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aBstraCt

introduction: The purpose of this study was to examine the extent in which concurrent use of khat and tobacco was associ-
ated with decrements in working memory. We also tested whether cardiovascular activity during a cognitive task was related to 
performance outcomes, as research has shown linkages between maladaptive physiological adjustments and cognitive functions.

Methods: Seventy-four concurrent users of khat and tobacco, 49 khat-only users, and 52 nonusers (M age ± SD: 23.8 ± 4.8) 
completed a laboratory session including 10 min of a mental arithmetic challenge task. Systolic blood pressure (SBP) and diastolic 
blood pressure and heart rate were collected throughout the task. Analyses of variance and correlational analyses were conducted.

results: We found that concurrent users evidenced the lowest number of correct responses on the math task among these  
3 groups (ps < .05). Concurrent users also showed fewer number of attempts than khat-only users (ps < .01) and lower accuracy 
rate than nonusers (ps < .05). The performance of khat-only users and nonusers were comparable on these 3 measures (p > .76). 
Overall blood pressure levels were lower in concurrent users than in nonusers (p < .05). Correlational analysis found that lower 
SBP during the math task was associated with fewer number of correct responses and attempts and lower accuracy rate on the task 
(ps < .05). Multiple regression analysis controlling for gender found that concurrent use predicted math performance (ps < .05). 
Reported duration and frequency of khat and tobacco use and nicotine dependence predicted performance measures (ps < .05).

Conclusions: These findings suggest potential linkages between concurrent use of khat and tobacco and impaired working 
memory.

intrOdUCtiOn

Identifying psychological and biological determinants associ-
ated with substance use may contribute to the development 
of effective interventions and treatment programs, which may 
reduce health care and economic burdens. This may be par-
ticularly the case among developing countries where polysub-
stance use is not uncommon (al’Absi & Grabowski, 2012). 
In East African and Middle Eastern countries, khat (Catha 
edulis) is a widely accepted substance used in socializa-
tion as well as in traditional and religious ceremonies (Cox 
& Rampes, 2003). Khat is a tree that grows in these regions, 
and oral consumption is the most common form of use (Cox 
& Rampes, 2003). Its main constituent is cathinone, and the 
chemical structure is similar to that of amphetamine (Feyissa 
& Kelly, 2008). A typical khat session lasts approximately 5 hr 
(Nakajima et al., 2013), and users report euphoria, friendliness, 
and increased flow of ideas while chewing (Balint, Falkay,  
& Balint, 2009; Cox & Rampes, 2003). These symptoms are 
followed by negative symptoms, such as anxiety, irritability, 
and insomnia.

Khat use is often accompanied by tobacco use (Ayana & 
Mekonen, 2004; Belew, Kebede, Kassaye, & Enquoselassie, 
2000; Griffiths, 1998; Kassim, Islam, & Croucher, 2011; 
Nakajima et al., 2013). Epidemiological data indicate greater 
prevalence of smoking among khat users as compared with 
nonusers (Ali et  al., 2011). In our recent work (Nakajima, 
al’Absi, Dokam, Alsoofi, & Khalil, 2012), reported hours 
of khat chewing per session were longer in concurrent users 
of khat and tobacco than in khat-only users, suggesting that 
the amount of khat used may be greater among smokers 
than nonsmokers. A growing body of evidence indicates that 
tobacco use is associated with cognitive impairment. Our 
focus for addressing the effect of concurrent tobacco use was 
prompted by several studies reporting that chronic smokers 
demonstrated poorer performance than nonsmokers on 
measures of auditory–verbal learning and/or verbal memory 
(Hill, Nilsson, Nyberg, & Backman, 2003; Nooyens, van 
Gelder, & Verschuren, 2008; Paul et al., 2006; Sabia, Marmot, 
Dufouil, & Singh-Manoux, 2008; Starr, Deary, Fox, & Whalley, 
2007) and poorer performance on measures of working 
memory (Ernst, Heishman, Spurgeon, & London, 2001). More 
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recently, Durazzo, Meyerhoff, and Nixon (2012) have reported 
similar poorer performances by younger smokers compared 
with nonsmokers on multiple measures of auditory–verbal 
and visuospatial learning, visuospatial memory, cognitive 
efficiency, executive functioning, and processing. Recent 
reports suggest that khat use may be associated with cognitive 
deficits (Colzato, Ruiz, van den Wildenberg, Bajo, & Hommel, 
2010; Colzato, Ruiz, van den Wildenberg, & Hommel, 2011, 
2012; Hoffman & al’Absi, 2010; Hoffman & al’Absi, 2013). 
Taken together, these suggest the possibility that concurrent 
use of khat and tobacco may have deleterious effects on 
cognitive functions. However, this hypothesis has not been 
directly tested.

