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Abstract

The impact of duration of education, cannabis addiction and smoking on cognition and brain aging is studied in 211 normal Egyptian
volunteers with mean age 46.4%3.6 years (range: 20~76 years). Subjects were classified into two groups: Gr I (non-addicts) with 174
subjects. mean age 49.9*+3.8 years (range 20-76 years), smokers and non-smokers, educated and non-educated and Gr Il (cannabis
addicts) with 37 subjects, mean age 43.6%2.6 years (range 20-72 years) all smokers, educated and non-educated. Outcome measures
included the Paced Auditory Serial Addition test (PASAT) for testing attention and the Trailmaking test A, and B (TMa and TMb) for
testing psychomotor performance. Age correlated positively with score of Trailmaking test (TMb) in the non-addict group and in the
addict group (TMa and TMb). Years of education correlated negatively with scores of Trialmaking test (TMb) in the non-addict group (Gr
1) but not the addict group (Gr II). However, in both groups mean scores of the Trailmaking test (TMa) were significantly lower in
subjects with a primary level of education than those with higher levels of education. No significant difference was detected between male
smokers and nonsmokers of Gr [ (non-addicts) regarding any of the neuropsychological tests. Yet, smokers and the non-educated group
had poorer attention compared to non-smokers of the same group. Cannabis addicts (Gr II) had significantly poorer attention than
non-addict normal volunteers (Gr I). It is concluded that impairment of psychomotor performance is age related whether in normal
non-addicts or in cannabis addicts. A decline in attention was detected in cannabis addicts and has been considered a feature of
pathological aging. Education in early life as well as the duration of education are neuroprotectors for brain aging more so in the
non-addict than addict group. Though cigarette smoking per se has no effect on cognitive abilities in normal aging, it becomes evident that
its association with lack of education impairs attention. © 1997 Elsevier Science BV. All rights reserved.
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1. Introduction

The recent interest in aging is attributed to the remark-
able increase in the number of elderly persons throughout
the world. Whereas age per se has been denied as a factor
in intellectual deterioration where cognitive abilities re-
main generally stable throughout adult life (Wilkie and
Eisdorfer, 1971) yet, after the age of 60 years, a minority
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of people show cognitive decline which becomes more
evident in the 9th decade (Schaie, 1990). On the other
hand, a definite decline of cognitive functions with aging
was frequently stressed (Horn, 1975; Botwinik, 1977;
Busse, 1987; Moehle and Long, 1989; Morley et al,
1992).

Elwan et al. (1996) in a study of brain aging in normal
Egyptians revealed a decline in cognitive functions with
aging particularly in those with vascular risk factors, as
well as non-educated normal volunteers.

Zhang et al. (1990) reported increased prevalence of
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dementia among elderly Shanghai Chinese residents where
it occurred in 18% in non-educated as compared to 4% in
those having more than 6 years of education. Similar
findings have been found in Italy (Bonaiuto et al., 1990)
and Canada (D’Arcy, 1994). Moreover, in developing
countries, cognitive difficulties were reported in non-edu-
cated subjects as in Senegal (Greenfield and Bruner, 1966),
South Africa (Page, 1973), and Morocco (Wagner, 1978).

Acute use of marijuand impaired learning, associative
processes, and psychomotor performance (Block et al.,
1992) whereas chronic heavy use was associated with
deficits in mathematical skills, verbal expression, and
memory retrieval (Block and Ghoneim, 1993). Amir and
Bahri (1994) detected impairment of visuographic func-
tions in the Arabian Gulf population due to substance
abuse (alcohol, polydrug, and heroin), a finding consistent
with reports for European and American communities. On
the other hand, several studies reported no differences in
cognitive functioning on a large battery of neuro-
psychological tests between marijuana users and controls
in Jamaica (Bowman and Pihl, 1973) and Costa Rica (Satz
et al., 1976). Soueif (1971) found that Egyptian cannabis
users were slower learners than controls and did sig-
nificantly worse on objective tests of mental performance.
It was estimated that hashish use in Egypt was 11.44% in
males working in the manufacturing industries (Soueif et
al., 1988), 5.05% in secondary school males, and 8.79% in
university student males (Soueif et al., 1990).

