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Abstract

Aim: The study aimed to evaluate the psychometric proper-
ties of the Problematic Khat Use Screening Test (PKUST-17)
in Ethiopia. Methods: A validation study of PKUST-17 was
carried out among 510 khat users, using a house-to-house
survey. Confirmatory factor analysis and 2-parametric item
response theory (IRT) were used to evaluate the construct
validity of PKUST-17. We also used Spearman'’s rank-order
correlation coefficient and other test statistics to assess the
convergent validity of PKUST-17 with depression symptoms,
functional impairment, and other characteristics of partici-
pants. We generated latent classes of problematic khat use
using latent profile analysis (LPA) and validated the classes
using multinomial logistic regression. Results: The data con-
firm the unidimensional model of the PKUST-17. The internal
consistency of PKUST-17 was excellent (Cronbach’s alpha =
0.93). IRT discrimination parameters indicated that each
item had a strong ability to distinguish participants across
the spectrum of problematic khat use (a thresholds range

from 1.02 to 2.9). The items were fairly or moderately severe
to be endorsed by participants ( thresholds vary from 1.43
to 5.57). The LPA identified three latent classes which have
severity differences: mild (34%), moderate (34%), and severe
(32%) problematic khat use. Depression symptoms, func-
tional impairment, and other khat use patterns were also as-
sociated with moderate and severe problematic khat use
class membership compared to mild problematic khat use
class. Conclusion: We found that the PKUST-17 is a culturally
appropriate, brief, easy to use, and psychometrically sound
screening test. PKUST-17 can be used to screen khat users
with different levels of risk for providing stepped care at dif-
ferent healthcare levels, including integration of services in
primary care. Future studies need to test the predictive ca-
pacity of the PKUST-17 for khat-related harms.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

There has been a long history of chewing khat (Catha
edulis [Vahl] Forssk. ex Endl), an evergreen shrub/tree
which contains an amphetamine-like stimulant [1]. Khat
is a type of natural amphetamine because its ingredients,
such as cathinone, cathine, and norephedrine, have a sim-
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ilar chemical structure to amphetamine [2]. United Na-
tions Convention on Psychotropic Substances scheduled
cathinone and cathine in schedule I and IV, respectively,
but the plant khat itself is not scheduled [3]. The khat
plant’s fresh leaves typically include 114, 83, and 44 mg of
cathinone, cathine, and norephedrine per 100 g, respec-
tively [4].

Khat use is common in many East African countries
and the Arabian Peninsula, and also East African immi-
grants who live in Western countries. The current preva-
lence of khat use in adults is estimated to be as high as
67.9% in Yemen, 59% in Somalia [5, 6], and 15.3% in Ethi-
opia [7]. A systematic review found that the prevalence of
khat use among adolescents, specifically high school and
higher education students, is 16.7% in Ethiopia [8].

Khat is used for various sociocultural reasons in differ-
ent settings [9, 10]. For example, people often report that
they chew khat to stay alert during praying or studying
religious issues and to connect with people for social
gatherings during weddings and funeral ceremonies.

Regarding mental health and khat use, psychotic
symptoms have been reported among heavy khat users
[11]. However, a systematic review concluded that there
is no evidence for an association between khat use and
severe mental disorders [12], but the impact of khat use
on common mental disorders could be significant [13].

Although little is known about which pattern of khat
use is associated with adverse consequences, problematic
khat use patterns might be associated with different ad-
verse effects than khat use per se. Thus, recently, prob-
lematic khat use has been a concern of researchers and
policymakers [14-16]. We have done a series of studies
focusing on what constitutes problematic khat use [17,
18]. We found problematic khat use is a dysfunction of
khat use characterized by frequent use, chewing for long
hours, khat use-specific and khat use-related financial
harms, and different withdrawal experiences [18].

While there are many screening tools for other psy-
choactive substances such as problematic cannabis and
alcohol use [19, 20], little progress had been made to mea-
sure problematic khat use. Diagnostic and Statistical
Manual (DSM-5) criteria for stimulant use disorders
were found to be valid for problematic khat use in Ethio-
pia [21], but the validation was limited to construct valid-
ity and therefore there is no strong psychometric evi-
dence against DSM-5 to be used among the general pop-
ulation in Ethiopia. DSM-5 has also limited utility for
screening problematic khat use by nonmental health pro-
fessionals since it was designed for diagnosis in clinical
settings. The DSM-5 is not designed for lay provider use
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and would require an intensive training to enable a lay
provider to use it appropriately. Thus, there is a need for
akhat screening measure that is more easily administered
by lay providers.

