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Abstract

Objective—Although concern about chronic ketamine abuse has grown, the characteristic 

symptomatology of chronic ketamine users has yet to be examined. This study aims to measure the 

psychotic, depressive and anxiety symptoms in chronic ketamine users.

Methods—A group of chronic ketamine users in Guangzhou, China were evaluated. The socio-

demographic and drug use characteristics of subjects were documented. Symptoms of psychosis, 

depression, anxiety were evaluated by the Positive and Negative Syndrome Scale (PANSS), Beck 

Depression Inventory (BDI) and Beck Anxiety Inventory (BAI). The severity of the symptoms was 

identified by standard severity cutoffs.

Results—The PANSS total score, positive symptom, negative symptom, general 

psychopathology subscale score were 45.3±8.4, 8.0±1.7, 13.2± 3.9 and 24.2± 4.9 respectively. 

BDI and BAI score was 13.1±6.5 and 15.7±9.6 respectively. 77.5% and 46.0% of the subjects 

showed moderate to severe depressive symptoms and anxiety symptoms respectively. The BDI 

score was positively correlated with ketamine use frequency. The BAI score was positively 

correlated with ketamine use frequency.

Conclusions—Depressive symptoms were commonly presented in chronic ketamine users. The 

higher ketamine use frequency and dosage were associated with more severe depressive 

symptoms.
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1. Introduction

Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist was developed in the 

1960s and is widely used in medicine for anesthesia and pain management. Its use as a 

recreational drug of abuse has become widespread, in recent decades, particularly in Europe 

and Southern China. Ketamine has also attracted the attention of researchers as a potential 

model of psychopathology because it provokes distinctive psychological symptoms in 

humans and rodents (Becker et al., 2003; Aalto et al., 2005; Frohlich and Van Horn, 2014). 

Krystal et al. (1994) reported that a single intravenous dose of ketamine given to healthy 

volunteers produced acute psychotic symptoms as well as impairment of memory. 

Recreational ketamine use has been reported to produce psychotic symptoms similar to 

those observed in schizophrenia (Morgan et al., 2004b).

In addition to these short-term experimental studies, clinicians have observed a broad array 

of clinical symptoms in chronic ketamine users, although few systematic studies of symptom 

patterns associated with chronic ketamine use have been published. It was reported that 

chronic ketamine users had higher levels of subthreshold psychotic symptoms (Stone et al., 

2013). In one study it was reported that the depression scores increased in a group of chronic 

ketamine users over a 12 month period (Morgan et al., 2010). But the assessments were done 

in a relatively small sample size and they did not measure the psychosis or anxiety 

symptoms which were observed in chronic ketamine users. Tang et al. (2013) reported 

depressive symptoms were more frequently found in current ketamine users than ex-

ketamine users and control. Morgan and Curran (2012) reviewed recent literature and noted 

that ketamine users sometimes reported psychotic symptoms but concluded that there was 

little evidence of any link between chronic heavy use of ketamine and a subsequent 

diagnosis of a psychotic disorder. Since experimental studies have linked ketamine to both 

psychotic and depressive symptoms, a more systematic study of the symptoms associated 

with chronic ketamine abuse may be informative.

In the present study we recruited chronic ketamine users hospitalized at 2 hospitals in 

Guangzhou, China for detoxification and/or treatment of symptoms related to chronic 

ketamine use. All subjects were assessed with standard and widely used measures of 

schizophrenia, depression and anxiety symptomatology: the Positive and Negative 

Syndrome Scale (PANSS) for psychotic symptoms (Kay et al., 1988), the Beck Depression 

Inventory (BDI) (Beck et al., 1961) and the Beck Anxiety Inventory (BAI) (Beck et al., 

1988) for depressive and anxiety symptoms, respectively. The severity of these symptoms 

was identified by standard published severity cutoffs on the PANSS, BDI and BAI. Using 

these measures we sought to systematically profiling the symptoms associated with chronic 

ketamine use. We thus seek to better understand the problems faced by chronic ketamine 

users.

