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Clinical and behavior characteristics 
of individuals who used ketamine
Tony Szu‑Hsien Lee1,3, Yi‑Hsuan Liu4, Yun‑Ju Huang1, Wai‑Kwong Tang5, Yifan Wang1, 
Sien Hu6, Ching‑Po Lin4, Chiang‑Shan Ray Li6* & Chia‑Chun Hung2,3*

This study aims to depict and compare clinical characteristics and risk behavior among groups of 
individuals using ketamine, polydrugs or smoking cigarette. A total of 185 drug‑using participants and 
49 smokers participated in this study. A cross‑sectional interview was used to collect information on 
demographics, drug‑ and sex‑related behaviors, HIV serostatus, lower urinary tract symptoms (LUTS), 
behavioral dispositions. N‑back memory test was used to measure short‑term memory. Result shows 
that 10 participants (5.41%) were HIV positive and 14 (7.57%) having LUTS. Individuals with ketamine 
and polydrugs use have significantly worse drug‑related problem than cigarette smokers. Compared 
to cigarette smokers and ketamine users, individuals with polydrug users scored significantly higher 
on impulsivity measures. Cigarette smokers performed significantly better than the other two groups 
on the memory tests. A few patients had been infected with HIV and diagnosed with LUTS. Findings 
support that memory on short term recalls of patients with ketamine use might be impaired. Study 
findings warrants the necessarily of further study on influences of using ketamine.

Ketamine, a non-competitive NMDA receptor antagonist, was originally developed as analgesia and sedative for 
clinical use in the 1960s, but it evolved into a commonly abused drug among youths a few decades later. Follow-
ing a surgical procedure, patients treated with ketamine reported that it induces schizophrenic-like symptoms 
such as delusions, dissociative sensations, emotion blunting and  hallucination1. These mental side effects have 
limited the use of ketamine in medical settings but led to its recreational  use2. The nonmedical use of ketamine 
has sharply increased in Asian  countries3,4, along the emergence of associated physical and mental  problems5–7.

Recreational use of ketamine in the United States began in the 1960s, soon after the drug was introduced. 
By 1980 it had spread worldwide, becoming a “club drug” with the expansion of rave  culture2,8. Since ketamine 
is not included in the United Nations conventions of scheduled drugs, its prevalence has been under-reported. 
However, ketamine abuse has been found in studies of rave parties, night clubs, and peer gatherings in New York, 
the UK, continental Europe, Hong Kong, Mainland China, Malaysia and  Taiwan4,9. During the last two decades, 
ketamine has grown to become one of the leading drugs sniffed by the youth population in many parts of Asia 
for its dissociative  properties10. In Hong Kong, Ketamine was found to be the single most abused drug in 2006, 
whereas 20 years before its use there was less than 1%11,12. In previous studies, most ketamine users reported 
injecting other drugs in conjunction with  it2,12,13. A study of 40 injected-drug users under 25 years old in New 
York City found that among frequent ketamine injectors, ketamine was the first drug they sampled; they enjoyed 
its effects, they were stably housed, and they associated with others who also injected  ketamine14. A more recent 
study of 39,178 recreational ketamine users in Taiwan from 2009 to 2016 found that the 3-year standardized 
mortality ratio of unnatural deaths was 7.6 (95% CI = 6.7–8.6)15.

Today, the non-medical use of ketamine has been identified as an important public safety and health issue 
in some societies since it impacts a wide range of functions, especially when administered with other illicit 
 drugs16. Although there may be benefits of using a very low dose of ketamine to treat patients with refractory 
 depression8,17, misuse or chronic use of ketamine without a physician’s prescription can damage an individual’s 
health. Previous studies have found the consumption of ketamine to be associated with decreased frontal gray 
matter  volume18,19, craving and neurocognitive  impairment1,20,21, ulcerative  cystitis7,22, and accidental  deaths23. 
A study conducted in Mainland China showed that significantly less connectivity of the thalamic nuclear groups 
with the prefrontal cortex, the motor cortex/supplementary motor area, and the posterior parietal cortex in 
ketamine users compared to non-ketamine  users24. Because ketamine is a club drug that can harm executive 
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functions, its users are likely to engage in high-risk behavior that can lead to HIV  infection25,26 and reckless 
 driving11. Two studies found that frequent ketamine use and any ketamine use were associated with sexually risky 
 behavior25,27. Young adults under the influence of various club drugs were shown to be at greater risk than non-
users of engaging in dangerous behavior such as unprotected sex, thus facilitating the transmission of infectious 
 diseases26. Collectively, these studies highlight the many adverse outcomes of ketamine misuse.

The drawback of these studies is that most of the ketamine users were also polydrug users, and thus the clinical 
consequences of any one of these drugs is difficult to  assess1. To address this problem, in the present study we 
compared the clinical and behavioral characteristics of individuals who used ketamine only to polydrug users 
and to cigarette smokers who did not use any illicit drugs.

Methods
Ethical approval. The study protocol was reviewed and approved by the Human Subject Protection Com-
mittee of the Tri-Service General Hospital in Taiwan (A-1-102-05-004). All procedues were performed in 
accordance with the relevant guidelines and regulations.

Participants. Study purpose and procedure were explained to all patients seeking non-opiate drug treat-
ment in a hospital in New Taipei City, Taiwan between November 2015 and October 2016. Informed consent 
forms were obtained from 285 patients who agreed to participate. As for inclusion criteria, ketamine and poly-
drug user had to greater than 18 years of age but less than 35. On a urine test developed by Firstep Bioresearch, 
Inc. that assesses the presence of ketamine as well as methamphetamines, ecstasy, marijuana, and oxycodone, 
ketamine users had to test positive for ketamine and negative for the other drugs, whereas polydrug users had 
to test positive for ketamine and positive for at least one of the other drugs. Urine testing was done immediately 
after the collection of the consent form. Exclusion criteria for these two groups were (a) serious brain damage, 
(b) medical illness, and (c) pregnancy. Cigarette smokers age 18 or over were recruited through posters in hospi-
tals to serve as controls, and they had to test negative on the urine test for all the drugs. Cigarette smokers were 
chosen as the control group because ketamine is ingested mostly by blunt smoking with cigarette in Taiwan. 
Each participant was reimbursed with 500 New Taiwan Dollars.

