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Mis-anaesthetized society: expectancies
and recreational use of ketamine in Taiwan
Chao-Ming Chang1,2, Tat Leong Wu1, Te-Tien Ting1,3, Chuan-Yu Chen4,5,6, Lien-Wen Su7 and Wei J. Chen1,4,8*

Abstract

Background: The popularity of ketamine for recreational use has been increasing in Asia, including Taiwan. Still,
little known about the pattern of ketamine expectancies and whether such patterns are related to ketamine use.
This study aimed to examine whether the positive and negative ketamine expectancies are differentially associated
with ketamine-using behavior, and whether such relationship may differ by early-onset use of tobacco or alcohol.

Methods: Participants were recruited using respondent-driven sampling (RDS) among regular tobacco and alcohol
users, aged 18 to 50, residing in Taipei from 2007 to 2010. Totally 1115 participants (with an age distribution
skewed to the right, median = 26; interquartile range: 22–32) had information on substance use and completed a
12-item ketamine expectancies questionnaire (with 6 positive and 6 negative statements). Using two axes of High
and Low expectancies, the four combinations of binary positive and binary negative ketamine expectancies were
created. Each participant’s drug-using experience was categorized into illicit drug naïve, exclusive ketamine use,
polydrug ketamine use, or other illicit drug use. Using the weights in the network output by RDS Analysis Tool,
multivariable logistic regression analysis was then conducted.

Results: The weighted prevalence was 2.4% for exclusive ketamine use, 9.0% for polydrug ketamine use, and 9.1% for
the other illicit drug use. Ketamine users (11.4%) had greater positive expectancies and lower negative expectancies,
particularly the combination of High Positive with Low Negative, as compared to the illicit drug-naïve or other illicit
drug users. After adjustment for early-onset tobacco (or alcohol) use and sociodemographic characteristics, High
Positive, Low Negative, and their combination of High Positive-Low Negative expectancies remained strongly
associated with ketamine uses, without evidence of moderation from early-onset use of tobacco or alcohol.

Conclusions: Positive and negative ketamine expectancies were associated in opposite directions with ketamine use,
independent of early-onset use of tobacco or alcohol. Our results indicate ketamine expectancies as possible targets for
future intervention and prevention of ketamine use, with a less confrontational feedback on decreasing an individual’s
positive expectancies is essential in preventing young people from the initiation of ketamine use.
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Introduction
Ketamine, synthesized as a dissociative anesthetic in the
1960s, was initially used for surgical anesthesia during the
Vietnam War [1]. Non-medical use of ketamine remained
rare until the emergence of “rave” scenes in 1990s, when

ketamine was used as an adulterant to ecstasy for recre-
ational use [2]. Since 2000 the popularity of ketamine for
recreational use among young people began to increase
[3], particularly in Asia [4]. Despite a low dose of ketamine
being indicated for treating refractory depression [5], rela-
tively high dose of recreational use of ketamine can lead
to a variety of adverse health problems. A well-known
psychotomimetic effect of ketamine, so-called “k-hole”,
that has made it a popular recreational drug [6] has raised
the concern over an increased risk of developing psychotic
symptoms persisting far beyond the period of intoxication
[7–11]. Repetitive use of ketamine has further led to
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cognitive impairment [12], increased impulsivity [13, 14],
depression [15], ulcerative cystitis [16], and accidental
deaths [17]. In addition, ketamine was often used with
other drugs simultaneously or in sequence, resulting in
even more severe health problems [18]. Some recent stud-
ies started to tackle the issue of the intervention for keta-
mine abuse, such as investigating users’ strategies used to
minimize harm from ketamine use [19], developing a se-
verity of dependence scale for ketamine use [20], and
demonstrating the efficacy in reducing drug use of a
short-term hospitalization and community support pro-
gram for young people who abused ketamine and were ad-
mitted for medical treatment [21].
In Taiwan, the popularity of ketamine surged since

early 2000s. Comparing two series of national surveys
among school-attending adolescents, the most com-
monly consumed illicit drugs or inhalants changed from
methamphetamine, sniffing glue, and flunitrazepam in
the early 1990s [22] to ecstasy, ketamine, and marijuana
in the period from 2004 to 2006 [23]. The increasing
popularity of ketamine was also found among adoles-
cents surveyed via street outreach [24] and young adults
ascertained by respondent driven sampling (RDS) during
the period of 2007–2010 [25]. In response to the surge
of ketamine use in Taiwan, an amendment in Narcotics
Hazard Prevention Act in 2009 stipulated that people
who used or possessed ketamine, which is declared as
Schedule Three narcotics, of less than 20 g are forced to
attend a “narcotics hazard seminar of more than four
hours and less than eight hours,” but will be prosecuted
for criminal charge if the weight is 20 g or more [4].
Nevertheless, the prevalence of ketamine remained high
in 2014 and the characteristics of ketamine users were
different from hard drugs users (mainly methampheta-
mine and heroin), in terms of socio-behavioral correlates
and psychosocial distress [26].
Expectancies represent specific anticipated effects

from using the substance in question, with positive ex-
pectancies reflecting an individual’s attitude toward the
outcome as being beneficiary (e.g., relaxation or social
disinhibition) and negative expectancies as being harm-
ful (e.g., losing control or getting blamed) [27, 28]. Cu-
mulative efforts have been made to understand the
roles of expectancies over the course of substance use
disorders [27, 28], and available evidence concerning
expectancies with substance use was particularly pro-
lific and comprehensive in alcohol. To this point, posi-
tive alcohol expectancies have been consistently linked
with a variety of alcohol use behaviors, including in-
creased frequency and quantity of alcohol consumption
[28], risky drinking [29], binge drinking, and getting
drunk [30], whereas the effects of negative alcohol ex-
pectancies are rather mixed [31–33]. Furthermore, sev-
eral factors that might shape a person’s endorsement of

alcohol expectancies, particularly in young population,
have been examined. Positive alcohol expectancies were
found to increase and negative alcohol expectancies
generally decline during adolescence when the risk of
alcohol initiation and problematic drinking escalates
[34–36]. Other than developmental stage or age, pre-
dictors of alcohol expectancies included an array of
individual characteristics (e.g., gender, pubertal devel-
opment, genetics) and environmental factors (e.g., par-
ental drinking, peer drinking, peer network, and alcohol
advertisement) [35–41].
Expectancies for a particular substance might be

established indirectly (e.g., mass media, social norm, or
seeing perceived drug effects from others) for those
who did not use the substance [42]. Therefore, expect-
ancies could be a predictor for the substance use
among people who have not yet experienced the sub-
stance. In addition, once people begin to use certain
substance, its direct effects might influence the existing
expectancies [35]. Thus, a change in expectancy might
affect an individual’s decision to keep using the sub-
stance or trying to get sober, and could serve as the
means for alleviating people’s use of substance [42–44].
Drug expectancies have been conducted on marijuana

and cocaine use [42, 45–48]. Otherwise, research of ex-
pectancies on illicit drugs is sparse [49]. To date, only
one study has examined negative expectancy of keta-
mine using a single item among Taiwanese adolescents
[50]. It remains little known about the pattern of ex-
pectancies toward ketamine use and whether such ex-
pectancies are related to ketamine use.
A majority of illicit drug users have used cigarettes [51]

or alcohol [52] prior to the initiation of any illicit drugs.
Prospectively speaking, early-onset use of tobacco [53, 54]
or alcohol [55–57] was associated with further involve-
ment in illicit drug use. The so-called gateway substances,
i.e., legal substances (e.g., alcohol and tobacco) serving as
gateway drugs for illicit drug use [58–61], have been im-
plicated to affect one’s further illicit drug involvement
through cognitive, neurological, and social processes.
Nevertheless, it remains unknown whether recreational
use of ketamine was associated with early-onset use of to-
bacco or alcohol, and whether the relationship between
ketamine expectancies and ketamine use was modified by
such early-onset use.
To fill in the gaps in the literature, this study exam-

ined the ketamine expectancies among adults in Taipei
with different levels of ketamine use, i.e., illicit drug-
naive, exclusive ketamine use, polydrug ketamine use,
and the other illicit drugs use. The specific aims of this
study were to evaluate: 1) whether the positive and nega-
tive ketamine expectancies were differentially associated
with ketamine-using behavior, 2) whether early initiation
of tobacco or alcohol use was associated with increased
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risk of ketamine use, and 3) whether early initiation of
tobacco or alcohol use moderated the relationship be-
tween ketamine expectancies and ketamine use.

