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1  ABSTRACT

3 Background: Both ketamine and methamphetamine (MA) have become very popular and have
4  been abused worldwide over the past two decades. However, the relationship between
5  dependence on ketamine or MA and psychiatric comorbidities is still unclear. Objectives: This
6  study aimed to examine the frequency of co-morbid psychiatric disorders in patients dependent
7  on ketamine or methamphetamine who were receiving treatment at three substance abuse
8  treatment clinics (SACs) in Hong Kong. Methods: This was a retrospective chart review. The
9  medical records of 183 patients (103 with ketamine and 80 with MA dependence) treated
10 between January 2008 and August 2012 were retrieved. Patients’ demographic data, patterns of
11  substance abuse and comorbid psychiatric diagnoses were recorded. Results: The mean age of
12 onset and duration of substance abuse were 18.1 + 4.7 and 9.2 + 6.2 years for ketamine and 19.9
13 +8.8and 10.5 £ 9.8 years for MA users, respectively. Psychotic disorders were more common in
14 MA dependent users (76.2% vs. 28.2%, p < 0.001), whereas mood disorders were more common
15 in ketamine dependent users (27.2% vs. 11.2%, p = 0.008). Conclusions: Ketamine and MA
16  dependence have a notably different profile of psychiatric co-morbidity. Compared with MA
17  dependence, ketamine dependence is more likely to be associated with mood disorders and less
18  likely with psychotic disorders.
19
20  Keywords co-morbidity, ketamine, methamphetamine, mood disorders, psychotic disorders
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INTRODUCTION

Ketamine has become a mainstream club drug and is emerging as a major public health concern
in many parts of the world, including East Asia and Hong Kong (Gahlinger, 2004; McCambridge,
Winstock, Hunt, & Mitcheson, 2007; Narchotics Division, 2013). Chronic abuse of ketamine
may cause serious neurological and psychiatric adverse effects (Morgan et al., 2010) and even
permanent physical damage (Wong et al., 2014; Yee et al., 2015). Recently, there has been
growing interest in evaluating the efficacy of short-term ketamine administration for the
treatment of major depression (Browne & Lucki, 2013; Hasselmann, 2014; Lapidus et al., 2014;
Yang & Hashimoto, 2014). In the United Kingdom, the percentage of ketamine users among
nightclub goers rose from 25% to 40% between 1999 and 2003 (McCambridge, Winstock, Hunt,
& Mitcheson, 2007). Ketamine has already surpassed other club drugs and even replaced heroin
as the predominant drug of abuse in Hong Kong in the early 2000s (Cheung & Cheung, 2010).
The proportion of ketamine users increased from 16.9% in 2002 to 31.5% in 2011 and ketamine
has consistently ranked among the most commonly abused psychotropic substances for more
than 10 years (Narcotics Division, 2011).

Methamphetamine (MA) became a popular prescription drug during the 1940s and 1950s
for a variety of indications, such as to promote wakefulness, improve mood or attention, and lose
weight. Due to its adverse effects and high addictive potential, MA was later withdrawn from
most of the indications for medical use (Vearrier, Greenberg, Miller, Okaneku, & Haggerty,
2012). MA abuse has become a growing public health problem over the past 30 years (Durell,
Kroutil, Crits-Christoph, Barchha, & Van Brunt, 2008; Maxwell & Rutkowski, 2008; McKetin,

Kozel, Douglas, Ali, Vicknasingam, Lund, & Li, 2008). The United Nations Office on Drugs and
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Crime (UNODC) estimates that there are approximately 34.4 million abusers of amphetamine-
type stimulants worldwide, exceeding the number of cocaine (17 million) and heroin (33 million,
prescription drugs not included) abusers (UNODC, 2014). The 2011 UNODC report describes
the MA problem as a global epidemic, citing an unprecedented rise in MA use compared to other
illicit substances (Misawa et al., 2011). MA use is particularly common among young people in
the western regions of the US and Canada (Rawson, Anglin, & Ling, 2002). MA use is also very
frequent in Hong Kong, where it ranks as the second most commonly abused psychotropic
substance (Narcotics Division, 2011).