The severity of dependence scale [22] is currently the
most widely used measure of problematic khat use, but it
only measures a narrow concept of problematic khat use.
Thus, taking previous theoretical and methodological les-
sons, we have developed the Problematic Khat Use
Screening Test (PKUST-17) following standardized and
rigorous procedures [17, 18]. PKUST-17 is a problematic
khat use screening test with 17 items focusing on the fre-
quency of khat use, amount of time spent chewing khat,
financial problems, and different withdrawal experiences
[23]. The current study aimed to evaluate the psychomet-
ric properties (internal consistency and concurrent, con-
vergent, and construct validity) of PKUST-17 in the Gu-
rage Community, South-central Ethiopia.

Materials and Methods

Study Design
We used a community-based cross-sectional survey to investi-
gate the psychometric properties of the PKUST-17.

Study Setting

The study was conducted in Wolkite town and Kebena district,
Gurage zone, located 158 km south of Addis Ababa, the capital city
of Ethiopia. The area comprises both urban and rural residents.
We have reported detailed descriptions of the study setting in our
previous formative qualitative study [17].

Source Population, Sample Size, and Sampling

This validation study’s target population was all adults (18 years
and above) who have lived in Wolkite town and Kebena district for
at least 6 months. All the five accessible rural subdistricts of the Ke-
bena district, surrounding Wolkite town, and three subdistricts
from Wolkite town were selected and included in the study. Sub-
district, kebele, is the smallest administrative unit in the study set-
ting. We found a sampling frame from health posts in each subdis-
trict. We used a two-stage random selection method called the Kish
method [24]. We first randomly selected the households, and then
we chose participants among the eligible persons within a house-
hold. Informed by a pilot study and rules of thumb recommended
in the literature, we used a sample size of 30 participants per item
for confirmatory factor analysis (CFA) and latent profile analysis
(LPA) [25, 26]. Thus, the required sample size was 510 given the 17
items are included. Simulation studies for latent class and LPA sug-
gested sample sizes of 300-500 are typically appropriate so our
sample is also sufficient for this type of analysis [27]. Since we found
it was not feasible to interview all samples by clinicians using DSM-
5 criteria, convergent validity evaluation, we did subsampling.
Thus, using a statistical formula to determine how many of the khat
users should be interviewed for DSM-5 [28], we determined and
randomly selected a sample of 232 participants.
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Measures

Sociodemographic Characteristics and Patterns of Khat Use

We used a structured questionnaire to collect data on sociode-
mographic characteristics (sex, age, marital status, relative wealth,
residence, educational, and academic status) and patterns of khat
use (amount of khat use, frequency of khat use, duration of khat
use, and time of khat session).

Problematic Khat Use Screening Test

PKUST-17 is used to measure problematic khat use. PKUST-17
is a newly developed screening tool with 17 items and a 5-point
(0-4) Likert scale response format. The total scores of the tool range
from 0 to 68. PKUST-17 was developed using a series of studies;
systematic review, qualitative study, experts’ consensus meetings,
cognitive interviewing, and pilot study [17, 18]. The systematic re-
view and qualitative study aimed to conceptualize the construct
problematic khat use and to develop a pool of items that constitute
problematic khat use. Other studies were used for item refinement
and item reduction. We reported the development and initial psy-
chometric properties of the PKUST-17 in another study [23].

DSM-5 Criteria for Stimulant Use Disorders

We used the DSM-5 criteria of stimulant use disorders [29] to
diagnose people with khat use for khat use disorder using mental
health professionals. Stimulant use disorder criteria of the DSM-5
have 11 items in four domains: impaired control, pharmacological
criteria, social impairment, and risky use. A previous study in Ethi-
opia suggested DSM-5 has an acceptable construct validity to mea-
sure khat use disorder [30]. In the current sample, the internal
consistency (Cronbach’s alpha) of the FDM-5 was 0.95.

Depression

The nine items Patient Health Questionnaire (PHQ-9) was used
to screen depression symptoms in the general population [31].
PHQ-9 has been validated in Ethiopia, both in rural and urban set-
tings [32, 33]. They found PHQ-9 has acceptable psychometric
properties. It is also a one-factor measure with a cut-off point of five
and above in rural settings and ten and above in urban settings. In
the urban setting, PHQ-9 sensitivity was 86% and specificity was
67% [33]. In the rural setting PHQ-9 sensitivity was 83.5% and
specificity was 74.7% [32]. In the current sample, the internal con-
sistency (Cronbach’s alpha) of this questionnaire was 0.76.