Many studies of the effects of cigarette smoking have
shown a nicotine-induced enhancement of attentional
efficiency (Frankenhaeuser et al., 1971; Heimstra et al.,
1967). Wesnes and Warburton (1978) found that cigarette
smokers performed more efficiently than non-smokers in
neuropsychological testing for attention. However, a sig-
nificant increase in brain atrophy was revealed on CT scan
of chronic smokers when compared to non-smokers in-
dicating that chronic smoking exaggerated age-related
brain atrophy (Kubota et al., 1987).

The goal of the present work is to study brain aging in a
larger sample of normal Egyptians with the aim of
evaluating the impact of duration of education, addiction
and/or smoking on cognition and brain aging.

2. Materials and methods
2.1. Subjects

This study included 211 normal independent volunteers
(166 males, 45 females), either relatives of patients,
personnel working in Kasr El Aini Hospital or referred to
an outpatient clinic for routine medical check-up. Their age
ranged from 20 to 76 years with a mean of 46.4+3.6 years.
Whereas 77 subjects were of limited literacy and were
considered non-educated (as they could just read, write,
and make simple calculations but had not had the 6 years

of compulsory formal primary education), 134 subjects
were of different educational levels and were divided into
three categories: (1) primary school level (completed the 6
years of compulsory education), (2) high school leve]
(6-12 years of preparatory and secondary school educa-
tion) and (3) college or professional school graduate (more
than 12 years of education). Exclusion criteria were: (a)
score less than 70 on the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) (Wechsler, 1981); (b) score less
than 24 on the Minimental State Examination (MMSE)
(Folstein et al., 1975); (c) history of neurological or
psychiatric illness; (d) disorders of communication. Sub-
jects of the present study were classified into two groups;
Group I: including 174 normal volunteers with and without
vascular risk factors and/or either cigarette smokers or
non-smokers and Group II: including 37 males with
cannabis addiction and with or without vascular risk
factors. Subjects of Group II have been using cannabis
regularly for at least 6 years and they were all cigarette
smokers. Vascular risk factors such as hypertension, dia-
betes mellitus, hyperlipidemia, hyperuricemia were re-
ported in 44 subjects (28 in Group I and 16 in Group II).
All subjects gave informed consent to participate in the
study.

2.2. Methods

All subjects undertook:

1. Thorough clinical neuropsychiairic and medical exami-
nation;

2. Laboratory tests detecting risk factors;

3. Neuropsychological assessment using a battery for
evaluation of specific cognitive functions which in-
cluded: (a) the Paced Auditory Serial Addition Test
‘PASAT’ (Gronwall, 1977) for testing ATTENTION
and (b) the Trailmaking test A, B ‘TMa and TMb’
(Reitan, 1969) for PSYCHOMOTOR PERFORM-
ANCE.

2.3. Sratistical analysis

Statistical analysis was done using a Mackintosh Plus
computer and Stat-view statistical package. The unpairsd
t-test was used for comparing means of two groups and the
correlation coefficient () to determine the correlation
between two parameters.