Ketamine causes N-Methyl-D-Aspartate (NMDA) hypofunction in the central nervous
system (CNS) after repeated exposure mainly via acting as an NMDA receptor antagonist
(Jentsch & Roth, 1999). The psychotomimetic effect of a ketamine analogue, phencyclidine
(PCP), led to the NMDA hypofunction hypothesis of schizophrenia (Angrist & Gershon, 1970).
Ketamine induces positive and negative psychotic symptoms by reducing glutamate transmission
in the hippocampus (Tamminga, Lahti, Medoff, Gao, & Holcomb, 2003) and sensory cortex
(Javitt, Zukin, Heresco-Levy, & Umbricht, 2012), resulting in a dopaminergic deficit in several
frontal regions and possibly leading to dopaminergic hyperactivity in the subcortical system
(Jentsch & Roth, 1999).

Even at low doses, the acute administration of ketamine is associated with psychotic
symptoms (Krystal et al., 1994; Morgan, Mofeez, Brandner, Bromley, & Curran, 2004).
PCP/ketamine can mimic the positive (e.g. thought disorder, delusions, hallucinations, excessive
suspiciousness, etc.) and negative symptoms (e.g. emotional and social withdrawal and
psychomotor retardation) of schizophrenia (Angrist & Gershon, 1970; Javitt & Zukin, 1991,

Adell, Jimenez-Sanchez, Lopez-Gil, & Romon, 2012) in both healthy volunteers (Javitt & Zukin,
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1991) and regular users (Malhotra et al., 1996; Curran & Morgan, 2000). Moreover,
ketamine/PCP is unique in mimicking the functional deficits associated with schizophrenia
(Javitt & Zukin, 1991). Frequent ketamine users show elevated scores on clinical assessments of
psychosis-proneness (Morgan, Duffin, Hunt, Monaghan, Mason, & Curran, 2012; Stone et al.,
2014) and self-reported depressive symptoms on the Beck Depression Inventory (Morgan,
Muetzelfeldt, & Curran, 2009; Morgan, Duffin, Hunt, Monaghan, Mason, & Curran, 2012;
Freeman, Morgan, Pepper, Howes, Stone, & Curran, 2013). However, there are limited data on
the prevalence of psychotic and depressive symptoms according to the criteria of the Diagnostic
and Statistical Manual of Mental Disorders (DSM) version III/IV/V and International
Classification of Diseases (ICD) version 9/10 in chronic ketamine abusers. In a Hong Kong SAC,
44% and 24% of 133 ketamine users presented with substance-induced psychotic disorder or
mood disorders (characterized by persistently depressed mood or loss of interest or pleasure for
at least two weeks for depressive disorders, and persistently elevated, expansive or irritable
mood and persistently increased goal-directed activity or energy at least one week for manic
episode) (Tang, Liang, Ungvari, & Tang, 2011). In a Hong Kong female residential centre, 16%
and 47% of 32 ketamine users were diagnosed with substance-induced psychotic disorder or
mood disorder, respectively (Tang, Cheung, Liang, Ungvari, & Tang, 2011). In a community-
based study, 28.3% ketamine users were diagnosed as at least one psychiatric disorder. Mood
and psychotic disorders accounted for 80.4% and 7.8% of all co-morbid psychiatric diagnoses in
ketamine abusers, respectively (Tang, Morgan, Lau, Liang, Tang, & Ungvari, 2014). However, it
was not known how many patients in these two studies developed dependence and whether they

were dependent on other drugs in addition to ketamine.
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MA predominantly blocks dopamine reuptake and increases dopamine release by
interacting with the dopamine transporter, thereby increasing dopamine levels in nerve terminals
and the cytosol (Seiden, Sabol, & Ricaurte, 1993). The pharmacologic properties of MA explain
why it induces psychotic symptoms. The prevalence of lifetime psychosis in MA-dependent
users ranges between 26% and 46% (Shoptaw, Peck, Reback, & Rotheram-Fuller, 2003;
Lin, Ball, Hsiao, Chiang, Ree, & Chen, 2004; Grant et al., 2012). The discrepancy between these
figures is mainly due to differences in the sampling methods. MA users who are dependent are
three times more likely to have psychotic symptoms than those who are non-dependent (McKetin,
McLaren, Lubman, & Hides, 2006). In a survey of 1016 MA users using the Beck Depression
Inventory, 34% of female and 24% of male participants reported depressive symptoms in the last
30 days (Zweben et al., 2004).