Methods
Study sample
Participants of this study were recruited using respond-
ent driven sampling (RDS) among alcohol- and tobacco-
using adults in Taipei metropolitan area from 2007 to
2010, with more detail about the design, participants,
and measurements being described elsewhere [25].
Briefly, the initial seeds were either community-based
(35 nightclub customers or KTV attendees) or hospital-
based (12 patients enrolling in drug rehabilitation), and
every seed was asked to recruit their friends who were
(a) adult residents living in the Taipei metropolitan area
with an age preferably less than 50; and (b) regular alco-
hol and tobacco users. Despite the variation in seed
sources, subsequent respondents were recruited primar-
ily on the basis of their substance-using network, with-
out any confinement to the initial setting. Neither the
initial seeds nor subsequent recruiters were asked to
identify illicit drug users in the referral procedure to
make potential recruits less wary of potential identifica-
tion regarding their illegal drug use. Nevertheless, most
of the sample proportions of illegal drug use converged
to equilibrium proportions around the third wave in our
RDS sample, in support of our implementation of RDS
in epidemiological studies on illegal drug use [25].
Participants were informed the nature of the study and

were guaranteed confidentiality prior to the survey. After-
wards, written informed consent was obtained from all
participants. Participants were offered NTD 300 (around
USD 10) worth of convenience store vouchers upon com-
pletion of the interview and were further offered NTD 100
worth of vouchers for every peer they successfully re-
cruited into the study. To balance the need for referral
and confidentiality, each participant was asked about his
or her nickname and preferred way of communication
(mostly mobile phone number). The relationship of new
recruits to the network was then verified by inquiring
about the nickname of their recruiter. For every recruit,
we adopted a research identification numbering system to
denote the social relationship and the order in the referral
chains. By doing this, we could collect the information to
establish the social network and prevent the same person
from entering the sampling more than one time. Then the
recruitment phase was repeated until equilibrium, i.e., an
estimate derived from the transition probability at equilib-
rium, was attained (about another eight waves). The study
was approved by the institutional review board of the Col-
lege of Public Health, National Taiwan University.
Due to budget constraints, instead of carrying out the

RDS in a single implementation this study was conducted

on a yearly basis by using the same guidelines each year.
The numbers of participants recruited in this fashion was
144 in 2007, 328 in 2008, 350 in 2009, and 293 in 2010.
Before aggregating samples from different years together,
we examined the distribution of lifetime ketamine use and
male gender in different years (Additional file 1: Table S1).
The results revealed that except the first year, which
was the preparation year and had the smallest number
of recruits, the prevalence of ketamine and male gender
were quite similar across years. Thus, we pooled the
samples from different years together, with an aggre-
gated sample size of 1115 persons. As reported previ-
ously, the RDS-adjusted estimates for ever using
ketamine in the aggregated sample already reached
equilibrium at wave three [25].

Measurement
Each participant underwent an audio computer-assisted
self-interview (ACASI) implemented on notebook com-
puters. The questionnaire consists of four sections: (1)
social demographic characteristics; (2) risk-taking be-
haviors, including use of licit substances and illicit
drugs/inhalants, and risky sexual experience; and (3)
expectancies recognized as the effects of drug use.

Early onset of tobacco or alcohol use
Since the compulsory education system in Taiwan
covers the first 9 years of education, i.e., middle or junior
high school, students typically attend schools in neigh-
borhood. Thus, initiation of tobacco or alcohol use be-
fore age 16, i.e., before attending senior high school, are
considered as early onset, which was younger than the
legal age (18 years old) of purchasing tobacco or alcohol
in Taiwan.

Drug use history
The measures on illicit drugs/inhalants included 9 cat-
egories (i.e., ketamine, ecstasy, super glue, methampheta-
mine, flunitrazepam [so-called FM2], marijuana, heroin
or morphine, angel dust, gamma hydroxybutyrate
[GHB]). For respondents with any use of illicit drug ex-
perience, further inquiries were made regarding age at
first use, the first use setting, use frequency, social func-
tion impairment, and treatment-seeking behaviors [23].
Each participant’s drug-using experience was categorized
into four groups: 1) illicit drug naïve, 2) exclusive keta-
mine use, 3) polydrug ketamine use, and 4) other illicit
drug use.

Ketamine expectancy
Since there has been no ketamine expectancy question-
naire, we decided to develop one by modifying cannabis
expectancy questionnaire for the following consider-
ations: (1) ketamine often plays the role of the first illicit
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drug in Taiwan since early 2000s [23–25], similar to that
of cannabis in western society. In Taiwan, ketamine was
commonly seized in recreational settings (e.g., night
clubs) with relaxation, joy, and out of reality touch being
the mostly mentioned drug effects. For those who never
used ketamine, their expectancies toward ketamine were
mostly acquired from media portray and social network
[62]; (2) drug expectancies have long been demonstrated
to converge upon a common construct, with positive ex-
pectancies being a more powerful motivator for sub-
stance use than negative expectancies [63].
Thus, we followed the approach of Willner [64] in

treating ketamine as an illicit drug after the gateway sub-
stance of alcohol, in which he constructed a parallel 26-
item Adolescent Cannabis Expectancies Questionnaires
using the items as the Adolescent Alcohol Expectancies
Questionnaire except replacing “drinking” or “drinking
alcohol” by “cannabis,” “smoking cannabis” or “smoking
a joint.” After principal component analysis, Willner [64]
retained six items for each subscale of Positive Expectan-
cies and Negative Expectancies, with four of the positive
items and five of the negative items being common to al-
cohol and cannabis. Hence, we constructed a ketamine
expectancy questionnaire based on the 12-item Adoles-
cent Cannabis Expectancy Questionnaires [64] by re-
placing cannabis with ketamine. Briefly, these true/false
items consist of: (1) six positive expectancies, i.e., having
ketamine is a nice way to enjoy a holiday, lets you join
in with others who are having fun, helps you stand up to
others, makes the world a better place, makes parties
more fun, drive better after a joint; and (2) six negative
expectancies, i.e., lose control and have accidents, don’t
understand things, have trouble remembering, break and
destroy things, tend to have a go at kids who are using
ketamine (i.e., getting blamed for using ketamine), and
makes people less friendly. The internal consistencies
(Cronbach’s α) of the ketamine expectancy questionnaire
in this study, 0.73 for the positive expectancy and 0.87
for the negative expectancy, were equivalent to those re-
ported in the original cannabis questionnaire [64]. In the
confirmatory factor analysis of a two-factor model, the
adjusted goodness of fit index was 0.90, and the root
mean square error of approximation was 0.08, and com-
parative fit index was 0.92, indicating acceptable fits.
Part of the results of ketamine expectancies was summa-
rized in a 2013 conference [65].
To assess whether some items of ketamine expectancies

were more differential in their association with ketamine
use, we conducted a series of univariate logistic regression
analysis of any ketamine use (versus illicit drug-naïve) for
individual items, with an odds ratio (OR) being significant
for four positive expectancies and four negative expectan-
cies (Additional file 1: Table S2). Comparing the area
under ROC curve in different models, the value was 0.674

for a model of three positive expectancies and 0.776 for a
model of four positive and four negative expectancies
using backward selection (Additional file 1: Table S3).
Hence, the contribution of individual expectancies was in-
cremental and all the items were used in the subsequent
analyses.
Since the distributions of the ketamine expectancies

were highly skewed, it was difficult to interpret the mean-
ing of a numeric point in expectancies. Hence, we chose
the median of the illicit drug-naïve as the cut-off to evalu-
ate whether an individual’s positive or negative expectan-
cies was relatively high or low, i.e., a binary High (≥
median) or Low (< median) expectancies. With differential
endorsements between positive and negative expectancies,
the median used to divide a sum expectancy into High
versus Low expectancies was quite different (1 for the
positive expectancies and 5 for the negative expectancies).
In other words, an individual endorsing any item out of 6
positive expectancies would be classified as having High
Positive expectancies, whereas an individual endorsing all
or 5 out of 6 negative expectancies would be classified as
having High Negative expectancies. For comparison, we
also run the model that included ketamine expectancies as
continuous.

