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ABSTRACT  

Background and aims: chronic hepatitis B infection (CHB) is a worldwide health threat that has moderate 

to high prevalence in Yemen. There is accumulating evidence of the hepatotoxicity of khat, which is 

commonly and habitually chewed in Yemen and elsewhere, but little is known in CHB. This study aimed 

to examine the association between khat chewing and hepatitis B virus (HBV) serum DNA level (viral load) 

in such cases. Methods: Between January and December 2016, a cross-sectional study was carried out on 

consecutively consenting 210 CHB participants (khat chewers and non-chewrs) attending the hepatology 

clinics of two major hospitals in Sana’a city. After a structured interview, blood samples were collected for 

the determination of HBV markers and HBV load. Results: the study population, residing different cities 

in Yemen, had a median age of 36y (range = 20-72) with a 2.9:1 male to female ratio. Viral load was 

significantly (P<0.001) higher among khat chewers than non chewers: median (Interquartile range) = 1308 

(531.5-5916.5) vs 177 (60-627) IU/ml. Khat chewing was observed, via multivariate logistic regression 

analysis, to be significantly (pThe0.001) and independently associated with a clinically significant high 

HBV load (>2000 IU/ml) even after adjustment for the studied socio-demographic and laboratory factors. 

Conclusion: This study suggests khat chewing, especially on a daily basis, as a potential risk factor for high 

viremia and, therefore, be prudently discouraged in CHB. 
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1. Introduction:   

Chronic hepatitis B virus infection (CHB) is a 

global as well as a local public health threat with 

a 3.5% worldwide prevalence and estimated 

849,024 deaths in 2015 alone [1]. In Yemen, 

although improving after the introduction of the 

HBV vaccine in 2000, CHB is still endemic, with 

an estimated overall HBsAg sero-prevalence of 
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1.8–5.8% [2–5]; a prevalence of 10.8% in 

pregnant women [6], and 18–24% in cases of 

chronic liver disease [7-9]. 

 The critical role of HBV load in CHB cases 

cannot be overemphasized. It has been 

considered the cardinal predictor of disease 

progression and was linked to 

necroinflammation and the development of liver 

fibrosis and cirrhosis, as well as hepatocellular 

carcinoma (HCC), hence its exceptional 

importance for both treatment as well as follow-

up decisions. 

making [10-14].  Moreover, baseline HBV load 

has been an independent prognostic factor for 

sustained virologic response to nucleotide 

analogues [15], and high viremia constitutes a 

risk factor for transmission, including from the 

mother to child [16], that requires special 

attention and therapy [14]. Furthermore, high 

HBV load has been associated with higher 

morbidity and mortality from chronic liver 

disease and HCC, and it predicts recurrence of 

HCC after curative resection [17, 18]. 

 On the other hand, considered an illicit drug in 

many countries, the khat plant (Catha 

edulisForsk) is increasingly cultivated and 

therefore abundantly available in Yemen and east 

Africa and is chewed by millions, mainly where 

it is cultivated but also in Australia, Europe, and 

the United States [19]. In Yemen, chewing khat 

has been a widely accepted social norm for 

decades, but with increasing popularity and an 

estimate of 3-4-hour-daily chewing sessions by 

32-90% and 9-50% of adult males and females, 

respectively [20-23]. While several studies have 

studied the acute and chronic hepatotoxic effect 

of khat and its association with the development 

of chronic liver disease and cirrhosis [24–26], 

data are scarce regarding the potential deleterious 

combination of khat chewing and CHB. In fact, 

no study has specifically examined the effect of 

khat chewing on HBV load. Hence, our study 

mainly aimed to explore the potential association 

of khat chewing with HBV load (viremia) in 

CHB. 

2. Participants and Methods 

Study design & setting: An observational cross-

sectional study was carried out on consecutive 210 

participants with CHB, 50% of whom were khat 

chewers, who attended the hepatology clinics in 

Athawra General Hospital and the Hospital of the 

University of Science and Technology (Sci & Tech.) 

in Sana’a, Yemen, in the period from January to 

December 2016. The study was approved by the 

ethics and scientific committees of the Faculty of 

Medicine, Sana’a University. 

