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Abstract

Introduction

Tuberculosis (TB) is a leading cause of morbidity and mortality in low and middle-income

countries. Substance use negatively affects TB treatment outcomes. Our recent study has

found that khat use predicted poorer adherence to anti-TB medications. However, there is

scarce longitudinal study on predictors of khat use among outpatients with TB, and this

study aimed at addressing this research gap.

Methods

From October 2017 to October 2018, 268 outpatients with tuberculosis on DOTs were

enrolled in a longitudinal study from 26 health institutions in Southwest Ethiopia. Structured

questionnaires translated into local languages (Afaan Oromoo and Amharic) were used to

assess khat use. Patients were followed for six months, and data were collected on three

occasions during the follow-up. A generalized linear mixed model was used to identify the

relation between khat use and predictors. Model fitness was checked using the Bayesian

Information Criterion (BIC). Odds ratio (OR) and 95% CI were used to describe the strength

of association between the outcome variable and predictors.

Results

The overall prevalence of khat use at baseline and first follow up was 39.2% while it was

37.3% at second follow up. Of this, 77.1% and 96.2% of them believed that khat use reduces

the side effects of anti-TB medications and symptoms of tuberculosis respectively. In the

final model, being male (aOR = 7.0, p-value = 0.001), being government employee (aOR =

0.03, p-value�0.001) and presence of alcohol use disorders (AUD) (aOR = 2.0, p-

value�0.001) predicted khat use among outpatients with tuberculosis.
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Conclusion

A considerable proportion of patients with TB used khat throughout DOTs and wrongly per-

ceived that it had health benefits. The finding implies that all patients diagnosed with TB

should be screened for khat use, and a particular emphasis should be given to males and

individuals with a history of alcohol use. Moreover, further studies are needed to assess

patients’ beliefs regarding the benefits of khat use so that interventions can be developed.

Introduction

Globally, despite the availability of effective anti-TB drugs, tuberculosis (TB) remains a major

public health problem and one of the top ten causes of death from a single agent [1]. According

to the 2018 World Health Organization (WHO) report, 10 million people were infected by TB

across the world, while an estimated 1.6 million of people died because of the disease in 2017

[1]. The burden of TB is exceptionally high in middle and low-income countries because of

poverty, malnutrition, overcrowded living condition, poor ventilation, HIV, and other chronic

diseases. Similarly, substance use disorders, remain the major contributing factors for TB in

these countries [1–5]. Almost 90% of all patients with TB living in these countries face elevated

TB-related mortality rates [1, 4]. Out of the total deaths attributed to TB in 2017, over 80% of

the deaths were from Africa and Southeast Asia [1]. Ethiopia is one of the 22 countries with

the highest burden of tuberculosis with an incidence rate of 164 and a mortality rate of 24 per

100,000 [1, 4]. Moreover, TB was the second most frequent cause of death in Ethiopia next to

Malaria [4]. Non-adherence to the medication has been earmarked as one of the major issues

contributing to excess mortality in Ethiopia [6–8]. Besides, non-adherence increases the risk of

multi-resistant TB strains. While any substance use disorder among patients with TB might

decrease adherence, it has been shown that excessive use of khat and alcohol may be one major

reason for non-adherence to treatment regimens in Ethiopia [9–11].

Khat is an amphetamine-like natural stimulant that has legally been used for many years in

East Africa and the Southern Arabian Peninsula [12–14]. Khat use belongs to stimulant use

disorder [15]. Fresh leaves of khat contain more than 40 types of compounds, among these,

cathinone and cathine are known stimulants [12–14, 16, 17].

Studies showed that people use khat to be alert while praying, to reduce the feeling of hun-

ger, to enhance productivity at work, and to elevate their mood and to be physically strong

[18–22]. Also, factors such as common mental disorder, being male, and other sociodemo-

graphic characteristics were found to determine khat use in the general population [21, 23].

However, using khat for a long period leads to khat use disorder which could have a potential

impact on the mental and physical health of the users [24, 25]. Likewise, cathinone which is

found in khat has been linked to a decreased immune response that might increase the risk of

developing TB [26]. Besides, TB seems to be more frequently underdiagnosed in khat users

[27–29]. Khat users with TB were found to have higher bacillary load and were more likely to

develop drug resistance [30]. Also, they were more likely to be stigmatized [31], had longer

treatment regimens [32], poor adherence [7, 19], poor appetite [33], and increased levels of

anxiety [10]. Even though khat use is known to affect treatment outcomes and mental health

of patients with tuberculosis, there is only limited longitudinal study on the magnitude and

predictors of khat use among patients with TB in Ethiopia and other African countries. Know-

ing the predictors and magnitude of khat use would help to tailor interventions and to inten-

sify the efforts to improve treatment outcomes of TB. Moreover, early identification of
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predictors of khat use is important to take preventive measures to mitigate complications such

as comorbid mental illness and MDR-TB. Therefore, our study aimed at assessing longitudi-

nally the magnitude and predictors of khat use among patients with TB in Southwest Ethiopia.

Methods

Study area and design

A longitudinal study was conducted among patients with tuberculosis in Jimma Zone, South-

west Ethiopia. Jimma Zone has more than three million inhabitants; about 3% of the total pop-

ulation of Ethiopia. In Ethiopia, TB care is mainly provided by local decentralized health

centers to increase take-up of therapy and to monitor Directly Observed Treatment (DOT).

There were 112 health centers in Jimma Zone. Out of these, 91 were providing services for

patients with TB at the time of data collection. Likewise, there were dedicated TB treatment

services at all hospitals. Patients were recruited from four hospitals and 22 randomly selected

health centers of Jimma Zone. Twenty health centers and three hospitals were situated in rural

areas whereas one hospital and two health centers are found in Jimma town. The study was

conducted over a year from October 2017 to October 2018.

Study population and sampling procedure. This study included all patients who had

recently been diagnosed with TB and started DOT in the selected health centers and hospitals.

