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OBJECTIVES: Associations between khat (Catha edulis) chewing and different adverse oral-dental health
conditions have been reported, yet evidence is still lacking. This study was designed to investigate the associa-
tion between long-term regular khat chewing and self-reported oral symptoms.

METHODS: A cross-sectional study was conducted on a sample of 1,255 university students in southern Ethi-
opia. Data on khat chewing status, a range of oral symptoms and other pertinent variables were collected us-
ing self-administered questionnaires. The association between long-term regular khat chewing and oral symp-
tom count was investigated using negative binomial regression.

RESULTS: The mean oral symptom count among long-term regular khat chewers was 1.75 (standard devia-
tion [SD], 2.18; standard error [SE], 0.31), whereas that among those who were not long-term regular khat
chewers was 1.18 (SD, 1.68; SE, 0.10). After adjustment for other variables, long-term regular khat chewers
had approximately 50% more oral symptoms than those who were not long-term chewers did (adjusted count

ratio, 1.53; 95% confidence interval, 1.12 to 2.10).

CONCLUSIONS: Long-term khat chewing negatively affects the oral health of young university students.
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INTRODUCTION

Studies ranging from case-reports to controlled experiments
investigating the association between khat (Catha edulis) chew-
ing and oral and dental health have been performed. Periodon-
tal pocketing [1,2], gum bleeding [1-3], and gingival recession
[1-5] have been shown to occur at a higher rate among khat
chewers compared to those who do not chew. A dose-response
relationship between khat chewing and the aforementioned ad-
verse outcomes has also been reported [1]. In addition, khat
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chewers were found to have a higher odds of clinical attach-
ment loss than non-chewers were [6]. Moreover, numerous oth-
er consequences associated with the khat chewing habit have
been reported such as oral mucosa white lesions [7,8] (a dose-
response relationship [7]), plasma cell gingivitis [9], oral muco-
sal pigmentation [4], gingival pigmentation [10], oral mucosa
ulceration [3], tooth staining [4], tooth loss [11], stomatitis [12],
and temporo-mandibular joint disorder [13]. Caries, as mea-
sured by the decayed, missing and filled teeth index, have also
been shown to be more likely among khat chewers compared
to non-chewers [14]. Poor oral hygiene [3] and oral dryness [4]
have been documented as occurring more among khat chew-
ers, and a possible link between khat chewing and oral cancer
[15] has also been suggested .

However, contrary to the findings above, several studies have
documented a better periodontal health status among khat che-
wers relative to non-chewers [16,17] or in the chewing side of
the mouth compared to the non-chewing side [4]. In addition,
absence of a significant difference between khat chewers and non-
chewers has been demonstrated in terms of attachment loss [17],
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periodontal status as measured by community periodontal in-
dex [6], gingival inflammation [4], and oral leukoplakia [18].

Clearly, to date, the accumulated evidence is scanty, and the
findings are contradictory. Besides, most previous studies have
investigated the association between khat chewing and the oc-
currence of oral diseases, which were assessed objectively. How-
ever, there are oro-dental conditions that affect wellbeing and
oral health care seeking behaviours, but which cannot be cap-
tured by traditional objective assessments (e.g., discomfort, pain,
xerostomia, changes in the ability to taste, etc.) [19]. Such con-
ditions can only be assessed subjectively through self-report.
Hence, in the present study, the association between khat chew-
ing and oral symptoms was investigated as an input to the on-
going scientific discourse on the association between khat chew-
ing and oral health.

MATERIALS AND METHODS

Study design and subjects

This cross-sectional study was conducted among undergradu-
ate students of Hawassa University in southern Ethiopia. At the
time of data collection, the university had over 17,000 regular
undergraduate students. More description of the university and
the study population is available elsewhere [20].

Because we also had a plan to determine khat chewing prac-
tice and its associated factors among the student population, we
restricted the sample population to only students who were in
their second year of university and above. Those in their first
year were not included because they were considered to be in
a buffer period transitioning from being a high school student
to a university student [20].