 Participants: eligible participants were 

consenting adults (≥18 years old) who had CHB, 

defined as hepatitis B surface antigen-HBsAg 

positivity for at least the past six months [27], 

with positive anti-HBc IgG, and had serum 

HBV-DNA more than 25 international units per 

ml (IU/ml). Participants with HCV, HIV, 

autoimmune hepatitis, cirrhosis, HCC, or other 

terminal illness and those on antiretroviral 

treatment were excluded from this study. 

Participants with informed consent were 

interviewed, and demographic and clinical data 

were collected via an interview and a 

questionnaire. Blood samples were collected 

after the interview. 

 Laboratory testing: The qualitative presence of 

HBc-IgG antibodies (together with HBsAg, an 

objective indication of chronicity) and HBeAg 

(hepatitis B e-antigen) were determined via the 

COBAS® e 411 analyzer (Rosch Diagnostics 

GmbH, Germany) using Electro-

Chemiluminescence Immunoassay (ECLIA) per 

the manufacturer's instructions. Quantitative 

assessment of serum HBV-DNA was performed 

with the High Pure System (HPS) for DNA 

extraction and real-time polymerase chain 

reaction (RT-PCR) using the 

COBAS®TaqMan® 48 Analyzer (Rosch 

Diagnostics GmbH, Germany) that has a lower 

detection limit of 25 IU/ml. Serum viral load of 

HBV in patients was classified as high 
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(>2000 IU/ml) and low (≤2000 IU/ml) based on 

the clinical significance described earlier [28]. 

Statistical analysis: 

The statistical package of social science 

program (SPSS) version 21 (IBM®, Armonk, 

NY, USA) was used for data analysis. 

First the khat chewing and non chewing 

participants were compared using univariate 

analyses: Mann Whitney U test for continuous 

variables and Chi square test for categorical 

variables; factors associated with khat chewing 

were examined via univariate logistic 

regression. Significance and independence of 

association between khat chewing and 

hepatitis B viral load was studied with all 

variables included (socio-demographic, 

recruitment hospital and laboratory) using 

logistic regression model after checking for 

multicollinearity between independent 

variables. In order to investigate the potential 

dose-response relationship between intensity 

of khat chewing and high viral load, 

participants were classified into three groups 

based on the number of khat chewing days per 

week. To evaluate the combined effect of khat 

chewing and smoking, participants were 

classified into four groups: non chewers and 

non smokers, chewers and nonsmokers, non 

chewers and smokers, chewers and smokers. 

Percentages cited in tables are those of 

columns. All p values were two sided; and a p 

value <0.05% was considered significant. 

 

3. Results 

Baseline characteristics of study 

participants 

As shown in Table 1, the 210 Yemeni CHB 

participants had a median age of 36 years, with the 

age group 30-39y dominating (42.2%) the sample 

population. They were predominantly males 

(male:female ratio = 2.9), nonsmokers (84.2%), and 

predominantly residing in Sana'a (32%) but also 

coming from other cities [Table 1]. The overall 

HBeAg positivity rate was 16%, and 28.1% of all 

CHB participants had a clinically significant viral 

load greater than 2000 IU/ml. 

The vast majority of chewers (85.7%) chew khat on a 

daily basis [Table 3]. Among khat chewers, khat 

chewing was significantly more frequent in the age 

group 30-39y (p = 0.017), followed by the 40-49y 

group when compared to younger participants. 

Comparison between CHB khat chewers and 

non-chewers 

CHB Khat chewers were significantly more 

likely to be males (p = 0.013) with a 4.5:1 male 

to female ratio and were more likely to smoke 

cigarettes (p<0.001). HBV load varied 

significantly between khat chewers and non-

chewers and tended to be higher in the former 

(p <0.001) [Figure 1A, Table 1]. Chewers and 

non-chewers, however, did not vary significantly 

with respect to age distribution, residence, 

recruitment hospital, or HBeAg status [Table 1]. 