Demographic and background information. Demographic and background information consisted of 
age, sex, education, employment, HIV serostatus, sexual preference, whether the person had been diagnosed as 
having a lower urinary tract disease (LUTD), as well as a history of drug and alcohol use. Objective assessments 
consisted of ASI and N-back memory. Subjective measures included nicotine dependence, impulsivity, sensitive 
to reward and punishment, aggression and psychiatric symptoms.

Addiction severity index. The ASI was administered by a psychiatrist as a semi-structured interviewed to 
evaluate use of ketamine, alcohol, as well as other associated  conditions28. Detailed information of ketamine use 
was also collected on the duration and frequency of use each substance and its quantity. HIV risk behavior was 
assessed by asking participants whether they had sex in the past 30 days and, if so, whether they used condoms, 
the number of sexual partners, and whether they exchanged sex for money or drugs. Finally, separate composite 
scores for the alcohol and drug items were calculated.

Fagerström test for nicotine dependence. The FTND, also called the Fagerström Test for Cigarette 
Dependence, is a widely used measure of nicotine  dependence29. It is a six-item questionnaire with scores rang-
ing from 0 (no dependence) to 10 (highest dependence level) and focuses on core dependence criteria, including 
heavy use/tolerance and  withdrawal30.

Barratt impulsiveness scale‑1131. The Chinese version of the BIS-11 was used to cover aspects of per-
sonality structures that are associated with drug and alcohol misuse. It is focused on impulsivity, harm avoid-
ance, and sensation seeking. The Chinese version was shown to have acceptable reliability and validity in a 
sample of 720 high school students in  Taiwan32.

Buss–Perry aggression questionnaire. The BPAQ is a 29-item questionnaire in which participants rate 
statements along a 5-point continuum from “extremely uncharacteristic of me” to “extremely characteristic of 
me”. The scores are normalized on a scale of 0 to 1, with 1 representing the highest level of  aggression33.

Sensitivity to punishment/sensitivity to reward questionnaire. The SPSRQ is a self-report instru-
ment that includes 48 yes/no questions divided into two subscales: Sensitivity to Reward (SR) and Sensitivity 
to Punishment (SP). SR, developed by Carver and  White34, assesses the behavioral activation system (reward 
sensitivity), and SP, developed by Torrubia et al.35, assesses the “flight, fight and freezing” system (punishment 
sensitivity). Both subscales are based on predictions from a theory developed by Jeffrey Gray in  197636.

SCL‑90. We used this self-report instrument to assess patients’ mental health. Reliability was assessed by 
alpha coefficients, which were found to range from 0.68 to 0.88 across subscales and the intra-correlations of 
each subscale ranged from 0.55 to 0.8137.

N‑back memory test. Developed more than 50 years  ago38, the NBMT is an example of a popular meth-
odological paradigm used to assess working memory in functional neuroimaging experiments. The test has 
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respondents monitor the identity or location of a series of verbal or nonverbal stimuli and to indicate when 
the currently presented stimulus is the same as one presented earlier in the sequence. Performance under vari-
ous working memory loads is determined by measuring reaction times and accuracy under different sequence 
lengths (Ns) between the two targets presentations. The most common Ns are 1-back, 2-back, and 3-back, with 
a 0-back frequently presented as the baseline. In this study, we used 0-, 1- and 2-back regimens, each presented 
three times in a random sequence of stimuli. The test was presented by computer.

Statistical analysis. SPSS 23.0 was used to transform the data and perform the statistical analyses. Analysis 
of variance (ANOVA) and chi-square tests were performed to examine differences on each measure between the 
Ketamine, Polydrug, and Cigarette groups. The alpha criterion for significance was set at 0.05, two-sided, and the 
Bonferroni correction was applied to adjust for multiple comparisons. The Tukey test was used to test for signifi-
cant post-hoc differences. A repeated measures ANOVA was performed to test whether there was a significant 
difference in short-term memory across groups.

Results
The sample consisted of 159 patients with ketamine use, 26 patients with polydrug use (ketamine with meth-
amphetamine and/or ecstasy) and 49 cigarette smokers. Table 1 presents the demographic and background 
statistics for the Ketamine, Polydrug, and Cigarette groups. For the total sample, the mean age was 24.35 years, 
85.9% were male, mean education was 11.74 years, 80.7% were employed, and 92.3% were heterosexual. Of the 
185 participants in the Ketamine and Polydrug groups, 10 (5.41%) were HIV positive and 14 (7.57%) had been 
diagnosed as having LUTS. For the Cigarette group, the mean nicotine dependence score on the FTND was 
5.88 out of a possible 10. No significant differences between groups were found on the background variables.

Results for drug-related and sex-related risk behavior are presented in Table 2. With respect to drug-related 
risk behavior, 175 (94.6%) used Ketamine by smoking joints and 10 (5.4%) by snorting. The mean numbers of 
days using Ketamine in the past 30 days were 14.41 and 18.50 for the Ketamine and Polydrug groups respectively. 
The mean duration of their use of Ketamine was 43.98 months, and the mean dose was 0.46 g. The mean ASI 
composite scores for alcohol and drug problems were 0.150 and 0.059 for the Ketamine and Polydrug groups 
respectively. There is a significant difference in the average ASI drug composite scores across the three groups, 
F(2, 214) = 39.15, p < 0.001. Post hoc Tukey tests showed that the Polydrug group had significantly more severe 
drug problems than the Ketamine group (p = 0.001), and the Ketamine group had significantly more severe drug 
problems than the Cigarette group (p < 0.001).

As for sex-related risk behavior on the ASI, 54 (23.1%) of participants had multiple sexual partners in the 
last 30 days, and 16 (6.8%) exchanged drugs for sex or money. During the previous 3 months, 27 (11.5%) did 
not use condoms at all, 52 (22.2%) used them occasionally, 28 (12.0%) used them often, and 127 (54.3%) always 
used them or did not have sex. The ANOVA did not reveal significant differences across the three groups for 
sex-related risk behavior.

