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Background: Kratom use in the West has increased recently, yet the prevalence and motives for use among
individuals with a history of substance use disorder (SUD) have not been fully examined. Kratom has been
documented as a means of treating chronic pain, mitigating drug dependence, and easing withdrawal symptoms,
yet it is unclear if substance users are utilizing kratom as a self-medication. Abuse liability, side eﬀects, and
overall appeal of kratom remain uncertain.
Methods: In April 2017, an anonymous survey regarding kratom use and motivations was completed by clients
enrolled in a 12-Step-oriented residential program. 500 respondents with a self-reported history of SUD completed the survey.
Results: 20.8% of respondents endorsed lifetime kratom use and 10.2% reported past-12-month use. Kratomusers were younger (=32.1 vs. 35.9, p < 0.001) and were more versatile substance users. A majority (68.9%)
of kratom-users reported having used the drug as a means of reducing or abstaining from non-prescription
opioids (NPO) and/or heroin, and 64.1% reported using kratom as a substitute for NPO/heroin. 18.4% of
kratom-users reported using the drug due to a disability or chronic pain. One-third of kratom-users stated that
kratom was a helpful substance and that they would try it again. However, kratom was not preferred and was
indicated as having less appeal than NPO, heroin, amphetamines, and Suboxone.
Conclusions: Among substance users, kratom use may be initiated for a variety of reasons, including as a novel
form of harm-reduction or drug substitution, particularly in the context of dependence and withdrawal from
other substances.

1. Introduction
Mitragyna speciosa, often referred to as kratom, is a botanical native
to Asia that has been used for centuries for medicinal, folk, and recreational purposes, but which has recently seen increased availability
and use in non-Asian countries (Brown et al., 2017; Grewal, 1932;
Nelson et al., 2014). In the past decade, the use of novel alternatives to
illicit drugs has proliferated, however, it remains unclear the extent to
which kratom use in the West can be included among such “psychonaut” trends (Cinosi et al., 2015; Orsolini et al., 2015; Rech et al., 2015;
Warner et al., 2016). Given the limited data on kratom, it is also uncertain what the primary diﬀerences in motivations and using patterns
are between kratom-users in the West and in Asia, where kratom is
indigenous.
Dozens of kratom’s alkaloids have been successfully isolated and
identiﬁed (Suhaimi et al., 2016), the most widely studied are
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mitragynine and 7-hydroxymitragynine (for a more detailed discussion
see Hassan et al., 2013; Takayama, 2004).1 Kratom’s leaves can be
chewed, though oftentimes it is prepared as a beverage or taken orally
in powdered form (Assanangkornchai et al., 2007; Grundmann, 2017).
Kratom produces variable eﬀects depending upon strain type and dose,
with some strains eliciting stimulatory eﬀects and others producing
analgesic and anxiolytic eﬀects (Babu et al., 2008; Harun et al., 2015;
Hassan et al., 2013; Hazim et al., 2014; Sabetghadam et al., 2013;
Yusoﬀ et al., 2016).
To date, no controlled experimental studies in humans exist, however, in exploratory studies, kratom has been associated with a variety
of beneﬁcial eﬀects, including pain relief, improved mood, relaxation,
pleasant somatic sensations, and increased socialization and energy
(Ahmad and Aziz, 2012; Assanangkornchai et al., 2007; Grundmann,
2017; Saingam et al., 2013). Analgesic and antinociceptive properties of
kratom have also been demonstrated in animal assays, though kratom’s
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stimulatory eﬀects are less well established (Apryani et al., 2010;
Carpenter et al., 2016; Matsumoto et al., 2004; Shaik Mossadeq et al.,
2009; Takayama, 2004). Additionally, kratom has been associated with
anxiolytic, anti-depressive, mood stabilizing, and anti-inﬂammatory
eﬀects in both humans (Grundmann, 2017; Swoger et al., 2015) and
non-human animals (Kumarnsit et al., 2007; Yusoﬀ et al., 2016). There
are limited data regarding how kratom use may impair or enhance
neurocognitive functioning in humans, though alterations in aﬀect,
attentional bias, learning, and working memory associated with kratom
have found initial support in animal assays (Apryani et al., 2010; Hazim
et al., 2011; Ismail et al., 2016; Senik et al., 2012a,b; Yusoﬀ et al.,
2016). Similarly, kratom dependence symptomatology requires more
exploration given that some regular users report low craving, while
others express diﬃculty abstaining (Ahmad and Aziz, 2012; Singh et al.,
2015).
Common side eﬀects associated with kratom use in humans include
constipation, dehydration, dry mouth, fatigue, increased body temperature, lethargy, weight loss, and nausea (Ahmad and Aziz, 2012;
Assanangkornchai et al., 2007; Grundmann, 2017; Singh et al., 2015;
Suwanlert, 1975; Swogger et al., 2015; Trakulsrichai et al., 2015).
Anecdotal reports document more severe eﬀects including hypothyroidism, seizure, coma, and hepatoxicity (Boyer et al., 2008; Kapp et al.,
2011; Nelsen et al., 2010; Sheleg and Collins, 2011). One study exploring possible thresholds for kratom toxicity in non-human animals
conducted by Kamal et al. (2012) found no signiﬁcant toxicity or
fatalities even when large doses were administered. Similar results have
been reported by Macko et al. (1972) and Sabetghadam et al. (2013),
however, other animal studies provide conﬂicting accounts of kratom’s
overall eﬀect proﬁle, which is believed to be predicated by dose concentration, duration of use, and alkaloid type (Azizi et al., 2010;
Janchawee et al., 2007).
Kratom use has been reported for managing chronic pain and for
supplementing prescription drug regimens (Boyer et al., 2007; Boyer
et al., 2008; Grundmann, 2017; Prozialeck et al., 2012), and as a means
of mitigating drug dependence (Ahmad and Aziz, 2012; Cinosi et al.,
2015; Grundmann, 2017; Low et al., 2016; Suwanlert, 1975; Ward
et al., 2011). Vicknasingam et al. (2010) documented kratom use as a
method of drug substitution and for easing withdrawal symptoms. Recently in the U.S., non-prescription opioid (NPO) and heroin rates have
risen signiﬁcantly (Kanouse and Compton, 2015; Kolodny et al., 2015;
Kertesz, 2017), though the proportion of individuals using kratom due
to NPO/heroin dependency is unknown.
It is also unclear how to characterize notions of kratom dependence
verses kratom utility. Some regular users have reported that kratom
helps to increase social, occupational, and psychological functioning
(Grundmann, 2017; Singh et al., 2015), while other users have reported
needing to use daily; however, broad dependence indicators, (e.g.,
craving withdrawal) varry (Ahmad and Aziz, 2012; Assanangkornchai
et al., 2007; Saingam et al., 2013, 2016; Singh et al., 2016; Swogger
et al., 2015; Vicknasingam et al.,2015). In a U.S. sample, withdrawal
symptoms were reported by less than half of users (Grundmann, 2017).
Evidence suggests that the length, frequency, and quantity of use may
positively correlate to severity of tolerance and withdrawal in both
humans and animals (Assanangkornchai et al., 2007; Matsumoto et al.,
2005; McWhirter and Morris, 2010; Saingam et al., 2016; Yusoﬀ et al.,
2017) though this phenomenon has not been clearly substantiated
(Havemann-Reinecke, 2011; Singh et al., 2016). Kratom has been
under-researched and in the absence of controlled experimental studies,
uncertainty and concern over kratom remain.2

