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Abstract

Purpose: Methamphetamine is a powerful, highly addictive stimulant which affects the central nervous
system. Here we evaluated the efficacy of modafinil for the treatment of patients with MA dependence.
Methods: A randomized parallel controlled trial study was designed to compare the effectiveness of
take-home, self-administered modafinil treatment in the intervention and the controlled group in three
months. The primary outcome measurements were severity and duration of craving, and self-reported
methamphetamine consumption, which was confirmed by urine drug test.

Results: The relapse rate in the intervention group was 40%, and the controlled group was 75%,
indicating a decrease in relapse rate of MA in the intervention group. During the three months, the
severity and the duration of the drug abuse craving in the intervention group were less than the
controlled group. Patients in the intervention group experienced an increase in the retention rate and a
decrease in the slip rate.

Conclusion: The use of modafinil is not only effective on craving and relapse reduction, but also
changes urine drug screens of patients with MA dependence to negative. The modafinil is safely
indicated as an absolutely effective medication to reduce withdrawal symptoms and the craving of
patients with MA dependence.
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INTRODUCTION

Addiction is a major problem around the world
that directly or indirectly affects a large
percentage of the population. The prevalence of
amphetamine type stimulant (ATS) intake in the
world is estimated at 0.7 %. Unfortunately, in

recent years, the prevalence of ATS in Asian
countries has grown significantly. In Iran, before
2007, methamphetamine consumption was very
limited, and its peak consumption started in 2008
with its domestic production. Despite advances in
the treatment of drug dependence, recurrence or
uncontrolled drug use is one of the major issues
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in substance dependence. The most effective
treatment for methamphetamine dependency is
psychological treatment of the matrix, an Iranian
version of which was presented by the Iranian
National Center of Addiction Studies in 2009.
However, this treatment also fails in many cases
and the effective therapeutic treatment in the
treatment of these patients is still absent [1]. One
of the drugs that can be the perfect choice for the
treatment of methamphetamine dependence is
an amphetamine-stimulating agent, modafinil
whose observed clinical effects can improve
withdrawal symptoms. Another group of studies
that examines the acute physiological and
behavioral effects of modafinil in drug addicts
shows that it is not abusive [2].

In the current study, the efficacy of take-home
self-administration weekly modafinil (with weekly
clinical review), in terms of slipping from
treatment, relapse, retention rate and mental
health indicators to a control condition for
individuals with a methamphetamine
dependence was compared [3].

METHODS
Design of the study

A randomized parallel controlled trial study
(phase IlI) was designed to compare the
effectiveness of take-home self-administered
modafinil treatment over a three-month period.
The International Ethical Guidelines for Health-
related Research prepared by the Council for
International Organizations of Medical Sciences
(CIOMS) in collaboration with the World Health
Organization (WHO) was used to this study [4].
Forty participants were included in the trial in the
outpatient addiction treatment clinics (Rasht,
Iran). During the ftrial, randomized participants
were given access to modafinil or basic
treatment including cognitive behavioral therapy
(CBT) counseling and other medications except
for modafinil. The protocol of study was approved
by Tehran University Medical Center Institutional
Review Board (no. IR.GUMS.REC.1397.513).

Samples

The participants were males, aged 18 years, or
older. Methamphetamine dependence diagnostic
criteria (at least 20 of the 28 days) were used for
participants based on diagnostic and statistical
manual of mental disorders (DSM5). Participants
were required to be treatment seeking (by self-
report), and to be likely to complete the three-
month treatment period. Exclusion criteria
included diagnosed dependence on any
psychoactive substance other than cocaine,

alcohol,  benzodiazepines, or  marijuana;
concurrent major medical or psychiatric
conditions where immediate opioid agonist
treatment and/or other treatments were clinically
indicated. Participants were recruited for
treatment from the addiction treatment clinics in
Rasht, Guilan, Iran, from April 2014 to March
2015. Participants completed screening with the
research nurses. They confirmed participants’
eligibility, including urine drug testing, by ACON
(12 Panel Drug Screening Test Card) rapid test.
It was anticipated that in the event of drug allergy
and unwanted effects at each stage, the study
would be stopped and the participants would be
excluded. However, no complications were
observed during the study. The research nurses
or research assistants obtained voluntary written
consent from all participants and completed
study enrollment procedures.