Patients who had started TB treatment within less than four weeks and not planning to transfer

to other health institutions were included in the study. There are two reasons for including

new patients who started treatment within four weeks. The first one is to see if there will be

any change over time and the second is to see whether the patients increase or decrease their

Khat use. Patients whose age is less than 18 years, patients infected with multidrug-resistant

TB strains, polysubstance users (using three or more substances), and patients who were hos-

pitalized during data collection were excluded from the study. The data for this study was

drawn from a cohort registered as //////476/2011 (Institute of health, research, and postgradu-

ate director 476/2011) which aimed to assess substance use disorder, quality of life, mental

health and adherence to anti-TB medication. The sample was calculated considering

power = 80%, 95% confidence interval, 62.4% prevalence of non-adherence to anti-TB medica-

tions among khat users, 43.6% prevalence of non-adherence among non-khat user TB patients,

and 20% of drop out. The total sample size was 268, and patients who fulfilled the inclusion

criteria and consented to participate in the study during the data collection period were con-

secutively recruited then baseline data were collected. Patients were followed on two occasions:

at the end of two and six months.

Patients who were using khat (105) and free of khat use (163) were followed for six months.

Detail information regarding the study was given by trained data collectors to each patient

before the written informed consent was obtained.

Data collection procedure. Before data collection, the questionnaires were pretested on a

sample (5% of the total sample) of patients with TB outpatients who had been on treatment at

one health center in Agaro (a town found in Jimma zone at a distance of about 45 kilometers

from Jimma city) to check whether the questions work as intended or understood by patients.

Fourteen patients from the pretest were not included in the final analysis of the data. Patients

were interviewed on three occasions, namely, baseline (starting treatment), first follow up

(after 2 months), and second follow up (at the end of six months). The follow up was made at

the end of two and six months of treatment because it is the end of intensive as well as the con-

tinuous phase of the treatment. Also, at the end of the six-month, patients received another

test for tuberculosis so that the status of the patients would be known. Recruitment of patients

and data collection were carried out by health professionals who were working in the
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tuberculosis clinic and specifically trained on the questionnaires, supervised by trained district

focal persons. Interviews were conducted within the respective health institutions when the

participants came for their TB clinic visits. All questionnaires including the pretest were trans-

lated into Afaan Oromoo and Amharic languages because the participants speak either of the

two languages.

Data collection tools. Outcome variable. A questionnaire used to assess khat use was

developed after reviewing different kinds of literature because there is no specific standard tool

to assess khat use in any population. In this study, khat use was defined as using khat in the

past 30 days before the interview [34]. The questionnaire includes ever use of khat, current

khat use, frequency, amount, and patients’ beliefs regarding khat use.

Explanatory variables. Socio-demographic characteristics. Structured questionnaires were

used to assess the socio-demographic characteristics (age, sex, marital status, level of educa-

tion, religion, ethnicity, annual income, household size, occupation, place of residence) of the

participants. Income was categorized considering the minimum monthly wage for employees

of a governmental organization in Ethiopia which is 1,214 Ethiopian birr (36.67 Euros) [35].

Then, the monthly income of each patient was multiplied by 12 months to obtain the annual

income, and we used a cutoff 14,568 Ethiopian birr (439.98 Euros).

Alcohol use disorders (AUDs). Alcohol use disorder identification test (AUDIT) was used to

assess alcohol use disorders. The AUDIT has been evaluated over two decades and provides an

accurate measure of the risk of AUDs across gender, age, and cultures. A multi-country valida-

tion of AUDIT among people attending primary health care in Norway, Australia, Kenya, Bul-

garia, Mexico and the United States of America showed that at a cut-off score of eight or more,

the sensitivity and specificity of AUDIT for AUDs were 0.90 and 0.80, respectively [36]. The

AUDIT has been translated and adapted for studies in the Ethiopian setting [37].

Disease-related factors. Type of TB diagnoses (smear-positive, smear-negative, and extra-

pulmonary TB) were collected from the patients’ charts.

Comorbidities. Any comorbidity such as HIV, previous mental illness, hypertension, and

diabetes mellitus were collected from patients’ charts.

Mental distress. Self-reporting questionnaire-20 (SRQ-20) which was developed by WHO

was used to assess mental distress. This questionnaire assesses depressive, anxiety, and somatic

symptoms that patients have experienced in the past four weeks. SRQ-20 has been adapted

and validated in the Ethiopian setting, but the cut-off point varies from study to study [38, 39].

In this study, a total score of below 7 indicates the absence of mental distress whereas values of

7 and above indicate mental distress. At a cut-off point 7/8 the sensitivity and specificity was

89.7% and 95.2% respectively [40, 41].

Data analysis. Participants’ characteristics and study variables were described using

descriptive statistics. A generalized linear mixed model was used to examine the predictors of

khat use over six months. The model was built based on the theoretical importance and the

adequate number of participants in each cell for each category. The missing value was excluded

from the analysis. The findings have been adjusted for potential confounders. An intercept

only model was used to investigate khat use over time (model 0) without adding other vari-

ables; model 1 investigated the longitudinal association of khat use and socio-demographic

characteristics variables. Model 2 investigated the association between socio-demographic var-

iables, mental distress, and the outcome variable (khat use). Model 3 was adjusted for the full

set of predictors and examined covariates related to the khat use. Model fit was examined with

the Bayesian Information Criterion (BIC). Lower BIC indicates a better model fit. Data were

analyzed using R studio (1.2.1335). The study findings are reported in line with the Strength-

ening the Reporting of Observational Studies in Epidemiology (STROBE) statement.
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Ethical considerations. Ethical clearance was obtained from Jimma University and LMU

Ethical Review Boards. After the participants were given detail information about the impor-

tance of the study, written informed consent was obtained from each patient. The anonymity

of the study participants was kept in all stages of data processing and write-up of the manu-

script. Patients who were using khat more than once weekly were advised to contact a mental

health professional.