Between 2010–2015 660 kratom-related calls were made to the
American Association of Poison Control Centers (AAPCC), accounting
for approximately 0.0004% of all exposure calls (Anwar et al., 2016). A
minority of cases (7.4%) included “life-threatening” symptoms, with
severity most pronounced in instances where kratom was co-ingested
with anti-depressants, mood stabilizers, anticonvulsants, and illicit
drugs (Anwar et al., 2016). Reports suggesting kratom-related fatalities
are few and ambiguous (Arndt et al., 2011; Holler et al., 2011; Karinen
et al., 2014; Kronstrand et al., 2011; McIntyre et al., 2015; Neerman
et al., 2013). Even operating under the premise that kratom was the
only substance consumed prior to death, such reports demonstrate no
causal connection. Multiple fatalities have also been attributed to caffeine, and there exist common instances of individuals with cardiac
problems dying after consuming Aspirin tablets, yet the cause of death
is not attributed to Aspirin (Banerjee et al., 2014; Lewis et al., 1983).
Finally, kratom is legal throughout much of the U.S., however, the
Drug Enforcement Administration has designated it to its “Drugs and
Chemicals of Concern” list and is poised to schedule kratom under the
Controlled Substances Act, though the reasons for this action are unclear (Castillo, 2017; Federal Register, 2016). Although eﬀorts to enable detection of kratom’s active alkaloids are advancing, metabolites
are not currently detectable by drug screens (Fuenﬃnger et al., 2017;
Lesiak et al., 2014; Warner et al., 2016). Similar to other newer substances, kratom may be an attractive alternative for individuals who
encounter drug testing (Gunderson et al., 2014; Perrone et al., 2013).
Criminal justice system (CJS)-involved individuals enrolled in substance use disorder (SUD) treatment often have compelling incentives
to pass drug tests (e.g., threat of parole revocation to serve the remainder of a 10-year sentence) such that they may be inclined to
substitute preferred but detectable substances for undetectable alternatives (Ralphs et al., 2017). An opioid- or stimulant-dependent individual might temporarily substitute their drug regimen with kratom if
they believe there is a likelihood of testing. Though opioids and stimulant drugs are metabolized and eliminated quickly, they are nevertheless still detectable on commonly used drug screens whereas kratom
currently is not (Prutipanlai et al., 2017).
1.1. Purpose of study
Kratom use is likely being initiated for multiple reasons, including
the management of health conditions, mitigation of drug dependence,
and for recreation (Ahmad and Aziz, 2012; Assanangkornchai et al.,
2007; Grundmann, 2017). However, few data are available describing
the prevalence and motives for kratom use among individuals with
SUD. The aim of this study was to determine the prevalence and motivations for kratom use in a sample of individuals receiving SUD
treatment. Additional aims included identifying routes of administration, methods for obtainment, and indicators of adverse eﬀects. Given
the uncertainty surrounding kratom’s abuse liability and perceived
salience, an ancillary aim was to determine if users preferred kratom to
other substances.
2. Methods
2.1. Study participants and data collection
Clients in ﬁve recovery centers operating under a 12-step, residential therapeutic-community model were purposefully sampled for
inclusion. All data were collected in April 2017. The recovery centers
are part of a network of 17 community-based residential recovery
programs open to individuals with SUD. A convenience sample was
obtained by meeting with clients during program hours. Clients were

2
Such uncertainty is attributable to multiple factors, including possible variability in
the content of kratom products purchased in the West compared to presumably fresher
preparations in Asian countries (Griﬃn et al., 2016; Lydecker et al., 2016; Singh et al.,
2016); variations in using patterns and motives within and across geographic regions and
cultures (Vicknasingam et al., 2010); co-ingestion with other substances (Neerman et al.,
2013) possible dose escalation (Vicknasingam et al., 2010), and sensationalized or
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inaccurate media coverage (Miller et al., 2015).
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notiﬁed that study participation posed minimal risk and would not
impact their standing in the program or with the Department of
Corrections. Clients were not compensated for their participation. This
study was approved by the University of Louisville’s Institutional
Review Board (IRB No. 17.0285).

Table 1
Descriptive, t-test and chi-square goodness-of-ﬁt results for demographics, criminal justice, and treatment variables for entire sample, kratom-users, and non-users.

2.1.1. Survey instrument and administration
An anonymous, self-administered 49-question paper survey was
provided to clients. Those who declined to participate worked on recovery-related materials. Survey questions included items related to
demographic information (e.g., age, employment history), health information (e.g., past 12-month emergency department (ED) utilization),
and lifetime and past-12-month substance use. Clients were also asked
to list the three substances they had most preferred using prior to
treatment.
Kratom has generally been available in the U.S. since 2010. Thus,
many survey questions pertained to the past 7-year period, (e.g., “Have
you been on probation or parole at any time since 2010?”). This was
done in order to ascertain the portion of time clients spent in a controlled environment or under surveillance where drug testing is routine
during the period in which they would have been most likely to encounter kratom. Clients were also asked questions pertaining to the
past-12-month period prior to treatment (e.g., “How many months have
you been in any treatment or recovery center in the past 12 months?”).
Finally, clients were asked to respond to speciﬁc statements about
kratom (see Table 4).

All
N = 500

Kratom users
N = 104
20.8%

Non-users
N = 396
79.2%

p value

Age ( x )
Male
White

35.1
58.4
84.1

32.1
60.6
88.3

35.9
57.8
83.0

0.001
0.613
0.186

Marital Status
Single
Divorced/Widowed
Married/committed
partnership

48.7
7.7
43.6

51.5
12.6
35.9

47.9
6.4
45.6

0.050

8.5
51.3

2.0
46.1

10.2
52.7

0.002

26.0
14.2

28.4
23.5

25.3
11.8

47.0
22.0
25.5
5.5

44.2
26.0
23.1
6.7

47.8
20.9
26.1
5.2

0.610

Experienced homelessness past
12-months
Primary living situation
Living alone or with partner/
roommate
Staying with friends/family
Halfway house/recovery
center
Incarcerated
Homeless

17.0

24.0

15.1

0.031

33.2

29.8

34.1

0.213

22.3
13.0

24.0
14.4

21.8
12.6

26.1
5.5

22.1
9.6

27.2
4.4

Prior substance use treatment
Number of prior substance use
interventions ( x )
Number of months in other
treatment program ( x )
Past 12-month emergency room
(ER) utilization
Drug-related
Mental health-related
Physical health-related

67.8
3.5

82.7
4.4

63.9
3.3

0.001
0.026

1.32

1.8

1.2

0.031

64.2

75.5

61.2

0.007

42.9
23.0
55.0

61.0
41.0
68.0

38.3
19.3
52.0

0.001
0.003
0.009

Incarcerated past 7 years
Separate incarceration
instances
Years incarcerated ( x )

88.0
5.7

91.3
6.9

87.1
5.4

0.232
0.013

1.8

1.84

1.78

0.709

Arrested past 12-months
Months incarcerated past 12
months ( x )

70.2
4.2

75.2
3.7

68.9
4.3

0.214
0.110

Probation/parole past 7 years
Probation/parole number of
years ( x )
Currently on probation/parole
Probation/parole months ( x )

73.7
2.8

77.0
2.9

73.0
2.7

0.446
0.495

80.0
6.8

69.4
6.5

83.2
7.0

0.005
0.358

40.0
15.0
6.9
87.8

37.9
12.7
5.8
86.3

39.9
15.6
7.2
88.2

0.700
0.466
0.630
0.596

Education
No High School Diploma/GED
High School Diploma/GED
only
Some college
Associates degree or higher
Employment Status
Full-time/part-time
Unemployed
Incarcerated
Disabled, student, retired

2.2. Data analysis
Data were analyzed using IBM SPSS-24. Descriptive statistics were
examined for all relevant variables in order to establish prevalence for
kratom use and motives for use. Chi-square goodness-of-ﬁt was used to
analyze nominal and ordinal variables and t-test was used to analyze
ratio-level variables in order to determine statistically signiﬁcant differences between kratom-users and non-users.
3. Results
3.1. Demographics
The ﬁnal sample (N = 500) included men (58.4%) and women
(41.6%) age 18–64 ( x = 35.1) with a history of SUD enrolled in
treatment. The majority of clients (53.6%) resided in two high-urban
centers, followed by two moderate-urban centers (29.4%), and one
rural center (17.0%). The average length of time in the program was 3.5
months. 67.8% had previously been in treatment. Table 1 displays
sample characteristics and between-group diﬀerences.
Of the total number of clients surveyed, 20.8% (N = 104) reported
lifetime kratom use and 10.2% (N = 51) reported past-12-month use.
Kratom-users were younger, ( x = 32.1 vs. 35.9, p < 0.001), were
predominantly single (35.9% vs. 45.6%, p = 0.050), and more likely
have a college degree (23.5% vs. 11.8%, p = 0.002). Most clients indicated past-12-month housing instability (see Table 1.), however,
homelessness was higher among kratom-users (9.6% vs. 4.4%,
p = 0.031). Kratom-users reported a more extensive treatment history
(82.7% vs. 63.9%, p < 0.001), greater number of lifetime treatment
episodes ( x = 4.4 vs. 3.3, p = 0.026), and greater past-year number of
months spent in a separate treatment program ( x = 1.8 vs. 1.2,
p < 0.031).
Fewer kratom-users were on probation/parole (69.4%vs. 83.2%,
p < 0.005). Groups were similar for prior incarceration rates and
number of years incarcerated, though kratom-users reported more separate incarceration instances ( x = 6.9 vs. 5.4 p = 0.013). Rates for
failed drug tests did not diﬀer between groups. The majority of individuals reported past-year ED utilization, however, kratom-users reported higher rates of any ED use (p = 0.007) as well as higher ED rates

Chronic pain
Considers themselves disabled
SSDI
Medical insurance, Medicaid,
Medicare

for drug-related (61.0% vs. 38.3%, p < 0.001), mental health-related
(41.0% vs. 19.3%, p = 0.003), and physical health-related problems
(68.0% vs. 52%, p = 0.009). Groups were similar for rates of chronic
pain, self-perceived disability, and Social Security Disability Insurance
or medical insurance.
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Table 2
Chi-square proportions and signiﬁcant diﬀerences for substance use for entire sample,
kratom-users, and non-users.
All
N = 500