As both ketamine and MA have the potential to induce psychotic symptoms or other
psychiatric symptoms in MA and ketamine abusers via different mechanisms. It would be
interesting to know whether there are differences in the prevalence of psychotic or other
psychiatric symptoms. We expect that ketamine dependent users have higher percentage of
depressive disorder and equal psychotic disorder than methamphetamine dependent users. To the
best of our knowledge, no such comparison has yet been performed. Thus, the aim of this study
was to compare the psychiatric co-morbidities of ketamine- and MA-dependent users in a

retrospective chart review in Hong Kong.

MATERIALS AND METHODS

Sample
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The medical records of patients with ketamine or MA dependence diagnosed according to ICD-
10 criteria who attended three SACs in Hong Kong between January, 2008 and August, 2012
were reviewed. The three SACs serve the north-eastern region of Hong Kong with a population
of approximately 1.2 million, which constitutes about one sixth of Hong Kong’s population.
SACs target patients with concurrent substance dependence and potentially other psychiatric

disorders, and thus they differ from patients attending drug treatment or rehabilitation centers.

Data collection
Demographic data including sex, age, education, marital status, employment and forensic records
were extracted from the case notes. The history of ketamine and MA use and other substances
and comorbid psychiatric diagnoses were recorded. Psychiatric disorders were diagnosed
according to ICD-10 criteria. All subjects fullfilled the criteria of dependence syndrome under
the category of “Mental and behaviour disorder due to psychiatric substance use” (code F1X.2).
For a diagnosis of substance-induced mood disorder (F1x.8) and substance-induced psychotic
disorder (F1X.5), the symptoms should occur after the substance use and should not persist for
more than one month after cessasion of substance use; otherwise, the diagnosis is coded as F30-
39 (Mood disorders) or F20-29 (Schizophrenia, Schizotypal and Delusional disorders).

Two of the co-authors (AT and FC) transferred the demographic and clinical data to the
Data Collection Sheet. The study identification number replaced the name of the patient.
Personal information such as the patient’s phone numbers and home address was not recorded on
the Data Collection Sheet. A research assistant transferred the data from the Data Collection
Sheet onto a computer for statistical analysis. Data collection took place from January 1 to May

31,2013.
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Statistical analysis

The data were analysed using SPSS for Windows, Version 20.0. The patients’ socio-
demographic and clinical characteristics are presented as descriptive statistics. Continuous
variables are described as mean + standard deviation (SD), while categorical variables are
reported as numbers and percentages. Chi-square tests and t-tests were also used as appropriate.
Logistic regression was used to control for possible confounding variables (age, education, and
employment status and lifetime use of cannabis, opiates and cough syrup) in the comparison of

psychiatric co-morbidity between the two groups of patients.

Ethical considerations

The study protocol was approved by the Joint Chinese University of Hong Kong—New
Territories East Cluster Clinical Research Ethics Committee as well as the participating
substance abuse treatment clinics. Written informed consent was not required in this type of
anonymous retrospective study, as the collection of such information was part of routine clinical

care and would not breach confidentiality or pose any risk to patients.