Results

Socio-demographic and clinical characteristic

In this longitudinal study, a total of 268 patients (age range of 18 to 80 years, mean age 32.4,

SD = 14.4, 60.1% male) were recruited. The majority of the study participants were married

(58.6%) and Muslim (61.6%). Two-third (63.1%, n = 169) of all participants did not attend for-

mal education (see Table 1). A total of 40.3% (n = 108), 32.5% (n = 87), and 27.2% (n = 73)

were diagnosed as smear-positive, smear-negative and extrapulmonary TB, respectively. At

baseline, 3.7% (n = 10) patients were diagnosed with HIV, and 7.1% (n = 19) with other

comorbidities (see Table 1). There were 22 missing data of annual income which we excluded

from the analysis.

Prevalence of khat use. The prevalence of khat use was 39.2% (n = 105) at baseline and

after two months, and 37.3% (n = 100) at the end of six months. Of the total khat users, 24.8%

(n = 26), 46.7% (n = 49), and 37.0% (n = 37) chewed khat daily at baseline, first follow up and

second follow up respectively, while 55.2% (n = 58), 46.7% (n = 49) and 32.0% (n = 32) chewed

it 2–3 times per week.

Those patients who were using khat were compared against patients free of khat use during

the follow-up. Males were found to use khat more than women at baseline (46.6% versus

28.0%, p<0.05), at second month (46.6% versus 28.0%, p<0.001), and sixth month (41.6% ver-

sus 30.8%). The majority of khat users were merchants (72.4%, n = 21), followed by farmers

(51.1%, n = 47), and being educated till the tertiary level (53.6%, n = 15) at baseline (see

Table 1). The majority of khat users (77.1%, n = 81) believed that khat can reduce medication

side effects or reduce symptoms of tuberculosis (96.2%, n = 101).

The prevalence of mental distress among patients with khat users was 42.1% (n = 69),

49.0% (n = 50) and 39.0% (n = 23) at baseline (T0), first (T1) and second (T2) follow up respec-

tively. At the end of the second month, the majority (76.7%, n = 33), of khat users were found

to have alcohol use disorder).

Predictors of khat use. The results of multivariable modeling are shown in Table 2. The

prevalence of khat use did not change significantly over time (p = 0.48 in the final fully

adjusted model). The strength of association was improved over time as witnessed by further

improvement of model fit (BIC = 815.7). Being male and having AUDs were indicators for

khat use after multivariable adjustment. Merchants still had a higher probability of khat use

than government employees or day laborers. The odds of khat use among government

employees was 97% lower when compared to that of merchants (aOR = 0.03, p-value = 0.001).

Age, income, and mental distress were not associated with khat use.

Discussion

To our knowledge, this study is the first longitudinal study investigating predictors of khat use

among patients with tuberculosis in Africa. Alarmingly, TB-patients believed that the use of

khat is beneficial during treatment. Alcohol use disorder and male gender were predictors of

continued khat use among TB patients in Southwest Ethiopia.
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In this study, the prevalence of khat use was slightly declined over time from 39.2% at base-

line to 37.3% at the end of six months. The reason might be patients use more khat at baseline

as a self-treatment for tuberculosis related symptoms and medication side effects. Because we

identified that most patients believe khat can reduce symptoms of tuberculosis and medication

side- effects. So, when they get improvement from the disease, they might reduce their khat

use but further study is needed.

The prevalence of khat use observed in this study at baseline (39.2%), during the first

(39.2%) and second follow up (37.3%) was far higher than another study conducted in South

Ethiopia which found moderate and high khat use to be 14.3% and 1.7% respectively [9]. The

Table 1. Characteristics of patients with tuberculosis in Southwest Ethiopia 2017/18 (n = 268).

Variables Frequency N (%) Khat use

Baseline First follow-up (end 2nd month) Second follow-up (end of six months)

N (%) N (%) N (%)

Gender Male 161(60.1) 75(46.6) 75(46.6) 67(41.6)

Female 107(39.9) 30(28.0) 30(28.0) 33(30.8)

Age 18–24 93(34.7) 33(35.5) 30(32.3) 28(30.1)

25–34 87(32.5) 32(36.8) 30(34.5) 32(36.8)

35–44 36(13.4) 18(50.0) 20(55.6) 15(41.7)

45–54 27(10.1) 13(48.1) 13(48.1) 13(48.1)

55–64 25(9.3) 9(36.0) 12(48.0) 12(48.0)

Annual income in Eth Birr <14,568 206(76.9) 86(41.7) 85(41.3) 83(40.3)

�14,568 40(14.9) 11(27.5) 15(37.5) 13(32.5)

Marital status Single 97(36.2) 33(34.0) 30(30.9) 26(26.8)

Married 157(58.6) 66(42.0) 70(44.6) 68(43.3)

Divorced/widow 14(5.2) 6(42.9) 5(35.7) 6(42.9)

Religion Orthodox 82(30.6) 21(25.6) 19(23.2) 20(24.4)

Muslim 165(61.6) 83(50.3) 84(50.9) 78(47.3)

Protestant and others 21(7.8) 1(4.8%) 2(9.5) 2(9.5)

Ethnicity Amhara 59(22.0) 13(22.0) 12(20.3) 12(20.3)

Oromo 165(61.6) 79(47.9) 79(47.9) 74(44.8)

Tigre/Gurage 44(16.4) 13(29.5) 14(31.8) 14(31.8)

Occupation Merchant 29(10.8) 21(72.4) 7(58.6) 17(58.6)

Farmer 92(34.3) 47(51.1) 47(51.1) 49(53.3)

Government Employee 105(39.2) 24(22.9) 26(24.8) 21(20.0)

Daily laborer 42(15.7) 13(31.0) 15(35.7) 13(31.0)

Education No formal education 169(63.1) 15(32.5) 56(33.1) 46(27.2)

Primary/secondary 71(26.5) 35(49.3) 34(47.9) 36(50.7)

Tertiary 28(10.4) 15(53.6) 15(53.6) 18(64.3)

Family size Less than 5 181(67.5) 70(38.7) 37(42.5) 66(36.5)

5 and more 87(32.5) 35(40.2) 8(37.6) 34(39.1)

Residence Rural 127(47.4) 59(46.5) 57(44.9) 55(43.3)