Data analysis
RDS-weighted analyses
We computed RDS-weighted prevalence estimates using
RDS Analysis Tool (RDSAT) version 7.1 [66]. The 95%
confidence intervals (CIs) were estimated with 15,000
bootstrap resamples following the recommendation of
the software. Other estimation options remained default.
Furthermore, sampling weights reflecting the recruit-
ment patterns of this RDS were incorporated in subse-
quent analyses. We adopted one recommendation to
apply sampling weight of the dependent variable (i.e.,
ketamine use) to the regression model concerned [67].

Group comparisons
For categorical variables, χ2 tests or Fisher’s exact tests
were used for group comparisons, and a Tukey-type
multiple comparison for proportions [68] or multiple
comparisons with Fisher’s combination test were used
for the relevant post hoc analyses. For continuous vari-
ables, t-tests were used in 2 group comparisons, and
ANOVA/ANCOVA were used in 3 group comparisons,
with Tukey’s HSD tests and Tukey-Kramer adjustments
for the post hoc pairwise comparisons.

Weighted logistic regression analysis
Using the weights in the RDS network output by
RDSAT, we built multivariable logistic models to regress
ketamine use on ketamine expectancies, sociodemo-
graphic variables, and other substance use experience, as
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well as potential interaction between early-onset tobacco
(or alcohol) use and ketamine expectancies, with ad-
justed OR (aOR) and its 95% CI being reported.
All statistical tests were two-sided, and a p-value <

0.05 was considered significant. All of statistical analyses
were performed using SAS 9.2 (SAS Institute, Cary, NC).

Results
As displayed in Table 1, the study sample had a slightly
higher proportion (57.2%) of males, 67.3% having an edu-
cational level of less than college, and only 8.7% being un-
employed. Among them, 32.0% had early-onset use of
tobacco and 34.1% early-onset use of alcohol. The distri-
bution of age was skewed to the right, with the mean
(27.9; SD = 7.9) greater than the median (26; interquartile
range: 22–32). Meanwhile, the mean age at first use was
16.7 for tobacco and 15.7 for alcohol, with the median age
at first use being 16 for both tobacco and alcohol.

Groups by ketamine-using experience
Among the 1115 participants, their ketamine-using ex-
perience is depicted in Fig. 1, with 2.4% being exclusive
ketamine users, 9.0% polydrug ketamine users, and
9.1% the other illicit drug users. Among the concur-
rently used illicit drugs for the polydrug ketamine
users, the most common one was ecstasy (n = 112,
84.6%), followed by marijuana (n = 90, 72.4%), metham-
phetamine (n = 39, 26.9%), flunitrazepam (n = 18,
11.3%), and heroin (n = 14, 4.6%).
Compared to the group of illicit drug-naïve, both poly-

drug ketamine users and other illicit drug users had a
higher proportion of unemployment, early-onset tobacco
use, and early-onset alcohol use, and exclusive ketamine
users had a higher proportion of early-onset tobacco use
(Table 2). Furthermore, the three groups of illicit drug
users, as compared to the group of illicit drug naïve, had
earlier initiation age of tobacco use, and polydrug keta-
mine users further had earlier initiation age of alcohol
use. There were no significant differences among the
four groups in gender and educational level.
Both groups of ketamine users were comparable in the

experience of recent use, frequency of use, or age at first
use except that polydrug ketamine users had higher pro-
portion of having a lifetime use ≥5 times than the exclu-
sive ketamine users (Additional file 1: Table S4).

Ketamine expectancies
The proportions of endorsement from participants were
lower for positive expectancies than for negative expect-
ancies (Table 3). The sum of positive expectancies was
lowest for the illicit drug-naïve, then increased for the
three illicit drug-using groups. Meanwhile, the sum of
negative expectancies was highest for the illicit drug-
naïve, then decreased for the three illicit drug-using
groups. When the median of the illicit drug-naïve (1 for
the positive expectancies and 5 for the negative expect-
ancies) was used as the cut-off point to define binary
High (≥ median) or Low (< median) expectancies, the
polydrug ketamine users had the highest proportion of
High Positive expectancies, and all of three illicit drug-
using groups had lower proportion of High Negative ex-
pectancies than the illicit drug-naive did.
Table 3 also displays the distributions of four combi-

nations of binary positive and binary negative ketamine
expectancies. To highlight the contrast, Fig. 2 displays
the proportions of individual combinations of binary
positive and negative expectancies. The proportion of
having High-Positive/Low-Negative expectancies was
highest among polydrug ketamine users (56.2%),
followed by exclusive ketamine users (51.8%), and then
the illegal drug naïve (11.9%). In contrast, the propor-
tions of having Low-Positive/High-Negative expectan-
cies across the three groups were in opposite direction,

Table 1 Demographic characteristics and ketamine-using
history of the RDS-sample in Taipei Metropolitan Area (N = 1115)

Variable Nc %wt
d 95% CI

Gender

Male 689 57.2 (51.5–62.9)

Female 426 42.8 (37.1–48.5)

Education

< college 701 67.3 (62.7–72.8)

College and above 414 32.1 (26.8–37.3)

Employment

Full-time job 631 54.8 (48.6–60.5)

Work-study/in school 345 29.9 (24.5–35.6)

Part-time job/military 60 6.5 (4.5–8.6)

Unemployed 79 8.7 (5.9–12.6)

Early-onseta tobacco use 406 32.0 (27.7–36.4)

Early-onseta alcohol useb 427 34.1 (30.1–38.5)

Age in years

Mean (SD) 1115 27.9 7.9

Median (25–75%) 1115 26.0 22.0–32.0

Age at first tobacco use

Mean (SD) 1040 16.7 3.6

Median (25–75%) 1040 16.0 14.0–18.0

Age at first alcohol use

Mean (SD) 1037 15.7 4.1

Median (25–75%) 1037 16.0 14.0–18.0
aAn onset use age of < 16 years, which is the end of compulsory education up
to middle school, is defined as early–onset use.
bThree individuals were missing on the information on onset age of
alcohol use.
cSeeds are included in the numbers.
dWeighted percentages and their 95% confidence intervals are RDS-adjusted
population proportions estimated using the software RDSAT version 7.1.
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i.e., lowest among polydrug ketamine users (0.8%),
followed by exclusive ketamine users (9.2%), and then
the illegal drug-naïve (17.3%).

Early-onset tobacco or alcohol use and ketamine
expectancies
Compared to late-onset tobacco users, early-onset to-
bacco users had greater positive sum expectancies and
lower negative sum expectancies of ketamine. Otherwise,

both groups were not different in the distribution of bin-
ary positive, binary negative expectancies, and the four
combinations of positive and negative expectancies
(Additional file 1: Table S5). Meanwhile, compared to
late-onset alcohol users, early-onset alcohol users had a
borderline decrease in negative sum expectancies, a
lower proportion of High Negative expectancies, as well
as higher proportions of Low Positive-Low Negative and
High Positive-Low Negative expectancies.