Table 3 presents results for behavioral dispositions on the BIS-11 and for short-term memory on the NBMT. 
The mean BIS-11 scores for impulsivity, aggression, and sensitivity to reward and punishment were 68.57, 69.60, 
12.03 and 10.48, respectively. A significant difference was found in impulsivity scores across the three groups, 
F(2, 229) = 9.27, p < 0.001. Post-hoc results from the Tukey tests showed that the mean BIS-11 score was sig-
nificantly higher for the Polydrug group than for the Ketamine (p = 0.02) and Cigarette group (p = 0.00), and 
significantly higher for the Ketamine group than for the Cigarette group (p = 0.01). No significant difference was 
found in scores of BPAQ, SP and SR. As for short-term memory, results from the repeated ANOVA showed that 
participants in the Cigarette group performed significantly better on the NBMT than the Ketamine group, F(2, 

Table 1.  Background information of patients with Ketamine use, polydrug use and cigarette smoking. There 
was none in the cigarette group with HIV or LUTS. LUTS Lower urinary tract symptoms. a Fisher’s exact test.

Variables

Ketamine (n = 159) Polydrug (n = 26) Cigarette (n = 49) Total (n = 234)

F/χ2 pMean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)

Demographics

Age 24.39 (3.43) 24.50 (3.29) 24.16 (3.06) 24.35 (3.33) 0.11 .89

Sex 0.98 .36

Male 138 (86.8) 23 (88.5) 40 (81.6) 201 (85.9)

Female 21 (13.2) 3 (11.5) 9 (18.4) 33 (14.1)

Education 11.77 (1.91) 11.23 (1.39) 11.90 (0.51) 11.74 (1.66) 1.51 .23

Employed 126 (79.2) 219 (76.0) 43 (87.8) 188 (80.7) 2.14 .34

Sexual preference 5.13 .08

Heterosexual 151 (95.0) 23 (88.5) 42 (85.7) 216 (92.3)

Homo/Bi-sexual 8 (5.0) 3 (11.5) 7 (14.3) 18 (7.7)

HIV positive 9 (5.7) 1 (3.8) 0 (0) 10 (5.41) 4.97a .08

LUTS 11 (6.9) 3 (11.5) 0 (0) 14 (7.57) 7.42a .02

Cigarette dependence (FTQ) 6.08 (2.21) 5.65 (2.00) 5.37 (2.63) 5.88 (2.29) 1.99 .14
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231) = 5.78, p = 0.004. Post hoc results from the Tukey tests indicated that accuracy of the NBMT was higher for 
the Cigarette group than the Ketamine (p = 0.002), and the Polydrug group (p = 0.002). As shown in Table 4, the 
differences across the three groups in mental health as measured by the SCL-90 were not significant.

Table 2.  Drug use and sex risk behavior amongst participants. Bonferroni correction was used to adjust 
multiple comparisons. Tukey’s method was performed to test the post-hoc difference. *p < .05/9 = .0056.

Variables

Ketamine (n = 159) Poly drugs (n = 26) Cigarette (n = 49) Total (n = 234)

F/χ2 pMean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)

Drug-related variables

Ketamine use routes 2.23 .136

Smoking 152 (95.6) 23 (88.5) 175 (94.6)

Snorting 7 (4.4) 3 (11.5) 10 (5.4)

Days used in past 30 days 13.74 (11.18) 18.50 (10.60) 14.41 (11.19) 4.11 .044

Ketamine use duration 
(months) 43.46 (42.88) 47.04 (44.85) 43.98 (43.06) 0.15 .697

Ketamine dose used per 
time (g) 0.44 (0.54) 0.58 (1.28) 0.46 (0.69) 0.99 .321

Addiction severity index

Alcohol composite score 0.160 (0.151) 0.073 (0.091) 0.158 (0.118) 0.150 (0.141) 4.45 .013

Drug composite score 0.069 (0.059) 0.112 (0.074) 0.003 (0.014) 0.059 (0.063) 39.15* .000

Sex-related risk

Multiple sexual partners 2.19 .335

No 121 (76.1) 18 (69.2) 41 (83.7) 180 (76.9)

Yes 38 (23.9) 8 (30.8) 8 (16.3) 54 (23.1)

Exchanging drugs/money/
sex 30 days 4.95 .084

No 146 (91.8) 23 (88.5) 49 (100.0) 218 (93.2)

Yes 13 (8.2) 3 (11.5) 0 (0) 16 (6.8)

Condom use in 6 months 4.00 .676

Did not use 20 (12.6) 3 (11.5) 4 (8.2) 27 (11.5)

Occasionally 32 (20.1) 7 (26.9) 13 (26.5) 52 (22.2)

Often 21 (13.2) 4 (15.4) 3 (6.1) 28 (12.0)

Always/no sex 86 (54.1) 12 (46.2) 29 (59.2) 127 (54.3)

Table 3.  Behavioral dispositions and short term memory performance of participants. Bonferroni correction 
was used to adjust multiple comparisons. Tukey’s method was performed to test the post-hoc difference. 
*p < .05/10 = .005. a Polydrugs > Ketamine > Cigarette. b Cigarette > Polydrugs, Ketamine.