Urban 141(52.6) 46(32.6) 48(34.0) 45(31.9)

HIV Positive 10(3.7) 6(60.0%) 7(58.3) 8(42.1)

Negative 258(96.3) 99(38.4) 98(38.3) 92(36.9)

Mental distress No 36(34.6) 55(33.1) 77(36.8)

Yes 69(42.1) 50(49.0) 23(39.0)

�There were 22 missing data of annual income.

https://doi.org/10.1371/journal.pone.0236154.t001
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difference might be due to the fact that the setting for the present study is known with a higher

level of khat consumption than other regions and zones in Ethiopia except for the Diredawa

town and Harari region [42]. In these regions, khat is considered as part of the culture for the

lubrication of social cohesion. Arguably, it is also seen as a help to stay alert during the praying

time which patients would not like to miss [18, 22, 43]. This is generally worrisome as khat use

has been shown to be associated with poor treatment outcomes among patients with tubercu-

losis [44].

The prevalence of khat use found in the current study is lower than the finding from a pro-

spective nest case-control study done in Yemen (46.7%) [19]. The difference might be due to

the definition of current khat use which is 30 days in our study, while this was not specified in

the Yemenite study. Likewise, socio-cultural differences might contribute to the discrepancy

between the two studies. We found that the proportion of khat use among male participants

(46.6%) was far higher than among female participants (28.0%), which is consistent with the

findings of previous studies [45, 46]. This might be due to cultural restriction on females

regarding substance use including khat [45, 46]. Even though khat consumption among

women is substantially lower than men, they are at higher risk of mental and physical effects of

substance use disorder than men which is associated with hormonal factors [45, 47]. In this

study, more than 2/5th of khat users reported that they were suffering from mental distress.

Previous studies found that substance use (khat, alcohol, and tobacco) is associated with

Table 2. Predictors of khat use among patients with tuberculosis in Southwest Ethiopia (n = 268) in 2017/18).

Variables Intercept only (empty model) Model1 (Socio-demography) Model2 (Model 1 including

mental distress)

Model3 (Full model)

OR P-Value 95%CI

(upper,

lower)

aOR P-Value 95%CI

(upper,

lower)

aOR P-Value 95%CI

(upper,

lower)

aOR P-Value 95%CI

(upper,

lower)

Gender Female Reference

Male - - 5.9 0.01 2.0,17.7 5.9 0.01 2.0,17.7 7.0 0.001 2.2,22.2

Age 18–24 Reference

25–34 - - 0.9 0.83 0.2,3.2 0.9 0.83 0.2,3.2 0.9 0.83 0.2.3.4

35–44 - - 1.8 0.50 0.3,10.1 1.8 0.49 0.3,10.1 2.0 0.47 0.3,12

45–54 - - 1.1 0.91 0.2,7.4 1.1 0.92 0.2,7.4 1.3 0.82 0.2,9.2

55–64 - - 0.5 0.41 0.1,3.0 0.5 0.42 0.1,3.0 0.5 0.47 0.1.3.5

Annual Income

in Ethiopian birr

<14,568 Reference

>14,568 - - 0.4 0.19 0.1,1.6 0.4 0.19 0.1,1.6 0.3 0.16 0.8,1.5

Occupation Merchant Reference

Farmer - - 0.2 0.08 0.04,1.2 0.2 0.08 0.04,1.2 0.2 0.05 0.02,1.0

Government

Employee

- - 0.04 0.001 0.01,0.3 0.04 0.001 0.01,0.3 0.03 0.001 0.01,0.2

Day laborer - - 0.1 0.03 0.01,0.8 0.1 0.02 0.02,0.8 0.1 0.01 0.01,0.6

Religion Orthodox Reference

Muslim - 3.3 0.04 1.0,10.6 3.3 0.04 1.0,10.6 2.6 0.3 0.8,8.6

Protestant - 0.03 0.01 0.01,0.5 0.03 0.01 0.01,0.5 0.01 0.01 0.01,0.3

AUD No Reference

Yes - 2.0 0.001 6.0,38.1

Mental distress No Reference

Yes - - - 1.0 0.96 0.5,2.0 1.0 0.94 0.7,5.2

Time 0.9 0.48 0.7,1.2 0.8 0.2 0.6,1.1 0.8 0.25 0.6,1.2 0.9 0.47 0.6,1.3

BIC 819.0 815.2 821.9 815.7

https://doi.org/10.1371/journal.pone.0236154.t002
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mental distress [10, 48], and specifically, khat was reported to increase emotional disturbance

[49]. However, we could not show a clear association of mental distress and khat use in the

adjusted models. Patients might be tempted to use khat as a self-treatment for their mental dis-

tress, but this observation needs to be supported by further investigations.

During the first follow up, a majority (76.7%) of patients who were using khat reported that

they have alcohol use disorder. This could be due to the fact that patients might resume drink-

ing alcohol after they begin to feel better within two to three weeks because bacterial load then

usually starts to decline [4]. In addition, since alcohol counteracts the stimulant effect of khat

such as sleep disturbance and restlessness, patients might be inclined to use both substances

together [43, 50, 51]. Likewise, in this study, khat use was associated with alcohol use which is

in agreement with previous studies [43, 48]. Combining alcohol and khat would affect patients’

treatment outcomes and lead to physical and mental health problems. Because, both khat and

alcohol were found to have a potential impact on the immunity of the user and associated with

mental distress so that patients may develop severe medical and mental health complications

or die earlier than non-users [26, 52, 53]. Furthermore, these two substances have an associa-

tion with treatment-resistant tuberculosis [30, 32, 54, 55].

This study found that the majority (77.1%) of khat users believe that using khat can reduce

anti-TB medication side effects which is consistent with a cross-sectional study conducted in

the Butajira, Ethiopian [18]. This may be due to misinterpreting the euphoric mood from khat

as a decrease in medication side effects. However, health professionals should create awareness

regarding the effect of khat on mental and physical health so that patients may consider reduc-

ing their khat use. In this study, almost all khat users (96.2%) believe that khat use reduces TB

symptoms, however, this is in clear contrast to the study indicating that patients with khat use

had a higher bacterial load [30].

