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Abstract Previous studies have shown an association be-
tween the urban environment and the risk of developing asth-
ma and allergic rhinitis (AR) in children. This is the first lon-
gitudinal study to examine risk factors associated with asthma,
eczema and AR in a comparison between Cairo, one of the
world’s most polluted cities, and a rural area, Shben El-Kom.
Two groups of school children were selected. One group was
from inner-city Cairo, and the other was from a low-polluted
rural area, Shben El-Kom in the Nile Delta region. The chil-
dren were studied four times, with testing taking place every
6 months over an 18-month period using the ISAAC question-
naire. Two generalized mixed logistic regressions showed that
living in Cairo increased the risk of current wheeze, wheeze
ever, asthma ever, current AR, AR ever, hay fever ever, cur-
rent rash, rash ever and eczema ever. Other risk factors that
effected asthma included maternal eczema, paternal asthma,
maternal asthma and passive smoking. Exposure to farm ani-
mals decreased the odds of having asthma. Children living in
urban Cairo had a higher risk of allergic conditions than those
living in the rural area of Shben El-Kom. This was not fully
explained by passive smoking, breastfeeding, parental allergy
or exposure to animals.
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Introduction

The worldwide prevalence of asthma and allergies has signif-
icantly increased in recent years (World Health Organisation
Statistical Information 2013). Several environmental risk fac-
tors have been attributed to the sharp increase of these in both
developed and developing countries. One major risk factor
associated with the increase in asthma is increasing air pollu-
tion resulting from the rise in the number of motor vehicles
(Brunekreef et al. 2009) and the presence of certain industrial
processes (Wang and Chau 2013). While outdoor air pollution
has received much focus, numerous other risk factors found
within the home have been found to be associated with an
increase in asthma and allergies. These include changing life-
styles and nutritional habits, breastfeeding and keeping pets
(Ait-Khaled et al. 2009).

Studies have shown differences in the prevalence rates and
severity between rural and urban environments. Important risk
factors associated with urban versus rural lifestyle and envi-
ronment include outdoor air pollution, diet, infections, stress,
allergic exposure and parasitic infections (Priftis et al. 2009).
Inner-city children appear to have more episodes of acute
respiratory infection than children of rural areas, possibly
due to overcrowding, indoor air pollution or poor nutrition
(Priftis et al. 2009). Other works have shown the protective
effect of farming activities and daily contact with livestock
(Hugg et al. 2008), through prolonged and early exposure to
allergens and pathogens including parasitic infections
(Dagoye et al. 2003). However, previous studies performed
in Egypt found no protective effect of parasitic infections
against asthma (Alshishtawy et al. 1991).

Nutrition also plays an important role in the variation found
between rural and urban areas. For example, an Egyptian
study found that consumption of farm milk may protect
against asthma (Morcos etal. 2011) and a recent ISAAC phase
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I study (Ellwood et al. 2013) has confirmed that the con-
sumption of fast food three or more times per week increased
the risk of severe asthma, severe rhinoconjunctivitis and se-
vere eczema. Although much work has evaluated changes in
the prevalence of asthma and allergies worldwide, few have
examined the rural/urban environmental effect in the same
population on asthma, eczema and rhinitis.

The primary aim of this longitudinal study was to investi-
gate if there are differences in allergic disease prevalence be-
tween schoolchildren in an urban area—Cairo—and in a rural
area of Egypt—Shben EI-Kom. The secondary outcome was
to explore the relative importance of other known risk factors
in relation to the observed prevalence.

Methods
Design

This longitudinal study examined the effect of rural versus
urban environment and other risk factors on allergies and re-
spiratory health in school children in Egypt. We enrolled
school children aged from 7 to 12 years old from two loca-
tions. The first, exposed, group was drawn from the urban city
of Cairo, and the second, comparison, group was from the
rural area of Shben El-Kom. We used the ISAAC question-
naire (ISAAC 2012) and additional questions related to envi-
ronmental factors. The questionnaire was completed four
times, every 6 months. While there was an initial intent to
consider ambient air pollution as a risk factor, doing so proved
to be impossible with our two community designs.