Variables

Ketamine (n = 159) Poly Drugs (n = 26) Cigarette (n = 49) Total (n = 234)

F/χ2 pMean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)

Behavioral disposition

Impulsivity (BIS)a 68.89 (9.22) 74.00 (9.14) 64.67 (8.55) 68.57 (9.39) 9.27* .000

Aggression (BPAQ) 69.93 (17.97) 64.38 (14.76) 71.31 (17.49) 69.60 (17.58) 1.41 .247

Sensitivity to reward 12.18 (5.95) 10.54 (6.22) 12.31 (4.78) 12.03 (5.76) 0.99 .848

Sensitivity to punishment 10.61 (5.54) 10.35 (5.18) 10.12 (4.89) 10.48 (5.36) 0.17 .375

Neuropsychological assessment

N-back memory

Accuracyb 5.78 .004*

0-back 0.938 (0.142) 0.962 (0.062) 0.954 (0.075) 0.944 (0.124)

1-back 0.768 (0.193) 0.739 (0.141) 0.869 (0.186) 0.786 (0.191)

2-back 0.626 (0.229) 0.588 (0.253) 0.745 (0.174) 0.647 (0.227)

Reaction time .030 .971

0-back 448.188 (65.204) 450.411 (65.205) 459.412 (71.812) 450.785 ( 80.198)

1-back 492.535 (102.897) 596.404 (104.423) 480.332 (98.658) 491.521 (102.013)

2-back 582.334 (145.799) 562.321 (139.662) 572.398 (122.804) 578.030 (140.219)
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Discussion and conclusion
To our knowledge, this study is one of the few published studies to comprehensively examine and compare the 
clinical and behavioral characteristics of individuals who use ketamine, use polydrugs, and smoke cigarettes. 
The main findings are that drug-related problems, impulsivity, and memory impairment were more severe in the 
Ketamine and Polydrug groups than in the Cigarette group. Almost all the ketamine- using patients smoked it 
rather than snorted it. More than 80% of them had a full-time job. Additionally, a few patients had been infected 
with HIV and diagnosed with LUTS. A study of 106 ketamine users in Taiwan found that 84% developed LUTS 
after using ketamine for an average of 24.67 months, based on self-reports39. We speculate that the low incidence 
of LUTS among ketamine users in our study was because few of them snorted it, whereas more than 60% of 
ketamine users in Li’s sample snorted it. Snorting ketamine has been reported to cause LUTS more frequently 
than smoking it, due to a higher amount of ketamine entering the circulatory  system39. Another possibility is that 
polydrug use may exacerbate LUTS. In our study, 14% were polydrug users compared to more than 80% used 
ketamine combined with other drugs to participants in Li’s  study39. Future study is needed to clarify if polydrug 
use may exacerbate LUTS.

Drug‑related problems. Our results show that the Polydrug group had the most serious drug problems, 
followed by the Ketamine group and the Cigarette group, suggesting a greater severity of drug-related problems 
among polydrug users in the population. Development of sensitization and tolerance have been observed in 
studies of repeated or high doses of ketamine, suggesting that ketamine is an addictive substance. For instance, in 
one study naïve healthy subjects reported greater liking of and wanting more ketamine following acute ketamine 
exposure; also, when ketamine was combined with other illicit substances, the severity of drug addiction was 
found to  increase40. This issue is especially relevant to young adults, such as the patients in our study, because 
their brains are not fully mature. Unfortunately, there is no research on the interaction of ketamine with other 
substances on the developing brain.

Memory task. Consistent with prior  studies19,41, in our study ketamine use was associated with impairment 
of performance on a task tapping working memory. A single dose of ketamine has been previously found to 
induce a deficit in working memory, and frequent ketamine users exhibited profound impairment in both long-
term and short-term  memory1. We found that, compared to cigarette smokers, drug users performed poorly on 
the NBMT, indicating a decrement in working memory. However, some researchers have argued that poor per-
formance on such tasks reflects impaired vigilance or poor attentional functioning following ketamine  use42. In 
our study, differences in reaction times on the NBMT across the three groups were not significant, but response 
accuracy was significantly higher in smokers than in ketamine and polydrug users. The frequent errors suggest 
that working memory impairment rather than general psychomotor slowing was the cause of the poor perfor-
mance. Given that ketamine is a NMDA receptor antagonist and that these receptors are essential to memory, it 
is reasonable to hypothesize that ketamine alters brain function. It is also interesting to note that the Polydrug 
group, which consumed multiple drugs over a 30-day period, had the worst performance on the NBMT, imply-
ing greater impairment of memory in heavy users of polydrugs. Consistent with our findings, those of Morgan 
et  al. suggest that the deficit in memory is dose-dependent and that frequent ketamine users should exhibit 
greater memory deficit than infrequent  users43. Although our findings support the hypothesis that cognitive 
damage is associated with ketamine use, more research is needed to discover whether the decrement in working 
memory is reversible following abstinence.

Ketamine use, HIV, and LUTS. Of the multiple adverse effects stemming from chronic ketamine use that 
we found in our study, of greatest concern to us were the noticeable rates of LUTS and HIV infection. In our sam-
ple, 5.7% of ketamine users and 3.8% of polydrug users were diagnosed as HIV positive, whereas there were no 
such diagnoses among the cigarette smokers. In China, the prevalence of HIV infection among drug users is well 

Table 4.  Psychiatric symptoms of study participants. Bonferroni correction was used to adjust multiple 
comparisons. *p < .05/10 = .005.

Variables

Ketamine (n = 159) Poly drugs (n = 26) Cigarette (n = 49) Total (n = 234)

F/χ2 pMean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)

Psychiatric symptoms, SCL-90R

Global severity index 1.37 (0.43) 1.41 (0.48) 1.57 (0.58) 1.42 (0.48) 3.24 .041

Somatization 14.53 (4.86) 15.35 (5.83) 16.18 (5.75) 14.97 (5.19) 1.99 .139

Obsessive–compulsive 15.32 (5.10) 15.76 (6.29) 18.14 (7.23) 15.96 (5.83) 4.55 .012

Interpersonal sensitivity 12.16 (4.28) 12.52 (4.80) 14.61 (7.18) 12.72 (5.15) 4.38 .014

