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Little is known about the genetic contribution to cigarette smoking and nicotine addiction in Egypt. The dopamine
D2 receptor gene contains a TaqI repeat fragment length polymorphism creating two alleles with functional
significance, DRD2*A1 and DRD2*A2. We investigated the relationship between these alleles and tobacco use in a
study of 389 Egyptian male current smokers (mean age540 years; SD512). Participants were interviewed in 2004
on their smoking behaviors and quit attempts, and were given the Fagerström Test for Nicotine Dependence
(FTND). Blood samples were obtained and genotyped for DRD2 A1and A2 alleles. The frequencies of A1/A2, A1/
A2, and A2/A2 genotypes were 6%, 29%, and 65%, respectively. We found no statistically significant association
between genotype and age at onset of smoking, years of smoking, FTND score, or average number of cigarettes
smoked per day. DRD2 genotype was associated with the number of cigarettes smoked in the past 48 hr (42.2 in A1
carriers vs. 37.6 in A2, p5.03), the previous quit duration (28% in A1 vs. 40% in A2 quit for more than 1 month,
p5.05), and the depth of inhalation (82% in A1 vs. 72% in A2 inhaled the smoke deeply, p5.03). Logistic
regression analysis including DRD2 genotype, FTND score, age at smoking initiation, marital status, and
education as predictors showed that maximum duration of quit time was associated with FTND score (p5.003),
DRD2 genotype (p5.01), marital status (p5.03), and age at smoking initiation (p5.04). These findings suggest a
modest association between DRD2 genotype and quitting behavior in male cigarette smokers in Egypt.

Introduction

Nicotine addiction has been identified as the primary

contributor to tobacco use, and few smokers

successfully quit on a long-term basis (Fiore, 1992).

This lack of quitting success reflects the multiple

genetic, environmental, and social components of

smoking (Tyndale, 2003).

Candidate genes have been examined in the

dopaminergic reward system pathway (Munafò,

Clark, Johnstone, Murphy, & Walton, 2004). The

D2 dopamine receptor gene is located on chromo-

some 11 (q22–23) and has multiple allelic forms

(Grandy et al., 1989). Blum et al. (1990) described a

restriction fragment length polymorphism (TaqI) in

the 39 untranslated region, later localized to the

neighboring ANKK1 gene (Neville, Johnstone, &

Walton, 2004), with alleles designated as DRD2*A1

and *A2. The A1 allele has been associated with a

reduced number of dopamine binding sites in the

brain and is hypothesized to influence addiction by

causing a hypodopaminergic state that is alleviated

by chronic exposure to nicotine (Blum et al., 1990).

Numerous association studies reported that DRD2

polymorphisms are associated with ever smoking

(Comings et al., 1996; Hamajima et al., 2002; Noble

et al., 1994; Spitz et al., 1998; Yoshida et al., 2001),

with earlier onset and heavy smoking (Comings et
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al., 1996; Wu, Hudmon, Detry, Chamberlain, &

Spitz, 2000), and with length of previous abstinence

among current smokers (Comings et al., 1996; Spitz

et al., 1998). However, it is not accepted universally

that DRD2 modulates smoking behavior, given that

some studies found no association (Bierut et al.,

2000; Johnstone et al., 2004; Singleton et al., 1998).

Two recent meta-analyses reported contradictory

findings. Li, Ma, and Beuten (2004) reported higher

prevalence of the A1 allele in smokers than in

nonsmokers, and Munafò et al. (2004) found no

effect of DRD2 on any measures of smoking.

However, most studies were carried out in Whites,

and Munafò et al. (2004) recommended further

investigation of molecular mechanisms of tobacco

dependence in other populations.

In response to the need for such information, we

extended our previous study of smoking behavior

among Egyptian male smokers to search for possible

influences of genetic variations in DRD2. Egypt has

the highest cigarette consumption rate in the Middle

East and North Africa region. In 1997, smoking

prevalence among adults was estimated to be 43.4%

in males and 4.7% in females (Nassar, 2003). This is

the first study in Egypt to investigate the possible

associations of DRD2 genotypes with tobacco use

and addiction.