Locations

Cairo is the capital of Egypt and the largest city in Africa and
the Arab world and the 11th largest urban area in the world
with a population of 17,816,000 (World 2012). Cairo is
ranked 21st in population density (The City Mayors Founda-
tion 2007). The city is located around the Nile River and
surrounded by large deserts. Shben El-Kom, the provincial
capital of Monofeya Governorate, is located in the Delta re-
gion which is 95 km from Cairo inner city. Shben El-Kom is a
rural town with most of its population working in farming and
does not experience the heavy road traffic found in Cairo,
although for both locations, there may be other (non-traffic)
sources of pollution including indoor pollution through the
use of inefficient fuels for cooking.

Participants
Participants were drawn from a randomly selected a predom-

inantly middle class school in Shben El-Kom. In Cairo, we
approached a school with a similar profile of children. The
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schools approved access to the children and provided all the
necessary support. Children were selected from both schools
to form a homogeneous sample with comparable age, physical
measurements and male/female ratio between the two loca-
tions. Ethical approval was granted by the lead investigator’s
university and the Ministry of Education.

Four school visits took place to collect data. In visit 1, 1397
children were recruited (705 from Cairo, 692 from Shben El-
Kom); in visit 2 which took place 6 months after visit 1,
additional children were enrolled (sample size 2198; 1100
from Cairo, 1098 from 117 Shben El-Kom). In visits 3 and
4, after 18 and 24 months from the first visit, 2183 subjects
were re-evaluated (1087 from Cairo, 1096 from Shben El-
Kom; see Table 1).

ISAAC written questionnaire

The ISAAC questionnaire was used to evaluate the prevalence
and severity of allergic conditions in children. The question-
naires were completed by their parents and returned the next
day. ISAAC questionnaire has a standardized core question-
naire (ISAAC 2012). The questionnaire has been tested and
validated and is formulated to be suitable for international
comparisons. The questionnaire evaluates the severity and
prevalence of asthma, eczema and rhinitis. The Arabic form
of the core ISAAC questionnaire which has been used and
verified by ISAAC in the Arabic centres was used for data
collection (Behbehani et al. 2000).

In addition to this, other environmental questions were in-
cluded which related to possible risk factors for asthma and
allergy. These additional questions were added to the core
ISAAC questionnaire that dealt with probable risk factors
such as the family’s allergic condition history, house mem-
bers’ smoking habits, whether children were breastfed and
the presence of animals (subdivided into three groups: birds,
indoor pets such as cats and dogs and farm animals).

Statistical analyses

Descriptive analysis

Descriptive statistics for all of the variables were calculated,
along with frequencies and proportions for categorical

Table 1  Number of children involved at each visit

Wave Remained in  Addedin  Dropped out  Total number
Visit 1 - 1397 - 1397

Visit 2 1393 805 4 2198

Visit 3 2183 - 15 2183

Visit4 2183 - - 2183
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variables. Means and standard deviations were calculated for
continuous variables. The associations between symptom
prevalence and location were analysed using chi-square tests
for categorical variables. Statistical significance was evaluated
at p<0.05. The factors measured categorically (presence or
absence of the symptom) were having been breastfed, family
atopy history (asthma/eczema), exposure to passive smoking,
presence of other allergic condition and exposure to animals.
The continuous measures of height, age, BMI and weight
were expressed as means and standard deviations (SD).

Regression analyses

Crude odds ratios (OR) and 95 % confidence intervals (CI) of
major symptoms were calculated for all the risk factors which
included exposure to pets, birds and farm animals, parental
smoking habits and atopy history, breastfeeding and location.

A two-level generalized mixed logistic regression model
with random intercepts was performed for the last four visits
using the mixed model command (GENLINMIXED) in
SPSS. The regression was modeled by two levels with clus-
tering by individual and by time as scale for repeated mea-
sures. Missing data were imputed by full-information maxi-
mum likelihood estimation.

