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Abstract
Background: Cognitive impairment is a major health issue particularly with
the increasing aging population. There are around 47.5 million dementia cases globally. Traffic air pollution issue is a chief environmental problem principally in the mega cities such as Cairo. Methodology: In a Cross sectional
and comparative research study the study subjects recruited involved 200 individuals, categorized into two research groups: 100 from Cairo’s elderly
home residents and 100 from EL-Gharbaya’s elderly home residents. Results:
Statistical linear regression analysis revealed that fine particulate matter, carbon monoxide, and nitric oxide have a statistically significant impact on cognitive function (p values < 0.001) (shown in Table 4). Conclusions: Traffic
related air pollutants were strongly associated with cognitive impairment
within elderly population in geriatric home residents in Egypt. Regarding to
statistically significant difference in concentration of traffic related air pollutants between urban and rural areas, urban areas were more polluted than
rural areas.
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1. Introduction
Air pollution is a chief issue in public health since various research studies have
displayed its several unfavorable health sequalae (e.g. respiratory and cardiovascular diseases). Air pollution has also been considered a prominent environmental risk factor for neurological diseases and neuropathology, and additionalDOI: 10.4236/aar.2019.81001 Dec. 28, 2018
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ly it is considered to be neurotoxicant [1] [2] [3] [4] [5].
The brain regions correlated to executive functions e.g. working memory and
attention are largely presented within the prefrontal cortex and the striatum,
which have revealed inflammatory responses after traffic-related air pollution
exposure. [6] [7] [8] [9] [10].
Air pollution could also affect the nervous system, in a manner causing memory disturbances, fatigue and hazy vision. Long term exposure to ambient pollution could cause growth of white matter pathological lesions and inhibition of
cognitive functions [11] [12] [13] [14] [15].
Ambient air pollution has been correlated to impairment of lung functional
performance and chronic obstructive pulmonary disease in the elderly individuals. Impairment of lung function has been correlated with impaired cognitive
function. Consequently, cognitive functional decline is highly prevalent in individuals with lung function impairment [16] [17] [18] [19] [20].
Various research studies explored the linkage between midlife pulmonary
functional levels and cognitive functional performance in old age which have
revealed that pulmonary dysfunction in midlife is correlated with raised risk of
poor cognition in elderly life [21] [22] [23] [24] [25].
The influence of pulmonary function on cognitive decline could result from
various risk factors involving hypoxia, decreased neurotransmitter function,
raised systemic inflammatory processes, or a conjunction of these risk factors
[26] [27] [28] [29] [30].
There is rising research based epidemiological evidence of a correlation between air pollution exposure and cognitive functional performance decline, particularly impairment of visuo-construction performance. Epidemiological research studies interestingly reveal and display a correlation between distance to
major roads and reduced functions cognitive denoting that particles from traffic
pollution could, have detrimental effects on cognition due to either their size or
composition [31] [32] [33] [34].

2. Aim of the Work
Assessment of the correlation between traffic-related air pollutants exposure and
cognitive functional levels is in elderly at geriatric homes in Egypt. Comparison
between cognitive function within elderly is exposed to high and low air pollutant levels.

3. Methodology
A Cross sectional and comparative research study the study subjects recruited
involved 200 individuals, categorized into two research groups: 100 from Cairo’s
elderly home residents and 100 from EL-Gharbaya’s elderly home residents. Inclusive research criteria: Elderly males & females above 60 years old, accepting
to participate in the study, Elderly admitted to geriatric home must come from
same area i.e. (in urban nursing homes; their elderly must have a past history of
DOI: 10.4236/aar.2019.81001
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living in urban areas) and (in rural nursing homes must had past history of living
in rural areas) or at least admitted for 5 years, elderly admitted to those geriatrics
homes were apparently healthy. Exclusive research criteria: Refusal to participate
in the research study, elderly who has previous history of stroke Oral consent was
obtained from 200 study subjects from elderly living in geriatric homes exposed to
high & low traffic related air pollution (urban & rural areas).