Method

Recruitment and interviews

A household smoking prevalence survey was carried

out in nine villages in Qalyubia governorate in the

Nile delta region in 2004 by the Egyptian Smoking

Prevention Research Institute. A systematic random

sample of 300 households in each village was

included. Eligible cigarette smokers for the present

study were recruited from the participants in that

baseline survey. All participants were of Arab-

Egyptian descent. Only males were eligible, since

fewer than 1% of rural women smoke. Only those

who had at least 5 years of smoking history and

averaged at least 10 cigarettes/day in the past year

were selected. Those who consumed other types of

tobacco were excluded. After obtaining signed

informed consent, we interviewed the participants

using a questionnaire that elicited information on

demographics and smoking history. Participants also

were asked about the usual pattern of inhalation of

tobacco smoke by the following question: ‘‘When

you smoke, do you usually inhale the smoke into the

mouth and throat, or inhale the smoke deeply into

the chest?’’ To quantify nicotine dependence, we

administered the six-item Fagerström Test for

Nicotine Dependence (FTND; Heatherton, Kozlo-

wski, Frecker, & Fagerström, 1991).

Genetic testing

Blood samples were obtained by a finger prick and

stored on blood spot cards. Genomic DNA was

extracted using Gentra kits. DRD2 was assayed at

the National Hepatology and Tropical Medicine

Institute in Cairo using polymerase chain reaction

(PCR), followed by restriction fragment length

polymorphism enzymatic digestion and gel electro-

phoresis. Technicians were initially trained at the

Shields Laboratory at Georgetown University, in

Washington, DC. The PCR method and primers are

published elsewhere (Lerman et al., 1999). Three

DRD2 genotypes were identified: (a) homozygote

A2/A2, indicated by two fragments, 180 and 130 bp;

(b) heterozygote A1/A2, revealed by three fragments,

310, 180, and 130 bp; and (c) homozygote A1/A1,

shown by the uncleaved 310-bp fragment.

Data management and analysis

Data were entered into a Microsoft Access database

using duplicate data entry. Data analysis was per-

formed with SPSS version 12. Given the low frequency

of the A1/A1 genotype (6%), and consistent with

categorizations in previous research (Comings et al.,

1996; Lerman et al., 1999), DRD2 was classified as the

presence or absence of A1 allele (A1/A1 or A1/ A2 vs.

A2/A2). Genotype frequency was assessed for Hardy–

Weinberg equilibrium using the chi-square test.

Smokers were classified as being highly addicted if

they had an FTND score of at least 7 (Moolchan et

al., 2002; Rustin, 2000). Independent-samples t-tests

(continuous variables) and chi-square tests (catego-

rical variables) were used to examine the differences in

demographics and smoking behavior by DRD2

genotype without correction for multiple compar-

isons. A logistic regression analysis was performed to

determine if the DRD2 genotype was associated with

the quit duration, controlling for potential confoun-

ders. The quit duration was defined as 1 month or less

versus more than 1 month.

Results

Participation of subjects

A total of 620 adult male subjects were identified in

the baseline survey and were scheduled to be

contacted again in the present study. Of those

scheduled, 437 (70.5%) were eligible to participate.

Among eligible subjects, 389 (89%) agreed to

participate in the present study.

Genotype prevalence and demographic characteristics

DRD2 genotyping was completed on 386 sub-

jects (three subjects had DNA that could not be
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genotyped despite repeated attempts). More than

one-third (35%) of the subjects had at least one A1

allele, and the remainder had the A2/A2 genotype.

The alleles were in Hardy–Weinberg equilibrium

(p..05). We found no significant differences in the

distributions of the A1 and A2 genotypes by age,

marital status, educational level, or occupation

(Table 1). The mean age of the subjects was 40 years

(SD512, range519–81). Almost all of these rural

males (88%) were currently or formerly married, and

the majority (66%) was employed in either agricul-

ture or manual labor.