This study also examined the extent to which physiological 
activity during a cognitive task was linked with performance 
outcomes. It has been suggested that dysregulations in central 
motivational processes are associated with maladaptive physi-
ological adjustments to environmental demands, which may 
lead to poor health behavior (Lovallo, 2011). Indeed, recent 
reports show a relationship between diminished cardiovascu-
lar levels and impaired cognitive ability (Ginty, Phillips, Der, 
Deary, & Carroll, 2011a, 2011b). This has not been examined 
in individuals who use khat and tobacco.

The purpose of this study was to examine the extent to 
which concurrent use of khat and tobacco was associated with 
diminished working memory. A  mental arithmetic challenge 
task tapping cognitive processes related to attention and work-
ing memory was used to assess cognitive performance. It was 
hypothesized that concurrent users would have worse perfor-
mance than khat-only users or nonusers. It was also predicted 
that lower levels of cardiovascular activity would be associated 
with worse performance.

MethOds

Participants

This study was part of a larger program that investigated neu-
rocognitive, psychobiological, and social determinants asso-
ciated with habitual khat use (al’Absi et al., 2013; Nakajima 
et  al., 2013). Our previous study (Nakajima et  al., 2013) 
reported data collected in the cities of Sana’a and Taiz in 
Yemen. However, due to minor differences in research pro-
tocol this study included data from Taiz only. Participant 
recruitment was conducted at Taiz University and in the sur-
rounding communities. Interested participants were invited 
to an onsite screening to assess their eligibility. This screen-
ing included a brief interview regarding medical history 
and substance use including khat and tobacco. Participants 
were included if they were free from major medical or psy-
chiatric diseases (e.g., stroke, hypertension, diabetes, major 
depression, anxiety disorder, substance use disorder). They 
must have completed at least a high school level education 
to ensure that they were able to comprehend tasks during 
the study. Khat-only users were defined as individuals who 
reported that they had been chewing khat for at least 2 years. 
In addition to the khat use, those who reported daily smoking 
cigarettes and/or water pipe use were classified as concur-
rent users. Those who had not used either substance were 
considered nonusers. Participants who passed the above-
mentioned criteria read and signed a consent form approved 

by the research ethical committee at Taiz University. A total 
of 175 individuals (74 concurrent users, 49 khat-only users, 
and 52 nonusers) completed this study. The majority of them 
were college students.

Measures and Apparatus

A mental arithmetic test was conducted to assess processes 
related to attention and working memory. Participants were 
instructed to subtract the number 7 from a 4-digit number 
with their maximal effort and speed. They were asked to 
go back to the previous number and try again in case they 
made a mistake. The mental arithmetic challenge has been 
shown to effectively assess cognitive functions relying on 
short-term memory (al’Absi, Hugdahl, & Lovallo, 2002) 
and elicits sympathetic activation which results in increased 
cardiovascular activity (al’Absi et al., 1997). An automated 
blood pressure monitor (MicroLife Automatic BP monitor 
3AC1; MicroLife) was used to measure systolic and diastolic 
blood pressure (SBP and DBP) and heart rate (HR) during the 
cognitive task. The Fagerström Test of Nicotine Dependence 
(FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 
1991) was used to assess levels of nicotine dependence in 
concurrent users.

