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ABSTRACT

Background: According to the International Study of Asthma and Allergies in Childhood (ISAAC)
methodology, in 2003, the prevalence of asthma symptoms in children 6–7 years old and ado-
lescents 13–14 years old was 11.6% and 13.7%, respectively. Since then, the number of asthma
cases has increased worldwide. The study was conducted in several districts in northern Mexico
City to evaluate the prevalence of asthma in these age groups and examine possible risk factors.
The data were compared to the 2003 results from the same area.

Methods: This was a comparative cross-sectional study following the official Global Asthma
Network (GAN) methodology. The parents or guardians of participants completed a questionnaire
that explored demographics, asthma symptoms, diagnoses, and possible risk factors. Central
tendency measurements were determined for statistical analysis and chi-squared distribution for
possible risk factors.

Results: A total of 2515 children aged 6–7 years and 3375 adolescents aged 13–14 years
participated in the study. Compared to the ISAAC results, we found a greater prevalence of
wheezing in both children (at some time in life, 19.2% vs. 27.1%; over the last year, 6.8% vs. 10.6%)
and adolescents (at some time in life, 16.9% vs. 19.7%), and for children with an asthma diagnosis
(4.5% vs. 5.1%). For both groups, the most common risk factor associated with wheezing was the
presence of rhinitis symptoms.

Conclusions: Asthma symptoms are highly prevalent in Mexico City, occurring in almost 20% of
adolescents. Compared to a decade ago, there was a 7.9% increase in the prevalence of asthma
symptoms in children. Almost half of the children and adolescents presenting with symptoms had
experienced more than four episodes per year. However, less than 50% of children and adoles-
cents with asthma symptoms had been diagnosed with this disorder, suggesting under-diagnosis.
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300 million people.2 According to several
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Asthma is now considered one of the main
chronic illnesses worldwide,1 affecting more than
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studies, the prevalence of asthma has increased
in many countries over the past decade.3,4

Asthma is associated with other atopic allergic
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diseases, including allergic rhinitis and atopic
dermatitis, the prevalence of which has also
increased, though to a lesser extent, over the
past 10 years.4

Despite the many insights into asthma over the
past few decades, the reasons behind the greater
prevalence are still not clear. Genetics are known
to play an important role, as well as environmental
factors. Diet and exposure to microorganisms,
pollutants, and allergens also contribute to the
development of this condition in genetically pre-
disposed individuals.5 Some hypotheses have
been formulated with regard to asthma. One
suggests immunological mechanisms that
manifest as an imbalance in the Th1–Th2 immune
response6 and related to changes in the
epithelial microbiome. Another hypothesis
proposes the involvement of obesity and other
nutritional factors during in utero formation and
after birth.

The International Study of Asthma and Allergies
in Childhood (ISAAC), which began in 1991, was
the first multinational effort to research the preva-
lence of asthma and other allergic conditions in
different countries around the world. It was carried
out in three phases from 1992 to 2003. A vali-
dated, standardized questionnaire was applied to
two age groups at distinct places around the world
(translated into the appropriate language): chil-
dren aged 6–7 years and adolescents aged 3–14
years.7 The study described the prevalence and
severity of asthma, rhinitis, and eczema in various
regions, examined risk factors, and evaluated
temporary trends in the prevalence of these
conditions.

The last phase of ISAAC included a total of
1,059,053 children from 236 centres in 98 coun-
tries.8 The prevalence of asthma symptoms was
13.7% in the older group and 11.6% in the
younger group. Substantial variations were
detected in the prevalence of the three illnesses,
even among subjects with similar genetic
backgrounds. Consideration was given to
possible protective factors (vegetable
consumption and immunization for DPT and
measles) and aggravating factors (the presence
of certain kinds of pollen, climactic factors, and
outdoor pollution). The identified risk factors
were the gross national income (GNI) of a
country, climatic factors, the consumption of
acidic trans fats, and the use of paracetamol and
antibiotics. The prevalence of asthma symptoms
increased at a similar or higher rate in
developing and developed countries.9

Due to the success of the ISAAC program, the
Global Asthma Network (GAN) was created in
2012 with the objective of approaching asthma as
a significant, worldwide, non-contagious disease.
Meanwhile, the existing multinational collabora-
tion projects continued their research into the
variations in asthma prevalence in children and
adolescents, focusing on the same populations
involved in the ISAAC study.