Table 2 Demographic characteristics and ketamine-using history of the RDS-sample in Taipei Metropolitan Area (N = 1115), by illicit
drug use experience

Variables Illicit drug-naïve
(Group 1; N = 840)

Exclusive ketamine
use
(Group 2; N = 30)

Polydrug ketamine use
(Group 3; N = 132)

The other illicit drug
use
(Group 4; N = 113)

Group comparisons

N %wt 95% CI N %wt 95% CI N %wt 95% CI N %wt 95% CI Pc Post-hocd

Male 504 55.4 (49.3–
62.0)

10 63.2 (37.6–
86.4)

44 59.7 (45.9–
73.8)

36 64.5 (50.2–
79.6)

.160 –

Education < college 513 65.9 (60.0–
71.5)

23 83.0 (63.2–
96.8)

94 71.3 (57.6–
82.5)

71 69.6 (55.6–
81.6)

.141 –

Unemployment 39 5.8 (3.4–8.4) 3 10.8 (0.0–29.0) 16 14.5 (3.7–28.5) 21 22.6 (7.8–39.6) <
.001

3, 4 > 1

Early-onseta tobacco
use

265 26.7 (22.0–
30.9)

17 61.8 (38.2–
85.9)

72 47.5 (35.7–
62.1)

52 52.5 (37.1–
63.8)

<.001 2, 3, 4 > 1

Early-onseta alcohol
useb

290 29.8 (25.4–
34.9)

15 47.9 (23.7–
74.4)

64 45.8 (33.5–
58.8)

58 57.6 (43.4–
70.0)

<.001 3, 4 > 1

N Mean SD N Mean SD N Mean SD N Mean SD Pc Post-hocd

Age in years 840 28.1 8.2 30 21.8 3.6 132 26.0 5.5 113 30.1 7.6 <
.001

1 > 2, 3; 4 > 3 >
2

Age at first tobacco use 772 17.1 3.7 29 14.6 2.1 129 15.4 3.3 110 15.6 3.0 <
.001

1 > 2, 3, 4

Age at first alcohol use 766 16.0 4.1 29 14.9 3.1 130 14.6 3.5 109 15.2 3.9 <
.001

1 > 3

aAn onset use age of < 16 years, which is the end of compulsory education up to middle school, is defined as early–onset use
bThree individuals were missing on the information on onset age of alcohol use
cχ2 test or Fisher’s exact test for categorical variables; ANOVA for quantitative variables
dTukey’s HSD test in ANOVA; a Tukey-type multiple comparison for proportions in a 2*4 cross-tabulation for categorical variables (Elliott and Reisch 2006)

Fig. 1 The distribution of different groups of ketamine-using experience among the RDS-sample in Taipei Metropolitan Area (N = 1115)
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Relations of ketamine expectancies to ketamine use
For the multinomial logistic regression analysis, we com-
bined the group of exclusive ketamine use, which had a
small sample size, with polydrug ketamine use to form a
pooled group of any ketamine use. Owing to exploratory
nature, ketamine expectancies were examined either in
binary forms (High Positive and High Negative) or four-
combinations, but not in continuous scale. To avoid col-
linearity, either early-onset tobacco use or early-
onset alcohol use was added as a covariate since the two
had a high tetrachoric correlation of 0.647 (p < 0.001).
Table 4 displays the results of the multivariable multi-

nomial logistic regression of ketamine-using experience
(illicit drug-naïve, any ketamine use, and other illicit
drug use) on ketamine expectancies in two models, in
which expectancies were treated as two binary variables
(Model 1), or as a 4-level categorical variable (Model 2).
Both models were adjusted for early-onset tobacco use
and sociodemographic covariates, including male gender,
an educational level of < college, unemployment, and

age. In Model 1, people with binary High Positive ex-
pectancies had an increased risk of illicit drug use, with
aOR being 10.04 for any ketamine use and 3.10 for other
illicit drug use. Whereas people with binary High Nega-
tive expectancies had a decreased risk of illicit drug use,
with aOR being 0.15 for any ketamine use and 0.40 for
other illicit drug use. In contrast, the magnitudes of aOR
of unemployment and early-onset tobacco use with any
ketamine use (4.76 and 2.39) were very similar to those
with other illicit drug use (5.43 and 2.44). In Model 2,
compared to people with the combination of Low
Positive-High Negative ketamine expectancies, people
with High Positive-Low Negative expectancies had much
increased aORs, followed by those with High Positive-
High Negative (5.40) and those with Low Positive-Low
Negative (3.85). In contrast, only people with High
Positive-Low Negative expectancies had an increased
aOR with other illicit drug use of smaller magnitude as
compared that with any ketamine use. The magnitude of
association for unemployment and early-onset tobacco

Table 3 Positive and negative ketamine expectancies of the RDS-sample in Taipei Metropolitan Area (N = 1115), by illicit drug use
experience

Ketamine expectancies Illicit drug-naïve
(Group 1; N =
840)

Exclusive ketamine
use
(Group 2; N = 30)

Polydrug ketamine
use
(Group 3; N = 132)

The other illicit
drug use
(Group 4; N = 113)

Group comparison

%wt 95% CI %wt 95% CI %wt 95% CI %wt 95% CI P Post-hocb

P1 (stand up to others) 11.2 (7.9–14.8) 22.5 (7.7–44.0) 25.5 (16.0–39.9) 12.0 (4.6–21.2) <.001 3 > 1, 4

P2 (join in with others) 46.0 (40.7–51.5) 63.7 (38.9–83.4) 76.1 (66.6–86.1) 41.6 (26.8–53.3) <.001 3 > 1, 4

P3 (drive better) 4.7 (2.4–7.6) 19.2 (1.4–41.5) 1.0 (0.0–2.7) 7.6 (0.0–17.2) <.001 2 > 1, 3; 4 > 3

P4 (make parties more fun) 35.5 (30.9–40.6) 64.5 (37.8–83.6) 72.7 (64.5–84.0) 51.8 (38.0–65.0) <.001 3 > 1, 4; 2, 4 > 1

P5 (enjoy a holiday) 20.7 (16.7–25.2) 31.9 (7.7–54.2) 27.9 (19.1–40.9) 26.3 (13.1–37.5) .074

P6 (make the world a better place) 13.7 (10.4–17.5) 15.4 (1.9–33.6) 19.3 (10.3–30.5) 22.6 (9.6–37.6) .041

N1 (lose controls and have accidents) 71.2 (66.3–76.5) 51.2 (29.2–79.2) 54.8 (40.8–65.4) 56.0 (40.9–69.3) <.001 1 > 3, 4

N2 (make people less friendly) 51.4 (46.2–57.1) 28.4 (12.4–53.2) 18.6 (9.8–27.7) 39.5 (25.2–51.6) <.001 1, 4 > 3

N3 (have a go at kids who are using) 69.5 (64.2–75.3) 58.6 (34.9–82.0) 74.4 (63.0–84.4) 61.3 (43.8–73.5) .099

N4 (don’t understand things when using) 66.8 (60.9–72.5) 73.0 (52.0–90.4) 61.8 (48.9–73.1) 52.4 (36.5–64.4) .014 1 > 4

N5 (break and destroy things when using) 67.9 (62.6–73.6) 35.9 (17.7–63.1) 41.3 (28.1–55.2) 49.0 (33.6–60.2) <.001 1 > 2, 3, 4

N6 (have trouble remembering) 74.3 (69.3–79.9) 77.4 (57.5–94.4) 74.4 (63.8–83.6) 64.5 (48.3–77.3) .170

Summary of expectancies

Positive sum, mean (SD) 1.4 (1.5) 2.1 (1.6) 2.3 (1.5) 1.7 (1.6) <.001 3 > 1

Negative sum, mean (SD) 4.2 (2.2) 3.5 (2.2) 3.1 (1.7) 3.6 (2.3) <.001 1 > 2, 3; 4 > 2 > 3

High Positive (≥ 1)a, n (%) 53.5 (48.3–58.9) 71.8 (47.5–89.6) 86.0 (79.3–94.1) 70.3 (56.4–80.3) <.001 3 > 1,4; 4 > 1

High Negative (≥ 5)a, n (%) 59.1 (53.5–64.9) 28.5 (12.6–55.0) 30.3 (16.9–43.4) 46.4 (31.5–58.6) <.001 1 > 2, 3, 4

Combination of expectancies, n (%) <.001

Low Positive-High Negative 17.3 (14.1–21.6) 9.2 (0.0–25.3) 0.8 (0.1–2.0) 12.3 (4.8–21.0)

Low Positive-Low Negative 29.3 (23.4–34.9) 19.8 (2.9–39.6) 12.8 (5.5–20.5) 17.5 (10.0–29.5)

High Positive-High Negative 41.5 (36.1–46.6) 19.2 (6.4–42.5) 29.8 (16.1–42.6) 34.9 (21.3–45.8)