Smoking, addiction, and quitting behaviors by DRD2

genotype

The mean FTND score was 4.3 (SD53, range50–

10). One out of five smokers had an addiction score

of at least 7 points. We found no significant

differences between the two genotypes in mean age

at smoking initiation or in mean duration of smoking

(Table 1). The A1 carriers had a significantly higher

mean consumption of cigarettes in the past 48 hr

(42.2% vs. 37.7%, p5.03). We found no significant

difference between the two genotypes in mean

number of cigarettes consumed daily, addiction

score, or individual FTND items. A significantly

higher proportion of subjects with the A1 allele

reported that they usually inhale cigarette smoke

deeply compared with those with A2/A2 (82% vs.

72%, p5.03). We observed a modest association

between DRD2 and quitting attempts. A higher

proportion of the subjects with A2/A2 genotype

reported that they attempted to quit smoking for

more than 24 hr (72% vs. 65%, p5.14). They also

reported a longer duration of the maximum quit time

(.30 days), compared with those with A1 alleles

(40% vs. 28%, p5.05).

To further examine the association between DRD2

genotype and quit duration, we performed a logistic

regression analysis that also included age, age at

onset of smoking, FTND score, marital status, and

educational level. Smokers with the A2/A2 genotype

were two times more likely to quit for more than 1

month compared with smokers with A1 alleles

(OR52.0, 95% CI51.16–3.54). FTND score, marital

status, and age at smoking initiation also were

associated with duration of quitting (Table 2).

Discussion

The mean FTND score in this study of male smokers

in Egypt was 4.3 (SD53), consistent with other

populations (Park, Young, Joon, Hee-Choon, & Ji

Ho, 2004; Spitz et al., 1998). One-third of our

smokers were highly or very highly addicted,

comparable with other studies (Hughes, Gust, &

Pechacek, 1987; Niu et al., 2000; Schoberberger,

Kunze, & Schmeiser-Rieder, 1997). Large differences

in the prevalence of the A1 allele in different

population groups have been reported, with a range

of 9%–75% (Barr & Kidd, 1993). Studies of White
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Table 1. Smoking and quitting behaviors in male cigarette smokers by DRD2 genotype (N5386).

Characteristica

Genotype

p valuebA1/A1 or A1/A2 (n5134) A2/A2 (n5252)

Age, years; M (SD) 39.4 (10.6) 40.3 (12.3) .47
Marital status; n (%)

Single 12 (9.0%) 32 (12.8%) .27
Ever married 121 (91.0%) 218 (87.2%)

Education; n (%)
Illiterate 44 (33.1%) 92 (36.8%) .63
Read and write 28 (21.1%) 54 (21.6%)
Education below secondary 20 (15.0%) 42 (16.8%)
Education secondary and above 41 (30.8%) 62 (24.8%)

Age at smoking initiation, years; M (SD) 17.3 (4.1) 17.2 (4.3) .92
Duration of smoking, years; M (SD) 22.4 (11) 23.7 (12) .29
Number of cigarettes smoked in the past 48 hr; M (SD) 42.2 (25.0) 37.6 (17.8) .03
Number of cigarettes smoked/ day; M (SD) 20.9 (9.9) 20.1 (9.1) .39
FTND score; M (SD) 4.3 (2.2) 4.3 (2.4) .89
Degree of inhalation of tobacco smoke; n (%)

Into the mouth and throat 24 (17.9%) 70 (27.9%) .03
Into the chest 110 (82.1%) 181 (72.1%)

Any previous quit attempt; n (%)
No 47 (35.3%) 71 (28.2%) .14
Yes 86 (64.7%) 181 (71.8%)

Duration of the maximum quit time; n (%)c

1–30 days 63 (72.4%) 108 (60%) .05
.30 days 24 (27.6%) 72 (40%)