Depression 18.29 (7.14) 18.62 (7.35) 21.10 (9.78) 18.92 (7.84) 2.45 .088

Anxiety 13.39 (4.94) 13.88 (5.29) 14.94 (5.49) 13.77 (5.11) 1.74 .179

Hostility 8.38 (3.41) 7.96 (2.39) 9.43 (4.28) 8.55 (3.58) 2.08 .127

Phobic anxiety 8.38 (2.83) 9.35 (3.72) 8.82 (3.01) 8.60 (2.98) 1.53 .218

Paranoid ideation 8.32 (3.27) 7.96 (2.72) 9.08 (3.41) 8.44 (3.25) 1.35 .260

Psychoticism 13.25 (4.33) 13.19 (3.92) 15.80 (6.35) 13.78 (4.88) 5.53 .005
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above 0.1% of the general  population44. Correlational studies show that drug use, particularly use of metham-
phetamine, is strongly related to a higher risk of contracting a sexually transmitted  disease45. Likewise, Lau et al. 
noted that users of substance engaged in sexual activities subsequent to drug intake, which put them at greater 
risk of contracting  HIV46. The authors claimed that individuals who engage in high-risk drug use behavior are 
more likely to engage in other forms of risky behavior, such as unprotected sex, while under the influence of the 
drug. Drugs such as ketamine produce cognitive side effects such as impairment of judgment, further facilitating 
risk-taking behavior and exposure to individuals with  HIV46. In addition, high-risk activity such as unprotected 
sex work is a common way to pay for illicit  drugs47.

Another major physical harm associated with ketamine use is the development of lower urinary tract symp-
toms (LUTS), which can be long-lasting1. In our study, 6.9% of ketamine users and 11.5% of polydrug users 
reported altered micturition patterns. A study conducted in the UK found that 30% of ketamine users reported 
urinary tract symptoms and nearly half of frequent users needed medical treatment for urinary  cystitis48. In 
a study conducted in Hong Kong, only a third of the cases resolved following the cessation of ketamine use, 
while the remaining patients experienced either no change or even a worsening of their symptoms, suggesting 
that the physical damage may be  irreversible49. Cheung and colleagues concluded from their research that early 
cessation of ketamine is essential to improve urinary symptoms and quality of  life50. The association between 
dosage, duration, and severity of symptoms is an under-explored topic in the ketamine literature and should be 
investigated in future studies.

Impulsivity and ketamine use. As predicted, polydrug users were the most impulsive group in our study, 
and exclusive ketamine users were more impulsive than cigarette smokers. In the literature, substance use has 
consistently been associated with elevated impulsivity despite the large variability in the sample characteristics 
and the diversity of the measures of impulsivity. This association is expected, since impulsive individuals are more 
receptive to the reinforcing effect of substance abuse and have little regard for future negative  consequences51. 
Dawe and colleagues hypothesized that the relationship between personality trait and drug use is bi-directional, 
in that impulsivity increases vulnerability to drug use, and chronic drug use weakens decision making so that 
quitting becomes more  difficult51. The relationship between drug use and certain personality traits is well docu-
mented in the literature, yet little attention has been paid to ketamine in this regard. In our study, ketamine users 
showed greater impulsivity than cigarette smokers, reflecting an increased risk of continued drug use leading 
to addiction. For example, the highest scorer on the BIS-11 in our study reported engagement in multiple kinds 
of highly dangerous behavior, including polydrug use. Based on the theory of Dawe et al.51, it is plausible that 
impulsive traits predispose people to early drug experimentation, and the neural adaptation of the reward cent-
ers in the brain to chronic drug exposure reinforces further polydrug use and engagement in other kinds of 
high-risk behavior.

Study limitations. The present study had several shortcomings. First, the representativeness of the sample 
was limited since participants in the Cigarette group were recruited by convenience sampling, and the size of 
the Polydrug group was modest. A larger and randomly selected sample would have been more representative. 
On the other hand, the three groups were similar with respect to demographic variables; thus, age, gender, and 
education, at least, were well matched. Second, the drug- and sex-related scores were based on participants’ 
retrospective estimates and we could not investigate the objectivity of these self-reports. Lastly, although we 
demonstrated several statistically significant associations between variables, the relationships were subject to 
a number of confounds, and we cannot address the direction of causation. For instance, we cannot determine 
whether impulsivity is a predisposing factor for chronic drug use or a consequence of it.

Conclusion
In this study we uncovered a long list of clinical characteristics of chronic ketamine users, and we confirmed 
cognitive and physical damage associated with ketamine misuse. Importantly, we found that ketamine users 
were characterized by a noticeable rate of diagnosed HIV infections and of lower urinary tract symptoms. Poly-
drug use was associated with severe drug-related problems and high impulsivity. Cigarette smokers performed 
significantly better than drug users on the N-back Memory Task, which taps short-term and working memory.

We conclude from these findings that educational programs should include information on the cognitive 
and physical harm that can arise from Ketamine use, so that users can become aware of these detrimental 
effects. Additionally, our findings highlight specific groups of individuals that should be targeted for preventive 
interventions.

Received: 27 June 2021; Accepted: 1 December 2021

References
 1. Morgan, C. J. & Curran, H. V. Ketamine use: A review. Addiction (Abingdon, England) 107, 27–38. https:// doi. org/ 10. 1111/j. 1360- 

0443. 2011. 03576.x (2012).
 2. Lankenau, S. E. & Clatts, M. C. Patterns of polydrug use among ketamine injectors in New York City. Subst. Use Misuse 40, 

1381–1397. https:// doi. org/ 10. 1081/ JA- 20006 6936 (2005).
 3. Hung, C.-C. et al. Effectiveness of a brief information, motivation and behavioral skills program on stage transitions and lapse for 

individuals who use ketamine. Drug Alcohol Depend. https:// doi. org/ 10. 1016/j. druga lcdep. 2019. 06. 012 (2019).
 4. Li, J. H. et al. To use or not to use: An update on licit and illicit ketamine use. Subst. Abuse Rehabil. 2, 11–20. https:// doi. org/ 10. 

2147/ sar. S15458 (2011).

https://doi.org/10.1111/j.1360-0443.2011.03576.x
https://doi.org/10.1111/j.1360-0443.2011.03576.x
https://doi.org/10.1081/JA-200066936
https://doi.org/10.1016/j.drugalcdep.2019.06.012
https://doi.org/10.2147/sar.S15458
https://doi.org/10.2147/sar.S15458


7

Vol.:(0123456789)

Scientific Reports |          (2022) 12:801  | https://doi.org/10.1038/s41598-022-04832-9

www.nature.com/scientificreports/

 5. Liang, H. J., Ungvari, G. S., Lee, T. S. H. & Tang, W. K. Ketamine addiction. Dual Diagn. 1, 3. https:// doi. org/ 10. 4172/ 2472- 5048. 
100037 (2018).