Moreover, we have found that merchants were using khat more than a farmers, government

employees, and daily laborers which is in line with studies conducted in the general population

[42, 56, 57]. This might be due to the fact that merchants use khat to be alert and energetic at

the workplace [58]. Also, some of the merchants may be khat sellers and, as a result, they chew

khat to attract customers but further study assessing this situation is needed.

To our knowledge, our study was unique in exploring predictors of continued khat use

among patients with tuberculosis using a longitudinal study with multiple assessments and

with no attrition. However, the following limitations need to be acknowledged. Because of

social desirability, patients might minimize or deny their khat use and this could underesti-

mate the magnitude of khat use. It could also affect the association of predictors with the out-

come variables. Also, health professionals who were working in a TB clinic collected the data

that might contribute to this bias; because patients may be inclined to not report about their

khat use or minimize its amount. However, the prevalence of khat use was still higher than in

other studies so our estimates might be rather conservative. There is no standardized instru-

ment for the assessment of khat use. However, we are confident that we were able to capture

khat use with sufficient precision. Moreover, patients with MDR-TB and who were attending

their treatment at health posts, i.e. in more remote areas, were excluded from the study; hence

the findings of the study may not be generalized to all patients with TB in Southwest Ethiopia.

The findings of this study cannot be generalized to those patients who are getting treatment at

the inpatient department who have limited access to psychoactive substances including khat.

Moreover, since our sample size is not adequate, it might be difficult to draw a strong conclu-

sion, but we can make an estimation based on the sample size without having a critical prob-

lem that could affect our findings. Also, we did not cover all possible predictors, and as a

result, we recommend a qualitative study to explore other predictors of khat use among TB

patients.
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Conclusions

In conclusion, a significant proportion of patients on anti-TB continue to use khat throughout

their course of treatment. Predictors of khat use were being male and concomitant alcohol use

disorder. These findings underscore the need to integrate the screening and treatment for sub-

stance use, specifically for khat, into the tuberculosis services. All patients diagnosed with TB

should be screened for khat use and a particular emphasis should be given to males and indi-

viduals with a history of alcohol use. Furthermore, patients’ beliefs about the beneficial effects

of khat on tuberculosis outcomes need to be investigated so that these beliefs can be counter-

acted effectively.
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5. Lönnroth K, Jaramillo E, Williams BG, Dye C, Raviglione M. Drivers of tuberculosis epidemics: the role

of risk factors and social determinants. Soc Sci Med. 2009; 68(12):2240–6. https://doi.org/10.1016/j.

socscimed.2009.03.041 PMID: 19394122

6. Zegeye A, Dessie G, Wagnew F, Gebrie A, Islam SMS, Tesfaye B, et al. Prevalence and determinants

of anti-tuberculosis treatment non-adherence in Ethiopia: A systematic review and meta-analysis. PLoS

One. 2019; 14(1):e0210422. https://doi.org/10.1371/journal.pone.0210422 PMID: 30629684

7. Tesfahuneygn G, Medhin G, Legesse M. Adherence to Anti-tuberculosis treatment and treatment out-

comes among tuberculosis patients in Alamata District, northeast Ethiopia. BMC research notes. 2015;

8:503. https://doi.org/10.1186/s13104-015-1452-x PMID: 26420164

8. Eshetie S, Gizachew M, Alebel A, van Soolingen D. Tuberculosis treatment outcomes in Ethiopia from

2003 to 2016, and impact of HIV co-infection and prior drug exposure: A systematic review and meta-

analysis. PLoS One. 2018; 13(3):e0194675. https://doi.org/10.1371/journal.pone.0194675 PMID:

29554144

9. Ambaw F, Mayston R, Hanlon C, Medhin G, Alem A. Untreated depression and tuberculosis treatment

outcomes, quality of life and disability, Ethiopia. Bulletin of the World Health Organization. 2018; 96

(4):243–55. https://doi.org/10.2471/BLT.17.192658 PMID: 29695881

10. Duko B, Gebeyehu A, Ayano G. Prevalence and correlates of depression and anxiety among patients

with tuberculosis at WolaitaSodo University Hospital and Sodo Health Center, WolaitaSodo, South Ethi-

opia, Cross sectional study. BMC psychiatry. 2015; 15:214. https://doi.org/10.1186/s12888-015-0598-3

PMID: 26370894

11. Mekonnen HS, Azagew AW. Non-adherence to anti-tuberculosis treatment, reasons and associated

factors among TB patients attending at Gondar town health centers, Northwest Ethiopia. BMC research

notes. 2018; 11(1):691. https://doi.org/10.1186/s13104-018-3789-4 PMID: 30285907

12. Luqman W, Danowski TS. The use of khat (Catha edulis) in Yemen. Social and medical observations.

Ann Intern Med. 1976; 85(2):246–9. https://doi.org/10.7326/0003-4819-85-2-246 PMID: 942147

13. Gebissa E. Khat in the Horn of Africa: historical perspectives and current trends. J Ethnopharmacol.

2010; 132(3):607–14. https://doi.org/10.1016/j.jep.2010.01.063 PMID: 20227478

14. Dhaifalah I, Santavy J. Khat habit and its health effect. A natural amphetamine. Biomed Pap Med Fac

Univ Palacky Olomouc Czech Repub. 2004; 148(1):11–5. PMID: 15523540

15. Duresso SW, Matthews AJ, Ferguson SG, Bruno R. Is khat use disorder a valid diagnostic entity?

Addiction. 2016; 111(9):1666–76. https://doi.org/10.1111/add.13421 PMID: 27061394

16. Adam F, Hasselot N. Khat: from traditional usage to risk of drug addiction. Med Trop (Mars). 1994; 54

(2):141–4. PMID: 7934780

17. Ali WM, Zubaid M, Al-Motarreb A, Singh R, Al-Shereiqi SZ, Shehab A, et al. Association of khat chewing

with increased risk of stroke and death in patients presenting with acute coronary syndrome. Mayo Clin

Proc. 2010; 85(11):974–80. https://doi.org/10.4065/mcp.2010.0398 PMID: 20926835

18. Teferra S, Hanlon C, Alem A, Jacobsson L, Shibre T. Khat chewing in persons with severe mental ill-

ness in Ethiopia: A qualitative study exploring perspectives of patients and caregivers: Transcultural

Psychiatry; 2011. 455–72. https://doi.org/10.1177/1363461511408494 PMID: 21911510

19. Anaam MSI, Al Serouri AW, Aldobhani A. Factors affecting patients’ compliance to anti-tuberculosis

treatment in Yemen: JPHSR; 2013.