The first model (model 1) included location (Cairo/Shben
El-Kom), gender (male/female), passive smoking (yes/no),
paternal and maternal asthma (asthma/no asthma) and eczema
history (eczema/no eczema), breastfeeding habits (breastfed/
not breastfed) and keeping pets (keeping pets/not keeping
pets).

The second model (model 2) included all the variables from
model 1 with the exception of location, but added contact with
farm animals (contact with farm animals/no contact with farm
animals) and birds (presence of birds/no presence of birds).
Model 2 was performed to evaluate whether the presence of
farm animals and birds, although strongly correlated with lo-
cation, demonstrated similar associations with the outcomes.

All statistical tests were carried out using SPSS v17 (SPSS
Inc., Chicago, IL).

Results

Response rates were high in both locations as shown on
Table 2

Physical measurements

T tests showed there were no significant differences between
the two locations in BMI and age among all children or for
boys and girls separately (all p>0.05) (see Table 2).
Chi-square tests showed no significant associations be-
tween location and reported health problems, medication

Physical measurements of children studied (means+SD) in visits 1 and 4

Table 2

Visit 4

Visit 1

Variable

All children

Girls

Boys

All children

Girls

Boys

Girls

Boys

N:

Shben El-Kom Cairo

Girls Shben El-Kom Cairo
N=599 N=497

Boys

Shben El-Kom Cairo

N=497

Shben El-Kom Cairo

N=367

N=1017

1166

N=731 N=666 N=567 N=520

N=599

N=364

10+1.17

10.15+1.15

9.94+1.08
133.61+9.52 135.59+9.96 134.88+9.03

10.0+1.25
33.99+7.52

10.15+1.10
134.46+10.04 136.20+8.30

10.15+1.21

8.68+1.15

8.89+1.12
129.64+10.13 128.86+8.25 136.65+9.77

29.79+7.42

8.68+1.06
128.63+9

8.68+1.24

8.92+1.04
129.3249.66 129.11+7.4

8.85+1.2
129.69+0.58

Age (years)
Ht (cm)

35.28+7.58 3440+7.29  34.92+6.76 34.85+7.45 34.44+7.17
18.84+2.86

18.75+2.71

29.27+6.46

29.90+7.11 28.91+5.83 29.61+7
17.23+2.59

29.69+7.72

Wt (kg)
B

18.83+2.96

18.74+2.76 18.92+3.13

18.93+3.01

17.524+2.91 17.5+3.03

17.75+3.38

17.35+2.84 17.68+2.97

MI
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intake, paternal and maternal eczema and asthma and pets
(Table 3). There were significant associations with
breastfeeding, smoking mother, smoking father, smoking
member of the household and the presence of animals, birds
and farm animals. For boys, associations were found between
location and breastfeeding, all animals, birds and farm ani-
mals. For girls, all animals, farm animals, birds and general
smoking were significantly associated with location.

Change in symptoms with time

Prevalence rates for all symptoms were higher in Cairo, as was
the increase in the rates within a year from visit 2 to visit 4 in
Cairo (see Table 4). This pattern was also found for asthma,
hay fever, allergic rhinitis (AR) and eczema.

Risk factors associated with children’s symptoms

A two-level logistic regression model with intercept was used
to analyse the risk factors associated with children’s symp-
toms (see Table 5). The children had comparable mean ages
and BMIs between the two locations; the other investigated
risk/confounding factors were also included in the regression.

The results of the two-level logistic regression model 1
showed that living in Cairo was associated with current
wheeze, asthma ever, current AR, AR ever, current rash and
eczema ever. Boys reported significantly less wheeze ever and
asthma ever.