2. Methods

2.1. Sample and data collection

From January 2012 to December 2013, 187 ketamine users who were voluntarily 

hospitalized for detoxification and/or for treatment of symptoms related to long term 
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ketamine use and who were willing to join the study were recruited at the substance-abuse 

department of the Guangzhou Brain Hospital and the voluntary drug rehabilitation ward of 

Guangzhou Baiyun mental hospital.

All the participants underwent a 2-h semi-structured interview to assess sociodemographic 

characteristics, psychopathological status, and substance use during the first two weeks of 

their current hospitalization. Current illicit drug use of all participants was validated through 

urine toxicology as well through self-report data. The interviews were conducted by 

clinicians with 3 or more years of clinical experience. Inclusion criteria required that 

participants: 1) be chronic ketamine users admitted to Guangzhou Brain Hospital or 

Guangzhou Baiyun Mental Health Hospital for detoxification or treatment of ketamine-

related symptoms; 2) no other substance dependence other than ketamine and tobacco 

according to DSM-IV-TR; 3) subjects with ketamine as a drug of choice for longer than 6 

months; 4) being capable of providing written informed consent form. Exclusion criteria 

included: (1) any known organic diseases or (2) history of head trauma with loss of 

consciousness, (3) any unstable physical illnesses, or (4) impairment of color vision or 

hearing. The study was approved by the Institutional Ethics Committee and written informed 

consents were signed prior to enrollment.

2.2. Measures

2.2.1. Socio-demographic characteristics—The subjects' age, gender, marital status, 

years of education, employment, medical history and family relationships were documented.

2.2.2. Drug use—Information on drug use included age of first ketamine use, lifetime 

duration of ketamine use, frequency of ketamine use in the past month, recent polydrug use, 

smoking patterns and history of alcohol use.

2.2.3. Standardized scales—The Positive and Negative Syndrome Scale (PANSS) (Kay 

et al., 1988), a structured rating scale for the symptoms of schizophrenia was assessed by 

trained raters. The cutoffs used for PANSS were <58 less than mildly ill, 58–75 mildly ill, 

75–95 moderately ill, >95 markedly ill, >116 severely ill (Leucht et al., 2005).

Ketamine users were asked to complete Beck Depression Inventory (BDI,13-item; Beck and 

Beamesderfer, 1974) and the Beck Anxiety Inventory (BAI; Beck et al., 1988) which 

assessed their depressive and anxiety symptoms during the two weeks before they were 

hospitalized., The cutoffs used for BDI, a widely used structured rating scale for 

depression,were 0–4 for no depression, 5–7 for mild depression, 8–15 for moderate 

depression, and ≥16 severe depression(Beck, Epstein et al. 1974). The cutoffs used for BAI, 

a structured rating scale for anxiety disorder were 0–7 minimal level of anxiety, 8–15 mild 

anxiety, 16–25 moderate anxiety, 26–63 severe anxiety (Beck et al., 1988).

Assessment of inter-rater reliability for raters in this study was in the excellent to good range 

on the PANSS, with intra-class correlations ranging from 0.90 to 0.96.
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2.3. Analyses

Symptom levels on the PANSS, BDI and BAI were classified using published, standard 

severity levels (Beck and Beamesderfer, 1974; Beck et al., 1988; Leucht et al., 2005) to 

determine whether symptom patterns were more reflective of schizophrenia, depression or 

anxiety disorder.

Bivariate spearman correlation analysis was used to identify correlations between socio-

demographic, substance use characteristics and symptom measures. Further multiple linear 

regression analysis were done on variables which were significant on bivariate spearman 

correlation analysis.

All analyses were conducted under SPSS version 13.0.

