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Abstract 

Purpose: To evaluate the possible effects of Khat and its active ingredient, cathine, on the hepatic 
production of alpha-fetoprotein (AFP), C-reactive protein (CRP) and gamma-glutamyl transferase (GGT) 
levels among khat chewers.  
Methods: The study is a descriptive study among khat chewers in Sana'a, Yemen. The serum levels of 
AFP, GGT and CRP were evaluated in 70 chronic khat chewers comprising 57 males (81 %) and 13 
females (19 %). Serum CRP levels were determined using a commercial latex-enhanced turbidimetric 
immunological assay kit. On the other hand, serum AFP concentrations were quantified using ELISA 
kits, while serum γ-glutamyltransferase (GGT) was determined using the Roche Cobas c501 analytical 
system.  
Results: Three of the 70 participants in the study had elevated AFP levels, with an overall prevalence 
of 4 %, while GGT was elevated in 13 (19 %) of the participants. In contrast, CRP levels were normal in 
all participants. However, cathine had no significant effects on serum levels of AFP, GGT and CRP in 
long-time chewers of khat.  
Conclusion: These data demonstrate that cathine has no significant effect on several liver-derived 
proteins such as AFP, GGT and CRP, in those who chew khat for a long time. 
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INTRODUCTION 
 

For centuries, many people in Eastern Africa and 
the Arabian Peninsula (Yemen, Ethiopia, 
Somalia, Kenya, Saudi Arabia, South Africa, and 
Madagascar) have been chewing fresh leaves 
and branches of Catha edulis, generally 
identified as khat, for its stimulating effect [1].  
The majority of Yemenis chew khat leaves daily 
as a social habit. A few years ago, most khat 

chewers were guys. However, the number of 
women and children who chew khat has 
increased. During wedding celebrations and 
funerals, people consume khat [2]. The main 
psychoactive compound in C. edulis is cathinone, 
a β-keto analogue of amphetamine. It shares 
both the stimulant properties of amphetamines 
and a similar phenethylamine structure. 
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The amount of cathinone in khat leaves, which 
varies depending on the region in which it is 
grown, determines its market worth and potency 
[3]. In addition, the WHO has designated khat as 
an abuse substance because it is associated 
with detrimental health outcomes. Moreover, the 
cardiovascular system is primarily affected by 
khat, as evidenced by elevated heart rate, 
elevated blood pressure and a high risk of 
myocardial infarction. Khat increases the risk of 
stroke, and it causes stress, sadness, 
hallucinations, insomnia, poor oral hygiene, 
dental caries, periodontitis, increased ulceration 
of the oral mucosa, gingival recession and 
bleeding [4]. It has been hypothesized that the 
liver is particularly susceptible to the adverse 
effects of khat [5].  Chewing khat raises the 
possibility of hepatotoxicity and liver cirrhosis, 
and the habit causes hemorrhoids, constipation, 
gastritis and appetite loss. Ultimately, khat 
chewing results in low-birth-weight infants, poor 
micturition and low sperm motility and counts in 
khat-chewing males. Although there is a link 
between khat consumption and liver damage, the 
exact mechanism is unknown. Several 
researchers postulate that khat might cause an 
autoimmune reaction in vulnerable people and 
have demonstrated khat-related liver damage 
that resembles autoimmune hepatitis [6].  The 
present study was carried out to evaluate the 
possible effects of khat and its bioactive 
component, cathine, on serum concentrations of 
AFP, GGT, and CRP among Yemeni khat 
chewers. 
 

METHODS 
 
Study participants and collection of samples 
 
The present study was conducted on 70 subjects 
who chewed khat daily in Sana’a, Yemen. After a 
full explanation of the objective of the study, each 
participant provided written informed consent and 
completed a questionnaire on socio-demographic 
data through interview. Participants were 
considered eligible if aged ≥18 years (through 
self-declaration) and free of obvious acute or 
chronic illnesses. Most khat chewers declared 
using khat for about 6 h daily. Blood samples 
were drawn via the antecubital vein into vials 
without heparin or EDTA, for biochemical 
determination of AFP, GGT and CRP. Following 
a 10-minute centrifugation, the serum samples 
obtained were kept at -20 °C until analysis. 
 