The current study was part of the GAN initiative
and aimed to update the prevalence rates of
asthma in Mexico City and examine the most
relevant risk factors associated with this disease.
MATERIALS AND METHODS

A comparative cross-sectional study was carried
out in school-aged populations of children 6–7
years old and adolescents 13–14 years old at the
No. 515002 GAN Centre. This location corre-
sponds to the northern region of Mexico City,
including the districts of Azcapotzalco, Miguel Hi-
dalgo, Gustavo A. Madero, and Venustiano Car-
ranza. After providing informed consent, parents
completed validated and standardized question-
naires given by GAN’s global coordination for the
younger group, and the older group completed
the questionnaires by themselves.10

Following the official GAN protocol,10 the
sample unit was the whole population of children
aged 6–7 years or adolescents aged 13–14 years
in a given school. The schools were within a
certain geographical radius of the study centre
and were chosen randomly based on the school
register (organized in alphabetical order). A
minimum of 10 schools were necessary to obtain
a representative sample, with a projected sample
size of 3000 (a minimum of 1000) subjects per
age group. This sample size gave the study
enough statistical power to detect significant
epidemiological differences in the prevalence
and severity of asthma symptoms11 and
complied with the guidelines of the ISAAC
methodology.
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The questionnaires focused on three areas
(Supplemental Tables S1 and S2). Demographic
factors were explored, including the age, date of
birth, education level, and gender of the
children. Specific questions were asked about
asthma, including the existence of wheezing at
some time in life and over the past year and the
diagnosis of asthma by a doctor. The risk factors
examined were the presence of rhinitis or
eczema, the use of paracetamol and/or
antibiotics, consumption of basic foodstuffs,
education level of the mother, diagnosis of
pneumonia, and exposure to cigarette smoke.

A period of 3 days was allowed for returning the
questionnaire. After this period, the anthropo-
metric parameters of the participants were estab-
lished. Weight was measured on an 804 Seca
digital scale and height with a portable Frankfort
213 Seca stadiometer. Waist measurements were
taken at the mid-point between the last rib and the
iliac crest with an inelastic measuring tape (without
applying pressure). The subjects were in a standing
position, feet together, arms at their sides, and
abdomen relaxed. They were asked to inhale
deeply and the measurement taken upon
exhalation.

Data entry for the electronic GAN database was
done by the medical personnel at the study center,
with random selection of 10% of the question-
naires on two occasions to ensure that the margin
of error was less than 1%. To limit possible mis-
takes in the data entry process, the electronic data
were cross-checked with the original physical
questionnaires. The methodology for the ISAAC
study in northern Mexico City, which was
described previously12 was used. The present
investigation was conducted by the same
researchers involved in the previous study,
allowing a comparison of both results to the
original databases. The GAN and ISAAC
databases were reviewed by the GAN and ISAAC
committees, respectively, before performing
statistical analyses.

Central tendency measurements (the
average � standard deviation [SD] and 95% con-
fidence interval [CI]) were obtained for analysis of
the accumulated and current prevalence of symp-
toms and diagnosis of asthma and asthma severity.
For qualitative variables, the chi-squared test was
used.

The variables WHEZ12 (current wheeze) and
ASTHMAEV (a previous asthma diagnosis) were
chosen to examine the risk factors for asthma.
Subsequently, factors that were likely to increase
or decrease the prevalence of these two variables
were identified (p � 0.10) with the chi-squared test
and Fisher correction on 2 � 2 tables. These factors
were analysed by conditional logistic regression to
create models that better explain WHEZ12 and
ASTHMAEV risk.

Microsoft Excel 2016 v16.0.6568.2036 (Micro-
soft Corporation) was used to organize data and
IBM SPSS Statistics v20.0 (SPSS Inc., IBM Company)
for statistical analysis. The present study was
approved by the Ethics, Research, and Biosafety
committees of the Hospital Infantil de México
Federico Gómez (HIMFG, protocol #HIM/2015/
059) in accordance with the guidelines of the
institution.
RESULTS

A total of 2900 children and 3600 adolescents
from 67 schools were asked to participate in the
study. The actual number of participants was 2515
children aged 6–7 years (44.9% male, 55.1% fe-
male) and 3375 adolescents aged 13–14 years
(47.5% male, 52.5% female). The response rate to
the questionnaire was 90%.