Factors associated with high hepatitis B viral 

load 

Univariate and multivariate logistic regression 

analysis for factors associated with clinically 

significant HBV load (>2000 IU/ml) in CHB 

participants is shown in table 2. The analysis 

revealed that HBeAg positivity (p<0.001), khat 

chewing (p=0.001) and cigarettes smoking 

(p=0.025) were significantly associated with 

high HBV load after adjustment for other factors 

like age, sex, residence and recruitment hospital. 

In addition, frequency of khat chewing showed a 

significant (p trend<0.001) linear association 

with high HBV load [Figure 1B]. The association 

was especially significant (p<0.001) among daily 

khat chewers, with an odd ratio (OR) of 7.1 

[Table 3]. 

However, unlike other significantly associated 

variables, adjusting for frequency of khat 

chewing pushed the association of high viremia 

with smoking to the margin of significance 

(p=0.05). The p value was 0.049 when age, as a 

continuous variable, replaced the grouped 
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variable in the model (data not shown). Such a 

shift in significance is likely due to the lack of 

smokers in the group of 1-3-days-per-week 

chewers and presence of only two smokers who 

never chew khat, none of whom had high HBV 

load. Analysis of the combined effect of smoking 

and khat chewing, nonetheless, showed that 

smoking increased the odds of having high viral 

load by at least 11. Of note, there was insufficient 

statistical evidence that age (as a continuous or 

as a grouped variable) or other studied variables 

were associated with high HBV load. 

 

Table (1): Baseline socio-demographic and lab characteristics of all chronic hepatitis participants according to 

khat chewing status 

Criterion 
All 

(n=210) 

Non chewers 

(n=105) 