 6. Li, C. R. et al. Depression in chronic ketamine users: Sex differences and neural bases. Psychiatry Res. Neuroimaging 269, 1–8. 
https:// doi. org/ 10. 1016/j. pscyc hresns. 2017. 09. 001 (2017).

 7. Chen, L. Y., Chen, K. P. & Huang, M. C. Cystitis associated with chronic ketamine abuse. Psychiatry Clin. Neurosci. 63, 591. https:// 
doi. org/ 10. 1111/j. 1440- 1819. 2009. 01972.x (2009).

 8. Sassano-Higgins, S., Baron, D., Juarez, G., Esmaili, N. & Gold, M. A review of Ketamine abuse and diversion. Depress. Anxiety 33, 
718–727. https:// doi. org/ 10. 1002/ da. 22536 (2016).

 9. Kalsi, S. S., Wood, D. M. & Dargan, P. I. The epidemiology and patterns of acute and chronic toxicity associated with recreational 
ketamine use. Emerg. Health Threats J. 4, 7107. https:// doi. org/ 10. 3402/ ehtj. v4i0. 7107 (2011).

 10. Chen, W. J. et al. Use of ecstasy and other psychoactive substances among school-attending adolescents in Taiwan: National surveys 
2004–2006. BMC Public Health 9, 27. https:// doi. org/ 10. 1186/ 1471- 2458-9- 27 (2009).

 11. Cheng, W. C., Ng, K. M., Chan, K. K., Mok, V. K. & Cheung, B. K. Roadside detection of impairment under the influence of keta-
mine–evaluation of ketamine impairment symptoms with reference to its concentration in oral fluid and urine. Forensic Sci. Int. 
170, 51–58. https:// doi. org/ 10. 1016/j. forsc iint. 2006. 09. 001 (2007).

 12. Loxton, N. J. et al. Impulsivity in Hong Kong-Chinese club-drug users. Drug Alcohol Depend. 95, 81–89. https:// doi. org/ 10. 1016/j. 
druga lcdep. 2007. 12. 009 (2008).

 13. Dillon, P., Copeland, J. & Jansen, K. Patterns of use and harms associated with non-medical ketamine use. Drug Alcohol Depend. 
69, 23–28. https:// doi. org/ 10. 1016/ s0376- 8716(02) 00243-0 (2003).

 14. Lankenau, S. E. & Sanders, B. Patterns of Ketamine use among young injection drug users. J. Psychoact. Drugs 39, 21–29. https:// 
doi. org/ 10. 1080/ 02791 072. 2007. 10399 861 (2007).

 15. Pan, W. H. et al. First-time offenders for recreational ketamine use under a new penalty system in Taiwan: Incidence, recidivism 
and mortality in national cohorts from 2009 to 2017. Addiction (Abingdon, England) 116, 1770–1781. https:// doi. org/ 10. 1111/ add. 
15337 (2021).

 16. Weng, T. I. et al. Characteristics of analytically confirmed illicit substance-using patients in the Emergency Department. J. Formos. 
Med. Assoc. https:// doi. org/ 10. 1016/j. jfma. 2020. 01. 005 (2020).

 17. Xu, Y. et al. Effects of low-dose and very low-dose ketamine among patients with major depression: A systematic review and meta-
analysis. Int. J. Neuropsychopharmacol. https:// doi. org/ 10. 1093/ ijnp/ pyv124 (2016).

 18. Liao, Y. et al. Reduced dorsal prefrontal gray matter after chronic ketamine use. Biol. Psychiatry 69, 42–48. https:// doi. org/ 10. 
1016/j. biops ych. 2010. 08. 030 (2011).

 19. Hung, C. C. et al. Effects of early ketamine exposure on cerebral gray matter volume and functional connectivity. Sci. Rep. 10, 
15488. https:// doi. org/ 10. 1038/ s41598- 020- 72320-z (2020).

 20. Vidal Gine, C., Fernandez Calderon, F. & Lopez Guerrero, J. Patterns of use, harm reduction strategies, and their relation to risk 
behavior and harm in recreational ketamine users. Am. J. Drug Alcohol Abuse 42, 358–369. https:// doi. org/ 10. 3109/ 00952 990. 
2016. 11412 11 (2016).

 21. Hung, C. C. et al. Striatal functional connectivity in chronic ketamine users: A pilot study. Am. J. Drug Alcohol Abuse https:// doi. 
org/ 10. 1080/ 00952 990. 2019. 16247 64 (2019).

 22. Winstock, A. R., Mitcheson, L., Gillatt, D. A. & Cottrell, A. M. The prevalence and natural history of urinary symptoms among 
recreational ketamine users. BJU Int. 110, 1762–1766. https:// doi. org/ 10. 1111/j. 1464- 410X. 2012. 11028.x (2012).

 23. Schifano, F., Corkery, J., Oyefeso, A., Tonia, T. & Ghodse, A. H. Trapped in the “K-hole”: overview of deaths associated with 
ketamine misuse in the UK (1993–2006). J. Clin. Psychopharmacol. 28, 114–116. https:// doi. org/ 10. 1097/ JCP. 0b013 e3181 612cdc 
(2008).

 24. Liao, Y. et al. Decreased thalamocortical connectivity in chronic ketamine users. PLoS ONE 11, e0167381. https:// doi. org/ 10. 1371/ 
journ al. pone. 01673 81 (2016).

 25. Oser, C. et al. HIV sexual risk behaviors among ketamine and non-ketamine using criminal offenders prior to prison entry. Addict. 
Res. Theory 16, 289–302. https:// doi. org/ 10. 1080/ 16066 35080 19837 23 (2008).

 26. Mayer, K. H., Colfax, G. & Guzman, R. Club drugs and HIV infection: A review. Clin. Infect. Dis. 42, 1463–1469. https:// doi. org/ 
10. 1086/ 503259 (2006).