For the younger group, wheezing (ever or cur-
rent wheeze) was more common in the present
GAN data than in the ISAAC results for both male
and female subjects (Fig. 1, Table 1). In the
adolescent group, a similar significant increase
was observed for the GAN versus the ISAAC
study, but only in relation to the prevalence of
wheezing at some point during life (WHEZEV).
Females were affected more than males,
especially with regard to asthma symptoms at
some time in life (Fig. 2, Table 1). Interestingly,
there was a much higher frequency of wheezing
during both time periods than a previous asthma
diagnosis with respect to both age groups and
genders. Asthma symptoms assessed by
WHEZEV were more frequent in male children
than in female children. However, in adolescents,
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WHEZEV and WHEZ12 were more common in
females (Table 1).

The variables linked to asthma severity were
compared between the GAN (2017) and ISAAC
(2003) data, utilizing the questions evaluating the
intensity of NWHEZ12 (number of wheezing epi-
sodes in the last 12 months), AWAKE12 (number of
times that the child/adolescent’s sleep has been
disturbed due to wheezing), and SPEECH12 (diffi-
culties with speech caused by wheezing) (Table 1).
Almost double the number of children of both
sexes reported 1–3 wheezing episodes over the
past year in the GAN data than the ISAAC data.
In addition, more participants in this study
reported sleep interrupted by wheezing
(especially for males; data not shown) and
difficulties with speech caused by wheezing (both
sexes) than in the previous study. For
adolescents, the number of female subjects with
1–3 wheezing episodes over the past year was
increased in GAN vs. ISAAC.

In both genders, there were significant increases
in children in the frequency of WHEZEV,
SPEECH12, NWHEZE12 (1–3 times a week), and
AWAKE12 (�1 times per week), but not ASTH-
MAEV (Table 1), in GAN compared to ISAAC. In
contrast, in the adolescents, the only significant
increases between ISAAC and GAN were in
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Fig. 1 Prevalence of wheezing any time in the past and wheezing in the
ISAAC (2003) vs. GAN (2017). *WHEZEV: Wheezing or whistling in the c
chest in the past 12 months. ** Chi2 Fisher Test
WHEZEV and NWHEZE12 (1–3 times a week)
(Table 1).

The presence of hay fever, eczema, early in-
fections, tobacco use at home, and paracetamol
use are possible risk factors for WHEZEV and
WHEZ12 in both groups. In 2003, the analysis
showed a higher risk of wheezing over the past
year for participants diagnosed with allergic
rhinitis (hay fever), those with symptoms of allergic
rhinitis (e.g., sneezing, rhinorrhoea, or obstruc-
tion), and those diagnosed with atopic dermatitis
(Table 2). Other risk factors include the use of
antibiotics during the first year of life, having had
a cat during the first year of life, and the
administration of paracetamol for a fever over the
past year.

The results from 2017 demonstrate the same
trends for some of the risk factors, including the
prevalence of rhinitis symptoms or wheezing over
the past year. However, the results were different
for the diagnosis of rhinitis or atopic dermatitis.
Having been diagnosed with pneumonia at least
once increased the risk of asthma symptoms over
the past year (Table 2). Regarding an asthma
diagnosis, the protective effect of changes made
in the household to mitigate allergy or asthma
symptoms was significant. This variable, which
was not included in the 2003 ISAAC study, was
added to the GAN questionnaire.
WHEZ12 +

6.8%
10.6%

P<0.05**

GAN

ISAAC

past 12 months in children (6–7 years) from northern Mexico City.
hest at any time in the past. þWHEZ12: Wheezing or whistling in the
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Variable

6 and 7 years old 13 and 14 years old

ISAAC GAN ISAAC GAN

N Frequency,
% (95% CI) N Frequency,

% (95% CI) N Frequency,
% (95% CI) N Frequency,

% (95% CI)

WHEZEV Men 350/
1626

21.5 (19.7–
23.7)

337/
1130

29.8 (27.2–
32.5)