RESULTS

Demographic and clinical characteristics and drug use patterns

The study sample consisted of 103 and 80 patients with ketamine and MA dependence,
respectively. The demographic and clinical characteristics and lifetime use of other psychotropic
substances of the two groups were shown in Table 1. Patients with ketamine dependence were

younger, had a higher level of education and were less likely to be unemployed. Both groups
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were similar in terms of age of onset and duration of substance use. The groups were also equally
likely to be married and to have been involved in drug-related crime. Patients with MA
dependence were significantly more likely to have ever used cannabis, opiates and cough syrup
(Table 1). However, the groups did not differ in their lifetime use of MDMA (Ecstasy),

benzodiazepines, cocaine, zopiclone/zolpidem, solvents or other drugs.

Frequency of co-morbid psychiatric disorders

Table 2 shows the frequency of co-morbid psychiatric disorders. Overall, patients with ketamine
dependence had a lower rate (n = 64, 62.1%) of co-morbid psychiatric disorders than patients
with MA dependence (n = 70, 87.5%), p< 0.001. Compared with MA, ketamine-dependent users
had a higher rate of mood disorders (n = 28, 27.2% vs. n =9, 11.2%; p = 0.008). The frequency
of substance-induced mood disorders was similar between the ketamine and MA groups (n = 13,
12.6% vs. n =6, 7.5%; p = 0.260), but the difference in the frequency of major depression was of
borderline significance (n =8, 7.8% vs. n =1, 1.2%; p = 0.080). The ketamine group had a lower
rate of substance-induced psychotic disorders (n = 29, 28.2% vs. n = 80, 76.2%; p < 0.001) than
the MA group. These differences remained significant after adjusting for age, education,

employment status, and lifetime use of cannabis, opiates and cough syrup.

DISCUSSION

To the best of our knowledge, this was the first study to compare the psychiatric co-morbidity
between MA and ketamine dependence. The main finding is that the frequency of psychosis in
MA dependence is significantly higher than that in ketamine dependence. Depression, however,

is more likely to co-occur in ketamine dependence than in MA dependence.
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The study sample was recruited from SACs, which target substance users with possible
psychiatric disorders. This may explain why the prevalence of psychotic disorders was much
higher in the MA-dependent users than the 26-46% lifetime frequency found in community
samples or drug dependence treatment centers (Grant et al., 2012). Positive symptoms such as
persecutory delusions, delusions of reference, auditory and visual hallucinations and thought
broadcasting are frequently observed in MA dependence (Grant et al., 2012). Regular MA users
living in the community are 11 times more likely to develop psychotic symptoms compared to
the general population in Australia (McKetin, McLaren, Lubman, & Hides, 2006). Psychotic
disorders were found in 13% of 100 adult volunteers with a diagnosis of MA dependence
recruited from a drug treatment centre in South Africa (Akindipe, Wilson, & Stein, 2014), and in
13% of 292 patients with MA dependence recruited from a drug rehabilitation centre in Malaysia
(Sulaiman et al., 2014). Psychotic symptoms were found in 75% of long-term MA users in Japan
(Sato, 1992).

One study directly compared the effects of ketamine and amphetamine in 41 healthy
individuals who all received an infusion of ketamine, amphetamine or placebo once a day for up
to 4 days. Positive “psychotic”-like symptoms, negative symptoms and cognitive deficits were
far more prominent in the ketamine group (Krystal et al., 2005). Another study comparing
dependent users of ketamine, cocaine or cannabis with polydrug and non-using controls found
higher prodromal “basic symptoms” (subtle, subclinical self-experienced disturbances in drive,
stress tolerance, affect, thinking, speech, perception and motor action (Klosterkotter et al., 2001))
in ketamine users compared to cocaine users (Morgan, Duffin, Hunt, Monaghan, Mason &
Curran, 2012). However, that study did not assess psychiatric symptoms using DSM/ICD criteria,