Sample size and sampling

Initially, the statistical method proposed to analyse the data
was a Poisson regression; hence, the sample size required for a
Poisson regression analysis was estimated using the software
G*Power version 3.1 (Franz Faul, Universitit Kiel, Kiel, Ger-
many) [21]. However, Poisson regression was not performed,
and the data were analysed using a negative binomial regres-
sion. The following assumptions were used in this calculation: a
to-be-detected effect size (exp [B1]) of 1.5, alpha-value of 0.05
(two-tailed), power of 80%, disease rate in non-chewers (base
rate exp [Bo]) of one (based on our best guess since there was
no prior information available), fixed mean exposure time of
one month and variance accounted for by other predictors (R?
other X) of 0.5. Since there was no prior information on the
variance, this value was used instead of the default zero to max-
imize the sample size. In addition, a binomial distribution for
the exposure variable, long-term regular khat chewing (i.e., X

distribution = binomial), was used. The parameter of the expo-
sure variable (X-param nt) was set at 28 % based on the current
prevalence of khat chewing among students of Axum Universi-
ty, Ethiopia [22]. This percentage was used as a proxy for the
prevalence of long-term regular khat use since it has not been
previously estimated. With these assumptions, the required sam-
ple size was found to be 377. Considering a design effect of 1.5
and a non-response rate of 5%, the final estimate was 595. As
this study was part of a larger study designed to address other
objectives that require a sample size as large as 1,290, the sam-
ple size requirement to address our objective for this paper was
fulfilled.

The sampling was accomplished using a two-stage stratified
cluster sampling design. All undergraduate study programmes
within the university constituted the primary sampling units.
From each college/institute, two primary sampling units were
selected using simple random sampling. Within each primary
sampling unit, sections/classes formed the secondary sampling
units. Then, the secondary sampling units were stratified by uni-
versity year of study (second year, third year, fourth year and
above). From each year of study, one secondary sampling unit
was selected using simple random sampling. All of the students
in the selected secondary sampling unit were included in the
study since students within a university are assumed to be rela-
tively homogenous.

Data collection instruments and procedures

The data collection was accomplished using a pre-tested self-
administered questionnaire. The questionnaire contained items
to assess khat chewing behaviour and other relevant variables.
It also contained nineteen items about oral symptoms such as
toothache, sores/irritations in the mouth, gingival bleeding, oral
malodour, dry mouth, teeth sensitive to heat/cold, and tempo-
ro-mandibular joint pain. These items were adapted from the
study of Locker and Miller [23]. Such subjective oral health sta-
tus assessment techniques have been used in different popula-
tions worldwide and have been found useful for epidemiologi-
cal studies on the oral-health status of populations where clini-
cal assessments of oral health are costly [23,24].

Data were collected in a class after the necessary information
on privacy and confidentiality and a comprehensive instruction
on how to complete the questionnaire were provided to the
study participants. While an Amharic-version of the question-
naire was mainly used for the data collection, the English ver
sion of the questionnaire was made available for those who re-
ported difficulty understanding Amharic. All data collection
sessions were facilitated by facilitators who were not part of the
respective campus community. In addition, no one outside of
the study was allowed to enter the classrooms at the time of
data collection to ensure maximum privacy.



Variables

The dependent variable was oral symptom count. Respon-
dents were asked a series of nineteen questions on whether
they had specific oral symptoms within the four weeks preced-
ing the study. Then, a new variable was computed for the num-
ber of symptoms each respondent reported, and this new vari-
able was used for subsequent analyses in this study as a count
variable.

The major explanatory variable was long-term regular khat
chewing defined as khat chewing for at least three years with a
frequency of at least once a week. Regular chewing was catego-
rized as yes or no. Other independent variables were also con-
sidered mainly to control for their potential confounding effects
on the association between khat chewing and oral symptom
count. These variables included cigarette smoking in the past 12
months (yes/no), usually using sugar in hot drinks (yes/no), fre-
quency of soft drink consumption (less than once a week or
never vs. one or more times per week), self-reported dental flu-
orosis (yes/no), tooth brushing (using a brush and tooth paste)
frequency (not at all, less than once a day, one or more times
per day), alcohol consumption in the past 12 months (yes/no),
amount of monthly pocket money (in quintiles) and sex (female
vs. male). Monthly pocket money was used as a proxy indica-
tor of socioeconomic position.