Kratom users
N = 104
20.8%

Non-users
N = 396
79.2%

p value

Lifetime substance use
Cigarettes
E-cigarettes
Alcohol
Marijuana
Synthetic Marijuana
Non-prescription opioids
Non-prescription Suboxone
Heroin
Cocaine
Crack
Amphetamines
Synthetic Cathinones
Sedatives
Barbiturates
Inhalants
Club Drugs
Hallucinogens

97.0
83.8
99.0
98.6
68.5
86.8
78.2
73.3
92.6
79.6
86.2
28.3
88.2
36.7
33.3
60.7
67.9

100.0
96.2
99.0
99.0
88.5
99.0
98.1
95.2
98.1
86.5
99.0
47.1
99.0
55.8
46.2
83.7
87.5

96.2
80.5
99.0
98.5
63.3
83.5
72.9
67.6
91.1
77.8
82.8
23.3
85.3
31.6
29.9
54.7
62.8

0.131
0.001
0.963
0.669
0.001
0.001
0.001
0.001
0.016
0.048
0.001
0.001
0.001
0.001
0.002
0.001
0.001

Past 12-month substance use
Cigarettes
E-cigarettes
Alcohol
Marijuana
Synthetic Marijuana
Non-prescription opioids
Non-prescription Suboxone
Heroin
Cocaine
Crack
Amphetamines
Synthetic Cathinones
Sedatives
Barbiturates
Inhalants
Club Drugs
Hallucinogens

87.8
65.2
75.3
65.4
23.7
62.8
51.5
55.6
43.8
34.6
65.5
6.6
45.5
8.9
5.0
13.3
13.1

92.2
78.6
82.5
77.7
35.9
79.6
74.8
85.4
57.3
44.7
85.4
12.6
56.3
12.6
9.7
24.3
23.3

86.6
61.7
73.4
62.2
20.6
58.4
45.4
47.8
40.6
32.2
60.3
5.1
42.6
7.9
3.8
10.4
10.4

0.119
0.001
0.055
0.003
0.001
0.001
0.001
0.001
0.002
0.018
0.001
0.006
0.013
0.131
0.014
0.001
0.001

Drug of choice
First: Heroin
Second: Amphetamines
Third: Alcohol

33.7
19.3
15.4

60.7
29.8
9.5

45.5
27.7
26.9

0.003

23.4
15.7

52.2
17.9

44.0
36.0

0.019

11.5

29.9

20.0

14.6
14.1
13.2

26.2
35.7
38.1

37.2
33.1
29.7

0.378

12.48
14.21
55.6

12.49
13.67
55.7

12.47
14.35
55.6

0.977
0.180
0.988

Second Drug of Choice
First: Amphetamines
Second: Non-prescription
opioids
Third: Heroin
Third Drug of Choice
First: Amphetamines
Second: Marijuana
Third: Non-prescription
opioids
Age of alcohol use initiation
Age of illicit drug use initiation
Has violated probation/parole
for failing a drug test

Table 3
Frequencies of drug preferences between kratom-users (N = 500).
Kratom-users (20.8%)

Non-users (79.2%)

Most preferred substance
Alcohol
Marijuana
NPO
Suboxone
Heroin
Cocaine
Crack
Amphetamine
Sedatives
Bath Salts

7.8%
0.0%
6.8%
4.9%
49.5%
1.0%
0.0%
24.3%
1.9%
2.9%

17.4%
7.7%
10.5%
2.8%
29.5%
3.6%
5.6%
17.9%
1.3%
0.5%

Second most preferred
Alcohol
Marijuana
NPO
Suboxone
Heroin
Cocaine
Crack
Amphetamine
Sedatives
Club drugs

3.9%
3.9%
11.7%
1.9%
19.4%
7.8%
6.8%
34.0%
5.8%
1.9%

10.9%
13.0%
16.8%
4.5%
9.3%
6.9%
5.9%
20.5%
7.2%
1.3%

Third most preferred
Alcohol
Marijuana
NPO
Suboxone
Heroin
Cocaine
Crack
Amphetamine
Sedatives
Cigarettes

9.8%
14.7%
15.7%
7.8%
3.9%
5.9%
3.9%
10.8%
16.7%
2.0%

13.7%
14.0%
12.5%
4.7%
5.8%
6.4%
8.4%
15.7%
11.9%
2.3%

preference for heroin and amphetamines and less preference for alcohol
and marijuana. Kratom was not indicated as a preferred substance. Of
the entire sample, 78.2% endorsed having ever used non-prescription
Suboxone and 51.5% reported past-12-month use. Although kratom’s
pharmacokinetic proﬁle is unique, non-prescribed Suboxone may be the
most conceptually similar substance to kratom (vis à vis as an opioid
replacement) that respondents could endorse. Kratom-users had higher
lifetime (98.1% vs. 72.9%, p < 0.001) and past-12-month rates
(74.8% vs.45.4%) for non-prescribed Suboxone use and indicated
greater preference to Suboxone (4.9% of vs. 2.8%).
3.3. Methods of obtainment and use
Over a quarter of kratom-users reported that kratom was less expensive than NPO/heroin (27.2%). Many users purchased kratom at
“head” shops (i.e., drug paraphernalia stores) (62.5%), convenient
stores (25.0%), or online (20.2%) or obtained it from a friend (44.2%).
Swallowing kratom (75.0%) or preparing it as a tea/beverage (55.8%)
were the most common routes of administration.
3.4. Motivations for kratom use and eﬀects

3.2. Drug history and preferences

A majority (68.9%) of kratom-users reported that they used kratom
as a means of reducing or stopping NPO/heroin use and 64.1% used
kratom to substitute NPO/heroin. 18.4% of users reported using kratom
due to a disability or to reduce chronic pain. Nearly half of kratom-users
endorsed curiosity as a reason for use (42.7%) and equally many reported using it to by-pass drug tests. Approximately half of users reported legality as a motivator and one-third reported that kratom was
easier to obtain than NPO/heroin. 9.7% preferred the eﬀects of kratom
compared to eﬀects produced by NPO/heroin. Only 1.0% reported
seeking medical attention because of kratom. Approximately 8%

Kratom-users reported a more extensive substance use history (see
Table 2), in that they were more likely to have tried infrequently used
substances such as inhalants (46.2% vs. 30.0%, p < 0.001), barbiturates (55.8% vs. 31.6%, p < 0.001), synthetic cathinones (47.1% vs.
23.3%, p < 0.001), and hallucinogens (87.5% vs. 62.8%, p < 0.001).
Beyond this, signiﬁcant (p < 0.001) between-group diﬀerences in
drug use occurred for heroin, NPO (e.g., Vicodin), sedatives (e.g.,
Xanax), and amphetamines, though these drugs showed high favorability across the sample. (See Table 3). Kratom-users showed greater
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consuming kratom primarily for achieving recreational “highs”.
Similarities in kratom’s eﬀects (e.g., analgesic, increased sociability)
have been documented, though how eﬀects diﬀer among individuals
and geographic regions remains unclear. Diﬀerences in kratom’s observed eﬀects between regions may be due to diﬀerences in routes of
administration (e.g., chewing leaves, swallowing in powdered form) or
in the potency of products available in the U.S. verses countries where
kratom is indigenous. Ultimately, it may be that motivations for use and
dependence indicators diﬀer as much among individuals within the
same geographic region and sociocultural structure than they do between regions. For instance, the instinct to improve one’s well-being
and functioning is universal, however, concerns about drug testing or
detoxing from heroin are not. Nuanced investigation into the motivations among individuals and groups within regions will likely show a
heterogeneity of kratom-users similar to that observed among licit and
illicit marijuana users (Cerdá et al., 2012).
Individuals in this sample had many shared attributes, however,
those with greatest drug versatility endorsed kratom use more often.
Such versatility is indicated by the overall greater number of substances
used, the number of prior interventions, and the higher rates of past-12moth ED utilization for drug-related problems. Indiscriminant using
may partially express a general proclivity to at least try new alternative
substances (i.e., sensation-seeking, or peer-group inﬂuence), even if
routine use is not adopted. Since the amount of kratom consumed and
the duration of use was not quantiﬁed, this study cannot suﬃciently
parse “kratom-user” from “polysubstance user”. However, that onethird of kratom-users stated that they would try kratom again and believe it to be a helpful drug suggests that there exists a subgroup of
kratom-users proper.
Given the growth of the online kratom industry over the past ﬁve
years, lower than expected rates (20.2%) for online purchasing of
kratom were observed. This may be attributable to housing instability
and economic marginalization among this group, since credit/debit
cards and a stable address are needed for online purchases. That kratom
is not detectable by standard drug tests puts it on par with synthetic
drugs which have been indicated as being used for circumventing detection (Bonar et al., 2014; Gunderson et al., 2014; Vandrey et al.,
2012). It is uncertain as to whether this was a primary or secondary
driver of use. For instance, the same number of individuals who endorsed drug-testing (42.7%) also endorsed curiosity. The percentage of
individuals using kratom due to chronic pain/disability (18.4%) was
lower than that observed in non-clinical samples (Grundmann, 2017)
and lower than anticipated, given higher rates of disability and selfmedication among CJS-individuals (Bronson et al., 2015; Hall et al.,
2016). It could be that these users do not regard kratom as “medicinal”
or that kratom has not yet become broadly publicized as conceptually
analogous to medical marijuana (Compton et al., 2017).
Many kratom-users reported past 12-month ED utilization for drugrelated problems, however, only 1.0% reported seeking medical care
speciﬁcally due to kratom. This may indicate that, compared to other
substances, kratom is more benign. Grundmann (2017) observed similarly low rates (0.065%) of kratom-related medical care, which is
consistent with ﬁndings from Asian-based studies (Ahmad and Aziz,
2012,). Few users indicated that kratom produced anxiety or “hangover” eﬀects. Elsewhere, kratom has been used speciﬁcally for the
purposes of reducing aﬀective dysregulation (Grundmann, 2017).
Polysubstance use among kratom-users in this sample is still noteworthy given kratom’s complex, not fully understood, pharmacokinetics (Suhaimi et al., 2016; Srichana et al., 2015), the variability in the
composition of kratom products (Lydecker et al., 2016), and prior reports documenting adverse eﬀects from co-ingestion (Nelsen et al.,
2010; Sabetghadam et al., 2013).4 However, this concern may be less a