Disability

We used the World Health Organization Disability Assessment
Schedule (WHODAS 2.0) to measure disability [34]. WHODAS
2.0 has 12 items and measures cognition (understanding and com-
municating), community participation, life activities (home, aca-
demic, and occupational functioning), self-care, getting along with
people, and mobility (getting around) [34, 35]. The instrument was
validated in Ethiopia and reported acceptable psychometric prop-
erties [35]. WHODAS 2.0 has also been recommended to be an
essential patient-reported outcome measure for all DSM-5 or ICD-
11 substance use or psychiatric disorder [36]. In the current sam-
ple, the internal consistency (Cronbach’s alpha) of WHODAS 2.0
was 0.89.

Social Support
The three items Oslo social support scale (Oslo-3) was used to
measure social support. Oslo-3 measures perceived social support

Validation of the Problematic Khat Use
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level and have overall scores ranging from 3 to 14. Lower values
indicate poor social support. Oslo-3 has also been used previously
in Ethiopia without any indication of issues with validity in this
population [37, 38]. In the current sample, the internal consisten-
cy (Cronbach’s alpha) of Oslo-3 was 0.81.

Stressful Life Events

A list of threatening events (LTE) is a list of significant and
threatening events such as loss of relationships, death of close per-
sons, and jail [39]. LTE items are dichotomous with the “No” or
“Yes” response format. LTE has good reliability (test-retest reli-
ability of 0.61-0.87) and validity (convergent and construct valid-
ity) [39]. LTE questionnaire has also been previously used in rural
Ethiopia again without any indication of validity issues [38].

Alcohol Use Disorder

We used the Alcohol Use Disorder Identification Test (AU-
DIT), developed by WHO, to measure alcohol use disorder [40].
It has ten items assessing alcohol consumption behavior (amount
of alcohol, frequency of drinking, and adverse consequences re-
lated to alcohol use) in the past 12 months. Items in AUDIT have
polytomous response formats ranging from 0 to 4; their total score
ranges from 0 to 40. The cut-off for problematic alcohol use is eight
or more points [41]. In Ethiopia, AUDIT has been used in several
studies, and its internal consistency was found to be very high
(Cronbach’s alpha = 0.84) [42]. In the current sample, the internal
consistency (Cronbach’s alpha) of AUDIT-10 was 0.8.

Household Food Insecurity

We used Household Food Insecurity Access Scale (HFIAS) to
measure household food insecurity. It has nine items with a poly-
tomous response format, ranging from 1 to 3 categories [43]. It
measures anxiety or uncertainty about food supply, insufficient
quality of food both in variety and preference, and inadequate
quantity of food supply. HFIAS has been used and validated in
Ethiopia before, both in rural and urban settings, and found to
have acceptable psychometric properties [44]. In the current
sample, internal consistency (Cronbach’s alpha) of HFIAS was
0.81.

Data Collection Procedure

Trained lay data collectors interviewed participants using the
measures mentioned above. Masters mental health clinicians ex-
amined khat users to diagnose problematic khat use using DSM-5.
Khat users were interviewed for both PKUST-17 and DSM-5, but
the sequence of interviews for both tools was random. Either lay
data collectors go first or clinicians. This was intended to reduce
any bias introduced by administering one tool before the other
[45].