3. Results

3.1. Participant characteristics

Socio-demographic characteristics, drug use and PANSS, BDI, BAI scores are presented in 

Table 1. Altogether there were 187 chronic ketamine users enrolled in the study of which 

173 were male (92.5%), 14 were female (7.5%). The average age was 26.2±5.0 (Mean± SD) 

(range 15–44 years). The average time from first ketamine use to the present was 6.3±3.1 

years (Mean±SD) and the time from becoming dependent to the present was 3.1±2.0 years 

(Mean±SD). The average dose of ketamine on a typical day of use in the past 30 days was 

3.4±2.7 gram/day (Mean± SD). 141 (75.4%) patients reported using ketamine daily, 14 

patients (7.3%) used ketamine more than 4 times per week, and 32 patients (17.1%) used 

ketamine less than 4 times per week. There were 158 subjects (84.5%) who had used 

psychoactive drugs other than ketamine, although all the subjects were with ketamine as a 

drug of choice for longer than 6 months.

3.2. Evaluation by standardized scales

The average PANSS total score, positive symptom subscore, negative symptom subscore and 

general psychopathology subscore were 45.3±8.4, 8.0±1.7, 13.2± 3.9 and 24.2± 4.9 

respectively. BDI score was 13.1±6.5. BAI score was 15.7±9.6.The percentages of subjects 

clarified by the cutoffs on standardized scales are presented in Fig. 1. On the PANSS, 172 

(92.0%) had PANSS total scores less than 58, indicating less than mild or minimal illness; 

15 (8.0%) had PANSS total scores between 58 and 75, indicating for mild illness. No 

PANSS total scores were in the moderate or severe range. On the BDI, 21 subjects (11.2%) 

scored 0–4 (no depression), 21 (11.2%) scored 5–7 (mild depression), 84 (44.9%) scored 8–

15 (moderate depression), the most common response range, and 61 (32.6%) scored ≥16 

(severe depression), the second most common response range with a resulting total of 77.5% 

in the moderate to severe range. For the measure of anxiety, 41 (21.9%) subjects showed 

minimal level of anxiety (score= 0–7), 60 (32.1%) showed mild anxiety (score 8–15), 55 

(29.4%) moderate anxiety (score 16–25), and 31 (16.6%) severe anxiety (score 26–63), for a 

total of 46.0% in the moderate-severe range. Thus schizophrenia symptoms were 

predominantly less than mild; anxiety symptoms, mostly mild or less but with almost one-
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third in the moderate range; and three fourths of patients showing depressive symptoms in 

the moderate to severe range.

3.3. Correlation between symptom measures and substance use characteristics

Bivariate correlation analysis (Table 2) showed that the BDI score was positively correlated 

with ketamine use frequency, duration of ketamine dependence, average and maximum 

ketamine dose as well as history of past hospitalization. The BAI score was positively 

correlated with frequency of ketamine use. The PANSS total score was positively correlated 

with duration of ketamine dependence and past hospitalization. The PANSS positive 

subscale score was positively correlated with past hospitalization and negatively correlated 

with current average ketamine dosage. The PANSS general psychopathology subscale score 

was positively correlated with duration of ketamine dependence and past hospitalization. 

Further multiple linear regression analysis (Table 3) on variables which were significant on 

bivariate correlation analysis showed that the BDI score was significantly positively 

correlated with ketamine use frequency. The BAI score was positively correlated with 

frequency of ketamine use. The PANSS total score was positively correlated with past 

hospitalization. The PANSS positive subscale score was positively correlated with past 

hospitalization and negatively correlated with average ketamine dosage.

4. Discussion

The present study used standard scales to characterize the psychotic, depressive and anxiety 

symptoms of chronic ketamine users who were hospitalized for detoxification or treatment 

of ketamine-related symptoms. The sample included a relatively large group of ketamine 

users who frequently used ketamine at relatively high doses over an average of more than six 

years.

In this group of chronic ketamine users standardized scales showed a predominance of 

depressive symptoms followed by anxiety symptoms with 77.5% having moderate to severe 

depressive symptoms, 46% having moderate to severe anxiety symptoms, and scores on a 

measure of psychotic symptoms (the PANSS) all in the minimal to mild range.