Table 4
Descriptive statistics for prevalence, motives, and methods of kratom use.
Have you ever used kratom in your lifetime?
Kratom past 12-month use

20.8% (N = 104)
10.2% (N = 51)

Has used kratom to try to “cut back on or get oﬀ of heroin,
opiates, prescription painkillers”.
Used kratom as a way to reduce or stop using opiates or
heroin.
Kratom was less expensive than opiates or heroin.
Used kratom as a substitute for opiates or heroin.
Preferred the kratom highs to those of opiates or heroin.
Kratom was easier to obtain than opiates or heroin.
Used kratom because it is legal to purchase in the state.
There were fewer unpleasant side eﬀects from kratom than
from opiates or heroin.
Used kratom due to a disability or to reduce chronic pain.
Tried kratom because you were curious about the eﬀects.
Tried kratom because your friends were using it.
Used kratom to avoid failing a drug test.
Felt ‘hungover’ the after using kratom.
Often felt jittery or anxious when using kratom.
Sought medical care because of the eﬀects of kratom.
Would try kratom again.
Think kratom is a helpful drug.

68.9

Route of administration
Injected
Snorted
Smoked
Swallowed
Made into tea or beverage
Method of obtainment
Friend
Gas station or convenience store
Internet
Stranger
Family member
Head shop or smoke shop
Drug dealer

60.2
27.2
64.1
9.7
35.0
55.3
27.2
18.4
42.7
35.9
42.7
7.8
8.7
1.0
33.0
31.1
1.0
10.6
4.8
75.0
55.8
44.2
25.0
20.2
3.8
6.7
62.5
5.8

reported feeling “hungover” and 8.7% reported feeling “anxious or
jittery” after consuming kratom. Just over a quarter of users (27.2%)
reported that kratom produced fewer unpleasant side eﬀects than NPO/
heroin. Lastly, approximately one-third of kratom-users stated that they
would try kratom again and that they believe it is a helpful drug.

4. Discussion
This exploratory study is the ﬁrst in the U.S. to document the prevalence and motives for kratom use among a sample of substance users
enrolled in treatment. This study’s ﬁndings considered with those of
Grundmann (2017) indicate that individuals in U.S. are motivated to
use kratom for a variety of reasons, some of which are similar to those
observed in Asian-based studies, including as an alternative for addressing drug dependence and chronic pain, for reducing anxiety, and
to improve well-being (Vicknasingam et al., 2010; Singh et al., 2016).
Increasing occupational stamina is one reason for kratom use reported
in Asian-based studies (Saingam et al., 2014), but there are no indications that this is the case for U.S. consumers.3 Whatever diﬀerences in
motives for kratom use between geographic regions is eventually established, it may be that some variance is attributable to sociocultural
factors, considering the long history of kratom cultivation and use that
is absent in the U.S., a nation where overall greater drug use versatility
is observed (Degenhardt et al., 2008; Saingam et al., 2014).
These ﬁndings indicating preference for other substances and kratom’s putative utility, it is unlikely that the majority of these users are
3
While this study did not explicitly ask individuals if they used kratom to enhance
occupational functioning, it is possible that a reduction in withdrawal or pain symptoms
did facilitate occupational participation for some.

4
In their study of regular kratom-users, Singh et al. (2016) noted that some individuals
preferred to add dextromethorphan or Ermin 5 to their kratom beverages as a potentiator.
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was easily procurable, and relatively inexpensive, yet it was not preferred to illicit drugs that entail greater risk with procurement and use.
This is not to suggest that kratom dependence is unthinkable among
individuals who switch from NPO/heroin to kratom, or that among
populations without a SUD an individual would not eventually become
dependent on kratom (or another opioid substitute) (Van Hout et al.,
2017; Waljee et al., 2017). Indeed, Singh et al. (2016) documented
individuals who used kratom to successfully abstain from other substances only to become dependent on kratom. However, individuals in
this same study also reported that kratom had a high utility function,
including continued abstinence from other drugs. Caﬀeine and cocaine
are both abusable substances which can result in dependence, however
the diﬀerences in utility function and consequences between the two
substances are substantial.
As is the case with any substance use, the unique cognitive, aﬀective, and behavioral attributes, capacities, and intentions of the individual as he exists dynamically within his proximate and distal cultural milieu are signiﬁcant contributors to whether or not drug
dependence is achieved, even as there remains a generic neurobiological potential for abuse and dependency (Bandura, 2001; Sharkey
et al., 2015; Hassan et al., 2013; Heyman, 2009; Müller and Schumann,
2011). The opportunity to choose what substance one consumes likely
plays a role, given that drug-using populations have been observed to
use less preferred substances in controlled environments which they
would not use at equal rates in unrestricted conditions (Baker, 2015;
Ralphs et al., 2017). Lastly, drug-dependent individuals are a heterogeneous population and are not without some degree of agentic functioning, however constrained it may be by habituated and compulsive
states of active, heavy use (Bandura, 1997, 1999; Everitt and Robbins,
2016; Heyman, 2009; Baumeister et al., 2010; Volkow et al., 2016).
It is recognized that SUD is a multidimensional phenomenon that
does not exist in a vacuum (Heilig et al., 2016) and that self-eﬃcacy as
a driver of human agency (albeit constrained) can inform goal-directed
action, including a reduction in the amount of substance consumed or
the substitution of low-utility, highly-detrimental substances for alternatives which facilitate comparatively greater adaptive functioning
(Farrell et al., 1994; Mendelson et al., 2008). The ﬁnding that the
majority of kratom-users in this sample used kratom as a means of reducing or abstaining from NPO/heroin indicates that even when
choosing to conceptualize these particular kratom-users as more versatile or impulsive drug consumers, there is nevertheless indication of
planned action insofar as individuals had identiﬁable outcome expectancies that by using kratom they could expect enhanced ability to
modify NPO/heroin use. Such reasoning could be extended to all of the
self-reported motivations for kratom use entailing clear commission.
For those who used kratom to mitigate drug dependence and/or address
chronic pain, applicable factors of availability, price, and curiosity
likely facilitated utility-based using, but were not the primary motivators in and of themselves.
When compared with previous ﬁndings (Swogger et al., 2015;
Grundmann, 2017), these data suggest inconsistency in how kratom is
conceptualized and used by diﬀerent populations. These ﬁndings
should be understood in the context of a sample enrolled in a 12-Step
recovery environment, as opposed to other substance-using, clinical
populations who may be receiving individualized, evidence-based interventions (verses strong abstinence-only programming). For example,
some participants may have been primed to respond ‘no’ to statements
such as “Kratom is a helpful drug” or “I would try kratom again”.
Ultimately, understanding kratom’s eﬀects, along with the drivers
responsible for meaningful variance among kratom-users, requires an
investigatory scope that surpasses this study. Kratom’s role in aiding
detoxiﬁcation remains unclear, but is likely that kratom-users in this
sample utilized kratom to detox from other substances (Boyer et al.,
2008; Vicknasingam et al., 2010). The results of this small, exploratory
study, considered alongside previous ﬁndings of (Grundmann, 2017;
Swogger et al., 2015) indicate that there are clear motivations for using

