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Abstract

Background: Pesticide applicators are at risk of developing neurological symptoms and neu-
robehavioral deficits. This risk may increase if the applicator chews stimulant plants like khat.

Objective: To examine the sociodemographic and exposure determinants of neurological
symptoms presentation, neurobehavioral performance, and cholinesterase activity among
pesticide applicators in a vector control unit, Saudi Arabia.

Methods: In a cross-sectional study, 30 pesticide applicators and 32 non-applicators from
a vector control unit in Jazan region, Saudi Arabia, were studied. The study participants
completed an exposure and medical questionnaire, and a neurobehavioral test battery. Their
blood samples were also tested for the measurement of butyryl cholinesterase (BChE).

Results: The mean blood BChE level was no significantly different between the applica-

tors and non-applicators. Working in pesticide application and chewing khat were significant
predictors of the neurological symptoms presentation and neurobehavioral deficits among the
study participants. Each factor was associated with about 40% of the symptoms included in
the questionnaire. Exposure to pyrethroids was significantly associated with a decrement in
symbol digit test latency, tapping (TAP) non-preferred hand, and TAP alternating hands mea-
sures, representing the executive and motor speed/coordination functions. Khat chewing was
associated with TAP preferred and non-preferred hands and serial digit learning measures,
representing the memory and motor speed/coordination functions.

Conclusions: It seems that being exposed to pyrethroids and chewing khat are associated
with neurological and neurobehavioral drawbacks among pesticide applicators.
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Introduction ies responsible for implementing malaria
control plans in Saudi Arabia. Various
types of pesticides have been used to con-
trol the transmitting mosquitoes (primar-

ily Anopheles sergentii and A. arabiensis)

ector control units, under the man-
agement of the preventive section
of the Ministry of Health, are bod-
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over the years. For indoor residual spray-
ing (IRS), type II pyrethroids, eg, lambda-
cyhalothrin and deltamethrin, are the most
commonly used pesticides.! Larvicides,
particularly diflubenzuron, methoprene,
and pyriproxyfen, are applied to control
vector breeding sites.? Pyrethroids, mainly
type I pyrethroids, eg, bifenthrin and bio-
allethrin, are used for space spraying; so
does cyphenothrin, a type II pyrethroids.3
Workers exposed to pyrethroids are
subjected to various types of health effects.
Cutaneous paresthesia is the commonest
health symptom due to topical exposure
to synthetic pyrethroids.# The severity
of paresthesia ranges from a mild itch to
a stinging sensation in the exposed area
with progression to numbness. The rela-
tionship between dermal exposure to py-
rethroid compounds and development of
paresthesia is not consistent across stud-
ies, especially when applying multiple py-
rethroid compounds.>® Other neurological
symptoms reported among workers ex-
posed to pyrethroids include dizziness,”®
eye and nose irritation, arthralgia, blurred
vision, headache, skin irritation,>®° and
fatigue'®. Spraymen exposed to deltame-
thrin also experience muscle tremor or feel
numbness localized to the area of skin con-
tamination." In addition, flight attendants
exposed to permethrin report having hy-
peractivity, anxiety, or irritability.° Work-
ers exposed to higher levels of pyrethroids
experience additional clinical manifesta-
tions, such as listlessness, muscular fas-
ciculation, and mild disturbance of con-
sciousness, all of which are indicative of
moderate acute pyrethroid poisoning.!>'3
There is a rarity of reports address-
ing the neurobehavioral performance of
those working with pyrethroids. A Cana-
dian study reported a positive associa-
tion between the pyrethroid metabolite,
3-(2,2-dichlorovinyl)-2,2-dimethylcyclo-
propane carboxylic acid (cis-DCCA), and
increased total difficulties score as report-
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ed by parents on the Strengths and Diffi-
culties Questionnaire.* Horton and col-
leagues found that piperonyl butoxide—a
synergist that potentiates the insecticidal
action of pyrethroids collected during the
3rd trimester of pregnancy—was associat-
ed with a significantly lower Bayley Mental
Development Index scores at age 3. How-
ever, these scores were not significantly
associated with the specific pyrethroid
metabolites: cis- or trans-permethrin level
measured in maternal and cord plasma.'s
In contrary to the few studies conducted
on humans, numerous animal studies have
been carried out reporting a wide range
of neurobehavioral defects.’> The most
prominent defect is altered motor activ-
ity, which is more potent with cyano-pyre-
throids than with non-cyano compounds.2
Impaired coordination after exposure to
deltamethrin in rats*® and mice,” and after
exposure to permethrin and cypermethrin
in male and female Long-Evans rats were
also reported.®® Other reported impair-
ments include neuromuscular weakness,
tremors, learning and memory problems,
and disturbed somatosensory response.'8-2