3. Results

Of the 174 subjects of Group I, 129 subjects (74.1%¢)
were males and the remaining 45 subjects (25.9%) were
female, ranging in age from 20 to 76 years with a mean of
49.1*3.8 years. Group II consisted of 37 males of age
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range 20-72 years and a mean of 43.6X2.6 years. Subjects
of both groups were classified according to age into three
groups: Group A of young age (20-39 years): 61 subjects
(51 Group I and 10 Group II), Group B of middle age
(40-59 years): 73 subjects (59 Group I and 14 Group II)
and Group C of old age (60 years and above): 77 subjects
(64 Group I and 13 Group II). Seventy-seven subjects (70
of Group I and 7 of Group II) were non-educated and
represented 36.5% of the whole sample. The remaining
134 educated subjects (63.5%) (104 of Group I, 30 of
Group II) included different levels of education belonging
to Category | (primary school) 54 subjects (42 Group I
and 12 Group II), Category 2 (high school) 45 subjects (35
Group I and 10 Group II) and Category 3 (college
graduate) 35 subjects (27 Group [ and 8 Group II). The
mean vears of education was 6.1+3.96 and 6.9%3.4 years
in Group I and Group II, respectively. Sixty subjects from
Group [ were cigarette smokers and 114 subjects were
non-smokers. All smokers of Group I were males due to
rarity of habit of cigarette smoking among Egyptian
females especially in low socio-economic and rural areas.
Vascular risk factors — other than smoking — were
present in 44 subjects (20.8%) (28 of Group I, 16 of Group
II). Table 1 summarizes the demographic data of the
sample submitted for this study.

In Group I subjects (non-addicts), a statistically signifi-
cant correlation was generally found between age and
Trailmaking test B (TMb) scores (Fig. 1, Table 2) indicat-
ing deterioration of psychomotor performance with ad-
vance in age. The more the years of education, the less
were the scores of the Trailmaking B test (TMb) meaning
better psychomotor performance with increase in the
duration of education (Fig. 2, Table 2). Old age subjects
(60 vears and above) and subjects with risk factors
demonstrated significant worsening in psychomotor per-
formance (TMb and TMa respectively) when compared to

Table |
Demoguraphic information of Group I (non-addicts) and Group II (addicts)
Group | Group II
Males Females Total
Age group: 129 45 174 37
(A) 20=39 years 51 —_ 51 10
(B) 10-59 years 36 23 59 14
(C) =60 years 42 22 64 13
Non-educated 36 34 70 7
Educated: 93 11 104 30
(1) up to 6 years 33 9 42 12
(2) 6-12 years 33 2 35 10
(3) >12 years 27 - 27 8
Smokers 60 L 60 37
Non-smokers 69 45 114 —
With risk factors 19 9 28 16
No risk factors 110 36 146 21

“High eclucation attainment is not cornmon among Egyptian females from
low social level and rural areas.

b . . . .

Cigarette smoking is not a habit among Egyptian females.
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Fig. 1. Correlation between age of non-addicts (Group I) and scores of
Trailmaking test B (TMB).

those of middle age (40-59 years) and those having no
risk factors (Fig. 3A,B). There was no significant differ-
ence in psychomotor performance (TMa, TMb) between
smokers and non-smokers. Regarding attention, no correla-
tion could be detected between age or years of education
and PASAT scores in subjects of Group I as a whole
(Table 2). However, females of Group I showed worse
attention on PASAT when compared with males (Fig. 4).
Though no statistically significant difference was detected
between smokers and non-smokers — of males of Group I
as a whole — in PASAT, smokers of the non-educated
group had worse PASAT scores when compared to non-
smokers. Such a difference could not be found in the
educated group (Table 3).

Group 1I subjects (addicts) showed significant correla-
tion between age and scores of Trailmaking A and B tests
(TMa and TMb) meaning impairment of psychomotor
performance in addicts with increase of age (Fig. 5A,B,
Table 2). No correlation was found between age and
PASAT scores of attention or between duration of educa-
tion and scores of neuropsychological tests applied (Table
2).

Both Group I and Group II demonsirated that subjects
with primary education (category 1) had worse psychomo-
tor performance (TMa) when compared to subjects having
higher levels of education (categories 2 and 3) (Fig. 6).

Comparison between Group I and Group Il revealed that
addicts had significantly worse attention on PASAT than
non-addict males (Table 4).

Using Anova, no statistically significant difference was
detected after stratification of smokers and addicts by age
and risk factors.