3.1. Direct Measurements of Traffic Related Geriatric Homes Air
Pollution
Our research team focused on fine particulate matter (PM10), nitric oxide (NO),
carbon monoxide (CO) and lead, which are considered to be the most dangerous
forms of air pollution. The pollutants measured were real time concentrations.
We measured both in Cairo & in EL-Gharbia related to geriatric home that we
recruited the study subjects from them. Measurements were performed by cooperation from Environmental Monitoring Center by usage of a portable field
device for measurement of inhaled particles (PM10), lead, carbon monoxide, nitric oxide.

3.2. Cognitive Assessment
Cognition was assessed using Cambridge cognition Examination (CAMCOG),
by usage of its Arabic version. The CAMCOG is the cognitive and self-contained
part of the Cambridge Examination for Mental Disorders of the Elderly
(CAMDEX). A standardized instrument for the diagnosis and grading of dementia and assess the level of cognitive impairment. The CAMCOG consists of
67 items with a maximum possible score of 107, and it could be categorized into
various subscales: orientation, expressive and comprehensive language, memory
(remote, recent, and learning), attention, praxis, calculation, abstraction, and
perception. All items of the MMSE are also incorporated into the CAMCOG. If
study subject took a score from 90 - 107 there is no cognitive impairment, from
89 - 78 the study subject has mild cognitive impairment, 77 - 66 study subject
has mild dementia
Comprehensive clinical geriatric assessment via thorough medical history
particularly, Chronic diseases (e.g. hypertension, DM, heart failure, chronic obstructive lung disease) Geriatric depression scale (GDS) using the Arabic translation, Activities of daily living scale (ADL), Instrumental Activities of daily living scale (IADL), Mini Nutritional Assessment (MNA) The sum of the MNA
score distinguishes between elderly individuals having: Adequate nutritional
status, MNA ≥ 24, protein-calorie malnutrition, MNA < 17, at risk of malnutrition, MNA between 17 and 23.5.

3.3. Statistical Analysis
All data were collected, tabulated, and loaded on personal computer for statistical analysis. As follows: in which description of quantitative research variables as
mean, standard deviation (SD) and range, Description of qualitative research vaDOI: 10.4236/aar.2019.81001
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riables as number and percentage, Chi-square test was used to compare qualitative variables between groups, One way Anova test was used to compare quantitative variables between groups, Independent-t-test to compare between two
research groups, correlation linear regression model used to assess the most affected air pollutants on cognition. The statistically significant level measured
according to p value, p value > 0.05: Non-significant, p value < 0.05: Significant,
p value < 0.01: Highly significant.