High Positive-Low Negative 11.9 (8.9–15.4) 51.8 (22.3–72.4) 56.6 (44.4–71.3) 35.3 (20.9–51.1)
aThe median of the illicit drug-naïve as the cut-off, with High Positive being ≥ the median (i.e., 1) and High Negative being ≥ the median (i.e., 5)
bTukey’s HSD test in ANOVA; a Tukey-type multiple comparison for proportions in a 2*4 cross-tabulation for categorical variables (Elliott and Reisch 2006)
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use with the other illicit drug use remains similar to
those of Model 1.
The trends of binary ketamine expectancies with ei-

ther ketamine use or the other illicit drug use, i.e., in-
creased risk for High Positive and lowered risk for High
Negative, were replicated in the models that treated ex-
pectancies as continuous (Model 1 in Additional file 1:
Table S6). Under this circumstance, however, it was dif-
ficult to interpret the interaction term because of the
opposite directions of positive and negative expectan-
cies on ketamine use (Model 2 in Additional file 1:
Table S6).
When the covariate was changed to early-

onset alcohol use, the results of the multivariable multi-
nomial logistic regression analyses were very similar to
Table 3 except that the aOR of early-onset alcohol use
failed to reach statistical significance for any ketamine
use in both Model 1 and Model 2 (Additional file 1:
Table S7).
When the interaction terms between early-onset to-

bacco (EOT) use and binary ketamine expectancies, i.e.,

High Positive expectancies (HPE) and High Negative
expectancies (HNE), were added to Model 1, the two
interaction terms, EOT x HPE and EOT x HNE, did not
reach statistical significance (Additional file 1: Table S8).
Similarly, when the interaction terms between EOT use
and ketamine expectancy combinations, i.e., Low Positive-
Low Negative (C1), High Positive-High Negative (C2), and
High Positive-Low Negative (C3), were added in Model 2,
the three interaction terms, EOT x C1, EOT x C2, and
EOT x C2, did not reach statistical significance.
Similarly, the interaction terms involving early-

onset alcohol use turned out to be non-significant too,
and the results are displayed in Additional file 1: Table
S9.

Discussion
This study aimed to examine whether the positive and
negative ketamine expectancies are differentially associ-
ated with ketamine-using behavior, and whether such re-
lationship may differ by early-onset use of tobacco or
alcohol. We found that ketamine users had greater

Fig. 2 The distribution of the four combinations of binary positive and negative ketamine expectancies, i.e., High-Positive/Low-Negative (HpLn),
High-Positive/High-Negative (HpHn), Low-Positive/Low-Negative (LpLn), and Low-Positive/High-Negative (LpHn), among the three groups of
different ketamine-using experiences. The cutoff-points were the median of positive expectancies and negative expectancies, respectively, among
those who were illicit drug-naïve (i.e., High-Positive as ≥1, High-Negative as ≥5). The vertical bar indicates the 95% confidence interval derived
from RDS-weighted estimates
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positive expectancies and lower negative expectancies,
particularly the combination of High Positive with Low
Negative, as compared to the illicit drug-naïve or the
other illicit drug users. High Positive expectancies, Low
Negative expectancies, and their combination of High
Positive-Low Negative expectancies were strongly associ-
ated with ketamine use. Further examination of the
interaction between early-onset tobacco (or alcohol) use
and ketamine expectancies did not detect any synergistic
effect between them on ketamine use. These findings
provide support for the association of ketamine expect-
ancies with ketamine use independent from other corre-
lates, indicating possible cognitive targets for future
intervention and prevention.
In this RDS sample of tobacco- and alcohol -using

adults in the Taipei metropolitan area, the weighted
prevalence of their illicit drug use was much higher than
the estimate of 1.29% in the general population [26].
Majority of our participants had already been aware of
more than half of the negative expectancies, i.e., with a
mean of negative sum expectancies of > 3.0 even for
ketamine users. In contrast, only individuals who had
ever used ketamine would endorse more than two posi-
tive expectancy items. Furthermore, the mean of positive
sum expectancies and negative sum expectancies for the
group of other illicit drug use fell in-between that of the

group of illicit drug-naïve and the two groups of keta-
mine use, indicating the expectancies were to some ex-
tent specific to ketamine use.
Among potential confounders that were controlled for

in our multinomial logistic regression analysis, un-
employment and early-onset use of tobacco had signifi-
cant associations with both ketamine use and other
illicit drug use. Nevertheless, the magnitude of aORs of
these correlates were similar between ketamine use and
other illicit drug use, meaning that they were non-
specific risk factors for any illicit drug use. In contrast,
the magnitude of aORs of positive or negative ketamine
expectancies were much greater for ketamine use than
for the other illicit drug use. Under these circumstances,
the exploratory questionnaire of ketamine expectancies
used in this study did have discriminatory validity.
Our findings about the increasing trend in positive

sum expectancies from the illicit-drug naïve to exclusive
ketamine use, then to polydrug ketamine use as well as
the increased aORs of ketamine use for positive sum ex-
pectancies in the multinomial logistic regression analysis
are consistent with previous studies showing that posi-
tive expectancies might increase people’s substance use
or progress to more severe use once they begin to use
the drug [30, 45, 48, 69]. However, another possibility is
that prior use of ketamine might influence individuals’

Table 4 Multinomial logistic regression model of illicit drug use experience (reference group: illicit drug-naïve) on binary ketamine
expectancies with adjustment for sociodemographics and early-onset tobacco use (N = 1115)

Variables Any ketamine use The other illicit drug use

aOR 95% CI aOR 95% CI

Model 1

Male 1.20 (0.68–2.12) 1.27 (0.71–2.28)

Education < college 1.48 (0.83–2.61) 0.82 (0.45–1.49)

Unemployment 4.76 (1.59–14.19) 5.43 (2.54–11.6)

Age in years 0.94 (0.91–0.98) 1.01 (0.98–1.04)

Early-onset tobacco use 2.39 (1.36–4.21) 2.44 (1.39–4.28)

High Positive expectancies 10.04 (5.23–19.27) 3.10 (1.55–6.22)

High Negative expectancies 0.15 (0.08–0.26) 0.40 (0.21–0.76)

Model 2

Male 1.20 (0.67–2.14) 1.26 (0.7–2.26)

Education < college 1.46 (0.82–2.61) 0.81 (0.45–1.48)

Unemployment 4.70 (1.60–13.76) 5.25 (2.52–10.93)

Age in years 0.94 (0.91–0.98) 1.01 (0.98–1.04)

Early-onset tobacco use 2.45 (1.37–4.36) 2.53 (1.45–4.39)

Ketamine expectancy combination (ref: Low Positive-High Negative)

Low Positive-Low Negative 3.58 (1.13–11.35) 0.87 (0.36–2.07)

High Positive-High Negative 5.49 (1.75–17.23) 1.24 (0.56–2.74)

High Positive-Low Negative 43.47 (14.55–129.86) 4.87 (1.96–12.14)

Note: (1) high or low expectancies are divided by the median of the illicit drug-naïve
(2): statistically significant results are highlighted in bold
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expectancies toward the use of ketamine, as indicated in
the effect of the initiation of alcohol use on subsequent
changes in alcohol expectancies in longitudinal studies
[35]. Owing to the cross-sectional nature, this study
could not disentangle whether the increased positive ex-
pectancies of ketamine users pre-existed before their ini-
tiation of ketamine use or enhanced after their use of
ketamine. Furthermore, negative expectancies might be
inversely associated with ketamine use, though the mag-
nitude for negative expectancies (at least endorsing 5
out of 6 negative expectancies) to exhibit the inverse as-
sociation was greater than that for its counterparts in
positive expectancies (endorsing any 1 out of 6 positive
expectancies) to exhibit the positive association. Another
feature of this study is that a joint influence of positive
and negative expectancies on ketamine use were evalu-
ated. In particular, the combination of High Positive ex-
pectancies and Low Negative expectancies poses the
greatest risk of any ketamine use. Meanwhile, the com-
bination of Low Positive-High Negative expectancies
represents the least risk for ketamine use.
Our findings also revealed that early-onset tobacco use

as well as early-onset alcohol use were indeed associated
with illicit drug use, regardless of ketamine or other illicit
drugs. Both forms of tobacco and alcohol early-onset use
were also associated with greater positive expectancies
and lower negative expectancies of ketamine. Neverthe-
less, our multivariable logistic regression models found
that early-onset tobacco use (or early-onset alcohol use)
and ketamine expectancies had independent associations
with ketamine use, and early-onset tobacco use (or early-
onset alcohol use) did not modify the association of keta-
mine expectancies with ketamine use. Hence, early-onset
use of tobacco or alcohol appeared to lead to an increase
risk of using any illicit drugs, not limiting to ketamine.