Procedure

The laboratory session was held between 9 and 10 a.m. The 
participants were tested individually. Upon arrival to the lab-
oratory, the participant was greeted and seated in a comfort-
able chair in a testing room. A blood pressure cuff was then 
attached. The session consisted of a 30-min resting baseline 
during which the participant completed a battery of question-
naires such as demographic information and history of khat 
and tobacco use. BPs and HR were collected at the end of 
this period. The participant was then instructed to complete a 
mental arithmetic test (10 min) and other tasks (not reported 
here). Cardiovascular measures were obtained four times (at 1-, 
3-, 5-, and 7-min period) during the math task. After the task 
period, the participant rested for 15 min. 

Data Reduction and Analysis

Primary dependent variables related to mental math perfor mance 
were the following: (a) the number of correct responses, (b) the 
number of error responses, (c) total attempts (the sum of error 
and correct responses), and (d) accuracy rate (number of correct 
responses divided by total attempts). Each variable was analyzed 
by a 3 group (concurrent users of khat and tobacco, khat-only 
users, and nonusers) × 2 gender (men and women) analysis of 
variance (ANOVA). Due to significant skew in cardiovascular 
data, for each measure (e.g., SBP collected at the 1-min period), 
levels that exceeded ±2 SD were removed. As a result, completed 
data (i.e., none of measures collected during math was removed) 
for SBP were available from 145 individuals (57 concurrent, 
43 khat-only, and 45 nonuser), DBP were available from 141 
individuals (53 concurrent, 46 khat-only, and 42 nonuser), and 
HR were available from 145 individuals (59 concurrent, 43 khat-
only, and 43 nonuser). These were analyzed by 3 group × 2 gender 
× 4 time period multivariate analysis of variances using Wilk’s 
criterion. Baseline cardiovascular measures (using the same 
correction method as previously mentioned) and demographic 
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variables were analyzed by 3 group × 2 gender ANOVAs. 
Bonferroni corrections were made for follow-up comparisons. 
A detailed description of cardiovascular and self-report measures 
from a larger sample of tobacco and khat users (N = 308) will be 
reported elsewhere. Correlational and regression analyses were 
conducted to examine linkages between cardiovascular measures 
and math performance. Regression models were also conducted 
to test whether khat and tobacco use variables (e.g., frequency) 
were related to performance measures. Reported results varied in 
degrees of freedom due to occasional missing data.

resUlts

Sample Characteristics

The average age of the current sample was 23.8  years (SD: 
4.8; see Table  1). Concurrent users were older than nonus-
ers (main effect of group: F[2,169] = 4.43, p = .01; follow-up 
tests: p = .01). Khat-only users did not differ from other groups 
in terms of age (ps > .33). Body mass index was comparable 
across three groups (p =  .44). Men (M = 107.8, SEM = 1.4) 
exhibited greater baseline SBP than women (M  =  102.8, 
SEM  =  1.4; F[1,  157]  =  6.33, p  =  .01). No other gender or 
group differences were observed in baseline cardiovascular 
measures (ps > .07). Because age was different among three 
groups, we conducted a preliminary analysis including age as 
a covariate in models examining math performance and car-
diovascular measures. We found that age was not significant 
in any of these models. Therefore, age was not included as a 
covariate in reported results.

Detailed results of group and gender differences in reported 
khat and tobacco use have been published elsewhere using a 
larger sample (Nakajima et  al., 2013). In short, on average, 
khat users (khat-only and concurrent users combined) started 
chewing when they were 17-years-old (SD: 3.8). They chewed 
khat close to 5 hr/day (SD: 2.4), 5 times a week (SD: 2.2) for 

almost 6 years (SD: 4.6; Table 1). Reported age at the start of 
chewing was earlier, and intensity and frequency of khat use 
were greater in men than in women (Fs[1,119] > 6.9, ps < .01). 
Concurrent users had smoked for 4 years (SD: 3.8). The mean 
FTND score was 1.7 (SD: 2.0), indicating very low depend-
ence (Heatherton et al., 1991). Concurrent men reported smok-
ing 12 cigarettes/day (SD: 6.9), whereas concurrent women 
reported smoking less than a cigarette per day (SD: 0.3). In 
contrast, men reported smoking <1 water pipe head/day (SD: 
0.5), whereas women reported smoking two heads during the 
day (SD: 1.7). We note that these results were similar to those 
reported previously (Nakajima et al., 2013). 