4. Results
As regards fine particulate matter statistical significant difference existed between Urban and Rural areas being higher in Urban areas (p value < 0.001). As
regards lead statistical significant difference existed between Urban and Rural
areas being higher in Urban areas (p value < 0.001).
Concerning carbon monoxide statistical significant difference existed between
Urban and Rural areas being higher in Urban areas (p value < 0.001). Finally nitric oxide statistical significant difference existed between Urban and Rural areas
being higher in Urban areas (p value < 0.001).
As regards cognitive function statistically significant correlation existed between age and different grades of cognitive impairment (mild cognitive impairment, mild dementia, moderate to severe cognitive impairment) p value < 0.001.
Concerning cognitive impairment correlation to educational level a statistically significant correlation existed in which it was more frequent in illiterate
study subjects and least in study subjects having more than 5 years education (p
value < 0.001)
Finally gender and smoking didn’t show any statistically significant correlation with grades of cognitive functional impairment (p values = 0.183, 0.345,
consecutively).
As regards fine particulate matter and CAMOG test items and scoring level
statistically significant correlation existed in language, Expression, recent memory, Recall & memory, abstraction, CAMCOG score (p values = 0.018, <0.001,
0.001, <0.001, 0.002, 0.009, consecutively).
As regards lead and CAMOG test items and scoring level statistical significant
correlation existed in, language, expression, recent memory, recall and memory,
abstraction, CAMCOG score (p value = 0.030, <0.001, <0.001, <0.001, 0.002,
0.011, consecutively).
Concerning carbon monoxide and CAMOG test items and scoring level statistically significant correlation existed in orientation, language, expression, recent memory, remote memory, attention, drawing, recall and memory, abstraction, perception, CAMCOG score (p value = 0.022, 0.002, <0.001, <0.001, 0.028,
0.032, <0.001, <0.001,0.006, <0.001, consecutively).
Concerning nitric oxide and CAMOG test items and scoring level statistically
significant correlation existed in Expression, recent memory, praxis recall and
memory, abstraction, CAMCOG score (p value = 0.001, 0.002, 0.021, 0.001,
DOI: 10.4236/aar.2019.81001
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0.006, 0.039, consecutively).
Statistical linear regression analysis revealed that fine particulate matter, carbon monoxide, and nitric oxide have a statistically significant impact on cognitive function (p values < 0.001).
As regards Geriatric depression scale scoring and air pollutants components
(fine particulate matter, lead carbon monoxide, nitric oxide) statistical significant correlation existed in all items (p values = 0.002, 0.001, 0.001, 0.004, consecutively), instrumental activities of daily living scale scoring and air pollutants
components (statistical significant correlation existed in fine particulate matter,
lead carbon monoxide, p values = 0.041, 0.046, 0.005, consecutively), regarding
activities of daily living scale scoring and air pollutants components no statistical
significant correlations existed.

5. Discussion
Cognitive impairment is a major health issue particularly with the increasing
aging population. There are around 47.5 million dementia cases globally, newly
diagnosed cases every year is about 7.7 million case. Dementia was ranked first
among chronic non-communicable diseases in low and middle income nations.
Within the next four decades, the prevalence of dementia is estimated to triple
except protective measures are implemented. With increased levels of urbanization and road traffic expansion in various areas of the world, population exposed
to air pollution is raised particularly in older adults [1] [3] [6] [7].
Traffic air pollution issue is a chief environmental problem principally in the
mega cities such as Cairo. It was considered as the 12th leading risk factor for
disability in 2013 globally, causing about 3.3 million premature deaths each year
[10] [13] [15].
The current research study was conducted to evaluate the correlation between
cognitive impairment and traffic air pollution within elderly home residents in
urban and rural areas.
The study recruited 200 elderly study subjects (60 years old and above), both
males and females have been recruited from elderly home residents (100 from
Cairo’s and 100 from EL-Gharbia’s elderly home residents).
In the current research study the research team the following results were obtained concerning fine particulate matter(shown in Table 1) statistical significant difference existed between Urban and Rural areas being higher in Urban
areas (p value < 0.001). As regards lead statistical significant difference existed
between Urban and Rural areas being higher in Urban areas (p value < 0.001).
As regards carbon monoxide statistical significant difference existed between
Urban and Rural areas being higher in Urban areas (p value < 0.001). Finally nitric oxide statistical significant difference existed between Urban and Rural areas
being higher in Urban areas (p value < 0.001).
The mean concentration levels of air pollutants in urban areas exceeded the
standard environmental levels, especially fine particulate matter, in accordance to
Environmental monitoring center report in Egypt. These findings are in harmony
DOI: 10.4236/aar.2019.81001