Note. FTND, Fagerström Test for Nicotine Dependence. aTwo subjects were missing data for educational level and marital status. bThe
p values are from chi-square comparisons for categorical variables or t-tests for continuous variables. cThe number of individuals who
attempted to quit5277.
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Americans reported A1 allele frequencies ranging

from 6% to18% (Blum et al., 1990; Comings et al.,

1991; Parsian et al., 1991). The allele frequency for A1

(21%) in our study was comparable with the range of

18%–26% found in several other White populations

(Cinciripini et al., 2004; Comings et al., 1996;

Gelernter, Kranzler, Cubells, Ichinose, & Nagatsu,

1998; Johnstone et al., 2004; Singleton et al., 1998;

Swan et al., 2005; Zhao, Pakstis, Kidd, & Kidd, 1999).

We examined associations between DRD2 and

several behavioral variables. We found no significant

associations between DRD2 and age at smoking

initiation, cigarettes/day, duration of smoking, or

FTND score. These findings agreed with those of

several studies (Bierut et al., 2000; Singleton et al.,

1998; Wu et al., 2000) but conflicted with others that

suggested that DRD2 influences tobacco consump-

tion and dependence (Comings et al., 1996; Wu et al.,

2000). This lack of consistency, including the recent

assignment of the TaqI SNP to the ANKK1 locus,

has been attributed to several factors, including

differences between populations, linkage disequili-

brium, methods of classification of smoking, and

population stratification (Johnstone et al., 2004;

Munafò et al., 2004). We recruited only current

smokers and applied a standardized definition for

their selection (according to the Centers for Disease

Control and Prevention [1996] definition of current

smokers) to reduce potential misclassification of

smoking phenotypes. The problem of multiple

ethnicity does not apply to this homogeneous

Arab-Egyptian population.

We observed a significant association between

DRD2 and number of cigarettes per day in the past 2

days but not mean number of cigarettes per day. This

finding may be attributable to inaccuracy in self-

reported measures of cigarette consumption (Spitz et

al., 1998). For example, some smokers usually share

the pack with others but report the whole pack as

what they used. This reporting error may be reduced

when they are asked about very recent consumption.

Also, smokers with a genetically determined dopa-

mine deficit might compensate by increasing nicotine

intake through inhaling more deeply, without

increasing the number of cigarettes (Johnstone et

al., 2004). Thus precise characterization of the level

of tobacco consumption using biochemical markers

such as cotinine in blood might be beneficial.

Nicotine dependence is the primary reason why

smokers cannot quit (U.S. Department of Health and

Human Services, 1988), and it is a major predictor of

making a quit attempt and of quitting success

(Borland, Owen, Hill, & Schofield, 1991; Hyland et

al., 2006). Our results revealed associations of addic-

tion with quit attempts and quit duration. Those who

tried to quit smoking had significantly lower addiction

scores than those who never attempted to quit (3.9 vs.

5.1, p,.001). Furthermore, some aspects of quitting

behavior may be influenced by genetic variations in

DRD2. Those who carried the A1 allele were more

likely to experience a shorter duration of quitting

compared with those who carried the A2/A2 geno-

type. This finding is in concordance with previous

reports of an inverse relationship between the length

and number of previous abstinence attempts and the

A1 allele (Comings et al., 1996; Spitz et al., 1998). In

addition, several researchers have suggested that the

influence of DRD2 on smoking cessation is particu-

larly important during a pharmacological challenge or

treatment that targets the specific neurotransmitter

influenced by this gene (Cinciripini et al., 2004; David

et al., 2003; Lerman et al., 2003; Swan et al., 2005).

In conclusion, our findings suggest that the

putative DRD2 TaqI polymorphism may exert some

influence on quitting behavior in current male

smokers. Weaknesses of the study include the cross-

sectional design and its focus on a single gene from a

complex pathway; the smoking phenotype needs to

be better characterized with biochemical and beha-

vioral markers. Thus future research efforts should

focus on an integrative approach that incorporates

psychological, social, cultural, behavioral, pharma-

cological, and genetic influences, as well as interac-

tions among these factors.
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