Implications
Our findings have implications for the application of
ketamine expectancies in the prediction or intervention
of ketamine use. First, avoiding any endorsement of
positive ketamine expectancies is essential in preventing
young people from the initiation of ketamine use. Previ-
ous studies have indicated that positive expectancies can
predict future substance use. For example, young adoles-
cents’ higher positive expectancies could predict subse-
quent adolescent problem drinking and greater drinking
levels [70, 71] as well as adult alcohol use [29, 33].

Second, it is probably more challenging to enhance indi-
viduals’ awareness of negative ketamine expectancies be-
cause even ketamine users were on average aware of more
than 3 negative expectancies. This implies that the inverse
association of negative expectancies with ketamine use
would not be detected unless the level of endorsed

expectancies exceeded certain threshold (e.g., 5 negative
expectancies). In other words, the relationship between
negative expectancies and ketamine use is not linear. This
might also explain previous findings that negative expect-
ancies did not predict subsequent alcohol use [29, 33].
Third, modification of expectancies has been proposed

as an intervention tool to reduce substance consumption
[44]. People who were illicit drug-naïve might maintain
or reinforce their endorsed negative expectancies and
shun that of positive expectancies of ketamine use by
learning from media or peer’s report on cognitive im-
pairment or physical problems following such use [45].
As indicated in a meta-analysis of 62 studies of interven-
tions for college drinking, the strategy to shape expect-
ancies might be critical: a less confrontational feedback
about alcohol expectancy was found to be more effective
than those containing expectancy challenge [43]. Since
the main expectations of ketamine use reported by our
study participants were for entertainment (join in with
others and make parties more fun), it warrants to devise
a less confrontational feedback on decreasing an individ-
ual’s positive expectancies. Furthermore, it may also help
to delay the involvement of exclusive ketamine users
with other illicit drugs by elevating their endorsements
of negative expectancies (e.g., make people less friendly).
Empirical data revealed that ketamine users adopted
some harm reduction strategies to minimize negative
consequences of ketamine use, exemplifying the poten-
tial utility of raising awareness of ketamine-induced
harms [19]. Given that the negative health consequences
of ketamine use (e.g., urination problems) often emerge
in relatively later temporal sequence than those of acute
alcohol intoxication, expectancy modification should
integrate peer network and personal experience while
devising strategies, which is particularly true for young
people.

Limitations
This study has some limitations. First, the ketamine ex-
pectancy questionnaire used in this study was modified
from that of marijuana use, not specifically designed for
ketamine use. Since different substances might induce
different anticipations and physical effects, each sub-
stance might need its own expectancy questionnaire to
test the expectancy theory [45]. Therefore, our 12-item
ketamine expectancy questionnaire might capture only
the common effects for psychoactive substances, rather
than fully represent the expectancies for ketamine use.
Second, all data were self-reported. Although our data
were collected using ACASI, the validity of information
on sensitive issues, such as illicit drug use, might still be
a question. Third, since this was a cross-sectional study,
it did not allow us to infer causality on the relationships
between ketamine expectancies and ketamine use. Lastly,
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as our results were derived from alcohol- and tobacco-
using adults in Taipei metropolitan area, our findings
may not be generalizable to other geographic areas of
Taiwan or other populations, where the occurrence of
ketamine usage might be different from ours.

Conclusions
In conclusion, positive and negative expectancies exhibit
differential relationships with different patterns of keta-
mine use. Positive and negative expectancies might mutu-
ally affect the decision and considering solely one
dimension of expectancies might not predict the decision
of ketamine use appropriately. Ketamine expectancies ex-
hibit association with ketamine use independent of early-
onset use of tobacco or alcohol. Our results indicate that a
less confrontational feedback on decreasing an individual’s
positive expectancies is essential in preventing young
people from the initiation of ketamine use.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-019-7616-1.

Additional file 1: Table S1. The proportion of lifetime ketamine use
and male gender in each year of the RDS-sample in Taipei Metropolitan
Area. Table S2. Univariate logistic regression analysis of any ketamine use
on individual ketamine expectancies (unweighted) among 162 ever users
of ketamine and 840 illicit drug-naive. Table S3. Multivariable logistic re-
gression analysis of any ketamine use on ketamine expectancies (un-
weighted) among 162 ever users of ketamine and 840 illicit drug-naïve.
Table S4. Ketamine-using history of the RDS-sample in Taipei Metropol-
itan Area (N = 1115), by illicit drug use experience. Table S5. Distribution
of ketamine expectancies among early initiation of tobacco and alcohol,
respectively. Table S6. Multinomial logistic regression model of illicit
drug use experience (reference group: illicit drug-naïve) on continuous
ketamine expectancies with adjustment for sociodemographics and early-
onset tobacco use (N = 1115). Table S7. Multinomial logistic regression
model of illicit drug use experience (reference group: illicit drug-naïve) on
binary ketamine expectancies with adjustment for sociodemographics
and early-onset alcohol use (N = 1112). Table S8. Multinomial logistic re-
gression model of illicit drug use experience (reference group: illicit drug-
naïve) on binary ketamine expectancies with interaction terms involving
early-onset tobacco use (N = 1115). Table S9. Multinomial logistic regres-
sion model of illicit drug use experience (reference group: illicit drug-
naïve) on binary ketamine expectancies with interaction terms involving
early-onset alcohol use (N = 1112)

Abbreviations
ACASI: Audio computer-assisted self-interview; GHB: Gamma
hydroxybutyrate; OR: Odds ratio; RDS: Respondent-driven sampling

Acknowledgements
The authors thank Mr. Tzu-Pin Lu and Mr. Po-Chang Hsiao for their help in
the set-up of the survey database, Drs. Eric Y. Chuang, Chih-Yin Lew-Ting
and Chuhsing Kate Hsiao for their help in the suggestion on implementing
this RDS study, and Mr. Po-Chang Hsiao for preparing the figures.

Authors’ contributions
WJC, TTT, CYC, and LWS contributed to the conception, design and
acquisition of data. CMC and TLW contributed to the analyses. CMC, TLW,
and WJC contributed to the interpretation of data as well as the drafting of
the manuscript. All authors contributed to critical revision of the manuscript
for important intellectual content and approved the final version prior to
publication.

Funding
This work was supported by grants from the Ministry of Health and Welfare,
Taiwan (DOH96-NNB-104; DOH97-NNB-1018; DOH98-NNB-1010; DOH99-FDA-
6120), Ministry of Education, Taiwan (‘Aim for the Top University Project’ to
National Taiwan University), and a doctoral scholarship from National Health
Research Institutes to Te-Tien Ting. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the
funding agencies.

Availability of data and materials
The authors received permission to access the data used in this study;
however, they are unable to share the data as they are not the data
custodian.

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The institutional review board
of the College of Public Health, National Taiwan University, approved the
study. Participants were informed the nature of the study and were
guaranteed confidentiality prior to the survey. Afterwards, written informed
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Institute of Epidemiology and Preventive Medicine, College of Public Health,
National Taiwan University, Taipei, Taiwan. 2Division of Health Technology
Assessment, Center for Drug Evaluation, Taipei, Taiwan. 3School of Big Data
Management, Soochow University, Taipei, Taiwan. 4Department of Public
Health, College of Public Health, National Taiwan University, Taipei, Taiwan.
5Institute of Public Health, National Yang-Ming University, Taipei, Taiwan.
6Center for Neuropsychiatric Research, National Health Research Institutes,
Zhunan, Miaoli County, Taiwan. 7Kunming Prevention and Control Center,
Taipei City Hospital, Taipei, Taiwan. 8Department of Psychiatry, College of
Medicine and National Taiwan University Hospital, National Taiwan
University, Taipei, Taiwan.