5

Advances in Aging Research

T. T. A. Rahman et al.
Table 1. Differences between air pollutants level in urban and rural areas.
Area

Air pollutants

PM10

Lead

Co

No

T-Test

Urban

Rural

T

Range

269

−

275

202

−

212

Mean ± SD

270.690

±

2.343

207.430

±

2.986

Range

0.20

−

0.24

0.02

−

0.03

Mean ± SD

0.209

±

0.027

0.024

±

0.005

Range

16

−

19

6

−

10

Mean ± SD

17.320

±

1.497

8.380

±

1.162

Range

4.9

−

5.1

0

−

0.2

Mean ± SD

5.001

±

0.100

0.048

±

0.086

p-value

166.687 <0.001*

68.368

<0.001*

47.189

<0.001*

375.824 <0.001*

p value > 0.05: Non-significant; p value < 0.05: Significant; p value < 0.01: Highly significant.

with various research studies including a research study previously conducted by
Apăscăriţei et al. research team of investigators in which they revealed that NO
levels were ten times higher in urban than in rural area also CO levels were two
times higher in urban area [18] [25] [27].
As regards the correlation between age, sex, educational level, smoking and
cognition in all study cohort of the current research (revealed and displayed in
Table 2) the following was revealed in which cognitive function there was a statistically significant correlation that existed between age and different grades of
cognitive impairment (mild cognitive impairment, mild dementia, moderate to
severe cognitive impairment) p values < 0.001.
Concerning cognitive impairment correlation to educational level a statistically significant correlation existed (shown in Table 2) in which it was more
frequently observed in illiterate study subjects and least in study subjects having
more than 5 years education (p value < 0.001). Finally gender and smoking
didn’t show any statistical significant correlation with grades of cognitive functional impairment. (p values = 0.183, 0.345, consecutively).
These results and observations obtained are consistent with a research study
performed by Ji et al., research team of investigators who revealed and displayed
from their research data that the prevalence of cognitive impairment and dementia was 73.2% within the elderly individuals aged 80 years and older and the
prevalence of dementia and Alzheimer’s disease within elderly individuals aged
60 years and older have been 7.7%. these findings were in harmony with the
current research study. On the other hand Ji et al., research team revealed that
the prevalence of cognitive impairment was 2.3-fold higher in females than in
males and was raised by 1.8-fold in females than in males aged 80 years old and
older, that contradicts with the current research in which no gender differences
were observed among the cohort as regards cognitive impairment [2] [5] [12]
[22].
These findings are explained by the fact that the aging process is accompanied
DOI: 10.4236/aar.2019.81001
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Table 2. Relation between age, sex, educational level, smoking and cognition in all study population.
ANOVA or
Chi-Square