311/
2036

15.3 (13.8–
16.9)

264/
1602

16.5 (14.7–
18.3)

Women 266/
1579

16.8 (15.1–
18.8)

345/
1385

24.9 (22.6–
27.2)

348/
1855

18.8 (17.0–
20.6)

400/
1773

22.6 (20.7–
24.6)

Both 616/
3205

19.2 (17.9–
20.6)

682/
2515

27.1 (25.4–
28.9)

659/
3891

16.9 (15.8–
18.1)

664/
3375

19.7 (18.4–
21.1)

WHEZ12 Men 116/
1626

7.1 (6.0–8.5) 137/
1130

12.1 (10.2–
14.0)

168/
2036

8.3 (7.1–9.5) 104/
1602

6.4 (5.4–7.8)

Women 101/
1579

6.4 (5.3–7.7) 129/
1385

9.3 (7.8–
10.8)

217/
1855

11.7 (10.3–
13.2)

196/
1773

11.0 (9.7–
12.6)

Both 217/
3205

6.8 (5.9–7.7) 266/
2515

10.6 (9.4–
11.8)

385/
3891

9.9 (9.0–
10.9)

300/
3375

8.8 (8.0–9.9)

ASTHMAEV Men 90/
1626

5.5 (4.5–6.8) 66/
1130

5.8 (4.5–7.2) 150/
2036

7.4 (6.3–8.6) 121/
1602

7.5 (6.3–8.9)

Women 54/
1579

3.4 (2.6–4.4) 63/
1385

4.7 (3.6–5.8) 160/
1855

8.6 (7.4–
10.0)

129/
1773

7.3 (6.2–8.6)

Both 144/
3205

4.5 (3.8–5.3) 129/
2515

5.1 (4.3–6.0) 310/
3891

8.0 (7.2–8.9) 250/
3377

7.4 (6.6–8.3)

ASTHDOC Men NI NI 59/
1130

5.2 (3.9–6.5) NI NI 93/
1602

5.8 (4.8–7.0)

Women NI NI 51/
1385

3.7 (2.7–4.7) NI NI 93/
1773

5.2 (4.3–6.4)

Both NI NI 110/
2515

4.4 (3.6–5.2) NI NI 186/
3375

5.5 (4.8–6.3)

SPEECH12 Men 26/
1624

1.6 (1.0–2.2) 53/
1130

4.7 (3.5–5.9) 64/
2036

3.1 (2.4–3.9) 40/
1602

2.5 (1.8–3.4)

Women 25/
1578

1.6 (1.0–2.2) 35/
1385

2.5 (1.7–3.4) 97/
1855

5.2 (4.2–6.2) 96/
1773

5.4 (4.4–6.6)

Both 51/
3202

1.6 (1.2–2.0) 88/
2515

3.5 (2.8–4.2) 161/
3891

4.1 (3.5–4.8) 136/
3375

4.0 (3.4–4.7)

NWHEZ12 1–3 173/
3202

5.4 (4.6–6.2) 243/
2515

9.7 (8.5–
10.8)

247/
3888

6.4 (5.6–7.1) 283/
3375

8.4 (7.5–9.3)

4–12 26/
3202

0.8 (0.5–1.1) 29/
2515

1.2 (0.7–1.6) 97/
3888

2.5 (2.0–3.0) 46/
3375

1.4 (1.0–1.8)

>12 2/
3202

0.1 (0.0–0.1) 4/
2515

0.2 (0.0–0.3) 17/
3888

0.4 (0.2–0.6) 8/
3375

0.2 (0.1–0.4)
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Variable

6 and 7 years old 13 and 14 years old

ISAAC GAN ISAAC GAN

N Frequency,
% (95% CI) N Frequency,

% (95% CI) N Frequency,
% (95% CI) N Frequency,

% (95% CI)

AWAKE12 <1
NIGHT/
W

107/
3200

3.3 (2.7–4.0) 131/
2515

5.2 (4.3–6.1) 72/
3890

1.9 (1.4–2.3) 136/
3375

4.0 (3.4–4.7)

�1
NIGHT/
W

32/
3200

1.0 (0.7–1.3) 48/
2515

1.9 (1.4–2.4) 28/
3890

0.7 (0.5–1.0) 21/
3375

0.6 (0.4–0.9)