Chewers 

(n=105) 
Univariate analysis† 

 n (%) n (%) n (%) OR (95% CI) P 

Age, year, median(IQR) 36 (15) 35 (17) 37 (15)  0.167 

Age groups     0.085 

20-29 50 (23.8) 32 (30.5) 18 (17.1) 1  

30-39 89 (42.4) 38 (36.2) 51 (48.6) 2.39 (1.17, 4.87) 0.017 

40-49 26 (12.4) 11 (10.5) 15 (14.3) 2.42 (0.92, 6.39) 0.073 

≥50 45 (21.4) 24 (22.9) 21 (20) 1.56 (0.68, 3.54) 0.292 

Sex     0.012 

Female 54 (25.7) 35 (33.3) 19 (18.1) 1  

Male 156 (74.3) 70 (66.7) 86 (81.9) 2.26 (1.19, 4.3) 0.013 

Smoking     <0.001 

No 177 (84.3) 103 (98.1) 74 (70.5) 1  

Yes 33 (15.7) 2 (1.9) 31 (29.5) 21.57 (5, 92.9) <0.001 

Residence     0.983 

Sana’a 67(31.9) 35 (33.3) 32 (30.5) 1  

Ibb 35 (16.7) 16 (15.2) 19 (18.1) 1.3 (0.57, 2.94) 0.532 

Taiz 27 (12.9) 14 (13.3) 13 (12.4) 1.01 (0.42, 2.48) 0.973 

Aden 22 (10.5) 11 (10.5) 11 (10.5) 1.1 (0.42, 2.87) 0.855 

Shabwa 13 (6.2) 5 (4.8) 8 (7.6) 1.75 (0.52, 5.9) 0.367 

Raimah 11 (5.2) 7 (6.7) 4 (3.8) 0.63 (0.17, 2.34) 0.485 

Hadramawt 11 (5.2) 6 (5.7) 5 (4.8) 0.91 (0.25, 3.28) 0.887 

Almahweet 8 (3.8) 4 (3.8) 4 (3.8) 1.1 (0.25, 4.74) 0.905 

Lahj 6 (2.9) 3 (2.9) 3 (2.9) 1.1 (0.21, 5.81) 0.916 

N/A 10 (4.8) 4 (3.8) 6 (5.7) 1.64 (0.42, 6.34) 0.473 

Hospital     0.153 

Athawra 78 (37.1) 34 (32.4) 44 (41.9) 1  

Sci & Tech. 132 (62.9) 71 (67.6) 61 (58.1) 0.66 (0.38, 1.17) 0.154 

Viral Load (IU/ml), median (IQR) 565 (3413) 177 (567) 1308 (5385)  <0.001 

Viral load Groups     <0.001 

Low (≤2000 IU/ml) 151(71.9) 88 (83.8) 63 (60) 1  

High (>2000l IU/ml) 59 (28.1) 17 (16.2) 42 (40) 3.45 (1.8, 6.61) <0.001 

HBeAg     1 

Negative 176 (83.8) 88 (83.8) 88 (83.8) 1  

Positive 34 (16.2) 17 (16.2) 17 (16.2) 1 (0.48, 2.1) 1 
†P values in continuous variables (age and viral load) were based on Mann-Whitney U test. P values for categorical 

variables (in bold) were based on Chi-Square test. The crude odds ratio (OR) and p value for the rest of categorical 

variables are based on univariate logistic regression for subset analysis of khat chewers. IU/ml: international units per ml 

of serum. HBeAg: Hepatitis B virus e antigen. IQR: interquartile range. N/A: not available. 
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Table (2): Factors associated with high viral load in CHB participants in Sana'a, Yemen 

 HBV load Statistical analysis 

 Low (n=151) High (n=59) Univariate† Multivariate‡ 

 n (%) n (%) OR (95% CI) B (95% CI) SE OR (95% CI) 

HBeAg       

-ve (n=176) 145 (96) 31 (52.5) 1 1  1 

+ve (n=34) 6 (4) 28 (47.5) 21.8 (8.3, 57)*** 3.7 (2.7, 6.4)** 2.4 39.2 (11.8, 130)*** 

Khat chewing       

No (n=105) 88 (58.3) 17 (28.8) 1 1  1 

Yes (n=105) 63 (41.7) 42 (71.2) 3.5 (1.8, 6.6)*** 1.7 (0.8, 3.4)** 1.3 5.7 (2.1, 15.5)** 

Smoking       

No (n=177) 135 (89.4) 42 (71.2) 1 1  1 

Yes (n=33) 16 (10.6) 17 (28.8) 3.4 (1.6, 7.3)** 1.1 (0.2, 2.4)* 0.6 3 (1.2, 8)* 

Age (years)       

20-29 (n=50) 35 (23.2) 15 (25.4) 1 1  1 

30-39 (n=89) 71 (47) 18 (30.5) 0.6 (0.3, 1.3) -0.1 (-1.3, 1.1) 0.8 0.9 (0.3, 2.7) 

40-49 (n=26) 16 (10.6) 10 (16.9) 1.5 (0.5, 3.9) 0.1 (-1.6, 1.9) 0.9 1.1 (0.3, 4.4) 

≥50 (n=45) 29 (19.2) 16 (27.1) 1.3 (0.6, 3) 0.5 (-0.7, 1.9) 0.6 1.7 (0.5, 5.6) 

Sex       

Female (n=54) 36 (23.8) 18 (30.5) 1 1  1 

Male (n=156) 115 (76.2) 41 (69.5) 0.7 (0.4, 1.4) -0.4 (-1.5, 0.8) 0.6 0.7 (0.3, 1.9) 

Residence       

Sana’a (n=67) 54 (35.8) 13 (22) 1 1  1 

Other cities 

(n=143) 
97 (64.2) 46 (78) 1.9 (0.9, 3.9) 0.9 (-0.2, 2.6) 0.7 2.4 (0.9, 6.2) 

Hospital       

Athawra (n=78) 54 (35,8) 24 (40.7) 1 1  1 

Sci. & Tech. 