Received: 25 March 2019 Accepted: 12 September 2019

References
1. Domino EF. Taming the ketamine tiger. Anesthesiol. 2010;113(3):678–84.
2. Morgan CJA, Curran HV. Ketamine use: a review. Addiction. 2012;107(1):27–38.
3. United Nations Office on Drugs and Crime. World Drug Report 2010.

Vienna: United Nations Office on Drugs and Crime (UNODC); 2010.
4. Li J-H, Vicknasingam B, Cheung Y-W, Zhou W, Nurhidayat AW, Des Jarlais

DC, Schottenfeld R. To use or not to use: an update on licit and illicit
ketamine use. Subst Abus Rehabil. 2011;2:11–20.

5. Duman RS. Ketamine and rapid-acting antidepressants: a new era in the
battle against depression and suicide. F1000Res. 2018;7:F1000 Faculty
Rev-1659.

6. Bokor G, Anderson PD. Ketamine: an update on its abuse. J Pharm Pract.
2014;27(6):582–6.

7. Krystal JH, Karper LP, Seibyl JP, Freeman GK, Delaney R, Bremner JD,
Heninger GR, Bowers MB Jr, Charney DS. Subanesthetic effects of the
noncompetitive NMDA antagonist, ketamine, in humans. Psychotomimetic,
perceptual, cognitive, and neuroendocrine responses. Arch Gen Psychiatry.
1994;51(3):199–214.

8. Adler CM, Goldberg TE, Malhotra AK, Pickar D, Breier A. Effects of ketamine
on thought disorder, working memory, and semantic memory in healthy
volunteers. Biol Psychiatry. 1998;43(11):811–6.

9. Kleinloog D, Uit den Boogaard A, Dahan A, Mooren R, Klaassen E, Stevens J,
Freijer J, van Gerven J. Optimizing the glutamatergic challenge model for
psychosis, using S(+)-ketamine to induce psychomimetic symptoms in
healthy volunteers. J Psychopharmacol. 2015;29(4):401–13.

Chang et al. BMC Public Health         (2019) 19:1307 Page 11 of 13

https://doi.org/10.1186/s12889-019-7616-1
https://doi.org/10.1186/s12889-019-7616-1


10. Tang J, Morgan HL, Liao Y, Corlett PR, Wang D, Li H, Tang Y, Chen J, Liu T,
Hao W, et al. Chronic administration of ketamine mimics the perturbed
sense of body ownership associated with schizophrenia. Psychopharmacol.
2015;232(9):1515–26.

11. Cheng WJ, Chen CH, Chen CK, Huang MC, Pietrzak RH, Krystal JH, Xu K.
Similar psychotic and cognitive profile between ketamine dependence with
persistent psychosis and schizophrenia. Schizophr Res. 2018;199:313–8.

12. Morgan CJA, Curran HV. Acute and chronic effects of ketamine upon
human memory: a review. Psychopharmacol. 2006;188(4):408–24.

13. Chen Y-C, Wang L-J, Lin S-K, Chen C-K. Neurocognitive profiles of
methamphetamine users: comparison of those with or without
concomitant ketamine use. Subst Use Misuse. 2015;50(14):1778–85.

14. Hung C-C, Zhang S, Chen C-M, Duann J-R, Lin C-P, Lee TS-H, Li C-SR. Striatal
functional connectivity in chronic ketamine users: a pilot study. Am J Drug
Alcohol Abuse. 2019;2:1–13.

15. Li CR, Zhang S, Hung CC, Chen CM, Duann JR, Lin CP, Lee TS. Depression in
chronic ketamine users: sex differences and neural bases. Psychiatry Res
Neuroimaging. 2017;269:1–8.

16. Winstock AR, Mitcheson L, Gillatt DA, Cottrell AM. The prevalence and
natural history of urinary symptoms among recreational ketamine users. BJU
Int. 2012;110(11):1762–6.

17. Schifano F, Corkery J, Oyefeso A, Tonia T, Ghodse AH. Trapped in the “K-
hole”: overview of deaths associated with ketamine misuse in the UK (1993-
2006). J Clin Psychopharmacol. 2008;28(1):114–6.

18. Dillon P, Copeland J, Jansen K. Patterns of use and harms associated with
non-medical ketamine use. Drug Alcohol Depend. 2003;69(1):23–8.

19. 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. 2016;42(3):358–69.

20. Fernandez-Calderon F, Vidal-Gine C, Lopez-Guerrero J, Lozano-Rojas OM.
Reliability, convergent and structural validity and cut-off score of the severity of
dependence scale for recreational ketamine users. Addict Behav. 2016;60:1–7.

21. Siu AMH, Ko FSL, Mak SK. Outcome evaluation of a short-term
hospitalization and community support program for people who abuse
ketamine. Front Psychiatry. 2018;9:313.

22. Chou P, Liou M-Y, Lai M-Y, Hsiao M-L, Chang H-J. Time trend of substance
use among adolescents in Taiwan, 1991-1996. J Formos Med Assoc. 1999;98:
827–31.

23. Chen WJ, Fu T-C, Ting T-T, Huang W-L, Tang G-M, Hsiao CK, Chen C-Y. Use of
ecstasy and other psychoactive substances among school-attending adolescents
in Taiwan: national surveys 2004-2006. BMC Public Health. 2009;9:27.

24. Chou L-C, Ho C-Y, Chen C-Y, Chen WJ. Truancy and illicit drug use among
adolescents surveyed via street outreach. Addict Behav. 2006;31(1):149–54.

25. Ting T-T, Chen C-Y, Tsai Y-S, Chen Y-T, Su L-W, Chen WJ. Using social
network as a recruiting tool for research on substance use in the Taipei
metropolitan area: study design, implementation, and epidemiological
estimates. J Epidemiol. 2015;25(10):647–55.

26. Chen WJ, Wu S-C, Tsay W-I, Chen Y-T, Hsiao P-C, Yu Y-H, Ting T-T, Chen C-Y,
Tu Y-K, Huang J-H, et al. Differences in prevalence, sociobehavioral
correlates, and psychosocial distress between club drug and hard drug use
in Taiwan: results from the 2014 National Survey of substance use. Int J
Drug Policy. 2017;48:99–107.

27. Stacy AW, Galaif ER, Sussman S, Dent CW. Self-generated drug outcomes in
high-risk adolescents. Psychol Addict Behav. 1996;10(1):18–27.

28. Jones BT, Corbin W, Fromme K. A review of expectancy theory and alcohol
consumption. Addiction. 2001;96(1):57–72.

29. Zamboanga BL, Ham LS, Olthuis JV, Martens MP, Grossbard JR, Van Tyne K.
Alcohol expectancies and risky drinking behaviors among high school
athletes: “I’d rather keep my head in the game”. Prev Sci. 2012;13(2):140–9.

30. Jester JM, Wong MM, Cranford JA, Buu A, Fitzgerald HE, Zucker RA. Alcohol
expectancies in childhood: change with the onset of drinking and ability to
predict adolescent drunkenness and binge drinking. Addiction. 2015;110(1):71–9.

31. Leigh BC, Stacy AW. Alcohol expectancies and drinking in different age
groups. Addiction. 2004;99(2):215–27.

32. Finn PR, Bobova L, Wehner E, Fargo S, Rickert ME. Alcohol expectancies,
conduct disorder and early-onset alcoholism: negative alcohol expectancies
are associated with less drinking in non-impulsive versus impulsive subjects.
Addiction. 2005;100(7):953–62.

33. Patrick ME, Wray-Lake L, Finlay AK, Maggs JL. The long arm of expectancies:
adolescent alcohol expectancies predict adult alcohol use. Alcohol Alcohol.
2010;45(1):17–24.

34. Copeland AL, Proctor SL, Terlecki MA, Kulesza M, Williamson DA. Do positive
alcohol expectancies have a critical developmental period in pre-
adolescents? J Stud Alcohol Drugs. 2014;75(6):945–52.

35. Smit K, Voogt C, Hiemstra M, Kleinjan M, Otten R, Kuntsche E. Development
of alcohol expectancies and early alcohol use in children and adolescents: a
systematic review. Clin Psychol Rev. 2018;60:136–46.