Total score
Normal
Age

MCI

Mild dementia

Moderate to severe

Range

60

−

84

60

−

83

62

−

96

60

−

91

Mean ± SD

69.515

±

5.719

71.750

±

6.142

77.231

±

7.773

76.895

±

9.116

Male

53

51.46

25

48.08

10

38.46

5

26.32

Female

50

48.54

27

51.92

16

61.54

14

73.68

Illiterate

2

1.94

12

23.08

13

50.00

13

68.42

Education Less than 5 years

13

12.62

11

21.15

6

23.08

5

26.32

More than 5 years

88

85.44

29

55.77

7

26.92

1

5.26

Smoker

33

32.04

22

42.31

8

30.77

4

21.05

Sex

Smoking

F or X2

p-value

14.212

<0.001*

4.856

0.183

78.389

<0.001*

3.318

0.345

by influences in the leukocytes functional performance and the antioxidant defense system that could predispose elderly individuals to inappropriate amount
and harmful inflammatory pathological responses that have negative impact on
cognitive function [15] [32] [34].
However, another research study by Bai et al., research team of investigators
have revealed that cognitive levels of affection have not been to gender and that
finding was similarly revealed by the current research study [30] [33].
As regards cognitive impairment correlation to educational level in the current research study a statistically significant correlation existed in which it was
more frequent in illiterate study subjects and least in study subjects having more
than 5 years education (p value < 0.001).
These findings are in harmony with a prior research study that revealed that
the risk of cognitive impairment within elderly individuals with education levels
of less than 6 years in comparison to those elderly individuals with education levels of 9 years or more, with a 3.8-fold increase in the illiterate research group
and a 1.7-fold rise in those with 1 - 5 years of education.
Another research study conducted by Elwan et al. research team showed similar results to the current research as regards level of education in which the Illiterate research group and the group with primary school level of education had a
low scoring level concerning short term memory, psychomotor functional performance and perception than control research group that was highly educated.
Smoking is a possible risk factor for dementia as it may increase free radicals
generation but its impact could be underestimated within older adult due to the
shorter life span of smokers [10] [16] [22].
The current research study revealed that there was no correlation between
cognitive impairment levels and smoking within the elderly, no statistically significant difference existed between normal elderly and who had cognitive impairment as regard smoking habit.
It was consistent with the study of Hebert et al., research team in East Boston,
DOI: 10.4236/aar.2019.81001
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that revealed that there was no correlation was observed between smoking and
cognitive decline within elderly. On the other hand, another research study previously performed displayed and revealed that current smoking raises the risk of
cognitive decline and developing of dementia, and quitting smoking could reduce the associated risk to levels comparable to those who have never smoked
[25] [28] [33].
Concerning the statistical correlation between items of CAMOG test components and air pollutants in study cohort (revealed and displayed in Table 3). As
regards fine particulate matter and CAMOG test items and scoring level statistical significant correlation existed in language, Expression, recent memory, Recall & memory, abstraction, CAMCOG score (p values = 0.018, <0.001, 0.001,
<0.001, 0.002, 0.009, consecutively) (revealed and displayed in Table 3). As regards lead and CAMOG test items and scoring level statistical significant correlation existed in language, expression, recent memory, recall and memory, abstraction, CAMCOG score (p value = 0.030, <0.001, <0.001, <0.001, 0.002, 0.011,
consecutively). (Revealed and displayed in Table 3). Concerning carbon monoxide and CAMOG test items and scoring level statistical significant correlation existed in orientation, language, expression, recent memory, remote memory, attention, drawing, recall and memory, abstraction, perception, CAMCOG
score (p value = 0.022, 0.002, <0.001, <0.001, 0.028, 0.032, <0.001, <0.001, 0.006,
<0.001, consecutively). (Revealed and displayed in Table 3). Concerning nitric
Table 3. Correlation between item of CAMOG test and air pollutants in all study population.
Correlations
PM10