 27. Mattison, A. M., Ross, M. W., Wolfson, T. & Franklin, D. Circuit party attendance, club drug use, and unsafe sex in gay men. J. 
Subst. Abuse 13, 119–126 (2001).

 28. McLellan, A. T. et al. The fifth edition of the addiction severity index. J. Subst. Abuse Treat. 9, 199–213. https:// doi. org/ 10. 1016/ 
0740- 5472(92) 90062-s (1992).

 29. Fagerström, K., Russ, C., Yu, C.-R., Yunis, C. & Foulds, J. The Fagerström test for nicotine dependence as a predictor of smoking 
abstinence: A pooled analysis of varenicline clinical trial data. Nicotine Cigar. Res. 14, 1467–1473. https:// doi. org/ 10. 1093/ ntr/ 
nts018 (2012).

 30. Baker, T. B., Breslau, N., Covey, L. & Shiffman, S. DSM criteria for cigarette use disorder and cigarette withdrawal: A critique and 
proposed revisions for DSM-5*. Addiction (Abingdon, England) 107, 263–275. https:// doi. org/ 10. 1111/j. 1360- 0443. 2011. 03657.x 
(2012).

 31. Patton, J. H., Stanford, M. S. & Barratt, E. S. Factor structure of the Barratt impulsiveness scale. J. Clin. Psychol. 51, 768–774. https:// 
doi. org/ 10. 1002/ 1097- 4679(199511) 51:6% 3c768:: AID- JCLP2 27051 0607% 3e3.0. CO;2-1 (1995).

 32. Li, C.-S.R. & Chen, S.-H. Obsessive-compulsiveness and impulsivity in a non-clinical population of adolescent males and females. 
Psychiatry Res. 149, 129–138. https:// doi. org/ 10. 1016/j. psych res. 2006. 05. 001 (2007).

 33. Buss, A. H. & Perry, M. The aggression questionnaire. J. Pers. Soc. Psychol. 63, 452–459. https:// doi. org/ 10. 1037/ 0022- 3514. 63.3. 
452 (1992).

 34. Carver, C. S. & White, T. L. Behavioral inhibition, behavioral activation, and affective responses to impending reward and punish-
ment: The BIS/BAS Scales. J. Pers. Soc. Psychol. 67, 319–333. https:// doi. org/ 10. 1037/ 0022- 3514. 67.2. 319 (1994).

 35. Torrubia, R., Avila, C., Moltó, J. & Caseras, X. The sensitivity to punishment and sensitivity to reward questionnaire (SPSRQ) as 
a measure of Gray’s anxiety and impulsivity dimensions. Personal. Individ. Differ. 31, 837–862. https:// doi. org/ 10. 1016/ S0191- 
8869(00) 00183-5 (2001).

 36. Gray, J. A. The behavioural inhibition system: A possible substrate for anxiety. In Theoretical and Experimental Bases of Behaviour 
Modification (eds Feldman, M. P. & Broadhurst, A. M.) 3–41 (Wiley, 1976).

 37. Jisheng, W., Yan, L. & Ershi, H. Reliability and validity of the SCL-90-R and a norm of middle school students. Chin. J. Ment. Health 
13(1), 8–10. (1999).

 38. Kirchner, W. K. Age differences in short-term retention of rapidly changing information. J. Exp. Psychol. 55, 352–358. https:// doi. 
org/ 10. 1037/ h0043 688 (1958).

 39. Li, C. C. et al. A survey for ketamine abuse and its relation to the lower urinary tract symptoms in Taiwan. Sci. Rep. 9, 7240. https:// 
doi. org/ 10. 1038/ s41598- 019- 43746-x (2019).

 40. Morgan, C. J., Rees, H. & Curran, H. V. Attentional bias to incentive stimuli in frequent ketamine users. Psychol. Med. 38, 1331–
1340. https:// doi. org/ 10. 1017/ s0033 29170 70024 50 (2008).

 41. Morgan, C. J. & Curran, H. V. Acute and chronic effects of ketamine upon human memory: A review. Psychopharmacology 188, 
408–424. https:// doi. org/ 10. 1007/ s00213- 006- 0572-3 (2006).

https://doi.org/10.4172/2472-5048.100037
https://doi.org/10.4172/2472-5048.100037
https://doi.org/10.1016/j.pscychresns.2017.09.001
https://doi.org/10.1111/j.1440-1819.2009.01972.x
https://doi.org/10.1111/j.1440-1819.2009.01972.x
https://doi.org/10.1002/da.22536
https://doi.org/10.3402/ehtj.v4i0.7107
https://doi.org/10.1186/1471-2458-9-27
https://doi.org/10.1016/j.forsciint.2006.09.001
https://doi.org/10.1016/j.drugalcdep.2007.12.009
https://doi.org/10.1016/j.drugalcdep.2007.12.009
https://doi.org/10.1016/s0376-8716(02)00243-0
https://doi.org/10.1080/02791072.2007.10399861
https://doi.org/10.1080/02791072.2007.10399861
https://doi.org/10.1111/add.15337
https://doi.org/10.1111/add.15337
https://doi.org/10.1016/j.jfma.2020.01.005
https://doi.org/10.1093/ijnp/pyv124
https://doi.org/10.1016/j.biopsych.2010.08.030
https://doi.org/10.1016/j.biopsych.2010.08.030
https://doi.org/10.1038/s41598-020-72320-z
https://doi.org/10.3109/00952990.2016.1141211
https://doi.org/10.3109/00952990.2016.1141211
https://doi.org/10.1080/00952990.2019.1624764
https://doi.org/10.1080/00952990.2019.1624764
https://doi.org/10.1111/j.1464-410X.2012.11028.x
https://doi.org/10.1097/JCP.0b013e3181612cdc
https://doi.org/10.1371/journal.pone.0167381
https://doi.org/10.1371/journal.pone.0167381
https://doi.org/10.1080/16066350801983723
https://doi.org/10.1086/503259
https://doi.org/10.1086/503259
https://doi.org/10.1016/0740-5472(92)90062-s
https://doi.org/10.1016/0740-5472(92)90062-s
https://doi.org/10.1093/ntr/nts018
https://doi.org/10.1093/ntr/nts018
https://doi.org/10.1111/j.1360-0443.2011.03657.x
https://doi.org/10.1002/1097-4679(199511)51:6%3c768::AID-JCLP2270510607%3e3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3c768::AID-JCLP2270510607%3e3.0.CO;2-1
https://doi.org/10.1016/j.psychres.2006.05.001
https://doi.org/10.1037/0022-3514.63.3.452
https://doi.org/10.1037/0022-3514.63.3.452
https://doi.org/10.1037/0022-3514.67.2.319
https://doi.org/10.1016/S0191-8869(00)00183-5
https://doi.org/10.1016/S0191-8869(00)00183-5
https://doi.org/10.1037/h0043688
https://doi.org/10.1037/h0043688
https://doi.org/10.1038/s41598-019-43746-x
https://doi.org/10.1038/s41598-019-43746-x
https://doi.org/10.1017/s0033291707002450
https://doi.org/10.1007/s00213-006-0572-3


