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Abstract

Methamphetamine use has increased significantly and become a global health concern. Craving is 

known to predict methamphetamine use and relapse following abstinence. Some have suggested 

that cravings are automatic, generalized, and uncontrollable, but experimental work addressing 

these claims is lacking. In two exploratory studies we tested the boundary conditions of 

methamphetamine craving by asking: (1) is craving specific to users’ preferred route of 

administration? and (2) can craving be regulated by cognitive strategies? Two groups of 

methamphetamine users were recruited. In Study 1, participants were grouped by their preferred 

route of administration (intranasal vs. smoking), and rated their craving in response to photographs 

and movies depicting methamphetamine use (via the intranasal vs. smoking route). In Study 2, 

methamphetamine smokers implemented cognitive regulation strategies while viewing 

photographs depicting methamphetamine smoking. Strategies involved either focusing on the 

positive aspects of smoking methamphetamine or the negative consequences of doing so – the 

latter strategy based on treatment protocols for addiction. In Study 1, we found a significant 

interaction between group and route of administration, such that participants who preferred to 

smoke methamphetamine reported significantly stronger craving for smoking stimuli, whereas 

those who preferred the intranasal route reported stronger craving for intranasal stimuli. In Study 

2, participants reported significantly lower craving when focusing on the negative consequences 

associated with methamphetamine use. Taken together, these findings suggest that strength of 

craving for methamphetamine is moderated by users’ route of administration and can be reduced 

by cognitive strategies. This has important theoretical, methodological, and clinical implications.
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Over the past two decades, illicit methamphetamine use has become a global concern, with 

amphetamines being second only to marijuana in prevalence of use worldwide (United 

Nations, 2011). In the United States in 2012, approximately 439,000 individuals aged 12 and 

over reported current use of illicit methamphetamine (Substance Abuse and Mental Health 

Services Administration, 2012). In addition, there were 110,000 admissions for 

methamphetamine use-related treatment (Substance Abuse and Mental Health Services 

Administration, Center for Behavioral Health Statistics and Quality, 2013). These figures 

underscore the need to understand factors that may increase or decrease methamphetamine 

use.

One such factor is craving, which has long been considered a key feature in addiction 

disorders (Kavanagh & Connor, 2012; O’Brien, Childress, Ehrman, & Robbins, 1998; Sinha 

& Li, 2007; Volkow et al., 2006; World Health Organization, 1955) and has been repeatedly 

linked to both drug use and relapse (e.g., cocaine, nicotine, alcohol; Allen, Bade, Hatsukami, 

& Center, 2008; Crits-Christoph et al., 2007; Heinz, 2005; Shiffman et al., 2013; see Kober, 

2014 for a review). Methamphetamine craving has been shown to rise in response to 

methamphetamine-related cues (Culbertson et al., 2010; Ekhtiari, Alam-Mehrjerdi, Nouri, 

George, & Mokri, 2010; Newton et al., 2006), and to predict methamphetamine use and 

relapse after treatment (Galloway, Singleton, & The Methamphetamine Treatment Project 

Corporate Authors, 2008; Hartz, Frederick-Osborne, & Galloway, 2001). Recently, the 

accumulated evidence resulted in the addition of craving as a diagnostic criterion to 

Addiction Disorders in DSM-5, where craving is defined as “a strong desire or urge to use 

drugs” (American Psychiatric Association, 2013). Other definitions include “obsessional 

thoughts about drugs, triggering compulsive drug-seeking and drug taking behavior” 

(Ciccocioppo, 1999), “irresistible desire” (World Health Organization, 1955) and “so 

irresistible that it almost inevitably leads to drug seeking and drug taking” (Robinson & 

Berridge, 1993). This notion of craving as not only a strong desire, but an uncontrollable 

urge, is echoed in much of the popular media’s approach to drugs in general, and 

methamphetamine in particular, including the campaign “Not Even Once” (Hart, 2013; The 

Partnership at Drugfree.org, 2013). But is craving, in fact, so uncontrollable?