Father eczema was significantly associated with current
wheeze, wheeze ever, asthma, rash ever and eczema ever.
Mother eczema was associated with current wheeze,
wheeze ever, asthma ever, current rash, rash ever and ec-
zema ever. Father asthma and mother asthma were signif-
icantly associated with current wheeze ever, current AR,
AR ever, current rash, rash ever and eczema ever..
Breastfeeding was significantly associated with a decrease
in reporting of current wheeze, wheeze ever, AR ever and
current AR.

Having a cat or a dog pet at home was associated with
current AR, AR ever and rash ever. Smoker at home was
associated with current wheeze, wheeze ever, asthma ever
and AR ever. Ex-smoker at home was associated with current
wheeze, wheeze, asthma ever, current AR, AR ever, current
rash, rash ever and eczema ever.

The results of the two-level logistic regression model 2
showed that exposure to farm animals was significantly asso-
ciated with a decrease in the reporting of current wheeze,
wheeze, asthma, current AR, AR, hay fever, current rash, rash
and eczema. Birds were negatively correlated with wheeze
and AR.

Discussion

Children in Cairo had a higher prevalence of allergic condi-
tions and reported more severe symptoms and higher morbid-
ity than children from Shben El-Kom; this may be due to risk
factors associated with the urban/rural environment including

Table 3  Prevalence rates (in %) of other variables in children who participated in all visits at visit 4

Variables Cairo Shben El-Kom

Boys Girls All Boys Girls All

N=364 N=341 N=1705 N=367 N=325 N=692
Father asthma 92 5.6 74 6.0 44 52
Mother asthma 42 5.9* 5.0 33 2.8 3.1
Father eczema 7.8 6.2 7.0 4.4 59 5.1
Mother eczema 8.6 6.2 74 6.0 4.4 52
Breast fed 78.3%* 84.6 81.4%* 89.3** 87.9 86.3%*
Animals 20.6%* 22.2%%* 21.3%* 76.4%%* 78.2%* 77.3%*
Smoking mother 2.5 1.2 1.9% 0.8 1.2 0.6*
Smoking father 51.7 52.7 52.1% 57.0 55.1 56.1%
General smoking 51.7 53.0% 52.3*% 56.7 55.1% 56.0%
Health problem 6.7 7.4 7.0 7.9 7.5 7.7
Medication 53 6.8 6.0 6.6 59 6.3
Pets 17.8 18.0 17.9 16.2 17.8 16.9
Farm animals 0** 0** 0** 37.5%%* 48.9** 42.9%*
Birds 2.8%%* 5.3%* 4.0%* 53.2%%* 44 .5%* 49.1%*

Significant association between location and risk factors, *p<0.05, **p<0.01
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outdoor air pollution, or diet, infections, stress, exposure to
allergens in the home and parasitic infections.

Prevalence of asthma, AR and eczema in Egypt
and the region

The present study found that the overall prevalence rate of
asthma in both locations ranged between 6.8 and 7.5 % in
all four visits. These findings are similar to an ISAAC-based
survey conducted with children in different cities and villages
in Egypt (Zedan et al. 2008) with reporting an overall preva-
lence rate for asthma of 7.7 %. However, while Zedan et al.
(2008) found the prevalence in boys was higher than that in
girls, this study showed that the prevalence of asthma was
higher among girls. This could be due to different geograph-
ical, social and environmental factors in these localities. In
addition, it has been documented that boys and girls react
differently to different risk factors, for example, girls are more
susceptible to air pollution (Liu and Zhang 2009). Although
the participants in Zedan et al. had a similar mean age with the
present study, the age range in their study was 5-16 years
while in the present study, the range was 7-12 years which
could lead to a different male-female prevalence ratio because
the prevalence of asthma in girls increases after puberty (Yao
etal. 2011).

When comparing the prevalence rate of asthma in this
study with ISAAC phase I findings of other countries ISAAC
2012), the overall rates in Egypt could be considered relatively
low. This could be due to genetic factors (von Mutius 2009): a
study conducted in Israel revealed that Arabs had lower prev-
alence of asthma in comparison with the Jewish population
(von Mutius 2009).