Ethics statement 
 
The ethical approval for this study was obtained 
from the Ethics Committee (Al-Razi University) 
under approval number (01/FMHS/2004). All 

procedures performed in this study comply with 
the ethical standards of the institution or the 
National Ethics Committee's Ethical Standards, 
the 1964 Helsinki Declaration, and its later 
amendments or comparable ethical standards 
[7]. 
 
Determination of CRP 
 
Serum CRP levels were determined using a 
commercial latex-enhanced turbidimetric 
immunological assay kit (Agappe, India). The 
assay method has linearity up to 200 mg/L. 
 
Determination of α-fetoprotein  
 
The serum concentrations of α-fetoprotein were 
quantified using ELISA kits from Snibe, China, 
with a reference range of 0 – 5.8 IU/mL. 
 
Determination of GGT  
 
The serum quantitative determination of γ-
glutamyltransferase (GGT) was done using the 
Cobas 501 systems (Roche, Switzerland). This is 
a kinetic (Rate-A) reaction, with detection limited 
to (8 - 50) U/L. 
 
Statistical analysis 
 
Version 7.2 of the Epi-Info program was used for 
the data analysis. The frequency distribution of 
each variable was determined using univariate 
analysis. Bivariate analysis was employed to 
identify independent determinants of higher GGT 
levels among khat chewers. The variables linked 
to higher GGT levels were chosen using the 
odds ratio (OR) at a 95 % confidence interval. 
 

RESULTS 
 
Socio-demographics of participants 
 
A total of seventy (70) participants were included 
in this study. Majority of the participants were 
males (81 %) and more than half (64 %) of them 
were aged thirty or more. A total of 60 
participants (86 %) were from urban areas, while 
10 (14 %) were from rural areas. Two (2) of the 
70 participants (3 %) had primary school 
education, 30 participants (43 %) were educated 
up to secondary school level, while 21 subjects 
(30 %) had education up to the tertiary school 
level. While most participants (77 %) chewed 
khat for over 6 h daily, with a mean duration of 
7.5 h per session, twenty-nine percent (29 %) of 
the participants smoked. These demographic 
data are shown in Table 1. 
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Table 1: Demographic and behavioral characteristics of participants 
 

Characteristic Number Percentage (%) 

Sex 
Male 57 81 
Female 13 19 
Age 
<20 years 8 11 
20-30 years 20 29 
≥30 years 42 60 
Residence 
Rural 10 14 
Urban 60 86 
Educational level 
Illiterate 9 13 
Can read and write 8 11 
Primary 2 3 
Secondary 30 43 
Tertiary and above 21 30 
Duration of khat chewing session (hours) 
<6 hours 16 23 
>6 hours 54 77 
Smoking 
Yes 20 29 
No 50 71 

 
Table 2: Serum AFP, GGT and CRP levels among participants 

 

Test Normal Abnormal (Elevated) 

 N % N % 

alpha-fetoprotein (AFP) 67 96 3 4 
Gamma-Glutamyl 
Transferase (GGT) 

57 81 13 19 

C-Reactive Protein 70 100 0 0 

 
Percentage of elevated AFP, GGT and CRP 
levels among Participants 
 
Serum AFP was elevated in 3 (4 %) of the 70 
participants in this study, while serum GGT was 
elevated in 13 (19 %) of the participants. 
However, serum CRP level was normal in all 
participants. These results are presented in 
Table 2. 
 
Bivariate analysis  
 
Bivariate analysis was used to identify factors 
independently associated with elevated GGT 
levels in khat chewers.  The results obtained 
indicate that there was no significant correlation 
between increased risk of elevated GGT and 
sex, age, residential area, daily duration of khat 
chewing, khat washing, or smoking (Table 3). 
Majority of the participants (66 %) usually 
chewed one type of khat, 20 % of the subjects 
chewed three or more khat types, while 14 % of 
the participants chewed two types of khat. These 
data are shown in Figure 1. Figure 2 shows the 
distribution of subjects according to age groups. 
Half of the participants (50 %) were aged 30 
years or more, 29 % of the subjects were in the 
age group of 20 - 29 years, whereas 11 % of 

participants were below 20 years of age. 
Analysis of the educational level showed that, 
whereas 3 % of the participants had only primary 
education, 43 % had secondary school 
education, 30 % of participants were educated 
up to the tertiary level, while 13 % of the subjects 
were illiterate. Conversely, only 11 % of the 
subjects could read and write. These results are 
shown in Figure 3. 
 