Indeed, the suggestion that craving is uncontrollable is inconsistent with clinical findings 

that cognitive-behavioral treatments (CBT) - that include key modules on regulation of 

craving - are at least somewhat effective in reducing craving and use for various drugs (e.g., 

Carroll, 1996; Dutra et al., 2008) including methamphetamine (Lee & Rawson, 2008; Smout 

et al., 2010). Nevertheless, few studies to date have experimentally investigated boundary 

conditions that influence or modulate craving in methamphetamine users. Understanding 

such factors is critically important in our efforts to develop better treatments for 

methamphetamine addiction.

To investigate the boundary conditions of methamphetamine craving directly, we recruited 

methamphetamine users to participate in two exploratory laboratory studies. In the first 

Lopez et al. Page 2

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study, we tested the effect of methamphetamine-related cues on craving. Because illicit 

methamphetamine users in the US vary with regards to preferred route of administration 

(e.g., intranasal, smoking, or intravenous; see Substance Abuse and Mental Health Services 

Administration, Office of Applied Studies, 2009), we specifically tested whether route of 

administration is a moderator of cue-induced methamphetamine craving. Because cue-

induced cravings are conditioned responses (based on repeated pairing of methamphetamine 

cues with methamphetamine administration; Kober, Turza, & Hart, 2009; Martin-Soelch, 

Linthicum, & Ernst, 2007; Tiffany & Conklin, 2000; Weiss, 2005), we hypothesized that 

strength of cue-induced cravings depends on individual use history and therefore differ by 

route of administration. Therefore, we grouped participants according to their self-reported 

“most common” and “preferred” route of administration: intranasal administration or 

smoking (we were not able to recruit intravenous users, due to their relatively low rate in 

NYC population). Participants completed a cue-induced craving task that consisted of 

viewing photographs and movies depicting methamphetamine smoking or intranasal 

administration of methamphetamine. We predicted that methamphetamine craving would be 

elicited in a cue-specific manner, such that methamphetamine users would experience 

stronger craving in response to stimuli that depict their preferred route of administration 

(e.g., those who most commonly smoke methamphetamine would experience stronger 

craving for smoking stimuli).

In this first study, as predicted, we observed higher cue-induced craving towards stimuli that 

matched users’ route of administration. Given these findings, we recruited a new cohort of 

methamphetamine smokers in a second study in which we induced strong craving by 

presenting stimuli that depicted the group’s preferred route of administration (smoking), and 

then tested whether these participants could modulate their craving using cognitive strategies 

drawn from CBT treatments for addiction. Such strategies direct users to think differently 

about their craving by making reappraisals about the meaning of drug cues. Participants in 

this study completed the Regulation of Craving (ROC) task, following our prior work with 

cigarette smokers (Kober, Mende-Siedlecki, et al., 2010; Kober, Kross, Mischel, Hart, & 

Ochsner, 2010; Westbrook et al., 2013). In this task, participants viewed photographs of 

methamphetamine, methamphetamine-smoking, and food, and were instructed to implement 

cognitive regulation strategies to increase or decrease their craving. After each trial, 

participants reported their craving on a continuous rating scale. Importantly, it has not been 

previously shown whether methamphetamine users can exercise cognitive control over their 

methamphetamine craving in experimental settings. Rather, it has been suggested that 

methamphetamine users are cognitively impaired (Scott et al., 2007), and that craving may 

be uncontrollable (Robinson & Berridge, 1993; The Partnership at Drugfree.org, 2013). 

Nevertheless, we predicted that methamphetamine users would be able to regulate their 

craving for methamphetamine as well as food.