Mental Arithmetic Performance

Concurrent users showed a lower number of correct responses 
than khat-only users and nonusers (group effect: F[2,169] = 5.74, 
p = .004; follow-up tests: ps ≤ .03) and fewer attempts than khat-
only users (group effect: F[2,169] = 5.40, p = .005; follow-up tests: 
p = .005; see Figure 1). Concurrent users also had a lower accu-
racy rate than nonusers (group effect: F[2,169] = 3.63, p = .03; 
follow-up tests: p = .03). Khat-only users and nonusers were com-
parable in these measures (p > .76). Relative to women, men had 
a greater number of correct responses (men: M = 54.8, SEM = 2.4; 
women: M = 34.5, SEM = 2.5; F[1,169] = 34.4, p < .001), attempts 
(men: M  =  66.8, SEM  =  2.4; women: M  =  48.6, SEM  =  2.5; 
F[1,169] = 27.7, p < .001), and accuracy (men: M = 0.79 [i.e., 
79%], SEM = 0.02; women: M = 0.65 [i.e., 65%], SEM = 0.02; 
F[1,169] = 30.1, p < .001). There were no group × gender differ-
ences in math performance variables (ps > .18; see Table 2).

Cardiovascular Activity During the Mental Arithmetic 
Challenge

Significant main effects of group were found in SBP 
(F[2,139]  =  8.48, p < .001) and DBP (F[2,135]  =  4.69, 
p  =  .01) indicating lower SBP in concurrent and khat-only 

table 1. Demographic Variables, Baseline Cardiovascular Measures, and Khat and Tobacco Use

Nonusers (n = 52) Khat-only users (n = 49) Concurrent users (n = 74)

Women (%) 51.9 44.9 48.6
Age (years)a 22.3 (0.6) 23.8 (0.7) 24.8 (0.5)
Body mass index (kg/m2) 22.0 (0.5) 21.2 (0.5) 21.6 (0.4)
Baseline systolic BPb 105.8 (1.8) 105.2 (1.9) 104.9 (1.5)
Baseline diastolic BP 71.6 (1.6) 68.2 (1.6) 71.2 (1.4)
Baseline heart rate 86.1 (1.6) 88.9 (1.6) 86.2 (1.4)
Khat use
 Age started using khatb n/a 16.4 (0.5) 16.7 (0.4)
 Hours (per session)a n/a 4.2 (0.3) 5.1 (0.3)
 Times (per week)b n/a 4.9 (0.3) 5.4 (0.2)
 Duration (years)b n/a 5.2 (0.6) 6.1 (0.5)
Tobacco use
 Cigarettes (per day) n/a n/a 6.1 (0.6)
 Water pipe (per day) n/a n/a 1.1 (0.1)
 Duration (years) n/a n/a 4.2 (0.4)
 FTND n/a n/a 1.7 (0.2)

Note. BP = blood pressure; n/a = not applicable; FTND = Fagerström Test of Nicotine Dependence. Entries show M and SEM.
aGroup effect was significant.
bGender effect was significant.
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groups relative to nonusers (ps < .002), and lower DBP in 
concurrent users relative to nonusers (p  =  .01). These group 
differences were further qualified by significant group × gender 
interactions (ps < .02) indicating greater SBP and DBP in men 
than in women among nonusers and khat-only users; however, 
this gender difference was not observed among concurrent 

users. A  significant group × gender × time interaction in 
HR (F[6,274]  =  2.63, p  =  .02) with a change score analysis 
(differences in HR between 1- and 3-min period) found a group 
× gender interaction (F[2,150]  =  3.94, p  =  .02), reflecting a 
tendency of gender differences in nonusers (p  =  .08) and in 
khat-only users (p = .08), but no such difference was found in 

Figure 1. Group differences in mental arithmetic performance. A: Concurrent users showed a lower number of correct responses 
than khat-only users and nonusers. B: Concurrent users had fewer attempts than khat-only users. C: Concurrent users had a lower 
accuracy rate than nonusers. 

table 2. Mental Math Performance and Cardiovascular Measures During Mental Arithmetic Challenge 