4. Discussion

Several factors such as age, sex, less education, occupa-
tion, and low socio-economic status have been claimed to
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Table 2
Correlation coefficient (r) between scores of neuropsychological tests (PASAT, TMa and TMb) and age, duration of education in Group I, Group II subjects
Test data Group 1 Group I

Age (years) Years of education Age (years) Years of education
PASAT -0.16 0.29 —-0.14 0.15
Trailmaking A (TMa) 0.1 —0.18 0.48* -0.12
Trailmaking B (TMb) 0.59* —0.44* 0.67* -0.17

*Significant correlation (P<<0.05).
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impair cognitive abilities in late life (Zhang et al., 1990; P<0.05
O’Conner et al., 1991; Stern et al., 1994).

Brain functions — especially psychomotor performance I T MALES “2 FEMALES
— generally slow in the elderly (Hayslip and Panek,

Fig. 4. Means*SD of PASAT in males and females of Group L.
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Fig. 3. (A) Means*SD of Trailmaking test B in old and middle aged subjects. (B) Means*SD of Trailmaking test A in subjects with and without risk
factors.
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Table 3
Means =SD of PASAT in smokers and non-smokers of males of Group I
(educated and non-educated subjects)

Non-smokers

Smokers t-value
Group I: 159266 (n=60) 13.127.1 (1=69) —16
Educ.ted 157267 (1=42)  144%7.7 (n=51) 035

Non-.ducated 10.228.6 (n=18) 152+7.8 (n=18) —2.09*

*Significunt difference (P<<0.05).

1989). Accordingly, older adults are significantly slower
than voung adults (Goggin and Meeuwsen, 1992). Elwan
et al. 11996) revealed deterioration of psychomotor per-
formance with advancing age in normal Egyptians, a
finding that has been further verified in the present work
conducted on a larger Egyptian group of addicts or non-
addicts. Moreover, elderly subjects (60 years and above)
showed a greater decline than younger ones.

The impact of education on cognitive functions is
controversial. Less educated people were found to perform
worse on mental status tests than those with more educa-
tion (Mortimer and Graves, 1993). Recently, Plassman et
al. (1995) reported that years of education contributed
significantly to cognitive status. They detected an associa-
tion between education in early adult life and cognitive
status in late life which may be an important factor when
evaluating risk factors for cognitive decline in the elderly.

Quick Plot

™G
o]
o .

T™M-B

Fig. 5. Correlation between age of addicts (Group II) and scores of
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Fig. 6. Means*SD of Trailmaking test A in Group I and Group II
subjects with different levels of education.

Similar results have been found by Elwan et al. (1996),
when subjects of limited literacy did worse than educated
subjects having 6 years of compulsory formal primary
education on a variety of neuropsychological tests later in
life clarifying the value of education in early life on
cognitive performance in the elderly. In the present study,
there was better psychomotor performance with increased
years of education. Moreover, subjects with higher levels
of education (high school and college graduates) did better
than those with primary compulsory formal education
alone. Swarthout and Synk (1987) found highest positive
correlation between scores of cognitive tests and education
of more than 12 years. Macrae (1984) revealed no
difference of cognitive abilities among secondary, techni-
cal, or university levels of education. According to the
present data from the Egyptian study, it is noteworthy that
the duration of education is the main contributing factor to
the cognitive decline in the elderly. Greater educational
attainment provides for a functional reserve of brain
capacity that serves to delay the onset of cognitive
impairment (Katzman, 1993). The risk of Alzheimer's
disease has been claimed to be reduced by educational
attainment either by decreasing the ease of clinical de-
tection or by imparting a reserve that delays the onset of
clinical manifestations (Stern et al., 1994). On the other
hand, Beard et al. (1992) suggested that the apparent
protective effect of education on dementia could be related
to selection, measurement, and/or confounding biases.
Vascular risk factors may impair performance on a
variety of cognitive tasks (Bornstein and Kelly, 1991). In
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Table 4
Means*SD of PASAT, TMa and TMb in Group I and Group II

Group I (non-addicts) Group II (addicts) f-value
PASAT 153269 (1=129) 73%6.5 (1=37) 3.84%
Trailmaking A (TMa) 254341 (n=60) 292+161 (n=33) 1.62
Trailmaking B (TMb) 385%281 (n=28) 402226 (n=15) 0.96

*Significant difference (P<0.05).