Khat chewing is a common habit in
the southwestern Saudi Arabia. In a re-
cent study, it was reported that the preva-
lence of chewing khat is 33.2% among Ja-
zan population.?# Inhabitants in this area
chew khat for its pleasant amphetamine-
like effects caused by its cathinone.? It is
reported that khat chewing is associated
with neurological symptoms, eg, impaired
concentration, fine tremors, headache,
and impaired motor coordination,?® as
well as deficits in the neurobehavioral per-
formance, eg, inhibitory control, impair-
ments in working memory and cognitive
flexibility.?2 Studies conducted by the au-
thors investigating the neurological symp-
toms and neuropsychological performance
among Jazan population showed that
learning, motor speed/coordination, and
set-shifting/response inhibition functions
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are the neurobehavioral function mostly
affected in khat chewers, that more than
half of the khat chewers showed psycho-
logical dependence, and that neurological
symptoms were more prevalent among
khat-dependent chewers.3°:3!

Pesticide applicators working in vector
control units in southwestern Saudi Arabia
are exposed to pyrethroids; they may also
chew khat. To the best of our knowledge,
there are no studies that have investigated
neurological health effects among pesticide
applicators working in vector control units
in Saudi Arabia. We hypothesized that
both application of pesticide and chewing
khat would put the workers at a higher risk
of developing neurological symptoms and
neurobehavioral deficits. This study was
conducted to test this hypothesis.

Material and Methods

Participants

This is a cross-sectional study of neuro-
logical symptoms, neurobehavioral per-
formance, and cholinesterase activity
among pesticide applicators working in
vector control units in Jazan region, Sau-
di Arabia. There are 10 units in Jazan re-
gion responsible for controlling, detecting
and treatment of patients with malaria. A
unit was chosen at random to conduct the
study, which was carried on in between
March and August 2015 at Horoub vec-
tor control unit in Jazan region. The unit
has about 60 pesticide applicators and 70
administrative employees. All applicators
were invited to participant in the study
as the “exposed group;” the administra-
tive staff were invited as “non-exposed”
group. All applicators in the vector con-
trol unit were male. Inclusion criteria in-
cluded working as a pesticide applicator
or an administrative job in Horoub vector
control center, aged between 18 and 60
years, and having a minimum education

of reading and writing. Participants with
a history of neurological disease were ex-
cluded from the study. After applying the
inclusion and exclusion criteria, the final
study sample included 30 applicators and
32 non-applicators. The main reason for
not participating was lacking the ability to
read and write. There were no significant
differences between the study participants
and others who did not participate with re-
gard to the sociodemographic characteris-
tics, age, smoking habit, khat chewing, and
employment history. This sample size was
enough to detect a difference with an effect
size of 0.74 between pesticide applicators
and non-applicators reported earlier in a
similar community.32

Pesticide Application

Vector control activities in Saudi Arabia
are performed through an integrated man-
agement program that covers areas where
malaria is prevalent, particularly the south-
western part of the country that includes
Jazan and Asir regions. These activities
are undertaken by the vector control units
under the supervision of the Ministry of
Health and include combatting the anoph-
eles mosquitoes, primarily A. sergentii and
A. arabiensis, responsible for transmis-
sion of malaria, surveying people to diag-
nose and treat patients with malaria, and
performing health education and health
awareness programs. There are three main
ways to control mosquitoes responsible
for transmission of the malaria parasite:
(A) using larvicides through spraying the
breeding foci of mosquitoes to control lar-
vae by insect growth regulators, predomi-
nantly diflubenzuron, methoprene, and
pyriproxyfen.? This method is widely used
all over the Kingdom, except mosquito-
free areas. (B) using indoor residual spray-
ing (IRS) with insecticides that have a re-
sidual effect. This method is used in areas
with a high density of malaria mosquitoes.
Deltamethrin or lambda-cyhalothrin were

www.theijoem.com Vol 9, Num 1; January, 2018



A. A. Ismail, M. Almalki, et al

used and protected 83% of the 3.15 million
people at risk between 1999 and 2011.* (C)
space spraying with pyrethroids, eg, bifen-
thrin, bioallethrin, and cyphenothrin, is
employed in areas with a high prevalence
of malaria (ultralow-volume and thermal
fogging).33

Pesticide applicators in the vector con-
trol units work interchangeably among
these various types of pesticide application
and are not assigned to work in a specific
type of application. It is also obvious that
the two types of pyrethroids have been
used—type I includes bifenthrin and bioal-
lethrin, and type II includes deltamethrin,
lambda-cyhalothrin, and cyphenothrin.