Nonusers Khat-only users Concurrent users

Math performance
 Number of correct responsea,b 47.4 (3.1) 49.6 (3.2) 36.9 (2.6)
 Number of error 11.3 (1.0) 14.2 (1.1) 13.7 (0.9)
 Number of attempta,b 58.7 (3.1) 63.8 (3.2) 50.6 (2.6)
 Accuracy rate (%)a,b 76.0 (2.3) 72.2 (2.4) 67.9 (1.9)
Systolic BPa,b,c,d

 1-min period 120.5 (2.0) 107.7 (2.1) 109.0 (1.8)
 3-min period 113.9 (1.9) 108.1 (2.0) 109.5 (1.7)
 5-min period 112.5 (1.9) 105.4 (1.9) 105.3 (1.7)
 7-min period 109.2 (2.0) 105.6 (2.1) 103.6 (1.8)
 Mean of periods 114.0 (1.5) 106.7 (1.5) 106.9 (1.3)
Diastolic BPa,b,c,d

 1-min period 82.9 (2.0) 75.4 (1.9) 73.9 (1.8)
 3-min period 78.3 (2.0) 73.4 (1.9) 74.0 (1.7)
 5-min period 77.5 (1.7) 74.5 (1.7) 73.4 (1.6)
 7-min period 74.3 (1.9) 72.0 (1.8) 68.8 (1.7)
 Mean of periods 78.2 (1.4) 73.9 (1.4) 72.5 (1.3)
Heart ratee

 1-min period 89.0 (1.6) 90.6 (1.6) 87.3 (1.4)
 3-min period 91.1 (1.7) 91.8 (1.7) 87.5 (1.4)
 5-min period 89.1 (1.6) 91.3 (1.6) 87.5 (1.4)
 7-min period 88.1 (1.8) 89.6 (1.8) 88.0 (1.5)
 Mean of periods 89.3 (1.5) 90.9 (1.5) 87.6 (1.3)

Note. BP = blood pressure. Otherwise indicated, entries show M and SEM.
aGroup effect was significant.
bGender effect was significant.
cGroup × gender interaction was significant.
dTime effect was significant.
eGroup × gender × time interaction was significant. 
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concurrent users (p = .93). SBP (F[3,137] = 9.21, p < .001) and 
DBP (F[3,133] = 7.36, p < .001) decreased over time during 
the math task in all participants. In both measures, levels at 
7-min period were lower than those at 1-min period; ps < .001; 
see Table 2).

Associations Between Math Performance  
and Cardiovascular Measures

Correlational analysis found that greater SBP at 3-min period 
was associated with greater number of correct responses 
(r =  .20, p =.01) and attempts (r =  .17, p =  .03), and higher 
accuracy (r  =  .18, p  =  .02; see Figure  2). Mean SBP across 
four periods during the math task were positively related with 
accuracy rate (r = .15, p = .049). DBP and HR were not related 
to mental arithmetic measures (ps > .09). Multiple regression 
models were conducted to examine whether group (nonusers 
as a reference) and SBP at 3-min period predicted performance 
measures. Gender was also included in the model because of 
its linkages with mental arithmetic performance. The results 
indicated that concurrent use predicted the number of cor-
rect responses (β  =  −.22, t  =  −2.61, p  =  .01), accuracy rate 
(β = −.27, t = −3.11, p =  .002), and the number of attempts 
(β = −.17, t = −1.98, p = .049). SBP was not significant in these 
models (ps > .32).

Multiple regression models were also conducted to test 
whether khat and tobacco use variables predicted working 
memory. Gender was adjusted in these models. Reported 
hours of khat chewing per session predicted the number of cor-
rect response (β  =  −.25, t  =  −2.93, p  =  .004), accuracy rate 
(β  =  −.23, t  =  −2.75, p  =  .01), and the number of attempts 
(β  = −.28, t  = −3.31, p  =  .001). Similarly, reported years of 
khat chewing was predictive of the number of correct response 
(β = −.22, t = −2.73, p = .01), accuracy rate (β = −.19, t = −2.37, 
p  =  .02), and the number of attempts (β  =  −.20, t  =  −2.35, 
p = .02). Reported water pipe use per day predicted accuracy 
rate (β = −.27, t = −2.17, p = .03). FTND predicted the number 
of correct response (β = −.26, t = −2.22, p = .03) and the total 
number of attempts (β = −.25, t = −1.99, p = .05). Collectively, 
these findings indicated that greater duration and frequency of 
khat and tobacco use as well as levels of nicotine dependence 
were associated with poorer math performance.