Procedures

Independent researchers carried out random
number allocation, block randomization for the
trial with a 1:1 allocation ratio. Participants and
researchers were unaware of the randomization.
Based on similar studies (5, 6), fifty and five
methamphetamine dependent patients were
volunteered for treatment. After screening, fifteen
patients were excluded from the study due to co-
administration of other substances, medical
conditions, or psychiatric illnesses. Forty eligible
patients were randomized to receive modafinil or
other medication except for modafinil. Subjects
participated in a three-month treatment phase
and a three-month follow-up period that
concluded with an end-of-study visit in six
months. Participants permuted block randomized
to treatment were inducted with a dose of 100
mg of modafinil on the first day, with 200 mg
take-home medication provided for the second
day. The research physicians reviewed
participants on the second day to assess
medication adherence, dose adequacy, drug
use, and cravings, and they changed the dose, if
necessary. Doses were clinically titrated with the
goal of a target dose of 300 mg modafinil
(maximum dose), and provided doses for days
three to seven. The research physicians
reviewed all treatment participants each week
and assessed progress during a 15 — 20 min

standardized medical management session.
Medical management sessions included
participant confirmation of dose amount

questions relating to side effects and adverse
event reporting if required, rating of any cravings,
participant self-report of modafinil and illicit drug
use in the past week, recording of concomitant
medication and supervised urine collection.
Throughout the three months of treatment,
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modafinil group participants attended the clinic
weekly and one weeks’ take-home medication
was provided for self-administration.

Dose titration could occur during each medical
review session (at the end of weeks) and was
based on clinical assessment that comprised
patient self-reported other drug use, cravings,
physical examination, urine drug screen results
and assessment of patient progress in treatment.
Since outpatient and self-administered treatment
was performed, a number of patients dropped
out of treatment in each stage. Research
assessments were conducted for both groups at
base line and at the end of first month, third
month, and the sixth month. During the follow-up
period, medical assessments were performed
and methamphetamine urine samples were
collected. The screening instruments were
administered: The General Health Questionnaire

(GHQ, self-reported), severity of withdrawal
symptoms, craving severity and temporality
checklists, and urine drug screens test.

Participants’ urine drug screens were collected
on a weekly basis.

Outcomes

The primary outcome was self-reported
methamphetamine use confirmed by urine
toxicology, severity, and duration of craving
measured by craving severity and temporality
checklists, severity of withdrawal symptoms
measured by ATS withdrawal symptoms
checklist. The secondary outcomes for this ftrial
were other substance use such as morphine,
alcohol, benzodiazepines, marijuana, physical
and mental health measured by GHQ
questionnaire. Retention rate was another
outcome of this trial. All primary and secondary
outcomes were measured at the beginning of the
study, the end of the first and the third month. An
independent clinical monitoring committee,
comprising addiction medicine specialists
assessed progress of participants and had the
authority to remove participants from either trial
condition if their health status deteriorated
significantly during the trial.

Statistical analysis

For the effectiveness analysis, continuous data
have been summarized using descriptive
statistics including the number of observations
used in the calculation, mean, and standard
deviation (SD). Categorical data have been
summarized as counts and percentages of each
category. Analyses were performed on those
who were randomized to the modafinil program

and another group. For continuous and count
outcomes, between-group differences at each
time-point were assessed using linear
regression, and a random intercept to account for
the serial correlation induced from longitudinal
measurements; results are presented as means
with 95 % confidence intervals.

RESULTS

The study design is presented in figure 1.
Participants were recruited from April 2014 to
March 2015. Fifty-five patients were screened for
entry to the study. Fifteen subjects were not
eligible — most commonly for not completing the
assessment process. Forty patients were eligible
and signed the consent form.

55 Potential participants assessed for &ligibility

40
eligible

20 Modszfinil active 20 control

Baseline(Day 0) treatment aroun group

First month 20 control

group

20 Modafinil active
treatment aroup

Third month 15 Modafinil active 16 control

treatment group arouo

sixth month
14 Modafinil active 7 control
treatment group aroun

Fig 1: Trial profile, recruitment, and progress of study
participants.

Trial subjects were assessed at baseline (day
zero), and at the end of the first, Third, and sixth
month for MA use, other substance use, general
health, craving, and retention rate. Participant
numbers at each phase of the protocol are
provided. Patients’ demographic data are
presented in Table 1.

The mental health index of patients at the onset
of treatment and follow-up on the first and third
months are presented in Table 2.

The mental health index of patients at the
beginning of the study in the group prescribed for
them was not significantly different from that of
the control group. However, one month later and
in the follow up of the three months, this index
had a significant difference in the two groups;

Trop J Pharm Res, October 2020; 19(10): 2181



Fard et al

Table 1: Demographics characteristics and stratification factors of participant

Variable Modafinil group Control group Total
(n = 20) (n =20) (n = 40)
Gender, male, n(%) 20(100%) 20(100%) 40(100%)
Age, years, mean (SD) 32.35(8.04) 29.65(7.07) 31(7.89)
12 years™ education, n (%) 13(65%) 9(45%) 22(55%)
Employed, n (%) 17(85%) 15(75%) 32(80%)
Marital status 11(55%), 7(35%), 5(25%), 12(60%), 16(40%), 19(47%),
(Married, Single, Divorced) 2(10%) 3(15%) 5(12%)
Table 2: Mental health index at the onset of treatment and follow-up stages
Variable Group N Mean SD P-value
GHQ (baseline) Modafinil group 20 36.65 14.14 0.576
Control group 20 38.60 11.10
GHQ (1st month) Modafinil group 20 24.60 12.53 0.019*
Control group 20 33.80 11.29
GHQ (3rd month) Modafinil group 15 12.07 5.70 0.014*
Control group 16 21.38 12.55

the modafinii group had a considerable
improvement compared to the control group that
could be due to the effect of modafinil on
improving these indicators (P-value < 0.05).