Study 1 – Route of Administration and Methamphetamine Craving

Method

Participants—Twenty-one current methamphetamine users were recruited to participate in 

the study (see Table 1 for demographic information). Participants were recruited via posters 
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on bulletin boards, online ads, and newspaper advertisements in New York City, and by re-

contacting individuals who participated in prior studies in this population (e.g., Hart et al., 

2008). Participants were initially screened by phone and then were screened in person 

during their first visit at the New York State Psychiatric Institute, following our prior work 

(e.g., Kirkpatrick, Gunderson, Johanson, et al., 2012). Specifically, all participants passed 

medical and psychiatric evaluations prior to study enrollment, and were deemed healthy by a 

physician. They were also within normal weight ranges according to the Metropolitan Life 

Insurance Company height/weight table. Following our prior work with this population 

(Kirkpatrick, Gunderson, Levin, Foltin, & Hart, 2012), participants were eligible if they 

reported regular illicit methamphetamine use, fulfilled criteria for methamphetamine abuse 

or dependence as assessed by the Structured Clinical Interview for DSM-IV (SCID; First, 

Spitzer, Gibbon, & Williams, 2002), tested positive for methamphetamine on a urine 

toxicology screening, and did not report any neurological, psychiatric, or movement 

disorders, seizures, use of mood-altering medications in the past 6 months, or any medical 

condition that might impair cognitive function (including abuse/dependence on any other 

drug except methamphetamine and nicotine).

Two participants were excluded prior to data analysis due to self-reported non-compliance 

on the task, and 19 participants (1 female) were therefore included in the final analysis. 

Their age ranged from 26 to 47 years (M = 37.52, SD = 7.65). Education level ranged from 

12 to 17 years (M = 15.3 years, SD = 2.04). Overall, participants reported using 

methamphetamine an average of 4.81 times in the month prior to their second laboratory 

visit (SD = 4.38), between 0.5 to 4 grams per use (M = 1.05 grams per use, SD = 1.07; which 

indicates several days of use per “time”). In the final sample, 6 participants reported 

intranasal methamphetamine use and 13 participants reported smoking of methamphetamine 

as their preferred (and most common) route of administration. Intranasal users reported 

using an average of 6.33 times per month (Range: 1 – 17.5; SD = 5.95) and 1.3 grams per 

use (Range: 0.5 – 4; SD = 1.53). Smokers reported using 4.45 times per month (Range: 1 – 

14; SD = 3.91) and 0.875 grams per use (Range: 0.5 – 1.25; SD = 0.323). Differences in 

frequency and amount between groups were not significant (p = .45 and p = .61, 

respectively). Additionally, there were no differences in age, race, or education between 

groups (see Table 1). All participants gave informed consent in accordance with the 

Institutional Review Boards of Columbia University and the New York State Psychiatric 

Institute. Testing sessions were typically conducted in the afternoon, and participants were 

instructed ahead of time to abstain from caffeine, food, cigarettes, and drugs for at least 2 

hours prior to the laboratory session, which lasted one hour. This 2-hour abstinence period 

followed that in our prior work (Kober, et al., 2010a; Kober, et al., 2010b).

Stimuli—During the task, participants were shown 75 images of food, 84 images of 

methamphetamine, and 42 short videos depicting methamphetamine use. All 75 food stimuli 

were previously shown to elicit food craving (Kober, Mende-Siedlecki, et al., 2010; Kober, 

Kross, et al., 2010; Simmons, Martin, & Barsalou, 2005; Sobik, Hutchison, & Craighead, 

2005). These stimuli were included to serve as a control and to differentiate craving for 

methamphetamine from food craving. Stimuli depicting methamphetamine (both pictures 

and videos) were aggregated from online sources, documentaries, and feature films 
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depicting methamphetamine use, and were divided into three categories: 26 pictures of 

people smoking methamphetamine (“Smoking”), 27 pictures of people snorting 

methamphetamine (“Intranasal”), and 31 pictures with no specified route of administration 

present (“Substance Only”). The video stimuli consisted of 42 videos with a similar 

breakdown: 21 videos of people smoking methamphetamine, 14 videos of people snorting 

methamphetamine, and 7 videos of the substance only without any route of administration.