matter of co-ingestion of kratom with other substances speciﬁcally as it
is as a matter of a co-ingestion of multiple substances generally.
4.1. Kratom: method for harm-reduction, drug of abuse, or both?
Kratom has been used to mitigate licit and illicit drug dependence,
ease opioid withdrawal, serve as a drug substitution, and address
chronic pain (Boyer et al., 2008; Grundmann, 2017; McWhirter and
Morris, 2010; Vicknasingam et al., 2010). Such utility-based using
patterns are supported by several ﬁndings in this study. Indeed, reports
describing kratom use to ease dependence and withdrawal from other
substances and to abstain from addictive drugs dates back decades
(Burkill, 1935; Boyer et al., 2007; Havemann-Reinecke, 2011;
Prozialeck et al., 2012; Ward et al., 2011). A majority of users in this
study reported using kratom as means of reducing or halting NPO/
heroin use, yet a minority (9.7%) reported that they preferred kratom’s
eﬀects compared those produced by NPO/heroin. Similarly, kratomusers preferred Suboxone to kratom. It is important to consider potential diﬀerences in respondents’ interpretation of the drug preference
question when asked to list their top 3 “drugs of choice” in the order
they most preferred using them. Responding to this, individuals could
have conceptualized “preference” not merely in terms of pleasurable
eﬀects, but also by attributes such as utility (e.g., Suboxone as a means
of reducing NPO/heroin use). Although Suboxone was less popular
compared with other substances, kratom was only listed as a third most
preferred substance and only by 3 individuals. It is also important to
consider the idea that stimulant-dependent individuals may be using
kratom as a drug substitute, to ease dependence and withdrawal, or as a
harm-reduction method, considering that certain strains of kratom
produce stimulatory eﬀects (Ahmad and Aziz, 2012). This idea is reinforced by Asian-based studies in which individuals use kratom to
increase stamina and energy (Assanangkornchai et al., 2007; Saingam
et al., 2014; Suwanlert, 1975).
Evidence suggests that kratom is an opioid-receptor agonist with
complex mechanisms of action and there is speculation that kratom
may be more potent than opioids such as morphine (Matsumoto et al.,
2004). There is also evidence suggesting that opioid-dependent individuals will substitute one drug type for another when psychoactive
eﬀects are comparable (e.g., prescription painkillers and heroin) or
when there is perceived beneﬁt (e.g., Suboxone, methadone maintenance treatment [MMT]) (Cicero et al., 2014; Farrell et al., 1994;
Mendelson et al., 2008). Yet, of the minority of respondents who had
tried kratom, less than 10% indicated that they preferred kratom
compared to NPO/heroin, indicating that either kratom does not produce eﬀects comparable to opioid drugs with high abuse potential or
that a steep dose escalation is required (Vicknasingam et al., 2010) in
order for comparable eﬀects comparable to be achieved–perhaps
making kratom more appealing for purposes of easing withdrawal than
for recreation. Drug-using individuals share information informally
(Rönkä and Katainen, 2017). It is unlikely that any relatively inexpensive, predominantly legal opioid-agonist comparable to morphine
could be available without rapid, widespread adoption among opioid
users. Further, it could be that the typically oral route of kratom selfadministration, compared to intravenous use, is simply less salient for
this population. There was a signiﬁcant decrease between lifetime rates
of kratom use compared to past 12-month use. This inconsistency or
decrease may again indicate that kratom is either not as pleasurable or
potent as illicit substances or that using motivations were transient.
Taken together these ﬁndings counter the notion that kratom is
equally appealing and potent as other substances. For instance, when
data were collected, kratom was legal in Kentucky and all but six states,

(footnote continued)
There are also recent reports of youth in Thailand consuming kratom-containing beverages mixed with harmful adulterants (Likhitsathian et al., 2015; Tungtananuwat and
Lawanprasert, 2010).
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kratom, including goal-directed utility. Kratom’s eﬃcacy as a selfadopted harm-reduction method for NPO/heroin dependence, especially compared to medicalized alternatives (e.g., Suboxone, MMT), its
appeal to substance users as a surrogate for preferred drugs, and its
ability to satisfactorily address the needs of individuals with chronic
pain remain equivocal, but are promising avenues of research.
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4.2. Limitations

Role of funding source

There are several limitations to this preliminary study. The term
“kratom” was used broadly. As noted elsewhere, such conceptualization
is problematic for research purposes (Fluyau and Revadigar, 2017).
Insuﬃcient user knowledge and possible variability between brands
and strains across regions makes establishing the proﬁle of kratom as a
comprehensive entity challenging (Oliveira et al., 2016). Future work
should capture the degree of discrimination that users demonstrate
when selecting kratom strains and the diﬀerences in eﬀects. Other
limitations include the fact that while it can be reasonably speculated
that kratom was used by individuals to facilitate drug detoxiﬁcation,
this phenomenon was not quantiﬁed. Individuals using kratom to aid in
detoxiﬁcation or as a means of harm-reduction should be examined as a
distinct subpopulation with kratom’s eﬀects more directly compared to
those of Suboxone and methadone. This study failed to establish kratom’s eﬃcacy as a means of harm-reduction or as a form pain management which would have signiﬁcantly aided in clarifying using trajectory. This study also was unable to capture whether or not kratom
was routinely co-ingested with other substances, and it may be that
these kratom-users are better be characterized as versatile substance
users who merely endorsed casual kratom use. This ambiguity extends
to interpretation of drug-related ED utilization. More studies spanning
geographic regions are needed to determine the eﬀects of kratom when
used independently and concomitantly. Lastly, self-report methodology
includes the possibility of inadequate recall and mendacity, however,
among drug-using samples, it is accepted as valid and reliable data
collection method (Darke, 1998; Denis et al., 2012; Zanis et al., 1994).

Nothing declared.
Conﬂict of interest
Nothing declared.
Acknowledgments
The authors would like to extend appreciation to the recovery
center staﬀ for the cooperation which made this study possible and to
Robert Walker at the University of Kentucky’s Center on Drug and
Alcohol Research who provided conceptual direction.
References
Ahmad, K., Aziz, Z., 2012. Mitragyna speciosa use in the northern states of Malaysia: a
cross-sectional study. J. Ethnopharmacol. 141, 446–450.
Anwar, M., Law, R., Schier, J., 2016. Notes from the ﬁeld: kratom (Mitragyna speciose)
exposures reported to poison control centers – United States, 2010–2015. MMWR
Morb. Mortal. Wkly. Rep. 65, 748–749.
Apryani, E., Hidayat, M.T., Moklas, M.A.A., Fakurazi, S., Idayu, N.F., 2010. Eﬀects of
mitragynine from Mitragyna speciosa Korth leaves on working memory. J.
Ethnopharmacol. 129, 357–360.
Arndt, T., Claussen, U., Güssregen, B., Schröfel, S., Stürzer, B., Werle, A., Wolf, G., 2011.
Kratom alkaloids and O-desmethyltramadol in urine of a Krypton herbal mixture
consumer. Forensic Sci. Int. 208, 47–52.
Assanangkornchai, S., Muekthong, A., Sam-Angsri, N., Pattanasattayawong, U., 2007. The
use of Mitragynine speciosa (Krathom), an addictive plant, in Thailand. Subst. Use
Misuse 42, 2145–2157.
Azizi, J., Ismail, S., Mordi, M.N., Ramanathan, S., Said, M.I.M., Mansor, S.M., 2010. In
vitro and in vivo eﬀects of three diﬀerent Mitragyna speciosa Korth leaf extracts on
phase II drug metabolizing enzymes—glutathione transferases (GSTs). Molecules 15,
432–441.
Babu, K.M., McCurdy, C.R., Boyer, E.W., 2008. Opioid receptors and legal highs: salvia
divinorum and Kratom. Clin. Toxicol. 46, 146–152.
Baker, S., 2015. An Examination of the Reasons That Prisoners Use Spice (synthetic
Cannabinoids). University of Cambridge.
Bandura, A., 1997. Self-eﬃcacy: The Exercise of Control. Macmillan.
Bandura, A., 1999. A sociocognitive analysis of substance abuse. An agentic perspective.
Psychol. Sci. 10, 214–217.
Bandura, A., 2001. Social cognitive theory: an agentic perspective. Ann. Rev. Psychol. 52,
1–26.
Banerjee, P., Ali, Z., Levine, B., Fowler, D.R., 2014. Fatal caﬀeine intoxication: a series of
eight cases from 1999 to 2009. J. Forensic. Sci. 3, 865–868.
Baumeister, R., Mele, A., Vohs, K. (Eds.), 2010. Free Will and Consciousness: How Might
They Work? Oxford University Press.
Bonar, E.E., Ashraﬁoun, L., Ilgen, M.A., 2014. Synthetic cannabinoid use among patients
in residential substance use disorder treatment: prevalence, motives, and correlates.
Drug Alcohol Depend. 143, 268–271.
Boyer, E.W., Babu, K.M., Macalino, G.E., Compton, W., 2007. Self-treatment of opioid
withdrawal with a dietary supplement, Kratom. Am. J. Addict. 16, 352–356.
Boyer, E.W., Babu, K.M., Adkins, J.E., McCurdy, C.R., Halpern, J.H., 2008. Self-treatment
of opioid withdrawal using kratom (Mitragynia speciosa korth). Addiction 103,
1048–1050.
Bronson, J., Maruschak, L.M., Berzofsky, M., 2015. Disabilities Among Prison and Jail
Inmates, 2011–12 (2015). (Retrieved from Bureau of Justice Statistics. website:
https://www.bjs.gov/content/pub/pdf/dpji1112.pdf).
Brown, P.N., Lund, J.A., Murch, S.J., 2017. A botanical, phytochemical and ethnomedicinal review of the genus Mitragyna korth: implications for products sold as
kratom. J. Ethnopharmacol. 18, 302–325.
Burkill, I.H., 1935. A Dictionary of the Economic Products of the Malay Peninsula Vol. II.
pp. 1483–1489.
Carpenter, J.M., Criddle, C.A., Craig, H.K., Ali, Z., Zhang, Z., Khan, I.A., Sufka, K.J., 2016.
Comparative eﬀects of Mitragyna speciosa extract, mitragynine, and opioid agonists
on thermal nociception in rats. Fitoterapia 109, 87–90.