In monitoring the retention rate, 70% of patients
in the modafinil group, remained in treatment at
least six months, while in the control group, only
35% of patients were, and 65% of them
remained in treatment for only less than three
months (Fig 2).

At least six months :

Between three and six months

lControI groups
DModuﬁnil groups

Less than three months

0 5 10 15

Figure 2: Distribution of participant based on retention
rate in treatment in both case and control groups

As shown in Table 3, Table 4 and Table 5, there
was no significant difference in the severity of
withdrawal symptoms at the beginning of the
study in the two groups, modafinil and control
group. One month after treatment, there was a
significant decrease in the number of symptoms

in the modafinil group (p < 0.05). Some of these
symptoms, which were reported by patients in
the previous studies, were the main causes of
relapse and slipping from treatment, such as
hypersomnia, decreased activity, lethargy, and
severity and duration of craving that were
significantly improved with the use of modafinil.
In addition, the severity of withdrawal symptoms
in the follow-up of the third month after treatment
in the modafinil group was significantly lower
than that of the control group (p < 0.05). As is
demonstrated in Table 4, the duration of craving,
and in Table 5, the severity of craving at the
onset of treatment was approximately the same
in the two groups. However, the data showed a
steep decline in the modafinil group, so that in
the follow up of the first and third months, the two
groups were significantly different in terms of
severity and duration of craving (P-value < 0.05).

Based on Table 4 and Table 5, the severity of
withdrawal symptoms, the duration of craving
and the severity of craving at the onset of
treatment in the two groups were approximately
the same. However, the charts of all three
indices showed a steep decline in the modafinil
group, so that in the follow up of the first and
third months, the two groups showed a
significant difference in terms of withdrawal
symptoms, severity, and duration of craving.

Table 3: Monitoring of severity of withdrawal symptoms in three stages

Variable Group N Mean SD P-value
Severity of withdrawal symptoms Modafinil group 20 50.40 4.333 0.794
(baseline) Control group 20 50.75 4.064 ’
Severity of withdrawal symptoms (1st  Modafinil group 20 33.00 6.743 0.000
month) Control group 20 44.75 6.942 ’
Severity of withdrawal symptoms (3rd  Modafinil group 15 24.57 2.793 0.000
month) Control group 16 39.50 5.833 )
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Table 4: Duration of Craving at the onset of treatment and follow-up periods

Variable Group N Mean SD P-value
Duration of craving (baseline) Modafinil group 20 5.55 1.146 0.622
Control group 20 5.35 1.387
Duration of craving (1st month) Modafinil group 20 3.10 .788 0.040
Control group 20 3.75 1.118
Duration of craving (3rd month) Modafinil group 15 1.67 724 0.000
Control group 16 3.00 1.095
Table 5: Craving severity index at the onset of treatment and follow-up periods
Variable Group N mean SD P-value
Craving severity (baseline) Modafinil group 20 5.75 1.118 0.134
Control group 20 5.15 1.348
Craving severity (1st month) Modafinil group 20 3.05 .826 0.010
Control group 20 4.10 1.483
Craving severity (3rd month) Modafinil group 15 1.47 516 0.000
Control group 16 3.06 1.181

Compared to controls, significant and sustained
improvements were seen in the treatment group
at all-time points and as an effect over time for
quality of life and mental health. The findings
showed that 25 % of the patients in the modafinil
group during the three-month treatment period
and the three-month follow up, there was no
slippage. However, in the control group, all
patients had at least one slip. Also, in the
modafinil group, the relapse was 40 % after 6
months (vs. 75 % in controls). Therefore,
modafinil reduces cases of slipping and relapse
in MA dependent patients.

Regarding the urine screening tests, the trial was
designed to obtain 12 urines from each patient
during medication treatment. Missing urines were
imputed as positive. The obtained percentage of
the expected urines for the modafinil group was
55.5%, and for the control group was 48.5 %; a t-
test showed that the average number of urines
provided was significantly different across the
two groups (t = 2.61, p < 0.05).