(n=132) 
97 (64.2) 35 (59.3) 0.8 (0.4, 1.5) -0.3 (-1.2, 0.7) 0.5 0.8 (0.3, 1.7) 

†Univariate association analysis resulted in unadjusted odds ratio (OR) based on logistic regression with single variable. 
‡Multivariate statistics were based on logistic regression model for high viral load prediction adjusted for all socio-
demographic and recruitment-site variables included. Low HBV load: ≤2000 IU/ml; High HBV load: >2000 IU/ml. B: Beta 
coefficient; SE: standard error of B coefficient and 95% confidence interval (CI) were based on 1000 bootstraps. ORs were 
rounded to first decimal point. *p<0.05; **p<0.01; ***p<0.001. Logistic model characteristics: Hosmer and 
Lemeshowp=0.33, Nagelkerke R2= 0.486; -2log-likelihood=162.935. 

 

Table (3): Logistic regression models with khat chewing frequency or combined khat chewing-smoking variables 

 HBV load  

 Low (n=151) 
High 

(n=59) 
Multivariate analysis 

 n (%) n (%) B (95% CI) P OR (95% CI) P 

Khat chewing frequency†      <0.001 

No (n=105) 88 (58.3)  17 (28.8) 1  1  

1-3 days/week (n=13) 10 (6.6) 3 (5.1) 0.75 (-18.3, 2.5) 0.3 2.1 (0.3, 14) 0.4 

7 days/week (n=92) 53 (35.1) 39 (66.1) 2 (1, 3.7) 0.001 7.1 (2.4, 20.7) <0.001 

Smoking (yes vs no) 16 (10.6) 17 (28.8) 0.98 (-0.18, 2.3) 0.08 2.7 (1, 7.2) 0.05 

Logistic regression with combined effect of khat chewing and smoking‡ 

Khat chewing-smoking       

No khat, No smoke (n=103) 86 (57)  17 (28) 1  1  

+ Khat, No smoke (n=74) 49(32.5) 25 (42.4) 1.66 (0.8-3, 3.5) 0.001 5.3 (1.9, 14.5) 0.001 
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No Khat, + smoke (n=2) 2 (1.3) 0 (0) -18.4 (-19.2, -16.4) 0.004 0.000§ 0.99 

+ khat, +smoke (n=31) 14 (9.3) 17 2.8 (1.8, 4.7) 0.001 17 (5, 57.4) <0.001 
†Logistic regression with khat chewing frequency (showing the effect on smoking variable) adjusted for all other variables: 

grouped age, sex, smoking, HBeAg status, residence and recruitment hospital. ‡ Adjusted for all other variables. B: Beta 

coefficient and 95% confidence interval (CI) were based on 1000 bootstraps. § OR was not calculated due to low number of 

cases in the low viral load group and lack of cases in the high load group. OR (odds ratio) numbers were rounded to first 

decimal point. Low HBV load: ≤2000 IU/ml; High HBV load: >2000 IU/ml. 

 

Figure (1): A: Box and whiskers plot of log10 serum hepatitis B virus (HBV) DNA (in international units per ml -IU/ml) in 

chronic hepatitis B khat chewers and non chewers showing a significant difference between the two groups according to 

Mann Whitney U test. B: Stacked graphs of number & percentage of chronic hepatitis B participants according to their khat 

chewing frequency (in days per week) and their serum viral load (high (>2000 IU/ml), low (≤2000 IU/ml). Chi square test 

was used for linear trend.

4. Discussion 

The importance of viral load in CHB is well 

recognized, and our study examined HBV 

load in relation to khat chewing. The current 

study found a highly statistically significant 

association between khat chewing and 

clinically significant high viral load in CHB 

cases. Khat chewing maintained an 

independent association after adjustment for 

age, sex, smoking, and HBeAg status. Such 

association was especially significant among 

participants chewing khat on a daily basis, 

who constituted the vast majority of chewers 

in our sample. Daily khat chewers were 7.1 

times more likely to have HBV load 

>2000 IU/ml than non chewers. 

While the association of high HBV load with 

HBeAg sero-positivity found in this study has 

actually been well established [1; 14], the 

association with cigarette smoking in this study 

was less straight forward because of the low 

number of smokers who do not chew khat (only 
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two), none of whom had high viral load. Our 

study, with such a limitation to investigate 

smoking nonetheless, showed that smoking had 

at least an additive effect of smoking to chewing 

on the viral load. Three studies have reported 

viral load in relation to smoking. Chook et al. 