Statistical analysis

To facilitate detection of data-entry errors, all data were en-
tered twice using the software EPI Info version 3.5 (Centers for
Disease Control and Prevention, Atlanta, GA, USA). Data en-
try errors were corrected by comparing the two independently
entered datasets. Further data analyses were accomplished us-
ing Stata version 12 (StataCorp., College Station, TX, USA).

As is commonly encountered in self-administered question-
naires, we had some variables with item-missing data. Multiple
imputation using chained equations [25] was performed in Sta-
ta to replace missing items and to retain as many of the respon-
dents as possible in the analysis. Twenty imputations (M=20)
were created for each missing item using a burn-in period of 10
after checking the convergence of the imputation models using
trace plots, as recommended in the Stata manual. Augmented
regression was used to handle cases of perfect prediction when
using categorical predictors [26]. Most of the important vari-
ables with item-missing data were successfully imputed. How-
ever, because the imputation models failed to converge, some
variables were not imputed. Sensitivity analyses were employed
by comparing the descriptive summaries of the imputed vari-
ables before and after imputation, and the analyses showed
comparable results confirming the absence of any aberrations
during the imputation [26].

The analysis was performed considering the complex sam-
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pling design. Hence, the stratification and clustering both in the
first and second stages of sampling were taken into account. In
addition, an analysis weight was employed that accounted for
the unequal probability of selection in the first and second stage
sampling units as well as a post-stratification adjustment factor
based on the sex of the respondents [27].

To determine the association between long-term regular khat
chewing and oral symptom count, a negative binomial regres-
sion was used instead of a Poisson regression since the assump-
tion was not fulfilled due to the overdispersion of the data [28].
Univariable negative binomial regression using the major ex-
planatory variable and each of the possible confounders was
undertaken as the initial step. Then, variables with p-values of
less than or equal to 0.25 in the univariable regression and those
deemed important based on the literature were selected for in-
clusion into the initial multivariable model [27]. Serial refining
and refitting of the initial multivariable model was also carried
out. Variables with insignificant coefficients whose removal did
not significantly affect the model as a whole and individual vari-
ables remaining in the model were deleted. Any improvement
in the model was checked by including relevant interactions
and higherorder terms one at a time, but none was found sig-
nificant. Thus, the final model was a main-effects model con-
taining the major explanatory variable (long-term regular khat
chewing) and four other covariates (cigarette smoking, self-re-
ported dental fluorosis, frequency of soft drink consumption
and pocket money). After running the final model, the average
adjusted predictions of oral symptom count by khat chewing
status were estimated using Stata’s user written command
“mimrgns” [29]. The reproducibility of the results, which were
based on multiply-imputed data, was assessed using Monte
Carlo error estimates as per White et al.’s [25] guidelines. The
Monte Carlo error estimates suggested that the results are quite
reproducible. In other words, our results would be stable “across
repeated uses of the same imputation procedure” [26].

Ethics statement

This study was approved by the institutional review board
(IRB) of the College of Medicine and Health Sciences of Ha-
wassa University, Hawassa, Ethiopia (IRB No. IRB/165/05).The
respondents did not provide any personal identifiers on the
questionnaires to ensure the anonymity of their responses. Re-
spondents took part in the study voluntarily after a verbal in-
formed consent that was endorsed by the aforementioned IRB.

RESULTS

Of the 1,290 proposed study participants, 1,255 completed a
questionnaire resulting in a nonresponse rate of 2.7%. Three
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respondents with missing information on the survey design vari-
ables were excluded by a case-wise deletion. Hence, the results
in this article are based on 1,252 respondents with complete
information (after imputation) for all variables used in this study.