20. Eckersley W, Salmon R, Gebru M. Khat, driver impairment and road traffic injuries: a view from Ethiopia.

Bulletin of the World Health Organization. 2010; 88(3):235–6. https://doi.org/10.2471/BLT.09.067512

PMID: 20428394

21. Abdelwahab SI, Alsanosy RM, Rahim BE, Mohan S, Taha S, Mohamed Elhassan M, et al. Khat (Catha

edulis Forsk.) Dependence Potential and Pattern of Use in Saudi Arabia. Biomed Res Int. 2015.

22. Stevenson M, Fitzgerald J, Banwell C. Chewing as a social act: cultural displacement and khat con-

sumption in the East African communities of Melbourne. Drug Alcohol Rev. 1996; 15(1):73–82. https://

doi.org/10.1080/09595239600185691 PMID: 16203354

PLOS ONE Predictors of khat use among patients with tuberculosis in Southwest Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0236154 July 30, 2020 10 / 12

https://www.dktethiopia.org/sites/default/files/PublicationFiles/Health%20and%20Health%20Related%20Indicators%202004%20E.C.pdf
https://www.dktethiopia.org/sites/default/files/PublicationFiles/Health%20and%20Health%20Related%20Indicators%202004%20E.C.pdf
https://doi.org/10.1016/j.socscimed.2009.03.041
https://doi.org/10.1016/j.socscimed.2009.03.041
http://www.ncbi.nlm.nih.gov/pubmed/19394122
https://doi.org/10.1371/journal.pone.0210422
http://www.ncbi.nlm.nih.gov/pubmed/30629684
https://doi.org/10.1186/s13104-015-1452-x
http://www.ncbi.nlm.nih.gov/pubmed/26420164
https://doi.org/10.1371/journal.pone.0194675
http://www.ncbi.nlm.nih.gov/pubmed/29554144
https://doi.org/10.2471/BLT.17.192658
http://www.ncbi.nlm.nih.gov/pubmed/29695881
https://doi.org/10.1186/s12888-015-0598-3
http://www.ncbi.nlm.nih.gov/pubmed/26370894
https://doi.org/10.1186/s13104-018-3789-4
http://www.ncbi.nlm.nih.gov/pubmed/30285907
https://doi.org/10.7326/0003-4819-85-2-246
http://www.ncbi.nlm.nih.gov/pubmed/942147
https://doi.org/10.1016/j.jep.2010.01.063
http://www.ncbi.nlm.nih.gov/pubmed/20227478
http://www.ncbi.nlm.nih.gov/pubmed/15523540
https://doi.org/10.1111/add.13421
http://www.ncbi.nlm.nih.gov/pubmed/27061394
http://www.ncbi.nlm.nih.gov/pubmed/7934780
https://doi.org/10.4065/mcp.2010.0398
http://www.ncbi.nlm.nih.gov/pubmed/20926835
https://doi.org/10.1177/1363461511408494
http://www.ncbi.nlm.nih.gov/pubmed/21911510
https://doi.org/10.2471/BLT.09.067512
http://www.ncbi.nlm.nih.gov/pubmed/20428394
https://doi.org/10.1080/09595239600185691
https://doi.org/10.1080/09595239600185691
http://www.ncbi.nlm.nih.gov/pubmed/16203354
https://doi.org/10.1371/journal.pone.0236154


23. Akalu TY, Baraki AG, Wolde HF, Lakew AM, Gonete KA. Factors affecting current khat chewing among

male adults 15–59 years in Ethiopia, 2016: a multi-level analysis from Ethiopian Demographic Health

Survey. BMC psychiatry. 2020; 20(1):21 https://doi.org/10.1186/s12888-020-2434-7 PMID: 31937273

24. Odenwald M, al’Absi M. Khat use and related addiction, mental health and physical disorders: the need

to address a growing risk. Eastern Mediterranean Health Journal. 2017;23(3).

25. El-Setouhy M, Alsanosy RM, Alsharqi A, Ismail AA. Khat Dependency and Psychophysical Symptoms

among Chewers in Jazan Region, Kingdom of Saudi Arabia. Biomed Res Int. 2016.

26. Alvi A, Rizwan M, Sunosi RA, Bin Ali Jerah A. Does khat chewing increases the risk of Mycobacterium

tuberculosis infection by macrophage immune modulation? Med Hypotheses. 2014; 82(6):667–9.

https://doi.org/10.1016/j.mehy.2014.02.026 PMID: 24661941

27. Adane K, Spigt M, Ferede S, Asmelash T, Abebe M, Dinant GJ. Half of Pulmonary Tuberculosis Cases

Were Left Undiagnosed in Prisons of the Tigray Region of Ethiopia: Implications for Tuberculosis Con-

trol. PLoS One. 2016; 11(2):e0149453. https://doi.org/10.1371/journal.pone.0149453 PMID: 26914770

28. Wolde D, Tadesse M, Abdella K, Abebe G, Ali S. Tuberculosis among Jimma University Undergraduate

Students: First Insight about the Burden of Tuberculosis in Ethiopia Universities-Cross-Sectional Study.

Int J Bacteriol. 2017.