and our study is the first to compare the effects of chronic ketamine use with that of MA use.
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Another remarkable difference in the psychiatric co-morbidity profiles between MA and
ketamine dependence concerns the frequency of depression. The association between ketamine
and depression is complex; a single dose of ketamine has an antidepressant effect (Berman et al.,
2000; Zarate et al., 2006), while persistent depressive symptoms are consistently observed in
chronic ketamine users (Curran & Morgan, 2000; Morgan, Muetzelfeldt, & Curran, 2009;
Morgan, Huddy, Lipton, Curran, & Joyce, 2009; Tang, Liang, Lau, Tang, & Ungvari, 2013;
Freeman, Morgan, Pepper, Howes, Stone, & Curran, 2013). Although increasingly more studies
have focused on ketamine and its antidepressant property, the effects of long-term ketamine
treatment on depression are largely unknown (Szymkowicz, Finnegan, & Dale, 2013).
Intriguingly, when a group of 30 frequent ketamine users were monitored over one year in a
longitudinal study, their depression scores went up, despite equal levels of ketamine exposure at
follow up (Morgan, Muetzelfeldt, & Curran, 2010). Acute and repeated ketamine exposure
generates different neurobiological changes. For example, glutamine and dopamine levels
increase after acute (Moghaddam, Adams, Verma, & Daly, 1997) but decrease following
repeated ketamine administration (Mouri, Noda, Enomoto, & Nabeshima, 2007). In this study,
27.2% of the patients dependent on ketamine had concurrent mood disorder, consistent with the
result of a previous Hong Kong study that reported 22% (Tang, Liang, Ungvari, & Tang, 2011),
but lower than the 47% found in another Hong Kong study (Tang, Cheung, Liang, Ungvari, &
Tang, 2011). The latter study had a small sample size (n=32) and all of the subjects were females.
The higher figure in the latter study is consistent with previous studies that suggested female
with substance use disorders presents higher mood disorders than male (Zilberman et al., 2003;

Ali et al., 2015).
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There is evidence that MA abuse can induce depressive symptoms (McKetin, Lubman,
Lee, Ross, & Slade, 2011). In the present study, 11.2% of patients with MA dependence were
diagnosed with co-morbid mood disorder, which was slightly higher than the 12-month
prevalence of 8.2% found in the general population of Hong Kong (Lee et al., 2010). The
prevalence of co-morbid mood disorder in MA dependence is consistent with the literature.
Slightly more than 10% of 189 MA-dependent American users had some form of mood disorder
induced by amphetamines (Salo, Flower, Kie Istein, Leamon, Nordahl, & Galloway, 2011). At 3-
year follow-up, 15% of 526 adults dependent on MA met the criteria for major depressive
disorder (Glasner-Edwards et al., 2009).

Given that the terms “substance induced mood disorder and psychotic disorder”
were used in this study, the causality of MA and ketamine use and the co-morbid
psychiatric disorders was difficult to confirm. Schizophrenia and substance use disorder
share vulnerabilities (Chambers, Krystal, & Self. 2001). It could be that substance
dependence triggers psychotic symptoms or the vulnerability to schizophrenia increases the
risk for substance dependence (Bramness et al., 2012). Receptor availability may also be
involved in the connection between drug and psychotic symptoms. In MA dependent users,
Al allele carriers (indicating low dopamine 2 receptor availability in the striatum) are less
likely to have psychotic symptoms whilst thel41C Del allele (indicating high dopamine 2
receptor availability in the striatum) increases the risk of rapid onset psychosis after MA
administration (Ujike et al., 2009). It will be of interest to verify whether such genetic
variants underlie the different incidence of psychosis and depression found in MA and

ketamine dependent users.
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The findings of this study provide information that should alert clinicians to carefully
screen for depressive symptoms in ketamine-dependent users and psychotic symptoms in
amphetamine-dependent users.

Future studies should compare the symptom characteristics, treatment response and
prognosis between ketamine- and amphetamine-induced psychiatric co-morbidity. Longitudinal

studies should explore the causality between these substances and psychiatric co-morbidity.

Limitations

The findings of this study are subject to several limitations, mainly related to the retrospective
study design. The first is the missing information about risk factors for developing psychiatric
disorders, such as family history, premorbid personality, route of administration, severity of
dependence and of pre-existing psychiatric symptoms, and social factors such as stressful life
events, which could not be reliably ascertained from the medical files (Darke, Kaye, McKetin, &
Duflou, 2008; McKetin, Lubman, Lee, Ross, & Slade, 2011). The lack of important variables
limited the evaluation of differences between ketamine and MA dependence and the psychiatric
disorders associated with dependence on the two substances. Finally, as the sample was drawn
from a psychiatric clinic, the findings may not be generalizable to other populations of MA and

ketamine users.