Methamphetamine cue task—On each of 200 trials, participants first saw a fixation 

cross for 2 seconds, and then a randomly selected methamphetamine or food picture was 

presented for 6 seconds. Next, participants reported the extent of their cue-induced craving 

using a 1 (not at all) to 5 (very much) rating scale (Figure 1, top). This single-item scale has 

been used previously to measure craving (e.g., Hogarth, Dickinson, & Duka, 2010; Preston 

et al., 2009; Waters et al., 2004) including methamphetamine craving (e.g., Dean et al., 

2009; Galloway et al., 2008; Hartz et al., 2001; Nakama et al., 2008), and has both construct 

and predictive validity (Berlin, Singleton, & Heishman, 2013; Hartz et al., 2001; Galloway 

et al., 2008, 2010). Upon successful completion of the task, participants were debriefed and 

paid $50 for their time.

Results

Focusing on methamphetamine stimuli to test our hypotheses, we performed a 2 (Group: 

Intranasal or Smoking) × 3 (Stimulus type: Intranasal, Smoking, or Substance only) × 2 

(Stimulus Modality: Picture or Video) mixed ANOVA, with group as a between-subjects 

factor, stimulus type and modality as within-subjects factors, and reported craving for 

methamphetamine as the dependent variable. There were no significant main effects. 

However, we found a significant crossover interaction between Group and Stimulus type 

(F(2, 34) = 15.74, p < .001), indicating that participants’ preferred route of administration 

differentially affected their reported craving for different stimulus categories (See Figure 2). 

Post hoc paired t-tests showed that, in line with our hypotheses, methamphetamine smokers 

reported more craving for Smoking and for Substance Only stimuli compared to Intranasal 

stimuli (t(12) = 3.45, p = .005; t(12) = 3.11, p < .01). Conversely, intranasal users reported 

more craving for Intranasal and Substance Only stimuli than Smoking stimuli (t(6) = 3.06, p 

< .05; t(6) = 2.72, p < .05). Independent sample t-tests showed that methamphetamine 

smokers also reported significantly higher craving to smoking stimuli compared to the 

intranasal users (t(17) = 2.24, p < .05). Paired t-tests also revealed that overall, 

methamphetamine users reported significantly higher craving for all methamphetamine 

stimuli compared to food stimuli (t(18) = 3.09, p < .01; Figure 3). Lastly, an independent 

sample t-test revealed that methamphetamine smokers and intranasal users did not differ in 

reported craving for food (t(17) = 1.00, p = .33).

Study 2 – Regulation of Methamphetamine Craving

Method

The results of Study 1 suggested that methamphetamine users report stronger cue-induced 

craving in a manner that is consistent with their preferred route of administration, such that 

smokers report greater craving to smoking stimuli, and intranasal users report greater 
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craving to stimuli depicting intranasal use. In Study 2, we wanted to induce strong cue-

induced craving to best test the efficacy of regulation strategies. We used the data from 

Study 1 to restrict the sample – and our stimuli – to a single route of administration, so that 

we could use the same stimuli across all participants. We specifically recruited smokers 

rather than intranasal users because in recruitment across both studies we found markedly 

higher response rates of methamphetamine smokers (vs. intranasal users), which may reflect 

different base rates in the greater population (see Rawson, Gonzales, Marinelli-Casey, & 

Ang, 2007).

Participants—A different group of thirteen methamphetamine-smoking participants was 

recruited for this second study (Table 1). Participants were recruited and screened for 

eligibility using the same procedures as Study 1, at the New York State Psychiatric Institute. 

Participants’ age and level of education were comparable to those observed in Study 1 (See 

Table 1). All participants reported smoking methamphetamine as their primary route of 

administration, with average use of 7.86 times a month (0.75 to 12 grams per use, M = 2.18, 

SD = 2.68). As in Study 1, participants were excluded if they reported any psychiatric or 

neurological disorders, movement disorders, current or past history of mood altering 

medication (within the past 6 months), or any medical condition that might impair cognitive 

function. All participants gave informed consent in accordance with Columbia University 

and New York State Psychiatric Institute Review Boards, and again were asked to abstain 

from caffeine, food, cigarettes, and drugs for at least 2 hours prior to scheduled laboratory 

appointment. The laboratory session in this study lasted 1.5–2 hours, due to the time needed 

to train subjects on the various strategies and have them practice before they completed the 

ROC task.