Procedures

Each participant was interviewed and
asked to complete a questionnaire about
medical and work history. The question-
naire included detailed questions regard-
ing occupational exposure, eg, type of
pesticide application, the applied pes-
ticides, the task they performed during
pesticide application, years of working in
pesticide application, and days worked a
week and hours per day. The participants
were screened for a set of neurological
symptoms to identify the presence of au-
tonomic, motor, cognitive, behavioral, and
other general symptoms. The symptoms'
questionnaire was developed from the Q16
questionnaire,3* which was previously ap-
plied to the same community and detected
neurological defects among khat chewers
and non-chewers in Jazan region.3' The
classification and categorization of the
symptoms have been described previously
in a study that employed this screening
procedure to Egyptian adolescent pesti-
cide applicators.35

The neurobehavioral performance of
the study group was evaluated by a com-
puterized neurobehavioral test battery—
The Behavioral Assessment and Research
System (BARS).3¢ Participants were tested
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for memory, attention/short memory, ex-
ecutive, motor speed/coordination, and
information processing speed functions.
The assessed functions, known to be af-
fected by exposure to pesticides, were em-
ployed to detect the neurobehavioral defi-
cits among pesticide applicators.3°3738 The
test battery included match-to-sample
(MTS) and serial digit learning (SDL) tests
to evaluate memory function; digit span
forward (DSF) and digit span backward
(DSB) tests to examine attention/short-
term memory function; symbol digit (SDT)
latency test to assess the executive func-
tion; tapping (TAP) preferred and TAP
non-preferred and TAP alternative tests to
evaluate motor speed/coordination func-
tion; and the simple reaction test (SRT)
latency to measure information processing
function. These tests have been described
in details elsewhere.?®> BARS system has
simple step-by-step instructions that suit
lower levels of education so that partici-
pants can listen to and understand them
easily. Each test has a training part before
starting the actual test.3®

Five mL of venous blood were drawn
from each participant to measure the bu-
tyryl cholinesterase levels (BChE). The
analysis was performed at the laboratories
of the Faculty of Medicine, Jazan Univer-
sity. Cholinesterase hydrolyzes butyryl
thiocholine to give thiocholine and butyr-
ate. The reaction between thiocholine and
dithiobis-nitrobenzoate (DTNB) produces
2-nitro-mercaptobenzoate, a yellow chem-
ical complex the concentration of which
can be measured at a wavelength of 405
nm by photometry.4%4!

Ethics

The study was approved by the IRB at the
Faculty of Medicine, Jazan University on
February 2015. All procedures performed
in studies involving human participants
were in accordance with the ethical stan-
dards of the institutional and/or national
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research committee and with the 1964
Helsinki declaration and its later amend-
ments or comparable ethical standards.
Each participant signed a consent form
after learning about the objective of the
study and the procedures involved. Test-
ing and data collection were performed in
the clinic of Horoub vector control unit.

Statistical Analysis

SPSS® for Windows® ver 22.0 (SPSS Inc,
Chicago, IL, USA) was used for data analy-
sis. Normally distributed continuous vari-
ables, eg, age, years of education, and days
and hours of pesticide application, were
presented as means and SD. Student's t
test was used to examine the difference be-
tween means of two normally distributed
groups. Non-normally distributed contin-
uous variables, eg, BChE and number of
symptoms, were presented as median and
interquartile range (IQR). The difference
between two non-normally distributed
variables was assessed by Mann-Whitney
U test. Categorical variables, eg, smoking,
khat chewing, and the studied symptoms,
were described as number and percentage.
2 test was used to examine the differences
in distribution of categorical variables.
Symptoms were recorded as experi-
encing the symptoms “never,” “once,” or
“more than once.” As the majority of par-
ticipants reported the symptoms as “nev-
er” or “more than once,” and also for the

TAKE-HOME MESSAGE

Exposure to pesticides and khat chewing affect the neuro-
logical health of pesticide applicators in vector control units.