29. Alemu YM, Awoke W, Wilder-Smith A. Determinants for tuberculosis in HIV-infected adults in Northwest

Ethiopia: a multicentre case-control study. BMJ Open. 2016; 6(4):e009058. https://doi.org/10.1136/

bmjopen-2015-009058 PMID: 27084271

30. Alvi A, Fatima N, Jerah AA, Rizwan M, Hobani YH, Sunosi RA, et al. Correlation between Resistin,

Tuberculosis and Khat Addiction: A Study from South Western Province of Saudi Arabia. PLoS One.

2015; 10(10):e0140245. https://doi.org/10.1371/journal.pone.0140245 PMID: 26448186

31. Duko B, Bedaso A, Ayano G, Yohannis Z. Perceived Stigma and Associated Factors among Patient

with Tuberculosis, Wolaita Sodo, Ethiopia: Cross-Sectional Study. Tuberc Res Treat. 2019.

32. Jaber AAS, Khan AH, Sulaiman SAS. Evaluating treatment outcomes and durations among cases of

smear-positive pulmonary tuberculosis in Yemen: a prospective follow-up study. J Pharm Policy Pract.

2017; 10:36. https://doi.org/10.1186/s40545-017-0124-8 PMID: 29214026

33. Sahile Z, Yared A, Kaba M. Patients’ experiences and perceptions on associates of TB treatment adher-

ence: a qualitative study on DOTS service in public health centers in Addis Ababa, Ethiopia. BMC Public

Health. 2018; 18(1):462. https://doi.org/10.1186/s12889-018-5404-y PMID: 29631558

34. Soboka M, Tesfaye M, Feyissa GT, Hanlon C. Khat use in people living with HIV: a facility-based cross-

sectional survey from South West Ethiopia. BMC psychiatry. 2015; 15:69. https://doi.org/10.1186/

s12888-015-0446-5 PMID: 25879767

35. Average Salary in Ethiopia 2019. Available at http://www.salaryexplorer.com/salary-survey.php?loc=

69&loctype=1 accessed on 09/07/2019

36. Thomas F. Babor JCH-B, Saunders John B., Monteiro Maristela G. The Alcohol Use Disorders Identifi-

cation TestGuidelines for Use in Primary Care. World Health Organization. 2nd ed ed. Geneva: World

Health Organization; 2001.

37. Soboka M, Tesfaye M, Feyissa GT, Hanlon C. Alcohol use disoders and associated factors among peo-

ple living with HIV who are attending services in Southwest Ethiopia. BMC Research Notes. 2014;

7:828 https://doi.org/10.1186/1756-0500-7-828 PMID: 25417542

38. Youngmann R, Zilber N, Workneh F, Giel R. Adapting the SRQ for Ethiopian populations: a culturally-

sensitive psychiatric screening instrument. Transcult Psychiatry. 2008; 45(4):566–89. https://doi.org/

10.1177/1363461508100783 PMID: 19091726

39. Hanlon C, Medhin G, Alem A, Araya M, Abdulahi A, Hughes M, et al. Detecting perinatal common men-

tal disorders in Ethiopia: validation of the self-reporting questionnaire and Edinburgh Postnatal Depres-

sion Scale. J Affect Disord. 2008; 108(3):251–62. https://doi.org/10.1016/j.jad.2007.10.023 PMID:

18055019

40. Dhadphale M, Ellison RH, Griffin L. Frequency of mental disorders among outpatients at a rural district

hospital in Kenya. Cent Afr J Med. 1982; 28(4):85–9. PMID: 7127445

41. Beusenberg M, Orley JH, World Health Organization. Division of Mental Healh. (1994). A User’s guide

to the self reporting questionnaire (SRQ / compiled by M. Beusenberg and J. Orley. Geneva: World

Health Organization; 1994. https://apps.who.int/iris/handle/10665/61113

42. Haile D1, Lakew Y. Khat Chewing Practice and Associated Factors among Adults in Ethiopia: Further

Analysis Using the 2011 Demographic and Health Survey: PLoS ONE; 2015. https://doi.org/10.1371/

journal.pone.0130460 PMID: 26090658

43. Rampes GCH. Adverse effects of khat: a review: Advances in Psychiatric Treatment; 2003; 9(6): 456–

63.

PLOS ONE Predictors of khat use among patients with tuberculosis in Southwest Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0236154 July 30, 2020 11 / 12

https://doi.org/10.1186/s12888-020-2434-7
http://www.ncbi.nlm.nih.gov/pubmed/31937273
https://doi.org/10.1016/j.mehy.2014.02.026
http://www.ncbi.nlm.nih.gov/pubmed/24661941
https://doi.org/10.1371/journal.pone.0149453
http://www.ncbi.nlm.nih.gov/pubmed/26914770
https://doi.org/10.1136/bmjopen-2015-009058
https://doi.org/10.1136/bmjopen-2015-009058
http://www.ncbi.nlm.nih.gov/pubmed/27084271
https://doi.org/10.1371/journal.pone.0140245
http://www.ncbi.nlm.nih.gov/pubmed/26448186
https://doi.org/10.1186/s40545-017-0124-8
http://www.ncbi.nlm.nih.gov/pubmed/29214026
https://doi.org/10.1186/s12889-018-5404-y
http://www.ncbi.nlm.nih.gov/pubmed/29631558
https://doi.org/10.1186/s12888-015-0446-5
https://doi.org/10.1186/s12888-015-0446-5
http://www.ncbi.nlm.nih.gov/pubmed/25879767
http://www.salaryexplorer.com/salary-survey.php?loc=69&loctype=1
http://www.salaryexplorer.com/salary-survey.php?loc=69&loctype=1
https://doi.org/10.1186/1756-0500-7-828
http://www.ncbi.nlm.nih.gov/pubmed/25417542
https://doi.org/10.1177/1363461508100783
https://doi.org/10.1177/1363461508100783
http://www.ncbi.nlm.nih.gov/pubmed/19091726
https://doi.org/10.1016/j.jad.2007.10.023
http://www.ncbi.nlm.nih.gov/pubmed/18055019
http://www.ncbi.nlm.nih.gov/pubmed/7127445
https://apps.who.int/iris/handle/10665/61113
https://doi.org/10.1371/journal.pone.0130460
https://doi.org/10.1371/journal.pone.0130460
http://www.ncbi.nlm.nih.gov/pubmed/26090658
https://doi.org/10.1371/journal.pone.0236154


44. Anaam MS, Mohamed Ibrahim MI, Al Serouri AW, Aldobhani A. Factors affecting patients’ compliance

to anti-tuberculosis treatment in Yemen. Journal of Pharmaceutical Health Services Research. 2013; 4

(2):115–22.