Data Analysis

Convergent validity was assessed using Spearman’s Rho cor-
relation coefficient to calculate the association between total scores
of problematic khat use screening scale and DSM-5 criteria, the
HIFAS, WHODAS 2.0, depression/PHQ-9, social support, and
Stressful Life Events/LTE scales. We used nonparametric statistics,
Kruskal-Wallis, and Mann-Whitney U test, to evaluate the differ-
ence of PKUST-17 scores across different patterns of khat use and
other characteristics of participants. We also used Cronbach’s al-
pha to assess internal consistency [46].
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CFA was used to compare the fit of the data with the unidimen-
sional PKU theoretical model and evaluate the items’ ability. Indi-
ces of acceptable fit for CFA include; Root Mean Square Error of
Approximation close to 0.06, Standardized Root Mean Residual
close to 0.06, and Comparative Fit Index close to 0.95 [47]. Item
Response Theory (IRT) models, specifically graded response mod-
els, were then used to determine item functioning in terms of item
response difficulty and discrimination. Under this model, a sepa-
rate difficult parameter is estimated for each response category for
an item and represents the level of the latent trait at which 50% of
the samples are expected to endorse the response category. One
discrimination parameter, which is related to the concept of the
factor loading in CFA, is estimated per item indicates the degree
to which an item can differentiate between different levels of the
latent trait. These parameters are used to graph the item character-
istic curve, which indicates the expected probability of responding
to each item category across the range of the latent trait. We as-
sessed the IRT assumptions: unidimensionality, local indepen-
dence, and monotonicity. The residual correlation matrix of the
unidimensional CFA with a value of 0.2 above the average residu-
al correlation was considered a critical value to violate the assump-
tion of local independence [48]. Item discrimination parameter
greater than 4 (a < 4 for all items in the current study) provides
evidence that there are no items with local dependence. The item
characteristic curve’s shape looks like the probability of endorsing
an item is not decreasing; thus, it is possible to declare the mono-
tonicity of the PKUST-17 items [49].

A logistic regression-based method, which was preferred over
Mantel-Haenszel-based techniques, was used for IRT differential
item functioning (DIF) evaluation [50]. Due to the presence of a
low sample size per response category, the data could not be fitted
with an ordinal logistic regression modeling technique to assess
test items for DIF. Thus, polytomous items and discrete exposure
variables were recoded to dichotomous variables (response cate-
gory “0” and “17 vs. “2,” “3,” “4”).

LPA was used to uncover latent classes, typologies, of problem-
atic khat use. LPA, like latent class analysis, is a technique used for
discovering latent groups in data by obtaining the probability that
individuals belong to distinct groups [51]. Both LPA and latent
class analysis are model-based methods for estimating population
characteristics and adjusting for measurement error. They also use
probabilities as the basis for an interpretation of statistical outputs
and flexible treatment of variance among classes [52, 53]. Besides,
they have also clinical implications such as designing common in-
terventions based on latent classes’ shared characteristics [54, 55].
In the current study, LPA was applied to uncover latent classes
from the continuous PKUST-17 scores. The optimal number of
classes to extract was determined using standard model fit statis-
tics. Although there is no consensus across the literature about the
absolute criteria for latent class determination, the following fit
statistics are recommended. (a) Bayesian information criterion
(BIC) and sample size adjusted BIC [53, 56], (b) Akaike informa-
tion criteria (AIC), (c) Likelihood tests (i.e., Vuong-Lo-Mendell-
Rubin adjusted likelihood ratio test) [57]. The Likelihood ratio test
provides a p value, which indicates if one model is statistically bet-
ter than another [53].

Lower BIC and AIC indicate a better fit of the classes. In addi-
tion to these parameters, we also report cs, such as Entropy [58],
which indicates the accuracy with which the model defines classes.
This is useful since LPA models are probabilistic with each person
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given a probability of being included in each class. Values closer to
one indicate greater certainty in class assignment [59].

The number of classes to extract was based partly on model fit
statistics but also on the theoretical interpretability of the different
classes [53, 60]. After considering the above criteria, study report-
ing was guided by protocols of reporting latent class models [61].
Descriptive statistics and test statistics (Kruskal-Wallis and ¥ test)
were used to summarize the data and examine differences among
3-class participants. Multinomial logistic regression was used to
validate the three latent classes of PKU. We used Latent GOLD 5.1
[62], STATA 16 [63], and SPSS 23 AMOS [64] computer software
packages for data analysis.

Data Quality Assurance

Those involved with data collection were selected based on
their experience of administering DSM-5 in their routine clinical
practice and many years’ experience using the instruments in-
volved in this study. Then, after brief orientation, we checked in-
ter-rater reliability and found a very high level of agreement. The
Kappa was 0.9 for clinical diagnosis. We trained lay interviewers
for 1 day in the use of an earlier version of the instrument used in
this study and have experience administering the current screen-
ing tool in a series of three studies as part of the development and
validation of the instrument; pretest, bigger pilot study, and the
current validation study. Since the current tool is well structured,
we found that inter-rater reliability was not a problem. The mea-
sures also appear good in layout, and due attention was given to
coding items and responses. The PI did close supervision and a
daily check of the data for completeness and other data collection
gaps during fieldwork. The sequence of administering DSM-5 and
PKUST-17 was random to avoid potential biases. Both lay inter-
viewers and clinicians were masked about the result for the prob-
lematic khat use status of the participant interviewed for the other
tool (PKUST-17 or DSM-5). Data entry with consistency check
was conducted using EpiData [65].