Longitudinal follow up and biological assay of pesticide and
khat biomarkers are required to characterize exposure and
estimating dose-response relationship between the expo-
sure and effect.

Designing an interventional study to reduce pesticide expo-
sure and khat chewing is warranted.

36

purpose of the logistic regression analysis,
the responses were re-categorized into
two categories: “more than once” and “in-
frequent;” infrequent category included
“never” and “once.” A logistic regression
model was employed to control for the
confounders that might have a role in
symptom presentation. In addition to job
status, khat chewing and years of educa-
tion were included in the model when they
had a univariate significant relationship
with the neurological symptoms. A multi-
ple linear regression analysis was also used
to estimate the differences in average per-
formance between applicators and non-
applicators, taking into account the effect
of khat chewing, age, and education on
the neurobehavioral performance. Holm's
correction of p values was used to adjust
for multiple comparisons. As with logistic
regression, the models for each neurobe-
havioral measure included in addition to
job status, variables with a significant re-
lationship in univariate analysis. For one
variable, tapping non-preferred hand, the
interaction term of job status and khat
chewing was also included in the model.

Results

Demographic Characteristics of Study
Participants

The mean age of applicators was 33.3 (SD
8.5) years, non-significantly (p=0.7) dif-
ferent from that in non-applicators (33.9,
SD 8.4 years). Non-applicators were edu-
cated for a mean of 11.1 (SD 3.5) years, sig-
nificantly (p=0.002) higher than that for
applicators (8.5, SD 2.7 years). Applicators
had a mean experience of pesticide appli-
cations of 8.1 (SD 3.6) years. They worked
for a mean of 4.9 (SD 0.7) days a weeks,
5.9 (SD 1.5) hours a day. The frequency of
smoking was significantly (p=0.008) high-
er in non-applicators compared to appli-
cators. The distributions of marriage and

www.theijoem.com Vol 9, Num 1; January, 2018
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khat chewing were not significantly differ-

. Table 1: F f hi iables in th -
ent between the studied groups (Table 1). able requency of some demographic variables in the stud

ied groups

Butyryl Cholinesterase (BChE) Levels Non-applicators Applicators
There was no significant (p=0.7) difference =~ Variable n (%) (n=32) n (%) (n=30) p value
between the blood BChE level between ap- ;- rital status Married 25 (86) 30 (88) 0.8
plicators and non-applicators (Fig 1).

, Single 4 (14) 4 (12)
Neurological Symptoms

L . . Smoking No 16 (55) 29 (85) 0.008
Logistic regression analysis results for each
neurological symptom including primarily Yes 13 (49) 5(19)
the job status (applicator vs non-applica-  Khat chewing No 14 (48) 21 (66) 0.2
tor), khat chewing (chewer vs non-chew-
Yes 15 (52) 11 (34)

er), and years of education, are presented
in Table 2. The frequency of each neuro-
logical symptom and the impact of job and
khat chewing statuses on the development
of the symptom are also presented in Table
2. Out of the 24 symptoms studied, appli-
cators reported higher frequencies in 20
symptoms than non-applicators; the dif-
ference was significant for 10 symptoms
(ORs ranging from 4.1 to 61.1). Khat chew-
ing was significantly associated with nine
symptoms (ORs ranging from 1.4 to 92.0)
(Table 2). Years of education was a signifi-
cant predictor for only one symptom, dif-
ficulty seeing at night (OR 1.5, 95% CI 1.1
to 2.0).

The applicators reported a significantly
(p=0.02) higher median (5.0, IQR 9.8)
number of symptoms than non-applica-
tors (2, IQR 4.8).

Neurobehavioral Performance of the
Studied Groups

Age, years of education, khat chewing,
years of working in pesticide application,
BChE level, smoking, and the job status
(applicator or non-applicator) were con-
sidered in the regression models that pre-
dict the neurobehavioral performance of
the study population. The performance
of applicators vs non-applicators is pre-
sented in Table 3 by reporting the adjusted
means of both groups as obtained from
the regression model. Other factors were

wwuw.theijoem.com Vol 9, Num 1; January, 2018

included in the model if they had a signifi-
cant association with the neurobehavioral
measure in univariate analysis.
Applicators performed worse than non-
applicators on six neurobehavioral mea-
sures. This lower performance was only
significant in three measures—SDT la-
tency, TAP non-preferred hand, and TAP
alternating hands. Applicators performed
significantly lower than non-applicators in
only one neurobehavioral measure, Tap-
ping non-preferred hand, after Holm's
correction being applied (p=0.009).