In 2000 and 2004 Curran & Morgan reported slightly higher scores on depression among 

ketamine users as compared to non-users measured with the Hospital Anxiety and 

Depression scale (HADS) on the night of drug use and three days later (Curran and Morgan, 

2000; Morgan et al., 2004a). They again reported higher scores of ketamine users on 

depression when measured at a 3 year follow-up assessments as compared to a control group 

who did not use ketamine, although the ketamine users were not within a clinical range of 

depression. (Curran and Morgan, 2000; Morgan et al., 2004a). Another study in community 

ketamine users found that 35% of current ketamine users suffered from a mood or anxiety or 

psychiatric disorder (Tang et al., 2014). Our findings reveal somewhat similar features in 

chronic ketamine users with predominantly depressive symptoms. In Curran & Morgan's 

study the frequency of ketamine use and dosage of the subjets decreased by over 80% after 3 

years which suggest a non–addictive use pattern. In contrast, most subjects in present study 

had developed dependence on ketamine and the dosage and frequency had increased over 
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time suggesting that the pronounced more severe depressive symptoms may be specifically 

associated with prolonged use.

Bivariate correlation analysis showed that the higher frequency and dosage of ketamine use 

were associated with higher BDI score. But the correlation coefficient of 0.2 is of low 

correlation even significant. Acute ketamine has been shown to have a rapid-acting 

antidepressant effect (Berman et al., 2000). Acute and chronic ketamine use may have 

different effects. We must, nevertheless be cautious in imputing causality to ketamine 

because we do not have data on the depressive status of the subjects before they began to use 

ketamine. It is possible that they had depressive symptoms before initiating ketamine use 

and turned to ketamine to relieve their underlying depression. The evidence presented here 

reports that of both more frequent and higher dose of ketamine was associated with more 

severe symptoms on BDI. Alternatively their depressive symptoms may reflect a withdrawal 

effect or rebound, or the development of tolerance to the long-term antidepressant effects of 

ketamine. In a study which investigated different drug type users reported that ketamine-only 

group scored higher on the subscales of Anxiety-Depression of the Brief Psychiatric Rating 

Scale (BPRS) than amphetamine type stimulant (ATS)-only group (Zhang et al., 2014). In 

present study we found polydrug use history has no significant correlation with depressive 

symptoms. It is possible that depressive symptoms were characteristically more predominant 

and common in ketamine users. Further studies are needed to clarify the relationship 

between chronic ketamine use and depressive mood and the comorbidity of depressive with 

ketamine users.

Although the present study employed a relatively large sample of chronic ketamine users, 

several limitations should be acknowledged. First, this group of ketamine users was 

composed of inpatients that sought voluntary hospitalization and would like to join the 

study. Their presentation may not thus be generalizable to other chronic ketamine users. 

Second, the measurement of depression and anxiety were based on self-report scales in 

Chinese translation, albeit widely used and well-validated scales in both China and 

elsewhere in the world, evaluations by physicians may also be necessary. Further assessment 

from clinically experienced physicians using standard rating scales would have helped 

confirm the study findings. Third, even though the Chinese version of the scales were widely 

used and validated, the cut-offs of the scales were the ones for the English version even the 

same cut-offs were also used in other study on Chinese population cautiousness is needed 

(Wang et al.1999; Wang et al. 2012). Finally, we cannot make causal conclusions that the 

observed symptoms are due to chronic ketamine use as this is an cross-sectional non-

controlled study and there may have been other pharmacologic or psychosocial etiologies of 

the observed symptoms. In spite of these potential limitations this study clearly revealed a 

predominance of depressive symptoms in chronic ketamine users, and observation which 

deserves further study.