Stimuli—As this study included only methamphetamine-smoking participants, 

methamphetamine stimuli were selected from the Smoking and Substance Only picture 

categories in Study 1, based on their effectiveness in eliciting craving (i.e. the top 54 from 

those picture sets). All selected stimuli were rated at least 3.5 on a 1 to 5 scale. The final 

stimulus set consisted of 108 pictures: 54 food stimuli and 54 methamphetamine stimuli.

ROC task strategy training—Participants were first trained to perform the task for 25–

30 minutes. Initially, they were introduced to three instructions (POSITIVE, LOOK, and 

NEGATIVE) that would direct them to think about methamphetamine and food picture cues 

in different ways (i.e., “regulation strategies”). Then, following our prior work (Kober, 

Mende-Siedlecki, et al., 2010; Kober, Kross, et al., 2010), they were trained to implement 

these regulation strategies based on the following instructions: The POSITIVE instruction 

directed participants to focus on any subjective (person-specific) positive effects (e.g. 

psychological, physiological, sexual) of consuming the depicted item (methamphetamine or 

food). For example, if the instruction POSITIVE was followed by a methamphetamine cue, 

participants might choose to focus on how smoking methamphetamine might cause pleasant 

physical sensations, increase their energy, and make them feel good (Hart, Ward, Haney, 

Foltin, & Fischman, 2001). The NEGATIVE instruction directed participants to focus on 

any subjective negative consequences (e.g. psychological, physiological, economic, 

interpersonal) of consuming the item. For example, if NEGATIVE was followed by a 
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methamphetamine cue, participants might choose to think about how tired or sad they might 

feel the next day, how much money they spend on methamphetamine use, and any damage 

to their relationships resulting from use. Importantly, this NEGATIVE instruction is a 

cognitive strategy drawn from CBT manuals for stimulant addiction (Carroll, 1996) and is 

used in treatment contexts to reduce craving. For the LOOK cue, which served as a baseline, 

participants were instructed to respond naturally to the stimulus, without altering their 

response in any way. Participants were also instructed to honestly report their level of 

craving at the end of each trial. Following feedback from participants in Study 1, we adapted 

the scale in Study 2 to be used with a computer mouse, on a continuous scale ranging from 0 

(not at all) to 10 (very much). And, although the numerical anchors differed from the 1 – 5 

scale used in Study 1, we used the same craving question and anchor labeling, so we believe 

response data are comparable and mathematically equivalent across scales.

Once participants indicated that they understood and could follow the instructions, they 

completed 12 practice trials with 12 sample stimuli that were not used in the subsequent 

ROC task (6 food, 6 methamphetamine). The experimenters asked participants to verbally 

implement the instructions during the first several practice trials to ensure that they were 

properly followed. Participants continued to the main task only after they confirmed that 

they comprehended the task and the associations between instructions and strategies.

ROC task—Each trial began with a 2-second instruction (POSITIVE, NEGATIVE or 

LOOK), followed by a 6-second presentation of either a methamphetamine or food picture 

(Figure 1, bottom). The picture was followed by a 2-second delay, after which participants 

rated the extent of their craving. Instructional cues and stimulus combinations were 

counterbalanced across participants. After the task, participants were debriefed and paid $75 

for their time.

Results

We performed a 3 (Instructions: POSITIVE, NEGATIVE or LOOK) × 2 (Stimulus type: 

Food or Methamphetamine) repeated measures ANOVA with participants’ reported craving 

as the dependent variable; both Instruction and Stimulus were within-subject factors. There 

was a significant main effect of Instruction on craving (F(2,24) = 17.84, p < .01; Figure 4) 

as well as a significant linear contrast effect of instruction on reported craving (F(1,12) = 

18.07, p < .01). However, there was no effect of stimulus type, and no interaction of 

instruction and stimulus type on reported craving. Post hoc paired t-tests revealed 

significantly lower craving following the NEGATIVE vs. LOOK instruction (t(12) = −4.28, 

p < .005). We observed a similar pattern of reduction when comparing the effect of the 

NEGATIVE vs. POSITIVE instruction on craving (t(12)= −4.12, p < .005; See Figure 4). 