Ethical Considerations

This study was approved by the Institutional Review Board of
the College of Health Sciences (ref 008/18/psy), Addis Ababa Uni-
versity. The information sheet was prepared and presented to each
participant to allow free and informed decision to participate in
the study. The study maintained privacy and confidentiality dur-
ing data collection, handling, and reporting. All standard national
guidelines for COVID-19 precautions, including wearing a face-
mask, physical distancing, and taking hand hygiene measures,
were maintained.

Results

Sociodemographic Characteristics of Participants

In total, 506 people participated in this validation
study. The mean (+SD) age of the participants was 34.4
(x13) (online suppl. Additional File 1; online suppl. Table
1; for all online suppl. material, see www.karger.com/
d0i/10.1159/000522618). About 41% (n = 208) were from
rural area. One hundred and fifteen (24%) participants
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had no formal education. Only very few participants en-
dorse high relative wealth. 42% of the participants rated
their wealth as medium or high relative to other people
they know in their area.

Descriptive Statistics of the PKUST-17 Items

The scale mean (+SD) was 19.6 (+14.5). Internal con-
sistency (Cronbach’s alpha) was 0.93. Among the 17
items, the highest mean was for the item about the fre-
quency of khat use, and the lowest mean was for the item
about the increased amount of khat over time. There were
no floor and ceiling effects. For the overall scale, the pro-
portion of participants with ceiling and floor scores were
1% and 0.2%, respectively. The highest mean score (2.92)
was for the item about frequency of khat use and the low-
est mean score (0.62) was for the item about increased
about of khat over time (online suppl. Additional File 1;
online suppl. Table 2).

Convergent Validity

The Spearman rank-order correlation between
PKUST-17 scores and DSM-5, WHODAS, Oslo-3, PHQ-
9,and LTE were statistically significant. There was a mod-
erate correlation between PKUST-17 scores and DSM-5
(r=0.57; p < 0.05) and PHQ-9 scores (r = 0.5; p < 0.05).
The correlation between PKUST-17 scores and LTE (r =
0.24; p < 0.05), HIFAS (r=0.22; p < 0.05), Oslo-3 (r=—0.3;
p < 0.05), and WHODAS scores (r = 0.33; p < 0.05) was
weak. The correlation between PKUST-17 scores and so-
cial support (Oslo-3) was negative as hypothesized.

Psychosocial Variables, Patterns of Khat Use, A

Summary of PKUST-17 Score

Mann-Whitney U test indicated a statistically signifi-
cant difference in PKUST-17 scores across gender, rea-
sons for khat use, age of onset of khat use, chewing khat
daily or not, chewing khat in the morning or not, level of
stress, depression symptoms, and food insecurity status.
Higher PKUST-17 scores were observed among males,
chewing for relieving distress, started chewing khat be-
fore 18 years, with more stressful experiences and depres-
sion symptoms. PKUST-17 scores did not significantly
varyinresidence, relative wealth or income status, amount
of khat per session, whether they chew alone or with oth-
ers, and physical health condition status. The Dunn post
hoc test for Kruskal-Wallis found that participants who
chew in their homes scored lower in PKUST-17 than oth-
ers who chew at other places. It also indicated that mar-
ried participants also scored higher in PKUST-17 scores
than never-married participants. Dunn post hoc test par-

Validation of the Problematic Khat Use
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ticipants who were employed also recorded more on
PKUST-17 than participants who were farmers or house-
wives in their occupation (online suppl. Additional File 1;
online suppl. Table 3).

Confirmatory Factor Analysis and Item Response

Theory

The items were considered to be suitable for CFA since
the Kaiser-Meyer-Olkin measure of sampling adequacy
was 0.95, and Bartlett’s test of sphericity was significant
(% = 4,769.9, df = 136, p < 0.05). The data confirmed a
unidimensional model of problematic khat use. All 17
items loaded onto the resulting factor with an item factor
loading 0f 0.48 or above except one item about the amount
of time spent while chewing khat (PK16-item) with a fac-
tor loading of 0.35 (online suppl. Additional File; online
suppl. Table 4).

