, respec-
ively, compared to when they had received placebo (p < 0.001).
dditionally, when participants received the larger metham-
hetamine doses (25 and 50 mg), they reported waking more
requently during the sleep period (p < 0.05: Fig. 1, lower mid-
le panel). Table 1 shows additional significant effects produced
y methamphetamine on subjective sleep measures.

When the relationship between objective and subjective sleep
easures was examined for the 25- and 50-mg dose, only the

umber of awakenings as measured by the Actiwatch® and sub-
ective ratings of “Woke Often” following the 50-mg dose was
ignificantly correlated (r = −0.89 and p < 0.02: Fig. 1; 25 mg
ata not shown). There were no significant correlations follow-
ng the 25-mg dose.

.2. Subjective effects

Table 1 displays the residual effects of methamphetamine
n subjective-effect ratings. The 50-mg dose administered 24 h
arlier, significantly decreased rating of “Alert,” “Content,”
Energetic,” “Friendly,” “Social,” and “Talkative” (p < 0.05).

.3. Cognitive/psychomotor effects

Methamphetamine did not produce any significant residual
ffects on cognitive/psychomotor performance.

.4. Physiological measures

Table 1 summarizes next-day physiological effects of
ethamphetamine. Notably, all physiological measures were

ignificantly increased by the 50-mg dose compared with
lacebo (p < 0.05).

. Discussion

The present data show that objective and subjective sleep
ehaviors were disrupted by a single intranasal metham-
hetamine dose administered to experienced methamphetamine
sers 12–14 h before bedtime. Objective measures of sleep (i.e.,
otal number of hours slept and number of awakenings) reached
tatistical significance only following the largest metham-
hetamine dose (50 mg), whereas subjective measures (e.g.,
atings of “Slept Well”) were markedly decreased by both the 25-
nd 50-mg doses. Consistent with objective sleep results, some

easures of next-day mood (e.g., “Content” and “Friendly”)
ere decreased and next-day HR, SP, DP, and methamphetamine
lasma levels were increased by the largest methamphetamine
ose. Despite sleep and limited mood alterations caused by

r
t
e
d

ependence 94 (2008) 258–262 261

ethamphetamine, next-day cognitive performance was not
egatively impacted.

The finding that methamphetamine-related effects on objec-
ive and subjective sleep measures were not entirely consistent
s interesting and underscores an important limitation of past
tudies. Previous research investigating the residual effects of
ethamphetamine have relied exclusively on self-reports of

leep behavior (McGregor et al., 2005; Peck et al., 2005), despite
he fact that a large database comparing subjective estimates
f sleep with objective sleep measures suggests that the two
odalities may tap different aspects of the sleep experience (e.g.,
oates et al., 1982; Vitiello et al., 2004). Indeed, the current data
emonstrate that self-reports may dramatically overestimate the
xtent of sleep disruptions produced by methamphetamine. For
xample, participants reported they had slept nearly five fewer
ours the morning after they had received the 50-mg dose.
ata from the Actiwatch®, however, showed that they had slept
nly two fewer hours. Similarly, participants reported a general
ecrease in sleep quality after the two larger methamphetamine
oses, but objective sleep measures were significantly altered
nly following the largest dose. A caveat related to these obser-
ations is that objective sleep data was available for only 6 of
he 11 participants, and this might limit generality of the current
esults. Despite this, the current results suggest that there may
e a dissociation between objective and subjective measures of
leep disruption, a finding that should be assessed with a larger
ohort of participants.

Although some next-day subjective ratings were decreased
y the 50-mg methamphetamine dose, the overall pattern of
ffects produced by methamphetamine were limited and do not
uggest that next-day mood disturbances are a major feature
ssociated with a single intranasal dose administration. Impor-
antly, ratings of “depressed,” “anxious,” and “I want meth” were
ot altered by the methamphetamine dose administered the pre-
ious day. Because no earlier study has assessed the residual
ffects of intranasal methamphetamine under laboratory con-
itions, it is difficult to relate the current findings to previous
ata. Nevertheless, the next-day performance data are congru-
nt with the majority of next-day subjective ratings. That is,
ethamphetamine, administered 24 h earlier, did not produce

isruptions in any of the cognitive domains assessed, including
emory, reaction time, and sustained attention.
Anecdotally, illicit methamphetamine is used in multiple dose

ycles, which may continue over the course of several consec-
tive days (Angrist, 1994; Cho et al., 2001). In the present
nvestigation, the residual effects of methamphetamine were
valuated following only a single-dose administration, possibly
ecreasing the likelihood of observing methamphetamine-
ssociated disruptions. A related point is that 24 h following
ethamphetamine administration (primarily the 50-mg dose),

hysiological measures remained significantly elevated and this
ight have potential implications for toxicity. For example,

e Wit and co-workers showed that tolerance develops more

apidly to oral amphetamine-related subjective effects relative
o physiological effects (Brauer et al., 1996). Thus, in the natural
nvironment, some users may take repeated methamphetamine
oses in order to achieve a certain level of intoxication, which
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ight increase the likelihood of physiological harm (e.g., car-
iotoxicity). Future studies should determine the impact of the
esidual effects of methamphetamine following repeated dosing
ver consecutive days. Another caveat of this study was that
ext-day mood and performance were assessed at only one time
oint in the morning. It is possible that performance disruptions,
or example, are subtle and require multiple assessments over
he course of an entire day in order to be detected.

In conclusion, the present data show that a single intranasal
ethamphetamine dose produced marked reductions on mea-

ures of subjective sleep quality and, to a lesser extent, objective
leep. These findings highlight the importance of assessing
oth subjective and objective measures of sleep when determin-
ng the impact of methamphetamine-associated effects. Despite
ethamphetamine-related alterations of sleep and physiological
easures, the drug produced few residual effects on mood and

ognitive performance. Further study of the residual effects of
ethamphetamine following repeated dosing is needed to better

nderstand the purported abstinence syndrome associated with
ethamphetamine abuse.
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