Craving was marginally different between POSITIVE and LOOK instructions (t(12)=2.51, p 

= .03); this trend was driven by the difference observed in food stimuli only (t(12)=2.84, p 

< .02) but not for methamphetamine (p > .05). Finally, as in Study 1, we tested craving level 

separately in each condition via one-sample t-tests and found that craving levels were 

significantly greater than the low point of the scale (0-Not at all) in all instruction conditions 

(including NEGATIVE; all p’s < .05).
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Discussion

In the current studies, we sought to investigate the boundary conditions of 

methamphetamine craving, and experimentally investigate factors that may influence it. In 

Study 1, we asked whether methamphetamine craving is cue-specific and depends on one’s 

preferred route of administration. We found that intranasal users reported greater craving in 

response to stimuli depicting intranasal use compared to smoking, whereas 

methamphetamine smokers reported greater craving in response to stimuli depicting 

smoking. Although craving in all conditions was significantly different from 0, craving was 

much stronger when the stimulus type “matched” participants’ preferred route of 

administration (e.g., smoking stimuli for methamphetamine smokers). These results are 

broadly consistent with prior work suggesting cue-induced craving in methamphetamine 

users (Lee & Rawson, 2008; Smout et al., 2010) but suggest a moderating effect for 

methamphetamine user’s preferred route of administration.

To our knowledge, this is the first demonstration of stimulus-specificity in 

methamphetamine craving that depends on route of administration (Figure 2). Such 

specificity is consistent with the conceptualization of craving as an experienced-based, 

conditioned response resulting from the pairing of cues with drug effects in instances of 

prior drug use (Martin-Soelch et al., 2007; Tiffany & Conklin, 2000; Weiss, 2005) rather 

than a generalized response to drug cues. For example, for an individual who has past 

experience with (most commonly uses, and currently prefers) intranasal administration of 

methamphetamine, intranasal cues were repeatedly paired with the accompanying effects of 

methamphetamine, and therefore became meaningful drivers of craving and 

methamphetamine-seeking behavior. The opposite would be true for individuals who smoke 

methamphetamine, as only smoking-specific methamphetamine cues serve as conditioned 

stimuli that elicit craving. Although the patterns of findings from Study 1 might be predicted 

by learning theory, this has not been demonstrated empirically in methamphetamine users. 

The reporting of such effects is critical for informing subsequent clinical work aimed to 

correctly (and strongly) modeling cue-induced craving, and ultimately individualizing 

treatments for addiction (e.g., Robinson, Yager, Cogan, & Saunders, 2014) These findings 

also highlight the importance of considering users’ preferred route of administration when 

selecting stimuli and measuring other boundary conditions of craving.

We did exactly that in Study 2. Findings from Study 1 allowed us to select a subset of highly 

appetitive methamphetamine cues that were route-of-administration-specific, to test the 

question of regulation of craving. In this second study, we asked whether methamphetamine 

craving can be modulated with cognitive strategies, and specifically whether CBT-

treatment-based strategies would experimentally reduce craving for methamphetamine. We 

reported that methamphetamine smokers were able to use a CBT-based strategy (indicated 

by the NEGATIVE instruction) that directed them to focus on the negative consequences of 

smoking methamphetamine. Although this strategy did not eliminate craving completely, it 

significantly reduced their craving for methamphetamine. This finding argues against the 

view of craving for methamphetamine as uncontrollable, and is consistent with our prior 

work with cigarette smokers (Kober, Mende-Siedlecki, et al., 2010; Kober, Kross, et al., 

2010), in which we showed that cigarette smokers can regulate craving for cigarettes using 
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similar cognitive strategies. Further, our findings dovetail with a qualitative analysis of 

methamphetamine users’ accounts of craving, suggesting that craving may be overcome 

using personalized strategies (Bruehl, Lende, Schwartz, Sterk, & Elifson, 2006), and with 

the work of Volkow and colleagues showing similar effects with cocaine users (Volkow et 

al., 2010).