CONCLUSIONS
Patients with ketamine dependence were more likely to have mood disorders and less likely to
suffer from psychotic disorder than patients with methamphetamine dependence. Future

prospective studies comparing the differences between these two substances on premorbid traits,

12
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symptom presentation and prognosis would help to understand the link between clinical
presentation and the neurobiological mechanisms underlying psychosis associated with ketamine
and MA dependence, and could also provide clues to the pathophysiology of psychosis and

mood disorders in general.
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Table

TABLE 1. Socio-demographic and clinical characteristics of ketamine and methamphetamine

dependent patients
Ketamine Methamphetamine
Variables p
(n=103; n, % / mean + SD) (n=80; n, % / mean + SD)
Age (years) 244+6.4 28.7+10.6 0.002%
Female 47 (45.6) 35 (43.8) 0.800°
Education (MG 4 or above) 52 (50.5) 20 (25.0) <0.001°
Married 13 (12.6) 16 (20.0) 0.175°
Unemployed 47 (45.6) 53 (67.1) 0.004°
Drug-related crime 62 (61.4) 43 (53.8) 0.301°
Onset of substance abuse 18.1£4.7 19.9 + 8.8 0.217°
Duration of substance 92+6.2 10.5+9.8 0.435?
abuse
Lifetime use of other substances
Ketamine - 43 (53.8) -
Methamphetamine 23 (22.3) - -
Cannabis 23 (22.3) 29 (36.2) 0.038°
MDMA (Ecstasy) 26 (25.2) 26 (32.5) 0.280°
Benzodiazepines 33 (32.0) 23 (28.7) 0.632°
Cocaine 31 (30.1) 19 (23.8) 0.339°
Opiates 8 (7.8) 17 (21.2) 0.008°
Zopiclone/Zolpidem 13 (12.6) 17 (21.2) 0.118°
Cough syrup 7 (6.8) 13 (16.2) 0.042°
Others 5(4.9) 6(6.2) 0.750°¢
Solvent 1 (1.0) 4 (5.0) 0.170°




Notes: SD = standard deviation; MG4 = middle school grade 4.

2 t-test; ° Chi-square test; ¢ Fisher’s exact test.




TABLE 2. Psychiatric co-morbidity of ketamine and methamphetamine dependent patients

Ketamine Methamphetamine
Variables p’ P’
(n=103; n, %) (n=80; n, %)
Any psychiatric co-
64 (62.1) 70 (87.5) <0.001?* <0.001
morbidity
Psychotic disorders 29 (28.2) 61 (76.2) <0.001? <0.001
Substance-induced
28 (27.2) 59 (73.8) <0.001?* <0.001
psychotic disorder
Schizophrenia 2(1.9) 3(3.8) 0.655°
Mood disorders 28 (27.2) 9(11.2) 0.008* 0.003
Substance-induced mood
disorder (with depressive 13 (12.6) 6 (7.5) 0.260*
features)
Major depression 8(7.8) 1(1.2) 0.080°
Dysthymia 2(1.9) 0 0.505°
Adjustment disorder with
4(3.9) 2(2.5) 0.697°
depressed mood
Bipolar affective disorder 1 (1.0) 0(0.0) 1.000°
Anxiety disorders 4(3.9) 1(1.2) 0.388°
Generalized anxiety
2(1.9) 1(1.2) 1.000°
disorder
Panic disorder/
1(1.0) 1(1.2) 1.000°

Agoraphobia



Posttraumatic stress
1(1.0) 0 (0.0) 1.000°
disorder

Notes: ? Chi-square test; ° Fisher’s exact test.
p “unadjusted; p ” adjusted for age, education, employment status and lifetime use of cannabis, opiates

and cough syrup by logistic regression