36. Chen W-T, Wang N, Lin K-C, Liu C-Y, Chen WJ, Chen C-Y. Alcohol
expectancy profile in late childhood with alcohol drinking and purchasing
behaviors in adolescence. Addict Behav. 2018;87:55–61.

37. Wiers RW, Hoogeveen KJ, Sergeant JA, Boudewijn Gunning W. High- and
low-dose alcohol-related expectancies and the differential associations with
drinking in male and female adolescents and young adults. Addiction.
1997;92(7):871–88.

38. Ting T-T, Chen WJ, Liu C-Y, Lin Y-C, Chen C-Y. Peer influences on alcohol
expectancies in early adolescence: a study of concurrent and prospective
predictors in Taiwan. Addict Behav. 2015;40:7–15.

39. Hahn C-Y, Huang S-Y, Ko H-C, Hsieh C-H, Lee IH, Yeh T-L, Yang Y-K, Lee J-F,
Lin W-W, Lu R-B. Acetaldehyde involvement in positive and negative
alcohol expectancies in Han Chinese persons with alcoholism. Arch Gen
Psychiatry. 2006;63(7):817–23.

40. Chen C-Y, Storr CL, Liu C-Y, Chen K-H, Chen WJ, Lin K-M. Differential
relationships of family drinking with alcohol expectancy among urban
school children. BMC Public Health. 2011;11:87.

41. Kuntsche E, Kuntsche S. Even in early childhood offspring alcohol
expectancies correspond to parental drinking. Drug Alcohol Depend.
2018;183:51–4.

42. Hayaki J, Anderson BJ, Stein MD. Drug use expectancies among nonabstinent
community cocaine users. Drug Alcohol Depend. 2008;94(1–3):109–15.

43. Carey KB, Scott-Sheldon LA, Carey MP, DeMartini KS. Individual-level
interventions to reduce college student drinking: a meta-analytic review.
Addict Behav. 2007;32(11):2469–94.

44. Darkes J, Goldman MS. Expectancy challenge and drinking reduction:
experimental evidence for a mediational process. J Consult Clin Psychol.
1993;61(2):344–53.

45. Schafer J, Brown SA. Marijuana and cocaine effect expectancies and drug
use patterns. J Consult Clin Psychol. 1991;59(4):558–65.

46. Stacy AW, Newcomb MD, Bentler PM. Cognitive motivation and drug use: a
9-year longitudinal study. J Abnorm Psychol. 1991;100(4):502–15.

47. Galen LW, Henderson MJ. Validation of cocaine and marijuana effect
expectancies in a treatment setting. Addict Behav. 1999;24(5):719–24.

48. Hayaki J, Hagerty CE, Herman DS, de Dios MA, Anderson BJ, Stein MD.
Expectancies and marijuana use frequency and severity among young
females. Addict Behav. 2010;35(11):995–1000.

49. Dennhardt AA, Murphy JG. Prevention and treatment of college student
drug use: a review of the literature. Addict Behav. 2013;38(10):2607–18.

50. Lee K-H, Yeh Y-C, Yang P-C, Lin H-C, Wang P-W, Liu T-L, Yen C-F. Individual
and peer factors associated with ketamine use among adolescents in
Taiwan. Eur Child Adolesc Psychiatry. 2012;21(10):553–8.

51. Richter KP, Ahluwalia HK, Mosier MC, Nazir N, Ahluwalia JS. A population-
based study of cigarette smoking among illicit drug users in the United
States. Addiction. 2002;97(7):861–9.

52. Degenhardt L, Hall W. Patterns of co-morbidity between alcohol use and
other substance use in the Australian population. Drug Alcohol Rev.
2003;22(1):7–13.

53. Hanna EZ, Grant BF. Parallels to early onset alcohol use in the relationship
of early onset smoking with drug use and DSM-IV drug and depressive
disorders: findings from the National Longitudinal Epidemiologic Survey.
Alcohol Clin Exp Res. 1999;23(3):513–22.

54. Menezes AMB, Goncalves H, Anselmi L, Hallal PC, Araujo CLP. Smoking in
early adolescence: evidence from the 1993 Pelotas (Brazil) birth cohort
study. J Adolesc Health. 2006;39(5):669–77.

55. McCambridge J, Strang J. Age of first use and ongoing patterns of legal and
illegal drug use in a sample of young Londoners. Subst Use Misuse.
2005;40(3):313–9.

56. King KM, Chassin L. A prospective study of the effects of age of initiation of
alcohol and drug use on young adult substance dependence. J Stud
Alcohol Drugs. 2007;68(2):256–65.

57. Hingson RW, Heeren T, Edwards EM. Age at drinking onset, alcohol
dependence, and their relation to drug use and dependence, driving
under the influence of drugs, and motor-vehicle crash involvement
because of drugs. J Stud Alcohol Drugs. 2008;69(2):192–201.

Chang et al. BMC Public Health         (2019) 19:1307 Page 12 of 13



58. Maldonado-Molina MM, Lanza ST. A framework to examine gateway
relations in drug use: an application of latent transition analysis. J Drug
Issues. 2010;40(4):901–24.

59. Kirby T, Barry AE. Alcohol as a gateway drug: a study of US 12th graders. J
Sch Health. 2012;82(8):371–9.

60. Nkyi AK. Adolescents’ use of alcohol, tobacco, and marijuana: the gateway
to other drugs. Int J Psychol Behav Sci. 2015;5(4):158–68.

61. Wang C, Hipp JR, Butts CT, Lakon CM. The interdependence of cigarette,
alcohol, and marijuana use in the context of school-based social networks.
PLoS One. 2018;13(7):e0200904.

62. Bandura A. Self-efficacy: toward a unifying theory of behavioral change.
Psychol Rev. 1977;84(2):191–215.

63. Leventhal AM, Schmitz JM. The role of drug use outcome expectancies in
substance abuse risk: an interactional-transformational model. Addict Behav.
2006;31(11):2038–62.

64. Willner P. A view through the gateway: expectancies as a possible pathway
from alcohol to cannabis. Addiction. 2001;96(5):691–703.

65. Chen WJ, Ting T-T, Chang C-M, Liu Y-C, Chen C-Y. Ketamine use among
regular tobacco and alcohol users as revealed by respondent-driven
sampling in Taipei: prevalence, expectancy, and users’ risky decision making.
J Food Drug Anal. 2013;21(4S):S102–5.

66. Volz E, Wejnert C, Cameron C, Spiller M, Barash V, Degani I, Heckathorn DD.
Respondent-driven sampling analysis tool (RDSAT) version 7.1. In. Ithaca, NY:
Cornell University; 2012.

67. Wejnert C, Heckathorn D. Respondent-driven sampling: operational
procedures, evolution of estimators, and topics for future research. In:
Williams M, Vogt WP, editors. The SAGE handbook of innovation in social
research methods. London: SAGE Publications, Ltd; 2011. p. 473–97.

68. Elliott AC, Reisch JS. Implementing a multiple comparison test for
proportions in a 2xc crosstabulation in SAS®. Proc SAS User’s Group Int.
2006;31:204–31.

69. Engels RCME, ter Bogt T. Outcome expectancies and ecstasy use in visitors
of rave parties in the Netherlands. Eur Addict Res. 2004;10(4):156–62.

70. Christiansen BA, Smith GT, Roehling PV, Goldman MS. Using alcohol
expectancies to predict adolescent drinking behavior after one year. J
Consult Clin Psychol. 1989;57(1):93–9.

71. Smith GT, Goldman MS, Greenbaum PE, Christiansen BA. Expectancy for
social facilitation from drinking: the divergent paths of high-expectancy and
low-expectancy adolescents. J Abnorm Psychol. 1995;104(1):32–40.

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

Chang et al. BMC Public Health         (2019) 19:1307 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study sample
	Measurement
	Early onset of tobacco or alcohol use
	Drug use history
	Ketamine expectancy

	Data analysis
	RDS-weighted analyses
	Group comparisons
	Weighted logistic regression analysis


	Results
	Groups by ketamine-using experience
	Ketamine expectancies
	Early-onset tobacco or alcohol use and ketamine expectancies
	Relations of ketamine expectancies to ketamine use

	Discussion
	Implications
	Limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