Table 1. Oral symptoms according to khat chewing status among
university students at Hawassa University, southern Ethiopia, June
2014

Long-term regular

Oral symptom khat chewing
Yes No
Tooth ache 16.6 11.6
Pain in the jaw joint while chewing 16.8 7.2
Dryness of the mouth 14.4 53
Mouth ulcers 13.6 45
Burning sensation in the tongue or other parts of 13.0 5.1
the mouth
Pain in the jaw joint while opening the mouth wide 12.8 49
Bad breath 10.3 111
Unpleasant taste 95 1.0
Pain in the teeth with hot/cold foods/fluids 9.4 9.3
Bleeding gums 9.2 14.0
Shooting pain in the face or cheeks 8.0 5.6
Difficulty opening the mouth wide 7.5 25
Cold sores 6.9 35
Pain in the face in front of the ear 6.5 5.0
Sore gums 52 5.6
Clicking/grating noise in the jaw joint 5.1 2.1
Pain in the teeth with sweet foods 3.8 5.7
Changes in the ability to taste 3.7 45
Pain or discomfort from dentures 1.0 1.0

Values are presented as %.

Of all the study participants, 7.6% (95% confidence interval
[CI], 3.7 to 11.4%) were long-term regular khat chewers. There
was no significant difference in terms of mean age between those
who were long-term regular khat chewers (mean, 22.3 years;
standard deviation [SD], 1.48 years) and those who were not
long-term regular khat chewers (mean, 21.4 years; SD, 1.54
years). However, more males (9.9%) were long-term regular
khat chewers than females were (1.0%).

The oral symptoms reported more frequently by the long-
term regular khat chewers included pain in the jaw joint while
chewing (16.8%), tooth ache (16.6%), dryness of the mouth
(14.4%), mouth ulcers (13.6%), and a burning sensation in the
tongue or other parts of the mouth (13.0%). Details of the oral
symptoms by khat chewing status are shown in Table 1.

The mean oral symptom count in the previous four weeks
among the long-term regular khat chewers was 1.75 (SD, 2.18;
standard error [SE], 0.31), whereas the mean among those who
were not long-term regular khat chewers was 1.18 (SD, 1.68;
SE, 0.10). After adjustment for other covariates, long-term reg-
ular khat chewers had approximately 50% more oral symptoms
than those who were not long-term regular khat chewers (ad-
justed count ratio, 1.53; 95% CI: 1.12 to 2.10) (Table 2).

The average adjusted prediction of oral symptom count among
the long-term regular khat chewers was 1.80 (SE=0.24). How-
ever, for those who were not long-term regular khat chewers,
the average adjusted prediction was 1.17 (SE=0.09). Thus, if all
study participants were treated as long-term regular khat chew-
ers, the mean symptom count would be 1.80, and if all were
treated as not being long-term regular khat chewers, the mean
symptom count would be 1.17.

Table 2. Association between long-term regular khat chewing and oral symptom count among university students after adjustment for co-

variates, Hawassa University, southern Ethiopia, June 2014

Variable' Crude count ratio (95% Cl) Adjusted count ratio? (95% ClI)
Long term regular khat chewing

No 1.00 1.00

Yes 1.48 (0.92, 2.40) 153(1.12, 2.10)
Cigarette smoking in the past year

No 1.00 1.00

Yes 1.28 (0.76, 2.15) 1.21(0.76, 1.94)
Self-reported dental fluorosis

No 1.00 1.00

Yes 1.39 (1.05, 1.83) 1.31(0.99, 1.74)

Frequency of soft drink consumption
Less than once a week or never
One or more times per week

Monthly pocket money?

1.00
0.75(0.61,0.93)
091 (0.83,0.99)

1.00
0.80 (0.60, 1.06)
091(0.82, 1.00)

Cl, confidence interval.

The initial multivariable model also included using sugar in hot drinks, tooth brushing, alcohol consumption and the sex of the respondent as covariates. How-
ever, they were subsequently deleted from the model because their coefficients were not significant and their removal did not significantly affect the model as a

whole or the individual variables remaining in the model.
’Adjusted Wald test for all parameters: F (5, 3.6)=9.20, p=0.0332.
*Entered as a continuous variable.



DISCUSSION

In this study, the association between the number of self-re-
ported oral symptoms and khat chewing in a population of uni-
versity adolescents and young adults was investigated. Our data
strongly suggest that chewing khat regularly for a long period is
associated with higher self-reported oral symptoms. The aver
age adjusted prediction of these symptoms is also clearly higher
among those who were engaged in chewing khat regularly than
those who were not.