DOI: 10.4236/aar.2019.81001

Lead

Co

No

r

p-value

R

p-value

r

p-value

R

p-value

Orientation

−0.081

0.254

−0.102

0.152

−0.161

0.022*

−0.048

0.500

Language

−0.167

0.018*

−0.153

0.030*

−0.214

0.002*

−0.133

0.060

Expression

−0.272

<0.001*

−0.257

<0.001*

−0.347

<0.001*

−0.242

0.001*

Recent memory

−0.241

0.001*

−0.245

<0.001*

−0.301

<0.001*

−0.214

0.002*

Remote memory

−0.080

0.260

−0.068

0.336

−0.155

0.028*

−0.047

0.504

Registration

0.105

0.137

0.102

0.151

0.056

0.432

0.115

0.105

Attention

−0.103

0.147

−0.118

0.097

−0.151

0.032*

−0.070

0.324

Drawing

−0.103

0.145

−0.086

0.224

−0.163

0.021*

−0.069

0.335

Praxis

0.127

0.072

088.126

0.075

0.067

0.349

0.163

0.021*

Calculation

0.107

0.130

0.102

0.153

0.076

0.285

0.109

0.123

Recall & memory

−0.268

<0.001*

−0.252

<0.001*

−0.327

<0.001*

−0.239

0.001*

Abstraction

−0.217

0.002*

−0.221

0.002*

−0.290

<0.001*

−0.195

0.006*

Perception

−0.097

0.170

−0.111

0.116

−0.195

0.006*

−0.072

0.3127

CAMCOG score

−0.184

0.009*

−0.179

0.011*

−0.256

<0.001*

−0.146

0.039*
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oxide and CAMOG test items and scoring level statistically significant correlation existed in Expression, recent memory, praxis recall and memory, abstraction,
CAMCOG score (p value = 0.001, 0.002, 0.021, 0.001, 0.006, 0.039, consecutively)
(Revealed and displayed in Table 3). Therefore, in general air pollutants had a
statistically significant impact on the scoring of CAMCOG test in both urban
and rural research study cohort but its impact in urban research group was more
than on rural research that revealed high cognitive impairment level than in rural area (Table 4 & Table 5).
Contradicting to the current research study findings, a prior research performed which evaluated the cognitive impairment prevalence in the Portuguese
population in both urban and rural areas, revealed and displayed that cognitive
impairment levels within rural areas were higher than that in urban areas. This
discrepancy between could be explained by difference in education levels and
age not due to air pollution differences [14] [18] [20].
A study applied on urban population within Columbia revealed that air pollution have harmful impact on health of elderly even when the level of pollutants is
low, this finding contradicts with the current research results. However this
finding could explained by the influence of other factors such as climate change
and temperature [14] [18] [23].
A prospective cohort research study of Wellenius et al., research team which
observed an association between CO and immediate recall in 756 elderly women;
however, there were no clear correlations with expression and orientation also
Table 4. Linear regression, and important variables on multivariate analysis were introduced in stepwise linear regression model to detect effect of air pollutants on cognitive
function in all study population.
Standardized
Coefficients

Unstandardized Coefficients

t

p-value

6.112

8.256

<0.001*

2.934

0.143

0.510

0.611

0.256

0.044

1.204

5.802

<0.001*

−2.913

0.289

−7.267

−10.097

<0.001*

B

Std. Error

Beta

PM10

0.191

0.023

Lead

1.497

Co
No

Dependent Variable: CAMCOG scores.

Table 5. Correlation between the function (ADL, IADL), depression (GDS) and air pollutants in all study population.
ADL

DOI: 10.4236/aar.2019.81001

IADL

GDS

r

p-value

r

p-value

r

p-value

PM10

0.006

0.936

−0.145

0.041*

0.221

0.002*

Lead

−0.004

0.956

−0.141

0.046*

0.225

0.001*

Co

−0.066

0.353

−0.196

0.005*

0.223

0.001*

No

0.034

0.630

−0.117

0.099

0.203

0.004*
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found that closer proximity of residence to major roads was associated with
poorer performance on several cognitive tests, especially that assess executive
function, memory, verbal learning and language [30] [33].
Another research study evaluating impact of long-term exposure to fine particulate matter cognition decline levels in elderly women in the United States
found that a 10 μg/m3 increase in fine particulate matter has been linked to a
0.014 fall in verbal memory; 0.002 decrease in verbal fluency. A study of Schikowski et al., research team in harmony with the current research study results
revealed that nitric oxide levels are correlated to a decrease in visuospatial abilities, naming and memory [10] [26].

6. Conclusion
The current study showed that traffic related air pollutants were strongly associated with cognitive impairment within elderly population in geriatric home
residents in Egypt. Regarding to statistically significant difference in concentration of traffic related air pollutants between urban and rural areas, urban areas
were more polluted than rural areas. Air pollutants have a negative impact on
recall, memory, expression and language, and minimal impact on attention,
drawing, and perception and had no clear impact on orientation calculation, and
registration.

Recommendations
Screening for cognitive impairment of all elderly persons attending health
centers should be carried out. Continuation physical, mental, social activities
and early detection and management of depression is required to reduce cognitive impairment in elderly. Improvements to air quality may be an important
mechanism for reducing cognitive decline in elderly. Large scale research studies both observational and interventional are required for additional evaluation of air pollution impact on elderly within Egypt. Future research studies
should be multicentric in fashion and put in consideration racial and ethnic
differences.
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