Table 1. (Continued) Prevalence and severity of asthma symptoms in children and teenagers from the northern area of Mexico City, ISAAC
vs. GAN.WHEZEV- Has this child ever had wheezing or whistling in the chest at any time in the past? WHEZ12- Has this child had wheezing or whistling in the
chest in the past 12 months? ASTHMAEV- Has this child ever had asthma? ASTHMADOC- Was this child’s asthma confirmed by a doctor? SPEECH12- In the
past 12 months, has wheezing ever been severe enough to limit this child’s speech to only one or two words at a time between breaths? NWHEZ12- How many
attacks of wheezing has this child had in the past 12 months? AWAKE12- In the past 12 months, how often, on average, has this child’s sleep been disturbed
due to wheezing? NI- No information, NIGHT/W - Night for a week
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For adolescents in both the ISAAC and GAN
studies, nasal symptoms (e.g., sneezing, rhinor-
rhoea, or nasal obstruction) increased the risk of
wheezing episodes over the past year (Table 3).
There was also a greater risk of a diagnosis of
asthma in subjects previously diagnosed with
rhinitis, which was not evaluated in the ISAAC
study.
DISCUSSION

Epidemiological studies conducted in the
1980s–1990s found important increases in asthma
and asthma symptoms in the Western world and
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P<0.05**
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Fig. 2 Prevalence of wheezing any time in the past and wheezing in the p
City. ISAAC (2003) vs. GAN (2017). *WHEZEV: Wheezing or whistling in
in the chest in the past 12 months. **Chi2 Fisher Test
Asia, but after the 1990s, the trends in these
symptoms were contradictory; in some countries,
the prevalence of asthma was still increasing,
whereas in others it seemed to be stable or even
decreasing slightly.13 In the ISAAC phase three
study, centers previously reporting a low
prevalence demonstrated an increase in current
asthma symptoms, whereas the centers with a
higher baseline prevalence had decreases,
particularly in English-speaking countries and
Western Europe.7,14

Other surveys conducted after ISAAC phase
three have also found the prevalence to be
WHEZ12+

9.9% 8.8%

GAN

ISAAC

ast 12 months in teenagers (13–14 years old) from northern Mexico
the chest at any time in the past. þWHEZ12: Wheezing or whistling
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Risk factor
ISAAC GAN

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

Wheezing in
the past 12
months

Hay fever symptoms in the last 12
months.

2.99 (2.10–4.26) 0.000 3.24 (2.34–4.48) 0.000

Diagnosis of hay fever ever 3.00 (1.89–4.75) 0.000 NS NS

Diagnosis of eczema ever 2.06 (1.44–2.97) 0.000 NS NS

Wheezing during their first year of
life

NI NI 2.53 (1.79–3.57) 0.000

Diagnosis of pneumonia or
bronchopneumonia at least one time
in their life

NI NI 2.05 (1.27–3.30) 0.003

Use of antibiotics in the first 12
months of life

1.85 (1.25–2.73) 0.002 NS NS

Use of paracetamol for fever in the
last 12 months

1.99 (1.49–2.67) 0.000 1.11 (0.99–1.25) 0.071

Cat at home in the first year of life 1.67 (1.09–2.57) 0.018 NS NS

Mother with college, university, or
another form of tertiary education
concluded

1.62 (1.16–2.25) 0.004 NI NI

Family background of changes at
home to prevent symptoms of
allergies, asthma, or breathing
problems.

NI NI 0.30 (0.38–0.40) 0.000

Weekly consumption of rice NS NS 0.80 (0.62–1.03) 0.096

Weekly consumption of soft drink NI NI 1.11 (0.99–1.25) 0.071

Age NS NS 0.67 (0.48–0.94) 0.020

Wheezing at
any time in
the past

Hay fever symptoms ever 2.44 (1.56–3.81) 0.000 3.11 (2.00–4.83) 0.000

Diagnosis of hay fever ever 3.61 (2.12–6.15) 0.000 NS NS

Diagnosis of eczema ever 2.06 (1.13–3.75) 0.018 NS NS

Diagnosis of pneumonia or
bronchopneumonia ever

NI NI 2.63 (1.55–4.47) 0.000

At least one chest infection in the first
year of life

NI NI 1.21 (0.96–1.52) 0.096

Child treated with inhaled and/or
oral medicines for breathing
problems during the first year of life