80 000+

60 000+

40 000+
20 000+

Non-apblicators Applilcators

BChE (U/L)

Figure 1: Butyryl cholinesterase levels of
the study groups (applicators and non-appli-
cators)
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Table 2: Frequency of neurological symptoms in studied participants stratified by job status (applicators vs non-
applicators). Using logistic regression analysis, independent effects of job status as well as khat chewing on devel-

oping the symptoms are also presented.

n (%) OR (95% CI)
Non-applicators Applicators
Neurologic symptoms (n=29) (n=32) Job status Khat chewing
Dizziness 1(3) 13 (41) 61.1 (5.1 to 743.2) 16.7 (5.1 to 743.2)
Feeling anxious 7 (24) 16 (50) 8.3(1.6t043.1) 16.6 (3.2 to 86.1)
Nausea and vomiting 2(7) 6 (19) 3.1 (0.6 t0 16.9) —
Feeling tired 6 (21) 15 (47) 5.5 (1.4 t0 21.0) 5.0 (1.3t0 18.7)
Excessive sweating 4 (14) 11 (34) 1(1.0to 16.6) —
Difficulty seeing at night 3 (10) 10 (31) 13.0 (1.8 t0 92.4) —
Being absent-minded 6 (21) 8 (20) 2.1 (0.5t0 8.0) 6 (1.5t0 23.8)
Headache 8 (28) 23 (72) 14.7 (3.0 to 72.7) 8.5(1.7t0 42.4)
Loss of appetite 5(17) 11 (34) 20.0 (2.1 t0 195.4) 92.0 (7.9 to 1068.3)
Fast heart rate 3 (10) 2 (6) 0.6 (0.1 t0 3.7) —
Difficulty with balance 1(3) 4 (13) 4.0 (0.4 to 38.1) —
Blurred vision 6 (21) 8 (25) 1.3 (0.4t04.3) —
Difficulty in concentration 2(7) 8 (25) 12.8 (1.5t0 108.3) 1.4 (1.0t0 2.0)
Numbness 3 (10) 14 (44) 20.2(3.1t0131.8) —
Momentary loss of consciousness 5 (17) 8 (25) 2.6 (0.6 t0 10.3) —
Feeling irritable 5(17) 8 (25) 1.6 (0.5 to0 5.6) 5.3(1.3t021.7)
Shaking or trembling of hands 1(3) 8 (25) 23.2 (2.2 t0 239.8) 14.4 (2.2 10 95.7)
Difficulty in falling asleep 6 (21) 4 (13) 0.5(0.1to 2.1) —
Weakness in arms and legs 2(7) 5(16) 5.4 (0.9 to 33.3) —
Change in smell and taste 3 (10) 5(16) 1.6 (0.3to 7.4) —
Feeling depressed 50117) 5 (16) 0.9 (0.21t0 3.5) —
Involuntary movements 2 (7) 3 (9) 1.4 (0.2t09.0) —
Excessive salivation 1(3) 2 (6) 2.5 (0.2 to0 31.5) —
Tinnitus 3 (10) 6 (19) 2.0 (0.5t0 8.9) —
Khat chewing was another factor with  chewers recorded significantly lower per-

a significant impact on neurobehavioral formance than non-chewers in three neu-

performance of the studied groups; khat robehavioral measures—TAP preferred
38 www.theijoem.com Vol 9, Num 1; January, 2018
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Table 3: Neurobehavioral performance of applicators and non-applicators, showing also the effect of khat chew-
ing, years of education, and age (only included in the regression model if they are significantly associated with the
neurobehavioral measure in univariate analysis)

Regression coefficient

Mean (SD) (95% Cl)
Non-applica-  Applicators

Neurobehavioral outcomes tors (n=28) (n=30) Job status Khat chewing
Memory MTS score 10.6 (3.2) 10.1 (4.9) -0.6 ((2.4t0 1.2) —

SDL score 18.4 (4.2) 17.8 (4.9) -0.5(-2.3t01.2) -4.2 (-6.0 to -2.5)
Attention/short- DSF 5.4 (1.6) 5.4 (2.2) -0.03 (-0.8 to 0.8) -0.7 (-1.5t0 0.05)
term memory