IRT discrimination (slope) parameters indicate the
items’ ability to distinguish participants across the spec-
trum of problematic khat use ranged from 1.02 (increased
amount over time) to 2.9 (depressed mood when not
chewing) except one item about the amount of time spent
chewing khat with value of 0.75. All of the item response
categories had difficulty estimates above one (range 1.43-
5.57) except for one item about khat use frequency. Tak-
en together, this indicates that the scale distinguishes ef-
fectively between those with different levels of problem-
atic khat use risk, except for those at the low end of the
trait with a low likelihood of problematic khat use. Ac-
cording to the IRT test information curve, the current
problematic khat use screening tool provides a lot of in-
formation (i.e., high reliability) in the moderate range of
the latent trait (problematic khat use) (Fig. 1-3).

Both nonuniform and uniform DIF was found for res-
idence, sex, and education. Three items were flagged for
DIF regarding residence, sex, and education. The uni-
form and nonuniform DIF findings are presented in an
additional file (online suppl. Additional File 2).

Latent Profile Analysis

LPA models extracting 1 through 4 classes were con-
sidered. The 2-class model provided the best fit to the data
according to BIC and the 4-class model by the AIC and
SABIC. However, the 4-class model included a class that
contained very few individuals that was not informative
theoretically. Instead, we chose the 3-class model as this
provided the most useful interpretation of the data with
information and had BIC, AIC, and SABIC values very
similar to those of the other models (online suppl. Addi-
tional File 1; online suppl. Table 5).
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Endorsement Probability of the PKUST-17 Items

Class 1 participants’ endorsement probabilities were
below 50% for many items except for an item about the
frequency of khat use (PK1). Class 2 participants’ en-
dorsement probabilities for PKUST-17 items were above
50% except for an item about an increased amount of khat
overtime (PK2). Thus, there is more severity and some
other profile difference among the three classes. Thus, we
named class 1 = “mild problematic khat users,” class 2 =

6 Eur Addict Res
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“moderate problematic khat users,” and class 3 =* severe
problematic khat users.”

The Profile of the Three Problematic Khat Use Classes

The mean PHQ-9, WHODAS, and HIFAs scores for
severe problematic khat users were 7.3,9.13,and 9, respec-
tively. In comparison, the mean PHQ-9, WHODAS, and
HIFAs scores for mild problematic khat users were 2.2,
3.5, and 5.1, respectively. Kruskal-Wallis test found a sig-
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Fig. 3. Endorsement probabilities of PKUST-17 items per three latent problematic khat use classes.

Table 1. Multinomial regression model of problematic khat use classes predicted by different variables

Covariates

Sever versus mild AOR (95% Cl)

Moderate versus mild AOR (95% Cl)

WHODAS scores
PHQ-9 scores
HIFAS scores
Oslo-3 scores
Any chronic health problem
Two and more stressful life events
Regular morning khat use
Place of khat use
Work place
Khat café
Chewing elsewhere
Reasons of khat use (social and
functional reasons)
Marriage (married)
Sex (female)
Agein years
Education
Primary
Secondary
College and above
Amount of khat (USD 1 and above)

1.16 (1.09-1.25)
1.17 (1.06-1.3)
0.04 (0.97-1.11)
0.76 (0.64-0.91)
1(0.45-2.2)

0.88 (0.38-2.02)
2.11(1.04-4.3)

1.53(0.61-3.8)

0.59 (0.14-2.48)
1.93 (0.71-5.23)
0.64 (0.23-1.92)

0.51(0.2-1.3)
0.16 (0.73-6.66)
0.99 (0.96-1.02)

0.52(0.19-1.41)
0.85(0.29-2.47)
0.57 (0.18-2)
2.23(1.08-4.62)

1.12(1.07-1.16)
1.18 (1.09-1.29)
0.99 (0.94-1.04)
0.93 (0.82-1.05)
1.44 (0.8-2.58)
1.28 (0.72-2.28)
2.06 (1.02-4.17)

1.83(0.95-3.5)
0.99 (0.35-2.8)
3.52(1.78-6.94)
2.19(0.73-6.53)

0.85 (0.44-1.63)
5.31(1.07-26.28)
0.94 (0.89-0.98)

0.72(0.34-1.5)
0.49 (0.23-1.06)
0.7 (0.31-1.57)
1.13(0.67-1.92)

Validation of the Problematic Khat Use
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nificant difference in age, HIFAS, PHQ-9, and WHODAS
scores across the three classes of problematic khat use. The
Dunn post hoc test found that participants with moderate
problematic khat use scored more on PHQ-9 and WHO-
DAS than mild problematic khat users. Severe problem-
atic khat users were also higher in their mean PHQ-9 and
WHODAS scores than participants in the mild problem-
atic khat use. Severe problematic khat users were older
compared to mild and moderate problematic khat users.
Moderate and Severe problematic khat users were also
more food unsecured than mild problematic khat users
(online suppl. Additional File 1; online suppl. Table 6).