5. Conclusion

Using multiple measurements and analytic strategies, this study revealed mild psychotic 

symptoms and moderate to severe depression and anxiety symptoms in chronic ketamine 
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users. Patterns of heavier reported ketamine use were associated with more severe 

symptoms.
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Fig. 1. 
Ketamine users' evaluation by PANSS, BDI and BAI A: the percentages of subjects clarified 

by the cutoffs on PANSS. B: the percentages of subjects clarified by the cutoffs on BDI. C: 

the percentages of subjects clarified by the cutoffs on BAI.
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Table 1

Sample characteristics (mean±S.D.).

Ketamine abuser

Gender (males/females) 173(92.5%)/14(7.5%)

Age 26.2±5.0

Years of education 10.5±2.7

Marital status (single/married) 101/86

Employment (employed/unemployed) 135/52

Family history of mental illness(yes/no) 12/175

Family history of drug abuse(yes/no) 59/128

Past hospitalization for ketamine use(yes/no) 77/110

Age of first ketamine use 20.0±5.0

Duration of ketamine use(year)
a 6.3±3.1

Duration of dependence(year)
b 3.1±2.0

Current frequency of use
c

 daily 141(75.4%)

 ≧4/week 14(7.5%)

 <4/week 32(17.1%)

Current average dose/day (g) 3.4±2.7

Current maximum dose (g) 6.9±6.0

Polydrug use 
d
(yes/no)

158/29

Smoking (yes/no) 180/7

Alcohol drinking (yes/no) 124/63

PANSS total score
e 45.3±8.4

Positive symptom subscore 8.0±1.7

Negative symptom subscore 13.2±3.9

General psychopathology subscore 24.2±4.9

Beck Depression Inventoryscore 13.1±6.5

Beck Anxiety Inventory score 15.7±9.6

Data are the mean±standard deviation. Data about use of other psychoactive compounds, alcohol consumption and tobacco smoking are the amount 
of cases (percentage).

a
Total months of ketamine use from the first time till now.

b
Total months of ketamine use from dependent till now.

c
Frequency of ketamine use in recent one month.

d
Use of other psychoactive compounds in one's life span, alcohol and tobacco excluded.

e
Positive and negative symptom scale.
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Table 2

The correlation between symptom measures and substance use characteristics.

BDI score BAI score PANSS total score
a

P Subscore
b

N Subscore
c

G subscore
d

Ketamine use frequency 0.244** 0.233** 0.061 −0.009 −0.007 0.102

Age of first ketamine use −0.099 −0.090 0.004 0.015 −0.082 0.043

Duration of ketamine use 0.046 −0.038 −0.014 −0.006 −0.022 0.009

Duration of ketamine dependence 0.158* 0.141 0.161* 0.120 0.093 0.182*

Average ketamine dose 0.204** 0.104 −0.075 −0.156* −0.033 −0.061

Maximum ketamine dose 0.180* 0.107 −0.097 −0.132 −0.060 −0.094

Poly drug use 0.054 0.046 −0.02 0.083 −0.020 −0.004

Past hospitalization 0.169* 0.108 0.164* 0.172* 0.140 0.152*

Values listed in the table were R2 for spearman correlation

*
P<0.05.

**
P<0.01.

a
Positive and negative symptom scale.

b
PANSS positive symptom subscale.

c
PANSS negative symptom subscale.

d
PANSS general psychopathology subscale.
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Table 3

The standardized coefficient between symptom measures and substance use characteristics using multiple 

linear regressions.

B Beta P R2

BDI 0.108

Ketamine use frequency 1.241 .283 <.001**

Duration of ketamine dependence .008 .030 .692

Maximum ketamine dose .208 .089 .414

Average ketamine dose −.076 −.070 .528

Past hospitalization 1.551 .118 .130

BAI .063

Ketamine use frequency 1.048 .251 .001**

PANSS total score 0.044

Duration of ketamine dependence .036 .100 .181

Past hospitalization 2.751 .162 .031*

P Subscore 0.045

Average ketamine dose −.104 −.164 .027*

Past hospitalization .578 .166 .026*

G Subscore 0.045

Duration of ketamine dependence .028 .136 .068

Past hospitalization 1.314 .133 .075

*
P<0.05.

**
P<0.001.
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