disCUssiOn

To the best of our knowledge, this study was among the first 
to demonstrate that a combination of khat and tobacco use is 
related to impairment in working memory and task-related 
physiological activity. Concurrent users had the lowest number 
of correct responses and fewer attempts than khat-only users, 
and lower accuracy rate than nonusers. Increase in reported 
hours per session and duration (in years) in khat use, as well 
as water pipe use per day and severity of nicotine dependence, 
were associated with decrease in mental arithmetic perfor-
mance. Both SBP and DBP were lower in concurrent users than 
in nonusers, and lower SBP levels during mental stress were 
correlated with poorer math performance. These findings are in 
agreement with previous work reporting relationships between 
khat and cognitive performance (Colzato et  al., 2010, 2011, 
2012; Hoffman & al’Absi, 2010; Hoffman & al’Absi, 2013), 
tobacco and cognitive deficits (Durazzo et  al., 2012; Ernst 

et al., 2001; Hill et al., 2003; Nooyens et al., 2008; Paul et al., 
2006; Sabia et  al., 2008; Starr et  al., 2007), and diminished 
physiological stress reactivity and cognitive ability (Ginty 
et al., 2011a, 2011b).

Although mechanisms specific to the relationship between 
concurrent use of khat and tobacco and impaired cognitive 
function are not yet well understood, research has shown 
linkages between cognitive deficits and the use of tobacco. 
Compared with nonsmokers, smokers have been shown to 
have impaired performance on measures of auditory–verbal 
learning and/or verbal memory (Hill et  al., 2003; Nooyens 
et al., 2008; Paul et al., 2006; Sabia et al., 2008; Starr et al., 
2007) and working memory (Ernst et al., 2001). These findings 
have also been reported among young smokers (Durazzo et al., 
2012). Studies have also shown linkages between cognitive 
dysfunctions and amphetamine use. Significant deficits in 
several different cognitive processes dependent upon brain 
fronto-striatal and limbic circuits have also been observed in 
studies of chronic methamphetamine users, including deficits 
in psychomotor functions, complex information processing 
speed, attention and working memory, episodic memory, and 
executive functions, including response inhibition and novel 
problem solving (Gonzalez et al., 2004; Ornstein et al., 2000; 
Paulus et  al., 2002; Rogers et  al., 1999a, 1999b; Salo et  al., 
2001, 2002; Sim et al., 2002; Simon et al., 2000, 2002; Simon, 
Dacey, Glynn, Rawson, & Ling, 2004; Volkow et  al., 2001; 
Woods et  al., 2005). Attentional deficits have been noted in 
the Stroop Color Word and Trailmaking tests (Kalechstein, 
Newton, & Green, 2003; Simon et  al., 2000). Chronic 
methamphetamine users also exhibit deficits on measures 
of sustained attention and vigilance such as the Continuous 
Performance Test (CPT; Borgaro et al., 2003). A recent study 
completed by London and colleagues (2005) demonstrated 
that methamphetamine users made significantly more errors 
on an auditory version of the CPT than drug-free controls. 
These investigators noted that the signal detection index 
was significantly smaller in methamphetamine users than in 
controls, suggesting impairment in the ability to discriminate 
targets from nontargets. Deficits may also emerge on tasks with 
more complex processing demands that also involve working 
memory and decision making, such as an N-back task (London 
et al., 2005). Individuals with a history of methamphetamine 
use display working memory deficits in such tasks as the 
immediate recall component of the auditory verbal learning 
test (Volkow et  al., 2001) and take 18%–30% longer to 
complete the working memory components of the California 
computerized assessment package (Chang et  al., 2002). The 
current findings that greater frequency and intensity of khat use 
as well as higher levels of nicotine dependence were associated 
with poorer working memory indicate dose-dependent 
relationships, suggesting enhanced risk of concurrent use of 
tobacco and khat on cognitive ability.