DISCUSSION

This study demonstrated that in comparison to
routine CBT treatment ran in the control group,
dependent participants who were treated with
modafinil achieved a significant reduction in
methamphetamine use, and improvement of
mental health over a quarterly period. As
mentioned, the decrease in self-reported
methamphetamine use in the modafinil group
was supported by a significant reduction in return
of positive drug screens for MA compared to
controls at third and sixth months. The modafinil
group demonstrated an immediate response in
reduced MA positive urine screens at week one
that continued throughout the study. The
treatment effect may have been over-estimated
in the modafinil group as sampling was done

every week, however, the significant positive
impact over time with regards illicit MA, or other
ATS use during the treatment period was
notable. The findings showed that modafinil was
effective in reducing relapse and slipping. These
findings are consistent with research findings
suggesting that modafinil reduced MA seeking
behavior and was recommended as an effective
treatment for relapse prevention [7]. In another
study, modafinil has been shown to have milder
deprivation symptoms in the avoidance of MA [8].

Comparison of severity and duration of craving in
the modafinil group and the control group
showed that these two variables in the modafinil
group was lower than the control group. These
findings are consistent with the findings of
Kampman [9]. Modafinil is considered effective in
reducing the craving for cocaine [9]. In addition,
the results of this study are consistent with the
results of the study by Anderson et al and some
of other researcher who showing that taking
modafinil with psychotherapy has been effective
in  reducing  cocaine  craving  [10,11].
Undoubtedly, results are inconsistent with the
study of Heinzerling based on the lack of efficacy
of modafinil on craving for methamphetamine in
MA dependent patients has been reported,
although in this study the small sub-group of
modafinil was able to increase retention rate ]112].
Regarding the rate of relapse and slip in the
modafinil group and control, the findings showed
that modafinii was effective in reducing
recurrence and slipping. These findings are
consistent with the findings of Reichel, which
suggested that modafinil reduced the MA
seeking behavior and were recommended as an
effective treatment for the prevention of relapse
during abstinence [7]. Comparison  of
psychosocial indices in methamphetamine-
dependent patients in the two groups of modafinil
and the control group showed that although
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mental health indicators did not differ significantly
between the two groups at the onset of
treatment, as time and progression went by, the
subscale was significantly better in the modafinil
group than in the control group. These results
coincided with the study by Gonzalez, which
indicated that modafinil improves MA cognitive
deficits (13). In addition, in the study of
Kalechstein, modafinil was able to improve the
functional memory in MA-dependent patients
who have had memory loss during abrasion (14).
On the other hand, in the study of McGregor
modafinil also led patients to experience milder
deprivation during MA absenteeism, while sleep
disorders were also lower in the modafinil group
than in the control group (8). The current study
also demonstrated that the retention rate in the
patients with MA-dependence in the modafinil
group was greater than the control group. The
results of this study are comparable with the
study by Lee, about the efficacy of modafinil on
the therapeutic components of 20 MA-dependent
patients(15). They concluded that 67 % of the
patients in the modafinil group and 50 % of the
patients in the control group completed the
course of treatment, although this difference was
not statistically significant. Of course, the results
of Nicole Lee research can be influenced by the
small sample size(16). Also, in a study by
Heinzinger, it was shown that the retention rate
in patients with 400 mg of modafinil, with more
used-days in the last 30 days (more than 18 days
from 30 days) was more effective than in patients
with less used-days(12). In another study,
McElhiney and Rabkin showed the efficacy of
modafinil in reducing relapse, craving, and
increase retention in treatment, respectively
(17,18). The results of this study are consistent
with the results of Shearer to increase the
negative MA urine test in dependent patients
treated with modafinil compared to the control
group (19). In another study, Karila, found that
Modafinil was an effective medication to reduce
craving and to increase the percentage of
negative urine tests in terms of MA (20).

Considering the different results that have been
obtained from various studies in the world, many
studies emphasized the efficacy of modafinil in
the treatment of methamphetamine dependence;
but these studies seem to be insufficient to
achieve the final result. Similar studies have to
be done with larger sample sizes in different
parts of the world to achieve more reliable results
by repeating the results of the research.

Limitations of the study

By inclusion criteria, we should include patients
with only a history of MA use. It has been

extremely difficult to find a MA-consuming patient
who has not used any other addictive substance
in the past three months.

On the other hand, comorbid psychiatric
disorders, along with dependence on substance
abuse, is a common feature among patients with
substance use disorders. A larger sample size
was needed to understand the difference
between the effects of comorbid psychiatric
disorders, demographic conditions, and other
items that were not significant in this study.

CONCLUSION

Modafinil is available in pills of 100 mg and is
tolerable to methamphetamine dependent
outpatients during the withdrawal period. Given
the promising results of the previous studies and
the significant results of the recent study, it
seems necessary to conduct a double-blind trial
in the future with a large sample size and
adequate dosage of modafinii and the
appropriate treatment period. To the documented
findings of this research, modafinil is safely
indicated as an effective medication to reduce
withdrawal symptoms and reduce craving.
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