5. Conclusion
Prevalence and motivations for kratom use was established among a
sample of individuals enrolled in SUD treatment. Kratom use appeared
among more versatile users and was associated less with pleasure or
preference and more with curiosity and utility. Kratom’s expressed
utility as a form of harm-reduction coupled with the lack of preference
for kratom compared to other substances suggests that kratom may be a
novel form of harm-reduction with a lower abuse potential.
Experimental studies documenting kratom’s eﬀects in humans and nonhuman animals should be developed so that a cogent pharmacokinetic
proﬁle can be established and used to infer the probability of kratom’s
abuse in real-world settings where other drugs are ubiquitous. Kratom’s
eventual development as an opioid-replacement is partially bolstered
by preliminary data suggesting kratom’s potential pharmacological
beneﬁt with comparatively fewer adverse eﬀects than observed in
prescription opioids (Khor et al., 2011; Matsumoto et al., 2005;
Matsumoto et al., 2008; Trakulsrichai et al., 2015). Kratom’s utility as a
means of mitigating NPO/heroin dependence requires further investigation, but appears promising. Given the increasing rates of NPO/
heroin overdose and mortalities in the U.S. (Rudd et al., 2016) and the
cost of addressing this public health epidemic, it is important that additional methods for harm-reduction beyond Suboxone and MMT be
considered (Connock et al., 2007; Kandel et al., 2017; Mattick et al.,
2008).

346

Drug and Alcohol Dependence 180 (2017) 340–348

K.E. Smith, T. Lawson

Janchawee, B., Keawpradub, N., Chittrakarn, S., Prasettho, S., Wararatananurak, P.,
Sawangjareon, K., 2007. A high-performance liquid chromatographic method for
determination of mitragynine in serum and its application to a pharmacokinetic study
in rats. Biomed. Chromatogr. 21, 176–183.
Kamal, M.S.A., Ghazali, A.R., Yahya, N.A., Wasiman, M.I., Ismail, Z., 2012. Acute toxicity
study of standardized Mitragyna speciosa korth aqueous extract in Sprague dawley
rats. J. Plant Stud. 1, 120–129.
Kandel, D.B., Hu, M.C., Griesler, P., Wall, M., 2017. Increases from 2002 to 2015 in
prescription opioid overdose deaths in combination with other substances. Drug
Alcohol Depend. 178, 501–511.
Kanouse, A.B., Compton, P., 2015. The epidemic of prescription opioid abuse, the subsequent rising prevalence of heroin use, and the federal response. J. Pain Palliat Care
Pharmacother 2, 102–114.
Kapp, F.G., Maurer, H.H., Auwärter, V., Winkelmann, M., Hermanns-Clausen, M., 2011.
Intrahepatic cholestasis following abuse of powdered kratom (Mitragyna speciosa). J.
Med. Toxicol. 7, 227–231.
Karinen, R., Fosen, J.T., Rogde, S., Vindenes, V., 2014. An accidental poisoning with
mitragynine. Forensic Sci. Int. 245, e29–e32.
Kertesz, S.G., 2017. Turning the tide or riptide? The changing opioid epidemic. Subst.
Abuse 38, 3–8.
Kolodny, A., Courtwright, D.T., Hwang, C.S., Kreiner, P., Eadie, J.L., Clark, T.W.,
Alexander, G.C., 2015. The prescription opioid and heroin crisis: a public health
approach to an epidemic of addiction. Annu. Rev. Public Health 36, 559–574.
Kronstrand, R., Roman, M., Thelander, G., Eriksson, A., 2011. Unintentional fatal intoxications with mitragynine and O-desmethyltramadol from the herbal blend
Krypton. J. Annal. Toxicol. 35, 242–247.
Kumarnsit, E., Vongvatcharanon, U., Keawpradub, N., Intasaro, P., 2007. Fos-like immunoreactivity in rat dorsal raphe nuclei induced by alkaloid extract of Mitragyna
speciosa. Neurosci. Lett. 416, 128–132.
León, F., Habib, E., Adkins, J.E., Furr, E.B., McCurdy, C.R., Cutler, S.J., 2009.
Phytochemical characterization of the leaves of Mitragyna speciosa grown in USA.
Nat. Prod. Commun. 4, 907–910.
Lesiak, A.D., Cody, R.B., Dane, A.J., Musah, R.A., 2014. Rapid detection by direct analysis
in real time-mass spectrometry (DART-MS) of psychoactive plant drugs of abuse: the
case of Mitragyna speciosa aka Kratom. Forensic Sci. Int. 242, 210–218.
Lewis Jr., H.D., Davis, J.W., Archibald, D.G., Steinke, W.E., Smitherman, T.C., Doherty III,
J.E., Schnaper, H.W., LeWinter, M.M., Linares, E., Pouget, J.M., Sabharwal, S.C.,
Chesler, E., DeMots, H., 1983. Protective eﬀects of aspirin against acute myocardial
infarction and death in men with unstable angina: results of a Veterans
Administration Cooperative Study. N. Engl. J. Med. 7, 396–403.
Likhitsathian, S., Aramrattana, A., Assanangkornchai, S., Angkurawaranon, C., Thaikla,
K., Srisurapanont, M., 2015. Use of other substances among kratom users: ﬁndings
from a 2011 national household survey in Thailand. Eur. Neuropsychopharmacol. 25,
S617–S618.
Low, J.W., Leela, A., Bhore, S.J., 2016. The kratom plant [Mitragyna speciose (Korth)]
paradox: beneﬁcial or detrimental? Res. Highlights 4Bs, 84–89.
Lydecker, A.G., Sharma, A., McCurdy, C.R., Avery, B.A., Babu, K.M., Boyer, E.W., 2016.
Suspected adulteration of commercial Kratom products with 7-hydroxymitragynine.
J. Med. Toxicol. 12, 341–349.
Müller, C.P., Schumann, G., 2011. Drugs as instruments: a new framework for non-addictive psychoactive drug use. Behav. Brain Sci. 34, 293–310.
Macko, E., Weisbach, J.A., Douglas, B., 1972. Some observations on the pharmacology of
mitragynine. Arch. Int. Pharmacodyn. Ther. 198, 145.
Matsumoto, K., Horie, S., Ishikawa, H., Takayama, H., Aimi, N., Ponglux, D., Watanabe,
K., 2004. Antinociceptive eﬀect of 7-hydroxymitragynine in mice: discovery of an
orally active opioid analgesic from the Thai medicinal herb Mitragyna speciosa. Life
Sci. 74, 2143–2155.
Matsumoto, K., Horie, S., Takayama, H., Ishikawa, H., Aimi, N., Ponglux, D., Watanabe,
K., 2005. Antinociception, tolerance and withdrawal symptoms induced by 7-hydroxymitragynine, an alkaloid from the Thai medicinal herb Mitragyna speciosa. Life
Sci. 78, 2–7.
Matsumoto, K., Takayama, H., Narita, M., Nakamura, A., Suzuki, M., Suzuki, T.,
Murayama, T., Wongseripipatana, S., Kitajima, M., Tashima, K., Horie, S., 2008.
MGM-9 [(E)-methyl 2-(3-ethyl-7a, 12a-(epoxyethanoxy)-9-ﬂuoro-1, 2, 3, 4, 6, 7, 12,
12b-octahydro-8-methoxyindolo [2,3-a] quinolizin-2-yl)-3-methoxyacrylate], a derivative of the indole alkaloid mitragynine: a novel dual-acting μ-and κ-opioid agonist
with potent antinociceptive and weak rewarding eﬀects in mice. Neuropharmacology
55, 154–165.
Mattick, R.P., Kimber, J., Breen, C., Davoli, M., 2008. Buprenorphine maintenance versus
placebo or methadone maintenance for opioid dependence. Cochrane Database Syst.
Rev. 2.
McIntyre, I.M., Trochta, A., Stolberg, S., Campman, S.C., 2015. Mitragynine ‘Kratom’
related fatality: a case report with postmortem concentrations. J. Anal. Toxicol. 39,
152–155.
McWhirter, L., Morris, S., 2010. A case report of inpatient detoxiﬁcation after Kratom
(Mitragyna speciosa) dependence. Eur. Addict. Res. 16, 229–231.
Mendelson, J., Flower, K., Pletcher, M.J., Galloway, G.P., 2008. Addiction to prescription
opioids: characteristics of the emerging epidemic and treatment with buprenorphine.
Exp. Clin. Psychopharmacol. 5, 435.
Miller, B.L., Stogner, J.M., Agnich, L.E., Sanders, A., Bacot, J., Felix, S., 2015. Marketing a
panic: media coverage of novel psychoactive drugs (NPDs) and its relationship with
legal changes. Am. J. Crim. Justice 3, 523–541.
Neerman, M.F., Frost, R.E., Deking, J., 2013. A drug fatality involving kratom. J. Forensic
Sci. 58.
Nelsen, J.L., Lapoint, J., Hodgman, M.J., Aldous, K.M., 2010. Seizure and coma following
Kratom (Mitragynina speciosa Korth) exposure. J. Med. Toxicol. 6, 424–426.