This investigation found that lower SBP levels during the 
task were associated with poorer performance. Although the 
weak magnitude of correlations calls for caution in interpreta-
tion of the results, a recent seminal work (Lovallo, 2011) sug-
gests that maladaptive (exaggerated or blunted) physiological 
stress response may be associated with alterations in central 
motivational processes that regulate homeostasis of the system. 
These processes involve layers of neurocognitive pathways in 
the brain that affect motivation, which may influence psycho-
logical, physiological, and behavioral outcomes (Lovallo, 2011; 
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Phillips, 2011). It is, therefore, possible that poor math perfor-
mance and low blood pressure levels observed among concur-
rent users of khat and tobacco may in part reflect malfunctions 
in the central motivational system. However, neurophysiological 

mechanisms of habitual substance use and central motivational 
processes have not been directly tested.

Math performance measures were comparable between 
khat-only users and nonusers, which appears to be 
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Figure 2. Positive associations between systolic blood pressure (at 3-min period) and math performance.
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inconsistent with findings on amphetamine users (Colzato 
et al., 2010, 2011, 2012; Hoffman & al’Absi, 2010; Hoffman 
& al’Absi, 2013). Reported history of khat chewing in the 
khat-only group was 5  years, which was a relatively short 
duration relative to possible khat effects on working mem-
ory. The extent to which khat chewing and amphetamine use 
have a different course of impact on central processes is not 
known. Effects of long-term khat use on working memory 
and other cognitive functions should be examined in future 
research.

The results of this study are limited by a number of factors. 
First, there was no smoking-only group. We encountered 
difficulty in recruiting individuals who smoke but do not 
chew khat. Cultural differences might have played a role. 
In Middle Eastern countries, khat is widely available and 
socially accepted (Cox & Rampes, 2003), whereas tobacco 
use especially by women is stigmatized in this region 
(Maziak, Asfar, & Mock, 2003). It has been proposed that 
khat use may be one determinant of tobacco use (Nakajima 
et  al., 2013). More research is clearly needed to identify 
psychosocial characteristics of khat and tobacco users. 
Second, the current results cannot make any conclusions 
regarding causal directions between khat and tobacco use 
and working memory because of the cross-sectional nature of 
the research design. Thus, it is not clear whether concurrent 
use of khat and tobacco caused cognitive deficits or whether 
individuals with cognitive impairment are predisposed to 
use these substances. Future research should incorporate a 
longitudinal cohort to identify the directional relationship and 
examine whether this link is mediated by other psychosocial 
factors. Third, the observed findings may not best represent 
chronic effects of khat and tobacco on cognitive functions 
because the sample consisted of relatively young individuals 
with comparable backgrounds. For instance, the inclusion 
of concurrent users with low levels of nicotine dependence 
might affect results on math performance and cardiovascular 
measures. We note, however, this observation is consistent 
with recent work suggesting cultural influences on patterns 
of tobacco use. Tobacco is often used while khat chewing, 
and khat sessions are typically held in the afternoon. Thus, 
some questions in FTND such as tobacco use in the morning 
may not be sensitive in assessing nicotine dependence among 
concurrent users (Nakajima et al., 2012). This study should 
be replicated using a sample including wide ranges of age 
and regions, and individuals who are highly khat and tobacco 
use dependent. Finally, future research should assess levels 
of task engagement and perceived task difficulty to minimize 
potential confounds. Nevertheless, this study used a well-
known stress task and collected working memory measures, 
and systematically assessed physiological measures to 
examine associations between khat and tobacco use, cognitive 
function, and physiological responses.

COnClUsiOns

In conclusion, this study found that concurrent use of khat 
and tobacco was linked with decrements in working memory. 
Lower SBP levels during the cognitive task were related to 
worse performance. Frequency of khat use and levels of nico-
tine dependence predicted lower performance. These findings 

suggest linkages between concurrent use of khat and tobacco 
and cognitive deficits.
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