Latent Class Regression

The likelihood of the participants’ membership to mod-
erate and severe problematic khat use classes is compared
to mild problematic khat use (reference class) using multi-
nomial logistic regression (Table 1: “Normal table”). Par-
ticipants who regularly chew khat in the morning com-
pared to those who did not chew had about 2.06 increase
odds for being in the moderate problematic khat use class
(AOR = 2.06; 95% CI [1.02-4.17]) and 2.11 increase odds
for being in the severe problematic khat use class (AOR =
2.11; 95% CI [1.04-4.3]). A single score increase in depres-
sion symptoms (PHQ-9) had also 1.18 time more or 18%
increase likelihood of being in the moderate and 1.17% or
17% increase likelihood of being in the severe problematic
khat use class compared to mild problematic khat use class
(AOR = 1.18; 95% CI [1.09-1.29]) and (AOR = 1.17; 95%
CI [1.06-1.3]). Regarding functional impairment, a single
score increase in WHODAS scores also had about 1.12
times more likely or 12% increase in the likelihood of being
in the moderate and 1.16 times more likely or 16% increase
likelihood of being in severe problematic khat use class
compared to mild problematic khat use class (AOR = 1.12;
95% CI [1.07-1.16]) and (AOR = 1.16; 95% CI [1.09-1.25]).
The odds of being in the moderate problematic khat use
compared to mild problematic khat use for participants
who chew khat elsewhere, including on the street relative to
those who chew in their homes, were 3.52 (AOR = 3.52;95%
CI [1.78-6.94]). Table 1 shows the full and final multino-
mial logistic regression model of the three problematic khat
use classes as predicted by exposure variables.

Discussion
The current study found that PKUST-17 was a valid

and potentially useful instrument among the general
population, which adds to the existing literature that sup-

8 Eur Addict Res
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ports the use of valid and brief screening tools for identi-
tying problematic substance use [41, 66, 67]. The strong
correlation between PKUST-17 and DSM-5 criteria for
stimulant use disorders indicates that both tools measure
the same construct or very similar construct. Although
there are similarities among the tools, the response cate-
gories were different. Polytomous items had more advan-
tages to measure the severity and gain more information
on the cost of their complexity for some people [32]. We
excluded DSM-5 items such as impairment of control, a
failure to fulfill major role obligations, and other items
about social impairment from the item pool during the
PKUST-17 development study [23]. The normative con-
text of khat use in the study setting might be the reason
to reduce the social impacts due to problematic khat use
[17].

The IRT test information function graph indicated
that the PKUST-17 was precise for people with moderate
level of problematic khat use. Less information was pro-
vided for individuals with latent trait estimates below -3
or above 3. The current TIF graph has a bell shape, unlike
diagnostic tests. The DSM-5 criteria for alcohol use dis-
order and peaked shape at the higher end of the continu-
um tap the cases more severely [68]. Thus, PKUST-17 had
an excellent utility for the general population in the pri-
mary health care setting than in the clinical settings like
diagnostic tests.

The LPA was able to identify three latent classes of
problematic khat use (mild, moderate, and severe). The
latent classes had more severity than typological differ-
ences consistent with the latent class of problematic alco-
hol and cannabis users and behavioral addiction [69-74].
The current prevalence of mild, moderate, and severe
problematic khat use was 34%, 34%, and 32%, respective-
ly, using PKUST-17. A previous study had reported
10.5%, 8.8%, and 54.5% prevalence of mild, moderate,
and severe levels of problematic khat use using DSM-5
among the general population and university students in
Ethiopia [21]. The current study is also similar to this pre-
vious study which found a 3-class model of problematic
khat use using DSM-5 with 35%, 33%, and 32% propor-
tion of participants [21]. In line with the previous study,
the current study supports that a data-driven approach
using latent models such as LPA is vital to uncover latent
subgroups.