Castillo, O., 2017. Kratom crackdown: how the DEA abused its emergency scheduling
authority under the Controlled Substances Act. Uni. Miami Law Rev. 72, 1–61.
Cerdá, M., Wall, M., Keyes, K.M., Galea, S., Hasin, D., 2012. Medical marijuana laws in 50
states: investigating the relationship between state legalization of medical marijuana
and marijuana use, abuse and dependence. Drug Alcohol Depend. 1, 22–27.
Cicero, T.J., Ellis, M.S., Surratt, H.L., Kurtz, S.P., 2014. The changing face of heroin use in
the United States: a retrospective analysis of the past 50 years. JAMA Psychiatry 7,
821–826.
Cinosi, E., Martinotti, G., Simonato, P., Singh, D., Demetrovics, Z., Roman-Urrestarazu,
A., Bersani, F.S., Vicknasingam, B., Piazzon, G., Li, J.H., Yu, W.J., Kapitany-Foveny,
M., Farkas, J., Di Giannantonio, M., Corazza, O., 2015. Following the roots of Kratom
(Mitragyna speciosa): the evolution of an enhancer from a traditional use to increase
work and productivity in Southeast Asia to a recreational psychoactive drug in
western countries. BioMed Res. Int. 2015.
Compton, W.M., Han, B., Hughes, A., Jones, C.M., Blanco, C., 2017. Use of marijuana for
medical purposes among adults in the United States. JAMA 317, 209–211.
Connock, M., Juarez-Garcia, A., Jowett, S., Frew, E., Liu, Z., Taylor, R.J., Fry-Smith, A.,
Day, E., Lintzeris, N., Roberts, T., Burls, A., Taylor, R.S., 2007. Methadone and buprenorphine for the management of opioid dependence: a systematic review and
economic evaluation. 2007. NIHR Health Technology Assessment Programme:
Executive Summaries. NIHR Journals Library, Southampton (UK).
Darke, S., 1998. Self-report among injecting drug users. A review. Drug Alcohol Depend.
3, 253–263.
Degenhardt, L., Chiu, W.T., Sampson, N., Kessler, R.C., Anthony, J.C., Angermeyer, M.,
Bruﬀaerts, R., de Girolamo, G., Gureje, O., Huang, Y., Karam, A., Kostyuchenko, S.,
Lepine, J.P., Mora, M.E., Neumark, Y., Ormel, J.H., Pinto-Meza, A., Posada-Villa, J.,
Stein, D.J., Takeshima, T., Wells, J.E., 2008. Toward a global view of alcohol, tobacco, cannabis, and cocaine use: ﬁndings from the WHO World Mental Health
Surveys. PLoS Med. 7, 1053–1067.
Denis, C., Fatséas, M., Beltran, V., Bonnet, C., Picard, S., Combourieu, I., Daulouède, J.,
Auriacombe, M., 2012. Validity of the self-reported drug use section of the Addiction
Severity Index and associated factors used under naturalistic conditions. Subst. Use
Misuse 47, 356–363.
Everitt, B.J., Robbins, T.W., 2016. Drug addiction: updating actions to habits to compulsions ten years on. Annu. Rev. Psychol. 67, 23–50.
Farrell, M., Ward, J., Mattick, R., Hall, W., Stimson, G.V., Des Jarlais, D., Gossop, M.,
Strang, J., 1994. Methadone maintenance treatment in opiate dependence: a review.
BMJ 309, 997.
Federal Register; The Daily Journal of the United States Government, 2016. Withdrawal
of Notice of Intent to Temporarily Place Mitragynine and 7-hydroxymitragynine into
Schedule I. (Retrieved from https://www.federalregister.gov/documents/2016/10/
13/2016-24659/withdrawal-of-notice-of-intent-to-temporarily-place-mitragynineand-7-hydroxymitragynine-into).
Fluyau, D., Revadigar, N., 2017. Biochemical beneﬁts, diagnosis, and clinical risks evaluation of kratom. Front. Psychiatry 8.
Fuenﬃnger, N., Ritchie, M., Ruth, A., Gryniewicz-Ruzicka, C., 2017. Evaluation of ion
mobility spectrometry for the detection of mitragynine in Kratom products. J. Pharm.
Biomed. Anal. 134, 282–286.
Grewal, K.S., 1932. Observations on the pharmacology of mitragynine. J. Pharmacol. Exp.
Ther. 46, 251–271.
Griﬃn III, O.H., Daniels, J.A., Gardner, E.A., 2016. Do you get what you paid for? An
examination of products advertised as Kratom. J. Psychoactive Drugs 48, 330–335.
Grundmann, O., 2017. Patterns of Kratom use and health impact in the US – results from
an online survey. Drug and Alcohol Depend. 176, 63–70.
Gunderson, E.W., Haughey, H.M., Ait-Daoud, N., Joshi, A.S., Hart, C.L., 2014. A survey of
synthetic cannabinoid consumption by current cannabis users. Subst. Abuse 2,
184–189.
Hall, M.T., Golder, S., Higgins, G.E., Logan, T.K., 2016. Nonmedical prescription opioid
use among victimized women on probation and parole. Addict. Behav. 53, 113–119.
Harun, N., Hassan, Z., Navaratnam, V., Mansor, S.M., Shoaib, M., 2015. Discriminative
stimulus properties of mitragynine (Kratom) in rats. Psychopharmacology (Berl.)
232, 2227–2238.
Hassan, Z., Muzaimi, M., Navaratnam, V., Yusoﬀ, N.H., Suhaimi, F.W., Vadivelu, R.,
Vicknasingam, B.K., Amato, D., von Hörsten, S., Ismail, N.I., Jayabalan, N., Hazim,
A.I., Mansor, S.M., Müller, C.P., 2013. From Kratom to mitragynine and its derivatives: physiological and behavioural eﬀects related to use, abuse, and addiction.
Neurosci. Biobehav. Rev. 37, 138–151.
Havemann-Reinecke, U., 2011. P01-50-Kratom and alcohol dependence: clinical symptoms, withdrawal treatment and pharmacological mechanisms–a case report. Eur.
Psychiatry 26, 50.
Hazim, A.I., Mustapha, M., Mansor, S.M., 2011. The eﬀects on motor behaviour and shortterm memory tasks in mice following an acute administration of Mitragyna speciosa
alkaloid extract and mitragynine. J. Med. Plant Res. 5, 5810–5817.
Hazim, A.I., Ramanathan, S., Parthasarathy, S., Muzaimi, M., Mansor, S.M., 2014.
Anxiolytic-like eﬀects of mitragynine in the open-ﬁeld and elevated plus-maze tests in
rats. J. Physiol. Sci. 64, 161–169.
Heilig, M., Epstein, D.H., Nader, M.A., Shaham, Y., 2016. Time to connect: bringing social
context into addiction neuroscience. Nat. Rev. Neurosci. 17, 592–599.
Heyman, G.M., 2009. Addiction: A Disorder of Choice. Harvard University Press.
Holler, J.M., Vorce, S.P., McDonough-Bender, P.C., Magluilo, J., Solomon, C.J., Levine,
B., 2011. A drug toxicity death involving propylhexedrine and mitragynine. J. Anal.
Toxicol. 35, 54–59.
Ismail, N.I.W., Jayabalan, N., Mansor, S.M., Müller, C.P., Muzaimi, M., 2016. Chronic
mitragynine (kratom) enhances punishment resistance in natural reward seeking and
impairs place learning in mice. Addict. Bio. 22. http://dx.doi.org/10.1111/adb.
12385.