Risk factors
Sex

The odds of reporting wheeze and asthma were higher in girls
than boys. This is consistent with other studies (Chereches-
Panta et al. 2011), although many others reported that boys
were more likely to wheeze or have asthma (Moorman et al.
2011). This could be attributed to other risk factors for aller-
gies that may have an association with sex and lead to an
increase in allergies in girls, because girls are more susceptible
to the affects of air pollution than boys (Liu and Zhang 2009).
In addition, age of puberty plays a big role in the development
of asthma and allergies (Yao et al. 2011). Oestrogens are pro-
inflammatory and can increase the immune response to aller-
gens while male testosterone hormones have an anti-
inflammatory effect (Osman 2003). Ghaly et al. (2008) found
that for Egyptian boys, the mean age of the start of puberty
was 11.86 (SD=1.45)years and 10.46 (SD=1.36)years for
girls and occurred in girls as early as 7 years, which is lower

Table 4 Changes occurred in symptom prevalence rates (in %) in a
year between visit 2 and visit 4

Change in symptoms  Cairo Shben El-Kom

Boys Girls All  Boys Girls All
Wheeze 1.4 2.1 1.7 08 0.4 0.8
Asthma 1 0.9 09 05 0.6 0.6
AR 1.7 1.4 1.6 05 0.4 0.5
Hay fever 0.8 1.3 1.1 05 0.4 0.5
Eczema 0.9 0.8 09 02 0.6 0.4

than that reported in Europe and Asia which may have had a
bearing on the results of the present study.

Passive smoking

Because of cultural customs in Egypt, the reported rate of
maternal smoking was very low and ranged from 2 % in Cairo
to 1 % in Shben El-Kom. It is also common to find grandpar-
ents and other adult family members living with the families in
the same house. For these reasons, we chose to use a smoking
member of the household in the regression model instead of
smoking fathers and smoking mothers. Results showed that
the presence of a smoking/former smoking member in the
household was associated with having allergies. These find-
ings are in accordance with previous studies (Zedan et al.
2008; Burke et al. 2012) which showed an association be-
tween childhood asthma and wheezing and parental smoking
habits.

Breastfeeding

Breastfeeding was negatively correlated with wheezing, asth-
ma and AR. These results confirm previous studies that found
protective effects of breastfeeding against AR (Mimouni
Bloch et al. 2002) and wheezing (Tidswell and Langley-
Evans 2011). The effect of breastfeeding is associated with
mother’s IgE levels (Wright et al. 1999), breastfeeding exclu-
siveness and the introduction of solid food and other milk
formula at different ages (Kull et al. 2010). The protective
effect of breastfeeding could be induced by the presence of
IgA, cytokines and prebiotics in breast milk (Kull et al. 2010).

Presence of pets and other animals

The presence of indoor pets (cats/dogs) was associated with
allergy symptoms; however, the presence of farm animals had
anegative correlation. This confirms previous work that found
that growing up among farm animals has a negative correla-
tion with allergy (Morcos et al. 2011). The possible protective
effects of exposure to farm animals against allergy could be
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Table 5 Factors associated with studied symptoms
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Rash ever Eczema ever

Current rash

Wheeze ever Asthma ever Current AR AR ever

Current wheeze
OR (95 % CI)

Variables

OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI)

OR (95 % CI)

0.03 (0.02-0.05)%*  0.17 (0.12-0.24)**  0.26 (0.19-0.36)**  0.05 (0.03-0.08)**  0.09 (0.06-0.13)**  0.04 (0.02-0.07)**
1.27 (1.01-1.62)* 1.25 (0.97-1.61)

1.48 (1.05-2.10)*

0.06 (0.04-0.09)**

131 (0.97-1.76)

0.05 (0.03-0.08)**

Intercept

1.46 (1.04-2.05)*
1.03 (0.74-1.44)

3.02 (1.82-5.0)**

1.51 (1.10-2.08)**
1.01 (0.75-1.38)