8

Vol:.(1234567890)

Scientific Reports |          (2022) 12:801  | https://doi.org/10.1038/s41598-022-04832-9

www.nature.com/scientificreports/

 42. Hetem, L. A. B., Danion, J. M., Diemunsch, P. & Brandt, C. Effect of a subanesthetic dose of ketamine on memory and conscious 
awareness in healthy volunteers. Psychopharmacology 152, 283–288. https:// doi. org/ 10. 1007/ s0021 30000 511 (2000).

 43. Morgan, C. J., Muetzelfeldt, L. & Curran, H. V. Ketamine use, cognition and psychological wellbeing: A comparison of frequent, 
infrequent and ex-users with polydrug and non-using controls. Addiction (Abingdon, England) 104, 77–87. https:// doi. org/ 10. 
1111/j. 1360- 0443. 2008. 02394.x (2009).

 44. Zhang, X. et al. The HIV/AIDS epidemic among young people in China between 2005 and 2012: Results of a spatial temporal 
analysis. HIV Med. 18, 141–150. https:// doi. org/ 10. 1111/ hiv. 12408 (2017).

 45. Molitor, F., Truax, S., Ruiz, J. & Sun, R. Association of methamphetamine use during sex with risky sexual behaviors and HIV 
infection among non-injection drug users. West. J. Med. 168, 93–97 (1998).

 46. Lau, J. T. F., Tsui, H. Y., Lam, L. T. & Lau, M. Cross-boundary substance uses among Hong Kong Chinese young adults. J. Urban 
Health 84, 704–721. https:// doi. org/ 10. 1007/ s11524- 007- 9206-2 (2007).

 47. Lankenau, S. & Clatts, M. Drug injection practices among high-risk youths: The first shot of ketamine. J. Urban Health 81, 232–248. 
https:// doi. org/ 10. 1093/ jurban/ jth110 (2004).

 48. Muetzelfeldt, L. et al. Journey through the K-hole: Phenomenological aspects of ketamine use. Drug Alcohol Depend. 95, 219–229. 
https:// doi. org/ 10. 1016/j. druga lcdep. 2008. 01. 024 (2008).

 49. Cottrell, A. & Gillatt, D. Ketamine-associated urinary tract pathology: The tip of the iceberg for urologists?. Br. J. Med. Surg. Urol. 
1, 136–138. https:// doi. org/ 10. 1016/j. bjmsu. 2008. 08. 005 (2008).

 50. Cheung, R. Y. et al. Urinary symptoms and impaired quality of life in female ketamine users: persistence after cessation of use. 
Hong Kong Med. J. 17, 267–273 (2011).

 51. Dawe, S. & Loxton, N. J. The role of impulsivity in the development of substance use and eating disorders. Neurosci. Biobehav. Rev. 
28, 343–351. https:// doi. org/ 10. 1016/j. neubi orev. 2004. 03. 007 (2004).

Acknowledgements
The authors wish to thank the participation of patients with ketamine use and participants with smoking. Fund-
ing for this study was provided by Taiwan Ministry of Science and Technology MOST 104-2410-H-003-012 and 
MOST 105-2410-H-003-013. This work was also financially supported by the Higher Education Sprout Project 
by the Ministry of Education (MOE) in Taiwan.

Author contributions
T.S.H.L., C.C.H. and C.S.R.L. conceptualized this study. T.S.H.L., Y.H.L., Y.J.H., W.K.T. and Y.W. collected and 
organized the literature. T.S.H.L., Y.H.L., S.H., C.P.L., C.S.R.L. and C.C.H. collected data, performed statistical 
analyses, and prepared the results. All authors interpreted the results and approved this paper.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.-S.R.L. or C.-C.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1007/s002130000511
https://doi.org/10.1111/j.1360-0443.2008.02394.x
https://doi.org/10.1111/j.1360-0443.2008.02394.x
https://doi.org/10.1111/hiv.12408
https://doi.org/10.1007/s11524-007-9206-2
https://doi.org/10.1093/jurban/jth110
https://doi.org/10.1016/j.drugalcdep.2008.01.024
https://doi.org/10.1016/j.bjmsu.2008.08.005
https://doi.org/10.1016/j.neubiorev.2004.03.007
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinical and behavior characteristics of individuals who used ketamine
	Methods
	Ethical approval. 
	Participants. 
	Demographic and background information. 
	Addiction severity index. 
	Fagerström test for nicotine dependence. 
	Barratt impulsiveness scale-1131. 
	Buss–Perry aggression questionnaire. 
	Sensitivity to punishmentsensitivity to reward questionnaire. 
	SCL-90. 
	N-back memory test. 
	Statistical analysis. 

	Results
	Discussion and conclusion
	Drug-related problems. 
	Memory task. 
	Ketamine use, HIV, and LUTS. 
	Impulsivity and ketamine use. 
	Study limitations. 

	Conclusion
	References
	Acknowledgements