45. National Institute on Drug Abuse. Substance Use in Women. Availale at https://www.drugabuse.gov/

publications/drugfacts/substance-use-in-women. Accessed on 13/07/2019

46. Greenfield SF, Back SE, Lawson K, Brady KT. Substance abuse in women. Psychiatr Clin North Am.

2010; 33(2):339–55. https://doi.org/10.1016/j.psc.2010.01.004 PMID: 20385341

47. Cormier RA, Dell CA, Poole N. Women and Substance Abuse Problems. BMC Womens Health. 2004;

4(1):S8.

48. Damena T, Mossie A, Tesfaye M. Khat chewing and mental distress: a community based study, in

jimma city, southwestern ethiopia. Ethiopian journal of health sciences. 2011; 21(1):37–45. https://doi.

org/10.4314/ejhs.v21i1.69042 PMID: 22434984

49. Hassan NA, Gunaid AA, El-Khally FM, Murray-Lyon IM. The effect of chewing Khat leaves on human

mood. Saudi Med J. 2002; 23(7):850–3. PMID: 12174239

50. Omolo OE, Dhadphale M. Alcohol use among khat (Catha) chewers in Kenya. Br J Addict. 1987; 82

(1):97–9. https://doi.org/10.1111/j.1360-0443.1987.tb01442.x PMID: 2881571

51. Mihretu A, Teferra S, Fekadu A. Problematic khat use as a possible risk factor for harmful use of other

psychoactive substances: a mixed method study in Ethiopia. Subst Abuse Treat Prev Policy. 2017; 12

(1):47. https://doi.org/10.1186/s13011-017-0132-3 PMID: 29096691

52. Ranzani OT, Rodrigues LC, Bombarda S, Minto CM, Waldman EA, Carvalho CRR. Long-term survival

and cause-specific mortality of patients newly diagnosed with tuberculosis in São Paulo state, Brazil,

2010–15: a population-based, longitudinal study. Lancet Infect Dis. 2020; 20(1):123–32. https://doi.org/

10.1016/S1473-3099(19)30518-3 PMID: 31676242

53. Corkery JM, Schifano F, Oyefeso A, Ghodse AH, Tonia T, Naidoo V, et al. Overview of literature and

information on "khat-related" mortality: a call for recognition of the issue and further research. Ann Ist

Super Sanita. 2011; 47(4):445–64. https://doi.org/10.4415/ANN_11_04_17 PMID: 22194080

54. Zetola NM, Modongo C, Kip EC, Gross R, Bisson GP, Collman RG. Alcohol use and abuse among

patients with multidrug-resistant tuberculosis in Botswana. Int J Tuberc Lung Dis. 2012; 16(11):1529–

34. https://doi.org/10.5588/ijtld.12.0026 PMID: 22963934

55. Santha T, Garg R, Frieden TR, Chandrasekaran V, Subramani R, Gopi PG, et al. Risk factors associ-

ated with default, failure and death among tuberculosis patients treated in a DOTS programme in Tiru-

vallur District, South India, 2000. Int J Tuberc Lung Dis. 2002; 6(9):780–8. PMID: 12234133

56. Wondemagegn AT, Cheme MC, Kibret KT. Perceived Psychological, Economic, and Social Impact of

Khat Chewing among Adolescents and Adults in Nekemte Town, East Welega Zone, West Ethiopia.

Biomed Res Int. 2017.

57. Abate A, Tareke M, Tirfie M, Semachew A, Amare D, Ayalew E. Chewing khat and risky sexual behavior

among residents of Bahir Dar City administration, Northwest Ethiopia. Ann Gen Psychiatry. 2018;

17:26. https://doi.org/10.1186/s12991-018-0194-2 PMID: 29942341

58. Ageely HM. Health and socio-economic hazards associated with khat consumption. J Family Commu-

nity Med. 2008; 15(1):3–11. PMID: 23012161

PLOS ONE Predictors of khat use among patients with tuberculosis in Southwest Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0236154 July 30, 2020 12 / 12

https://www.drugabuse.gov/publications/drugfacts/substance-use-in-women
https://www.drugabuse.gov/publications/drugfacts/substance-use-in-women
https://doi.org/10.1016/j.psc.2010.01.004
http://www.ncbi.nlm.nih.gov/pubmed/20385341
https://doi.org/10.4314/ejhs.v21i1.69042
https://doi.org/10.4314/ejhs.v21i1.69042
http://www.ncbi.nlm.nih.gov/pubmed/22434984
http://www.ncbi.nlm.nih.gov/pubmed/12174239
https://doi.org/10.1111/j.1360-0443.1987.tb01442.x
http://www.ncbi.nlm.nih.gov/pubmed/2881571
https://doi.org/10.1186/s13011-017-0132-3
http://www.ncbi.nlm.nih.gov/pubmed/29096691
https://doi.org/10.1016/S1473-3099%2819%2930518-3
https://doi.org/10.1016/S1473-3099%2819%2930518-3
http://www.ncbi.nlm.nih.gov/pubmed/31676242
https://doi.org/10.4415/ANN_11_04_17
http://www.ncbi.nlm.nih.gov/pubmed/22194080
https://doi.org/10.5588/ijtld.12.0026
http://www.ncbi.nlm.nih.gov/pubmed/22963934
http://www.ncbi.nlm.nih.gov/pubmed/12234133
https://doi.org/10.1186/s12991-018-0194-2
http://www.ncbi.nlm.nih.gov/pubmed/29942341
http://www.ncbi.nlm.nih.gov/pubmed/23012161
https://doi.org/10.1371/journal.pone.0236154