Egyptians, subjects with risk factors had poorer psychomo-
tor performance than subjects with no risk factors confirm-
ing previous findings (Elwan et al., 1996). Moreover,
Meyer et al. (1986) found significant improvement of
cognitive functions in patients with multi-infarct dementia
after controlling the blood pressure and stopping cigarette
smoking.

Cannabis influences many aspects of human cognition
and learning (Bowman and Pihl, 1973). Impairment of
attention on PASAT occurred in Egyptian hashish users
when compared to normal volunteers and has been attribu-
ted to the fact that PASAT scores depend on mathematical
abilities which are impaired with hashish. Marijuana
impaired performance on arithmetic tests (Heishman et al.,
1990), while chronic heavy marijuana use leads similarly
to deficits in mathematical skills (Block and Ghoneim,
1993). Though Pope et al. (1995) found no evidence to
support a prolonged or a toxic effect on CNS, they
detected that cannabis can impair attention and psychomo-
tor tests during the 12-24 h after use. Serial subtraction of
sevens test — which is dependent on sustained attention —
was impaired with increasing dose of cannabis (Melges et
al., 1970; Dornbush and Kokkevi, 1977). Impairment with
cannabis was relatively moderate in tests of sustained
attention where the task is fairly simple (Rafaelsen, 1972).
In the task where every step depends on the previous one
— as in PASAT — the effect of cannabis was most clearly
seen, In normal non-addict Egyptians in this study, atten-
tion was not influenced by aging nor years of education.
Elwan et al. (1994) found that attention was impaired in
cerebrovascular elderly subjects. Hence, impairment of
attention has to be considered as a feature of pathological
rather than normal aging.

Smoking is known to raise the general arousal and
improve the ability to concentrate (Myrsten and Ander-
sson, 1978). It is most likely that this increased arousal
makes a person feel more confident in his ability to cope
with the task set and thus relieved from tension and
anxiety even if his actual performance might not be
improved. Attentional processes are facilitated by cigarette
smoking (Andersson and Hockey, 1975). This increased
selectivity of attention with smoking might be subjectively
interpreted by the smoker himself as an improved ability to

. concentrate. Conversely, no difference could be detected
; between smokers and non-smokers in non-addict Egyptians

whether in attention or psychomotor performance. Cigaret-

te smokers maintained a constant superior level of con-
centration compared to deprived smokers and non-smokers
who both exhibited decrements in cognitive tasks (Wesnes
and Warburton, 1978). Former cigarette smokers were
significantly more aware than either never-smokers or
smokers while never-smokers were more aware than
smokers (Remer, 1992). Whereas Hill (1989) found no
difference between older adult non-smokers and ex-smok-
ers on cognitive functions, decrements were found for
smokers on measures of psychomotor speed leading to the
conclusion that current cigarette smoking negatively in-
fluences fast cognitive abilities.

In non-educated non-addict Egyptians, smokers showed
worse attention than non-smokers whereas such difference
was not evident in educated subjects. This again supports
the concept of the protective value of education on
cognitive status. Though cigarette smoking per se has no
effect on cognitive abilities in normal aging, it becomes
evident that its association with lack of education impairs
attention. ,

In conclusion, impairment of psychomotor performance
is an age-related process whether in normal non-addicts or
addicts. Decline in attention was detected in hashish
addicts compared to non-addicts and has been considered
as a feature pointing to pathological aging. Education in
early life as well as the duration of education are neuro-
protectors for brain aging and this is more evident in
normal non-addicts than addicts. Cigarette smoking may
be hazardous and may impair attention in the absence of
education.
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