NI NI 1.80 (1.06–3.03) 0.027

Use of paracetamol for fever in the
first 12 months of life

1.49 (0.98–2.26) 0.061 NS NS

Use of paracetamol for fever in the
last 12 months

1.46 (1.01–2.09) 0.040 NS NS
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Risk factor
ISAAC GAN

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

Use of antibiotics in the first 12
months of life

1.74 (1.07–2.84) 0.025 NS NS

Mother with secondary school
concluded

2.60 (1.27–5.34) 0.009 NI NI

Mother with college, university, or
another form of tertiary education
concluded

1.75 (1.18–2.60) 0.005 NI NI

Weekly consumption of pasta 0.66 (0.51–0.86) 0.002 NS NS

Family background of changes at
home to prevent symptoms of
allergies, asthma, or breathing
problems.

NI NI 0.26 (0.18–0.37) 0.000

Table 2. (Continued) Evaluation of risk factors for current and accumulated prevalence of asthma in the 6-7-year age group, ISAAC vs.
GAN. NI: No information, NS: Not significant
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stabilizing and a decrease in asthma prevalence in
Western countries and Asia. For example, using
2001–2016 National Health Interview Survey data
for children aged 0–17 years, current asthma
prevalence in the United States increased from
8.7% in 2001 to 9.4% in 2010, followed by a
plateau until 2013, and then decreased to 8.3% by
2016.15,16

Repeated surveys in the southeast Netherlands
conducted in 1989, 1993, 1997, 2001, 2005, and
2010 demonstrated a decreased prevalence of
current asthma symptoms in children from 1989
(13.4%) to 2001 (7.4%), with no significant change
up to 2010 (6.2%).17,18 Similarly, in South Korea, a
6-year nationwide survey found a decrease in the
prevalence of current asthma symptoms from 2009
(20%) to 2014 (13.2%) in children aged <10
years.19

In the present study, there was a frank increase
in asthma symptoms and asthma severity in chil-
dren. In the adolescent group, the only significant
increases were in WHEZEV and NWHEZ12. There-
fore, northern Mexico City has a mixed pattern of
asthma prevalence increase in children and a
possible stabilization in adolescents. This study is
among the first reports to compare the prevalence
of asthma symptoms between ISAAC and GAN.

It has not been easy to identify the factors un-
derlying the epidemiological changes. Some fac-
tors have been explored in ISAAC and GAN, such
as changes in diet, time spent using screens
(computers and video games), second-hand
smoke, and the presence of pollutants.10,20

In the present study, possible risk factors identi-
fied for WHEZEV and WHEZ12 were the presence
of other allergic diseases (hay fever and eczema),
early infections, smoking at home, and paracetamol
use. These patterns have been described previ-
ously; for example, the evolution of allergic sensi-
tization followed by atopic dermatitis, allergic
rhinitis, and asthma have been demonstrated in
several epidemiological studies.21,22 A possible
explanation for the association of atopic
dermatitis, allergic rhinitis, and asthma could be
the filaggrin loss-of-function mutations. Filaggrin is
a skin epidermal protein that contributes to the
natural skin barrier protecting against trans-
cutaneous water loss, as well as preventing the
entry of environmental allergens through the skin.
Filaggrin loss-of-function mutations provoke
epidermal barrier dysfunction, increasing the risk of
eczema. These mutations are also associated with
allergic sensitization and airway allergy, expressed
as allergic rhinitis and asthma later in childhood.23