The findings of the present study support a previous finding
from Yemen among relatively older dental clinic patients amongst
whom the khat chewers were found to have more oral com-
plaints than the non-chewers were [3]. As mentioned above,
khat chewing has been suggested to be associated with several
oral morbidities. Different mechanisms by which khat chewing
can bring about different adverse oral health outcomes have
been suggested in the literature. First, the continuous mechani-
cal friction and irritation on the cheeks, gums and other oral
tissues may cause trauma to the oral structures and lead to dif-
ferent pathological changes in the oral cavity [1,2,6,8]. Al-Shar-
abi et al. [6] have pointed out that vertical impaction of khat fi-
bres into the periodontium might lead to later periodontal ab-
normalities such as gum recession and periodontal pocketing.
However, the possibility of check biting while chewing khat has
not been mentioned elsewhere in the literature. Especially since
the buccal mucosa becomes hypertrophic due to the chronic ir-
ritation [30] from khat chewing, the incidence of cheek biting is
expected to be more likely in these individuals, causing consid-
erable trauma to the buccal tissue. Cobian et al. [13] have docu-
mented a high prevalence of radiographic findings of condylar
flattening and temporo-mandibular joint narrowing with asso-
ciated joint pain and difficulty of mouth opening among khat
chewers, which seem to be due to the mechanical effect of
chronic khat chewing on the temporo-mandibular joint.

A second mechanism is thought to act through the toxic and
irritating effects of the chemicals, especially the tannins, in khat
[8,31]. Halbach [32] has noted that the frequent encounter of
stomatitis among khat chewers could be attributed to the astrin-
gent tannins. Histopathological studies of the effects of khat on
human oral mucosa under in vitro [31] and in vivo [33] condi-
tions have also shown abnormal changes that could be attribut-
ed to the effects of the chemicals in khat as well as the mechani-
cal effects. A third mechanism by which khat could adversely
affect oral health is through the toxic effects of pesticides ap-
plied to the khat plant in the process of production. A previous
study has shown that people chewing khat grown with pesti-
cides have more chronic health complaints than do those chew-
ing khat grown without pesticides [34]. As pesticides may per
meate the khat tissues, washing the leaves before chewing might
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not remove these chemicals, and hence continue to cause an
insult to oral health (and general health) [33,34]. A fourth and
indirect mechanism might be the use of soft drinks and sugar
crystals to counteract the bitter taste of khat. As these substanc-
es are cariogenic, they increase the likelihood of developing den-
tal caries [14].

Hence, the occurrence of more oral complaints among regu-
lar khat chewers in the current study might be due to a combi-
nation of the different mechanisms through which khat chew-
ing is expected to act to cause adverse oral health effects. How-
ever, the younger age profile of the study participants is worth
noting. Among these khat chewers, the cumulative exposure to
the khat chewing habit is expected to be much less than that of
older adults and elderly people with the habit. Furthermore,
advanced periodontal diseases are likely to be minimal in a youn-
ger population [35].

In addition, only self-reported information about oral symp-
toms was obtained in the present study. Some indicators of oral
health disorders are detectable only through clinical oral exami-
nation such as gingival recession, bleeding on probing, mucosal
white changes and others, which were not assessed here. Thus,
if both the self-reported symptoms and the clinical signs were
combined to form a sign/symptom count, the mean count in
each khat chewing status group and the difference of the counts
between the two groups could be larger.

Nevertheless, the fact that more oral symptoms were identified
among the long-term khat chewers in the current study might
indicate that more oral health care is needed among these stu-
dents. However, oral diseases are among the most expensive
conditions to treat worldwide [36]. In developing countries, the
cost is unaffordable [36]. Given that Ethiopia has one dentist
per one million people [37], oral health service would be not
only unaffordable but inaccessible. Therefore, avoiding or reduc-
ing the exposure to the risk factors seem the more plausible
option.

In conclusion, long-term regular khat chewing was found to
increase the occurrence of oral symptoms among university stu-
dents. Health professionals and other concerned bodies should
consider khat chewing as a possible threat to oral health and
take proper actions. Moreover, university students should be in-
formed of the possible adverse oral health effects of khat chewing.
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