Our findings have several additional implications for research on methamphetamine users, 

for the media’s treatment of methamphetamine use, and for our understanding of treatment 

for methamphetamine addictions and addiction more generally. For example, some research 

suggests that chronic methamphetamine use is marked by cognitive deficits across domains, 

including executive functions and memory processes (Scott et al., 2007). But others have 

been critical of this perspective (Hart, Marvin, Silver, & Smith, 2012), highlighting 

methodological and interpretive issues that overstate these deficits. These issues include 

inferring causal links between methamphetamine use and cognitive abilities from 

correlational data (e.g., Thompson et al., 2004), and poorly-matched control groups (e.g., 

Chang et al., 2002; Thompson et al., 2004). Our experimental findings, although 

preliminary, suggest that methamphetamine users are in fact able to exercise control over 

craving by implementing cognitive strategies – an indication that at least some executive 

functioning is preserved.

From a clinical perspective, the results provide experimental evidence for the efficacy of an 

important component of CBT – learning of strategies for the regulation of craving. The 

craving reduction we observed when participants implemented the NEGATIVE strategy 

suggests that methamphetamine users can effectively use this CBT-based approach in 

experimental settings. We also reported a marginal difference in methamphetamine craving 

between the LOOK and POSITIVE strategies. Although speculative, we interpret this 

pattern as indicative of participants’ spontaneous amplification of rewarding properties of 

the presented methamphetamine stimuli in the LOOK condition. Indeed, it has been 

suggested that people cognitively elaborate on the rewarding and motivational features of a 

stimulus, which results in increased likelihood of behavior to acquire it (Hofmann & Van 

Dillen, 2012; Kavanagh, Andrade, & May, 2005). Whether such elaboration occurs 

consciously or outside of awareness, it seems that the NEGATIVE strategy was nonetheless 

effective in diminishing craving relative to both LOOK and POSITIVE instruction 

conditions. The difference between the LOOK and POSITIVE strategies for food stimuli 

could suggest that methamphetamine users do not engage in amplification or elaboration for 

food, which might indicate differential reward value for food versus methamphetamine in 

methamphetamine users.

The current studies were exploratory in nature, and suffer from several limitations. First, the 

sample sizes are small, due to the difficulty of recruiting individuals with methamphetamine 

use disorders. Nevertheless, the sample sizes are comparable to prior studies of the same 

population (e.g., Kirkpatrick, Gunderson, Johanson, et al., 2012; Kirkpatrick, Gunderson, 

Perez, et al., 2012; Kirkpatrick, Gunderson, Levin, et al., 2012), and the findings were 

statistically robust despite the low power. Second, the inclusion of only a single female 

participant may limit the generalizability of results. Notably, we made great efforts to recruit 

females as well as males, however, most recruited participants happened to be male, which 
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may reflect the fact that the New York City population of methamphetamine users seems to 

skew heavily male (Dombrowski et al., 2012). Third, in Study 1, there were unequal 

numbers of stimuli in each category. However, the results did not change when we restricted 

the number of analyzed stimuli to evenly-numbered, random subsets. Therefore, we are 

confident that this unequal number of stimuli does not account for our results, and we 

corrected for this in Study 2 by using equal numbers of stimuli. Finally, additional data on 

duration of methamphetamine use, and time since last use could have been helpful for data 

interpretation, but unfortunately were not available.

Future studies should replicate and extend these findings by testing for double dissociation 

effects (as we observed in Study 1) and regulation effects (as those found in Study 2) in 

other user groups (e.g., intranasal and intravenous users) as well as with heavier users of 

methamphetamine, and with longer periods of abstinence. Based on previous work in other 

drugs (e.g., cocaine; see Volkow et al., 2010), one might expect the data here to generalize 

to more frequent users. Additionally, investigators should test whether performance on these 

tasks in a single session is predictive of successful regulation of craving for 

methamphetamine over time. Critically, the strategies implemented in Study 2 were drawn 

out of CBT manuals for stimulant addiction (Carroll, 1998), which have shown some 

efficacy in treating stimulant use disorders. Indeed, cocaine users who demonstrated better 

retention of such regulation strategies post-treatment are most likely to maintain abstinence 

over time (Carroll, Nich, Frankforter, & Bisighini, 1999; Kiluk, Nich, Babuscio, & Carroll, 

2010).