The relationship between passive tobacco
smoke and asthma in children has been well-
established by studying the levels of serum cotin-
ine and the prevalence of asthma. High exposure
to second-hand tobacco smoke is related to high

https://doi.org/10.1016/j.waojou.2019.100092


Risk factor
ISAAC GAN

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

Wheezing in
the past 12
months

Hay fever symptoms in the last 12
months

2.39 (1.90–3.02) 0.000 2.03 (1.33–3.08) 0.001

Diagnosis of hay fever confirmed by
a doctor

NI NI 2.46 (1.62–3.75) 0.000

Presence of itchy rash in the past 12
months

1.89 (1.34–2.65) 0.000 NS NS

Diagnosis of eczema ever NS NS 2.32 (1.63–3.31) 0.000

Use of paracetamol for fever in the
last 12 months

1.22 (1.04–1.43) 0.015 1.12 (1.01–1.25) 0.022

Background of smoking tobacco on
a daily basis or less than daily

NI NI 1.98 (1.43–2.75) 0.000

The frequency of trucks passing by
their street

1.19 (1.07–1.32) 0.001 NS NS

Mother with college, university, or
another form of tertiary education
concluded

0.63 (0.46–0.88) 0.007 NI NI

Hours a day watching television per
week

1.20 (1.02–1.41) 0.006 NS NS

Weekly consumption of meat 1.34 (1.13–1.58) 0.001 NS NS

Weekly consumption of seafood 0.73 (0.61–1.50) 0.001 NS NS

Weekly consumption of fruit 1.26 (1.05–1.50) 0.009 NS NS

Weekly consumption of pulses 0.86 (0.73–1.00) 0.061 NS NS

Weekly consumption of pasta 1.18 (1.01–1.39) 0.034 1.25 (1.02–1.53) 0.026

Weekly consumption of rice 1.42 (1.20–1.69) 0.000 NS NS

Weekly consumption of eggs 1.20 (1.02–1.41) 0.026 NS NS

Sex 1.28 (1.02–1.60) 0.033 1.39 (1.05–1.84) 0.019

Wheezing at
any time in
the past

Hay fever symptoms in the last 12
months.

2.61 (2.04–3.33) 0.000 NS NS

Diagnosis of hay fever ever 2.23 (1.55–3.20) 0.000 2.54 (1.34–4.81) 0.004

Diagnosis of hay fever confirmed by
a doctor

NI NI 2.49 (1.28–4.86) 0.007

Diagnosis of eczema ever NS NS 1.64 (1.02–2.62) 0.038

Use of paracetamol for fever in the
last 12 months

1.23 (1.04–1.47) 0.015 NS NS

Mother with history of smoking
cigarettes

1.34 (1.03–1.75) 0.026 NI NI
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Risk factor
ISAAC GAN

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

Cat at home in the past 12 months NS NS 1.39 (1.00–1.91) 0.045

Hours a day watching television per
week

NS NS 1.15 (1.00–1.32) 0.046

Weekly consumption of seafood 1.41 (1.23–1.63) 0.000 NS NS

Weekly consumption of fast food/
burgers

NS NS 1.34 (1.08–1.65) 0.006

Table 3. (Continued) Evaluation of risk factors for current and accumulated prevalence of asthma in the 13-14-year age group, ISAAC vs.
GAN. NI: No information, NS: Not significant
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risk of asthma, asthma exacerbations, and poorly
controlled asthma in children.24,25

The use of paracetamol, perinatally and
currently, has also been associated with allergic
conditions, especially with asthma,26,27 but this
association could be explained by confounding
factors, such as fever and respiratory infections.27

How can we explain the differences in asthma
symptom prevalence in different cities, regions,
and countries? It is possible that all populations
with Western life styles follow the same pattern of
asthma evolution, but in different stages. In un-
derdeveloped countries, the prevalence of asthma
symptoms should increase, and then plateau and
decrease over the subsequent years.

The ISAAC and GAN studies have tried to explore
the possible causes of the heterogeneity in asthma
prevalence. Yet, other factors should be considered
in future studies, including exposure to pollutants of
different kinds and sizes; changes in pollination
patterns and type of flora; microbiome fluctuations;
and the history, evolution, and aetiology of respira-
tory infections and parasitic diseases.
CONCLUSIONS

The prevalence of asthma in Mexico City is now
higher than the prevalence in 2003. Almost 20% of
adolescents present with symptoms of asthma at
least once in their lifetime. Since the ISAAC study
performed over a decade ago, there has been a
7.8% increase in the prevalence of asthma symp-
toms in children. Almost half of the children and
adolescents presenting with asthma symptoms
had experienced more than four episodes per
year. However, less than 50% of children and ad-
olescents with asthma symptoms were diagnosed
with asthma, suggesting under-diagnosis.
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