1.31 (1.06-1.64)*
1.04 (0.84-1.29)
0.95 (0.59-1.51)

1.45 (1.03-2.04)*
0.83 (0.59-1.16)

Cairo

1.12 (0.87-1.44)

1.04 (0.82-1.31)
0.85 (0.51-1.41)

0.68 (0.49-0.95)*
2.42 (1.40-4.18)%*
3.74 (2.28-6.12)%*

0.72 (0.54-0.96)*

Male

2.36 (1.55-3.58)**
1.92 (1.20-3.07)*
221 (1.43-3.41)%*
1.59 (0.96-2.65)

1.47 (0.86-2.52)

2.48 (1.48-4.14)%*
3.63 (2.30-5.73)**
4.49 (2.88-7.00)*

2.24 (1.25-4.03)*
2.98 (1.78-5.00)**
2.51 (1.49-4.23)%*
2.84 (1.59-5.07)*
0.67 (0.45-0.99)*
0.93 (0.61-1.42)

Father eczema

2.79 (1.61-4.84)*
1.94 (1.12-3.36)*
1.06 (0.54-2.06)
1.01 (0.65-1.57)

2.38 (1.40-4.04)**
2.76 (1.71-4.46)*

1.25 (0.67-2.33)

1.06 (0.67-1.69)

0.98 (0.59-1.63)

Mother eczema

1.59 (1.05-2.41)*
2.23 (1.47-3.38)%*
0.50 (0.39-0.64)**

1.72 (1.11-2.67)*
2.32 (1.51-3.57)%*
0.73 (0.55-0.95)*

3.61 (2.22-5.87)%*
311 (1.77-5.47)%*
0.88 (0.58-1.35)

Father asthma
Mother asthma

4.08 (2.39-6.96)**
0.71 (0.51-1.01)

1.11 (0.79-1.56)

1.02 (0.68-1.53)

Breast feeding

Pets

1.22 (0.83-1.79)

1.57 (1.18-2.10)
0.99 (0.78-1.28)

1.21 (0.84-1.74)

1.71 (1.33-2.20)**

1.38 (1.11-1.71)*
3.31 (1.58-7.00)**

1.70 (1.30-2.23)**
1.08 (0.86-1.37)
3.37 (1.61-7.06)**

1.28 (0.86-1.91)

1.13 (0.79-1.61)

1.03 (0.74-1.44)

1.13 (0.83-1.54)

2.35 (1.65-3.34)**
6.67 (2.50-17.8)**

2.33 (1.72-3.17)**

2 (1.41-2.83)*
6.27 (2.51-15.65)%*

Smoker at home

10 (4.49-22.44)**

5.45 (2.63-11.3)**

6.86 (3.22-14.59)%*

6.25 (2.46-14.87)%*

Ex-smoker at home

Significant association between reported conditions and symptoms and risk factors, *p<0.05, **p<0.01

explained by the exposure in early life to pathogens that leads
to adequate developing of T regularity cells (Bufford and Gern
2005). These results further confirm that exposure to different
animals at different ages leads to different effects on atopy
(Ege et al. 2007). An environment that has detectable allergen
levels and a low level of certain endotoxins could lead to
animal allergen sensitization (Gereda et al. 2001).

Family allergy history

Paternal asthma or eczema increased the odds of reporting
allergies and asthma in children. These results support previ-
ous studies which suggested the role of genes in allergic con-
ditions (Simon 2000).

Changes over time

There were differences in the amount of increase in reporting
of ever having a symptom between the two locations in the
last three visits. Children from Cairo reported greater increases
in wheezing, asthma and eczema symptoms. This could be
attributed to the continuous adverse effect of the larger num-
ber of risk factors associated with the urban/rural environment
discussed previously.