The findings from the current study using LPA also
support the hypothesized relationship of severity of prob-
lematic khat use with psychosocial problems, khat use
patterns, and functioning problems. Participants with
more depression symptoms, functional impairment, and
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poor social support were in severe or moderate problem-
atic khat users’ class. There was also evidence that stimu-
lants like problematic khat use had been associated with
depression [75, 76]. Moderate and severe problematic
khat use could precipitate depression indirectly by im-
pairing psychological adjustment and social support.
Similar evidence has been reported that problematic khat
users report more common mental health or depression
symptoms and functional impairment or poor quality of
life [21]. Depression symptoms and functioning prob-
lems did not significantly discriminate moderate and se-
vere problematic khat use classes because it suggested fur-
ther investigation about the two classes’ distinctive nature
using prospective studies. Patterns of khat use (chewing
in the morning, increased amount of khat, and place of
khat session) were also significantly associated with mod-
erate or severe problematic khat use class membership
compared to mild problematic khat user class. This re-
sembles the existing knowledge of latent class member-
ship of problematic alcohol [69] and cannabis use [77].
One previous study also found that patterns of use such
as frequency and chewing khat in the morning were es-
sential indicators of problematic khat use [21]. Generally,
the LPA findings further infer that PKUST-17 could dis-
criminate different types of PKU groups.

There are several strengths and limitations of the cur-
rent study. Among the strengths, we attempted to over-
come many of the previous studies’ limitations that fo-
cused on measuring problematic khat use with the deduc-
tive (etic) approach only. Most extant instruments were
also methodologically constructed using classical test the-
ory with its psychometric limitations that directly impact
severity measurement. We applied IRT and a data-driven
method of validation, LPA. The cross-sectional nature of
the current study did not examine the predictive validity
of PKUST-17. Thus, the study would not indicate the re-
sponsiveness that could change the current screening
tool’s ability. The study lacked evidence to infer the ap-
plication of PKUST-17 among adolescents with problem-
atic khat use. Criterion validity could be the strongest but
hard to achieve scale validity. We could not get a “gold”
standard to evaluate PKUST-17 criterion validity. Since
we hypothesis the current PKUST-17 is expansive and
had many items which did not find in the DSM-5, we
hesitated to consider DSM-5 as a real gold standard. Re-
coding variables to a different type than the original mea-
surement might force the statistical model fitness during
IRT DIF analysis. Thus, the lack of sufficient samples per
response category to fit an ordinal logistic regression
modeling technique and assess the test items for DIF was

Validation of the Problematic Khat Use
Screening Test

also a limitation. Since khat is culturally a less acceptable
behavior for women than men in the study setting in spe-
cific, and in Ethiopia in general, they less may be less like-
ly to endorse use. Although the current study as well as
the previous studies used random sampling, the preva-
lence of khat use among women is very low [78, 79]. Thus,
much of the evidence about khat use, including the cur-
rent findings mainly apply for men. The current measure
does not introduce disparity between men and women.

Conclusion

The PKUST-17 was the first culturally appropriate and
psychometrically sound screening test that followed a rig-
orous methodology for scale development and validation.
It would be useful for screening problematic khat users at
different risk levels. The data confirmed the unidimen-
sional model of problematic khat use. PKUST-17 had a
moderate level of correlation with DSM-5 and PHQ-9
scores. The PKUST-17 scores were also different across
variables such as reasons for khat use, household food in-
security access, daily use, occupation, chewing khat in the
morning, place of khat use, and alcohol drinking. Thus,
there was evidence for the convergent validity of the
PKUST-17. IRT also indicated acceptable severity and
discrimination for all PKUST-17 items. According to the
IRT test information curve, the current problematic khat
use screening tool provided high information, which is
high reliability, in the moderate range of the latent trait
(problematic khat use). The LPAs indicated a 3-class so-
lution as the best-fitting model. The three distinct latent
classes were different based on severity than typology.
The numbers of participants for every three classes were
proportional. Depression, social and functional impair-
ments, and other typical indicators of problematic khat
use such as chewing khat in the morning and amount of
khat were statistically significant with problematic khat
use class membership which further inferred evidence of
validity for the construct problematic khat use and the
discriminate ability of PKUST-17. In addition to accept-
able psychometric properties, the current tool also con-
forms to the criteria for the relevance of a given test, such
as simplicity, ease to understand, brief (maximum 20)
items, capable of being self-administered requiring spe-
cific training for administration [80]. Further studies
need to test the predictive capacity of the PKUST-17 for
khat-related harms.
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