DSB 4.4 (1.1) 4.4 (1.6) -0.05 (-0.6 to 0.5) -0.5 (-1.1 t0 0.02)
Executive func- SDT latency*t 4135.1 (2913.5) 4736.6 (1602.6) 601.5(14.7 to 1188.3) —
tion
Motor speed/ TAP preferred 97.2 (2.1) 97.8 (2.2) 0.08 (-0.8 t0 0.9) -1.6 (-2.4 t0 -0.7)
coordination

TAP non-preferred* 94.5 (3.2) 92.2 (3.3) -3.6 (-5.2 to -2.0) -3.6 (-5.3 t0 -2.0)

TAP alternative 53.5 (4.2) 51.2 (6.0) -2.3 (4.6 t0 -0.1) —

Information pro- SRT latency*S
cessing speed

273.9 (488.4)

309.3 (220.2) 35.4 (-45.2 to 116.0)

*These are latency measures, which means higher values are worse

TYears of education is included in the regression model (b=-92.0, 95% CI -184.0 to 0.003)
*The interaction term of groupxkhat chewing is also included (b= 3.0, 95% CI 0.5 to 5.4)
SAge is included in the regression model (b=5.8, 95% CI 0.7 to 11.0)

and non-preferred hands, and SDL score.
These three measures were still significant
after adjusting the p values using Holm's
correction. Age was positively associated
with SRT latency, while the relationship
between years of education and SDT laten-
cy was borderline (p=0.05) (Table 3).

Discussion

Our study included about half of the pes-
ticide applicators (exposed group) and
administrators not working in pesticide
application (control group) of a vector
control unit. The applicators performed
three types of application activities—lar-
viciding, space spraying, and indoor resid-
ual spraying. Throughout these activities,
they were exposed primarily to a mixture

wwuw.theijoem.com Vol 9, Num 1; January, 2018

of type I (bifenthrin and bioallethrin) and
type II (lambda-cyhalothrin, deltame-
thrin, cyphenothrin, and cypermethrin)
pyrethroids. They were also exposed to the
growth regulators—diflubenzuron, metho-
prene, and pyriproxyfen. Although blood
BChE levels were not significantly differ-
ent between the two groups, the applica-
tors had a higher prevalence of many neu-
rological symptoms and performed worse
on neurobehavioral tests in comparison to
non-applicators.

More than half of the non-applicators
and one-third of applicators were khat
chewers. Khat chewing was another major
predictor of neurological symptoms and
neurobehavioral performance in the stud-
ied groups. The neurological symptoms
and neurobehavioral deficits associated

39
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with khat chewing were similar to those
associated with pesticide application.

Neurological Symptoms

Results showed that pesticide applica-
tion and khat chewing had a significant
association with developing neurological
symptoms. Pesticide application had a sig-
nificant relationship with 10 neurological
performance while khat chewing signifi-
cantly related to nine symptoms. Pesti-
cide application was significantly associ-
ated with symptoms that represent various
neurological domains: behavioral (feeling
anxious), autonomic (excessive sweating,
loss of appetite), cognitive (difficulty in
concentration), sensory (numbness, dif-
ficulty seeing at night), motor (shaking or
trembling of hands), and general symp-
toms (dizziness, headache, feeling tired).
The ORs of these symptoms ranged from
4.1 to 61.1 (Table 2). These results agreed
with previous studies reporting pares-
thesia and skin irritation among workers
exposed to pyrethroids, especially cya-
no-pyrethroids.+%942 Other neurological
symptoms were also reported in previous
studies. Those included dizziness,” head-
ache,>9 fatigue,’® muscle tremors," hyper-
activity, anxiety, irritability, and tingling
in hands, feet, etc.®

Khat chewing is a common in Saudi
Arabia, especially in southern regions
where one-third of the population chew
khat.?+ This was reflected in our sample—
about one-third of applicators and more
than half of non-applicators were khat
chewers. People chew khat due to its psy-
chostimulant effects induced by the cathi-
none found in the plant.?? We found that
khat chewing was significantly associated
with symptoms representing the following
neurological domains: behavioral (feel-
ing anxious, feeling irritable), autonomic
(loss of appetite), cognitive (difficulty in
concentration, being absentminded), mo-
tor (shaking or trembling of hands), and

general symptoms (dizziness, headache,
feeling tired). The ORs of these symptoms
ranged from 1.4 to 92.0 (Table 2). These
results were in accordance with our report
that examined the neurological symptoms
among khat chewers in the same commu-
nity and found that these symptoms are
more frequent among dependent rather
than non-dependent chewers.?® Other
studies reported anxiety, irritability, hy-
peractivity, restlessness, insomnia,* im-
paired concentration, headache, migraine,
mydriasis, impaired motor coordination,
and fine tremors,?® among khat chewers.