This study was aimed at determining the impact 
of C. edulis on liver alpha-fetoprotein, C-reactive 
protein, and γ-glutamyl transferase in khat 
chewers. Khat is similar in composition to 
amphetamine and studies have shown a strong 
link between excessive amphetamine 
consumption, particularly 
methylenedioxymethamphetamine (MDMA: 
"ecstasy") and specific types of clinically 
noticeable liver injury [8]. Moreover, biochemical 
and histopathological data from animal studies 
have indicated that C. edulis is toxic [9]. Findings 
from previous studies demonstrate that all 
consumption levels of C. edulis leaves 
investigated resulted in significant increases in 
plasma levels of AST, ALT and ALP throughout 
the treatment [9].   

https://my.clevelandclinic.org/health/diagnostics/22055-gamma-glutamyl-transferase-ggt-test
https://my.clevelandclinic.org/health/diagnostics/22055-gamma-glutamyl-transferase-ggt-test
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Table 3: Bivariate examination of variables related to elevated GGT among khat chewers in Sana’a, Yemen 

 

Variable 
GGT 

OR (95% CI) 
Elevated N (%) Normal N (%) 

Sex 

Male 11(19%) 9(81%) 0.76 (0.14-
3.9) Female 2(85%) 11(15%) 

Age group 
<30 years 1(4%) 27(96%) 0.09 (0.01-

0.76) ≥30 years 12(29%) 30(71%) 

Residence 

Rural 2(20%) 8(80%) 
1.1 (0.2-5.9) 

Urban 11(18%) 49(82%) 

Hours of khat chewing per day 

<6 hours 3(19%) 13(81%) 
1 (0.2-4.2) 

≥6 hours 10(19%) 44(81%) 

Washing Khat    

No 3(15%) 17(85%) 
1.4 (0.3-5.7) 

Yes 10(20%) 40(80%) 
Smoking 
Yes 8 (40%) 12(60%) 

0.1 (0.04-0.6) 
No 5 (10%) 45(90%) 

 

 
 

Figure 1: Distribution of participants according to the type of khat 
 

 
 

Figure 2: Distribution of participants by age group 
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Figure 3: Distribution of participants by level of education 

 

 
DISCUSSION 
 
It is well known that CRP is elevated in patients 
with a history of drug abuse and previous results 
reveal that CRP levels were considerably higher 
in amphetamine users [13]. Other findings 
indicate that CRP levels are higher in opiate-
dependent patients, both independently and after 
controlling for age. Moreover, it has been 
suggested that opiate addiction-induced 
elevations in CRP and immunological activation 
may be responsible for accentuated age-related 
multi-system coronary and chronic 
atherosclerosis, both of which have been well 
documented in opiate dependency [14,15]. Thus, 
in the present study, CRP levels were 
determined in khat chewers. However, the 
results showed no elevated CRP levels in the 
khat chewers investigated. 
 
Furthermore, a study conducted in Baghdad 
revealed significant differences in liver function 
indices (GGT, AST, ALT, and ALP) between 
amphetamine addicts/abusers and controls [16]. 
Several studies have also reported liver injury in 
amphetamine abusers [17,18]. However, the 
present descriptive study showed no significant 
increases in serum levels of AFP, CRP, and 
GGT in subjects who chewed khat for durations 
ranging from 6 to 10 h daily. 
 

CONCLUSION 
 
The results of this investigation demonstrate that 
catechin has no significant effect on liver proteins 
such as AFP, GGT, and CRP in people who 
chew khat for a long time. However, there is a 
need to validate this finding using additional  

 
randomized controlled research with a larger 
sample size. 
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