Despite the limitations, our findings suggest that methamphetamine craving has multiple 

boundary conditions, one of which is individualized cue specificity (i.e., matching 

methamphetamine stimulus type with methamphetamine users’ preferred route of 

administration; Study 1), and the other characterized by reduced craving following 

implementation of cognitive strategies (i.e., those adapted from CBT; Study 2). These 

findings are encouraging, especially as they challenge the notion that compulsive 

methamphetamine use is inevitable due to chronic, unruly cravings for the drug (e.g., the 

media campaign stating, “Meth: Not Even Once”). We hope that the findings from Study 1 

will encourage researchers to use the best-suited and “matched” stimuli in cue-induced 

craving studies, to induce strong craving which are more ecologically-valid in modeling 

real-life craving. We also hope that findings from Study 2 will inform future clinical work 

that will incorporate individualized cognitive strategies into methamphetamine treatment 

programs, test these strategies’ effectiveness, and examine how they may be enhanced via 

training, with the goal of reducing craving and relapse in the short and long term. For 

example, one might imagine a treatment protocol consisting of repeated training sessions of 

using the NEGATIVE strategy when viewing route-of-administration-specific 

methamphetamine cues. Similarly, other “cool” cognitive strategies (such as mindful 

acceptance; Westbrook et al., 2013) should be developed and tested against each other to 

determine which strategies might be effective in reducing not only methamphetamine 

craving, but also methamphetamine use over time. Indeed, we believe that such 

investigations are important even if such strategies hold therapeutic promise for just a subset 

of methamphetamine users.
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Figure 1. Sequence of events on each trial in Studies 1 (top) and 2 (bottom)
In Study 1, participants first saw a fixation cross for 2 seconds, followed by an image 

(methamphetamine, methamphetamine smoking, intranasal use, or food) for 6 seconds, 

followed by another fixation cross. At the end of each trial, they were asked to report their 

craving for methamphetamine or food on a 1–5 scale (1= not at all and 5 = very much). In 

Study 2, participants first saw a fixation cross for 2 seconds, then received instructions for 2 

seconds: LOOK, POSITIVE, or NEGATIVE, followed by an image (of methamphetamine, 

methamphetamine smoking, or food) for 6 seconds, followed by a fixation cross. At the end 

of each trial, they were asked to report their craving for methamphetamine or food on a 0–10 

scale (0= not at all and 10 = very much).
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Figure 2. Reported craving in Study 1
There was a crossover interaction between Stimulus Type and Group, indicating that 

participants’ preferred route of administration differentially affected their reported craving 

for different stimulus categories (intranasal, substance-only, or smoking). Error bars 

represent standard errors.
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Figure 3. Reported craving in Study 1
Participants reported greater craving for methamphetamine compared to food stimuli. Error 

bars represent standard errors.
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Figure 4. Reported craving in Study 2
There was a main effect of Instruction such that regulation on NEGATIVE instruction trials 

(modeled after CBT treatment protocols) was associated with significantly lower craving 

compared to LOOK and POSTIVE instruction trials, across stimuli. Error bars represent 

standard errors.
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Table 1
Summary demographics for Studies 1 and 2

Between group comparisons for Study 1 indicated no significant differences in age, education, or race (all ps 

> .1). Due to missing data, frequencies for ethnicity and race are incomplete, with only 15 of 19 participants’ 

data available for Study 1, and 10 of 13 available for Study 2.

Study 1 Study 2

Group (N) Intranasal (6) Smoking (13) Smoking (13)

Mean Age ± SD 40 ± 4.6 36 ± 8.8 40 ± 5.8

Mean Education ± SD 15.3 ± 1.15 15.3 ± 1.95 14.8 ± 1.40

Male 6 12 13

Female 0 1 0

Ethnicity

Hispanic 1 3 5

Non-Hispanic 2 9 5

Race

White 1 3 3

Black 1 4 5

Asian 0 1 0

Native American 0 1 0

Other (non-specified) 1 3 2
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