Limitations

There were several difficulties and limitations faced during
this study. Previous work has also shown a relationship be-
tween air pollution and allergic symptoms (Robinson 2011).
However, contradictory findings have been reported when
evaluating the causative effect of air pollution on asthma.
For example, in two systematic reviews performed by Ander-
son and colleagues, one (Anderson et al. 2013a) found no
association between the prevalence of asthma and air pollution
concentrations while the other found an association between
air pollution and asthma incidence (Anderson et al. 2013b).
Anderson et al. attributed these opposing findings to chance,
confounding and exposure misclassification. For example,
several confounding factors may not have been included in
these studies like birthweight. Moreover, relying on place of
residence to measure air pollution exposure could be mislead-
ing because other factors, such as occupation, time spent out-
doors or type of transport used, could play a more significant
role in exposure to air pollution. In addition, air pollution may
increase exacerbations forcing patients to seek medical assis-
tance (Gowers et al. 2012).

Indoor air pollution through the use of inefficient fuels for
cooking is known to cause chronic obstructive pulmonary
disease and acute respiratory infections in childhood (Bruce
et al. 2000); however, participants were not asked which
cooking fuel was used in the home. Indoor sources of air
pollution could have been high in the rural area and possibly
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even higher than the traffic-driven pollution in Cairo. Future
work should therefore include questions related to potential
pollutants within the home, in particular related to the fuel
used for cooking.

One concern was the response bias: there was a possi-
bility that those who took part may have been more likely
to have (or have had) respiratory disease. However, the
high response rate (in the largest sample size in visit 2,
the response rate was 96.4 % in Cairo and 93.8 % in Shben
El-Kom) reduces the likelihood of response bias between
subjects or locations. Moreover, when comparing between
the two locations, the individuals that did not participate in
the survey will be likely to have similar characteristics in
both groups. The large sample size in this study and the
similarity in the outcomes found in the five visits, in addi-
tion to the confirmation of previous studies that reported
similar findings, minimize the possibility of simple chance
being responsible for the significant differences between
the two locations and other possible risk factors found in
this study.

A further limitation was that the information gathered re-
lied on the recall of parents when completing the question-
naires, particularly when they had to answer questions about
events from several years earlier including breastfeeding
habits and previous symptoms. In addition, this study reported
the diagnosis of a third party for both parents and children’s
allergic conditions. Blood samples and skin prick tests could
have given us a more accurate diagnosis and thus would have
helped us to determine the prevalence rates of the studied
conditions and the risk factors associated with them more
accurately, although we were unable to obtain the required
approvals necessary to perform these tests.

Another difficulty was the lack of having information
about other potential risk factors, including, for example,
birthweight, indoor air pollution from fuel used for cooking,
deprivation or parents’ education (Yao et al. 2011). However,
to tease out different risk factors, we performed a hierarchical
test of three levels: multiple measures (level 1), nested within
the person (level 2) and nested within locations (level 3). This
mixed model gave estimates of the contribution of the cluster-
ing variable (i.e. location or person) to the outcome and the
full picture of how the clustering at the location and person
levels also influences the outcome which makes this test ideal
for this study. Therefore, we are as confident as we can be that
the urban/rural differences in the prevalence of allergy and
asthma found in this study are likely to be independent of
socioeconomic status.

Finally, this study collected information on whether a
member of a household was a smoker as a proxy for environ-
mental tobacco smoke exposure. This may not be an accurate
method as specific smoking habits were not examined; hence,
individual differences may have caused residual confounding.
However, the general awareness of passive smoking hazards

is low in Egypt and it is very unusual for people to avoid
smoking at home or around children.

Conclusion

Living in an urban area, ownership of pets and passive
smoking each statistically increased the probability of having
asthma and allergy. The most influential risk factors for asth-
ma were parental allergy and passive smoking. These findings
represent one of the first longitudinal studies to examine the
prevalence rates of asthma, eczema and AR in Egyptian chil-
dren and the associated risk factors of these conditions in
urban and rural environments. These findings could be used
to aid the development of prophylactic policies in Egypt and
other developing countries including promoting breastfeeding
and reducing outdoor air pollution.
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