[29] did not find a significant association in a 

recent cohort study investigating the protective 

effect of coffee drinking. However, in two 

studies focusing on fibrosis and HCC risk factors 

in male cohorts with special reference to 

smoking, Xiong et al. [30] did not find a 

significant difference in viral load between 

smokers and nonsmokers unless propensity score 

matching was undertaken, while Wang et al. [31] 

provided evidence of the association of smoking 

with high viremia and went further to suggest 

smoking-induced viremia as a mediatory for 

HCC development. 

In agreement with the present study, Chook et al. 

[29] found neither gender nor age to be 

significantly associated with high viral load in 

Malaysia while investigating the effect of coffee 

drinking on HBV load. Furthermore, apparently, 

characteristics of khat chewers, found in this 

study among CHB participants, did not differ 

from those in the healthy general population. For 

instance, a significant association between khat 

chewing and cigarette smoking was found in 

Ethiopian students [32] and Yemeni residents in 

the UK [33]. In addition, the higher prevalence 

of khat chewing among males than females and 

the relation to age have also been previously 

reported [22; 34; 35]. 

Our study contrasted the report of Sallam et al. 

[5], who did not find HBeAg positive cases in 

their sample from Taiz, but we found eight from 

the same city. This could simply be explained by 

the fact that HBeAg positivity is largely related 

to the stage of infection and to the development 

of precore mutants [14]. 

Although the exact mechanism of interaction 

between khat, which contains many different 

alkaloids and other compounds [36], and HBV 

infection is largely unknown, the picture is 

further complicated by the potential 

contamination of khat with organophosphorus 

compounds that are heavily used during 

cultivation and are capable of causing liver 

damage [37-39]. There is accumulating evidence 

that khat can adversely affect the liver in animal 

models [40; 41] and could be associated with 

acute and chronic liver disease in humans [24; 

25; 42-44]. Some previous cell culture work [45; 

46] proposes the generation of reactive oxygen 

species (oxidative stress) and induction of liver 

cell apoptosis, at least in part, as an explanatory 

mechanism for the nature of the liver insult. 

Autoantibodies, found in some cases [47], 

suggested autoimmune hepatitis as another 

mechanism, but such a hypothesis was not 

supported in a recent case-controlled study [26]. 

On the other hand, the association of khat 

chewing with high viremia, which is indicative 

of viral replication, might be explained by the 

potential adverse effect of khat on the immune 

system or its components addressed before, 

albeit mostly, in animal models [48-51]. 

Two limitations of this study should be taken into 

consideration when interpreting the results and 

making generalizations. First, the study 

depended on a single-point testing of HBV DNA 

level in the sera of CHB participants, which 

makes long-term temporal relations less evident. 

Secondly, the study was not all-inclusive of 

factors that might affect viral load, like the 

recently reported coffee drinking [29] and 

possibly the effect of the duration of infection 

beyond the six-month cutoff mark. However, 

according to the E-value calculation [52], an 

unmeasured covariate/confounder should have 

an OR ≥ 4.21-fold with both khat chewing and 

high HBV each in order to explain away the 

present association between the latter two, which 

is not the case for coffee drinking. Hepatitis D 

virus and HBV genotype were not investigated in 

this study under the assumptions that coinfection 

with hepatitis D virus is very rare in Yemen, 

according to previous studies from various 

regions in Yemen [2; 53] and that HBV type B is 
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the most dominant genotype and no significant 

difference in viral load vs. the rare genotype A 

was observed [54; 55]. Alcohol drinking, illegal 

in Yemen and assumed to have low prevalence, 

was not observed here but was not associated 

with high viremia in a recent cohort study either 

[31]. 

5. Conclusion 

This study highlights the association of khat 

chewing with HBV load and suggests khat 

chewing as a potential risk factor for clinically 

significant high viremia. Together with previous 

studies of khat’s harmful effects, it underpins the 

necessity to discourage khat chewing by 

healthcare professionals, especially in CHB 

cases. Further studies to investigate such an 

association and its mechanism would be 

worthwhile. 
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