347

Drug and Alcohol Dependence 180 (2017) 340–348

K.E. Smith, T. Lawson

Society.
Sheleg, S.V., Collins, G.B., 2011. A coincidence of addiction to Kratom and severe primary
hypothyroidism. J. Addict. Med. 5, 300–301.
Singh, D., Müller, C.P., Vicknasingam, B.K., Mansor, S.M., 2015. Social functioning of
Kratom (Mitragyna speciosa) users in Malaysia. J. Psychoactive Drugs 47, 125–131.
Singh, D., Narayanan, S., Vicknasingam, B., 2016. Traditional and non-traditional uses of
Mitragynine (Kratom): a survey of the literature. Brain Res. Bull. 126, 41–46.
Srichana, K., Janchawee, B., Prutipanlai, S., Raungrut, P., Keawpradub, N., 2015. Eﬀects
of mitragynine and a crude alkaloid extract derived from mitragyna speciosa korth on
permethrin elimination in rats. Pharmaceutics 7, 10–26.
Suhaimi, F.W., Yusoﬀ, N.H., Hassan, R., Mansor, S.M., Navaratnam, V., Müller, C.P.,
Hassan, Z., 2016. Neurobiology of Kratom and its main alkaloid mitragynine. Brain
Res. Bull. 126, 29–40.
Suwanlert, S., 1975. A study of kratom eaters in Thailand. Bull. Narco.
Swogger, M.T., Hart, E., Erowid, F., Erowid, E., Trabold, N., Yee, K., Parkhurst, K.A.,
Priddy, B.M., Walsh, Z., 2015. Experiences of kratom users: a qualitative analysis. J.
Psychoactive Drugs 47, 360–367.
Takayama, H., Kurihara, M., Kitajima, M., Said, I.M., Aimi, N., 1998. New indole alkaloids from the leaves of Malaysian Mitragyna speciosa. Tetrahedron 54, 8433–8440.
Takayama, H., 2004. Chemistry and pharmacology of analgesic indole alkaloids from the
rubiaceous plant, Mitragyna speciosa. Chem. Pharm. Bull. 52, 916–928.
Trakulsrichai, S., Sathirakul, K., Auparakkitanon, S., Krongvorakul, J., Sueajai, J.,
Noumjad, N., Sukasem, C., Wananukul, W., 2015. Pharmacokinetics of mitragynine
in man. Drug Des. Devel. Ther. 9, 2421.
Tungtananuwat, W., Lawanprasert, S., 2010. Fatal 4 × 100: homemade kratom juice
cocktail. J. Health Res. 24, 43–47.
Van Hout, M.C., Norman, I., Rich, E., Bergin, M., 2017. Experiences of codeine use,
misuse and dependence: application of liese and franz's cognitive developmental
model of substance abuse. Behav. Cogn. Psychother. 45, 238–252.
Vandrey, R., Dunn, K.E., Fry, J.A., Girling, E.R., 2012. A survey study to characterize use
of spice products (synthetic cannabinoids). Drug Alcohol Depend. 120, 238–241.
Vicknasingam, B., Narayanan, S., Beng, G.T., Mansor, S.M., 2010. The informal use of
ketum (Mitragyna speciosa) for opioid withdrawal in the northern states of peninsular Malaysia and implications for drug substitution therapy. Int. J. Drug Policy 4,
283–288.
Volkow, N.D., Koob, G.F., McLellan, A.T., 2016. Neurobiologic advances from the brain
disease model of addiction. N. Engl. J. Med. 4, 363–371.
Waljee, J.F., Li, L., Brummett, C.M., Englesbe, M.J., 2017. Iatrogenic opioid dependence
in the United States: are surgeons the gatekeepers? Ann. Surg. 265, 728–730.
Ward, J., Rosenbaum, C., Hernon, C., McCurdy, C.R., Boyer, E.W., 2011. Herbal medicines for the management of opioid addiction. CNS Drugs 25, 999–1007.
Warner, M.L., Kaufman, N.C., Grundmann, O., 2016. The pharmacology and toxicology of
kratom: from traditional herb to drug of abuse. Int. J. Legal Med. 130, 127–138.
Yusoﬀ, N.H., Suhaimi, F.W., Vadivelu, R.K., Hassan, Z., Rümler, A., Rotter, A., Amato, D.,
Dringenberg, H.C., Mansor, S.M., Navaratnam, V., Müller, C.P., 2016. Abuse potential
and adverse cognitive eﬀects of mitragynine (Kratom). Addict. Biol. 21, 98–110.
Yusoﬀ, N.H., Mansor, S.M., Müller, C.P., Hassan, Z., 2017. Opioid receptors mediate the
acquisition, but not the expression of mitragynine-induced conditioned place preference in rats. Behav. Brain Res. 332, 1–6.
Zanis, D.A., McLellan, A.T., Randall, M., 1994. Can you trust patient self-reports of drug
use during treatment? Drug Alcohol Depend. 35, 127–132.

Nelson, M.E., Bryant, S.M., Aks, S.E., 2014. Emerging drugs of abuse. Emerg. Med. Clin.
N. Am. 32, 1–28.
Oliveira, A.S., Fraga, S., Carvalho, F., Araújo, A.M., Pereira, C.C., Teixeira, J.P., Bastos,
M.D., de Pinho, P.G., 2016. Chemical characterization and in vitro cyto-and genotoxicity of ‘legal high’products containing Kratom (Mitragyna speciosa). Forensic
Toxicol. 1–14.
Orsolini, L., Papanti, G.D., Francesconi, G., Schifano, F., 2015. Mind navigators of chemicals' experimenters? A web-based description of e-psychonauts. Cyberpsychol.
Behav. Soc. Netw. 5, 296–300.
Perrone, D., Helgesen, R.D., Fischer, R.G., 2013. United States drug prohibition and legal
highs: how drug testing may lead cannabis users to Spice. Drug Educ. Prev. Polic. 20,
216–224.
Prozialeck, W.C., Jivan, J.K., Andurkar, S.V., 2012. Pharmacology of Kratom: an emerging botanical agent with stimulant, analgesic and opioid-like eﬀects. J. Am.
Osteopah. Assoc. 112, 792–799.
Prutipanlai, S., Botpiboon, O., Janchawee, B., Theanchaiwattana, S., 2017. Solid phase
extraction method for determination of mitragynine in urine and its application to
mitragynine excretion study in rats receiving caﬀeine. Trop. J. Pharm. Res. 7,
1675–1682.
Rönkä, S., Katainen, A., 2017. Non-medical use of prescription drugs among illicit drug
users: a case study on an online drug forum. Int. J. Drug Policy 39, 62–68.
Ralphs, R., Williams, L., Askew, R., Norton, A., 2017. Adding spice to the porridge: the
development of a synthetic cannabinoid market in an English prison. Int J. Drug
Policy 40, 57–69.
Rech, M.A., Donahey, E., Cappiello Dziedzic, J.M., Oh, L., Greenhalgh, E., 2015. New
drugs of abuse. J. Hun Pharmacol. Drug Ther. 2, 189–197.
Rudd, R.A., Aleshire, N., Zibbell, J.E., Matthew Gladden, R., 2016. Increases in drug and
opioid overdose deaths—United States, 2000–2014. Am. J. Transplant. 4,
1323–1327.
Sabetghadam, A., Navaratnam, V., Mansor, S.M., 2013. Dose–response relationship, acute
toxicity, and therapeutic index between the alkaloid extract of Mitragyna speciosa
and its main active compound mitragynine in mice. Drug Dev. Res. 74, 23–30.
Saingam, D., Assanangkornchai, S., Geater, A.F., Balthip, Q., 2013. Pattern and consequences of krathom (Mitragyna speciosa Korth.) use among male villagers in
southern Thailand: a qualitative study. Int. J. Drug. Policy 24, 351–358.
Saingam, D., Assanangkornchai, S., Geater, A.F., Lerkiatbundit, S., 2014. Validation of
Krathom (Mitragyna speciosa Korth.) Dependence Scale (KDS): a dependence screen
for internationally emerging psychoactive substance. Subst. Abuse 35, 276–283.
Saingam, D., Assanangkornchai, S., Geater, A.F., Lerkiatbundit, S., 2016. Factor analytical
investigation of Krathom (Mitragyna speciosa Korth.) withdrawal syndrome in
Thailand. J. Psychoactive Drugs 48, 76–85.
Senik, M.H., Mansor, S.M., Tharakan, J.K.J., Abdullah, J.M.B., 2012a. Eﬀect of acute
administration of Mitragyna speciosa Korth. standardized methanol extract in animal
model of learning and memory. J. Med. Plant Res. 6, 1007–1014.
Senik, M.H., Mansor, S.M., Rammes, G., Tharakan, J.K.J., Abdullah, J., 2012b. Mitragyna
speciosa Korth standardized methanol extract induced short-term potentiation of CA1
subﬁeld in rat hippocampal slices. J. Med. Plant Res. 6, 1234–1243.
Shaik Mossadeq, W.M., Sulaiman, M.R., Tengku Mohamad, T.A., Chiong, H.S., Zakaria,
Z.A., Jabit, M.L., Baharuldin, M.T., Israf, D.A., 2009. Anti-inﬂammatory and antinociceptive eﬀects of Mitragyna speciosa Korth methanolic extract. Med. Princ. Pract.
18, 378–384.
Schutt, R.K., Seidman, L.J., Keshavan, M.S., 2015. Social Neuroscience: Brain, Mind and

348