Neurobehavioral Performance

Few studies have examined the neurobe-
havioral performance of workers exposed
only to pyrethroid pesticides.#+ On the
other hand, there are many studies ex-
amining these effects among workers ex-
posed to a mixture of pesticides, includ-
ing pyrethroids.303237:384546 In the current
study, pesticide applicators were exposed
to a mixture of pyrethroid compounds for
many years. Therefore, our study sample
was a unique group studied for the neu-
robehavioral performance after long-term
exposure to pyrethroids. They were also
examined for another factor that might
influence the workers' neurobehavioral
performance, khat chewing. Pesticide ap-
plicators performed significantly worse
than non-applicators in two neurobehav-
ioral functions—executive function (SDT
latency measure) and motor speed/coor-
dination function (tapping preferred and
non-preferred hands). These functions are
among those that are mostly affected when
workers are exposed to a group of pesti-
cides including pyrethroids.3”3® This also
confirmed the animal studies that found
the most prominent neurobehavioral defi-
cit after exposure to pyrethroids is altered
motor activity. The deficit happens more
often with exposure to cyano-pyrethroids
compared to non-cyano-pyrethroids.2
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Khat chewing was another major factor
that had a significant impact on neurobe-
havioral outcomes; it was significantly as-
sociated with SDL score, a measure of the
memory function, and tapping preferred
and non-preferred hand, measures of the
motor speed/coordination function. This
was in accordance with the results of neu-
robehavioral performance of a group of
khat chewers in the Jazan region, where
khat chewing was significantly associated
with measures representing learning and
motor speed/coordination functions.?
These deficits were also reported among
khat chewers in other populations.?52847

Mechanism of Neurotoxicity

There was no significant difference in the
mean blood BChE levels between the ap-
plicators and non-applicators. This was in
agreement with many studies showing that
exposure to pyrethroids is not associated
with inhibition of cholinesterase activ-
ity, especially with chronic exposure.4¥-5°
This indicated that pyrethroids might not
similar to organophosphorus pesticides in
terms of its mechanism of inhibiting BChE
to produce the neurological health effects.
Instead, other mechanisms were suggest-
ed including prolonged opening of voltage-
sensitive sodium channels, reported as the
main mechanism of these neurological im-
pairments.5! Animal studies provide more
mechanisms including oxidative stress
and inhibition of oxidative biomarkers,
eg, superoxide dismutase, catalase, gluta-
thione peroxidase, glutathione reductase,
and glutathione-S-transferase.’> Recent
reports connect the neurotoxicity of pyre-
throids to the dopaminergic and seroto-
nergic systems.5?54 The latter mechanism
might also be the mechanism of khat-in-
duced neurotoxicity.555°

In spite of the strengths of our study in
terms of having this unique homogenous
group with a long history of exposure to
pyrethroids, and characterizing neurologi-
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cal symptoms and neurobehavioral perfor-
mance using a well-established question-
naire and computerized test battery with
the advantage of the step-by-step instruc-
tions, the study was cross-sectional. This
study design is not appropriate to examine
the temporal relationship between expo-
sure and neurological outcomes. There is a
need to evaluate the biological metabolites
of the used pyrethroids to study the ef-
fect of different levels of exposure to pyre-
throids on the neurological performance. A
prospective longitudinal design is required
to examine this temporal relationship be-
tween exposure and effect. Measuring the
pyrethroid metabolites to study the dose-
response relationship between exposure
and effect is also warranted. This would
precisely define the exposure load among
those pesticide applicators, and accurately
determine the neurological impact of both
exposure to pyrethroids and khat chewing.

In conclusion, exposure to pyrethroids
and khat chewing had a neurological and
neurobehavioral health impact on pesti-
cide applicators working in a vector control
unit, Jazan, Saudi Arabia. Each factor was
significantly associated with about 40% of
the symptoms included in the question-
naire. Exposure to pyrethroids was also
significantly associated with a decrement
in executive and motor speed/coordina-
tion functions, while khat chewing was as-
sociated with memory and motor speed/
coordination functions.
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